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Preface

In previous publications, Volumes Iand II of the Geology of
Texas and elsewhere, the principal stratigraphic, structural, and
economic features of the TexasUpper Paleozoic have been described.
The volume now being published, Geology of Texas, Volume 111,
contains a comprehensive account of two important groups of fos-
sils of these formations, the ammonites and fusulinids. These two
groups have been selected for description because of their recog-
nized great usefulness in stratigraphic studies, and because of the
fact that these fossils are particularly well represented in the Texas
Upper Paleozoic formations.

The ammonites described in this volume are from the Missis-
sippian, Pennsylvanian, and Permian formations, all known Texas
species from those formations having been included. In addition,
for purposesof comparison,the sutures of all known Mississippian,
Pennsylvanian, and Permian ammonite genotypes of genera repre-
sented inTexas have been figured. The authors have been fortunate
in deriving their material from an almost complete sequence from
the upper Mississippian to near the top of the American Permian.
This has enabled them to make an important contribution to the
zonationof ammonites and has enabled them to presenta world-wide
correlation of Pennsylvanian and Permian strata. The phylogeny
of the several families has been closely studied, and the authors
have proposed important revisions in the classification of the
ammonites.

The study of the Permian Fusulinidae, contained in Part 2 of
this volume, was begunby Dunbar in 1929 and by Skinner .in1930.
The authors have had a vast amount of material at hand for study.
Special attention has been given to adequate illustrations. Each
species described is illustrated by external views and by axial and
sagittal sections,and someby tangential sections.A uniform enlarge-
mentof ten diameters for the sections will facilitate comparison of
species. The remarkably large Permian fusulinids are strikingly
illustrated by the use of six double-sized folded plates. The paper
includes a description of the shell features and morphology of the
shell walls,a complete bibliography, a check list of the 540 described
species and varieties, and a synopsis of the families and genera of
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the Fusulinidae. Fifty-one species are described, most of which are
new. Nearly all the species known from the Permian of Texas are
included in thememoir. In order to facilitate their use as separates,
the two memoirshave been separately indexed.

Aid in the completion of the publication has come from several
sources. In connection with Group Study to Establish More Satis-
factory Criteria for the Stratigraphic Correlation of Mississippian,
Pennsylvanian, and Permian Sediments in the Texas Region, a con-
tribution was made by the Geological Society of America from the
Penrose Fund to The University of Texas, Grant 44—33, a part of
which has been applied toward the completion of the memoir on
ammonites. This aid in completing the memoir, made possible by
the Penrose Bequest to the Geological Society of America, is grate-
fully acknowledged. In1930 there wasestablished atThe University
of Texas, through donation by William F. Morse and others, the
Paul Franklin Morse Memorial Publication Fund, honoring the
memory of Paul Franklin Morse. The cost of engraving the plates
of the memoir on fusulinids has been paid from this fund.

Above all,credit for the volume must go first to the tireless efforts
of the authors whose unselfish endeavors, freely given, through
several years, have brought the manuscript to completion. Without
the aid afforded in this way from these sources, the publication
could not have been issued.

E.H.Sellards,Director,
Bureau of Economic Geology,

The University of Texas.
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Upper Paleozoic Ammonites and Fusulinids

Part 1
Upper Paleozoic Ammonites in Texas

and Gayle ScottF. B. Plummer

Introduction

The work on the ammonites of Texas was proposed by Dr. Stuart
Weller in 1925 when one of the authors,Mr. Plummer, was lectur-
ing at the University of Chicago. Dr. Weller notonly made the type
collections at the University available for study but also.lent gen-
erously many publications from his library and helped the begin-
ning of the work in many ways. The next year at Fort Worth
Dr. Gayle Scott became interested in the task at a time when the
first-mentioned author was engaged in field work for an oil com-
pany and had no library or laboratory facilities. The collections
and library at the Texas Christian University were tendered and
many courtesies extended by Dr. W.M. Winton. Later in 1929 at
theBureauof Economic Geologyof TheUniversityof Texas,Dr.E.H.
Sellards encouragedthe continuationof the work and made its com-
pletion possible by allowing time for the work out of a crowded
schedule and by tendering not only the use of the University fossil
collections but also the help of the Bureau staff in preparing the
manuscript for publication. Finally through a grant from the re-
search fund of the Geological Society of America, made available
through the bequest of Richard Alexander Fullerton Penrose, Jr., it
has been possible to study type ammonites in several museums of
the country, to complete photographing the large number of llus-
trations, and to procure additional assistance in drafting and
typewriting.

Manyindividuals have also contributed generously in many ways.
Mrs. Helen J.Plummer has helped inpreparation of a few diagrams
and in editing the manuscript. Dr. J. B. Reeside of the National

Issued July, 1937.
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Museum, Dr. Carl 0.Dunbar of the Peabody Museum,Mr. Arthur
Slocum of Walker Museum, Dr. Chester Reeds of American Mu-
seum, Dr. A. K.Miller of University of lowa, Dr. R. C. Moore of
University of Kansas, Dr. Marvin Weller of Illinois Geological
Survey, Dr. C. E. Decker of University of Oklahoma, Dr. T. E.
Savage of University of Illinois,and Dr. F.L. Whitney of The Uni-
versity of Texas have made ammonite collections in their respective
institutions available for study. Mr. J. B. Owen of Clinton, Mis-
souri, Dr. J. W. Beede of Spencer, Indiana, Mr. M. B. Arick of
Midland,Texas,Mr. George Harris of Waco, Dr. Robert Cuyler of
Austin, Mr. C. L. Mohr of San Angelo,Mr. W. T. O'Gara of Fort
Worth, Mr. Gordon Damon of Austin, Mrs. Augusta H. Kemp of
Seymour, Mr. H. C. Fountain of Leander, and Mr. RalphH. King
of Wichita Falls, all have furnished collections of ammonites for
study.Mr. Gordon Fisher has assisted in drafting figures and pre-
paring plates. Prof. Maxim Elias of the Geological Survey of
Kansas has made some valuable translations of Russian literature
and made helpful suggestions. Mr. Gyles Mulliken has photo-
graphed most of the specimens here illustrated. The authors
acknowledge with much gratitude the cooperation and assistance of
all these and of others who have contributed to this volume.

Ammonite zones in Texas

Ammonites have been collected from many stratigraphic posi-
tions in the upperMississippian, Pennsylvanian, and Permian strata
in Texas. They arenot so common as many other fossils, and half
an hour of collecting, even at the most richly fossiliferous locali-
ties, is likely to yield only one or two fragments of these shells.
A few localities, restricted to certain zones in the section, offer
ammonites more plentifully, and in some places forty or more
beautiful specimens have been found on a single outcrop. The
stratigraphic positions of the rich zones are shown in the accom-
panying graphic sections (figs. 1-4). The localities from which
collections have been made are listed and described at the end of
the paper.

North-Central Texas

The lowest ammonoid zone in the north-central Texas section is
the Neoglyphioceras newsomi zone. This zone occurs at the base
of the Barnett shale along the outcrop in San Saba and Lampasas
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counties,central Texas (fig. 1). This zone is of upperMississippian
age and corresponds to the Neoglyphioceras caneyanum zone of
eastern Oklahoma and Arkansas and to the Neoglyphioceras spirale
zone inEurope. The following ammonites occur init:
Neoglyphioceras newsomi (Smith)
Neoglyphioceras entogonum (Gabb)
Neoglyphioceras caneyanum (Girty)

GoniatiteschoctawensisShumard
Adelphocerasmeslerianum Girty

The second ammonoid zoneis theEumorphoceras bisulcatum zone.
This occurs in a thin layer of limestone in the Barnett shale below
theMarble Falls limestone. This zone is also of upperMississippian
age. Its position is shown in the geologic section (fig. 1). The fol-
lowing ammonoids have been collected from it:

Cravenocerasrichardsonianum (Girty) Nuculoceras incisum (Hyatt)
GoniatiteschoctawensisShumard
Nuculocerasbarnettense,n.sp.

Eumorphocerasbisulcatum Girty
Wellerites mohri,n.sp.

The third zone, known as the Phaneroceras compressum zone,
lies near the top of the Marble Falls limestone of the Bend group
(fig.1). It isahard,dark-gray or black limestone of lower Pennsyl-
vanian age. The fossils break out easily and are fairly well pre-
served. The following species have been collected from this lime-
stone:

Glaphyritesraymondi,nsp.
Pronorites llanoensis,n.sp.

Phanerocerascompressum (Hyatt)
Bendoceras texanum (Shumard)

The fourth zone is the Gastrioceras listeri zone, which lies about
50 feet below the top of the Smithwick shale of the Bend group
(fig. 1). The following ammonoids have been obtained from this
zone:
Gastrioceras occidentale (Miller and

Faber)
Gastriocerassmithwickense,n.sp.
Nuculoceras smithwickense,n.sp.
Phaneroceraslenticulare,n. sp.
Branneroceras branneri (Smith)

Bendocerasmoorei.n.sp.
Paraprolecanitessandbergeri,n.sp.
Pronorites arkansasensisSmith
Bendoceras shumardi,n.sp.
Glaphyritesraymondi,n. sp.

The fifth zone, the Pseudoparalegoceras brazoense zone, occurs
in shale below the Kickapoo Falls limestone in the lowest part of
the Millsap Lake formation that outcrops in the Brazos River valley
(fig. 1). The following ammonites have been identified from this
zone:

Pseudoparalegoceras brazoense, n. sp.
Glaphyrites welleri (Smith)
Glaphyriteshyattianus (Girty)
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Fig.1. Graphic sections illustrating the stratigraphy of the upper Mississip-
pian and the lower and middlePennsylvanian beds in north-central Texas,and
showing the positions of the ammonite zones



Geology of Texas, Volume HI, Ammonites 17

The sixth zone, the Pintoceras postvenatum zone, occurs at the
base of the Mineral Wells formation a few feet above the Brazos
River sandstone (fig. 1). The following ammonites occur in this
zone:

Pintoceras postvenatum,n. sp.
Glaphyrites welleri(Smith).
Gonioloboceras,sp.

The seventh zone, the Paraschistoceras strawnense zone, occurs in
the East Mountain shale of the Mineral Wells formation of the
Strawn group (fig. 1). Ammonites from this bed have been col-
lected at the type locality at the south end of East Mountain in
Mineral Wells, at the end of Barber Mountain 10 miles southwest
of Mineral Wells, and at a locality 5 miles northeast of Strawn.
The listof ammonitesfrom this zone is as follows:
Neodimorphoceraslenticulare (Girty) Glaphyrites hyattianus (Girty)
Goniolobocerasbridgeportense,n.sp. Paraschistoceras strawnense,n.sp.

The eighth zone, the Paraschistoceras reticulatum zone, occurs in
a shale member in the Graford formation at Bridgeport in Wise
County, and ina shale member of the Graford formation just above
the Palo Pinto limestone in the Brazos River valley (fig. 1). This
zone has yielded the following species:

Preshumardites gaptankensis (A.K. Miller)
Glaphyrites anguloumbilicatusn.sp.
Glaphyrites angulatus (Girty)
Schistoceras smithi Bb'se
Marathonites parkeri (Heilprin)
Prouddenitesbosei (Smith)
Gonioloboceras bridgeportense, n. sp.
Shumardites fornicatus, n.sp.
Paraschistoceras costiferum, n.sp.
Paraschistoceras reticulatum (A. K. Miller)

The ninth zone, or Uddenites schucherti zone, occurs in the Finis
shale near the base of the Graham formation (fig. 2). The follow-
ingspecies of ammoniteshave been found and described from this
zone:

Uddenites schucherti Bose
Wiedeyoceras pingue A. K. Miller and Gline
Glaphyrites kansasensis (Miller andGurley)
Schistoceras diversecostatum Bcse
Paraschistoceras hildrethi (Morton)
Schistoceras missouriense (Miller and Faber)
Marathonites ganti (Smith) \/
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Marathonites sulcatus Bose
Gonioloboceras.welleriSmith
Agathiceras frechi Bose
Agathiceras ciscoense Smith
Shumardites cuyleri, n. sp.
Neoaganides grahamensis, n. sp.
Trochilioceras tenuosum, n. sp.
Prothalassoceras kingorum A. K. Miller

The tenth zone, the Uddenites serratus zone, occurs in the upper
part of the Graham formation between the Avis conglomerate above
and Bunger limestone below (fig. 2). This is the best-known am-
monite zone in the north-central Texas section, since it was from
this zone that the early collections were made by Dr. Gant and
later described by J. P. Smith. The best-known localities are: on

Salt Creek 1mile west of Graham, Young County, discovered by
Dr. A.B. Gant; shale slope one-half mile southwest of South Bend,
Young County, discovered by J. R. Suman; shale outcrop 1mile
south of Gunsight in Stephens County; base of steep slope at south
end of Parks Mountain in southern Coleman County; and shale
exposure1% miles east of Fife,McCulloch County. The following
species of ammonites have been found and decribed from this zone:

Daraelites texanus Bcse
Uddenites schucherti Bose
Uddenites serratus, n. sp.
Prothalassoceras caddoense,n. sp.
Glaphyriteskansasensis (Miller andGurley)
Glaphyrites globulosus (Meek andWorthen)
Wiedeyoceras pingue A. K. Miller and Cline
Paraschistoceras hildrethi (Morton)
Schistoceras missouriense (Miller and Faber)
Shumardites simondsi Smith
Marathonites sulcatus Bose
Marathonites vidriensis Bose
Gonioloboceras welleri Smith
Neodimorphocerastexanum (Smith)
Agathiceras ciscoense Smith

The eleventh zone, theArtinskia adkinsi zone,occurs in the Indian
Creek shale of the Admiral formation about midway between the
Elm Creek limestone above and the Hordes Creek limestone below
(fig. 2) in the Wichita group of the lower Permian. The best fos-
siliferous locality in this zone was discovered by P. L. Applin in
1918, 4%miles south-southwest of Coleman. The ammonites identi-
fied from here are as follows:
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Paragastriocerasadmiralense,n.sp. Marathonitessellardsi,n.sp.
Metalegoceras colemanense,n.sp. Perrinitesbosei,n.sp.
Agathicerasapplini,n.sp. Artinskiaadkinsi,n.sp.

The twelfth zone, the Medlicottia copei zone, occurs in the Clyde
formation of the Wichita group inmarly limestone above the Beaver-
Lurk (Bead Mountain) limestone (fig. 2). The best-known outcrop

Fig.2. Graphic sections illustrating the stratigraphy of the upper Pennsyl-
vanian and Permian strata in north-central Texas and showing the positions
of the ammonite zones
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in this zone was discoveredby W. F. Cummins in 1889 at Old Mili-
tary Crossing on Wichita River in Baylor County. The ammonites
have been described by C. A.White.1 The species are as follows:

Metalegocerasbaylorense (White)
PopanoceraswalcottiWhite
Perrinites cumminsi (White)
Medlicottiacopei White

The thirteenth ammonite zone, the Medlicottia arroyoensis zone,
occurs in a limestone member of the Arroyo formation of the Clear
Fork group (fig. 2). The first ammonite locality in this zone was
discovered by Mrs. Augusta H.Kemp 1mile east of Abilene,Taylor
County. The following species have been collected from this zone:

Perriniteskempae,n.&p.
Medlicottiaarroyoensis, n.sp.

The fourteenth ammonite zone, the Medlicottia chozaensis zone,
is in a lentil of dolomite in the Choza formation of the Clear Fork
group. It occurs stratigraphically 167 feet above 'the Bullwagon
dolomite (fig. 2). The best locality in this zone was discovered by
J. W. Beede2 south of Colorado River, 4 miles east of the western
boundary of Runnels County. The ammonites from this zone have
been studied and described in a preliminary way by Bose3 but were
not specifically named by him, nor were they illustrated. Though
the specimens are not well preserved, they are present in large
numbers,and the following species can be recognized:

Rhiphaeitesplanulatus,n.sp.
Perrinitesbeedei,n.sp.
Medlicottiachozaensis,n. sp.

The fifteenth zone, the Eumedlicottia burckhardti zone, occurs in
the Acme dolomite member of the Blame formation of the Double
Mountain group (fig. 2). The best locality in this zone was dis-
covered by C. N. Gould4 2 miles north of the Acme cement plant
west of the town of Quanah, Hardeman County. Three ammonites

xWhite, C. A., The Texan Permian and its Mesozoic types of fossils : U. S. Geol. Survey
Bull. 77, pp. 19-24, pis. 1-3, 1891.

2Beede, J. W., and Waite, V. V., The Geology of Runnels County: Univ. Texas Bull. 1816,
p. 48 (bed No. 10), 1918.

3B6se, Emil, Permo-Carboniferous ammonoids of the Glass Mountains, west Texas, and their
stratigraphical significance: Univ.. Texas Bull. 1762, pp. 194-206, 1917.

4ldem, p. 26.
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have been identified from this zone. The fossils, however, are nu-
merous, and further searching will undoubtedly yield additional
material. The species are:

Eumedlicottiaburckhardti (Bose)
Metalegoceras,sp. (fragment only)
Perrinites gouldi,n.sp.

The uppermost and youngest ammonite zone, the Eumedlicottia
crotonensis zone, is in a soft dolomitic member of the Blame
formation of the Double Mountain group (fig. 2). The strata con-
taining the ammonites are thought by Roth to be the Aspermont
dolomite. The first ammonite locality in this zone was discovered
by W. F. Cummins5 at the falls on Salt Croton Creek, Stonewall
County. Fossils collected from this locality were sent to Prof. A.
Hyatt at Cambridge, Massachusetts, for identification. One specimen
was described by J. P. Smith6 in 1903 as Waagenoceras hilli. The
following ammonoids have been identified from this zone:

Perrinites hilli (Smith)
Eumedlicottia crotonensis,n.sp.

Marathon area
The geologic section and ammonite zones in the Marathon area

of west Texas are shown in figure 3. The oldest and lowest zone
from which ammoniteshave been collected is called the Shumardites
sellardsi zone and lies between two conglomerate beds in a shale
interbedded with yellowish limestone (No. 10 of King's7 section of
the Gaptank), in about the middle of the Gaptank formation. The
following species have been collected from this zone 2 miles south
of Gap Tank:

Shumardites sellardsi,n. sp.
Glaphyrites hyattianus (Girty)

The second zone, or Paraschistoceras reticulation zone, occurs in
a limestone thought to be in the upper part of the Gaptank forma-
tion in the fourth or fifth limestone member of King's section. The

sCummins, W. F., Report on the geology of northwestern Texas: Geol. Survey Texas Second
Ann. Rpt., p. 408 (section 19), 1891. (Recorded erroneously in Kent County.)

BSmith, J. P., Carboniferous ammonoids of America: U. S. Geol. Survey Mon. 42, p. 140,
pi. 27, 1903.

7King, P. 8., The geology of the Glass Mountains, Texas: Univ. Texas Bull. 3038, p.
44, 1930.
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largest collections from this zonehave come from a single isolated
boulder whose exact stratigraphic position is not known. The fol-
lowing species have been identified:

Pronorites pseudotimorensis A. K. Miller
Daraelites texanus Bose
Prouddenitesbosei (Smith)
Preshumardites gaptankensis (A. K. Miller)
ParalegocerasrectilateraleA.K.Miller
Schistoceras smithi Bose
Paraschistocerasreticulatum (A. K. Miller)
Marathonites parkeri (Heilprin)

The third zone, or Uddenites schucherti zone,lies near the top of
the Gaptank formation. It is one of the best-known ammonite zones
in Texas and has been visited by many collectors. The most famous
locality in this zone is the saddle on the butte just west of Wolf
Camp in Glass Mountains. The following species have been col-
lected from it:

Paraschistoceras hildrethi (Morton)
UddenitesschuchertiBose
DaraelitestexanusBose
Glaphyriteskansasensis (Miller and

Gurley)
Schistoceras diversecostatum Bose
Agathiceras frechi Bose

Marathonitesvidriensis Bose
Marathonites sulcatus Bose
Marathonites ganti (Smith)
VidriocerasuddeniBose
VidriocerasirregulareBose
Shumarditessimondsi Smith

The fourth zone, or Artinskia adkinsi zone, occurs near the top
of the Wolfcamp formation in a limestone just beneath a thick con-
glomerate layer. One of the best known localities is 2 miles north-
west of Poplar tank on Decie's ranch west of Marathon. At this
place the fossiliferous limestone is 20 to 30 feet above the base of
the formation and yields the following species:

Artinskia adkinsi,n.sp.
Metalegocerasaricki,n.sp.
Paragastriocerasdeciense,n.sp. .

Vidrioceras subquadratum,n.sp.
Perrinitesbakeri,n.sp.
Prothalassoceras welleriBose

The fifth zone, or Perrinites compressus zone, occurs in a clay
member of the Leonard formation about 425 feet above its base, as
measured northwest of Iron Mountain. Most of the ammonites from
this zonehave been collected from near the base of the clay slide 2
miles northwest of Iron Mountain. The following species are listed
by Bose and by Philip King:

Perrinites vidriensis Bose
Perrinites compressusBose
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Fig. 3. Graphic sections illustrating the stratigraphy of the Pennsylvanian
and Permian strata in the Marathon area of west Texas and showing the
positions of the ammonite zones
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The sixth zone, or Eumedlicottia whitneyi zone, occurs in the
fourth limestone member of the Leonard formation about 350 feet
above the last zone in the section northwest of Iron Mountain. It
contains the following ammonites:

Eumedlicottia whitneyi (Bose)
Perrinites vidriensis Bose

Ammonites have also been obtained south of an intrusive plug
on Altuda Mountain, in strata thought to belong to the Leonard
formation. The exacthorizon in the sectionhas not been determined.
It is quite possible that the fossils may have come from the Word.
They are as follows:

Paragastriocerasaltudense (Bose)
Paralecanitesaltudensis Bose

The seventh zone,orEumedlicottia burckhardti zone,isin the third
limestone member about 450 feet above the base of the Word forma-
tion. The most important locality in this zone and the one from
which most of Bose's fossils came is along the valley side near the
junction of Road and Gilliland canyons in Glass Mountains. The
following ammonites belong in this zone:

Eumedlicottiaburckhardti (Bose) AgathicerasgirtyiBose
Paragastriocerasroadense (Bose) Adrianites marathonensisBose
ParaceltitesmulticostatusBose
Paraceltites multiliratus,n.sp.
Paraceltiteselegans Girty

Popanocerasbowmani (Bb'se)
Stacheoceras gilliamense Bose
Waagenocerasdieneri Bose

Delaware and Guadalupe Mountain areas
The geologic sectionand the ammonite zones in the Delaware and

Guadalupe mountainareasof Texas are shown in figure 4.Ammonite
collections have been made by Arick,Baker, and Beede from at least
four widely separated zones in the Sierra Diablo and Delaware
Mountains of west Texas, and these collections have been deposited
at the Bureau of Economic Geology. Unfortunately, due to the lack
of adequate geologic maps, the exact stratigraphic positions from
which many of the fossils have come have not been fully recorded.
The present authors have had no opportunity to make new collec-
tions from this area or to relocate the old ammonite localities.
What is known about the stratigraphy of this region is recorded
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in publications by Girty,8 Richardson,9 'Beede,10 P. B. and R. E.
King,11 Arick,12 and P. B. King.13 The following paragraphs com-
piled from the publications of these authors and from personal
communication with P. B. King furnish the best information avail-
able at present on the stratigraphic occurrence of the interesting
collections.

The lowest zone of ammonites in the authors' collections lies in
a shale of Smithwick age about 50 feet above dark-gray to black
limestones one-quartermile north of Marble Canyon near the north
endof Sierra Diablo Mountains. This is the Gastrioceras listeri zone,
and it is correlated with the same zone in north-central Texas. The
followingammoniteshave been collected from this exposure:

Paraprolecanitessandbergeri,n. sp. Gastriocerasoccidentale (Millerand
Glaphyritesraymondi,n.sp. Faber)
Phaneroceraslenticulare,n. sp. Proshumardites primus, n.sp.
Gastrioceras smithwickense,n.sp. Bendoceras shumardi,n. sp.

No ammonites have come from the upper Pennsylvanian strata
in this district, and the next higher zone of importance occurs in
thinly laminated black shale near the base of the section in Dela-
wareMountains, as measured by Beede.14 The horizon is 450 to 550
feet below the top of the massive limestone thought to be the top
of the Bone Spring limestone (fig. 4). The fossils are compressed
and most of them are poorly preserved. Considerable numbers of
Paragastrioceras beedei have been collected from east of the con-
crete tank on Six-Bar ranch, and this zone is known as the Para-
gastrioceras beedei zone.

sGirty. G. H., The Guadalupian fauna: U. S. Geol. Survey Prof. Paper 58, pp. 1-512, 1908.
9Richardson, G. 8., Report of a reconnaissance in trans-Pecos Texas north of the Texas and

Pacific Railway: Univ. Texas Bull. 23 (Mm. Survey Ser.. Bull. 9), pp. 1-119, 1904. Van Horn
Quadrangle: U. S. Geol. Survey Atlas, Van Horn folio (No. 194), pp. 1-9,

"
1914.

10Beede, J. W., Notes on the geology and oil possibilities of the northern Diablo Plateau in
Texas: Univ. Texas Bull. 1852, pp. 1-40, 1920. Report on the oil and gas possibilities of the
University Block 46 in Culberson County: Univ. Texas Bull. 2346, pp. 1-16, 1924.

P. 8., and King, R. E., Stratigraphy of the outcropping Carboniferous and Permian
rocks of trans-Pecos Texas: Am. Assoc. Petrol. Geol. Bull., vol. 13, pp. 907-926, 1929.

M. 8., Occurrence of strata of Bend age in Sierra Diablo, Culberson County, Texas:
Am. Assoc. Petrol. Geol. Bull., vol. 16, pp. 484-486, 1932.

■"^King, P. 8., Permian stratigraphy of trans-Pecos Texas: Geol. Soc. Am. Bull., vol. 45,
pp. 697-797, 1934.

üßeede,uBeede, J. W., Report on the oil and gas possibilities of the University Block 46 in
Culberson County: Univ. Texas Bull. 2346, p. 13, 1924.
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Fig.4. Graphic sections illustrating the stratigraphy of the Pennsylvanian
and Permian strata of the trans-Pecos area of west Texas and showing the
positions of the ammonite zones



Geology of Texas, Volume HI, Ammonites 27

The third ammonite zone, or Ewmedlicottia guadalupensis zone,
is in the limestone between two sandstone members in the middle
portion of the Delaware Mountain formation and about 1700 to
2000 feet above the massive limestone of the Bone Spring forma-
tion, as shown in the section by Philip King (fig. 4). The zone was
first discovered by Beede at a locality west of D-South Wells in
Culberson County. The fossils arepoorly preserved,and all have not
been specifically identified. The following are the commonest and
best preserved

Eumedlicottia guadalupensis,n.sp.
Paragastrioceras beedei.n.sp.
Waagenoceras dieneri Bose

A more prolific locality, which is thought to be from about the
same horizon, was located by Beede northeast of the old Terry
Church and yields the following species:
Paragastriocerasserratum (Girty) Waagenoceras guadalupense Girty
Paragastriocerasbeedei,n.sp. Gibolites uddeni,n.sp.
Waagenoceras clavatum,n.sp. Glaphyrites, sp.

This zone is thought to correlate approximately with the Eumedli-
cottia burckhardti zone of the Word formation in Glass Mountains,
and with the Eumedlicottia guadalupensis zone of the southern
Guadalupe Mountains, as shown in figure 4.

The principal zone in the Guadalupe Mountain section occurs in
the "bed of dark limestone above the sandstone and below the
white limestone," as described by Girty,15 and yields the following
species:
Eumedlicottiaguadalupensis,n. sp. Paragastirocerasserratum (Girty)
ParaceltiteselegansGirty Peritrochia erebusGirty

This may be referred to as the Eumedlicottia guadalupensis zone,
which is thought to be approximately equivalent to the third zone,
or Eumedlicottia guadalupensis zone, of the Delaware Mountain
section,represented by the collections of ammonites from northeast
of the old Terry Church (fig. 4). Waagenoceras guadalupense and
W. dieneri have not been found in the Guadalupe Mountain section,
but Eumedlicottia occurs with Waagenoceras guadalupense in the
third zoneof the Delaware Mountain section,and consequently the
two zones are regarded as approximately equivalent.

15Girty, G. H., The Guadalupian fauna: U. S. Geol. Survey Prof. Paper 58, p. 7, 1908.
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Previous Work on Pennsylvanian and Permian
ammonites inTexas

Gabb16 published the first description of a Paleozoic ammonoid
from Texas in 1861. This species, Goniatites entogonus Gabb, was
collected from an outcrop 5 miles southwest of Lampasas. In 1863
Shumard17 described Goniatites texanus from Wallace Creek, San
Saba County. It is rather surprising that from 1863 to 1883, in
spite of the activity of such paleontologists as Hall,Meek, Worthen,
Geinitz, Walcott, and Whitfield, who published many volumes of
descriptions of Paleozoic fossils from neighboring states, not one
cephalopod from the Carboniferous and only a few other Carbonif-
erous fossils from Texas werestudied. In 1884 Heilprin18 described
Ammonites parkeri from Wise County.

In 1887 W. F. Cummins, while collecting vertebrate fossils in the
Wichita and Red River valleys for Cope, found ammonites at two
localities in Baylor County. These he submitted to C. A. White of
the U.S. Geological Survey for determination. White at once recog-
nized their value in establishing the age of the strata in Baylor
County as early P*ermian, and in 1889 he made a trip to Texas and
collected additional material. New species were published by him
in 188919 and in 1891,20 as follows:

ORIGINAL NAME PRESENT NAME

Medlicottia copeiWhite
Waagenoceras cumminsi (White)

Medlicottia copeiWhite
Perrinites cumminsi (White)
PopanoceraswalcottiWhite
Metalegocerasbaylorense(White)

Popanoceraswalcotti White
GoniatitesbaylorensisWhite

In 1888 the Texas Geological Survey was organized with E. T.
Dumble as state geologist. Through the efforts of E. T.Dumble and
R. T. Hill of the U. S. Geological Survey, interest in the natural
resources of the state was revived,and much geological exploration
begun. The assistant state geologists, Cummins, Tarr, Drake, and
Kennedy, made large collections of fossils, which were studied in

lsGabb, W. M., Descriptions of new species of American Tertiary fossils and a new
Carboniferous cephalopod from Texas: Proc. Acad. Nat. Sci. Philadelphia, p. 372, 1861.

17Shumard, B. F., Descriptions of new Paleozoic fossils: St. Louis Acad. Sci., vol. 2, p.
109, 1863.

A., On a Carboniferous ammonite from Texas: Proc. Acad. Nat. Sci. Philadelphia,
pp. 53-55, figs. 1, 2, 1884.

19White, C. A., On the Permian formation of Texas: Amer. Nat., vol. 23,>pp. 109-128, 1889.
C. A., The Texan Permian and its Mesozoic types of fossils: U. S. Geol. Survey-

Bull. 77, pp. 19-22, pis. 1, 2, 1891.
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the state laboratories or submitted to other experts for identifica-
tion. A large group of cephalopods collected near San Saba and
Bend was sent to Prof. A. Hyatt21 at Cambridge, who in 1891
described seven species including one new ammonite from the Bend
group, Gastrioceras compressumHyatt.

W. F. Cummins22 in a report on the geology of northwestern
Texas, published in 1891, listed Miinsteroceras parcdlelum (Hall)
(possibly a Gonioloboceras),whichhe collected from Pennsylvanian
strata. He also republished23 in the same paper White's list of Per-
mian ammonites from Baylor County and stated24 that he collected
Medlicottia from rocks near Ben Ficklin inTom Green County.

N. F. Drake25 in a detailed report on the stratigraphy of the
Colorado coal field,published in 1893, records two species of am-
monites that were found by him along the Colorado River valley:

ORIGINAL NAME PRESENT NAME

Goniatites,sp.
Goniatites goniolobusMeek

Glaphyrites,sp.
Gonioloboceraswelleri Smith

A second paper by Hyatt26 published in 1893. described four
additional species of Texas ammonites:

ORIGINAL NAME

Glyphioceras cumminsiHyatt
Glyphiocerasincisum Hyatt
Goniatitesentogonus Gabb
Paralegoceras iowense (Meekand

Worthen)

PRESENT NAME

Goniatites choctawensis Shumard
Nuculoceras incisum (Hyatt )
Neoglyphiocerasentogonum(Gabb)
Bendoceras texanum (Shumard)

From about 1895 to 1905 Dr. A. B. Gant, a resident of Graham,
Young County, was interested in collecting fossils and other natural
history specimens. Some of his fossils were sent to Hall at Albany,
New York, and others to the U. S. Geological Survey. The collection
sent to Washington contained several ammonites that were collected
near Graham. Some specimens probably came from the doctor's own

A., Carboniferous cephalopods: Second Ann. Rpt. Geol. Survey Texas (for 1890),
pp. 329-356, figs. 23-59, 1891.

"W. F., Report on the geology of northwestern Texas: Second Ann. Rpt. Geol.
Survey Texas, pp. 359-414, 1891.

p 415.
p. 414.

25Drake, N. F., Report on the Colorado coal field of Texas: Fourth Ann. Rpt. Geol.
Survey Texas, pp. 397, 405, 1893.

28Hyatt, A., Carboniferous Cephalopoda (second paper): Fourth Ann. Rpt. Geol. Survey
Texas, pp. 377-474, figs. 2-8, 16-27, 31-42, 44-55, 1893.
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land near South Bend, some from the banks of Salt Creek west of
the town of Graham, some from Mars Hill in Young County, and
somepossibly as far east as Jacksboro and Bridgeport, for he made
longprofessional trips and doubtless collected en route.This inter-
esting collection was turned overto J.P. Smith,professor of paleon-
tology in Leland Stanford, Jr., University, for study. Smith27 was
at the timepreparing a monograph on the Carboniferous ammonoids
of America and was glad to include the Texas forms. He also made
at least one trip into Texas for more material and published his
contribution in 1903. Smith's work isby far the most thorough and
most comprehensive treatise on American Carboniferous ammonites
that has been written and is the chief reference book for students
of Carboniferous species in this country. He not only described and
illustrated all the Carboniferous ammonites that were known up to
that time in America, but he also presented a new classification of
the genera. The following nineteen species were described from
Texas:

ORIGINAL NAME

MedlicottiacopeiWhite
Schuchertites grahami Smith
GoniatitescrenistriaPhillips
Goniatites striatus (J.Sowerby)
Gastriocerascompressum Hyatt
Gastriocerasentogonum(Gabb)
Gastriocerasglobulosum (Meek and

Worthen)
Gastriocerassubcavum (Miller and

Gurley)
Paralegocerasbaylorense(White)
Paralegocerasiowense (Meek and

Worthen)
Paralegoceras texanum (Shumard)
Schistocerashildrethi(Morton)
Schistocerashyatti Smith
Gonioloboceras welleriSmith
AgathicerasciscoenseSmith
PopanocerasgantiSmith
Popanocerasparkeri(Heilprin)
ShumarditessimondsiSmith
DimorphocerastexanumSmith

PRESENTNAME

Medlicottia copei White
Engonoceras (Cretaceous)
Nuculoceras incisum (Hyatt)
GoniatiteschoctawensisShumard
Phanerocerascompressum (Hyatt)
Neoglyphiocerasentogonum (Gabb)
Glaphyrites globulosus (Meek and

Worthen)
Glaphyrites kansasensis (Millerand

Gurley)
Metalegocerasbaylorense (White)
Bendoceras texanum (Shumard)

Bendoceras texanum (Shumard)
Paraschistocerashildrethi( Morton)
Schistocerasmissouriense (Miller and

Faber)
Gonioloboceras welleriSmith
Agathiceras ciscoenseSmith
Marathonitesganti (Smith)
Marathonitesparkeri(Heilprin)
Shumarditessimondsi Smith
Neodimorphocerastexanum (Smith)

The next important publication on Paleozoic fossils of Texas was
by G. H. Girty28 in 1908. It describes a large assemblage of fossils

J. P., Carboniferous ammonoids of America : U. S. Geol. Survey Mon. 42, pp.
1-211, pis. 1-29, 1903.

G. H., The Guadalupian fauna: U. S. Geol. Survey Prof. Paper 58, 1908.
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from the Delaware Mountain and Capitan limestones of Permian age
in west Texas, and includes the following ammonites:

Upper white limestone of the Delaware group
—

Paragastrioceras serratum (Girty)
Gastrioceras sp.
Waagenoceras guadalupense Girty

Basal black limestone of the Delaware group—
Peritrochia erebus Girty
Paraceltites elegans Girty
Agathiceras texanum Girty

In 1901 Charles Sternberg29 while collecting vertebrate fossils in
the Red Beds of Wichita and Baylor counties for the RoyalMuseum
of Munich discovered a locality on Pony Creek northeast of Sey-
mour where invertebrate fossils occur. These were collected and
sent to Dr.Broili of the Paleontological Museum in Munich. Broili
turned them overto Dr.Kurt Leuchs for study, and in 1908 Leuchs30

published lists and descriptions of the fossils, amongst which
Medlicottia copeiWhite wasmentioned.

In 1914 J. A. Udden31 spent three months in Glass Mountains of
west Texas and collected many fossils. Among these were a num-
ber of new ammonites. The following year Udden invited Emil
Bose to joinhim in the work in west Texas and to make a special
study of the fossils. Bose32 made extensive collections and figured
and described the ammonites in a monograph published in 1917.
This publication is the most complete work on Permian ammonites
in Texas. It was the first attempt to make definite correlations by
means of fossils in the Permian formations of west Texas with for-
mations in other parts of Texas and with European and Asiatic
strata. Bose described and figured five new genera and twenty-nine
new species of ammonites from Glass Mountains,and he described
without illustration eight new species from north-central Texas.
Bose deserves muchcredit for his thorough and painstaking research.
A list of the species described in his monograph grouped according
to formations is as follows:

Charles H., The life of a fossil hunter: pp. 261-264, Henry Holt and Co.,
New York, 1909.

soLeuchs, Kurt, Über einige Invertebraten aus dem Perm yon Texas: Centralb. Mm., pp.
684-690, 1908.

slUdden, J. A., Notes on the geology of the Glass Mountains: Univ. Texas Bull. 1753, 1918.
Emil, The Penno-Carboniferous ammonoids of the Glass Mountains, west Texas, and

their stratigraphical significance: Univ. Texas Bull. 1762, 1917.
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Permian—
Word formation:—

Medlicottia [Eumedlicottia] burckhardti Bose
Gastrioceras [Paragastrioceras] roadense Bose
Gastrioceras, sp. Nov. [=Paraceltites multiliratus, n. sp.]
Paraceltites multicostatus Bose
Paraceltites aff. elegans Girty
Agathiceras girtyi Bose
Adrianites marathonensis Bose
Stacheoceras [Poponoceras] bowmani Bose
Stacheoceras gilliamense Bose
Waagenoceras dieneri Bose

Leonard formation—
Medlicottia [Eumedlicottia] whitneyi Bose
Gastrioceras [Paragastrioceras] altudense Bose
Perrinites vidriensis Bose
Perrinites compressus Bose
Paralecanites altudensis Bose

Upper Wolfcamp (now Wolfcamp restricted) formation—
Prothalassoceras welleri Bose

Pennsylvanian—
Lower Wolfcamp formation (now top of Gaptank)—

Daraelites texanus Bose
Uddenites schucherti Bose
Uddenites minor Bose [=Uddenites schucherti Bose]
Gastrioceras modestum Bose [

Gurley)]
Glaphyrites kansasensis (Miller and

Schistoceras diversecostatum Bose
Paralegoceras incertum Bose [ =

Gurley)]
Agathiceras frechi Bose
Marathonites vidriensis Bose

Glaphyrites kansasensis (Miller and

Marathonites j.p.smithi Bose [=M. ganti (Smith)]
Marathonites sulcatus Bose
Vidrioceras uddeni Bose
Vidrioceras irregulare Bose

Gaptank formation—
Schistoceras smithi Bose
Marathonites hargisi Bose [=Marathonites parkeri (Heilprin)]

As a result of this study Bose established the following ammonite
zones:

4. Zone of Waagenoceras— Word formation
3. Zone of Perrinites— Leonard formation
2. Zone of Prothalassoceras— Wolfcamp formation
1. Zone of Uddenites— Lower Wolfcamp formation

(now placed in upper Gaptank)

During 1917, 1918, and 1919, as a result of the discovery of
large oil fields in north-central Texas, much detailed geologic
mapping was done by the geologists of oil companies, and many
collections of fossils were made. The outcropsmapped by the geolo-
gists of Roxana Petroleum Corporation (now Shell Corporation)
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were compiled, and the fossils that were collected were studied by
Plummer and Moore33 and listed in a bulletin issued in 1921. Four
ammonites were figured, and the following ammonoids were identi-
fied and listed by formations:

ORIGINAL NAME

Pennsylvania!!—
Cisco group

—
Gastrioceras subcavum (Miller

and Gurley)
Gonioloboceras goniolobum

(Meek)
Pronorites,sp.
Glyphioceras, sp.

Glyphioceras,sp.A.
Glyphioceras, sp.B.
Gastrioceraslisteri (Martin)

Gastriocerasangulatum Girty
Gastrioceras,sp. A

Gastrioceras,sp.B

Gastrioceras, sp.C

Gastrioceras, sp.D
Schistoceras hyattiSmith

Dimorphocerastexanum Smith
Canyon group*

—
GonioloboceraswelleriSmith
Pronorites, sp.
GastriocerashyattianumGirty
Goniatites,sp.

Strawn group
—

DimorphocerastexanumSmith
Gonioloboceraswelleri Smith

Smithwick shalei—
Gastrioceras compressum Hyatt
Gastrioceras,sp.
Paralegoceras,sp.
Paralegoceras,n. sp.

Marble Falls limestone—
Glyphioceras,sp.
Gastrioceraskingi (Halland

Whitfield)
Paralegoceras,sp.
Gastriocerascompressum Hyatt

Mississippian—
Barnett shale—

Glyphioceras, n.sp.
Glyphioceras cumminsi Hyatt
Glyphioceras incisum Hyatt

PRESENT NAME

Glaphyrites kansasensis (Miller and
Gurley)

GonioloboceraswelleriSmith

Uddenites (immatureforms)
Wiedeyoceraspingue A.K.Millerand

Cline
Gonioloboceras (immature)
Prothalassoceras (immature)
Paraschistocerashildrethi (Morton)

(immature)
Glaphyrites angulatus (Girty)
Glaphyriteskansasensis (Miller and

Gurley)
Glaphyrites millsi (A.K. Miller and

Cline)
Glaphyrites globulosus (Meek and

Worthen)
Gastrioceras,sp.
Schistocerasmissouriense (Miller and

Faber)
Neodimorphocerastexanum (Smith)

Gonioloboceras welleri Smith
Pronorites,sp.
Glaphyrites anguloumbilicatus, n. sp.
Gastrioceras,sp.

Neodimorphocerastexanum (Smith)
Goniolobocerasbridgeportense,n. sp.

Phanerocerascompressum (Hyatt)
Nuculocerassmithwickense,n.sp.
Bendoceras texanum (Shumard)
Bendoceras moorei,n. sp.

Goniatites,sp.
Glaphyrites raymondi, n. sp.

Bendoceras texanum (Shumard)
Phanerocerascompressum (Hyatt)

Nuculoceras barnettense,n.sp.
Goniatites choctawensisShumard
Nuculocerasincisum (Hyatt)

Glyphioceras entogonum(Gabb) Neoglyphiocerasentogonum (Gabb)

F. 8., and Moore, R. C, Stratigraphy of the Pennsylvanian formations of north-
central Texas: Univ. Texas Bull. 2132, 1921.
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The large number of species illustrates the richness of the am-
monoid faunules in Texas. The marked difference in the species
collected from one formation contrasted with those from other areas
emphasizes the importance to stratigraphic work of a detailed study
of these interesting forms.

Since the bulletin by Plummer and Moore in 1921, two publica-
tions dealing with the Paleozoic ammonoids of Texashave appeared.
Oneby J.P. Smith34 in1929, and another byA.K.Miller35 in 1930.
Smith reviews Bose's excellent work, makes a few corrections, and
discusses the following ammonites from the lower Wolfcamp (now
top of Gaptank) formation of Texas:

Daraelites texanus BSse
Parapronorites [Prouddenites] boesei Smith
Uddenites schuchexti Bose
Thalassoceras [Prothalassoceras] keytei Smith
Schistoceras diversecostatum Bose
Marathonites ganti (Smith)

Miller's paper describes a collection of ammonites collected by
P. B. and R. E. King south of Marathon from a limestone in the
upper part of the Gaptank formation of upper Pennsylvanian age.
The fauna consists of ten species of ammonites; six arenew species,
and onehas been made the genotype of his new genus,Prouddenites.
His list is as follows:

Daraelites texanus Bose
Pronorites pseudotimorensis A. K. Miller
Prouddenites primus A. K. Miller [ =P.bb'sei (Smith)]
Uddenites schucherti Bose
Gastrioceras [Preshumardites] gaptankense A. K. Miller
Paralegoceras rectilaterale A. K. Miller
Schistoceras [Paraschistoceras] reticulatum A. K. Miller
Schistoceras smithi Bose
Prothalassoceras kingorum A. K. Miller
Marathonites hargisi Bose [=M. parkeri (Heilprin)]

Method of description of species

The descriptions of genera and species are arranged in this
publication according to a phylogenetic system of classification,
wherever the phylogeny could be worked out or reasonably inferred.

3*Smith, J. P., The transitional Permian ammonoid fauna: Am. Jour. Sci., ser. 5, vol. 17,
pp. 63-80, Egs. A-C, 1929.

BoMiller, A. X., A new ammonoid fauna of late Paleozoic age from western Texas: Jour.
Pal., vol. 4, pp. 383-412, pis. 38, 39, 1930.
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The following standard outline has been used in the descriptions
in order that the different species can be compared more easily.

Description (shape, sculpture, sutures)
Discussion (affinities,distinguishing characters)
Occurrence
Disposition of types

A simple morphologic terminology has been employed to make
the descriptions more readily understood by younger students not
fully acquainted with the large variety of terms that have been
applied to various characters of the ammonoid shell. The descrip-
tions are followed by remarks concerning the characteristics, occur-
rence, and range of the fossil. Finally, the remarks in many places
are supplemented by tables showing comparisons of specific char-
acters. These tables are intended to serve as a key to simplify
identification of specimens.

Fig.5.Diagrammatic view of an ammonoidshell illustrating the descriptive
terminology and methods of measuring its principal parts

The principal parts and terms used in describing an ammonoid
shell are shown in the diagram (fig. 5) and are defined as follows:

Dorsum, the inner part of the whorl, which is normally in contact with
the previous whorl (f-e-f, fig. 5).

Flank, side of the whorlbetween venter and dorsum (k-c, fig. 5).
Venter, the peripheral area or outer part of the whorl {k-a-k', fig. 5).
Whorl, a single convolution of the shell (a-b-e, fig. 5).



36 The University of Texas Bulletin No. 3701

D— Diameter of the shell from venter to venter measuredalong the
line ab.

U— Diameter of the umbilicus at the umbilical shoulder.
U'— Diameter of the umbilicus measured at the umbilical suture.
T— Greatest thickness of the last whorl measured along the line cc.
T'— Greatest thickness of thenext to last (penultimate) whorl.
H— Height of the last whorl above the umbilical suture measured

along the line af.
L— Depth of the umbilicus measured from the line between the

umbilical shoulders.
I— The involution; the depth of the overlap by which the last whorl

covers the preceding whorl, measuredalong the line cd.
n
— Striae of the shell.

m— Siphuncle.
c— Umbilical shoulder.

s,s',s"— Suture lines or septal sutures.
ae

— -Height of the last whorl above the venter.
h— Lirae of the shell.

cc'— Height of penultimate whorl.
g— Whorl suture.

Umbilicus, central area that marks the axis of coiling. It is closed if
the final whorl conceals the inner whorls, and open if the inner
whorls are visible (/— g, fig. 5).

Umbilical shoulder, angular area or curved surface between flank and
umbilicus (c-c', fig. 5).

Umbilical wall, area bordering the umbilicus and lying between the
umbilical shoulder and the last whorlsuture (c-f, fig. 5).

Involute, completely embracing; the outer whorl completely embraces and
conceals all previous whorls of the coil. The umbilicus of such
shells is very narrow.

Evolute, not embracing or only partially embracing. Each whorl is in
contact with the venter of the previous coil or embraces it only
partially. The umbilicus is open and shows all the coils.

Striae, fine lines crossing the surface of the shell at right angles to the
axis of the whorl (/, fig. 5).

Lirae, fine lines on the surface parallelto the axis of the whorl (h, fig. 5).
Constrictions, shallow depressions that cross the whorls of some am-

monites (termed also "sulci").
Sulci, same as "constrictions."
Furrow, a narrow sulcus or groove on the periphery of some discoidal or

compressed whorls.
Keel, a ridge along the venter.
Carinate, having a keel.
Bicarinate, having two keels.
Hyponome, a swimming organ present in the anterior ventral portionof

ammonoids. This organ is not preservedin fossils but its presence is
indicated on some shells by lines of growth which bend sharply
backward across the venter and on a few well-preservedfossils by a
deep notch on the anterior ventral margin of the shell.

Hyponomic sinus, the deep notch occupied by the hyponome.
Aperture, opening at the anterior end of the whorl.
Septa, partitions built across the shell at an angle to the axis of the

whorl.
Living chamber, the space in a shell last occupiedby the animal; that is,

the area between the aperture and the last septum.
Siphuncle, a tube-like process of the mantle piercing the successive septa.

In ammonoids the siphuncle is usually near the venter (m, fig. 5).
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Septal collar, a collar which surrounds the siphuncle in most ammonoids
and points backward into the next preceding chamber.

Suture line, theline formed by the junction of the septumwith the inner
■ wall of the whorl. On well-preservedentire shells the shell material

must be removed before the suture line is observed. On casts the
suture line is easily traced (5, s', s", fig. 5).

A varied terminology has been employed in the description of the
suture lines of ammonoids by Wedekind,36 Spath,37 Schmidt,38 and
others. The following terms are adoptedin this paper:

External suture line, portion of entire suture visible on the
exposed part of the whorl.

Internalsuture line, portion of the suture lying across the dorsum
between two contiguous whorls.

The external suture line is described most conveniently by turn-
ing the ammonoid so that the aperture is in front and the venture
or outer portionof the whorl upward.The saddles, then,are directed
forward toward the aperture and the lobes backward toward the
coil. The portion of the line toward the aperture is described as
forward or anterior portion and the portion toward the coil as
posterior portion. Some authors prefer the terms apicador apertural
for anterior and adapical for posterior. The internal suture line is
described in the same way except that the dorsum of the ammonoid
is turned upward.The principal parts of a suture line are shown in
figure 6 and maybe defined as follows:

Lobe, backward curve of suture line toward posterior end of a whorl
(La, etc., fig. 6).

Saddle, forward curve of suture line towardaperture (Si, etc., fig. 6).
Simple suture, a suture in which the principal elements making up the

suture are undivided.
Compound suture, a suture in which the principal elements are sub-

divided by indentations (fig. 6).
Secondary lobes or saddles, subdivisions of the principal lobes or saddles

(ss and si, fig. 6).
Auxiliary lobes or saddles, lobes and saddles beyond the second lateral

saddle (S» to AS, L3to AL, fig. 6).
38Wedekind, R., Ueber Lobus, Suturallobus und Inzision: Centralbl. Min., Heft 8, pp. 185-

195, 1916.
Zur Systematik der Ammonoidea: Centralbl. Min., Heft 22, pp. 529—538,

1916.
Die Genera der Palaeoammonoidea (Goniatiten):Palaeontographica, vol. 62,

pp.' 86-94, 1917.
S7Spath, L. F., A monograph of the ammonoidea of the Gault : pt. 1, Palaeontographical

Society, 1923.
Catalogue of the fossil cephalopoda in the British Museum, pt. 4, pp. 46—

48, 1934.
H., Uber Goniatiten

—
eine Revision ihrer Systematik mit Beifiigung neuer

Beobachtungen:Centralbl. Min., Jahrg. 1921, pp. 538-544, 1921.
Die Carbonische Goniatiten Deutschlands : Jahrb. preuss. geol. Landesanstalt

(1924), vol. 45, p. 525, 1925.
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Fig.6. External suture line of a typical Carboniferous ammonoid,Perrinites
cumminsi (White)

Umbilical lobes or saddles, lobes or saddles on the umbilical wall.
Median, ventral, or siphonal saddle, the saddle at the median line of the

venter. In ammonoids this saddle is usually a secondary saddle in
the ventral lobe (M, fig. 6)

The ontogenetic stages of an ammonoid shell are designated as
follows:

1. Embryonic or protoconch stage
2. Nepionic or infancy stage
3. Neanic or adolescent stage
4. Ephebic or adult stage
5. Gerontic or senile stage

The dimensions of the ammonoid shell are shown in figure 5 and
are measured as follows:

Diameter is the distance from the outer edge of the venter across the
center to the opposite edge of the venter (D, or a~b, fig. 5).

Greater radius is that portion of the diameter from the center of the
umbilicus to the ventral margin of the largest part of the last whorl.

Lesser radius is that portion of the diameter from the center of the
umbilicus to the ventral margin of the last whorl in the direction
opposite to that of the greater radius or 180 degrees toward the older
part of the last whorl.

Height of last whorl is the vertical distance from its whorl suture to its
.venter ina direction parallelto theplane of coiling (H, or a-f, fig. 5).

Height of penultimate whorl is the vertical distance across the next to- the
last whorl measured directly below the end of the last whorl. The
measurements of the height of the last whorl and that of the penulti-
mate whorllie 360 degrees apart along the coil ( e-e', fig. 5).

Height of whorl above venter is the height of the end of the last whorl
above the venter of the preceding whorl (a-e, fig. 5).

Involution is the amount of indentation of the last whorl by the penulti-
mate whorl (I, or d—c, fig. 5).

Thickness of last whorl is the distance: across the end of the last whorl
perpendicular to the plane of coiling (T, or c-c', fig. 5).
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Thickness of penultimate whorl is the distance across this whorl 360
degrees toward the older part of the shell along its coil (T'

? fig. 5).
Width of umbilicus at the umbilical shoulder is the distance from

umbilical shoulder to umbilical shoulder measured along a diameter
(U, fig. 5).

Depth of umbilicus is the vertical distance from a line drawn across the
umbilical shoulders to the lowest part of the umbilical cavity (L,
fig. 5).

Height of umbilical wall of a single whorl is the vertical distance from
the umbilical shoulder to the whorl suture measured at the end of
the last whorl (c-f, fig. 5).

Since the shell varies in size with age, proportions rather than
absolute measurements are of value in descriptions. The ratio of the
diameter to the heightof the last whorl and the ratio of the diameter
to the width of the umbilicus are useful characters. Krafft and
Diener89 and Davies40 have recommended the followingratios which,
wherever possible,have been included in descriptions of the species
treated in the following pages:

H
Height ratio,

D
U

d"Diameter ratio,

I
ratio,=—

H
T

ratio, =—
H

Involution

Thickness

in which:
U=width of umbilicus
D=diameter of last whorl
I=involution

H=height of last whorl
T=thickness of last whorl

Classification of Carboniferous ammonites

Many attempts to classify Carboniferous ammonites have been
made by paleontologists.41 The efforts of Hyatt, Foord and Crick,

A. yon, and Diener, Carl, Lower Triassic Cephalopoda from Spiti, Malla Johar, and
Byans: Mem. Geol. Survey India, Pal. Indica, ser. 15, vol. 6, No. 1, 1909.

*°Davies, A. M., An introduction to paleontology, Thos. Murby & Co., London, p. 157, 1920.
41Beyrich, E., De goniatitig in montibus rhenanis occurrentibus:Beitr. zur Kenntniss Verstein-

erungen rheinischen Uebergangsgebirges, pp. 15—18, 1837.
Bisat, W. S., The Carboniferous goniatites of the north of England and their zones: Proc.

Yorkshire Geol. Soc, vol. 20, pp. 40-137, pis. 1-10, 1924.
Bose, E., The Permo-Carboniferous ammonoids of the Glass Mountains, west Texas, and their

stratigraphical significance: Univ. Texas Bull. 1762, pp. 1-241, pis. 1-11, 1917.
(Footnote concluded on p. 40)
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Arthaber, J. P. Smith, Wedekind, Schindewolf, H. Schmidt, Arabu,
and Spath stand out, and the work of these men has had much
influence on paleontology. The bases for most classifications are
phylogenetic development, shape, and character of the suture. Most
workers recognize the first criterion as most important. Lack of
knowledge of the phylogeny of a majority of the ammonites and
obvious recapitulation of suture characters in forms of different
phylogeny have led some paleontologists to believe that the shape
and sculpture of the shell are as important a class character as the
shape of the suture. Phylogeny is undoubtedly the safest criterion
on which to base a classification. Knowledge of the phylogeny of
Paleozoic ammoniteshas been increased as the result of the work
of Smith, Bb'se, Miller, in America, and of Schmidt, Schindewolf,
Bisat, and others in Europe. New discoveries of rich faunules in
Texas have furnished much new information also, so that it is now
possible to make amore complete phylogenetic grouping than ever
before. On a basis of this new information, a new classification of
the Carboniferous ammonites of America has been worked out.

Diener, C, Leitfossilien dcs marinen Perm: in Gurich's Leitfossilien, Lief. 5, pp. 55-77, pis.
15-20, text figs. 5-8, 1927.

Foord, A. H., and Crick, G. C, Catalogue of the fossil Cephalopoda in the British Museum
(Nat. Hist.), pt. 3, pp. 13-303, text figs. 1-145, London, 1897.

Gemmellaro, G. G., La fauna dei calcari con Fusulina della valle del fiume Sosio nella
provincia di Palermo: Giorn. Soc. Sci. nat. econ. Palermo, vol. 19, pp. 1—336; Append., pp.
1-26, pis. A-D, 1888.

Haug, Emile, Les ammonites dv Permien et dv Trias; Remarques sur leur classification: Bull.
Soc. geol. France, vol. 22, pp. 385-412, 1894.

Holzapfel, E., Die CephalopodenfiihrendenKalke dcs Unteren Karbons yon Erdbach-Breitscheid
bei Herborn: Pal. Abb. Dames v. Kayser, vol. 5, 1889.

Hyatt, A., Genera of fossil cephalopods: Proc. Boston Soc. Nat. Hist., vol. 22, pp. 253-
--335, 1884.

Hyatt, A., Cephalopoda: Zittel's Textbook of Palaeontology, pp. 547-592, MacMillan & Co.,
London, 1900.

Mojsisovies, E. yon., Die Cephalopoden der Mediterranen Triasprovinz: Abh. geol. Reichs-
anstalt Wien, voll 10, pp. 199-200, 1882.

Sandberger, G. and F., Die Versteinerungen dcs rheinischen Schichtensystems in Nassau,
1850-1856.

Smith, J. P., The Carboniferous ammoids of America: U. S. Geol. Survey Mon. 42, pp.
1-211, pis. 1-29, 1903.

Schmidt, H., Die carbonischen Goniatiten Deutschlands : Jahrb. preuss. geol. Landesanstalt
(1924), vol. 45, pp. 489-609, 1925.

Smith, J. P., Lower Triassic ammonoids of North America : U. S. Geol. Survey Prof. Paper
167, pp. 1-199, pis. 1-81, 1932.

Sobolew, D., Skizzen zur Phylogenie der Goniatiten: Warschauer polytect. Inst., pp. 1—195,
pis. 1-9, text figs. 1-129, 1913. (Summary in German, pp. 13-140.)

Spath,L. F., Catalogue of the fossil Cephalopoda in the British Museum (Nat. Hist.), pt. 4,
pp. 7-19, pis. 1-18, text figs. 1-160, 1934.

Wedekind, R., Beitrage zur Kenntnis der obercarbonischen Goniatiten:.Mitteil. Mus. Stadt
Essen, Heft 1, pp. 1-24, 1pi., text figs. 1-6, 1914.
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Altogether, more than sixty different genera of ammonites have
been studied and their ontogeny and phylogeny worked out as far
as possible. The following phylogenetic charts show the authors'
conception of the lines of development of most of the genera. These
charts indicate that there are six main stocks from, which the upper
Paleozoic ammoniteshave come as follows: prolecanitid, anarcestid,
cheiloceran, gephuroceran, aganidid, lecanitid, and possibly several
minor ones not yet worked out. Most Pennsylvanian ammonites

Fig.7. Phylogeny of the clan Prolecanitidea

come from the first three stocks. The main stocks have been made
the basis of six main groups or clans of ammonites as follows:
Prolecanitidea, Goniatitidea, Gastrioceratidea, Anthracoceratidea,
Aganididea, andParalecanitidea. These main groups are subdivided
into families by placing in a family only those generabelieved to
liave been derived through the same line of evolution and which
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constitute, therefore, a definite branch of the main stock, as shown
in the charts (figs. 7-10). Thus, Medlicottia descended from
Prolecanites through Pronorites, Uddenites, and Artinskia. This
constitutes a definite phylogenetic branch and hence a family, the
Pronoritidae. The same holds for Perrinites, which is regarded as
having descended from Cravenoceras through Preshumardites and
Shumardites, thus constituting a definite branch, the family
Shumarditidae.

Fig.8. Phylogeny of the clan Gastrioceratidea

This method of grouping differs from those classifications in
which,because of lack of knowledge of the phylogeny, genera which
resemble each other in shape and suture pattern but which actually
developed through quite different lines of descent are placed to-

gether. Thus,Girty and Smith group together in the family Gastrio-
ceratidae forms here designatedby the genericnames Cravenoceras^
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Phaneroceras, Neoglyphioceras, Glaphyrites, Eoasianites, Gastrio-
ceras, and others. These have a similar shape and quite a
similar suture pattern, and they evidently belong in the same clan,
but they have a different sculpture and certainly a very different
phylogeny, and hence they have been placed in separate families.
The phylogeny of the principal groups of Carboniferous ammonites
is shown in figures 7 to 10.

Fig.9. Phylogeny of the clan Goniatitidea

The phylogeny of some of the families, such as the Shumarditidae,
is regarded as well established. Other families, like the Metalego-
ceratidae, are less certain, as are also other rare families such as
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Bendoceratidae,Neoicoceratidae, Cibolitidae,and Welleritidae whose
phylogenies are unknown; therefore, they can not be classified
definitely on a basis of common ancestry. The first two have been
placed tentatively with the Gastrioceratidea, Cibolites with the
Paralecanitidea, and Wellerites is left for a separateclan. On the
whole,much of this phylogenetic arrangement must be regarded as
tentative, incomplete in many respects, and subject to change as
information increases, but it is the best that can be worked out at
present. The classification ispresented in the following paragraphs.

Fig.10. Phylogeny of the clans Anthracoceratidea, Aganididea, and Parale-
canitidea

Clan PROLECANITIDEA

The Prolecanitidea comprise discoidal, thin, flat-sided ammonites
having one radius noticeably longer than the other and a suture
line composed of numerous narrow lobes and saddles, which become
complex in the later and more highly developed forms. The sides
of most forms are smooth, but some species have nodes on the
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ventro-lateral area. The clan is representedby the following families
and genera:

Daraelitidae—
Daraelites
Praedaraelites

Propinacoceratidae—
Episageceras
Artinskia
Propinacoceras
Sicanites

Medlicottiidae—
Eumedlicottia
Medlicottia
Uddenites

Pronoritidae—
Parapronorites
Prouddenites
Pronorites

Prolecanitidae—
Paraprolecanites
Prolecanites
Merocanites
Protocanites

Clan GONIATITIDEA

The Goniatitidea comprise thick, globose, narrowly umbilicate
ammonites having nearly equal radii, small and nearly closed um-
bilici, and suture lines that evolved probably from a simple
cheiloceran form into a gastrioceran pattern. The suture lines of
later forms evolved into bifid, trifid, and more complex patterns
represented by the multiple branched waagenoceran shapes. The
very young forms are decidedly globose and have nearly closed
umbilici. The clan is represented by the following families and
genera:

Popanoceratidae— ■

Parapopanoceras
Popanoceras

Vidrioceratidae—
Agathiceratidae—

Adrianites
Agathiceras
Proshumardites

Waagenoceras
Stacheoceras
Peritrochia

Goniatitidae—
Goniatites
Nuculoceras

Marathonites
Vidrioceras

Clan GASTRIOCERATIDEA

The Gastrioceratidea comprise subglobose, widelyumbilicate am-
moniteshaving helmet-shaped cross-sections and nearly equal radii.
Veryyoung formshave a muchmore discoidal shape than themature
shells and are like the form of Anarcestes. The suture lines in later
forms evolved from a simple one consisting of a divided ventral
lobe and one external lateral lobe into a more highly developed
patternof numerous lateral lobes and saddles, which in somehighly
developed speciesbecome complex and have phylloid patterns. The
clan is representedby the following families and genera:
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Gastrioceratidae— Branneroceratidae—
Eoasianites Paragastrioceras
Metaschistoceras Rhiphaeites
Paraschistoceras Branneroceras
Pmtoceras Bendoceratidae—
Gastrioceras Bendoceras

Shumarditidae— "Prebendoceras"
Perrinites Neoglyphioceratidae—
Shumardites Neoglyphioceras
Preshumardites Neoicoceratidae—

Metalegoceratidae— Neoicoceras
Metalegoceras Trochilioceras
Pseudogastrioceras Adelphoceratidae—
Glaphyrites Wiedeyoceras
Cravenoceras Eumorphoceras

Schistoceratidae— . Beyrichoceras
Schistoceras Adelphoceras
Paralegoceras
Pseudoparalegoceras
Phaneroceras

Clan ANTHRACOCERATIDEA

The Anthracoceratidea comprise those ammonites having com-
pressed discoidal whorls with sides sloping toward the venter, nar-
row venters, small and almost closed umbilici,and large sigmoidal
lateral saddles. The radius drawn through the aperture is distinctly
longer than the other. The members of this clan evolved out of a
primitive gephuroceran form and not from an aganidid, which they
resemble in shape. The clan is represented by the following fami-
lies and genera

Dimorphoceratidae—
Dimorphoceras
Neodimorphoceras

Gonioloboceratidae—
Gonioglyphioceras
Gonioloboceras
Milleroceras
Sagittoceras

Anthracoceratidae—
Anthracoceras

Clan AGANIDIDEA

Representatives of this small clan Aganididea have compressed
discoidal whorls with sloping sides, small umbilici, unequal radii
like the gephurocerans, but they have suture lines that werederived
from anearly aganidid and which in some later forms evolved into
patterns having serrate first lateral lobes. The clan is represented
by the following families and genera:
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Thalassoceratidae—
Prothalassoceras
Thalassoceras

Aganididae—
Neoaganides
Gattendorfia
Aganides

Clan PARALECANITIDEA

The Paralecanitidea comprise discoidal,nearly parallel-sided am-
monites having equal radii, moderately small umbilici, and most
forms arecharacterized by strongly ribbed sides. The ribs may or
may not cross the venters. The suture lines are simple and of the
gastrioceran or paralegoceran type. This clan is represented by
the following families and genera:

Cibolitidae—
Cibolites

Paralecanitidae—
Paralecanites

Paraceltitidae—
Paraceltites
Eupleuroceras

Hoffmanniidae—
Hoffmannia
Prehoffmannia

Clan WEIXERITIDEA

The single member of this clan resembles in shape the Devonian
clymenids. It is a discoidal, flat-sided, thin ammonitewith a rounded
venter, grooved sides, and a suture line composed of a gastrioceran
ventral lobe and numerous unequal, pronoritid, simple lateral lobes
and saddles, among which the second lateral lobe is most prominent.
The following ammonite is placed in this clan:

Welleritidae—
Wellerites

It is the aim of the classification, with the exception of the few
rare generaof uncertain ancestry just mentioned, to bring together
forms of commonancestryand those whichhave moreor less similar
shapes and characters, in order to facilitate comparison of similar
forms, and to base the classification as far as possible on phylogeny.
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Systematic descriptions of Texas Carboniferous
ammonites

Clan Prolecanitidea

The Prolecanitidea comprise those ammonoids that are charac-
terized by thin, disc-shaped, umbilicate whorls having smooth, flat-
tened sides without sulci. The suture lines of early forms of this
group consist of narrow,pointed lobes and narrow,rounded saddles.
Inlater stagesof development the simple saddles of the more primi-
tive forms have evolved into notched, serrate, or even branched
elements.

Prolecanitidea have been divided on the basis of the sculpture of
the venter and of the development of the suture into five families,
as follows: Prolecanitidae,Pronoritidae,Medlicottiidae,Propinaco-
ceratidae, and Daraelitidae.

FamilyProlecanitidae Hyatt 1884 (emend.)

Prolecanitidae Hyatt, 1884, Proc. Boston Soc. Nat. Hist., vol. 22, p. 331.
Prolecanitidae,Karpinsky (pars), 1889, Mem. Acad. imp. Sci. St. Petersbourg,

ser. 7, vol. 37, No. 2, p. 4.

The Prolecanitidae are flat, thin, disc-shaped, widely umbilicate
ammoniteswith flattened sides,rounded venter that bears no furrow,
keel or nodes. Their shell surfaces are smooth or nearly so; growth
lines, if present, are indistinct and swing in gentle curves across
the flanks. In the evolution of this family the elements in the suture
increase in number up to amaximum of five pairs of external lobes
and five pairs of saddles by the addition of new auxiliary elements
on or near the umbilical area.

The first genus of the family Prolecanitidae to be described was
namedProlecanites by Mojsisovics42 in 1882. Karpinsky,43 Schinde-
wolf,44 and Schmidt45 have studied and emended the original genus
and have erected five other genera on the basis of the number of
elements in the suture and the shape of the ventral lobes.

42Mojsisovics, E., Die Cephalopoden der mediterranen Triasprovinz: Abh. geol. Reichsanstalt
Wien, vol. 10, p. 199, 1882.* 3Karpinsky, A., Sur l'existence dv genre Prolecanites en Asie et sur developpement: Bull.
Acad. imp. Sci. St. Petersbourg, ser. 5, vol. 4, pp. 179-184, 1896.

■^Schindewolf, 0. H., Ueber cine Untercarbonfauna aus Ostthuringen: Senkenbergiana, vol.
4, p. 15, 1922.

■^Schmidt, H., Die carbonischen Goniatiten Deutschlands: Jahrb. preuss. geol. Landesanstalt
(1924), p. 541, 1925.
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Stratigraphic distribution and characteristics of
the genera in the family Prolecanitidae

Genus Prolecanites Mojsisovics 1882

(emend.Schindewolf, 1922)

Prolecanites Mojsisovics, 1882, Abh. geol. Reichsanstalt Wien, vol. 10, p. 199.
Prolecanites, Hyatt,1884, Proc. Boston Soc. Nat. Hist., vol. 22, p. 335.
Prolecanites, Foord and Crick, 1897, Cat. Foss. Ceph. Brit. Mus., pt. 3, p. 244.
Prolecanites, Haug, 1898, Mem. Soc. geol. France, vol. 7, No. 18, p. 52.
Prolecanites, Smith, 1903, U. S. Geol. Survey Mon. 42, p. 51.
Prolecanites, Sehindewolf, 1922, Senckenbergiana, vol. 4, p. 15.
Prolecanites,Bisat, 1924, Proc. Yorkshire Geol. Soc, vol. 20, p.122.
Prolecanites,H. Schmidt, 1925, Jahrb.preuss. geol. Landesanstalt (1924), p.

541.

Prolecanites, as now restricted, comprises smooth, discoidal, evo-
lute, widely umbilicate shells that are trapezoidal in cross-section
and are characterized by a suture composed of a V-shaped ventral
lobe, four pairs of pointed external lateral lobes, four pairs of
rounded external saddles, and a rounded, U-shaped dorsal lobe
flanked by a pair of shallow, round, internal lateral lobes. A
typical external and internal suture is shown in text figure 11, and
the genotype, Prolecanites serpentinus (Phillips), is shown on
Plate 1, figs. 7-9.

of Goniatites compactus Meek and Worthen from the Pennsylvanian of Illinois
.as Prolecanites by Smith (U. S. Geol. Survey Mon. 42, p. 52) is very doubtful. This is

.probably the immature coil of some other genus.

GENUS AGE GENERIC CHARACTERS

Paraprolecanites
Karpinsky

Lower
Pennsylvanian

A trifid ventral lobe, four pairs
of external lateral lobes, a dorsal
lobe, and one pair of internal
lateral lobes.

Prolecanites Mojsisovics
(emend.Schindewolf)

'Massissippian46 A ventral lobe, four pairs of
external lateral lobes, a dorsal
lobe, and one pair of internal
lateral lobes.

Merocanites Schindewolf
(PL 1, figs.4^6)

Mississippian A ventral lobe, three pairs of
external lateral lobes, a pair of
umbilical lobes,and a dorsallobe.

Protocanites Schmidt
(PL1, figs.1-3)

Mississippian A venjtral lobe, two pairs of
external lateral lobes, a pair of
umbilical lobes,and a dorsallobe.

Acrocanites Schindewolf Devonian A ventral lobe, one pair of ex-
ternal lateral lobes, a pair of
umbilical lobes,anda dorsal lobe.
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Much confusion has arisenconcerning the definition of this genus
due to some uncertainty regarding the description of the genotype.
Mojsisovics named Goniatites mixolobus G.&F. Sandberger47 as the
genotype. Hyatt48 recognized that species as the genotype but stated
that the form was regarded by himself as a Pronorites. Later, it
was established by Dolle that Goniatites serpentinus Phillips, 1836,
was conspecific with Goniatites mixolobus G.& F.Sandberger,1850,
and hence the specific name mixolobus was dropped. Recently
Schindewolf has restricted the genus to include forms like the geno-
type having only four pairs of external lateral lobes. Pronorites
has amore divided ventral lobe and more than four pairs of lateral
lobes. Therefore, on a basis of number of lateral lobes it is easy
to distinguish this genus.

Genotype, Goniatites serpentinus Phillips.49

Fig. 11. Suture line of Prolecanites serpentinus (Phillips)

Genus Paraprolecanites Karpinsky 1889

Paraprolecanites Karpinsky, 1889, Mem. Acad. imp. Sci. St. Petersbourg, ser.
7, vol. 37, No. 2, p. 8,

Paraprolecanites,H. Schmidt, 1925, Jahrb. preuss. geol. Landesanstalt (1924),
vol. 45, p. 544.

Paraprolecanites has the shape of Prolecanites. The whorl is dis-
coidal with parallel sides, a narrow, rounded venter, and a fairly
large umbilicus. The shell surface is free of ornamentation. The

G. and F., Die Versteinungen der rheinischcn Schichtensystems in Nassau, Lief.
1, p. 67, pi. 3, fig. 13, 1850.

iBHyatt, A., Genera of fossil cephalopods: Proc. Boston Soc. Nat. Hist., vol. 22, p. 335, 1884.*9For a discussion of thlsj genus and synonymy of this type, see L. Dolle, Le Dinantien
superieur de la vallee de Oued-Zousfana: Ann. Soc. geol. Nord, Paleont., vol. 41, 1912. Also
Schmidt, H., Die carbonischen Goniatiten Deutschlands: Jahrb. preuss. geol. Landesanstalt,
vol. 45, p. 541, 1925.
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genus is especially characterized by its peculiar suture. The ventral
lobe is broad, trifid, constricted toward the front, expanded toward
the back, and notched by two shallow, V-shaped indentations divid-
ingit into three parts. The center one is narrow and pointed; the
lateral ones are broad and rounded, so that the entire element re-
sembles an inverted spade. The first two lateral lobes are broad,
rounded, and somewhat constricted. The second lateral lobes are
shorter, rounded, constricted, nearly as broad as long, and inclined
toward the umbilicus. The third pair of lateral lobes is similar to
the second but shorter. The fourth pair of lateral lobes lies on the
umbilical shoulder. A short fifth lobe is at the whorl suture on the
genotype. This suture line is shown in; figure 12.

In 1889 Karpinsky50 proposed the name Paraprolecanites for
discoidal ammonoid shells that are intermediate in development
between Prolecanites and Pronorites. He did not describe the new
genus, nor did he definitely designate a type, but he indicated the
suture of Goniatites mixolobus Sandberger51 as typical of its stage
of development. This is the species regardedby Hyatt as the geno-
type of Prolecanites Mojsisovics, since it is the first species men-
tioned as belonging to that genus. Foord and Crick 52 and Smith53

have followed Hyatt and have definitely mentioned G. mixolobus
as the genotype. Dolle,54 however, proved that this species named
by Sandberger was really a synonym for G. serpentinus Phillips.
Sandberger'sdrawing of the suture, which Karpinskyused as abasis
for his genus Paraprolecanites, was in reality a combination of the
ventral lobe of a Pronorites with the rest of the suture of a Prole-
canites. Dolle showed that, in the development of Pronorites from
Prolecanites, the suture passed through a stage corresponding to
the erroneous drawing by Sandberger. Schmidt accordingly recog-
nized the validity of Karpinsky's genus Paraprolecanites and sug-
gested that a fitting name for the species having the Sandberger

"OKarpinsky, A., Ueber die Ammoneen der Artinsk-Stufe: Mem. Acad. imp. Sci. St. Peters-
bourg, ser. 7, vol. 37, No. 2, p. 42, 1889.

51Sandberger, G. and F., Die Versteinerungen dcs rheinischen Schichtensystems in Nassau,
Lief. 1, p. 67, pi. 3, fig. 13, 1850.

52Foord, A. H., and Crick, G. C, Catalogue of fossil Cephalopoda in the British Museum
(Nat. Hist.), pt. 3, p. 245, 1897.

J. P., Carboniferous ammonoids of America : U. S. Geol. Survey Mon. 42, p.
51, 1903.

L., Le Dinantien superieur de la vallee de Oued-Zousfana : Ann. Soc. geol. Nord,
Paleontologie, vol. 41, pi. 7, fig. 1, 1912.
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form of suture, when it should be found, would be Paraprolecanites
sandbergeri.

This ammonoid from the Smithwick shale of Texas has the exact
shape of Prolecanites and the suture described by Karpinsky and
Dolle. Therefore, for the first time a comprehensive description of
the genus is possible.

Genotype,Paraprolecanites sandbergeri,n. sp. (PI. 1, figs. 12-20;
text fig. 12).

Fig.12. External suture line of Paraprolecanites sandbergeri, n.sp.

PARAPROLECANITES SANDBERGERI,n. sp.

PL 1, figs. 12-20; text fig. 12.

Description.— The shell is discoidal with whorls that expand
slowly and become somewhat more compressed with age. The ven-
tral expansion is more rapid than the lateral, so that the height of
the last whorl is more than three times that of the preceding whorl
and the flanks become markedly flat and parallel. The shallow
umbilicus is moderately broad, about one-fourth the diameter of
the shell in larger specimens. The umbilical shoulders are rounded,
and the umbilical walls arenot steep. The following measurements-
show the proportions of the holotype (A) and two paratypes
(B, C):

ABC
Diameter (D) _1 .. 28.9 15.0 10.1 mm.
Height of last whorl (H) 7.5 6.2 4.5
Height of penultimate whorl 5.0? 3.0 2.0
Height of last whorl above venter 5.8 5.0 3.9
Involution (I) 1.7 1.3 1.0
Thickness of last whorl (T) 7.0 5.6 4.0
Thickness of penultimate whorl 5.5 2.8 2.0
Width of umbilicus (U) 7.5 5.9 4.4

Shell ratios of A
—

U I T T— = 0.26 — = 0.23 — = 0.93
— =0.24

D H H D
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The surfaces of the small individuals are smooth; the larger
forms are all casts having cracked chambers. The partings along
the septa have opened during fossilization, and additional coatings
of ironoxidehave been added, giving to the partings a rough appear-
ance. Probably all the shells were originally smooth at all stages
of growth.

The external suture of the mature whorls consists of a trifid,
spade-shaped ventral lobe, four pairs of rounded lateral lobes, the
last pair of which lies partly on the umbilical wall, and four pairs
of rounded saddles. Mature specimens show a short fifth lobe at
the whorl suture. The first pair of lateral lobes are rounded, some-
what constricted, and lightly serrate. The second pair are rounded
and sharply hooked toward the umbilicus. The third lateral lobes
are short and nearly as broad as long. They are rounded, but not
constricted, and are inclined toward the umbilicus. The fourth pair
are broad and short and lie on the umbilical shoulder. The first
and second lateral saddles are large, rounded, and somewhat con-
stricted. The third and fourth areabout half as large, rounded, but
not constricted. The internal sutures are not shown.

At a diameter of 8 mm. the suture is like that of Prolecanites.
The ventral lobe is pointed, the first lateral is largest, and the three
lateral lobes are short and rounded. At a diameter of 11 mm. the
suture has reached the typical Paraprolecanites stage, except that
the second lateral saddle is more prominently developed than the
others.

Discussion.— The broad, short, spade-shaped, trifid ventral lobe
at once distinguishes this species from others of the Prolecanitidae?
and no danger of confusion is likely to arise.

The first specimen of this interesting form was collected by C. A.
Cole of Texas Technological College and sent to the writers by
Dr. M. A. Stainbrook. Later W. C. Cartwright, a student in the
geological department of The University of Texas, discovered inde-
pendently the same or a nearby locality, where more than twenty
specimens have been collected.

Occurrence.— Smithwick shale, Bend group,lower Pennsylvania^
from an outcrop 3% miles due east of Rochelle and nearly a mile
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south of the Rochelle-San Saba road, McCulloch County; and also
from good exposures near the junction of the Bend-San Saba and
the Bend-Chappel roads about one mile southwest of Bend, San
Saba County.

Types.— Holotype and paratypes in the Plummer Collection,
Bureau of Economic Geology, The University of Texas.

Family Pronoritidae Frech 1904 (emend.)

Pronoritinae Freeh (pars),1901, Lethaea Palaozoica,Bd. 2, Lief. 3, p. 481.
Pronoritidae, Smith (pars), 1903, U. S. Geol. Survey Mon. 42, p. 41.
Pronoritidae, Diener (pars),1927, Leitfossilien dcs marinen Perm, p. 61.
Pronoritidae,Schindewolf (pars), 1934 Abh. Gesell. Wiss. Gottingen, Math.-

Phys. XL, Folge 3, Heft 10, p. 167.

The members of this family are smooth, flat, discoidal, and
widely umbilicate ammoniteswith quadrate whorl section and com-
plex suture lines. The venter is smooth and without nodes or fur-
row. The first genus of the family was named Pronorites by
Mojsisovics55 in 1882. Since then, two other very similar genera
have been erected by Gemmellaro and A. K. Miller. The strati-
graphic occurrences and distinguishing characteristics of each of
these three genera are given in the following table:

Stratigraphic distribution and characteristics of
the genera in the family Pronoritidae

B5Mojsisovics, E., Die Cephalopoden der mediterranen Triasprovinz:Abh. geol. Reichsanstalt
Wien, vol. 10, p. 201, 1882.

Gemmellaro
Lower Permian Venter without furrow. First lateral

lobe large and divided into four ele-
ments; other lateralsbifid, at least in
later forms.

>rouddenites
A.K.Miller

Upper
Pennsylvania!!

Venter without furrow. First lateral
lobe large and divided into three ele-
ments; other lateralsundivided.

'ronorites
Mojsisovics

Lowerand
middle

Pennsylvania!!

Arched venter without furrow. First
lateral lobe large and divided into
two elements; other laterals entire.
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Genus Pronorites Mojsisovics 1882

PronoritesMojsisovics, 1882', Abh. geol. Reichsanstalt, vol. 10', p. 201.
Pronorites,Hyatt, 1884, Proc. Boston Soc. Nat. Hist., vol. 22, p. 337.
Pronorites, Karpinsky, 1889, Mem. Acad. imp. Sci. St. Petersbourg, ser. 7, vol.

37, No, 2, p. 7.
Pronorites,Foord and Crick, 1897, Cat. Foss. Ceph. Mus., pt. 3, p. 260.
Pronorites, Smith, 1903, U. S. Geol. Survey Mon. 42, p. 41.
Pronorites, Tchernow, 1907, Bull. Soc. imp. Nat. Moscou, n. ser., vol. 20', pp.

270, 395.
Pronorites, Haniel, 1915, Die Cephalopoden der Dyas yon Timor, p. 25.
Pronorites, H. Schmidt, 1925, Jahrb. preuss. geol. Landesanstalt (1924), vol.

45, p. 544.
Pronorites, Smith, 1927, Jaarb. Mijnw. Ned.-Indie, Verh. 1926, p. 12.
Pronorites, Diener, 1927, Ledtfossilien dcs marinen Perm, p. 62.
Pronorites, H. Schmidt, 1929, Tierische Leitfossilien dcs Karbon, p. 63.
Pronorites, Schindewolf, 1934, Abh. Gesell. Wiss. Gottingen, Math.-Phy. XL,

Folge 3, Heft 10, p. 174.

The members of this genus have discoidal compressed whorls,
whose height and diameter are large in porportion to their thick-
ness, so that the transverse sections are quadrangular. The surface
of the cast is smooth or only feebly ornamented, and the venter
bears no noticeable furrow. The sutures of the mature whorls are
characterized by a trifid ventral lobe and by a bifid first lateral
lobe. The other lobes arepointed or rounded. The number differs
to some extent with age, but, as pointed out by Schmidt,56 this char-
acter is also important indetermining species.

The following table shows the number of lateral lobes on one
flank of the known species:

s<sSchmidt, H., Die carbonischen Goniatiten Deutschlands: Jahrb. preuss. geol. Landesanstalt,
vol. 45, p. 544, 1925.

57D011e, L., Le Dinantien superieur de la vallee de Oued-Zousfana: Ann. Soc. geol. Nord,

vol. 41, pp. 240-261, 1912.
J., Illustrations of the geology of Yorkshire; pt. 2, The Mountain Limestone

district, p. 237, pi. 20, figs. 40, 42, 1838.

LATERAL AND AUXILIARY
SPECIES UMBILICAL,LOBES LOBES

Pronorites reyi Dolle57 4 2
P. postcarbonarius (Karpinsky) _, 4? 2?
P. siebenthali Smith 4or5 2or3
P. cyclolobus (Phillips)sB 5 3
P.barroisi Karpinsky 5 3
P. praepermicus (Karpinsky) 5 or6 3or4
P. llanoensis, n. sp 6 4
P. arkansasensis Smith.____ 7 5
P.uralensis Karpinsky 7 5
P. timorensis Haniel 8 6
P. pseudotimorensisA. K. Miller 8 6
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Genotype, Goniatites cyclolobus Phillips (text fig. 13).

Fig.13. External suture line of Pronorites cyclolobus (Phillips)

PRONORITES LLANOENSIS, n. sp.

PL 2, figs. 18, 19

Description.— The shell is discoidal with rounded venter, some-
what rounded flanks, wide umbilicus, and deeply embracing whorls.
The holotype furnishes the following measurements:

Diameter (D) __ . 78.0 mm.
Height of last whorl (H) 40.0
Height of last whorl above venter 15.0
Involution (I) _ _21.7
Thickness of last whorl (T) 25.0
Width of umbilicus (U) ____ 5.6
Shell ratios—

U T T I— = 0.07 — = 0.625 — = 0.32 — = 0.54
D H D H

The type is a poorly preserved cast, which shows no indication of
the sculpture of the shell.

The external suture consists of a ventral lobe flanked by a pair
of broad deeply notched first lateral lobes and four other pairs of
bluntly rounded lateral lobes. The four pairs of saddles are rounded.
On the umbilical wall are a tiny lobe and saddle. The internal
suture is not known.

Pronorites llanoensis, n. sp., is the oldest member of this genus
known in the Texas section and hence is more primitive than its
congeners in the younger sediments. The cross-section of its whorl
is more nearly circular, its flanks are less flat, its lobes are less
pointed, its ventral lobe though poorly preserved appears to be
narrower, less expanded, less deeply notched and more like the
ventral lobe of Prolecanites than that of Pronorites.
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Remarks.— This interesting species occurs with a group of fossils
noteworthy for their very early Pennsylvanian characters and Mis-
sissippian aspects, comprising the very primitive fusulinids, Fusu-
lina llanoensis N.L. Thomas and Fusulina primaeva (Skinner) not
previously observed above the Mississippian, Spirifer musebachanus
Roemer, and corals of the genus Zaphrentis that more closely re-
semble Mississippian forms than those known from Pennsylvanian
strata.

Occurrence.— Marble Falls formation, in a bluff of dark lime-
stone located on Pfiuger ranch, 6% miles east-southeast of London
at the junction of Big Saline Creek and Llano River,Kimble County.

Type.— Holotype in Plummer Collection, Bureau of Economic
Geology, The University of Texas.

PRONORITES ARKANSASENSIS Smith

PL 2, figs. 1-4

Pronorites cyclolobus var. arkansasensis, Smith, 1896, Proc. Am.Phil. Soc, vol.
35, p. 267, pi. 24, figs. l^L

Pronorites cyclolobus var. arkansasensis, Smith, 1903, U. S. Geol. Survey Mon.
42, p. 43, pi.12, figs. 12-15.

Description.— The whorl is discoidal, subrectangular in cross-
section, about twice as high as wide, with flat parallel sides, gently
rounded venter, and deeply indented dorsum. The height expands
rapidly with growth, but the width increases more slowly. The
umbilicus is deep and is bordered by nearly parallel walls with
abrupt shoulders. The width of the umbilicus is equal to about
one-fourth the diameter of the shell, and its depth is about half its
height. Two of the specimens have the following measurements:

A B
Diameter (D) '■: 27.0 21.0? mm.
Height of last whorl (H) 14.6 10.0
Height Gf penultimate whorl 7.5 2.7
Height of last whorl above venter 11.0 6.1
Involution (I) 3.6 3.9
Thickness of last whorl (T) 9.7 8.0
Thickness of penultimate whorl.___ 6.5 4.5
Width of umbilicus (U) 7.5 7.0

Shell ratios of A— "

U I T T— = 0.28 — = 0.25 — = 0.66 — =0.37
D H H D
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The specimens are ferruginous casts and do not exhibit clearly
the surface features of sculpture. The mature whorls undoubtedly
had smooth venters, sides, and umbilical shoulders. The smallest
specimen (diameter 9.5 mm.) in the collection shows some exceed-
ingly fine transverse striae on the venter and sides. These striae are
spaced about eighteen in two millimeters, and they are so fine that
a magnifying glass is necessary to detect them.

The external suture of mature forms that have a diameter greater
than ten millimeters consists of a trifid pointed ventral lobe, a pair
of first lateral lobes divided by a deep spatulate and somewhat
constricted secondary saddle, and four or five additional pairs of
pointed lateral lobes. The lateral lobes are interspaced with six
or seven pairs of long, rounded, narrow lateral saddles. On the
larger specimens the first and third lateral saddles are centrally
constricted; the others have nearlyparallel sides. The second lateral
saddle is largest, spatulate, and slightly club-shaped. This saddle
and the divided first lateral lobe are the most distinctive elements
of the suture.

The internal suture is characterized by a very long,narrow, trifid
dorsal lobe, which isnearly twice as long as the first internal lateral
saddle. The first lateral saddle is broad, rounded, and undivided.
Adjacent to the first lateral aretwo, and perhaps three, small pointed
lobes and three small rounded saddles.

Discussion.— Smith collected a single specimen of Pronorites
urkansasensis in Carroll County, Arkansas, which he named P. cyclo-
lobus var. arkansasensis. He stated that the type ismore involute
andhas a narrowerumbilicus and a greaternumber of lateral lobes
than the forms referred to the typical species in Belgium, Germany,
and England. The proportions of the Texas, Arkansas, and Rus-
sian types arenearly identical:

Texas Arkansas Russia
U— = 0.28 0.20 0.20
D

T— = 0.66 0.57 0.60
H

The Texas specimens have slightly more constricted and more
spatulate external saddles and the first two internal lateral saddles
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are proportionately longer than are those of the European speci-
mens illustrated by Schmidt.59 They have also the striations on
their surfaces notnoted on the European forms.

Occurrence.— Smithwick shale, Bend group,Pennsylvanian, in an
outcrop 3^/2 miles east of Rochelle,McCulloch County.

Types.— Plesiotypes in Bureau of Economic Geology.

PRONORITES PSEUDOTIMORENSIS A. K. Miller

PL 2, figs. 16, 17

Pronorites pseudotimorensis A. K. Miller, 1930, Jour. Pal., vol. 4, p. 391, pi.
38, figs. 18-26,

Description.— The part of the specimen preserved is a cast of
younger whorls. They are of small size, discoidal, smooth having
no furrow in the venter but flat walls and a medium-sized steep-
walled umbilicus. The whorls have the following measurements:

Diameter (D) 13.5 mm.
Height of last whorl (H) 7.0
Height of penultimate whorl 3.6
Height of last whorl above venter 3.4
Involution (I) 3.6
Thickness of last whorl (T) 4.6
Thickness of penultimate whorl 3.1
Width of umbilicus (U) 4.6

Shell ratios—
U I T T— = 0.34 — =0.51 — = 0.66 — = 0.34
D H H D

The external suture line on mature specimens consists of a trifid,
posteriorly expanding ventral lobe, six lateral lobes and six lateral
saddles on each side, and two additional lobes and two additional
saddles occupying the umbilical wall. Immature whorls at a diam-
eter of 15 mm. and smaller have five pairs of lobes and saddles
instead of six as shown in the illustration. The first lateral lobe is
bifid, broad, and sharply notched; the other lateral lobes are
rounded; the second lateral lobes are curved slightly toward the
umbilicus.

Discussion.— This species is easily distinguished from Pronorites
arkansasensis Smith by its more rounded and more inclined lobes.

59Schmidt, H., Tierische Leitfossilien dcs Karbon:in Gurich's Leitfossilien, Lief. 6, pi. 16,
fig. 14, 1929.
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Miller points out that it differs from Pronorites timorensis Haniel
by its internal suture line. The Timor forms have on each side an
extra internal lobe, which is not present in Pronorites pseudo-
timorensis.

Occurrence.— Upper part of Gaptank formation, 4% miles south-
southeast of Lenox,Brewster County; and Graford formation,1mile
west of Dalton ranch house and just north of Garland Bend of
Brazos River,Palo Pinto County.

Types.— Cotypes, Peabody Museum, Yale University; plesiotype,
Plummer Collection, Bureau of Economic Geology, The University
of Texas.

Genus Prouddenites A.K.Miller 1930

Prouddenites A. K. Miller, 1930, Jour. Pal., vol. 4, p. 395.

The representatives of this genus are thinly discoidal. The whorls
have parallel flanks and a flat, or only slightly grooved, venter. The
genotypehas a trifid ventral lobe, a pair of asymmetrically tripartite
first lateral lobes, five pairs of additional external lateral lobes,
three pairs of tiny umbilical lobes, six pairs of internal lateral
lobes,and a dorsal lobe. The first lateral lobe is broad and in some
specimens is divided into three or four unequal secondary lobes by
two or three shallow notches. The second lateral lobe is asym-
metrically bifid. The remaininglobes and all the saddles arerounded
and club-shaped.

The new genus was erected to include discoidal forms of the
Pronoritidae that Miller believed to be intermediate in development
between Pronorites and Uddenites and, therefore, in the direct line
of descent of the latter genus. Prouddenites is regarded by the
authors to be in the ancestral stock of Parapronorites and very
closely related to that genus. Uddenites, on the other hand, repre-
sents the beginning of an aberrant evolutionary trend springing
directly from Pronorites, as has long been recognized, and culmi-
natingin the genera and in many species of the medlicottids.

A careful study of the young whorls and sutures of Uddenites
shows that no representatives of this genus possess the characters
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that mark the adult Prouddenites primus A. K. Miller in its most
advanced development. The drawings of the suture line by Miller
and by J. P. Smith indicate that the mature whorls are already in
the early Parapronorites stage. The venter is distinctly arched,
whereas in Uddenites it isslightly grooved and bicarinate at an early
age. The suture of Prouddenites is characterized by the progressive
elaboration of the points of the bifurcate first lateral pronoritid
lobe, and the tendency toward bifurcation and elaboration in the
second laterals. In the development of the Uddenites suture from
the Pronorites type, the first step is marked by a dropping of the
ventral point of the first lateral lobe into its neighboring saddle.
By this character it is always possible to distinguish even a very
youngUddenites from a very youngPronorites.

Fig. 14. Complete suture line of Prouddenites primus A. K. Miller

An important character is also noted in the progressive shorten-
ing, toward Parapronorites, of the median point of the ventral lobe,
a type of development the exact opposite of which is encountered
in Uddenites and inall the medlicottids.

This genus is distinguished from Pronorites by its wide and more
complex first lateral lobe, which contains three or more small
unequal secondary lobes. Pronorites has only two secondary lobes.
It differs from Uddenites in the shape of its venter, which is flat or
slightly arched instead of deeply furrowed, and in itsslightly simpler
suture. Miller's genotype bears more lobes on its umbilical wall
than do most species. Prouddenites has a simpler, much less de-
veloped suture line than Parapronorites. The last five lateral lobes
in Parapronorites are bifid. In Prouddenites they are undivided.
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Although Prouddenites seems to be of somewhat doubtful validity,
it is retained since it does mark a definite step between Pronorites
and Parapronorites and is therefore important phylogenetically.

Haniel60 and Smith61 refer certain specimens to Pronorites timor-
ensis (Haniel), which have already begun the secondary elabora-
tion of the first lateral lobe.

Genotype, Prouddenites primus A.K.Miller (text fig. 14).

PROUDDENITES B6SEI (Smith)

PI. 2, figs. 9, 10>; text fig. 14

Parapronorites boesei Smith, 1929, Am. Jour. Sci., ser. 5, vol. 17, p. 68, fig. C,
22-2.7.

Prouddenites primus A. K. Miller, 1930, Jour. Pal., vol. 4, p. 397, pi. 38. figs.
3-10. "

Description.— This species ismedium-sized, smooth surfaced, dis-
coidal, involute, flat-sided, with no furrow in its venter, and asmall,
steep-walled umbilicus. Typical specimens from the type locality
give the following measurements:

A B
Diameter (D) 28.0 12,7 mm.
Height of last whorl (H) 15.0 5.7
Height of penultimate whorl 7.0 3.0
Height of last whorl above venter. 10:5 3.6
Involution (I) 6.5 2.1
Thickness of last whorl (T) 9.4 3,8
Thickness of penultimate whorl 4.01 2.1
Width of umbilicus (U) 6.5 4.0

Shell ratios of A—
U I T T— = 0.23 — = 0.43 — = 0.63 — =0.34
D H H D

The external suture line of mature specimens consists of a trifid
ventral lobe, six lateral lobes and seven lateral saddles on each
side, a small lobe on the umbilical shoulder, three lobes and three
saddles on the umbilical wall, and a small saddle at the whorl
suture. The ventral lobe is short, broad, trifid, and contracted for-
ward. The first lateral lobe is broad and divided into four short

60Haniel, C. A., Die Cephalopoden der Dyas yon Timor: in Warmers Palaontologieyon Timor,
Lief. 3, Teil 6, p. 93, 1915.

61Smith, J. P., Permian ammonoids of Timor: Jaarb. Mijnw. Ned-Indie, Verh. 1926, p. 48,

1927.



Geology of Texas, Volume 111, Ammonites 63

unequal, pointed or bifid divisions. The second lateral lobe is short,
club-shaped,and on the largest whorls,bifid. The other lateral lobes
are short and undivided. The first and second lateral saddles are
long and rounded. The other saddles are short and rounded.

Discussion.— This species is rather easily distinguished by its flat,
smooth sides, flat,ungrooved venter, and sharp ventro-lateral angle,
its comparatively wide umbilicus,and its quadrifid first lateral lobe.
It is oneof the common ammonoids at the locality south of Lenox
inBrewster County buthas notbeen recognized definitely from other
localities,although an immature form from the Graford formation
southwest of Graford in Palo Pinto County may belong to this
species.

Occurrence.— Upper part of Gaptank formation 1% miles due
south of Arnold's ranch and 4% miles south-southeast of Lenox,
Brewster County.

Types.— Holotype in Leland Stanford, Jr., University; hypotype
in Peabody Museum,Yale University; plesiotypes in Plummer Col-
lection,Bureau of Economic Geology, The University of Texas.

PROUDDENITES GRAFORDENSIS, n. sp.

PL 2, figs. 11-15

Description.— The shell is discoidal, involute, with a nearly flat
unfurrowed venter,slightly rounded flanks, and a small steep-walled
umbilicus. The whorl is quadrate in transverse section and about
three-quarters as wide as high. The largest fragment collected gives
the following measurements:

Approximate diameter . -_

Length of fragment of whorl 10.0 mm.
Height of fragment 4.0
Thickness of whorl 3.1

The specimen is a cast, so that details of the surface markings
are lacking. All the fragments are smooth and unadorned.

The sutureconsists of a ventral lobe, five pairs of external lateral
lobes, five pairs of lateral saddles, one pair of umbilical lobes,
one pair of internal lateral lobes, and a dorsal lobe. The ventral
lobe is trifid, long, narrow, and somewhat broader posteriorly than
anteriorly. The first lateral lobe is broad and dividedby twonotches
into three unequal secondary lobes.
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Discussion.— The specimens from Bridgeport are less mature, pro-
portionately thinner, have a more rounded venter, more rounded
flanks, and fewer lobes than the species (P. primus) described by
Miller from south of Lenox, Brewster County. In other respects,
however, the writers' specimens are so similar that they may prove
to be conspecific with P. bosei (Smith). The shape of the speci-
mens is thought, however, to be distinct enough to warrant separa-
tion. This species is distinguished from Uddenites schucherti by the
lack of a furrow in the venter. Specimens of Uddenites schucherti
much smaller in size are already characterized by the furrowed
bicarinate condition.

Occurrence.— Graford formation, Canyon group, Pennsylvanian,
in a clay pit at the brick yard in the north edge of Bridgeport, Wise
County.

Types.— Holotypes and paratypes in the Plummer Collection,
Bureau of Economic Geology, The University of Texas.

Genus Parapronorites Gemmellaro 1888

Parapronorites Gemmellaro, 1888, Giorn.Soc. Sci. nat. econ., vol. 19, p. 58.
Parapronorites,Karpinsky, 1889, Mem. Acad. imp. Sci. St. Petersbours, ser. 7,

vol. 37, No. 2, p. 16.
Parapronorites, Tchernow, 1907, Bull. Soc. imp. Nat. Moscou, n.s., vol. 20,'

p. 395.
Parapronorites,Haniel, 1915, Die Cephalopoden der Dyas yon Timor, p. 29.
Parapronorites,Smith, 1927, Jaarb.Mijnw. Ned.-Indie, Verh. 1926, p. 14.

Ammonites of this genus have the typical prolecanitid shape.
They have high, compressed, flat-sided whorls with narrow un-
furrowed venter and small umbilicus. They are characterized by
the shape of the suture line. The first lateral lobe is divided into
four secondary elements by three narrow notches and the other
principal lateral lobes are bifid. The small lobes close to the um-
bilicus in most species are simple.

The genus was first described by Gemmellaro who designated
Parapronorites konincki Gemmellaro as the type. The suture line
of this type is shown in figure 15.

No authentic exampleof this genus hasbeen found, to the authors'
knowledge, in Texas. J. P. Smith described a form from Glass
Mountains under the name Parapronorites bosei. The first lateral
lobe of his species has four divisions like Parapronorites but the
other lateral lobes are all undivided like Prouddenites. It appears
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therefore to belong in Miller's genus and to be conspecific with
Prouddenites primus A. K.Miller,over which it has priority.

Genotype, Parapronorites konincki Gemmellaro (text fig. 15).

Fig.15.External suture line of Parapronoriteskonincki Gemmellaro

Family MedlicottiidaeKarpinsky

Medlicottinae Karpinsky (pars), 1889, Mem. Acad. imp. Sri. St. Petersbourg,
ser. 7, vol. 37, No. 2, p. 45.

Medlicottinae Bose, 1917, Univ. Texas Bull. 1917, p. 67.

The Medlicottiidae are restricted to include the discoidal, flat-
sided ammonites with small umbilici and with narrow venters that
are indented by a deep furrow but bear no prominent nodes,
tubercles, or ribs along their latero-ventral borders. All the mem-
bers of the group have complex suture lines characterized by long,
narrow, forked ventral lobes, by first lateral lobes divided into
several secondary elements, and by bifid lateral lobes in all later
genera. The oldest and least developed genus in this family is
Uddenites describedby Bose62 and placedin the subfamily Noritinae.
Diener63 assigned this genus to the Pronoritidae. Smith64 recently
studied the phylogeny of the genus and showed that it is derived
fromProlecanites through Paraprolecanites and Pronorites, and that
it is the direct antecedent of Medlicottia. The family is easily dis-
tinguished from Propinacoceratidae by its narrower venter, which
is unadorned by bead-like nodes.

62865e, E., The Permo-Carboniferous ammonoids of the Glass Mountains, west Texas, and
their stratigraphical significance: Univ. Texas Bull. 1762, p. 55, 1917.

"^Diener, C, Leitfossilien dcs marinen Perm: in Gurich's Leitfossilien, Lief. 5, p. 62, 1927.
fc'Smith. J. P., The transitional Permian ammonoid fauna of Texas: Am. Jour. Sci., ser. 5,

vol. 17, p. 72, 1929.
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The following table shows the respective ages and the distinguish-
ing characteristics of the genera that are assigned to the Medli-
cottiidae:

Stratigraphic distribution and generic characters of the
genera in the family Medlicottiidae

Genus Uddenites Böse 1917

Uddenites Bose, 1917, Univ. Texas Bull. 1762, p. 55.
Uddenites, Smith, 1929, Am. Jour. Sci., ser. 5, vol. 17, p. 72.
Uddenites, H. Schmidt, 1929', Tierische Leitfossilien dcs Karbon, p. 64.

Ammonites referred to this genus resemble Pronorites but have
a deep furrow on the ventral area,which becomes deeper and more
conspicuous as the whorls increase in size. The shell is discoidal,
involute, with flat flanks. The cross-section of the adult whorl is
nearly rectangular. The umbilicus is narrow and has a rounded
border and steep wall. The septa are close together. Each suture
trends in anearlystraight line across the sides. The mature external
suture consists of a ventral lobe, seven lateral lobes, a lobe on the
umbilical shoulder, and a lobe on the umbilical wall— at least nine
in all. The ventral lobe is trifid, and narrower posteriorly than an-
teriorly. The early development of the sutures resembles closely
that of Pronorites. Later development differs from that of Pronorites
in that the ventral lobe is longer and narrower, and the first
lateral lobe is broader and is divided into three or more divisions
of unequal size. The secondary elements nearest the umbilicus are
largest, longer than wide, and in some species are bent slightly
toward the ventral lobe.

iumedlicottia
Spath

UpperPermian
Furrowed venter with smooth, un-
notched keels and smooth flanks that
slope toward a thin periphery. Ventral
lobe complex; lateral saddles trilobate.

ledlicottia
Waagen

Middle Permian

Furrowed venter with smooth, un-
notchedkeels and smooth flanks, which
are flat near the umbilicus and slope
toward the periphery. Ventral lobe
has two to four secondary elements;
lateral lobes rounded and not notched.

ddenites
Bose

Upper
Pennsylvanian

Furrowedventer; keels in some species
slightly beaded; flat, nearly parallel
flanks. No secondary lobes on sides
of ventral lobe; only first lateral lobe
divided.
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The long narrow trifid ventral lobe with its long middle point,
the broad first lateral lobe with four or more unequal secondary
lobes, and especially the deep straight-walled furrow in the venter
distinguished JJddenites from the genera of the Pronoritidae. It
is distinguished from the medlicottids by its much less complex
suture.

Genotype, JJddenites schucherti Bb'se (PI. 3, figs. 1—10; text

%16).

Fig.16. External suture line of Uddeniles schucherti Böse

UDDENITES SCHUCHERTI Bbse

PL 3, figs. 1-10; text fig. 16

Uddenites schucherti B6se, 1917, Univ. Texas Bull.1762, p. 60, pi. 1, figs. 9-23.
Uddenites minor Bose,1917, Univ. Texas Bull. 1762, p. 63, pi. 1, figs. 24-40.
Uddenites schucherti, Smith, 1929, Am. Jour. Sci., ser. 5, vol. 17, p. 72, fig.

A, 1-13,
Uddenites schucherti, H. Schmidt, 1929, Tierische Leitfossilien dcs Karbon,

p. 65, pi. 11, fig. 5.
Uddenites schucherti, A. K. Miller, 1930!,Jour. Pal., vol. 4, p. 400, pi. 39,

figs. 17-19.

Description.— The shell is discoidal,involute, with flat sides. The
venter is indented by a moderately deep U-shaped furrow. The
cross-section of the whorl is subrectangular. In the youthful stages
the whorls increase slowly in both dimensions,but toward the living
chamber they increase more rapidly in height. The umbilicus is
wide and shallow, its wall is low, and its rim is poorly defined.
Typical specimens have the following measurements:
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ABC
Diameter (D) 8.5 15.0 14.0 mm.
Height of last whorl (H) 2.6 9.0 7.2
Height of penultimate whorl 1.7 6.7 2.1
Involution (I) 1, 6.0 2,2
Thickness of last whorl (T) 2.64 4.4 3.8
Thickness of penultimate whorl 2.05 3.1 2.1
Width of umbilicus (U) 2.63 1.8 3,7

Shell ratios—
U T T

A: —=0.31 — =1.02 — = 0.31
D H D
U T T I

B: — = 0.12 — = 0.49 — = 0.29 — = 0.67
D H D H

U T T I
C: — = 0.26 — = 0.53 — = 0.27 — = 0.47

D H D H

A. From South Bend, Young County.
B, From Wolf Camp, Brewster County.
C. From north-northeastof Weeden School,Brown County.

All the specimens of this species so far collected are casts, which
show well the shape, indentation of the venter, and form of the
suture. Faint constrictions cross the venter of the living chamber
of the immature specimens, but they become obsolete on the flanks.
No tubercles have been observed. The specimen from South Bend
has indistinct raised lines that can be traced across the flanks to
the umbilical shoulder. They are flexuous and make a broad curve
backward. The surface around the umbilical areais ornamented by
low,broad, flat, transverse ridges separatedby narrow furrows. The
slight ridges do not show on the sides and ventral area of the casts
and probably were more distinct on the original shell. A cotype
from Wolf Camp has a faint shallow sulcus bordering the outer
edge of the flanks which increases in prominence toward the
aperture.

The suture line of a mature specimen comprises a ventral and
eight lateral lobes and the same number of lateral saddles. The
ventral lobe is trifid and is seven times as long as wide. The first
lateral lobe is very broad, about four times as broad as the others.
At a diameter of 8 millimeters it is divided by one notch into two
unequal secondary lobes. At a diameter of 15 millimeters it is
divided into four secondary lobes. The secondary lobe and sec-
ondary saddle nearest the umbilicus are four or five times larger
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than the others. The other lateral lobes are narrow,U-shaped, and
are inclined toward the umbilicus at anangle of about 10 degrees.
The first lateral saddle is very broad, long, and club-shaped. The
other lateral saddles are rounded, club-shaped, inclined gently
toward the venter, and decrease in size toward the umbilicus.

Remarks.— This species is comparatively rare; about fifteen speci-
mens altogether have been collected,andmost of them arefragments.

Occurrence.— Graham formation, Cisco group,Pennsylvanian, at
base of steepslope one-half mile southwest of Bend, YoungCounty;
1% miles east of Caddo, Stephens County; and Rock Island Rail-
road cut 3% miles southeast of Jacksboro, Jack County. Top of
Gaptank formation (Uddenites schucherti zone) at Wolf Camp,
Glass Mountains,Brewster County.

Types.— Cotypes and plesiotypes inBureau of Economic Geology,
The University of Texas.

UDDENITES SERRATUS, n. sp.

PL 3, figs. 11-14

Description.— A fragment of a large thick whorl has been found
with Uddenites schucherti Bose near South Bend. It has a smooth
flat discoid shape, narrow, deep furrow, wide smooth keels, and a
small umbilicus. The measurements of the fragmental holotype are
as follows:

Diameter (D) 30.0 mm.
Height of last whorl (H) 12.5
Height of last whorl above venter 10.0
Thickness of last whorl (T) 7.5
Involution (I) 2,5
Width of furrow 1.0
Shell ratios—
ITT— = 0.20 — = 0.60 — = 0.25
H H D

The outer shell is notpreserved. The surface of the cast is smooth
The ventral lobe of the suture is long, narrow, constricted near

the middle, and notched at the upper end to form a trifid extremity.
The first lateral lobe is very broad and four and one-half times
wider than the second lateral. It is divided by a long saddle into
two unequal lobes, one broad and short and gently arched, the
other long, narrow, and rounded. The longer secondary lobe is on
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the umbilical side; it is nearly as large as the second lateral lobe
and inclined toward the venter. The wide lobe is indented by six
small V-shaped notches so that it has a distinctly serrate edge.

Discussion.— Uddenites serratus,n. sp., differs from U.schucherti
Bose by its proportionately greater whorl width, and broader keels,
and is easily distinguished by the serrateedge of the broad portion
of the first lateral lobe.

Remarks.— The possibility that this specimen maybe anunusually
large and moremature example of U. schucherti Bb'se has been con-
sidered. Its broader keels and its distinctly different first lateral
lobe are sufficiently distinctive to warrant its separation into a new
species unless later material proves that U. schucherti grew under
unusual conditions into such a robust identical form.

Occurrence.— About 50 feet below the Gunsight limestone, Gra-
ham formation, Cisco group,Pennsylvanian, in an outcrop one-half
mile southwest of South Bend, Young County, and south end of
Parks Mountain,Coleman County.

Type.— Holotype in Bureau of Economic Geology, The Univer-
sity of Texas.

UDDENITES HARLANI,n. sp.

PI. 3, figs. 15-18

Description.— This discoidal, involute, narrow shell has nearly
flat flanks that join the ventral area at almost right angles. The
whorls increase rapidly in height and very slowly in breadth. The
whorl section is almost rectangular with the middle of the flanks
slightly bulging. The venter is deeply furrowed, bicarinate,and the
furrow is much wider than the bordering sharp keels. The um-
bilicus is narrow,has a distinct rim and a low perpendicular wall.
The measurements of the holotype are as follows:

Diameter (D) '. 37.0 mm.
Height of last whorl (H);_. 20.0
Height of penultimate whorl 9.0
Height of last whorl above venter 13.9
Involution (I) : 6.1
Thickness of last whorl (T) 6.8
Width of umbilicus (U) 5.15

Shell ratios—
UIT. T— = 0.14 — = 0.30 — = 0.34 — == 0.18
D H H D
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The shell is ornamented by numerous fine,low, rounded, flexuous
ribs, which are indistinct near the umbilicus, curve broadly back-
ward over the flanks, and bend forward across the venter. They
become more prominent ventrally and on the keels form distinct
and regular nodes. Between the ribs are narrow, shallow furrows.
No constrictions cross the whorls.

The internal suture is only partly visible,but the external suture
is clearly delineated. The ventral lobe is long, narrow, and trifid,
and on the flanks are the usual eight lateral lobes and correspond-
ing saddles with an additional lobe and saddle on the umbilical
wall. The lateral lobes are bluntly pointed and decrease in height
toward the umbilicus. The first lateral lobes lean toward the venter.
The first lateral lobe is very broad and is indented by at least four
secondary saddles, the fourth from the venter being the longest.
The other lobes are all relatively narrow, pointed, and the first
three are constricted. The successive sutures are fairly close but
do not come in contact. The base of any given suture pattern
describes analmost straight line from umbilicus to venter but leans
slightly forward at the middle.

Discussion.— Uddenites harlani, n. sp., is readily distinguished
from U.schucherti Bose by itssculpture and shape. No other species
of Uddenites has as pronounced sculpture on the ventral borders.
In this respect it closely resembles Sicanites and mayprove to be a
direct ancestor of this genus and not a true Uddenites. The whorl
section of U. harlani is narrower in proportion to its height than
that of U. schucherti, its ventral furrow is much wider,and its two
keels are thinner and sharper. The ventral lobe is not so long as
that in U. schucherti, and its first lateral saddle is less developed.

Remarks.— U. harlani, n. sp., is the largest form of this genus
yet studied and furnishes new light on details of surface sculpture
and the phylogeny of this interesting group. In spite of its lower
stratigraphic occurrence, the characters of its furrow and sutures
do not appear more primitive than those of U. schucherti from the
Graham and the Gaptank formations. The discovery of this form
proves without question a Pennsylvanian origin of the genus.

The species has been named for Dr. Harlan Johnson of the Colo-
rado School of Mines, who collected it and lent it to the authors
for study.
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Occurrence.— Caddo Creek formation, 20 feet above the Ranger
limestone,Canyon group,Pennsylvanian, in a steepbank on the east
side of a creek in western Wise County, about 5% miles northwest
of Chico.

Type.— Holotype, geological department, Colorado School of
Mines, Golden,Colorado.

Genus Medlicottia Waagen 1880

(emend.Noetling,1904;Karpinsky, 1926; Spath, 1934)

Medlicottia Waagen (pars), 1880, Pal. Indica, ser. 13, vol. 1, pt. 1, p. 83.
Medlicottia, Gemmellaro, 1888, Giorn. Soc. Sci. nat. econ., vol. 19, p. 48.
Medlicottia, Karpinsky (pars), 1889, Mem. Acad. imp. Sci. St. Petersbourg,

ser. 7, vol. 37, No. 2, p, 21.
Medlicottia,Foord and Crick (pars), 1897, Cat. Foss. Ceph. Brit. Mus., vol. 3,

p. 265.
Medlicottia, Diener (pars),1897, Mem. Geol. Survey India, Pal. Indica, ser.

15, vol. 2, pt. 1, p. 57.
Medlicottia, Smith, 1903., U. S. Geol. Survey Mon. 42, p. 47.
Medlicottia, Noetling, 1904, Neves Jahrb., Beil.-Bd. 19, p. 343.
Medlicottia, Tchernow, 1907, Bull. Soc. imp. Nat. Moscou, n.s., vol. 20. pp.

358, 397.
Medlicottia, Bose, 1917, Univ. Texas Bull. 1762, p. 67.
Medlicottia, Karpinsky, 1926, Annuaire Soc. Pal. Russie, vol. 4, pp. 1-19.
Medlicottia^ Smith, 1927, Jaarb. Mijnw. Ned.-Indie, Verb.. 1926, p. 19.
Medlicottia, Diener, 1927, Leitfossilien dcs marinen Perm, p. 64.

Medlicottia,as now restricted, includes thin discoidal shells with
flat flanks and narrow deeply furrowed venter. The two keels sep-
arated by the furrow are smooth. The umbilicus is narrow or com-
pletely closed. Some species appear to be entirely smooth, whereas
others are sculptured by fine growth lines across the broad flat
flanks. The suture is the characteristic feature of the genus, and its
lobes consist of the following elements:

1. Very narrow, long, trifid ventral lobe with parallel sides, which
are indentedby a series of notches (up to six on each side) to
produce the same number of secondary lobes.

2. Pair of very complex first lateral lobes which are scalloped by
eight or more unequal secondary saddles. The secondary lobes
thus formed are of two types: the first, at the posterior end of
the primary lobe, consists of two long, narrow, inclined, bifid
secondary lobes constricted at their base, notched at the top,

and separated by long, narrow secondary saddle; the second
type is on the ventral side of the primary lobe and comprises
four or more rounded, or club-shaped, secondary lobes.

3. Row of ten or more other bifid lateral lobes, the sides of which
are not indented.

4. One or more small, simple, and rounded umbilical lobes.
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The first lateral saddle is broad and indented by the secondary
lobes above described to form fourteen or more branch-like sec-
ondary saddles. Those situated in its ventral side are long, slender,
and ventrally inclined. Those on the umbilical side are long,
rounded, tongue-shaped, and inclined away from the venter. The
next three lateral saddles are deep, narrow posteriorly expanding
in themiddle, and rounded anteriorly. The other saddles are simple,
short, and rounded.

The internal suture, according to Bose, has a long, bifid dorsal
lobe which in width corresponds to the width of the venter of the
next inner whorl. The first and second lateral internal lobes are
bifid. The five other internal lateral lobes are rounded. The internal
saddles are all long,entire, and rounded at the base.

Medlicottia is distinguished from the other genera of this family
by its narrow ventral furrow, prominent keels without nodes,

Fig.17.External suture line of Medlicottia orbignyana (de Verneuil)

and elongate tooth-like secondary saddles in the first lateral saddle,
and by other characters of its suture line. Artinskia has nodes on
its keels and shorter and fewer secondary saddles. Episageceras has
a flat venter without a furrow and without sharp ventro-lateral angles
or keels. Its suture has a broad ventral lobe, and short circular
secondary elements in its first lateral saddle, so shaped that the
secondary lobes on the umbilical side are equal in size and shape
to the corresponding secondary lobes on the ventral side. In
Propinacoceras the secondary elements in the first lateral lobes of
the suture are perpendicular to the axis of the shell instead of at
an angle as in Medlicottia. In Eumedlicottia the second and the
four or moresucceeding lateral saddles are trilobate.

Genotype, Goniatites orbignyanus de Verneuil (text fig.17).
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The respective members of the genus and the characteristics are
listed in the following table:

Distribution and characters of species of Medlicottia

MEDLICOTTIA COPEI White

PL 5, figs. 4-9

Medlicottia copei White, 1889, Am. Nat., vol. 23, p. 117, pi. 1, figs. 1-3.
Medlicottia copei, White, 1891, U. S. Geol. Survey Bull. 77, p. 21, pi. 1,

figs. 1-3,
Medlicottia copei, Freeh, 1901, Lethaea Palaozoica, vol. 2, No. 3, p. 512,

figs. 1, 2.
Medlicottia copei, Smith, 1903, U. S. Geol. Survey Mon. 42, p. 48, pi. 22,

figs. 1-3.

Description.— The shape of this species has been described by
White, as follows:

"Shell thinly discoid, the sides gently convex; periphery narrow,
having a moderately deep median groove; volutions so deeply em-
bracing that only a small part of each of the inner ones is seen in
the narrow umbilici."

The venter is narrow and deeply furrowed; the keels are sharp
and have smooth edges without nodes, but the ventro-lateral border
on the immature forms is lightly frilled with little low, wave-like

SPECIES OCCURRENCE AND
AGE

DISTINGUISHING CHARACTERS

M. orbignyana
(deVerneuil)

Permian
Artinsk beds,
Russia

Surface smooth. First lateral saddle
indented by 13 secondary " lobes in
most mature suture line.

M. chozaensis,
n.sp.

Middle Permian
Choza formation,on
Mule Creek, Run-
nels County, Texas

Surface apparently smooth. First lat-
eral saddle indented by at least 11
secondary lobes.

M.milleri,
ri.sp.

Permian, Choza
formation, on Mule
Creek, Runnels
County, Texas

Surface smooth. First lateral saddle
indentedby 12 secondary lobes. Um-
bilical point of first lateral lobe
notched.

M.arroyoensis,
n.sp.

Permian, lower Ar-
royo formation, 3
mi. E. of Abilene,
Taylor County,
Texas

Surface smooth. First lateral saddle
indented by at least 8 secondary
lobes.

M.copei
"White

Lower Permian,
Clyde formation,
Military Crossing,
Baylor County,
Texas

Surface smooth. First lateral saddle
indented by 11 secondary lobes.
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ridges separated by shallow troughs about four millimeters long
and spaced ten in twenty millimeters. The whorls increase rapidly
in height but slowly in thickness. The umbilicus is very narrow in
the adult and older stages but is wider in the juvenile stages. The
greatest thickness of the whorl lies one-fourth the distance from
the venter to the umbilicus. The flanks slope from this line toward
the periphery and more gently toward the umbilicus. The measure-
ments65 of one of the cotypes are as follows:

Diameter (D) _ 70.0 mm.
Height of last whorl (H) - 44.0
Height of penultimate whorl 15.5
Height of last whorl above venter 29.0
Involution (I) 15.0
Thickness of last whorl (T) 12.5
Thickness of penultimate whorl 5.7
Width of umbilicus (U) 5.0

Shell ratios—
U I T T— = 0.07 — = 0.34 — = 0.28 — = 0.18
D H H D

The surface of the shell is almost smooth, the only ornamenta-
tion being fine, curving, cross ribs and notches in the keels of
immature specimens, and the low wave-like ridges mentioned above.

The septa are very close together, so that on the surface of most
specimens the lobes of one suture are in contact with the saddles of
the preceding suture. The suture, though complex, is much less so
than those of many of its congeners. The ventral lobe is long,nar-
row,and bifid and occupies the ventral furrow.The sides areparallel
andbear about four pairs of broad, short, horizontal denticulations.
The first lateral lobe is broad and isdivided by sixsecondary saddles
into seven unequal secondary lobes, the two largest of which are
bifid and the most posterior one is club-shaped; the others are
rounded. All the secondary saddles of this lobe except one are on
the ventral side. The second, third, fourth, fifth, and sixth lateral
lobes are bifid. The seventh to twelfth lateral lobes are small and
rounded.

The first lateral saddle is broad and narrows anteriorly. It is
deeply frilled all around by secondary saddles. The secondary sad-
dles on the umbilical side aremuch longer than those on the ventral
side. All lie at large angles to the axis of the first lateral lobe. The

65The measurements of this cotype were furnished the writers by John B. Reeside of the
U. S. Geological Survey.
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second, third, fourth, fifth, and sixth lateral saddles are long and
rounded, spatulate, and constricted. The seventh to twelfth are
rounded and short.

The internal suture consists of long, narrow, rounded lobes and
long,narrow, rounded saddles. At a diameter of 19 mm. the inter-
nal suture is composed of at least nine lateral lobes and nine
lateral saddles.

Discussion.— Medlicottia copei White is easily distinguished from
Artinskia electraensis,n. sp., by its proportionately thinner venter,
its sharp, smoother keel, and by its wider and deeper furrow. The
keels of A.electraensis are distinctly beaded. The keels and ventro-
lateral areas inMedlicottia copei are smooth, except that immature
forms have slight wavy frills different from the rounded nodes of
Artinskia electraensis. The ventral lobe of Medlicottia copei has
four pairs of small secondary lobes, whereas that of Artinskia elec-
traensis has but onepair.

Occurrence.— The types were collected from a limestone near the
middle of the Clyde formation, Wichita group, Permian, at Old
Military Crossing onBig Wichita River,Baylor County.

Types.— Cotypes in U. S. National Museum, Washington, D. C;
topotypesin Department of Geology and in the Bureau of Economic
Geology, The University of Texas.

MEDLICOTTIA ARROYOENSIS, n. sp.

PL 5, figs. 2, 3

Description.— The whorl is discoidal with flanks that are flat and
parallel for four-fifths of the distance from the umbilicus to the
venter and converge gently toward the periphery the last fifth of
this distance. The venter is divided into two keels by a deep furrow.
Much of the ventral portion of the specimens is covered by rock
matrix,but there appear to be no nodes on the keels, no prominent
ventro-lateral grooves or frills, and no ribs on the flanks.

The measurementsof the two best specimens are as follows:
A B

Diameter (D) 51 38 mm.
Height of last whorl (H) 34 22
Height of penultimate whorl 16
Width of umbilicus (U) - 5
Shell ratios of A—

■

v— = 0.02
D
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The ventral lobe is long and narrow and is subdivided on each
side into four, or possibly more, equal-sized, tiny secondary lobes.
The first lateral lobe has at least five secondary lobes; the two
largest are notched and inclined toward the venter; the three
smallest are short, rounded, and perpendicular to the whorl axis.
The next seven or eight lateral lobes are long, constricted near the
middle, deeply notched at the end to form two sharply pointed
terminals. The three or four last lateral lobes are small and rounded.
The lateral saddles, except the first, are long, narrow, undivided,
constricted anteriorly, and expanded posteriorly. They recede in
size from the periphery toward the umbilicus. The two or three
smallest ones are rounded.

Discussion.— This species is very similar to Medlicottia copei
White, from which it is distinguished by its flatter flanks and a
more rounded ventro-lateral area.InM. copei the greatest thickness
of the whorl lies about one-fifth of the distance from the periphery
to the umbilicus. In M. arroyoensis the greatest thickness is about
halfway between the venter and umbilicus, and the flank is gently,
almost imperceptibly, arched. Although the specimens are poor, this
species appears to be less ornamented than M. copei. The lateral
lobes are more constricted at their middle, and the lateral saddles
are more expanded anteriorly and more spear-shaped in M. ar-
royoensis than inM.copei.

Occurrence.— This medlicottid was found by Mrs. Augusta H.
Kemp in a limestone member of the Arroyo formation, lower Clear
Fork group, Permian, 1 mile east-northeast of Abilene, Taylor
County. The specimens are poorly preserved but are so numerous
that sufficient portions are available to permit a rather complete
description, though noneis complete enough to serve as an adequate
holotype.

Types.— Cotypes (5) in Bureau of Economic Geology, The Uni
versity of Texas.

MEDLICOTTIA CHOZAENSIS, n. sp.

PI. 6, figs. 4-6

Medlicottia, n. sp. I, Bose, 1917, Univ. Texas Bull. 1762, p. 194.

Description.— -The whorl is thin, involute, with nearly flat flanks
and a thin venter, which is cut by a deep and moderately wide
furrow. The keels of the mature specimens are blunt and carryno
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nodes or dentations. Immature whorls at adiameter of about 20 mm.
or less are characterized by keels indented with a regular series of
notches, which arespaced about nine in fivemillimeters and subtend
little transverse ridges that disappear with advancing age. The flanks
are nearly parallel over the area near the umbilicus, converge
slightly near the periphery, and meet the ventral area at a sharp
angle. The umbilicus is very small and has steep walls. The
measurements of the cotypes are as follows:

A (mature) B (immature)

Diameter (D) 68 20.0 mm.
Height of last whorl (H) 47 14.5
Thickness (T) 12 5.5
Width of umbilicus (U) 0.5
Shell ratios of B—

U T T— = 0,025 — = 0.38 — =0.27
D H D

The sutures are closely spaced. The external suture consists of a
narrow, long, complex ventral lobe, a broad complex first lateral
lobe, ten or more bifid lateral lobes, a wide,complex first lateral
saddle, and eight or ten other simple, elongate, rounded lateral
saddles. The ventral lobe is trifid and has four pairs of pointed
secondary elements or swellings protruding from its sides. The
anterior endof the lobe ataposition where a fifthpair of secondary
protrusions might appear is slightly enlarged. The first lateral lobe
is divided into seven principal secondary lobes, the two outer of
which are divided by deep notches into two pointed branches, so
that altogether the lobe is composed of nine divisions. The suc-
ceeding lateral lobes are deeply indented by elongate rounded sec-
ondary saddles and constricted in their middle. The saddles are well
developed. The first lateral saddle has seven secondary saddles on
itsumbilical side. The anterior five areperpendicular to the axis of
the whorl. The three posterior ones are inclined. The other lateral
saddles areclub-shaped, elongate, and constricted posteriorly. The
internal suture and the saddles and lobes close to the umbilicus
arenot well shown on any of the specimens.

Discussion.— This species resembles Medlicottia arroyoensis,n. sp.,
and Eumedlicottia burckhardti (Bose). It is distinguished from the
first by its more club-shaped lateral saddles and by its much more
elongate and more rounded secondary saddles, which indent the
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lateral lobes. E. burckhardti also has elongate rounded secondary
saddles indenting its lateral lobes, but its secondary lateral saddles
aremade more complex by a pair of small secondary saddles that
produceabulge on each side near the middle. These extraelements
in the saddles and its somewhat more rounded flanks serve to dis-
tinguish the-Glass Mountains form fromMedlicottia chozaensis,n.sp.

The types were collected by Beede and turned over to Bose
who described them without illustrations in an appendix to his
monograph.66

Occurrence.— A fossiliferous dolomite 60 feet below the top of
the Choza formation, Clear Fork group,Permian, in an outcrop on
the east side of Mule Creek south of Colorado River in western
Runnels County.

Types.— Cotypes in Peabody Museum, Yale University, and in
the Bureau of Economic Geology, The University of Texas.

MEDLICOTTIA MILLERI, n. sp.

PL 6, figs. 1-3

Medlicottia, n. sp. 11, Bose, 1917, Univ. Texas Bull. 1762, p. 197.

Description.— Only two small fragments of this interesting form
have been found. The whorl is thinly discoidal with flat flanks that
convergeslightly to meet the thin venter. The venter is indented by
a broad shallow furrow bounded by low and unsculptured keels.
The sides of the keel are inclined toward the furrow at an angle of
about 45° and toward the flanks at an angle of about 65°. The
fragments are too small to.furnish a complete set of measurements:

Thickness of last whorl 9.0 mm.
Width of ventral furrow 2.5

The suture of the largest fragment consists of a complex ventral
lobe, a wide complex first lateral lobe, and six other deeply notched
lateral primary lobes, and seven primary saddles. The lobes and
saddles near the umbilicus are broken away. The ventral lobe lies
in the furrow. It is extremely narrow and trifid and has five pairs
of small swellings spaced at equal distances along its side, which
constitute the secondary elements. The four anterior enlargements

Emil, The Permo-Carboniferous ammonoids of the Glass Mountains, west Texas, and
their stratigraphical significance: Univ. Texas Bull. 1762. p. 194. 1917.
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are bluntly pointed; the fifth is sharply pointed. The first lateral
lobe is extremely complicated, having eight secondary lobes, some
of which are divided, alternating with secondary saddles. The indi-
vidual parts are arranged as follows: at the posterior end of the
lobe a large secondary lobe is directed backward and divided into
three secondary elements by two secondary saddles. The secondary
saddle next to the venter is long and rounded; the one next to the
umbilicus is short and pointed. Next to this posterior secondary
lobe there is abroad,bifid, smaller secondary lobe making an angle
of 45° with the axis of the whorl. Anterior to this double lobe is
a rounded, blunt, secondary lobe which is widest at its end and
slightly grooved by a small saddle. This is followed by five more
simple, rounded, horizontal secondary lobes decreasing in size for-
ward until the front element ishardlymore than aslight protrusion.
The other six principal lateral lobes are long, slender, constricted
at the middle, and deeply indented by small U-shaped secondary
saddles. The first lateral saddle is phylloid and is more than twice
as long as the other lateral saddles. The principal secondary ele-
ments are on the umbilical side. The posterior secondary saddles
are larger than the anterior ones, rounded, and inclined forward.
The smaller secondary saddles are directed toward the umbilicus of
the shell.

Discussion.— This ammonoid is distinguished from all others by
the three-fold division of the posterior end of the long lobule of
its first lateral lobe. This lobe is first subdivided into halves by a
deep secondary saddle,and the half on the umbilical side is again
divided by aU-shaped notch into twopointed ends.

These fossils occur in a ledge of limestone made up of great
numbers of poorly preserved medlicottid shells. The environment,
therefore, favored very prolific growth. This form is evidently re-
lated to M. chozaensis, n. sp., with which it is associated but may
be distinguished by its thinner whorls and by the three-fold division
of the upperportion of its first lateral lobe.

This species is named in honor of Dr. A.K.Miller.
Occurrence.— A fossiliferous dolomite 60 feet below the top of

the Choza formation, Clear Fork group,Permian, in an outcrop on
the east side of Mule Creek, south of Colorado River, western Run-
nels County.

Types.— Cotypes in Peabody Museum,Yale University.
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Genus Eumedlicottia Spath 1934

Eumedlicottia Spath, 1934, Cat. Foss. Ceph. Brit. Mus., pt. 4, p. 49.

Shells belonging to species of this genus are flat, and thinly dis-
coid with narrow, bicarinate or furrowed venters. The keels are
smooth, and the umbilicus is small.

The suture lines are characterized by the trilobate appearance
of the second and several succeeding lateral saddles.

Species of the genus were formerly referred to Medlicottia, from
which genus they are inseparable except on the basis of the suture
line. The second and succeeding lateral lobes are rounded in
Medlicottia and unnotched; whereas, these saddles are trilobate or
are notched near the middle in Eumedlicottia. Spath noted that
Noetling67 incorrectly selected as the genotype of Medlicottia the
species Sageceras primas Waagen (PL 5, fig. 1), which belongs to
Eumedlicottia.

Genotype,Medlicottia bifrons Gemmellaro (text fig. 18).

Fig.18. External suture line of Eumedlicottia bifrons (Gemmellaro)

The following table lists the species that now fall into Eumedli-
cottia together with their occurrence and distinguishing charac-
teristics:

Distribution and characters of species of Eumedlicottia

a7Noetling, F., Ueber Medlicottia Waag. und Episageceras, n. gen., aus den permischen und
triadischen Schichten Indiens: Neves Jahrb., Beil.-Bd. 19, p. 336, 1904.

SPECIES OCCURRENCE AND
AGE

DISTINGUISHING CHARACTERS

>. subprimas
(Haniel)

Upper Permian,
Bitauni, Timor

Sides smooth. First lateral sad-
dle indented by 11 or more
secondary lobes.

L primas
(Waagen)

Upper Permian,
Productus limestone,
Salt Range, India

First lateral saddle indented by
at least 11 secondary lobes.
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EUMEDLICOTTIA CROTONENSIS, n. sp.

PL 6, figs. 7-11

Description.— The shell of this species has the typical medlicottid
form, being thin,discoidal, involute,and with grooved venter. The
outer halves of the flanks slope toward the periphery; the inner
halves are flat. The keels are sharp and unornamented. The best
specimen furnishes the following measurements:

Diameter (D) . 80.0 mm.
Height of last whorl (H) 50.5
Height of penultimate whorl 30.0'
Height of last whorl above venter 31.0
Involution (I) 22,0
Thickness of last whorl (T) 14.0
Thickness of penultimate whorl

__
Width of umbilicus (U) 2.0
Shell ratios—

U I T T— = 0.025 — = 0.44 — = 0.28 — = 0.175
D H H D

SPECIES OCCURRENCE AND
AGE

DISTINGUISHING CHARACTERS

E.crotonensis,
n. sp.

Upper Permian,
Doable Mountain
beds, Kent County,
Texas

Surface apparently smooth.First
lateral saddle indented by at
least 11 secondary lobes; largest
secondary saddle trilobate.

E.burckhardti
(Bose)

Word formation,
Glass Mountains,
Texas

Sides smooth. First lateral sad-
dle indented by 12 or more
secondary lobes. Whorl com-
pressed at venter.

E. whitneyi
(Bose)

Leonard formation,
Glass Mountains,
Texas

Sides smooth. First lateral sad-
dle indented by 11 secondary
lobes.

E.verneuili
(Gemmellaro)

Sosio beds, Palermo
province, Italy

Sidessculpturedby 3 broad sulci.
First lateral saddle indented by
at least 9. (?) secondary lobes.
Lateral saddles moderately
notched.

E.bifrons
(Gemmellaro)

Do. . Surface smooth; 9 secondary
lobes indenting the first lateral
saddle. Lateral saddles deeply
notched.

E.marcoui
(Gemmellaro)

Do. Surface marked with lines of
growth; 7 secondary lobes in-
denting the first lateral saddle.
Lateral saddles slightly notched.

E.guadalupensis,
n.sp.

Delaware Mountain
formation, Delaware
Mountains, Texas

Surface smooth; keel narrow;
ventral lobe has two lateral sec-
ondary lobes; first lateral saddle
indented by 7 secondary lobes.
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The surface of the shell is smooth without visible ribs or striations.
The external suture consists of a long,narrow, trifid ventral lobe,

a pair of very complex first lateral lobes, eight other pairs of less
complex lateral lobes, two pairs of simple, bifid lateral lobes, and
two pairs of rounded undivided lateral lobes. The intervening ele-
ments comprise a very complex first lateral saddle, eight pairs of
phylloid, trilobate saddles, and four pairsof simple rounded saddles.
The character of the internal suture is not known. The ventral lobe
is long, trifid, and has four or more lateral points. The first lateral
lobe has ten or eleven secondary elements, the most posterior two
of which are sharply pointed. The others are bluntly pointed or
rounded. The first eight succeeding lateral lobes have a secondary
lobe on each side near their middle and are deeply notched at the
end to produce two pointed terminal elements. The tenth and
eleventh lateral lobes have no lateral secondary lobes but are
notched at their points. The twelfth, thirteenth, and fourteenth
lateral lobes aresimple and rounded. The first lateral saddles are
very complicated being indented by the secondary lobes that char-
acterize the ventral lobeand by the secondary elements of the ventral
portions of the first lateral lobes. The other lateral saddles are
phylloid and trilobate. They are long, rounded anteriorly, and con-
stricted near the middle by two small notches, which produce the
branching secondary saddles.

Discussion.— These interesting fossils were collected by W. F.
Cummins68 in 1889 and deposited in the collections of the Geological
Survey of Texas, where they have been overlooked and have
remained undescribed for more than forty years. Thanks to
Prof. F. L. Whitney, they have been made available for study with
additional materialcollected from the same outcrop.

Eumedlicottia crotonensis, n. sp., is easily distinguished from the
other eumedlicottids in north Texas by its trilobate lateral saddles
and trilobate secondary saddle indenting the first lateral lobe.
E. whitneyi (Bose),E. burckhardti (Bose) from the Glass Moun-
tains, E. subprimas (Haniel) from Timor, E. primas (Waagen)
from India, and E. verneuili (Gemmellaro) have trilobed lateral
saddles. E.burckhardti and E.verneuili have proportionately longer

W. F., Report on the geology of northwestern Texas: Geol. Survey Texas Second
Ann. Rpt., p. 409, 1891.
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and narrower saddles with proportionately smaller lateral protru-
sions, and the bifid lower ends of their lateral lobes are longer,
narrower, and more pointed than in E. crotonensis. This species is
distinguished from E. subprimas and E. primas by its shorter and
simpler ventral lobe and first lateral saddle; it is thinner than
E. whitneyi and has fewer lateral points on its ventral lobe. It is
apparently closest to E. subprimas and E. whitneyi. All three forms
are from the upper Permian strata.

Occurrence.— All the specimens have been found in a soft dolo-
mitic member of the Blame formation; Double Mountain group,
Permian, at the falls of Salt Croton Creek in Stonewall County.

Types.— Cotypes in Department of Geology of Texas Christian
University and in the Bureau of Economic Geology, The University
of Texas.

EUMEDLICOTTIA WHITNEYI (Bose)

PL 5, figs. 12, IS

Medlicottia whitneyi Bose, 1917, Univ. Texas Bull. 1762, p. 72, text fig. 1, pi.
1, figs. 41-45.

Description.— This medlicottid has a thin, involute whorl, with
nearly flat sides, narrow venter, and a deep median groove, which
occupies most of the ventral area. The surface of the whorl is
poorly preservedbut appears to be nearly smooth and unsculptured.
The umbilicus is shallow and nearly closed. The holotype has the
following dimensions:

Diameter (D) 40.0 mm.
Height of last whorl (H) -28.5
Height of penultimate whorl 18.0
Height of last whorl above venter 19.6
Involution (I) 10:0'
Thickness of last whorl (T) 9.0
Width of umbilicus (U) 1.3

Shell ratios—
U I T T— = 0.03 — = 0.35 — = 0.31 — =0.225
D H H D

The external suture line consists of a ventral lobe, four divided
complex lateral lobes, one or two simple bifid lobes, five or six
simple rounded lobes extending to the umbilical wall, and corre-
sponding intervening saddles. The ventral lobe is trifid and has four
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secondary lobes in the form of tiny denticulations on each side as
shown in the figure. The first lateral lobe is divided by secondary
saddles into six rounded principal secondary lobes. Some of these
are divided making eleven secondary lobes in all. The second, third,
fourth, and fifth lateral lobes have small secondary lobes on each
side and are bifid posteriorly; the other lobes are simple and bifid
or rounded.

Discussion.— This small medlicottid is the oldest and rarest repre-
sentative of this genus so far obtained from west Texas. It is much
younger and more highly developed than the species from the
Wichita and Clear Fork beds of north-central Texas. It is closest
in development to Eumedlicottia subprimas (Haniel) from Timor
and Eumedlicottia crotonensis, n. sp., from the upper Double Moun-
tain beds. In fact, E. whitneyi and E. subprimas are so similar,
that it is difficult to cite distinguishing characters. The principal
secondary saddle of the first lateral saddle is trifid inE. subprimas;
it is simple and club-shaped inE. whitneyi. Those minor differences
may be due, however, to differences in size of the whorl rather
than to specific characteristics. E. crotonensis is proportionately
thicker, and its suture line is distinctly more highly developed.

Occurrence.— This species occurs in the clay slide 2%miles west-
northwest of Iron Mountain, Brewster County, from a horizon in
the Leonard formation, upper Permian.

Type.— The holotype is in the Bureau of Economic Geology, The
University of Texas.

EUMEDLICOTTIA BURCKHARDTI (Bbse)

PI. 5, figs. 10, 11

Medlicottia burckhardtiBose, 1917, Univ. of Texas Bull. 1762, p. 76, text fig-
2, pi. 1, figs. 46-52, pi. 2, figs. 1-3.

Description.— This large medlicottid from west Texas is discoidal y

very involute, moderately thick at the umbilicus, and thin at the
venter, which is grooved by a deep furrow. The sides are gently
convex. The umbilicus is small and bordered by slightly rounded
shoulders. The specimens are casts and no sculpture is visible. The
whorls furnish the following measurements:
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A B
Diameter (D) _ 55.0 19.1 mm.
Height of last whorl (H) 32,0 11.2.
Thickness of last whorl (T) 11.4 4.7
Width of umbilicus (U). . 2.5 1.5

Shell ratios of A—
U T T— = 0.05 — = 0.36 — = 0.21
D H D

The external suture line consists of a long, narrow siphonal or
ventral lobe; a very complex first lateral saddle made up of twelve
or more secondary elements subtended by secondary lobes. The
largest of these are on the side next to the umbilicus. The two pos-
terior secondary lobes are bifid; the other secondary lobes are
simple.,The next five lateral lobes are constricted anteriorly by
secondary saddles and arebifid at the posterior end. The next five
lobes arebifid, and the last two aresimple. The intervening lateral
saddles are long, narrower than the lobes, narrowly rounded an-
teriorly, and expanded in the middle portion by stout, rounded,
secondary saddles which are placed directly opposite to each other
and give to the saddle the appearanceof acrucifix.

Discussion.— This is one of the largest, most common, and best
developed medlicottids in Texas. It is distinguished from the other
species by its larger size, slightly concave sides, and by its long,
narrow, almost pointed lateral saddles, and by its larger number
of bifid lateral lobes.

Occurrence.— This species is common in the outcrops westof Hess
ranch house and near the junction of Road and Gilliland canyons
in amassive, white limestone in the basal portion of the Word for-
mation, upperPermian.

Types.— Cotypes are in the Bureau of Economic Geology, The
University of Texas.

EUMEDLICOTTIAGUADALUPENSIS,n. sp.

PI. 40, figs. 15, 16

Description.— The shell is thinly discoid with whorls that increase
rapidly in height but slowly in width. The flanks are flat. The
greatest thickness is about one-third of the distance from the venter,
from which point the sides gradually converge toward the narrow
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bicarinate and deeply furrowed venter. The venter is narrow meas-
uring only 3.7 mm. on the largest whorl. The keels arenarrow and
sharply rounded. The ventral furrow is narrow and V-shaped in
cross-section. The umbilicus is nearly closed. The following meas-
urements are taken from the two cotypes:

A B
Diameter (D) 51.0 mm.
Height of last whorl (H) 45.0 31.7
Height of penultimate whorl 15.0
Height of last whorl above venter I 25.7
Involution (I) 6.0
Thickness of last whorl (T) 18.5
Thickness of penultimate whorl 1 _ 6.6
Width of umbilicus (U) .... 2.5

Shell ratios—
T

A: — =0.41
H

U I
B: — = 0.05 — —

0.15
D H

The only feature of sculpture which maybe seen on the casts is
the bicarinate, deeply furrowed venter. No trace of nodes can be
seen on any portion of the keels that are visible, and there are no
constrictions.

The suture line, as in most representatives of the genus, is the
distinctive feature of the species. Sutures are closely spaced so that
the lobes of each anastomose with the saddles of the nextpreceding
one. The external suture line consists of a long and narrow ventral
lobe, a complex first lateral lobe, six additional bifurcate lateral
lobes and five pointed or sharply rounded lateral lobes, making in
all a ventral lobe and twelve pairs of lateral lobes and correspond-
ing saddles in the external suture line. The internal suture is un-
known. Thenarrow ventral lobe isnearly as long as the first lateral.
It ends in three points and on each side bears two short, bluntly
rounded notches resulting in two short, bluntly rounded posteriorly
directed lobules. In addition to these the anterior part of the lobe
just at the end of the first lateral saddle is gently serrate. The first
lateral lobe is complex but much less so than in many of its con-
geners. It is divided on its ventral sideby tongue-shaped secondary
saddles into five unequal secondary lobes which increase in impor-
tance and complexity posteriorly along the lobe. Thus there are
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seven secondary lobes indenting the first lateral saddle in this
species. The most anterior onemakes a feeble,rounded notch near
the anteriorend of the first lateral saddle. The second one is con-
siderably more prominent. The third lobule is long, slightly con-
stricted, leans posteriorly and is feebly notched on the end. The
fourth secondary lobe is separated from the main part of the lobe
by a long, constricted, tongue-shaped secondary saddle, nearly as
long as the second lateral saddle. This fourth secondary lobe is in
turn divided into two unequal branches by a short asymmetrical
tertiary saddle. The most posterior one of the branches thus formed
is short, club-shaped, strongly constricted and bears the suggestion
of anotch in the end. It lies at an angle to the line of the venter.
The other branch lies parallel to the line of the venter, is long and
fastigate in form, gently constricted, and keenly pointed. The fifth
secondary lobe makes up the principal part of the first lateral lobe.
It is long and strongly bifurcate. The sides of the front one-third
of this fifth lobe are approximately parallel. Near the middle on
each side it bears a strong, posteriorly directed enlargement. Back
of the enlargement the secondary lobe is strongly constricted. Back
of the constriction it is broad and has deep, tongue-shaped, nar-
rowly rounded, tertiary saddle dividing it into two parts. The two
lobules thus formed are fastigate and keenly pointed, incline sharply
away from the venter and are widely separated at the points. The
second to seventh lateral lobes are long but gradually decrease in
length away from the venter, arenarrow,bear opposite, posteriorly
directed swellings on their sides, are strongly constricted in back
of the swellings, and are divided at the end into long, fastigate,
keenly pointed secondary lobes. The saddles, separating them, are
narrowly rounded anteriorly, very broad in the middle and are
strongly constrictedposteriorly. The eighth lateral lobe has straight,
subparallel sides and is bluntly pointed, and bears the suggestion
of a slight notch. The eleventh to twelfth lateral lobes are short,
and rounded, and are separated by short rounded saddles.

Discussion.— The ventral lobe of the suture in E. guadalupensis,
n. sp., is similar to that of Artinskia in that it is not very complex,
but the species is easily separated from species of that genus by its
smooth keels. Eumedlicottia guadalupensis is most like E. burck-
hardti (Bose). The general plan of the sutures is the same, but the
suture of E. burckhardti has two more pairs of lateral lobes than
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has the suture of E. guadalupensis, and the shapes of the secondary
elements in the first lateral lobe in the two species are different.
E. guadalupensis has two pairs of well-defined lateral points on its
ventral lobe, whereas E. burckhardti has five pairs. The suture line
ofE. burckhardti is otherwise more complex than that of E.guada-
lupensis, but it was traced for illustration from a large specimen.
The similarity of the sutures and the extremely narrow venters
establish the close relationship of the two species. In allother known
American representatives of the genus the ventral elements of the
suture line are much more complex than in E. guadalupensis. The
presence of mid-lateral secondary lobules on the sides of the lateral
lobes definitely place the species in the group of Eumedlicottia.
E. guadalupensis is similar in many respects to E. marcoui (Gem-
mellaro).69 The ventral lobe of the suture line in the species from
Sicily, however, has three pairs of lateral lobules instead of two.
The Texas species has also three more pairs of lateral lobes than
E.marcoui, and these aremorecomplex. However, if due allowance
is made for the size at which the suture lines were traced the two
species must be regarded as very similar.

Occurrence.— One of the specimens is from the Delaware Moun-
tain formation just northwest of D South Wells, Culberson County.
The other came from Guadalupe Canyon north of Williams' house
at Bone Springs, Culberson County.

Types.— Cotypes are in the Bureau of Economic Geology, The
University of Texas.

Family Propinacoceratidae,n. fam.

The Propinacoceratidae include the discoidal, flat-sided ammonites
having furrowed venters, which are ornamented by a row of nodes
or ribs on the latero-ventral area on each side of the furrow. All
membershave complex suture lines similar to those in the Medlicot-
tiidae,but they reached corresponding stages of development earlier,
so where the two forms of same diameter occur together, the pro-
pinacoceratid is somewhat more highly developed than is the med-
licottid of the same geologic age.

G. G., La Fauna dei calcari con Fusulina della valle del fiume Sosio nella
provincia di Palermo: Giorn. Soc. Sci. nat. econ., vol. 19, p. 50, pi. 9, figs. 6—lo, 1888.
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The following table shows the ages and distinguishing charac-
teristics of the genera that are assigned to this family:

Stratigraphic distribution and generic characters of
the genera in the family Propinacoceratidae

Episageceras has not been found in Texas,and, so far as is known,
its phylogeny has not been worked out. Accordingly its place in the
family Propinacoceratidae is uncertain. It may have been derived
from Parapronorites and maybelong to the family Pronoritidae. Its
less deeply grooved venter and its wider ventral lobe suggests this
latter possibility; on the other hand, some of the species, at least,
are said to have ribbed or notched keels similar to those in the
Propinacoceratidae.

Genus Propinacoceras Gemmellaro 1888

Propinacoceras Gemmellaro, 1888, Giorn. Soc. Sci. nat. econ. Palermo, vol.
19, p. 53,

Propinacoceras, Karpinsky, 1889, Mem. Acad. imp. Sci. St. Petersbourg, ser.
7, vol. 37, No. 2, p. 37.

Propinacoceras,Haniel,1915, Die Cephalopoden derDyas yon Timor, p. 34.
Propinacoceras, Smith, 1927, Jaarb.Mijnw. Ned.-Indie,Verh. 1926, p. 17.
Propinacoceras, Diener, 1927, Leitfossiliendcs marinen Perm, p. 65.

Propinacoceras includes Medlicottia-like ammonoids that have a
broad venter, and flat flanks sculptured in most forms by faint,
slightly sigmoid ribs that merge with more prominent wave-like
rolls on the ventro-lateral areas. The umbilicus is narrow or closed.
The ventral and first lateral lobes are divided by secondary ele-
ments oriented parallel to the axis of the whorl. The second, third,

}pisageceras
Noetling

UpperPermian. Furrowed venter, keels in most forms
slightly sculptured. Ventral lobe has 4
secondary lobes; first lateral saddle
symmetrical.

Lrtinskia
Karpinsky

Lower Permian Furrowed venter bordered by beaded
keels. Ventral lobe trifid; first lateral
phylloid; other laterals bifid.

Gemmellaro
Upper

Pennsylvanian?
andPermian

Furrowed venter bordered by beaded
keels. Ventral lobe bifid; first lateral
divided by 4 notches; other principal
lateral lobes bifid.

Sicanites
Gemmellaro

Upper
Pennsylvanian
andPermian

Narrow, furrowed venter, beadedkeels.
Ventral lobe bifid; first lateral bifid;
other principal lateral lobes bifid.
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and other lateral lobes, except the last few auxiliary lobes, are
bifurcate.

This genus is distinguished from Uddenites by itsmore prominent
sculpture, by its bifurcate second and third lateral lobes and by
its flattened or only slightly furrowed venter. It is distinguished
from Medlicottia by the shape of the secondary elements in the first
lateral lobe, which are parallel to, rather than at an angle to, the
axis of the whorls.

The genus appears to have been derived from Pronorites through
Prouddenites. Its flat venter and its vertical, rather than horizontal,
secondary sutural elements, suggest that such an origin is more
likely than that it was derived through Uddenites as others have
suggested. There are as yet no representatives of this genus from
Texas. It seems likely,however, that some must exist.

Genotype, Propinacoceras beyrichi Gemmellaro (.PI. 4, fig. 5;
text fig. 19).

Fig.19.External suture of Propinacoceras beyrichi Gemmellaro

Genus Artinskia Karpinsky 1926

Artinskia Karpinsky, 1926, Annuaire Soc. Pal. Russie, vol. 4, p. 8.
Medlicottia {Artinskia) Smith, 1927, Jaarb. Mijnw. Ned.-Indie, Verh. 1926,.

p. 19.

This group includes discoidal ammonoids shaped like Uddenites,
which have smooth flat sides, furrowed venters and lateral keels
that bear distinct nodes. The external suture consists of anelongate
trifid ventral lobe, a wide unequally scalloped first lateral lobe,
a series of other bifid lateral lobes, one or more simple rounded
lobes near the umbilicus,a complex first lateral saddle,and a series
of deep narrow, rounded lateral saddles. Artinskia differs from
Medlicottia in having flatter flanks, in having beaded keels, and in
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having fewer secondary elements in the ventral lobe of the suture
and fewer secondary elements in the first lateral lobe and first lateral
saddle.

Artinskiadevelopedprobably from Sicanites oranornamented Ud-
denites of the group of U. harlani,n. sp., and phylogenetically was
distinct from the smooth-keeled pronoritids at a very early stage in
its evolution.

At least nine specieshave been referred to this genus. The strati-
graphic positions and characteristics of these are shown in the
following table:

It is recognized that the number of elements in the suture vary
with the age of the individual. The above descriptions apply to

SPECIES OCCURRENCE DISTINGUISHING CHARACTERS

A.adkinsi,n.sp. Admiral forma-
tion, Texas

External suture has about 9 pairs of
lateral lobes: first complex, next 3 bi-
fid, last 5 simple. First lateral saddle
indented by 5, in most mature forms 6,
secondary lobes.

A.electraensis,
n.sp.

Clyde formation,
Texas

External suture has 10 pairs of lateral
lobes: first complex, next 4 bifid. First
lateral saddle indented by 8 secondary
lobes.

A.whartoni
A.K.Miller

Florenashale,
BigBlue series,

Kansas

External suture has 9 pairs of lateral
lobes: first lateral complex, next 3 bi-
fid. First lateral saddle indented by 9
secondary lobes.

A. falx
(Eichwald)

Artinskian,
Russia

External suture has 11 pairs of lateral
lobes: first complex, next 5 bifid. First
lateralsaddle indented by 12 secondary
lobes.

A.artiensis
(Griinewald)

Artinskian,
Russia

External suture has 11 pairs of lateral
lobes: first complex, next 5 bifid. First
lateral saddle indented by 11secondary
lobes.

A.timorensis
(Haniel)

Bitaunibeds,
Timor

External suture has 12 pairs of lateral
lobes: first complex, next 5 bifid. First
lateral saddle indented by at least 10
secondary lobes.

A.dutkevitschi
Toumansky

Kubergandy R.
beds,Ural Mts.,

Russia

External suture has 9 pairs of lateral
, lobes: first complex, next 6 bifid. First

lateral saddle not complete; probably
indented by 11 secondary lobes.

A. transitoria
(Haniel)

Bitaunibeds,
Timor

External suture has 12 pairs of lateral
lobes: first complex, next 5 bifid. First
lateral saddle indented by 9 secondary
lobes.

A.multituberculata
Ruzencev
(nom.nud.)

Sakmarian,
Russia

(Listed but not yet described.)
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mature whorls of typical specimens only. Other characteristics,such
as sculpture and shape, are also important in final identification,
but thesehave been omitted from the table merely for lack of space.
It appears from a study of the characteristics in the table that
Miller is correct in concluding that A. artiensis (Griinewald) and
A. falx (Eichwald) are conspecific. A. whartoni A.K.Miller and
A. adkinsi, n. sp.,may also prove to be the same when larger speci-
mens of A.adkinsi can be studied.

Genotype, Goniatites artiensis Griinewaldt (PL 4, figs. I—4; text
fig. 20)

Fig. 20. External suture line of Artinskia artiensis (Grünewaldt)

ARTINSKIA ADKINSI, n. sp.

PL 4, figs. 6-17

Description.— This beautiful little ammonoid is discoidal with
highly compressed whorls, flat parallel flanks, furrowed venter,
and a very small or closed umbilicus. The largest and most mature
specimen is about the size and shape of ahalf-dollar and has meas-
urements recorded in column A below:

A B
Diameter (D) _ _ . 33.0 18.0 mm.
Height of last whorl (H) 15.0 8.5
Height of penultimate whorl 13.0 7.5
Height of last whorl above venter ,
Thickness of last whorl (T) 6.3 4.1
Thickness of penultimate whorl 4.3 -
Width of umbilicus (U) 0 0
Height of umbilical wall 2.0 1.0
Width of furrow 2.0 ?

Shell ratios of cotype A—
U T T— = 0.00 — = 0.42 — = 0.19
D H D
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The well-preserved surface of the shell is smooth, except on the
keels, where low, rounded nodes about one millimeter apart and
about one millimeter in diameter appear and give a frilled appear-
ance to the periphery.

The suture lines areclearly exhibited on the types. The external
suture line consists of a ventral lobe, a pair of divided first lateral
lobes, about six other lateral lobes, a complex pair of first lateral
saddles, and six other pairs of lateral saddles. The ventral lobe is
very long, narrow, trifid, constricted above its middle, and has a
small secondary lobe on each side near its end. The first lateral
lobe is broad and is divided in three principal secondary elements.
The element nearest the umbilicus consists of a long, narrow,bifid
secondary lobe, and two smaller, rounded, undivided secondary
lobes extending from its ventral side. The next three lateral lobes
are long, narrow, and deeply bifid. The remainder of the suture
is broken away. The external lateral saddle is broad, rounded,
indented by the three secondary lobes which subtend four unequal,
rounded secondary saddles. The largest specimen has also a fifth
secondary saddle indenting the largest secondary lobe. The second,
third, fourth, and fifth lateral saddles arelong, narrow,and rounded.

A small specimen, having a diameter of only 18 mm.has a suture
line in the Sicanites stageof development. Its ventral lobe is long,
narrow, simple, and trifid as in Vddenites. Its first lateral lobe is
broad and unequally divided into a short ventrally directed first
secondary lobe and a long bifid second secondary lobe. The um-
bilical portion has been broken away from the types, and only two
other lateral lobes are present. These are constricted forward and
bifid, having broad shallow notches in their posterior ends.

The internal suture of the immature specimen is well preserved.
It consists of a very broad, rounded dorsal lobe and five or six
simple, small, rounded lateral lobes. The dorsal lobe is five or
six times the size of the first internal lateral. The saddles are all
simple and rounded. The first lateral internal saddle is more than
twice as large as the second internal lateral.

Discussion.— This species differs from its congeners in the sim-
plicity of the suture and is therefore very important phylogenetically.
It is interesting to observe that the venter of this form develops a
furrow and a sculptured keel, whereas its suture is still in a primi-
tive stage.



Geology of Texas, Volume HI, Ammonites 95

This species is named in honor of W. S. Adkins.
Occurrence.— Indian Creek shale below Coleman limestone, Ad-

miral formation, lower Wichita group,Permian, in an outcrop on
the south side of the Santa Fe Railroad 4%miles south-southwest of
Coleman, Coleman County.

Types.— Cotypes in Plummer Collection, Bureau of Economic
Geology, The University of Texas.

ARTINSKIA ELECTRAENSIS, n. sp.

PL 4, figs. 18-21

Medlicottia,n. sp., Bose, 1917, Univ. Texas Bull. 1762, p. 184.

Description.— Theshape of the shell is discoidal, thin,with nearly
flat flanks, and a furrowed venter. The ventral keels are about the
same width as the furrow, gently rounded and strongly notched.
The nodes formed by the notches are rounded,situated oppositeeach
other on the two keels, and spaced about five in eight millimeters
on a large-sized shell. The umbilicus is small, nearly closed, and
has steep walls. The measurements of the holotype are as follows:

Diameter (DO 60.0 mm.
Height of last whorl (H) 29.5
Height of penultimate whorl 15.5
Height of last whorl above venter 22.5
Involution (I) 15.0
Thickness of last whorl (T) 8.0
Thickness of penultimate whorl i 5.5
Width of umbilicus (U) 1.0

Shell ratios of holotype—
U I T T— = 0.02 — = 0.51 — = 0.27 — = 0.13
D H H D

The long,narrow, trifid ventral lobe in the ventral furrow expands
at a point one-fourth the distance from its anterior end to produce
a short secondary lobe on each side. The first lateral lobe is
broad and divided into four unequal secondary lobes by rounded
secondary saddles. The secondary lobe nearest the venter is smallest
and simple; the next three are larger and bifid; the one nearest the
umbilicus is the largest. The second, third, fourth, and fifth lateral
lobes are long, narrow, and bifid. The sixth, seventh, and eighth
aresimple, small and rounded. The first lateral saddle isbroad and
phylloid. The other lateral saddles are long, narrow, simple, and
rounded.
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Discussion.— Artinskia electraensis, n. sp., resembles A. adkinsi?
n. sp., and Medlicottia copei White. It differs from the first by
having a more highly developed suture at the same diameter, by
having slightly more rounded flanks, and in having slightly less
prominent nodes on its keels. It differs from the second in its
proportionately greater thickness, more prominently notched keels,
and less highly developed suture. Its ventral lobe has but a single
pair of secondary lobes, whereas M. copei has four pairs. Bose70

has pointed out its resemblance to Artinskia artiensis (Griinewaldt)
and A. artiensis var. timorensis Haniel. All have beaded keels and
similar sutures. A. artiensishas ribs on its flanks, whereas A. elec-
traensis is smooth. A. artiensis has a longer ventral lobe and more
secondary lobes on its first lateral lobe; otherwise the two species,
though widely separated geographically, areremarkably similar and
mayprove to be identical.

The specimens of Artinskia electraensis,n. sp., were collected by
W. E. Wrather in 1917 and sent to Professor Stuart Weller at the
University of Chicago. Weller sent them to Professor Beede of The
University of Texas, who turned them over to Dr. Bose for study.
Bose received them after his monograph on the Glass Mountains
ammonoids was completed, found them interesting, and described
them in an appendix71 to his treatise. In the numerous transfers
of the collection the locality at which they were found became
confused, for Bose records them from an outcrop "four miles south
of Dundee." Mr. Wrather, however, who discovered them, states72

that he made the collection from a thin dolomitic ledge in a creek
valley 4 miles south of Electra, and not south of Dundee. The area
south of Dundee is covered by non-marineRed Beds, where the only
fossils are bone fragments of land vertebrates. After Dr. Bb'se's
death, his collection was purchased from his widow for Peabody
Museum. These specimens from Wichita County were found in the
Bose Collection by Professor Schuchert and loaned to the authors
for study.

Occurrence.— Shale beneath Beaverburk limestone, Clyde forma-
tion,Wichita group,Permian, inan outcrop4 miles south of Electra,
Wichita County.

7(1Bose, Emil, The Permo-Carboniferous ammonoids of the Glass Mountains, west Texas, and
their stratigraphical significance: Univ. Texas Bull. 1762, p. 185, 1917.

71Idem, pp. 184-187.
7SPersonal communication.
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Types.— Holotype and paratypes in Peabody Museum, Yale Uni-
versity; other specimens in Bureau of Economic Geology, The Uni-
versity of Texas.

Genus Episageceras Noetling 1904

Episageceras Noetling, 1904, Neves Jahrb., Beil.-Bd. 19, p. 363.
Episageceras, Haniel, 1915, Die Gephalopoden der Dyas yon. Timor, p. 48.
Episageceras, Diener,1915, Denkschr. Akad. Wiss. Wien, vol. 93-, p. 165.
Episageceras, Smith, 1927, Jaarb.Mijnw. Ned.-Indie, Verh. 1926, p. 22.
Episageceras, Diener, 1927, Leitfossilien dcs marinen Perm, p. 65.

Episageceras was erected to include flat, discoidal ammonoids
having narrow venters without furrows, keels, or nodes, but with
sharp ventro-lateral angles. In most species the venter is orna-
mented with indistinct billowy ridges, and the flanks have indistinct
sigmoidal ribs. The suture of this genus is distinguished from that

Fig.21.External suture line of Episageceras wynnei (Waagen)

of Medlicottia, s. s., by the symmetrical shape of the first lateral
saddle, whichis so shaped that the secondary elements on one side
match the size and shape of those on the opposite side. InMedli-
cottia, s. s., the secondary elements on the umbilical side of the first
lateral saddle are elongate, inclined in the direction of the axis of
the coil and are larger than those indenting the opposite side of the
saddle. In Episageceras the secondary elements are more circular
in shape than in Medlicottia and are of nearly equal size. No rep-
resentativesof this genus have yet been discovered in Texas.

Genotype,Sageceras wynnei Waagen (text fig. 21).
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Family DaraelitidaeTchernow
DaraelitinaeTchernow, 1907, Bull. Soc. imp.nat. Moscou, n.s., vol. 20, p. 371.
Daraelitinae, Schindewolf, 1934, Abh. Gesell. Wiss. Gottingeri, Math.-Phys. Kl.,

3 Folge, Heft 10, p. 176.

The Daraelitidae include ammonoids shaped like prolecanitids
but the first lateral lobes and in later species the ventral and
second lateral lobes are serrate. The Pennsylvanian and Permian
representatives of this family include the two genera as follows:

Stratigraphic distribution and characters of the genera
in the family Daraelitidae

Genus Praedaraelites Schindewolf 1934

Daraelites,Kobold, 1932, Jahrb. preuss. geol. Landesanstalt,vol. 53, p. 506.
Praedaraelites Schindewolf, 1934, Abh. Gesell. Wiss. Gottingen, Math-Phys.

XL, Folge 3, Heft 10, p. 179.

This genus was established by Schindewolf to include forms like
Daraelites having discoidal whorls, narrow and rounded venters,
greatly convex sides, serrate first lateral lobes, and a suture made
up of only three or four lateral lobes.

Fig. 22. External suture line of Praedaraelites culmiensis (Kobold)

'raedaraelites
Schindewolf

Lower
Pennsylvania!!

A trifid ventral lobe and four 01
fewer pairs of external lateral lobes,

the first lateral faintly serrate. Large
umbilicus.

'araelites
Gemmellaro

Upper
Pennsylvanian
andPermian

A trifid ventral lobe and more than
four pairs of external lateral lobes.
The first, and in most species, the
second lateral lobes are serrate.
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The genus is an ancestral, less well developed precursor of
Daraelites. Its suture lines have fewer lobes and saddles, and the
serrations in the first lateral lobes are finer and have no more than
five notches. The ventral lobe is never serrate. Schindewolf cites
two examples of his new genus, Praedaraelites culmiensis (Kobold)
and Praedaraelites, n. sp., from Binifaillet,Minorca. No represen-
tatives are known in Texas.

Genotype, Daraelites culmiensis Kobold (text fig. 22)

Genus Daraelites Gemmellaro 1888

Daraelites Gemmellaro,1888, Giorn.Soc. Sci. nat. econ.Palermo, vol. 19', p. 63.
Daraelites,Karpinsky, 1889, Mem. Acad. imp. Sci. St. Petersbourg, ser. 7, vol.

37, No. 2, p. 42.
Daraelites, Tchernow, 1907, Bull. Soc. imp. Nat. Moscou, n.s., vol. 20, p. 371.
Daraelites, Haniel, 1915, Die Cephalopoden der Dyas yon Timor, p. 23.
Daraelites,Bose,1917, Univ. Texas Bull. 1762, p, 51.
Daraelites, Smith, 1927, Jaarb. Mijnw. Ned.-Indie, Verh. 1926, p. 12.

The genus Daraelites includes moderately involute,smooth-shelled
ammonoids with round venter, elliptical cross-section, and with a
suture characterized by serrate ventral and first and second lateral
lobes. In small specimens the serrations are clearly seen only on
the first lateral lobes. The ventral lobe is very broad and divided
into three branches, of which the middle branch is narrow and
pointed and the two lateral branches broad, rounded, and serrate.
The first lateral lobe is broad but slightly narrower than the ventral
lobe and finely serrate along its posterior curve. The second lateral
lobe is short, slender, rounded, faintly serrate in mature specimens
and inclined toward the umbilicus. The other lateral lobes are

Fig.23. External suture line of Daraelites meeki Gemmellaro
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small and rounded but in most species are not serrate. The first
lateral saddle is club-shaped, constricted, and rounded. The second
lateral saddle is like the first but is much longer. The remaining
lateral saddles are small and rounded.

The genus Daraelites, was described by Gemmellaro73 from Italy
in 1888. It is similar in many respects to Praedaraelites, except that
in Praedaraelites there are four or fewer lateral lobes in the suture
and the serrations on the lobes are less pronounced than in Darae-
lites. The suture lines of Daraelites have more than four lateral
lobes.

Genotype,Daraelites meekiGemmellaro (text fig. 23).
Daraelites is relatively rare both in species and individuals. To

date only sixspecies, three American and threeEuropean, areknown.
The following table summarizes the specific characters and strati-
graphic relationships of the six species:

Distribution and characters of species of Daraelites

'3Gemmellaro, G. G., La fauna dei calcari con Fusulina della valle del fiume Sosio nella
provincia di Palermo: Giorn. Soc. Sci. nat. econ. Palermo, vol. 19, p. 63, 1888.

SPECIES OCCURRENCE AND
AGE

DISTINGUISHING CHARACTERS

D.meeki
Gemmellaro

Sosiobeds,
Sicily

Whorls high, broadly elliptical in
cross-section. Lateral points of
ventral lobe and first and second
lateral lobes finely but strongly
serrate.

D.elegans
Tchernow

Artinskbeds,
Russia

D.submeeki
Haniel

Bitaunibeds,
Timor

Suture characterized by a short,
non-serrate, ventral lobe and ser-
rate first and second lateral lobes.

D. texanus
Bb'se

Gaptankbeds,
zone of TJddenites,
Glass Mountains,

Texas

Whorls thinly discoid, umbilicus
narrow. Ventral lobe longer than
first and second laterals. Only
first lateral distinctly serrate.

D.kingi, n.sp. Wolfcampbeds,
GlassMountains,

Texas

Whorls thinly discoid, umbilicus
narrow. Ventral lobe shorter than
first lateral. Second lateral sad-
dles long and narrow. Only first
lateral lobe strongly serrate.

D.girtyi,n. sp. Wewoka beds,
Oklahoma

No serrations shown on lobes.
General line of suture broadly and
deeply arched posteriorly.
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DARAELITES GIRTYI, n. sp.

Pronorites? sp., Girty, 1915, U. S. Geol. Survey Bull. 544, p. 247, pi. 34, fig. 5.
Daraelites sp., A. K. Miller, 1930, Jour.Pal. vol. 4, p. 391.

Description.— This species was described by Girty74 from the
Wewoka of Oklahoma as possibly a Pronorites. His figure of the
suture line, however, indicates clearly that the fragmentary speci-
men is a Daraelites. There is a ventral lobe poorly shown and five
or six pairs of lateral lobes. The first lateral lobe is broad and
considerably shorter than the sharply hooked second lateral. Girty's
figure does not show the element to be denticulate. The suture is
characterized and easily distinguished from the sutures of all other
species of the genus by the broad posteriorly curving sweep of a
line joining the anteriorends of the saddles.

Discussion.— A more thorough description of D.girtyi must await
the discovery of additional and better preservedmaterial.

Occurrence.— The holotype is from the Wewoka formation at
Wewoka, Oklahoma.

Type.— U. S. Geological Survey, Washington, D. C
DARAELITES KINGI, n. sp.

PL 1, figs. 10, 11

Description.— The shell is involute with high, discoidal whorls
that have almost flat flanks and a broadly elliptical cross-section.
The umbilicus is distinct with a low, almost perpendicular wall that
meets the relatively flat flank at a high angle. The measurements
of the two specimens at hand are as follows:

A B
Diameter (D) .... 29.2 mm.
Height of last whorl (H) 15.5 16.0
Thickness of last whorl (T) 10.0
Width of umbilicus (U)__ — 9.0?
Shell ratios of B—

U T T— = 0.31 — = 0.625
— = 0.34

D H D

The surfaces of the highly crystalline casts are smooth
The internal sutures arenot shown. The external suture consists

of a tripartite ventral lobe, five pairs of lateral lobes on the flanks
r*Girty. G. H., Fauna of the Wewoka formation of Oklahoma: U. S. Geol. Survey Bull. 544,

pi. 34, fig. sc, 1915.
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and umbilical walls, and corresponding saddles. The ventral lobe
is broad and shorter than the first laterals. Its middle point is nar-
row and pointed, and longer than the broadly rounded lateral ones.
These lateral points,show suggestions of faint serrations posteriorly.
The first lateral lobes are broad and serrate posteriorly, and con-
stricted anteriorly. The second lateral lobe is shorter than either
the first or third laterals, is slender and is hooked sharply toward
the umbilicus. The lobe is strongly constricted anteriorly. The
third lateral is long and slender and is inclined gently toward the
umbilicus. The other laterals become increasingly shorter toward the
umbilicus and are inclined only slightly. The short ventral lobe
and the long narrow second lateral saddles are characteristic fea-
tures of the suture.

Remarks.— Daraelites Jcingi, n. sp., is much more primitive than
either D.meeki Gemmellaro orD. elegans Tchernow, as shown by
its simpler suture. The flanks are also much flatter. The species
is closely similar toD. texanus Bose from the Uddenites schucherti
zoneof the Gaptank formation. The two can, however, be separated
on the basis of the sutures. InD. texanus the ventral lobe is as long
as the first laterals and the second lateral saddle is broad. In
D.kingi the ventral lobe ismuch shorter than the first laterals, and
the second lateral saddle is narrow. The other elements of the
sutures in the two species also show characteristic differences. The
species is named in honor of Philip B. King.

Occurrence.— Two specimens were collected by C. L. Baker from
the crystalline limestones of the Wolfcamp formation 2% miles
north of Wedin's (now Decie's) ranch at the base of the Glass
Mountain escarpment in Brewster County.

Types.— Cotypes in Bureau of Economic Geology, The University
of Texas.

DARAELITES TEXANUS Bose

PI. 2, figs. 5-8

Daraelites texanus Bose, 1917, Univ. Texas Bull. 1762, p. 52, pi. 1, figs. 1-8.
Daraelites texanus, Smith, 1929, Am. Jour. Sci., ser. 5, vol. 17, p. 66, fig. B.

17-26.
Daraelites texanus, A. K. Miller, 1930, Jour. Pal., vol. 4, p. 390. pi. 38, figs.

27-29.

Description.— The shell is involute with high discoidal whorls
that have flat flanks and elliptical cross-section. The umbilicus is
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distinct with a low, almost perpendicular wall that meets the rela-
tively flat flank at ahigh angle. The measurements of typical speci-
mens (A, from South Bend; B, from Wolf Camp) are as follows:

A B
Diameter (D) 19.0 15 mm.
Height of last whorl (H)_...: . 10.5 6
Thickness of last whorl (T) 4
Width of umbilicus (U) . 5.3 4.5
Shell ratios

—
U TUT

A: — = 0.28 B: — = 0.667 — = 0.3 — = 0.267
D HDD

The surface of the shell is smooth.
The ventral lobe is broad, trifid, spade shaped. The remainder

of the suture consists of six well-rounded lateral lobes and six
rounded lateral saddles on each side of the ventral lobe. The first
lateral lobe is club shaped and about twice as large as the second
lateral lobes, and it shows the serrations distinctly. The second
lateral lobe is not notched. All the lobes areof the same size and
shape as the corresponding saddles, and lean perceptibly toward
the umbilicus.

Remarks.— Daraelites texanus Bose is distinguished from D.meeki
Gemmellaro in Italy and from D. elegans Tchernow in Russia by
its proportionately wider first lateral lobe and its flatter flanks.

Occurrence.— This fossil is comparatively rare. One specimen
has been found in the Graham formation at a point about one-half
mile southwest of South Bend, Young County; one specimen from
the Graham formation one-half mile east-northeast of Weedon
School, Brown County; and six specimens from the Uddenites zone
of the uppermost part of the Gaptank formation at Wolf Camp,
Glass Mountains,Brewster County.

Types.— Cotypes in Bureau of Economic Geology, The University
of Texas.

Clan Goniatitidea

The Goniatitidea include involute globose to subglobose whorls
with small umbilici and but slightly sculptured surfaces. The suture
lines in the earliest forms are arcestid in shape and pass through
the goniatitid and gastrioceran stages. They further evolve by addi-
tion of new elements laterally to produce the Agathiceras stage and
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subdivide to achieve the vidrioceran and waagenoceransuture pat-
terns. The group differs from the Gastrioceratidea by the small um-
bilicus,moreglobose shape, and especially by the sphericone shape
of the youngest immaturewhorls instead of the platycone shape as in
all members of the Gastrioceratidea. The members appear to have
evolved out of an ancestral form like Cheiloceras and not from an
early arcestid.

The new clan includes the forms assigned to the order Cheilo-
ceracea by Wedekind and also their later upper Pennsylvanian and
Permian descendants.

The following families belong to this clan

Stratigraphic distribution and characters of the families
in the clan Goniatitidea

Family Goniatitidae de Haan 1825 (emend.)

Familia Goniatitea de Haan, 1825, Monographic ammoniteorum et goniatiteo-
rum, p. 156.

The Goniatitidae are involute,globose to subglobose shells with
small umbilici and without nodes or ridges on the umbilical shoul-
ders. The surfaces are smooth, finely lirate, finely cancellate or
tuberculate. The suture is composed of eight principal lobes and
eight principal saddles. In addition, the broad ventral lobe is in-
dented by a low secondary saddle, making a total of nine elements
altogether. The lateral saddles are of about the same size as the
first lateral lobe and are pointed or rounded. This family occurs
in thelate Mississippian strata. Two representatives are common in
Texas.

"■opanoceratidae
Upperand

middle
Permian

Compressed somewhat discoidal
forms with flat sides and complex
bifid and trifid lobes.

idrioceratidae
Permian

andupper
Pennsylvanian

Globose, small umbilicate forms
with bifid, trifid, or in a few forms
quadrifid lobes.

igathiceratidae
Permian

and
Pennsylvanian

Globose, small umbilicate forms
with thirteen or more principal
lobes.

kiniatitidae Mississippian Globose, small umbilicate forms
with nine principal lobes.
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Stratigraphic distribution and characteristics of genera
in the family Goniatitidae

Genus Nuculoceras Bisat 1924

Nuculoceras Bisat, 1924, Proc. YorkshireGeol. Soc, vol. 20, p.100.
Homoceras {Nuculoceras), H. Schmidt, 1929, Tiersche Le'itfossilien dcs Kar-bon, p. 70.

Bisat established this genus to include globose ammonoids having
small umbilici, semilunar whorl cross-section, a shell surface free
of ribs or nodes during all stages of growth, and anornamentation

Fig.24. External suture line of Nuculoceras nuculum Bisat
Hind's suture of Pericyclus impressus (deKoninck).
of fine growth lines which in some species are supplementedby fine
longitudinal lirae. Gentle wave-like plications are also noticeable
on the casts. The suture is somewhat like that of Gastrioceras and
consists of eight lobes and eight saddles,not including the secondary
saddle which divides the ventral lobe. The first lateral saddle is
rounded, and the lobes are pointed.

Forms of the genus Nuculoceras are more globose than those of
Homoceras, and their lateral saddles are more rounded and less
pointed than those of Goniatites. They have smaller umbilici than
Cravenoceras and are more globose, and their suture ismuch more
highly developed than that of Miinsteroceras.

Genotype, Nuculoceras nuculum Bisat (PL 8, figs. 3—5, text
fig. 24).

CHARACTERISTICS
'Oniatites
deHaan

Upper
Mississippian

Globose shape, small umbilicus,
reticulate sculpture on venter.
Angular lateral saddles.

uculoceras
Bisat

Upper
Mississippian

Globose shape, small umbilicus,
generally striate sculpture. Short
ventral saddle, rounded lateral_ _ _i n
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Distribution and characters of Texas species of Nuculoceras

NUCULOCERAS INCISUM (Hyatt)

PI. 7, figs. 7-14

Glyphioceras incisum Hyatt (pars),1893, Geol. Survey Texas Fourth Ann.
Rpt., p. 471, pi. 47, figs. 44-48.

Glyphioceras incisum, Smith 1896, Proc. Calif. Acad. Sci., ser. 3, vol. 1, No. 3,
p. 111, pi.15. (Not pis. 13, 14; see Goniatites choctawensis.)

Goniatites crenistria, Smith (pars),1903, U. S. Geol. Survey Mon. 42, p. 68,
pi. 10, figs, 12-16. (Not pis. 14; 15; 16, fig. 1; 26, figs. 1-5.)

Glyphioceras, n. sp., Plummer and Moore, 1921, Univ. Texas Bull. 2132, p. 44
(list), pi. 7, fig. 12,

Description.— The shell is small, globular, with crescentic whorl
section, a very broad, gently rounded ventral surface, and small
umbilicus. Constrictions cross the venter a little more than a quad-
rant apart. Theumbilical shoulders are very sharply rounded. Nine
to eleven whorls are visible inmature specimens. The inner whorls,
however, are almost completely embraced by the outermost.

The surface is covered by transverse, nearlystraight, very slightly
raised ridges, which are entirely smooth throughout the growth of
the shell. About ten of the transverse lines occur in the space of
five millimeters along the venter. The surface markings are de-
veloped on all the whorls, and appear to be a constant feature of
the shell.

The suture line of the mature shell has a large ventral lobe with
nearly parallel sides indented by a short ventral saddle with a
small,rounded indentation at the base. The twohalves of the ventral
lobe arenarrowand rounded. The first lateral saddles are rounded
and narrower than the ventral lobe. The first lateral lobes are

.incisum
(Hyatt)

Upper
Mississippian

Venter sculptured with at least 4
prominent constrictions and fine
transverse lines or minute ridges,
spaced about 10 in 5 mm.

.barnettense,
n.sp.

Upper
Mississippian

No constrictions on the venter,
surface sculptured with fine trans-
verse lines or minute sinuous ribs,
which show a tendency to be
grouped into loose, irregular
bundles.

[.smithwickense,
n.sp.

Lower
Pennsylvanian

Noconstrictions; surface ornamen-
tation unknown; shape is more
globose, height of whorl propor-
tionately greater, and ventral sad-
dle is longer than in other forms.
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broadly lanceolate. The second lateral saddles are broad and un-
symmetrically rounded, the greater curvature being on the ventral
side. The second lateral lobe is small, low, and obscurely pointed.
It is situated on the umbilical shoulder. The dorsal lobe is narrow
and symmetrically lanceolate. The first lateral saddle is rather
evenly rounded, and the first lateral lobe obscurely lanceolate. The
sutures are rather closely spaced, but the living chamber was appar-
ently quite long,probably at least one whorl.

The measurements of two of the cotypes are as follows:
A B

Diameter (D) 17.4 18.5 mm.
Height of last whorl (H) 8.5 10.5
Height of penultimate whorl 6.2 8.2
Height of last whorl above venter 4.5
Involution (I) '. 6.0
Thickness of last whorl (T) 13.8 14.1
Thickness of penultimate whorl 11.6 10.8
Width of umbilicus (U) . 3.5 4.0

Shell ratios—
U I T T

A: — =0.20 — = 0.71 — =1.62 — = 0.71
D H H D
U T T

B: —■= 0.22 — =1.34 — = 0.76
D H D

A. Cotype (No. 163, Geol. Dept., Univ. Texas), from 1mile south of
Richland Springs, San Saba County.

B. Plesiotype (Bur. Econ. Geol., No. 5353), from 3 miles southeast of
San Saba, San Saba County.

Discussion.-— Nuculoceras incisum (Hyatt) is quite distinct from
Goniatites crenistriaPhillips, doubtfully identified and described in
its entire development by Smith from the Moorefield shale, and it
is also easily distinguished from Goniatites choctawensis Shumard.
Both these forms aremuch larger shells with moredepressed venters
and more angular lateral lobes. They are also different in their
surface sculpture. Nuculoceras incisumhas no suggestion of trenu-
lations that could give rise to the revolving lirae of the Goniatites
striatus type, and which are found also in G. choctawensis. Casts
of young forms of G. choctawensis resemble closely casts of Nucu-
loceras incisum. However, the differences in the shape of the suture
lines in most specimens make identification possible.

Occurrence.— Limestone near top of Barnett shale, Mississippian,
in an outcrop near Chappel, and at anabandoned limekiln 3 miles
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southeast of San Saba, San Saba County; 5 miles west of Lampasas,
Lampasas County.

Types.— Cotypes in Department of Geology, The University of
Texas; plesiotypes in Bureau of Economic Geology.

NUCULOCERAS BARNETTENSE, n. sp.

PI. 7, figs. 15-18

Description.— The shell is globose with a broad and slightly
flattened venter in the youthful stages expanding to a broadly
rounded one in maturity. The whorl is semilunar in cross-section
and deeply embracing. The umbilicus is small but open in all
stages. In all the specimens collected the living chamber is con-
siderably more than one whorl in length. The measurements of the
cotypes are as follows:

A B
Diameter (D) 1 22.7 12.3 mm.
Height of last whorl (H) 13,0 7.0
Height of penultimate whorl 6.0 3.8
Height of last whorl above venter 7.01 3.7
Involution (I) . 6.0 3.3
Thickness of last whorl (T) 1 17.0 11.5
Thickness of penultimate whorl 12.0 9.0
Width of umbilicus (U) 3,3 2.0

Shell ratios—
U I T T

A (P-7564): — = 0.15 — = 0.46 — =1.31 — = 0.75
D H H D
U I T T

B (P-7564A):— = 0.16 — = .0.47 — = 1.64 — =0.94
D H H D

No constrictions appear on any of the specimens. The main
feature of sculpture consists of fine transverse ribs visible in all
stages of development. In the very young shells these are gently
sinuous and describe a pronounced ventral sinus open anteriorly.
In older stages this sinus is almost completely eliminated, but the
riosare a little more distantly spaced and are coarser. In all stages
the ribs show a tendency to be grouped into loose, irregular
bundles, a feature characteristic of this genus.

The ventral lobe is broad and divided into two hastate points by
a long ventral saddle which has parallel sides from about half its
depth to the bottom. The first lateral saddle is rounded at the base
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and gently constricted,at about half its depth. The lateral lobe is
broadly hastate and symmetrical. The second lateral saddle is
asymmetrical and broadly rounded.

Discussion.— Nuculoceras barnettense, n. sp., differs from N.
smithwickense,n. sp., which occurs higher in the Bend group, in its
whorl cross-section, which at maturity is considerably higher and
narrower. Its ornamentationis also noticeably finer, and all speci-
mens collected are much smaller than those of N. smithwichense.
N. incisum (Hyatt) is easily distinguished from this new species
by the constrictions that cross its venters.

Occurrence.— Limestone ledge in top of Barnett shale, Mississip-
pian, in steep hillside exposureof the formation at an old lime kiln
3 miles southeast of San Saba, San Saba County.

Types.— Cotypes in Bureau of Economic Geology The University
of Texas, and in the geological museum of Texas Christian Uni-
versity.

NUCULOCERAS SMITHWICKENSE, n. sp.

PL 8, figs. 6-11

Description.— This very globose species with whorls growing
rapidly in a transverse direction and slowly in a vertical direction
isbroad and has broadly rounded flanks and venter. The umbilicus
is distinctly openbut is deep and narrow. The measurementsof one
of the cotypes are as follows:

Diameter (D) 1 ■ 21.3 mm.
Height of last whorl (H) 10.5
Height of penultimate whorl 6.5
Height of last whorl above venter 6.0
Involution (I) 4.5
Thickness of last whorl (T) 17.3
Width of umbilicus (U) 3.0
Shell ratios—

U I T T— = 0.14 — = 0.43 — =1.65 — = 0.81
D H H D

The only complete specimen of this species is a beautifully
preserved ferruginous cast. No constrictions are visible. The fine
cross ribs, however, are impressed on the surface of the cast.

Discussion.— N. smithwichense, n. sp., most closely resembles
N. barnettense, n. sp., from which it differs in being more globose
and more broadly rounded. Also, a complete specimen would be
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considerablylarger, since the cotypes areentirely septate. Allspeci-
mens of N. barnettense of the same or even of smaller sizehave 'a
living chamber of more than one whorl in length.

Occurrence.— Smithwick shale, Bend group, Pennsylvanian; 3
miles east of Rochelle, McCulloch County; one-quarter mile north
of Marble Canyon, Hudspeth County.

Types.— Cotypes in Bureau of Economic Geology, The University
of Texas.

Genus Goniatites de Haan 1825

Goniatites de Haan, 1825, Mon. Ammon. et Gon., p. 159.
Glyphioceras Hyatt, 1884, Proc. Boston Sop. Nat. Hist., vol. 22, p. 328.
Goniatites, Haug, 1898, Mem. Soc. geol. France, vol. 7, No. 18, p. 26.
Goniatites, Smith, 1903, U. S. Geol: Survey Mon. 42, p. 66.
Goniatites, Bisat, 1924, Proc. Yorkshire Geol. Soc, vol. 20, p. 73.
Glyphioceras, H. Schmidt, 1925, Jahrb. preuss. geol. Landesanstalt (1924), vol.

45, p. 562.
Glyphioceras, H. Schmidt, 1929. Tierische Leitfossilien dcs Karbon, p. 67.

The shells in this generic group are involute,and globose to sub-
globose, with a thickness from one-half to nearly three-quarters the
shell diameter. The surface is sculptured by fine, transverse striae,
which in some species are crossed by fine longitudinal lirae. The
suture has eight lobes and eight saddles. The ventral lobe is divided
into two pointed divisions by a ninth ventral saddle, whichmayhave
parallel or converging sides, though in most species they converge.
The first lateral saddles are angular; the others rounded. All the
lobes are pointed. The ventral and first lateral lobes are visible
on the exterior. One small lobe lies on the umbilical wall. The
internal suture has three lobes.

Goniatites was named by de Haan in 1825 with G. sphaericus
(Martin) (PL 7, figs. 1, 2) as the genotype. From 1825 to 1884,
when Hyatt brought out his new classification,nearly every globose
and involute narrowly umbilicate Paleozoic ammonoid was referred
to this genus, so that the name became very loose in its application.
H/att, taking phylogeny as a basis for his new classification,erected
a number of new genera to include various forms previously
designated as Goniatites by numerous authors. These new generic
groups of Hyatt's classification were Prionoceras, Miinsteroceras,
Nomismoceras, Glyphioceras, Homoceras, Gastrioceras, Paralego-
ceras, Schistoceras, Gonioloboceras, Dimorphoceras, Popanoceras,
and others. Most of the nameshave become well established and are
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useful generic groups, but a few have given trouble. In describing
Glyphioceras, Hyatt did not name a genotype, but he divided his
genus into two groups naming representative species for each. His
first group is characterized by angular first lateral saddles, and the
first characteristic species mentioned is Goniatites sphaericus (Mar-
tin),a form already employed by deHaan as the type for his genus
Goniatites, and one characterized by pointed first lateral saddles.
Further,Hyatt states "the first pair of lateral saddles are inclined
toward the umbilicus and are often acute," a description that ap-
plies to forms like G. sphaericus. There seems to be no alternative,
therefore, but to regard Hyatt's first group under Glyphioceras as
members of the previously named genus Goniatites. Hyatt's second
group is characterized by rounded first lateral saddles, and the first-
mentioned representative is Goniatites obtusus Phillips. Haug75 in
his monograph on the genus has pointed out this preoccupancy and
proposed to obviate the difficulty by emending the genus Glyphio-
ceras, so as to include only the species of Hyatt's second group. He
named Ammonites diadema Goldfuss, a compressed ammonoid with
a small umbilicus and without ornamentation on its umbilical
shoulders, as genotype for his revised genus Glyphioceras. Foord
and Crick followed Haug but erected the new genus Beyrichoceras
for the narrowly umbilicate forms. Smith likewise retained the
genus Glyphioceras, but he placed Goniatites globulosus Meek and
Worthen, which Haug had regarded as Glyphioceras, in the genus
Gastrioceras. Girty has not recognized the genus Glyphioceras,
which he regards as a synonym for Goniatites;Bisat concludes that
although Hyatt divided the species of his genus Glyphioceras into
two groups, he nevertheless regarded all forms as members of a
single genus, and, therefore,hehas also discarded thename Glyphio-
ceras in favor of Goniatites. Bisat discovered that Goniatites calyx
Phillips, Hyatt's genotype for Homoceras, was really the young of
Goniatites platylobus Phillips and was very close if not identical
with G. diadema (Goldfuss),Haug's type for Glyphioceras. Bisat
therefore divided the group of ammonoids designated by Haug and
Smith as Glyphioceras into three genera: Homoceras, with com-
pressed whorls, smooth surface, and small umbilici; Nuculoceras,
with globose whorls, smooth surface, but transverse reticulate orna-
mentation, and small umbilici;Reticuloceras (PI. 8, figs. 1,2) with

73Haug, E., Etudes sur les goniatites: Mem. Soc. geol. France, vol. 7, No. 18, p. 2<5, 1898.
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compressed whorls and reticulate surface sculpture. Schmidt ac-
cepts Homoceras and Reticuloceras but disregards de Haan's Gonia-
tites and adopts Hyatt's Glyphioceras, in which he places Goniatites
crenistria Phillips, G. striatus (J. Sowerby),G. granosus Portlack,
and others. All these species have wide ventral lobes and angular,
lateral saddles typical of Goniatites, s. s. It is therefore clear that
Glyphioceras of Hyatt and of Schmidt and Glyphioceras of Haug
and of Smith arenot the same.

For the sake of priority and to avoid confusion, it seems more
satisfactory to disregard Glyphioceras and to adopt Goniatites in its
restricted sense to include only those ammonoids characterized by
small umbilici, wide ventral lobes, and pointed first lateral saddles,
and to follow Bisat and Schmidt in applying other generic terms to
those forms that Smith and Haug have designated as Glyphioceras.

The genus Goniatites as now restricted occurs only in the upper
Mississippian, in America, and the Visean in Europe. The genotype

Fig. 25. Externalsuture line of Goniatites sphaericus(Martin)

Goniatites sphaericus (Martin) has been lost. A shell assigned to
the same speciesby J.Sowerby in 1814,now in the British Museum,
is regardedby Bisat76 as very similar toMartin's type. The measure-
ments of this species are as follows:

Diameter (D) 25.5 mm.
Thickness (T) ___.23,5
Width of umbilicus (U) i 4.0
Shell ratios—

U T— = 0.16 — = 0.92
D D

Genotype, Conchyliolithus Nautilites sphaericus Martin (text fig.
25).

78Bisat, W. S., The Carboniferous goniatites of the north of England and their zones: Proc.
Yorkshire Geol. Sop., vol. 20, p. 73, 1924.
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GONIATITESCHOCTAWENSIS Shumard

PI. 7, figs. 3-6

Goniatites choctawensis Shumard, 1863, Trans. St. Louis Acad. Sci., vol. 2,
p. 109.

Glyphioceras cumminsi Hyatt, 1893, Geol. Survey Texas Fourth Ann. Rpt., p.
467, pi. 47, figs. 33-43,

Glyphioceras incisum, Smith, 1896, Proc. Calif. Acad. Sci., ser. 3, vol.1, No. 3,
p. 111, pis. 13, 14. (Not pi. 15; see Nuculoceras incisum.)

Goniatites choctawensis, Smith, 1903, U. S. Geol. Survey Mon. 42, p. 67.
Goniatites crenistria, Smith, 1903, Idem, p. 68, pis. 14, 15, 16 (fig. 1), 26 (figs.

1-5). (Not pi. 10, figs. 12-16; see Nuculoceras incisum.)
Goniatites striatus, Smith, 1903,Idem, p. 80, pi. 10, figs. 1-11, pi. 26, figs. 6-13.
Goniatites choctaiuensis, Girty, 1909, U. S. Geol. Survey Bull. 377, p. 59, pi.13,

figs. 1-11.
Goniatites choctawensis, Girty, 1911, U. S. Geol. Survey Bull. 439, p. 97, pi.

15, figs. 1-7.

Description.— The shell is globose, deeply embracing, flattened
on sides and venter, so that a transverse section is subrectangular.
The thickness of the whorl is equal to about three-fourths of the
diameter; the height of the outer whorl is about one-fifth of the
diameter;and the umbilicus attains a width of about one-sixthof the
diameter. The whorl is wider than high and indented to about two-
thirds of itsheight by the preceding whorl. The body chamber oc-
cupies nearly a complete whorl. Measurements of the principal
parts of the shell are as follows:

Diameter (D) 26.2 mm.
Height of last whorl (H) 11.8
Height of penultimate whorl 8.2
Height of last whorl above venter 5.0
Involution (I) 6.8
Thickness of last whorl (T) 18.6
Width of umbilicus (U) 5.0

Shell ratios—
U I T T— = 0.19 — = 0.58 — =1.58 — = 0.71
D H H D

The surface of the cast of the specimens is marked by four deep
and prominent constrictions nearly three millimeters wide, which
cross the venter in nearly a straight line. The surface of the outside
of the shell is covered by fine continuous revolving lirae, spaced
about four to the millimeter; and these arecrossed at right angles
hj extremely fine transverse crenulations or striae. On the more
mature part of the whorl the crenulations present the appearance
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of minute nodes on the lirae. The revolving fine striations, how-
ever, are the prominent features of the sculpture.

The suture is typical of Goniatites. It consists of a bifurcate
ventral lobe, a pair of first lateral pointed lobes, and a pair of
additional lateral lobes on the umbilical wall. The ventral
saddle dividing the ventral lobe is small. On each side of the
ventral lobe lie first lateral saddles tapering to nearly pointed ex-
tremities.

Discussion.— Hyatt's types of Glyphioceras cumminsi are de-
posited in the geological department of The University of Texas and
have been made available for study. The Texas specimens so closely
resemble the forms originally described as Goniatites choctawensis
by Shumard and later by Girty, that there can be no reasonable
doubt of their identity. Critical comparison of the Texas forms with
those from the Caney shale of Oklahoma reveal slight noticeable
differences. The Texas forms show slightly deeper and more pro-
nounced constrictions, and the revolving striations are somewhat
more widely spaced. The striations on the specimens from central
Texas are spaced about eight in three millimeters; on the Oklahoma
specimens, ten in three millimeters. Girty, however, has pointed out
variations in the species at this type locality as great as the differ-
encesnoted between the Texas and Oklahoma forms.

It is likewise possible that Goniatites kentuckiensis Miller may
be identical with the species here discussed. In every respect this
species is remarkably like Goniatites crenistria Phillips. A com-
parison of the ornamentation of an Oklahoma specimen with a
specimen figured by Bisat (Bisat's PL 3, fig. 3) shows the two to be
almost, if not entirely, identical. It should be noted that these
species were referred to G. striatus by Smith.

Occurrence.— Limestone layer inBarnett shale, near base of Bend
group, Mississippian, in a steephillside exposure at the locality of
an old lime kiln,3 miles southeast of San Saba, San Saba County;
and along Espey Creek, 4 miles southwest of Lampasas, Lampasas
County.

Types.— Hyatt's cotypes of Glyphioceras cumminsi are deposited
in the Department of Geology, The University of Texas; plesiotypes
of Goniatites choctawensis are in the Bureau of Economic Geology.
Shumard's specimens apparently have been lost.
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Family Agathiceratidae Arthaber
Agathiceratidae Arthaber, 1900, Beitr. Pal. Ost.-Ung., vol.12.

The family Agathiceratidae includes subglobose, small, umbilicate
ammonoids having moderately rounded venters that are sculptured
with small but distinct longitudinal ribs and suture lines made up
of a ventral lobe like Gastrioceras and four or more rounded U-
shaped lateral lobes on each side and similarly shaped rounded
saddles.

Three genera of this family are known from Texas as follows:

Stratigraphic distribution and characteristics of the Texas genera
in the family Agathiceratidae

Genus Proshumardites Rauser 1928

ProshumarditesRauser, 1928, Bull. Assoc. Recherches sci. Fac. Sci. Univ. Mos-
cou, vol. 1, fasc. 1-2, p. 165.

This genus includes longitudinally ribbed, goniatite-shaped
ammonoids having shall umbilici, moderately broad rounded
venters, and lunar cross-sections. The shape and sculpture in
all respects is like Agathiceras, but the suture line is distinctly
different. The suture is characterized by an unusually large first
lateral saddle, at least twice as large as the adjacent lateral lobe and
other lateral saddles. The lateral lobes are so grouped that they
appear to be a single, broad, lateral lobe of a gastrioceran or nu-
culoceran indented by two secondary saddles to produce three
secondary lobes (fig. 26). Altogether the suture consists of a ventral
lobe divided into Ungulate divisions by a long, narrow, ventral
saddle; three bluntly pointed, narrow, external, lateral lobes; a
pair of rounded umbilical lobes; and three rounded internal lobes.
The saddles are rounded and correspond in size to the adjacent lobe

GENUS AGE CHARACTERISTICS

Adrianites
Gemmellaro

LowerPermian Similar to Agathiceras but more
highly developed. Sutures with
many lobes and saddles.

Agathiceras
Gemmellaro

Lower Permian and
upper Pennsylvanian

Venter sculpturedwith stronglong-
itudinal ribs. Lateral lobes and
saddles nearly equal in size and
shape.

Proshumardites
Rauser

LowerPennsylvanian Venter sculptured with prominent
longitudinal ribs. Lateral lobes
and saddles of unequal size. First
lateral saddle largeandmost prom-
inent.
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except the first lateral saddle which is much longer and broader
than the others.
It appears that Proshumardites maybe the direct descendant of a

longitudinally ribbed goniatitid— for example,Neogljphioceras sub-
circulare (Miller)— and that it has developed directly into Agathi-
ceras by division of its lateral lobe. Proshumardites has no
phylogenetic relationship to Preshumardites or to Shumardites.
Shumardites evidently evolved from a less sculptured,more globose,
more widely umbilicate form, possibly Cravenoceras, for example,
C. richardsonianum (Girty).

Genotype, Proshumardites karpinskii Rauser (text fig. 26).

Fig. 26. External suture line of Proshumardites karpinskii Rauser

FROSHUJVJARDITES PRIMUS,n. sp.

PL 29, figs. 3-6

Description.— The shell of this Agathiceras-lihe species is sub-
globose and involute,the umbilicus being almost closed. The whorls
are semilunar in cross-section and closely embracing, and they in-
crease rapidly in both dimensions. The rounded flanks and venter
merge without any clear line of demarcation. The umbilical shoul-
ders are broadly rounded.

One specimen is entirely septate. Another is nearly non-septate
and shows its original sculpture clearly. The measurements of the
two best specimens are as follows:

A B
Diameter (D) 10.62 10.2 mm.
Height of last whorl (H) . 6,75 6,0
Height of penultimate whorl 4.00 4.0
Height of last whorl above venter 3,25 3,0
Involution (I) 3.50 3.0
Thickness of last whorl (T) _ 8.50? 8.0
Thickness of penultimate whorl 5.65? 5.1
Width of umbilicus (U) 0.00 1.0
Shell ratios of B—

U I T T— =0.10 — = 0.5 — =1.33 — = 0.78
D H H D
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The shape and sculpture of the species is strikingly like that of
Agathiceras. There areprominent spiral ribs to the number of about
thirty-eight on the last whorl. These are narrow and sharply
crested, and are separated from each other by broader rounded
furrows. Fine growth lines cross the whorls making abroad shallow
sinus on the venter. There are about five shallow constrictions per
whorl.

The suture is the most characteristic feature of the genus and the
species. It consists of a broad and long ventral lobe divided into
two slender lingulate and bluntly pointed branches by a narrow
ventral saddle almost as long as the first lateral, three external
lateral lobes on each side, anumbilical lobe on each side and three
internal lobes, and corresponding saddles. The three external lateral
lobes are long, lingulate, slender and bluntly pointed. These three
lobes are grouped to give the appearance of a single broad and
deeply trifid lateral lobe. The middle lobe is longer than the other
two, and the saddles on each side of it aremuch shorter than the
second and fourth saddles. The posterior ends of the saddles thus
form a curved line which is convex backward on the flanks. The
dorsal lobe is long, slender, lingulate, and bluntly pointed. It i&
flanked by a shorter but similar lobe oneach side.

The ventral saddle is slender and long. The first lateral saddle
is long, rounded and slightly constricted. The second and third
saddles are similar but shorter. The fourth lateral saddle is short
and broadly rounded.

Discussion.— This species is quite similar in shape and sculpture
to several species of Agathiceras occurring higher in the Pennsyl-
vanian and lower Permian; and the suture line has the same num-
ber of elements found in the sutures of Agathiceras, and its indi-
vidual elements are similarly shaped. In all species of Agathiceras
known to thewriters, however, the posterior ends of the saddles form
anearly straight line from the venter to the umbilicus,whereas, in
this specimen, this line is strongly convexposteriorly. This feature
easily distinguishes the species, and the new genus to which it is
referred, from any known species of Agathiceras. Species of young
shumarditids have similar suture lines,but they are less sculptured
and most species aremore globose and have larger umbilici.
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Occurrence.— Three well-preserved limonite casts were collected
by M.B. Arick from beds believed to be of Smithwick age at apoint
one-fourth mile north of Marble Canyon, Sierra Diablo Mountains,
Hudspeth County. A fourth specimen has been found in the Smith-
wick shale 1mile southwest of Bend, San Saba County.

Types.— Cotypes in Bureau of Economic Geology, The University
of Texas.

Genus Agathiceras Gemmellaro 1888

Agathiceras Gemmellaro, 1888, Giorn. Soc. Sci. nat. econ., vol. 19, p. 75.
Agathiceras, Mojsisovics (pars), 1888, Mem. Acad. imp. Sci. St. Petersbourg,

ser. 7, vol. 31, p. 19.
Agathiceras Karpinsky (pars), 1889, Mem. Acad. imp. Sci. St. Petersbourg,

ser. 7, vol. 37, No. 2, p. 63,
Agathiceras, Haug, 1894, Bull. Soc. geol. France, ser. 3, vol. 22, p. 394.
Agathiceras, Smith, 1903, U. S. Geol. Survey Mon. 42, p. 130.
Agathiceras,Haniel (pars), 1915, Die Cephalopoden der Dyas yon Timor, p. 66.
Agathiceras, Bose, 1917, Univ. Texas Bull. 1762, p. 113.
Agathiceras, Smith, 1927, Jaarb. Mijnw. Ned.-Indie, Verb.. 1926, p. 38,
Agathiceras, Diener, 1927, Leitfossilien dcs marinen Perm, p. 67.

This genus includes ammonoids having small, subglobose, com-
pletely involute whorls with nearly closed umbilici. The surface
of the shells have forty tosixty prominent spiral striae. The external
suture consists of a broad ventral lobe separated into two parts
by a notched and bottle-shaped ventral saddle; six simple, short,
club-shaped lateral lobes; a pair of short umbilical lobes; and
eight similar short club-shaped lateral saddles. The internal suture
consists of a pointed dorsal lobe; one asymmetrical, pointed internal
lateral lobe on each side; and a pair of broad, short, first lateral
saddles. Altogether the suture comprises thirteen lobes and thirteen
saddles. The characteristic external suture is shown in figure 27.

Fig.27. External suture line of Agathiceras suessi Gemmellaro
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Genotype, Agathiceras suessi Gemmellaro (PI. 29, figs. 1, 2; text

%" 27).
The genus ranges from the middle Pennsylvanian throught the

Permian. The following table shows the stratigraphic occurrence
and distinguishing characteristics of the species described from
Texas.

Stratigtaphic occurrence and distinguishing characters of the
species of Agathiceras found in Texas

AGATHICERAS FRECHI Bose

PL 28, figs. 1-7

Agathiceras frechi Bose, 1917, Univ. Texas Bull. 1762, p. 114, pi. 5, figs. 39-54,
pi. 6, figs, 1-26.

Description.— This species is one of the commonest ammonites
in the top of the Gaptank formation at the well-known Wolf Camp
locality in Glass Mountains and occurs also at 'the base of the
Graham formation in north-central Texas. Most specimens are in
the form of casts. They have thick, fairly globose whorls with a
rounded venter, and a small, though distinct,umbilicus. Measure-
ments of three of Bose's cotypes from Wolf Camp are as follows:

SPECIES FORMATION
—

DISTINGUISHING CHARACTERS
D H D

L. contractum,
n. sp.

BellePlains 0.14 1.25 0.56
Umbilicus bounded by slightly
raised border; 22 longitudinal
ridges between middle of venter
and umbilicus, spaced 9 in 5 mm.

i..girtyi
Bose

Word 0.07 1.38 0.77 Proportionately thicker; no con-
strictions ;small umbilicus ;about
33 longitudinalridges.

l.applini,
n. sp.

Admiral 0.081 0.80 0.52
No constrictions ; small umbili-
cus;no transverse striae;about
20 longitudinal ridges between
middle of venter and umbilicus.

i.ciscoense
Smith

Upper Graham 0.74 0.40
No prominent constrictions ;
closed umbilicus ; no transverse
striae;longitudinalridges spaced
7 to 9 in 5 mm.;lobes and sad-
dles strongly constricted.

l,frechi
Bose

k.frechi
Bose

Gaptank 0.046

Lower Graham 0.036

1.00
1.11

1.8

0.64
0.63

0.64

Constrictions show on cast;very
small umbilicus ;no striae;26 to
30 longitudinal ridges spaced 7 to
5 mm.; lobes and saddles some-
what constricted.
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ABC
(P-6855) (B-373) (B-392)

Diameter (D) 15.7 16.5 22.0- mm.
Height of last whorl (H) 9.5 11.5 15.0
Height of penultimate whorl 5.6 6.6 8.0
Height of last whorl above venter 5.4 5.5 7.3
Thickness of last whorl (T) . 10.2 12.3 14.5
Width of umbilicus (U) : 1.5 0.0 0.0
Involution (I) 4.4 6.0 8.0
Thickness of penultimate whorl 6.7 7.7 9.3

Shell ratios of B—
I T T— = 0.52 — =1.07 — = 0!.75
H H D

The only surface features are two well-developed constrictions
that cross the venter in straight lines and are located about one-
quarter of a convolution apart.

The suture is well preserved. The external suture consists of a
ventral lobe divided by a ventral saddle, three pairs of lateral lobes
and three pairs of lateral saddles on the flanks, and a fourth pair of
saddles on the umbilical wall. The ventral saddle is slightly con-
stricted and bottle-shaped, similar to that in a small Schistoceras.
The lateral lobes and saddles are all rounded and not much con-
stricted. The lobe on the umbilical shoulder isbroadest.

Discussion.— The relationship of this species to European forms
of this genus has been discussed by Bose. Of the five American
species, this is the one most closely related to Agathiceras ciscoense
Smith, and it may prove from the study of more material to be
identical. Bose's specimens from the top of the Gaptank formation
and the new one from Jack County are less compressed,have coarser
lirae,and most of the forms have four well-developed constrictions,
"whereas A.ciscoensehas none.The lobes and saddles of A. ciscoense
are somewhat shorter and more constricted laterally than are those
of A. frechi.

Occurrence.— This species has been collected from the Uddenites
zone at the top of the Gaptank formation at Wolf Camp, Glass
Mountains. In the Graham formation, Cisco group, it hasbeen found
in the Rock Island Railroad cut 3% miles southeast of Jacksboro,
Jack County, andnear a cattle tank 1% miles east of Caddo, Steph-
ens County.
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Types.— Cotypes and plesiotypes at the Bureau of Economic
Geology, The University of Texas; plesiotype in geological museum
of Texas Christian University, Fort Worth, Texas.

AGATHICERAS CISOENSE Smith

PL 28, figs. 8-16

Agathiceras ciscoense Smith, 1903, U. S. Geol. Survey Mon. 42, p. 131, pi. 21,
figs. 17-19.

Description.— The whorl of this species is high, with rounded
venter, flattened flanks, and a lunar cross-section. The umbilicus is
closed. The holotype furnishes the following measurements, as
recorded by Smith:

Diameter (D) 35 mm.
Height of last whorl (H) 19
Height of penultimate whorl 12
Thickness of last whorl (T) 14
Involution (I) 7
"Width of umbilicus (U) '. (closed)

Shell ratios—
I T T— = 0.37 — = 0.74 — = 0.40
H H D

The surface ismarked by strongspiral ridges separatedby spiral
grooves. The ridges arespaced seven to nine in five millimeters and
are narrower than the intervening furrows.

The external suture consists of a divided ventral lobe, four pairs
of rounded, constricted tongue-shaped lateral lobes, a notched ven-
tral saddle indenting the ventral lobe, and four pairs of rounded
spatulate lateral saddles.

Discussion.— A comparison of Agathiceras ciscoense Smith with
other Texas species of the same genus is shown in the preceding
table. This form is characterized by its closed umbilicus, its greater
lateral compression, its lack of constrictions,and lack of transverse
striae. It is exceedingly rare in lower Cisco outcrops. Only a single
complete specimen has ever been found.

Occurrence.— The holotype was collected by Dr. A. B. Gant from
the shale below the Avis conglomerate,Graham formation, inahigh
bluff on the west side of Salt Creek west of Graham, Young County.
It has been found in the basal Graham shales in the Rock Island
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Railroad cut 3% miles southeast of Jacksboro, Jack County, and
near a cattle tank 1% miles east of Caddo, Stephens County.

Types.— Holotype in U. S. National Museum,Washington, D. C;
plesiotypes at the Bureau of Economic Geology, The University of
Texas.

AGATHICERAS APPLINI, n. sp.

PL 29, figs. 13-18

Description.— The shell is small,subglobose, rounded, with flanks
slightly flattened, so that the cross-section of the whorl is higher
than broad. The whorls are deeply embracing, and the coil has a

small umbilicus. The three best specimens show the following
measurements:

ABC
Diameter (D) 22.0 11.6 9.6 mm.
Height of last whorl (H) 14.3 6.6 4.8
Height of penultimate whorl 8.7 3.5 3.0
Height of last whorl above venter 7.0 3.1 2.7
Involution (I) 7.3 3.5 2,1
Thickness of last whorl (T) 11.5 7.8 5,5
Thickness of penultimate whorl 7.0 5.2 5.0
Width of umbilicus (U) 1.8 1.0 0.0
Shell ratios of B—

U I T T— = 0.09 — = 0,53 — =1.18 — = 0.67
D H H D

The shell has no constrictions, nodes, or transverse growth lines.
The surface is covered with prominent, evenly spaced, uniformly
sized, raised, spiral lirae spaced twelve in five millimeters, or
about forty altogether on the flanks and venter between opposite
umbilici. On most of the specimens the inner part of the missing
circumambient whorl has adhered to the outer area of the last whorl
of the specimen, so that the internal ornamentation and internal
suture is well exhibited. In fact, it is rarely possible to see the ex-
terior sutures on specimens till the adhering parts of the older
whorl and outer shell are removed. The internal ornamentation
consists of equal-sized, raised, narrow furrows.

The external suture consists of the siphonal lobe divided by a
median saddle, three lateral lobes, and four saddles. All the lobes
and all the saddles, except the median saddle, are simple, club-
shaped, and rounded. The median saddle is about three-fourths
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the length of the first lateral saddle,bottle-shaped, and ends in two
sharp points, which are separated by a narrow V-shaped notch.
The internal suture consists of a funnel-shaped antisiphonal lobe,
a first lateral lobe on each side, and corresponding saddles.

Discussion.— Agathiceras applini, n. sp., resembles most closely
A. frechi Bose and A. girtyi Bose, respectively from the Gaptank
and Word formations of west Texas. Type specimens of both these
species are in The University of Texas collections and have been
studied carefully. A. applini is less globose,more flattened laterally,
and higher in proportion to its width than the west Texas forms.
The dimensions of the three are as follows:

H H
Diameter Height Thickness D T

A. frechi B5se 22.0 13.6 14.0 0.61 0'.97
A. girtyi Bose 14.8 9.2 12.3 0.62 0.75
A. applini, n. sp 22.0 14.3 11.5 0.65 1.24

The umbilicus of A. applini is slightly larger, and it differs also
in its fewer number of spiral striae. A. applini bears about 20
revolving striae between the umbilicus and the median line on the
venter; A. girtyihas 33; A. frechi, 26 to 30. A. frechi has three or
four prominent constrictions; A. applini has none.

Occurrence.— About twenty specimens of this species have been
collected from the Indian Creek shale member, just below the
Coleman limestone, Admiral formation, Wichita group, Permian,
in an outcrop on the south side of the Santa Fe Railroad track, one-
half mile east of the Coleman-San Angelo road 4% miles south-
southwest of Coleman, Coleman County.

Types.— Cotypes in Plummer Collection, Bureau of Economic
Geology, The University of Texas.

AGATHICERAS GIRTYI Bose

PL 29, figs. 7-10

Agathiceras girtyi Bose, 1917, Univ. Texas Bull. 1762, p. 117, pi. 6, figs. 27-46.

Description.— This typical Agathiceras occurs as silica casts in
limestone. The species is of moderate size, about twice as wide as
high, has a hemispherical cross-section, moderately small umbilicus
and a simple, external suture line made up of the ventral lobe and
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four rounded lateral saddles, three rounded lateral lobes, and one
lobe on the umbilical wall. The surface is ornamented with fine,
evenly sized longitudinal lirae which are spaced fourteen in five
millimeters. The exposed edges of the internal septa derived from
the preceding whorl areexposedon the surface of most of the casts.
These septa arespaced two millimeters aparton the sides, converge
in the umbilicus and form prominent V-shaped lobes where they are
superimposed on the venter. The shape of the casts is indicated by
the following measurements of two typical specimens, from Road
Canyon, Glass Mountains: ■

A B
Diameter (D) 14.7 14.9 mm.
Height of last whorl (H) 9.2 9.6
Height of next to last whorl 5.5 6.0
Height of last whorl above venter 6.3 4.2
Involution (I) 11.2 10.1
Thickness (T) 5.0 5.0
Width of umbilicus (U) 3,3 3.0

Shell ratios of A—
U I T T— = 0.224 — = 1.217 — = 0.543 — = 0.335
D H H D

Discussion.— This specimen resembles in shape' and in the form
of its suture line the other members of this genus. It can be dis-
tinguished, however, by its finer sculpture. It has finer, more
numerous, longitudinal ribs, slightly larger umbilicus and is gen-
erally smaller in size than the others. It resembles in shape a speci-
men which Girty" named Agathiceras texanum from Guadalupe
Point. The Guadalupian specimen, however,has its first and second
laterallobes trifid andnot rounded, andno stronglongitudinalridges
like Agathiceras,but instead fine transverse striae like Marathonites.
It is an immature form of Marathonites in the Vidrioceras stage.

Occurrence.— A. girtyi is common in limestone ledges of the
lower Word formation in Glass Mountains. The fossils are especi-
ally common in a limestone near the junction of Road and Gilliland
canyons, Brewster County.

Types.— The cotypes described by Bb'se are deposited at the
Bureau of Economic Geology, The University of Texas.

77Girty, G. H.,The Guadalupian fauna: U. S. Geol. Survey Prof. Paper 58, p. 501, 1908.
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AGATHICERAS CONTRACTUM, n. sp.

PI. 29, figs. 11, 12

Agathiceras, sp. md., Bose, 1917, Univ. Texas Bull. 1762, p. 193.

Description.— The whorl is strongly involute, slightly flattened
on the flanks, strongly rounded on the venter, and elliptical in cross-
section. The umbilicus is very narrow and is bounded by aslightly
raised rounded border, which marks the greatest thickness of the
shell. Measurements of the holotype are as follows:

Diameter (D) - 18 mm.
Height of last whorl (H) 8
Involution (I) —
Thickness of last whorl (T) 10
Width of umbilicus (U) 2,5

Shell ratios—
U T T— = 0.14 —

=■1.25 — = 0.56
D H D

The surface of the whorl is ornamented by twenty to twenty-two
spiral ribs between the opposite umbilical shoulders, and they are
spaced about nine in five millimeters.

The external suture is simple and consists of a divided ventral
lobe, a notched ventral saddle, three pairs of lateral lobes, three
pairs of lateral saddles, and a fourth pair of lobes on the umbilical
wall. Except the ventral lobe and the ventral saddle, all the lobes
and saddles aresimple, rounded, and slightly constricted. The ven-
tral saddle is long and slender and is somewhat constricted. The
ventral lobe is broad and is divided into two wide and slightly
pointed branches by the long ventral saddle. The first lateral lobe
is widened anteriorly and is slightly pointed posteriorly. The second
lateral lobe is similar to the first. The third lateral lobe is asym-
metrical, its ventral side being convex, its umbilical side being
concave. The lobe on the umbilical wall is small and pointed. The
first two lateral saddles are constricted and rounded anteriorly. The
third lateral saddle is broad, asymmetrical, and rounded.

Discussion.-— A comparison of the characters of Agathiceras con-
tractum, n. sp., with those of other Texas Agathicerata is shown by
the preceding table. It is distinguished from A. applini, n. sp., by
its greater lateral compression and by its less developed suture.
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The third lateral saddle in A. contractum is more asymmetrical
than that of A. applini.

The single specimen of this species has been found by W. E.
Wrather, so that the description is based on inadequate material,
and further specimens mayresult in some revisions.

Occurrence.— This specimen was collected from the Clyde forma-
tion, Wichita group, Permian, in a creek valley 4 miles south
of Electra, Wichita County.

Type.— Holotype in Peabody Museum, Yale University

Genus Adrianites Gemmellaro 1888

Adrianites Gemmellaro, 1888, Giorn. Soc. Sci. nat. econ., vol. 19, p. 39.
Append., p. 23.

Agathiceras, Mojsisovics (pars), 1888, Mem. Acad. imp. Sci. St. Petersbourg,
ser. 7, vol. 31, No. 5, p. 19.

Agathiceras, Karpinsky (pars), 1889, Mem. Acad. imp. Sci. St. Petersbourg,
ser. 7, vol. 37, No. 2, pp. 63, 84.

Adrianites, Haug, 1894, Bull. Soc. geol. France, ser. 3, vol. 22, p. 394.
Adrianites (Hoffmannia),Diener, 1903, Pal.Indica, ser. 15, vol. 1, pt.5, p. 117.
Adrianites, Tchernow, 1907, Bull. Soc. imp. Nat.Moscou, n.s., vol. 20, p. 288.
Agathiceras,Haniel (pars), 1915, Die Cephalopoden der Dyas yon Timor, p. 66.
Adrianites, Bose, 1917, Univ. Texas Bull. 1762, p. 121.
Adrianites, Diener, 1927, Leitfossilien dcs marinen Perm, p. 68.
Adrianites, Smith, 1927, Jaarb. Mijnw. Ned.-Indie, Verh. 1926, p. 41.

Gemmellaro erected Adrianites for globose moderately evolute
ammonites similar to Agathiceras but more highly developed. The
whorls are broad and low, and crossed by strongconstrictions. The
flanks are low and broadly rounded. The venter is broad and mod-
erately low. The umbilicus is open and deep, and its margin is
broadly rounded. The surface is ornamented with fine spiral lirae
and finer transverse striae giving a reticulate appearance to the
shell.

According to Gemmellaro the living chamber is long. The suture
is curved andcomposed of numerous tongue-shaped, bluntly pointed
lobes, and rounded saddles. Gemmellaro and Bb'se have shown that
the internal suture is the most characteristic feature of the genus,
being composed of five or six long internal saddles and correspond-
ing long rounded lobes.

Much confusion has existed regarding the relationship of Adrian-
ites and Agathiceras. Mojsisovics and Karpinsky believed that the
two genera should not be separated. Smith pointed out that Adrian-
ites wasnamed first and should be retained,if the two arecongeneric.
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Adrianites, in comparison with Agathiceras, has a wider umbilicus,
its spiral lirae are weaker, the venter is more flattened, and the con-
strictions bend strongly forward in crossing the venter instead of
backward as inAgathiceras. Bose has shown that the external suture
always has at least one more pair of lobes and saddles than Agathi-
ceras. The ventral saddle dividing the ventral lobe is short in
Adrianites. The branches of the ventral lobe thus formed are short
and narrow and are sharply curved toward each other. The ventral
saddle in Agathiceras is long, and the branches of the ventral lobe
are broad, long and straight. The internal suture lines of the two
areentirely different,as noted by Gemmellaro. Agathiceras has two
internal lateral saddles and corresponding lobes; Adrianites has
five or six.

Smith, Bose, and others agree that the two genera grade into each
other, but Adrianites is of later origin and more highly specialized.

Adrianites has been described from Sicily, from the Artinsk of
Russia, from theisland of Timor, and one species isknown from the
Permian of west Texas.

Genotype, Adrianites elegans Gemmellaro (text fig. 28).

Fig. 28. External suture line of Adrianites elegans Gemmellaro

ADRIANITES MARATHONENSIS Bose

PL 32, figs. 21-23

Adrianites marathonensis Bose, 1917, Univ. Texas Bull. 1762, p. 123,-pi. 6,
figs. 47-56.

Description.— The shells are globose with rounded flanks and
somewhat rounded venters. The whorls arenumerousand deeply em-
bracing. The umbilicus is deep and bounded by a steep wall, the
margin of which is rounded. The following measurements are taken
from Bose's two cotypes:
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A B
Diameter (D) 13.2 11.0 mm.
Height of last whorl (H) 5.8 5.0
Height of penultimate whorl 4.0 3.0
Height of last whorl above venter 3.3 2.9
Involution (I) 5.5 2.1
Thickness of last whorl (T) 10.5 7.8
Thickness of penultimate whorl 8.1 5.5
Width of umbilicus (U) 2.2 2.0

Shell ratios—
U I T T

A: — = 0.16 — = 0.98 — =1.81 — = 0.79
D H H D
U I T T

B: — = 0.18 — = 0.42 — =1.56 — = 0.70
D H H D

No shell material is present on the specimens and the ornamen-
tation is unknown. Each whorl shows about three moderately deep
constrictions, which are slightly sinuous on the flanks and bend
sharply forward in crossing the venter.

The living chamber is not shown on either of the specimens. The
suture lines are evenly spaced and are slightly curved anteriorly
in passing from the umbilicus to the venter. The external suture
line consists of seven lobes and six saddles. A seventh saddle lies
just on the inside of the umbilical wall. The ventral lobe is di-
vided by anarrow saddle half as long as the lobe. The branches of
the lobe thus formed are narrow and pointed. They spread apart
at the anterior end and then bend sharply toward each other. The
first lateral lobe is nearly as long as the ventral, is broad, straight
sided, and bluntly pointed. The other lateral lobes decrease in
length toward the umbilicus,are straight sided, and bluntly pointed.
The corresponding saddles are broadly rounded. The internal
suture is not known.

Discussion.— Adrianites marathonensis Bose is easily separated
from species of the genus Agathiceras by characters noted in the
generic description. Bose compared his species with those from
Sicily described by Gemmellaro. It is similar to Adrianites insignis
Gemmellaro,78 but that species is wider in proportion to its di-
'BGemmellaro, G. G., La Fauna dei calcari con Fusulina della valle del fiume Sosio nella

provincia di Palermo: Giorn. Soc. Sci. nat. econ., vol. 19, p. 42, pi. 6, figs. B—lo, 1888.



Geology of Texas, Volume HI, Ammonites 129

ameter than the Texas species, and it has more elements in its ex-
ternal suture. A. elegans Gemmellaro 79 has the same number of
elements in its suture as A. marathonensis,but its venter is much
more narrowly rounded. A. marathonensis is easily separated from
the several other species described by Gemmellaro. It is likewise
easily distinguished from the many species described under Agathi-
ceras by Haniel80 from the island of Timor.

Occurrence.— Two specimens were collected by Bose from the
Word formation near the junction of Road and Gilliland canyons,

Glass Mountains,Brewster County.
Types.— Cotypes at the Bureau of Economic Geology, The Uni

versity of Texas.

Family Vidrioceratidae,n. fam.

This group includes rather globose, involute ammonoids with
rounded flanks, semilunar whorl sections, and a small, deep um-
bilicus. The surface is nearly smooth or ornamented by very fine,
transverse, slightly curved striae. The external suture consists of

Stratigraphic distribution and characters of the Texas genera

in the family Vidrioceratidae

79Idem, p. 41, pi. 6, figs. 14-17, pi. 7, figs. 23, 24.
80Haniel, C. A., Die Cephalopoden der Dyas yon Timor: in Warmer's Paldontologie yon

Timor, Lief. 3, Teil 6, pp. 76, 77, 79, 82, 83, 85, 1915.

Waagenoceras
Gemmellaro

Upper Permian Lobes and saddles strongly divided
(fig. 3S).

Stacheoceras
Gemmellaro

UpperPermian Each half of ventral lobe is bifid
or quadrifid. Lateral lobes are
bifid or trifid, or further subdi-
vided. External suture has many
lobes and saddles (fig. 32).

Peritrochia
Girty

UpperPermian Characters poorly understood (fig.
31).

Marathonites
Bose

LowerPermian
andupper

Pennsylvanian

Each half of ventral lobe bifid.
Lateral lobes trifid or bifid. Ex-
ternal suture has 5 lobes and 6
saddles (fig.30).

Vidrioceras
Bb'se

UpperStrawn ( ? ),
Canyon

Each half of ventral lobe pointed.
First lateral lobe bifid. Second
lateral bifid or pointed. External
suture has 5 lobes and 6 saddles
(fig.29).
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nine to eleven lobes and corresponding saddles. The ventral saddle
is gastrioceran, the other saddles are rounded. The lateral lobes
are bifid or trifid, except the lobes near the umbilicus, which in
some species are pointed.

This family includes five genera, all of which occur in Texas.
The distinguishing characters and stratigraphic occurrences are
shown in the accompanying table.

The genera of the Vidrioceratidae form a phylogenetic series, in
which Vidrioceras develops from a small, umbilicate, transversely
rigid goniatite having the aspect of Nuculoceras of the lower Penn-
sylvania^ through Marathonites in the upper Pennsylvanian, and
into Stacheoceras in the Permian.

Genus Vidrioceras Böse1917

Marathonites (Vidrioceras) Bose, 1917, Univ. Texas Bull. 1762, p. 146.

Mature whorls of this genus are globose, involute,and semilunar
in cross-section. The venter is rounded; the flanks are slightly flat-
tened; the umbilicus is small. The surfaces of most species are
sculptured by three or four prominent, forward-curving constric-
tions and by faint transverse, evenly spaced, wide striae. The ex-
ternal suture consists of about nine lobes and nine saddles. The in-
ternal suture, including the elements on the umblical wall, is made
up of at least ten lobes and ten saddles, making about nineteen
lobes and twenty saddles altogether. The saddles are entire and
rounded. The twohalves of the ventral lobe arepointed. The four
lateral lobes are bifid or pointed. In the internal suture, the three
parts of the dorsal lobe are pointed; the first lateral lobe is bifid,
the other lobes arepointed.

Vidrioceras is easily distinguished from Marathonites by its
suture and from Stacheoceras by its suture and by its whorl section.
In both Marathonites and Stacheoceras the divisions of the ventral
lobe arebifid, and several of the lateral lobes are trifid. In Vidrio-
ceras the ventral lobe has pointed divisions, and the first lateral
lobes are never trifid. Also, when whorls of the same size are com-
pared, Vidrioceras generally has one less lobe and one less saddle
than Marathonites and two or more less than Stacheoceras. The
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whorls of Stacheoceras are more depressed than Marathonites or
Vidrioceras.

Smith81 regarded Vidrioceras as a synonym for Marathonites,and
Schmidt,82 influenced by Smith's interpretations illustrates an im-
mature suture of Shumardites as that of an immatureMarathonites.
Vidrioceras comes from anarrowly umbilicate goniatite with a shape
like Nuculoceras and develops through aProshumardites stage into
its mature aspect. Its suture is at all stages quite distinct from the
suture of Shumardites, and its umbilicus at all stages is smaller
and more like that of Goniatites or Nuculoceras than Shumardites.

Bose and Diener have given Vidrioceras only subgeneric rank.
Those paleontologists who make use of subgenera in their classifi-
cation will doubtless agree. The term, however, represents a dis-
tinct developmental stage which can be easily recognized.

Genotype, Vidrioceras uddeni Bose (PL 30, figs. I—7; text fig. 29).

Fig.29. External suture line of Vidrioceras uddeni Böse

The following species have been recognized in Texas:

Vidrioceras uddeni Bose
Vidrioceras irregulare Bose
Vidriocerasmoorei,n. sp.
Vidrioceras subquadratum,n. sp.

The stratigraphic occurrence, shape, ratios, and distinguishing
characteristics are shown in the following table:

81Smith, J. P., Permian ammonoids of Timor: Jaarb. Mijn. Ned.-Indie, Verh. 1926, p. 44, 1927.
s2Schmidt, H., Tierische Leitfossilien dcs Karbon: in Gurich's Leitfossilien, Lief. 6, text

fig. 17, 1929.
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Distribution and characters of Texas species of Vidrioceras

*Large specimen from Uddenites schucherti zone of Gaptank formation at Wolf
Camp.

fSmall specimen from same locality.

VIDRIOCERAS MOOREI,n. sp.

PL 30', figs, 8-12:

Description.— The shell is globose with a slight lateral compres-
sion. The whorls are completely embracing, the umbilicus is very
narrow and deep. The following measurements present the pro-
portions: -

Diameter (D) I 8.0' mm.
Height of last whorl (H) '. 4.5
Height of penultimate whorl '. 3.2
Height of last whorl above venter 2.0
Involution (I) i ■:__ 3.1
Thickness of last whorl (T) 6.7
Thickness of penultimate whorl— 5.1
Width of umbilicus (U)_ 0.65
Shell ratios—

U I T T_= 0.08 — = 0.69 ■ — =1.49 — = 0.84
D H H D

The surface of the shell is smooth except for three pronounced
constrictions that pass over each whorl from umbilicus to um-
bilicus across the ventral area.

SPECIES OCCURRENCE
— —

CHARACTERISTICS
D H H D

ridrioceras
subquadratum,
n. sp.

Lower 0.076 0.43
Permian,
Wolfcamp

1.26

Umbilicus almost closed;
whorl globose, subquad-

-0.68 rate cross section;fine, al-
most straight striae, no
constrictions ; first three
lateral lobes asymmetri-
cally bifid.

'idrioceras
uddeni
Bose

Upper 0.12* 0.87
Pennsylvanian, 0.17f 0.55

Gaptank

1.84
1.50

Umbilicus almost closed;
shell subglobose, flanks sub-

-0.78 flattened; faint transverse
0.90 striae and undulations ;

first lateral lobes bifid, sec-
ond laterals pointed, third
laterals bifid, fourth lat-
erals pointed.

idrioceras
irregulare
Bose

Upper o.oB* 0.65
Pennsylvanian, 0.096f 0.78

Gaptank

1.70
1.75

0.86 Closed umbilicus ;very ro-
-0.83 bust;first and second lat-

eral lobes bifid, third lobe
trifid.

idrioceras
moorei,
n. sp.

Upper 0.69
Pennsylvanian,

Caddo Creek
and Graham

1.35

Closed umbilicus; three or
four deep constrictions

0.79 nearly straight. Septa not
close together. Both trans-
verse and longitudinal
striae spaced close to-
gether.
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The suture consists of sixteen lobes and sixteen saddles, not in-
cluding the secondary elements in the dorsal lobe. The ventral lobe
is divided into two pointed divisions by a rather broad saddle. The
first lateral lobes are asymmetrically bifid, all the other lobes are
pointed. The saddles are broad, rounded, and entire. The internal
suturehas a long, deeply trifid dorsal lobe, so characteristic of this
genus. The.secondary lobes and all internal lateral lobes, except
the first lateral, are pointed. The first lateral internal lobe isbifid.

Discussion.— This species is distinguished from its congenersby
being less compressed laterally,by its broader saddles, by its three
transverse constrictions across each whorl which are not deflected
backward on the ventral area. It is distinguished from similar
species of the genus Marathonites by its bifid lateral lobes. It
closely resembles Marathonites parkeri (Heilprin) and Vidrioceras
uddeni Bose, but these species have less pronounced constrictions;
Marathonites ganti (Smith) has pronounced constrictions, but they
have a sharpbackward reflection across the venter, whereas the con-
strictions on V. moorei are nearly straight. The species has been
named in honor of Dr.R. C. Moore.

Occurrence.— The specimens have been collected from the Caddo
Creek formation, Canyon group, Pennsylvanian, in a shale bank
5% miles northwest of Chico and one-quarter of a mile north of
the Jacksboro-Bridgeport highway near the Wise-Jack county line,
Wise County, and from the Graham formation 6% miles northeast
of Jacksboro near the old Jacksboro-Bridgeport highway.

Types.— Cotypes are in the geological museumof Texas Christian
University and in the Plummer Collection, Bureau of Economic
Geology, TheUniversity of Texas.

VIDRIOCERAS IRREGULARE Bose

PI. 30, figs. 18-20

Vidrioceras irregulare Bose, 1917, Univ. Texas Bull. 1762, p. 152, pi. 7, figs.
62-73,

Description.— The shell is globose with broad, low, rounded
whorls semilunar in cross-section. The umbilicus is narrowand deep
and has agently rounded margin. The measurements of Bose's two
type specimens are as follows:
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A B
Diameter (D) 23.5 19.8 mm.
Height of last whorl (H) 12.0 9.4
Height of penultimate whorl 8.0 7.5
Height of last whorl above venter 3.2 4.0
Involution (I) 7.8 7.4
Thickness of last whorl (T) 20.3 16.5
Thickness of penultimate whorl 16.0
Width of umbilicus (U) 1.9 1.9

Shell ratios—
■

U I T T
A:

— =0.08 — = 0.65 — = 1.70 — = 0.86
D H H D

U I T T
B: — = 0.096 — = 0.78 — = 1.75 — = 0.83

D H H D

The sculpture is not well preserved on the limonite casts. The
writers' observations agree with Bose's descriptions that there are
"three deep transversal constrictions which are strongly curved
toward the front." Parallel to these constrictions are faint striae.

The specimens are entirely septate. Successive septa are well
separated. All the saddles are long, rounded, slender, and con-
stricted. The ventral lobe is dividedby aventral saddle, each branch
being asymmetrically pointed medially. The first lateral lobe is
nearly symmetrical and bifid, the second is asymmetrically bifid,the
third isbroad and asymmetrically trifid, the shortest point being on
the medial side of the lobe, as pointed out by_Bose. There is a short,
undivided fourth lateral lobe on the flank,and a short rounded lobe
on the umbilical wall. The internal suture is not shown.

Discussion.— The two specimens of this species figured and de-
scribed by Bose are the only ones yet found. The species differs from
V. uddeni Bose in its more rounded venter and in its third lateral
lobe which is trifid, whereas in V. uddeni this element is bifid.
The species is distinguished from V. moorei, n. sp., by the same
characters and by the sinuosityof its constrictions.

Occurrence.— Bose's two specimens were collected from the Ud-
denites zone at the top of the Gaptank formation, Wolf Camp, Glass
Mountains,Brewster County.

Types.— Cotypes are in the Bureau of Economic Geology, The
University of Texas.
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VIDRIOCERAS UDDENI BSse

PL 30, figs. 1-7; text fig. 29

Vidriocerasuddeni Bose, 1917, Univ. Texas Bull.1762, p. 149, pi. 7, figs. 40-61.

Description.— The shell is subglobose with somewhat flattened
flanks and flattened ventral portion. The umbilicus is small, deep,
and has a slightly rounded shoulder. The measurements of two of
Bose's cotypes (A, B) are givenbelow.

A B
Diameter (D) 23,2 14.6 mm.
Height of last whorl (H) 9.8 8.8
Height of penultimate whorl : 8.8 6.1
Height of last whorl above venter 5.2 4.0
Involution (I) 8.5 4.8
Thickness of last whorl (T) 18,0 13.2
Thickness of penultimate whorl 13.3 9.7
Width of umbilicus (U) 2,7 2.5

Shell ratios—
U I T T

A: — = 0.12 — =0.87 — =1.84 — = 0.78
D H H D
U I T T .

B: — = 0.17 — = 0.55 — = 1.50 — = 0.90
D H H D

The sculpture on the shells is not well preserved, but they are
evidently marked by faint transverse striae and light transverse
undulations on the flanks. There are three deep transverse con-
strictionsper whorl which curve sharply forward across the venter.

The external suture consists of nine lobes andnine saddles; the in-
ternal suture of seven lobes and six saddles. The dorsal lobe is
divided into three secondary lobes by two narrowsecondary saddles.
All the saddles are rounded. The lateral saddles are somewhat con-
stricted, especially the first laterals. The extremities of the ventral
and dorsal lobes arepointed. The first laterals arebifid, the second
laterals are pointed, the third laterals are bifid, and the fourth
laterals arepointed.

Discussion.— The specimens from Jack County are slightly more
compressed than Bose's types from the Glass Mountains. Theyhave,
however, the same pointed second lateral lobe, a feature that dis-
tinguishes this species from V.irregulare Bose whichhasbifid second
laterals. It is easily distinguished from species of Marathonites by
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its simpler suture, and especially by its ventral lobe and by its lack
of trifid lateral lobes.

Occurrence.— This species has been collected from the Caddo
Creek formation, Canyon group,Pennsylvanian, 2 miles northeast
of Cundiff, Jack County. Bose's specimens came from the Vdden-
ites zone in the top of the Gaptank formation, Wolf Camp, Glass
Mountains,Brewster County.

Types.— Cotypes and plesiotypes are in the Bureau of Economic
Geology, The University of Texas.

VIDRIOCERAS SUBQUADRATUM, n. sp.

PL 30, figs. 21, 22

Description.— The shell is globose with flattened flanks and venter
giving a subquadrate appearance to the cross-section. The whorls
aredeeply embracing, and the umbilicus is deep and almost closed.
The following measurements present theproportions of the holotype:

Diameter (D) 17.8 mm.
Height of last whorl (H) .. 9.5
Height of penultimate whorl 6.0
Height of last whorl above venter 4.2
Involution (I) 4.1
Thickness of last whorl (T) 12.0
Thickness of penultimate whorl 8.5
Width of umbilicus (U) 1.3

Shell ratios—
U I T T— = 0.076 — = 0.43 — =1.26 — = 0.68
D H H D

There are fine, almost straight, striae encircling the whorls and
making the slight sinus on the venter. No constrictions are present.

The internal suture can not be observed. The external suture
consists of nine lobes and nineprimary saddles. The ventral lobe is
divided into two long, slender, pointed partsby a secondary ventral
saddle about half as long as the lobe. The first, second, and third
lateral lobes are asymmetrically bifid. A fourth low, rounded lobe
lies on theumbilical margin. The saddles areall broad and rounded.

Discussion.— This species is easily recognized by its subquadrate
whorl section and by its suture. V. subquadratum, n. sp., is the
only species of the genus yet known in which all three of the first
lateral lobes arebifid.
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Occurrence.— Numerous specimens have been collected by C. L.
Baker from the Wolfcamp formation, 2% miles north of Decie's
ranch near Marathon,Brewster County. The locality can be reached
by following the road northeast from the ranch for about 1mile
to Poplar Tank,walk northwest along ahighridge that runs parallel
to a southeast-flowing draw to a point where basal Wolfcamp con-
glomerate lies on folded novaculite. The fossils arebetween 20 and
30 feet above the conglomerate.

Types.— Holotype and paratypes are at the Bureauof Economic
Geology, The University of Texas.

Genus Marathonites Böse 1917

Popanoceras Hyatt (pars), 1884, Proc. Boston Soc. Nat. Hist., vol. 22, p. 337.
Stacheoceras Gemmellaro (pars), 1888, Giorn.Soc. Sci. nat.econ.,vol.19,p. 19.
Popanoceras,Karpinsky (pars), 1889, Mem. Acad. imper. Sci. St. Petersbourg,

ser. 7, vol. 37, No. 2, p. 67.
Popanoceras, Smith (pars), 1903, U. S. Geol. Survey Mon. 42, p. 132.
Popanoceras, Haniel (pars), 1915, Die Gephalopoden der Dyas yon Timor,

p. 88,
Marathonites Bose,1917, Univ. Texas Bull. 1762, p. 133.
Marathonites, Smith, 1927, Jaarb, Mijnw. Ned.-Indie, Verh. 1926, p. 44.

The members of this genus have very involute and globose shells;
their whorls are semilunar in cross-section and are crossed by
transverse constrictions; the umbilicus is small and deep; and the
surface is ornamented by transverse striae that curve slightly back-
ward. The genus is characterized by its suture, which in well-
developed species consists of nine to eleven lobes between the
opposite umbilical shoulders. The ventral lobe is broad and is
divided into twobranches by a saddle that is somewhat constricted
in the middle. Each of the twobranches of, the ventral lobe is bifid.
The dorsal lobe isdivided into threeparts by two relatively long and
slender saddles. The middle branch ismuch longer than the lateral
branches. All the other lobes of both the internal and external
sutures areeither trifid or bifid. All the saddles, except the ventral
are long, slender, rounded, entire; the larger ones are slightly
constricted near the base.

Marathonites resembles most closely Stacheoceras Gemmellaro.
It is distinguished only by its fewer lateral lobes and saddles, and
by its more globose appearance. Marathonites has nine to eleven
lobes in its external suture; Stacheoceras has as many as
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twenty-one lobes and twenty-two saddles. Marathonites is dis-
tinguished from Popanoceras by the shape of its dorsal lobe and
by its more globose and less compressed shell. The dorsal lobe of
Popanoceras is about the same length as that of the following lateral
lobes. The dorsal lobe in Marathonites is long, lanceolate, and
pointed, and the saddles on each side are low and slender. The
second saddle on each side of the dorsal lobe is longer and broader
than the first, and these areseparated by a narrow, pointed, asym-
metrical lobe much shorter than the dorsal lobe. The twobranches
of the ventral lobe in the closely related genus Vidrioceras are
pointed.

Genotype, Marathonites j.p.smithi Bose [ =M. ganti (Smith)]
(PL 31, figs. 1-9; text fig. 30).

Fig. 30. External suture line of Marathonites j.p.smithiBöse

Seven species of this genus have been identified from Texas.
The stratigraphic occurrence, shell ratios, and distinguishing
characteristics are shown in the following table:

v T T
SPECIES OCCURRENCE CHARACTERISTICS

D H 0
Marathonites

delawareanus,
n.sp.

Delaware
Mountain
formation

Characterized by low umbilical
costae which giverise to numerous
cancellate striae.

Marathonites
electraensis,
n. sp.

MiddleWichita 0.003
group,

Belle Plains
formation

1.02 0.59 No constrictions ; surface striae
very close; first two pairs of lat-
eral lobes trifid;second two wide
and pointed.

Marathonites
sellardsi,
n. sp.

liower Wichita 0.21
group,

Admiral
formation

1.3 0.58 Wide umbilicus ; obscure con-
strictions ; dorsal lobe trifid,
notched with very shallow sec-
ondary saddles.

Marathonites
ganti (Smith)

Upper 0.06
Pennsylvanian,

Graham
formation

1.03 0.60 Striae not close together; very
small umbilicus;four or fiveback-
ward curving constrictions ;mid-
dle point on trilobate lobes
longest; septa not close together.

Marathonites
j.p.smithi
Bose
(= M. ganti)

Upper 0.10
Pennsylvanian,

Gaptank
formation

1.5 0.57

Do.
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MARATHONITES PARKERI (Heilprin)

PL 30, figs. 13-17;PI. 32, figs. 15-18

Ammonites parkeri Heilprin, 1884, Proc. Acad. Nat. Sci. Philadelphia, p. 53,
figs. 1, 2,

Popanoceras aff. parkeri, Karpinsky, 1889, M|em. Acad. imper. Sci. St. Peters-
bourg, ser. 7, vol. 37, No. 2, p. 75, pi. 5, fig. 5.

Popanoceras parkeri, Smith, 1903, U. S. Geol. Survey Mon. 42, p. 133, pi. 16,
fig. 21.

Marathonites? hargisi Bose, 1917, Univ. Texas Bull. 1762, p. 144, pi. 7, figs.
33-39.

Marathonites hargisi, A. K. Miller, 1930, Jour. Pal., vol. 4, p. 409, pi. 39,
figs. 1-5.

Description.— The shell is subglobose with a diameter about
twice its thickness. The whorl is semilunar in cross-section and
somewhat wider than high, and it embraces the preceding whorl to
more than half its height. The venter is evenly rounded. The um-
bilicus is small though prominent with a diameter of abouthalf the
height of the last whorl above the venter. The living chamber is
more than one whorl in length and ispreservedonmost of the speci-
mens. The whbrl expands slowly and the increase in height with
growth exceeds theincrease in width;so that the width of specimens
less than 15 millimeters in diameter is proportionately greater than
that of more mature forms. This greater lateral compression in
mature shells maybe due in part to a tendency of the larger shells
to become crushed. The shell wall is exceedingly thin and is readily
deformed. The measurements of the best specimens are as follows:

v T T
SPECIES OCCURRENCE

—
CHARACTERISTICS

D H D
Marathonites Upper 0.04

sulcatus Pennsylvanian,
Bose Graham and

Gaptank
formations

1.47 0.52 Umbilicus very narrow;four deep
constrictions;septa very close to-
gether;points of trifld lobes about
equal in length;saddles and lobes
broad.

Marathonites Upper 0.24
vidriensis Pennsylvanian,
Bose Grahamand

Gaptank
formations

1.8 0.79 Wide umbilicus ; three deep con-
strictions that lean backward
slightly;striae fine and close to-
gether.

Marathonites Upper 0.25
parkeri Pennsylvanian,0.29
(Heilprin) Grafordand

Gaptank
formations

1.59
2.2

0.60
0.80

Moderately wide umbilicus; sec-
ond lateral lobe bifid, third lateral
trifid.

Marathonites Upper 0.25
hargisiBose Pennsylvanian,
(=M.parkeri) upper

Gaptank
formation

2.06 0.90

Do.
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A B C
Diameter (D)__ 23.7 14.0 12,0 mm.
Height of last whorl (H) 9.0 5,0 5.0
Height of penultimate whorl 7.0 4.0
Height of last whorl above venter 6.01 3,0'
Involution (I) 6.0 3,2
Thickness of last whorl (T) 14.3 11.0 10.3
Thickness of penultimate whorl 11.5 9.5
Width of umbilicus (U) 6.0 4.0 3.0

Shell ratios—■

U I T T
A: — = 0.25 — = 0.67 — =1.59 — = 0.60

D H H D
U I T T

B: — = 0.29 — =0.64 — = 2.20 — = 0.79
D H H D

U T T
C: — = 0.25 — = 2.06 — = 0,86

D H D

The two largest specimens, which have diameters of 40 and 33.5
millimeters, show no constrictions. The other smaller specimens
have from one to three faint, shallow, narrow, gently backward-
bending constrictions. The surface of the shell is beautifully orna-
mented by fine, delicate, backward-bending transverse striae that
number about thirteen in five millimeters. Both constrictions and
striae form a shallow sinus on the venter. These fine markings are
crossed by still finer and fainter longitudinal lirae which give the
side of the shell avery faint cancellate appearance. The longitudinal
markings areabsent or only barely perceptible on the venter. Both
the transverse and the longitudinal lines are somewhat plainer on
the young forms than on the larger ones. The largest specimens
show the transverse lines faintly but not the longitudinal ones.

The external suture consists of twelve saddles and eleven lobes.
The ventral lobe is notched by a short, bifid, club-shaped ventral
saddle. The twohalves thus formed are also bifid. The first lateral
lobe isbifid. The second lateral lobe is trifid with its central prong
longest. The third lateral lobe isbifid. The fourth lateral ispointed.
The fifth lateral lies on the umbilical wall. All saddles, except the
ventral saddle, are rounded, and the first lateral is the largest. The
internal suture consists of a trifid dorsal lobe, three pairs of bifid
lateral lobes, a pair of small pointed fourth laterals, and another
pair of tiny lobes on the umbilical wall— eleven primary lobes and
ten primary saddles in all. All the internal saddles are rounded.
In small immature whorls the second lateral lobes are pointed.
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Discussion.— This species is the oldest member of the genus. It
is very close to, if not identical with, the specimens from Glass
Mountains which have been named Marathonites hargisi Bose. The
type for Bose's speciesis acast, so that the sculpture does not show.
Its shape and sutures are almost identical with M. parkeri (Heil-
prin). Bose states that M. parkeri has the first auxiliary, and not
the second, on the umbilical shoulder. This observation has been
made on immature shells. In the mature specimens from Wise
County, the second auxiliary lies on the umbilical shoulder, as in
M. hargisi.

This species can be distinguished from its congeners by its bifid
first lateral lobe. In all the younger upper Canyon and Cisco
species, the first lateral lobe is trifid.

Occurrence.— Heilprin's specimen, according to J. P. Smith, was
collected from the Middle Coal Measures, Strawn formation, Wise
County. The writers have collected numerous specimens from the
Bridgeport Brick Company clay pit in Bridgeport, Wise County.
Bose's single specimen, described as M. hargisi, was collected on an
anticline on Hargis' ranch along Southern Pacific Railroad, mile-
post 580, about 4 miles west of Marathon. Miller's specimens, de-
scribed under the same name, came from the uppermost part of the
Gaptank formation, 1% miles due south of Arnold's ranch, Glass
Mountains,Brewster County. Other collections have been made in
the same general area,5 miles northeast of Wolf Camp. Numerous
specimens from all these localities are in the writers' collection.

Types.— Every effort has been made to locate Heilprin's type,
but it is apparently lost. Neocotypes have been selected from the
clay pit at Bridgeport, Wise County. This is in the same general
area and may be the same locality from which Heilprin's specimen
came.

MARATHONITES VIDRIENSIS Bose

PL 31, figs. 10kL3; PL 32, figs. 10, 11

Marathonites vidriensis Bose, 1917, Univ. Texas Bull. 1762, p. 141, pi. 7, figs.
5-32.

Description.— Representatives of this species are subglobose, in-
volute in form with whorls that increase very slowly in size. The
ventral area isbroadly rounded. The flanks show some compression..
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The greatest thickness of the whorls lies just above the umbilicus,
which is deep and narrow and bounded by a steep umbilical wall
and by a rounded umbilical shoulder.

ABC
Diameter (D) 9.17 13.0 10.5 mm.
Height of last whorl (H) 4.0O 6.4 5.1
Height of penultimate whorl 3.3 4.3 3.5
Height of last whorl above venter 2.0 3.5 3.0
Involution (I) 2.5 3.0 2,5
Thickness of last whorl (T) 7.19 10.0 8.6
Width of umbilicus (U) 2.45 2.4 o.O

Shell ratios—
U I T T

A: — = 0.26 — =0.652 — = 1.80 — = 0.78
D H H D
U I T T

B: — =0.18 — = 0.47 — =1.60 — = 0.77
D H H D
U I T T

C: — = 0.24 — = 0.49 — =1.70 — = 0.82
D H H D

A. Specimen from 1% miles west of South Bend, Young County
(No. C-414).

B. One of Bose's cotypes from Wolf Camp (No. B^113)
C. Another specimen from Wolf Camp, Glass Mountains (No. B^113a).

The only sculpture on the casts consists of three rather prominent
constrictions, which are inclined posteriorly in approaching the
venter but do not show a pronounced sinus.

The suture is nearly straight across the flanks but bends slightly
backward over the venter. It consists of twenty-one primary lobes
and twenty-one primary saddles. The ventral lobe is broad, and
each of its two divisions is bifid. The first three lateral lobes are
trifid, in which the central point is longest. The fourth lateral lobe
is bifid,and the fifth which is on the shoulder is simple and pointed.
The ventral saddle is long andnarrow, as areall the rounded lateral
saddles. All the saddles areslightly constricted. The internal suture
is characterized by a broad dorsal lobe divided into three pointed
divisions by two long secondary saddles. The first and fourth in-
ternal lateral lobes are bifid, the second and third are trifid.

Discussion.— The differences between this species and its con-
geners arepresented in the preceding table of species of this generic
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group. The characteristic features are its wide umbilicus,the back-
wardly inclined constrictions,and its peculiar suture with trind first,
second, and third external lateral lobes; its bifid first and fourth
internal lateral lobes,and its trifid second and third internal lateral
lobes.

Occurrence.— The cotypes of this species were collected by Bose
from the Uddenites zone near the top of the Gaptank formation,
Wolf Camp, Glass Mountains, Brewster County. Other specimens
have been found in the Graham formation, Cisco group, in an out-
crop one-half mile southwest of South Bend, Young County, on the
south side of a prominent erosional remnant south of the South
Bend-Eliasville road.

Types.— Cotypes in the Bureau of Economic Geology, The Uni-
versity of Texas; plesiotypes in the geological museum, Texas Chris-
tian University.

MARATHONITES SULCATUS Bose

PL 31, figs. 14-18

Marathonitessulcatus Bose, 1917, Univ.Texas Bull. 1762, p.139, pi. 7, figs. 1-4.

Description.— This common species in the upper Pennsylvania!!
has been described by Bose as having a subglobose shape, aslightly
flattened umbilical area, slightly curving sides, rounded venter, and
a very narrow umbilicus bounded by a steep umbilical wall. The
measurements of Bb'se's holotype (A) and two new plesiotypes
from north Texas (B, C) are as follows:

ABC
Diameter (D) 19.9 20.0 15.0 mm.
Height of last whorl (H) 12,0 12,5 8.5
Height of penultimate whorl 6.8 8.0 5.9
Height of last whorl above venter 6.0 6.4 4.5
Involution (I) 6.0 6,1 5.0
Thickness of last whorl (T) 14.7 13,9 11.0
Thickness of penultimate whorl 9.0' 10.0 8.0
Width of umbilicus (U) 0.8 0.9 0.7
Shell ratios—

U I T T
A: — = 0.04 — = 0.50 — =1.22 — = 0.74

D H H D
U I T T

B: — = 0.045 — = 0.49 — =1.11 — = 0.695
D H H D
U I T T

C: — = 0.05 — = 0.59 — =1.29 — = 0.73
D H H D
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Each whorl is crossed by four deep constrictions that form a
shallow sinus across the venter. Faint transverse, wide striaesculp-
ture the flanks and probably cross the venter, but the surface of the
specimens is toopoorly preserved to show them on most specimens.

The septa are set very close together,and on the flanks of mature
specimens the sutures are in contact at many points. The external
suture is composed of eleven lobes and eleven saddles on mature
whorls. The ventral lobe is divided into two bifid divisions by a
rather high, slender ventral saddle. The first three lateral lobes
are broad and trifid; the fourth lateral is broad and bifid; the fifth
is simple andpointedand lies on the umbilical wall; all the saddles
are broad and rounded; the first lateral is much constricted; the
second and third are slightly constricted; the fourth is short and
wide and not constricted. The internal suture is shown on Plate 30,
figure 17.

Discussion.— The relationship of Marathonites sulcatus Bose to
allied species is shown in the preceding table. It is characterized
by its flattened flanks, its extremely small umbilici,its four narrow,
deep constrictions that bend backward across the venter, and its su-
ture which has trifid first, second, and third lateral lobes, a bifid
fourth lateral, and a simple, pointed fifth lateral on the umbilical
wall. It is a suture that indicates higher development than that of
any other species of this genus below the Permian. It is further
distinguished by the close spacing of the septa, which on the larger
whorls are in contact at many points.

Occurrence.— The holotype was collected by Bose from the Ud-
denites zone at the top of the Gaptank formation, Wolf Camp, Glass
Mountains, Brewster County. Other specimens have been found by
R. B. Newcome in the Graham formation, 1% miles east of Fife,
McCulloch County. Ithas been found also 1% miles east of Caddo,
Stephens County.

Types.— The holotype and plesiotypesare deposited at the Bureau
of Economic Geology, The University of Texas.
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MARATHONITES GANTI (Smith)

PI. 31, figs. 1-9, text fig, 30

Popanocerasganti Smith, 1903, U. S. Geol. Survey Mon. 42, p. 132, pi. 21,
figs. 14-16,

Marathonites j.p.smithi Bose, 1917, Univ. Texas Bull. 1762, p. 135, pi. 6, figs.
77-89.

Marathonites j.p.smithi, Smith, 1929, Am. Jour. Sci., ser. 5, vol. 17, p. 77,
fig. C, 1-21.

Description.— The shell is of medium size, globose, and tightly
coiled. The whorl isbroad and low with slightly inflated flanks and
broadly rounded venter and is lunate in cross-section. The umbili-
cus is deep and nearly closed. Two of Bose's cotypes (A, B), a
plesiotype from near Graham (C) in Young County, the holotype
(D), and aplesiotype from 4 miles northeast of Mitchell Crossing
(E) in Coleman County show the following measurements and
proportions:

A B C D E
Diameter (D) 24.0 15.2 23.6 25.0 19.0 mm.
Height of last whorl (H) 13,0 8.2 13,0 14.5 9.4
Height of penultimate whorl 8,7 6.4 7.8 6.5 5.3
Height of last whorlabove venter____ 5.3 3.0 ____ 4.0
Involution (I) 8.0 5.2 6.0 8.0 5.0
Thickness of last whorl (T) 14.5 11.6 14.6 15.0 13,5
Thickness of penultimate whorl 11.7 8.0 10.0 ____ 6.0
Width of umbilicus (U) 2,0 1.8 1.6 1.5 3,0

Shell ratios—
U I T T

A: — = 0.08 — = 0.62 — =1.12 — = 0.60
D H H D
U I T T

B: — = 0.12 — = 0.63 — =1.42 — = 0.76
D H H D
U I T T

C; — =0.07 — = 0.46 — =1.12 — = 0.62
D H H D
U I T T

D: — = 0.06 — = 0.55 — = 1.03 — = 0.60
D H H D
U I T T

E: — = 0.16 — = 0.53 — = 1.44 — = 0.71
D H H D

The surface of the shell shows fine, transverse, raised striae
spaced eight in five millimeters on well-preserved surfaces. The
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whorl is crossed by one to five constrictions, which curve sharply
backward over the venter.

The suture consists of a ventral lobe, five pairs of external
lateral lobes, a dorsal lobe, five pairs of internal lateral lobes, and
the same number of intervening saddles. The halves of the ventral
lobe are bifid. The first four lateral lobes are trifid on mature
specimens. The ventral saddle is short.

Discussion.— The relationships of this species to allied forms
are shown in the preceding table. Its sharply curved shallow con-
strictions on each convolution,its narrowumbilicus,its moreglobose
form, and its trifid first four lateral lobes are characters that dis-
tinguish it from its congeners in the upperPennsylvanian.

An interesting specimen of Marathonites collected by R. E. King
is labeled "Upper Wolfcamp south of summit of Dugout Moun-
tain." It closely resembles M. ganti although its whorl section is a
little thinner than most representatives of the species. The suture
line of the specimen is peculiar in that the first lateral lobe on one
side is regularly trifid and on the oppositeside it is quadrifid.

Occurrence.— Marathonites ganti (Smith,) was first described
from an outcrop of the Graham formation, Cisco group, near Gra-
ham, YoungCounty. It occurs also in the sameformation 1%miles
east of Fife,McCulloch County; 6% miles northeast of JacksboroJ
Jack County; one-eighth of amilenorth-northeast of Weedon School,
Brown County; and it has been reported and figuredby Smith from
the Upper Coal Measures at Howard, Kansas. Bose's specimens are
from the Uddenites zone at the top of the Gaptank formation, Wolf
Camp, Glass Mountains,Brewster County.

Types.— Holotype in U. S. National Museum, Plesiotypes in the
Bureau of Economic Geology, The University of Texas.

MARATHONITES SELLARDSI,n. sp.

PL 32, figs. 3-9

Description.— The shell is subglobose withslightly flattened flanks.
The whorl is high, rounded and lunar-shaped in cross-section.
The umbilicus is slightly less than one fifth the diameter of the
shell. Measurements of the three best specimens are as follows:
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A B C
Diameter (D) 21.0 16.0 14.1 mm.
Height of last whorl (H)-.: 9.0 7.3 6.2
Height of penultimate whorl 7.0! 4.3 4.9
Height of last whorlabove venter. 4.9 3.6 3.0
Involution (I) 4.0 4.0 3,2
Thickness of last whorl (T) 11.0 9.3 9.0
Thickness of penultimate whorl 7.9 7.2 7.0
Width of umbilicus (U) . 4.5 3,5 3,3

Shell ratios—
U I T T

A: — = 0.21 — = 0.44 — = 1.22 — = 0.52
D H H D
U I T T

B: — = 0.22 — =0.55 — = 1.27 — = 0.58
D H H D
U I T T

C: — =0.21 — = 0.52 — =1.45 — = 0.64
D H H D

The surface is covered by exceedingly fine transverse markings
consisting of fine non-crenulate elevations spaced about twenty in
five millimeters. These are so small that they are visible only with
ahand lens. Constrictions are not prominent. One specimen shows
a constriction that bends sharply backward across the venter.

The suture lies along a nearly straight line across the whorl and
is separated from its adjacent sutures by a space equal to about half
the length of the lobes. The suture consists of about twenty lobes
and twenty saddles. The ventral lobe is broad and is divided by a
short broad, bifid ventral saddle. It is flanked on each side by four
trifid lateral lobes. The lateral saddles are broad, rounded, and are
not constricted. The internal suture is well shown. It consists of a
trifid dorsal lobe without long secondary saddles; long, slender,
trifid first and second lateral lobes; long slender, pointed third
lateral lobes; and a short, broad pointed fourth lateral lobe. The
internal saddles are long, slender, and constricted. The internal
lobes and saddles are proportionately much longer, more slender,
and more constricted than the external ones.

Discussion.— Marathonites sellardsi, n. sp., resembles M. ganti
(Smith). It is, however, slightly more compressed, has. a much
wider umbilicus,much less prominent constrictions, and less con-
stricted exterior lobes and saddles. The comparison of M. sellardsi
with other species of this genus is shown on the preceding table.
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It differs from all others in the greater umbilical width and in the
shorter notches and points in its dorsal lobe.

Occurrence.— -M. sellardsi,n. sp., was found by Paul Applin in
the Indian Creek shale, 50 feet below the Coleman limestone of the
Admiral formation, basal Wichita group, at a locality 4% miles
south-southwest of Coleman, Coleman County.

Types.— Cotypes are in the Plummer Collection,Bureau of Eco-
nomic Geology, The University of Texas.

MARATHONITES ELECTRAENSIS,n. sp.

PL 32, figs. 1, 2

Stacheoceras, n. sp., Bose, 1917, Univ. Texas Bull. 1762, p. 190.

Description.— This ammonoid was described by Bose, but since
he was unable to illustrate it at the time, no specific name was given
to it. The following description is adapted from Bb'se's original
notes:

The whorl is elliptical in cross-section, nearly as wide as high,
slightly flattened on the flanks, with its greatest thickness about one-
third the distance between the umbilical shoulder and the periphery.
The venter is gently rounded and grades into the flanks without a
ventro-lateral angle. The umbilicus is very narrow, almost closed,
and isbounded by a slightly rounded border. The measurements of
the holotype are as follows:

Diameter (D) 16.2 mm.
Height of last whorl (H) 9.7
Height of penultimate whorl 6.0
Height of last whorl above venter 5.8
Involution (I) 5.0
Thickness of last whorl (T) 9.5
Thickness of penultimate whorl 7.1
Width of umbilicus (U) 0.05

Shell ratios—
II I T T__ = 0.003 — =0.52 — *= 0.98 —

■= 0.59
D H H D

The surface is ornamented by very obscure, fine, closely set striae.
The whorls do not bear constrictions.

The external suture consists of a broad ventral lobe divided into
two bifid parts by a medium-sized, bottle-shaped ventral saddle;
trifid first and second lateral lobes; simple and pointed third and
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fourth lateral lobes, and a fifth pair of short, pointed lateral lobes
on the umbilical shoulders. The saddles are all long and rounded,
tongue-shaped, and slightly constricted at the middle. The internal
suture is not shown.

Discussion.— This species resembles Marathonites sellardsi,n. sp.,
M. gradlis Smith, and Popanoceras walcotti White. It is readily
distinguished from Marathonites sellardsi by its much narrower
umbilicus,by its broader lobes and saddles, and inhaving only two
pairs of trifid lateral lobes. The other lobes aresimple and pointed.
M.sellardsi has narrowsutural elements,and its first three lobes are
trifid. M. dieneri Smith from the Permian of Timor has a trifid
second lateral lobe, the others are bifid. M. gracilisss from Timor
is similar to this species but has a more V-shaped ventral lobe, a
more compressed whorl, and three trifid lateral lobes in its most
mature suture.

Marathonites electraensis, n. sp., was collected by W. E. Wrather
while exploring oil lands in north Texas and was received by Bose
too late to illustrate in his monograph. Bose, nevertheless, described
the examples in considerable detail, and his specimens weresent to
Peabody Museum after his death. Through the kindness of Prof.
Chas. Schuchert these valuable specimens have been made available
for illustration for the first time in this publication.

Occurrence.— This species occurs below the Beaverburk limestone,
Clyde formation, Wichita group, 4 miles south of Electra, Wichita
County.

Types.— Holotype in Peabody Museum, Yale University

MARATHONITES DELAWAREANUS, n. sp.

PL 32, figs. 19, 20

Description.— The specimens described under this new name are
beautifully preserved insilica which has replaced the shell material.
The shell is globose with rounded, deeply embracing whorls. The
umbilicus is narrow and deep with steep walls. The measurements
of the twobest specimens are as follows:

83Sraith, J. P., Permian ammonoids of Timor: Jaarb. Mijnw. Ned.-Indie, Verh. 1926, M. dieneri,
p. 46. pi. 11, figs. 1-12; M. gracilis, p. 47, pi.13, figs. 1-6. 1927.
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A B
Diameter (D) 21.3 mm.
Height of last whorl (H) 11.3
Height of penultimate whorl 7.6 10.0
Height of last whorl above venter 7.3
Involution (I) 6.0
Thickness of last whorl (T) 12.4 12.7
Thickness of penultimate whorl 9.2 9.5
Width of umbilicus (U) 3.9 3.0

Shell ratios of B—
U T— =0.15 — = 0.59
D D

The surface sculpture consists of low, widely spaced umbilical
costae from which spring numerous fine, finely cancellate striae.
These pass in an almost straight line across the venter. Specimen
(A) has its living chamber with its apertural opening well pre-
served. The flared aperture is immediately preceded by a deep
constriction which passes entirely around the external part of the
whorl. Three other constrictions are shown.

The suture line could not be prepared on the delicate material.
An idea of the septa may be had from the broken cross-sections.
The external suture has the usual deeply divided ventral lobe, the
branches of which arealso divided, three divided lateral lobes and
anundivided lobe on the umbilical margin. The internal suture con-
sists of a dorsal lobe flanked by three or possibly four internal
lateral lobes.

Discussion.— This species occurs stratigraphically far above any
other species of the genus yet known to the writers. It is easily dis-
tinguished from all other speciesby its sculpture.

The writers have made every effort to compare specimens de-
scribed here with Peritrochia erebus Girty described from Guada-
lupe Mountains of west Texas. Specimens of that species, however,
are so poor and immature, that no conclusions as to their relation-
ships have been reached.

Occurrence.— Delaware Mountain formation of the Permian. A
number of specimens were collected by J. W. Beede along the flank
of Black Mountain in Diablo Mountains,Culberson County.

Types.— Cotypes are in the Bureau of Economic Geology, The
University of Texas.
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Genus Peritrochia Girty 1908

Peritrochia Girty, 1908, U. S. Geol. Survey Prof.Paper 58, p. 498.

Girty gave the generic name Peritrochia to a small, subglobose,
deeply embracing, small umbilicate shell having highly arched
whorls with a lunate cross-sectionand a suture line that he described
as resembling Pronorites, and he stated that the external suture was
made up of a bifid or possibly trifid ventral lobe, a bidentate first
lateral lobe and four other simple lateral lobes having rounded
ends. The type is about 7.7 millimeters in diameter and 5.5 milli-
meters in thickness.

No other ammoniteis known from the Permian or Pennsylvanian
strata which fits this description. The shape and proportions of the
shell and aspect of the suture line, except for the bifid first lateral
lobe, areexactly like Agathiceras girtyi Bose from the Word forma-
tion of Glass Mountains. Its shape also resembles equally closely
that of the genusMarathonites. It is quitepossible that the fossil is a
poorly preserved, weathered, immature example of a Marathonites

Fig. 31. External suture line of Peritrochia erebus Girty

perhaps conspecific withM. delawareanus,n. sp., collected in Dela-
ware Mountains from about the same zone from which Peritrochia
was obtained.

The type of Peritrochia, through the courtesy of Dr. Girty, was
made available for study. The specimen, however, is so small and
so poorly preserved that it is difficult to decide definitely its rela-
tionships. The living chamber ismissing, and the apical view of the
whorl section shows clearly the last septum. The number of ele-
ments and shape of the suture pattern as revealed by the apical
view of the whorl are exactly like those of Marathonites. Particu-
larly the internal lobes appear to be narrower than those of Agathi-
ceras and exactly like those in Marathonites. It appears most prob-
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able, therefore, that this poorly preservedPeritrochia may be con-
generic withMarathonites or it may represent the Vidrioceras stage
of Marathonites.

If true, the name Peritrochia should supercede Marathonites. In
view, however, of the immature age, poor preservation, and conse-
quent meager description, it would appear to be the best policy to
continue to use the more widely adopted and better establishedname
Marathonites, at least until the true relationships of Peritrochia are
fully and finally established.

Genotype,Peritrochia erebus Girty (text fig. 31).

Genus Stacheoceras Gemmellaro 1888

Popanoceras Hyatt (pars), 1884, Boston Soc. Nat. Hist., vol. 22, p. 337.
Popanoceras, Mojsisovics (pars), 1888, Mem. Acad. imp. Sci. St. Petersbourg,

ser. 7, vol. 31, No. 5, p, 18,
Waagenina Krotow, 1888, Mem. Com. geol. St. Petersbourg, vol. 6, p. 474.
Stacheoceras Gemmellaro (pars),1888, Giorn. Soc. Sci. nat. econ., vol. 19,

p. 24.
Popanoceras, Karpinsky (pars),1889, Mem. Acad. imp. Sci. St. Petersbourg,

ser. 7, vol. 37, No, 2, p, 67.
Stacheoceras,Haug, 1894, Bull. Soc. geol. France, ser. 3, vol. 22, p. 394.
Stacheoceras, Diener, 1897, Mem. Geol. Survey India,Pal. Indica, ser. 15, vol.

1, pt. 3, p. 9.
Stacheoceras, Tchernow, 1907, Bull. Soc. imp. Nat. Moscou, n.s., vol. 20, pp.

287, 303,
Popanoceras, Haniel (pars),1915, Die Gephalopoden der Dyas yon Timor,

p. 88.
Stacheoceras, Bose (pars), 1917, Univ. Texas Bull. 1762, p. 127.
Stacheoceras, Smith, 1927, Jaarb. Mijnw. Ned.-Indie, Verh. 1926, p. 49.
Stacheoceras, Diener, 1927, Leitfossilien der marinen Perm, p. 71.
Stacheoceras, Toumansky (pars), 1931, Permo-Carboniferous beds of the

Crimea, pt. 1, p. 86.

This genus includes robust, subglobose ammonoids with lunar
whorl sections, rounded flanks and venter, small and deep umbilici,
and a suture composed of more than twenty rounded saddles and an

Fig. 32. External suture line of Stacheoceras mediterraneum Gemmellaro
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equalnumber of trifid and bifid lobes. Species in this generic group
differ from those of Marathonites in having at least four more lobes
and saddles. The genus differs decidedly from members of the genus
Popanoceras, which have much more compressed whorls and more
pronounced ribs and striae on their flattened flanks. A number of
forms described by Bb'se as belonging to Stacheoceras belong in
the genus Popanoceras.

Genotype, Stacheoceras mediterraneum Gemmellaro (text fig. 32).

STACHEOCERAS GILLIAMENSE Bose

PL 31, fig. 19

Stacheoceras gilliamense Bb'se, 1917, Univ. Texas Bull. 1762, p. 131, pi. 6,
figs. 70-76,

Description.— Shell extremely globose with rounded flanks and
venter. Whorls are much wider than high, are deeply embracing,
and leave a deep but narrow umbilicus. Bose's three cotypes are
about equal in size. The following measurements show the propor-
tions of the best specimen:

Diameter (D) 10.0 mm.
Height of last whorl (H) 4.0
Height of penultimate whorl 2.3
Height of last whorl above venter. 3.0
Involution (I) 2.2
Thickness of last whorl (T) 10.2
Thickness of penultimate whorl 6.8
Width of umbilicus (U) 2.0

Shell ratios
—

U I T T— = 0.2 — =0.55 — = 2,55 — = 1.02
D H H D

All the specimens are silicified casts and no sculpture is evident.
The internal suture line is not known.84 The septa are separated

from each other a distance of about two millimeters. The external
suture line consists of a long ventral lobe divided into asymmetri-
cally bifid branches by a secondary ventral saddle about half as
long as the lobe. This lobe is flanked on the sides by six pairs of
lateral lobes, the last of which lies on the umbilical wall. All the

84Bose mentions that "What is visible on the external surface turns out to be the internal
suture of the next whorl." The writers are unable to confirm this statement. All the sutures
shown on Bose's specimens are certainly external.
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lateral lobes are shorter than the ventral lobe, and all except the
one on the umbilicalborder arestrongly constricted. The first lateral
is bifid, the lateral point beingmuch longer and more slender than
the other. The second and third laterals are asymmetrically trifid;
the fourth and fifth arebifid, and the sixth is bluntly pointed. The
saddles are rounded and constricted near the middle.

Discussion.— This species is easily distinguished from all other
ammonoids known to the writersby its extremely broad and low
whorls and its characteristic suture line. It is most like species of
this genus described by Gemmellaro,85 but is more globose than any
of the Italian species, and its suture line is simpler.

Occurrence.— All Bose's specimens were collected in the Word
formation from the point of a prominent hill one-half mile east of
the junction of Road and Gilliland canyons in Glass Mountains,
Brewster County.

Types.— Cotypes in the Bureau of Economic Geology, The Uni
versity of Texas.

Genus Waagenoceras Gemmellaro 1888 (emend. Bose)

Waagenoceras Gemmellaro, 1888, Giorn. Soc. Sci. nat. econ., vol. 19, p. 9,
Append., p. 5.

Cyclobus, Mojsisovics (pars), 1888, Mem. Acad. imp. Sci. St. Petersbourg, ser.
7, vol. 31, No. 5, p. 18,

Waagenoceras, Haug, 1894, Bull. Soc. g-eol. France, ser. 3, vol. 22, p. 394.
Waagenoceras, Bose, 1917, Univ. Texas Bull.1762, p, 168.
Waagenoceras, Smith, 1927, Jaarb. Mijnw. Ned.-Indie, Verh. 1926, p. 56.
Waagenoceras, Diener, 1927, Leitfossilien dcs marinen Perm, p. 71.
Not Waagenoceras, White, 1891, U. S. Geol.Survey Bull. 77, p. 20.
Not Waagenoceras, Smith, 1903, U. S. Geol. Survey Mon. 42:, p.138.

The genus Waagenoceras was introduced by Gemmellaro for
ammonoids that he regarded as similar in form to the Triassic Ar-
cestidae. His original description says that species belonging to the
genus are covered by fine transverse striae. The shells are globose
and involute slowly expanding whorls, which are broadly rounded
on the ventral region. The last whorl isdifferent from the preced-
ing ones and ends in an aperture that is low and is restricted by a
broad internal swelling on the margin. The internal whorls have
three internal varices that leave prominent constrictions on the
casts. These are straight from umbilicus to venter. The umbilicus

85Gemmellaro, G. G., La fauna dei calcari con Fusulina della valle del fiume Sosio nella
provincia di Palermo: Giorn. Soc. Sci. nat. econ., vol. 19, pp. 34-39, 1888.
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is narrow and deep. The living chamber is one and one-half whorls
in length. The external suture line consists of a divided ventral
lobe and six lateral lobes. The ventral lobe is narrowed anteriorly
and divided by a broad ventral saddle. All the lobes are strongly
dentate. The saddles are deeply scalloped and have phylloid ends.
Some of the species that are here referred to the genus have one
more or one less lateral lobe in the external suture than the six
recorded by Gemmellaro, and there is some variation in the number
and prominence of the constrictions on the whorls.

Gemmellaro points out that Waagenoceras differs from Cyclolo-
bus in having six lateral lobes instead of fifteen, and that the con-
strictions that encircle the whorls of Waagenoceras are straight in-
stead of falciform. Bb'se shows that the ventral lobes of the suture
lines of the two genera are markedly different. The suture line of
Cyclolobus has apeculiar parabolic curve whereas in Waagenoceras
it is a simple curve. The ventral lobe in Waagenoceras is strongly
constricted anteriorly; it is expanded anteriorly in Cyclolobus.

Fig. 33. External suture line of Waagenoceras mojsisovicsi Gemmellaro

Much confusion has existed concerning Waagenoceras. Mojsiso-
vics tried to show that it should not be separated from Cyclolobus
and Gemmellaro again pointed out, in an appendix to his work,
that the two genera aremarkedly different. White, Girty, Smith, and
others have confused it with other genera of the Cyclolobidae. To
Bose goes the credit for having established the proper conception
of the genus and for having shown its correct relationship. The
figures of sutures recently produced by Diener emphasize the facts
pointed out by Bose.

Waagenoceras is undoubtedly derived from a globose Marathon-
ites and has no relationship to Perrinites. Perrinites occurs strati-
graphically below Waagenocerasand was derived from Shumardites.
Hyattoceras is another genus that bears marked resemblance to both
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Perrinites and Waagenoceras,but in its suture it more closely re-
sembles Perrinites than Waagenoceras with which it is closely as-
sociated in Sicily. The lobes of the suture line in both Perrinites
and Hyatloceras are narrow posteriorly and wide anteriorly. In
Waagenocerasthe opposite sides of lobes and saddles describe nearly
parallel lines. Gemmellaro thought that Hyattoceras might be in
the ancestral line of Waagenoceras. Hyattoceras has not been found
in this country, and no opportunity has been found to study its
phylogeny and relationships. Hyattoceras and Waagenoceras may
not be closely related but may have a common ancestry. They
have evidently evolved along somewhat divergent lines.

Waagenoceras is known from Sicily, Texas, and Timor.
Genotype, Waagenoceras mojsisovicsi Gemmellaro (text fig. 33).
The following table gives a list of the species that occur inTexas

and indicates their chief distinguishing characteristics:

Stratigraphic distribution and characters of the Texas species in
the genus Waagenoceras

SPECIES

W. guadalupense
Girty

FORMATION

Middle
Delaware
Mountain

CHARACTERISTICS

Whorl has 4 indistinct constrictions.
Suture lines closely spaced; each
consists of 1 ventral and 5 lateral
lobes and1onumbilical wall. Each
half of ventral lobe has 5 divisions.
The first lateralof the type lobe has
8 secondary pointed lobes.

W. clavatum,
n.sp.

Middle
■ Delaware
Mountain

Whorl has 1or 2 constrictions, and
distinct striae. Suture line consists
of 1 ventral lobe, 5 lateral lobes
and 1 umbilical lobe. The first
lateral has 7 lateral and terminal
points. The suture lines cross each
other. Umbilicus much larger than
W.guadalupense.

W.richardsoni,
n.sp.

Middle
Delaware
Mountain

Whorl has 1 or 2 constrictions per
whorl. External suture line con-
sists of 1ventral,7 lateral lobes on
the flanks, and an eighth lobe on
theumbilical wall. The first lateral
lobe is subdivided into 7 secondary
lobules.

W. dieneri
Bose

LowerWord

Whorl has several pronounced con-
strictions. External suture line con-
sists of 1 ventral, 6 lateral lobes,
and 1umbilical lobe. Each half of
ventrallobehas four divisions. The
first lateral lobe has 7 pointed sec-
ondary lobes.
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WAAGENOCERAS DIENERI Bose

PI. 39, figs. 5-8

Waagenoceras dieneri Bose, 1917, Univ. Texas Bull. No. 1762, p. 171, pi. 10,
figs, 28-31, pi. 11, figs. 1-27.

Description.— The shell is extremely globose with whorls that
growslowly and deeply embracing, giving a semilunar shape to the
whorl cross-section. The umbilicus is narrow and deep. At all
stages of growth the venter is broadly rounded, but on the older
whorls the flanks are slightly flattened. The following measure-
ments are taken from three of Bb'se's cotypes:

ABC
Diameter (D) 25.5 23.5 16,4 mm.
Height of last whorl (H) 11.5 11.0 8.4
Height of penultimate whorl __ 7.0 6.0
Height of last whorl above venter 7.0 3.0
Involution (I) _._ 4.0 5.4
Thickness of last whorl (T) 22,0 20.3 15.9
Thickness of penultimate whorl 17.0 14.6 11.0
Width of umbilicus (U) 4.5 4.0 3,2

Shell ratios—
U T T

A: — = 0.176 — =1.94 — = 0.86
D H D
U IT T

B: — = 0.171 — = 0.63 — =1.84 — = 0.86
D H H D
U I T T

C: — = 0.195 — = 0.64 — =1.89 — = 0.97
D H H D

The younger whorls of casts bear three or four constrictions.
These are deep and straight, and they pass around the whorls from
umbilicus to umbilicus. On older whorls the constrictions become
shallower and tend to disappear. No shell particles adhere to any of
Bb'se's types or to any of the specimens collected by the writers
from his type locality. Any detailed features of ornamentation of
the shell remain unknown.

The suture lines are closely spaced and describe gentle curves
anteriorly inpassing from venter toumbilicus. Theexternal sutureis
composed of a divided ventral lobe, six lateral lobes on the flanks,
and a seventhlateral lobeon the umbilical wall. The ventral lobe is
long and strongly constricted anteriorly. It is divided by a narrow
ventral saddle half as long as the lobe. The two halves of the lobe
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are coarsely dentate and bear four strong points two of which are
terminal and two are lateral. The lateral lobes are long and narrow
with parallel sides. They bear four to seven long points. The cor-
responding saddles are narrow, deeply scalloped on the sides, and
arebroadly rounded anteriorly.

The internal suture line has a long dorsal lobe divided into three
longbranches by secondary saddles. The two lateral branches are
shorter than themedian one andbear short lateral and long terminal
points. The first internal lateral lobe is tripartite. The number
and details of the other internal elements cannot be seen.

Discussion.— -All known species of Waagenocerm are closely
similar in form and sculpture. Specific differences are found in the
sutures and in slightly different measurements of the shells.
Waagenoceras dieneri Bb'se is similar to W. guadalupense Girty,
which occurs a little higher in the stratigraphic section in Delaware
Mountains. The umbilicus,however, is a little smaller than in that
species, the suture is not so highly developed, and the constrictions
aremore pronounced. Similar but more pronounced differences are
noted between this species and W. mojsisovicsi Gemmellaro, which
is less globose and less rounded on the venter. W.stachei Gemmel-
laro, and W. nikitini Gemmellaro, likewise, have very complex
suture lines, and the constrictions are more curved than in Bb'se's
species. W. gemmellaroi Haniel from Timor has a wider umbilicus,
amorecomplex suture line, and its shape ismuch less globose than
that of W.dieneri. W. richardsoni,n. sp., from the upper Delaware
section in west Texas is less globose than W. dieneri, and its suture
line is much morecomplex.

Occurrence.— Lower Word formation in the area of the junction
of Road and Gilliland canyons, and also north of Leonard Moun-
tain, Glass Mountains,Brewster, County.

Types.— Cotypes in the Bureau of Economic Geology, The Uni-
versity of Texas.

WAAGENOCERAS RICHARDSONI, n. sp

PL 39, figs. 9-11

Description.— This new species is represented by a single frag-
ment about one-half whorl in length. It is a badly crushed cast,
but the generic and specific characters are well shown.
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The shell is globose with deeply embracing, slowly expanding
whorls. The flanks are broadly rounded and converge ventrally to
form the narrowly rounded, helmet-shaped venter. The umbilicus
is narrow but is much broader than in other species of the genus
from Texas. The following measurements give an idea of the shell
proportions:

Diameter (D) 93.0 mm.
Height of last whorl (H) 51.5
Height of penultimate whorl 35.5
Height of last whorl above venter 18.7
Involution (I) 32.8
Thickness of last whorl (T) 50.0
Thickness of penultimate whorl 39.0
Width of umbilicus (U) 18.0

Shell ratios—
U I T T— = 0.19 — = 0.63 — = 0.97 — = 0.53
D H H D

The only sculpture shown on the cast is a broad, shallow, gently
flexuous constriction across the flank.

The last septum and a little of the living chamber are shown on
the fragment. The suture line is complexly developedand forms a
nearly straight trace from venter to umbilicus. The external suture
line consists of a ventral lobe and seven lateral lobes on the flanks.
Probably aneighth lateral lobe lies on the umbilical wall, but the
specimen could not be prepared to show it. The ventral lobe is
broad, long, and strongly constricted anteriorly. It is divided by a
narrow, anteriorly constricted saddle half as long as the lobe. Each
half of the lobe is deeply divided into many points on both the lat-
eral and medial sides. There are three principal lateral secondary
lobules, which are deeply notched. All the lateral .lobes and cor-
responding saddles are long and narrow. The lobes are secondarily
divided into many lobules, and most of these are again secondarily
notched. The saddles are deeply scalloped and phylloid, and the
anterior end is broadly rounded. The internal suture is unknown.

Discussion.— W. richardsoni, n. sp., is easily distinguished from
its congeners in Texas by the shape of its whorls and by its more
complex suture line. The whorls are much higher and more com-
pressed laterally, and the venter is more narrowly rounded than in
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either W. dieneri Boseor W.guadalupense Girty. Its external suture
line has one more lobe and one more saddle, and all the elements
of the suture are more complex than in either of those species.

Many points of close similarity arenoted between W. richardsoni
and species of the genus described from Sicily and Timor. Inshape
it is strikingly like W. gemmellaroi Haniel,86 but the suture is
simpler than in that species and describes a straight, instead of a
curved trace from venter to umbilicus. In the complexity of its
elements the suture line is very similar to the suture line of W.
nikitini Gemmellaro,87 but the species from Sicily is exceedingly
globose, the trace of its suture line forms a curve, and the anterior
ends of the saddles are more bulbous in appearance than in W.
richardsoni.

Occurrence.— W. richardsoni is the youngest species of the genus
yet found in Texas. It was collected by J. W. Beede from the
middle Delaware Mountain formation from near the head of Chico
Draw southeast of Casey's Last Chance Well, Delaware Mountains,
Culberson* County.

Types.— Holotype is in the Bureau of Economic Geology, The
University of Texas.

WAAGENOCERAS CLAVATUM,n.sp.

PI. 39, figs. 12-15

Description.— The shell is globose with whorls that grow slowly
inheight but rapidly in width. The whorl cross-sectionis low and
semilunar in form. The flanks are somewhat flattened and converge
ventrally. The venter is broadly rounded and indistinctly separated
from the flanks. Shells are strongly involute and the umbilicus is
narrow. The umbilical wall is steep,high, and narrowly rounded on
themargin. The following measurements are taken from two of the
cotypes.

BBHaniel, C. A., Die Cephalopoden der Dyas yon Timor: in Warmer's Pal'dontologie yon Timor,
Lief. 3, Teil 6, p. 120, pi. 8, fig. 1, text fig. 36, 1915.

87Gemmellaro, G. G., La fauna dei calcari con Fusulina della valle del fiume Sosio nella
provincia di Palermo:Giorn. Soc. Sci. nat. econ., vol. 19, Append., p. 4, pi. A, figs. 1-4,
pi. B, fig. 1, 1888.
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A B
Diameter (D) 18.4 "27.0 mm.
Height of last whorl (H) 8.2 12.2
Height of penultimate whorl : 3.2 7.6
Height of last whorl above venter 5.3 10.0 ..
Involution (I) 2,9 2.2
Thickness of last whorl (T) 14.0
Thickness of penultimate whorl
Width of umbilicus (U) 4.6 6.0

Shell ratios—
U I T T

A: ■— = 0.25 — = 0.35 — =1.70 — =0.76
D H H D
U I

B: — = 0.22 — = 0.17 ___.

D H

The large specimen isbadly crushed, and the measurementsmay
not represent the true dimensions of the originalshell.

The whorls are crossed by one or two prominent constrictions
which are inclined forward on the flanks and bend sharply forward
to cross the venter. The upper part of the flanks bear moderately
broad, indistinct ribs. These are prominent on the umbilical
margin, are inclined slightly forward, and disappear about one-
third of the distance across the flanks.

The living chamber is preserved onmost of the specimens and is
greater than one whorl in length. The last three or four suture lines
are much crowded, so that it is difficult to trace their pattern. The
external suture consists of a divided ventral lobe, five lateral lobes
on the flanks, and a sixth lateral lobe on the umbilical wall. The
ventral lobe is divided by a short ventral saddle into two branches,
eachof whichbears four or five points. The first lateral lobe is long
and club-shaped and has eight lateral and terminal points. The sec-
ond lateral has six points; the third, fourth,and fifth, three;and the
sixth lateral lobe on the umbilical wall has twopoints. The saddles
are all phylloid, constricted anteriorly and rounded posteriorly.
The internal suture is unknown.

Discussion.— The suture line in W. clavatum,n. sp., is simpler than
ineither W.guadalupense Girty or W. richardsoni,n.sp. The whorls
are also more depressed and more broadly rounded than in those
species. The suture lines of W. clavatum and W. dieneri Bose are
very similar, but the latter species has several constrictions per
whorl, and there are no ribs on the flanks. W. clavatum has only
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one or two constrictions per whorl, and faint ribs radiate across
the flanks from the umbilical margin.

Occurrence.— Dr. J. W. Beede collected eight specimens from the
middle part of the Delaware Mountain formation in Delaware
Mountains, Culberson County, from a locality which he describes
as "northeast of Terry's Church," and from a stratum which he de-
scribes as "limestone, followed by thin marl bed (Waagenoceras
bed) and long slope with 'iron fossils' and limestone concretions
resembling baseballs."88

Types.— Cotypes are in the Bureau of Economic Geology, The
University of Texas.

WAAGENOCERAS GUADALUPENSE Girty

PL 39, figs. 1-4

Waagenoceras cummingsi var. guadalupense Girty, 1908, U. S. Geol. Surv.
Prof. Paper 58, p. 502, pi. 29, figs. 23-26.

Description.— The shell is extremely globose with whorls that
expand slowly in height but rapidly in width. The whorls of
most of the specimens are semilunar in cross-section and deeply
embracing. One large individual has a somewhat more narrowly
rounded venter than the others. The umbilicus is narrow and deep.
The umbilical margin is sharply rounded. Many of the specimens
are large,but the following measurements are taken from two of the
average-sized individuals:

A B
Diameter (D) _40.3 33.5 mm.
Height of last whorl (H) 19.3 13,0
Height of penultimate whorl 12.0 6.2
Height of last whorl above venter 9.8 8.6
Involution (I) 9.5 4.4
Thickness of last whorl (T) 42.0 38.4
Thickness of penultimate whorl 25.0! 19.6
Width of umbilicus (U) 8.0 6.3
Shell ratios—

U I T TA: — = 0.19 — = 0.49 — =2,17 — =1.04
D H H D
U I T T

B: — = 0.18 — = 0.34 — = 2.96 — =1.14
D H H D

8sBeede, J. W., Report on the oil and gas possibilities of the University Block 46 in Culberson
County: Univ. Texas Bull. 2346, p. 10, 1923.
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The many specimens at hand are casts and are crushed or other-
wise poorly preserved, and no feature of shell ornamentation is
shown. Some of the smaller specimens exhibit about two faint,but
unmistakable, slightly sinuous constrictions across the whorls.

The suture lines are closely spaced on some specimens, touching
each other on the older whorls. In passing from the umbilicus to
the venter the suture bends anteriorly, but on the writers' specimens
and on the specimens figured by Girty this feature is much less
marked than Girty has shown in his published trace. The external
suture line consists of a ventral lobe, five lateral lobes on the flanks,
and a sixth lateral lobe on the umbilical wall. The ventral lobe is
long and strongly constricted anteriorly. It is divided by a narrow,
posteriorly constricted saddle half as long as the lobe. Each of the
branches is much divided. There are a short, blunt medial point,
two long terminal and three moderately long lateral points. The
long,narrow, straight sided lateral lobes, except the umbilical lobe,
bear three or more long points and the corresponding narrow sad-
dles are deeply scalloped and broadly rounded anteriorly. The in-
ternal suture, as. figured by Girty, has a much divided dorsal lobe
and at least four or five denticulate internal lateral lobes and cor-
responding saddles.

Discussion.— Girty first described this species as a variety of
"Waagenoceras" cumminsi (White), a species that Bose later
placed in his new genus Perrinites. Girty found no constrictions on
the whorls of his specimens and on that account hesitated to put
the species in Waagenoceras. Constrictions are shown, although
they are faint, on a few of the specimens studied by the writers.
After his paper was in press,Bose studied the collection nowbefore
the writers and in anappended footnote89 mentioned that he recog-
nized Waagenoceras, "but also generically different forms which
seem to correspond to Girty's 'Waagenoceras' cumminsivar. guada-
lupense."

The suture line of W. guadalupense Girty indicates that it is con-
siderably more advanced than W. dieneri Bose from a lower
stratigraphic level. It is more primitive, however, than any of the
species described from Sicily or Timor. The suture lines of the

BBBose, E., The Permo-Carboniferous ammonoids of the Glass Mountains, west Texas, and
their stratigraphical significance: Univ. Texas Bull. 1762, p. 171, 1917.
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species from Sicily are much more complexly divided, and the
umbilici are considerably larger.

Occurrence.-— W. guadalupense was described by Girty from the
southern part of Delaware Mountains. Specimens studied by the
writers were collected by J. W. Beede from several localities in this
general area as follows: northeast of the old Terry Church on
Casey's ranch, south of Casey's Last Chance Wells, northwest of D
South Wells, west of Six-Bar ranch, north of Seven-Heart Gap, and
south end of Guadalupe Peak. All are from the middle part of the
Delaware Mountain formation.

Types.— Cotypes in the U. S.National Museum,Washington, D.C.
Plesiotypes at Bureau of Economic Geology, TheUniversity of Texas.

Family Popanoceratidae Hyatt 1900 (emend.)

PopanoceratidaeHyatt, 1900(,Zittel's Textbook of Paleontology, p. 564.

The Popanoceratidae include distinctly discoid, flat-sided am-
monoids with rounded venter, very small umbilicus, coarsely stri-
ated or ribbed flanks, and a suture composed of numerous complex
lobes and saddles. The saddles, with the exception of the ventral
saddle, are long, high and rounded. The ventral and first three
lateral lobes are bifid,trifid, or, in the most advanced forms, may
have four secondary lobes.

The three genera of this family are sharply distinguished from
those of the Vidrioceratidae by their compressed, flat whorls.

Stratigraphic distribution and characteristics of the genera in the
family Popanoceratidae

Megaphyllites
Mojsisovics

Upperand
middle
Triassic

Compressed shell. Very small um-
bilicus. External suture Avith 11
lobes and 12 saddles. Ventral lobe
has 6 to 8 secondary lobes in each,
half. First lateral has 6 to 10' sec-
ondaries.

Parapopanoceras
Haug

(Neodyas)
Compressed shell. Large umbilicus.
Suture of 5 external lobes, 6 ex-
ternal saddles. Immature specimen
has bifid ventral lobe, trifid first
lateral.

Popanoceras
Hyatt

MiddlePermian
(lower and

upperPaleodyas)

Compressed shell. Very small um-
bilicus. Up to 9 lobes and 10
saddles in external suture. Ventral
lobe has 2 to 6 secondary lobes in
each half. First lateral lobe has 4
to 6 secondaries (fig. 34).
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Genus Popanoceras Hyatt 1884

Popanoceras Hyatt (pars),1884, Proc. Boston Soc, Nat. Hist., vol. 22, p. 337.
Popanoceras, Gemmellaro, 1888, Giorn. Soc. Sci. nat. econ., vol.19, p.17.
Popanoceras, Mojsisovics (pars), 1888, Mem. Acad. imp. Sci. St. Petersbourg,

set. 7, vol. 31, No, 5, p. 18.
Popanoceras, Karpinsky (pars),1889, Mem. Acad. imp. Sci. St. Petersbourg,

ser. 7, vol. 37, No. 2, pp. 67, 79.
Popanoceras,Freeh, 1901, Lethaea Palaozoica, vol. 2, No. 3, p. 512.
Popanoceras, Smith (pars),1903, U. S. Geol. Survey Mon. 42, p. 132.
Popanoceras, Vogl, 1913, Mitteil. Jahrb. ungar. geol. Reichsanstalt, p. 161.
Popanoceras, Haniel (pars),1915, Die Cephalopoden der Dyas yon Timor,

p. 88.
Stacheoceras, Bose, (pars), 1917, Univ. Texas Bull. 1762;, p. 127.
Popanoceras, Diener, 1927, Leitfossilien dcs marinen Perm, p. 70.
Popanoceras, Smith, 1927, Jaarb. Mijnw. Ned.-Indie, Verh. 1926, p. 51.
Popanoceras, Toumansky, 1931, Peimo-Carboniferous beds of the Crimea,, pt.

1, p, 83,

Hyatt established this genus to include ammonoids having flat,
discoidal, deeply embracing whorls and a narrow, shallow, almost
closed, steep-walled umbilicus. The flanks are ornamented by radi-
ating, low, flat,curved ridges orribs. The external suture consists of

Fig. 34. External suture line of Popanoceras kingianum (M.V.K.)

seven to ten saddles andseven to ten lobes. Thehalves of the ventral
lobe and the first three or more lateral lobes are divided into sec-
ondary lobes by one, two, or three secondary saddles, so that the
terminations of the lobes are bifid, trifid, or in some species
quadrifid.

Hyatt clearly intended this genus to designate discoidal forms,
for the name is derived from the Greek popanon meaning a round,
flat cake. He selected as his genotype Goniatites kingianus M.V.X.,
a compressed shell. He mentioned, however, that Arcestes antiquus
Waagen was an extreme representative. In 1888, Gemmellaro90

90Gemmellaro, G. G., La fauna dei calcari con Fusulina della valle del fiume Sosio nella
provincia diPalermo: Giorn. Soc. Sci. nat. econ., vol. 19, p. 24, 1836.
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erected the new genus Stacheoceras for ammonoids having a suture
like Popanocerasbut having thick globose whorls. Most paleontolo-
gists, with the exception of Mojsisovics, have restricted Popanoceras
to compressed forms like the genotype and have accepted Gemmel-
laro's genus Stacheoceras for the globose shells.

Genotype,Goniatites kingianus M.V.X. (text fig. 34).
POPANOCERAS WALCOTTI White

PL 40, figs. 1-3

Popanoceras walcotU White, 1889, Amer. Nat., vol. 23, p. 117, pi. 1, figs. 9-11.
Popanoceras walcotti, White, 1891, U. S. Geol. Survey Bull. 77, p. 21, pi. 1,

figs. 9-11.
Popanoceras walcotti, Smith, 1903, U. S. Geol. Survey Mon. 42, p. 134, pi. 22.

figs. 9-11.

Description.— According to White the whorl is discoidal, invo-
lute, with rounded venter and gently curved flanks, which nearly
embrace the preceding whorl. The umbilici are very narrow. The
thickness of the whorl is about one-third the diameter of the shell
and the height about one-half the diameter. The measurements91

of the holotype are as follows:
Diameter (D) : 26.0 mm.
Height of last whorl (H) 14.0
Height of penultimate whorl 9.5
Height of last whorl above venter 6.5
Involution (I) 9.5
Thickness of last whorl (T) 10.0'
Thickness of penultimate whorl 7.5
Width of umbilicus (U) 1.5
Shell ratios—

U I T T_ — 0.06 — = 0.68 — = 0.71 — = 0.38
D H H D

The surface is sculptured by markings described by White as
numerous, slightly raised, and slightly sinuous, radiating ridges.
These are spaced about two millimeters apart on the venter of the
last whorl, arebent sharply backward as they cross the venter and
become less distinct as they reach the umbilicus. There areno con-
strictions and no nodes or longitudinal markings.

The external suture as illustrated by White consists of a ventral
lobe divided by a large ventral saddle, and seven or eight lateral
lobes. According to the original drawing the halves of the ventral

91Furnislied by I, B. Reeside, U. S. Geological Survey.
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lobe are trifid, the first two lateral lobes are trifid, the third bifid,
and the fourth, fifth, sixth, and seventh rounded. All the saddles
are rounded and very little constricted.

White evidently had a poorly preserved specimen, which did not
show clearly the outline of the ventral lobe. A rather poor fragment
in The University of Texas collections shows clearly abifid ventral
lobe and a somewhat smaller ventral saddle than are shown in
White's figure.

Discussion.— Theauthors' knowledge of this species is based upon
the published description and illustration by White, a plastotype
of the holotype in the U. S. National Museum, and measurements
of the holotype very kindly furnished by Dr. JohnB. Reeside. The
holotype is a little more globose than typical members of the genus
and of the family. In this respect it appears to occupy a systematic
position between Popanoceras and Stacheoceras. It also lacks the
costae often found in species of Popanoceras. Its suture line,how-
ever, is that of a Popanoceras. It is possible that very small speci-
mens of the species maybe incorrectly referred to Stacheoceras on
account of their globose outlines. Older specimens, however, take
on the compressed appearance.

P. walcotti White is distinguished from Popanoceras multistriatum
Gemmellaro and P. moelleri Gemmellaro by its smoother flanks
and its simpler suture.

Occurrence.— The holotype was collected by W. F.Cummins from
a limestone in the middle of the Clyde formation, Wichita group,
Permian. It is likely that he collected it from the bluff on the north
side of Big Wichita River just below the mouth of Whiskey Creek
about \y~j miles southeast of La Paloma ranch house on the W. T.
Waggoner estate, Baylor County. The locality has been known in
the literature as Old Military Crossing on Big Wichita River.

Types.— Holotype in the U. S. National Museum, Washington,
D. C.

POPANOCERAS BOWMANI (Bbse)

PL 32, figs. 12-14

Stacheoceras bowmani Bose, 1917, Univ. Texas Bull. 1762, p. 128, pi. 6, figs.
57-69.

Description.— This species is represented by a large number of
casts, which have the shell material presenton parts of a few speci-
mens only. The shell is thinly discoid with deeply embracing
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whorls. The flanks are flat or nearly so. The venter is narrowly
rounded. The umbilicus is narrow and shallow without a distinct
wall. Measurements of one of Bose's smaller, entirely septatespeci-
mens are as follows (Bose's figs. 64, 65, 66):

Diameter (D) 19.2 mm.
Height of last whorl (H) 10.2
Height of penultimate whorl 6.9
Height of last whorl above venter 6.8
Involution (I) 6.2;
Thickness of last whorl (T) 6.7
Thickness of penultimate whorl 5.0
Width of umbilicus (U) 1.8

Shell ratios—
U I T T— == 0.09 — = 0.60 — = 0.65 — = 0.35
D H H D

The sculpture consists of low,broad, widely spaced costae on the
flanks and fine but prominent striae. The costae fade near the ven-
tral part of the flanks; the striae pass entirely around the exposed
part of the whorl forming a deep, abrupt sinus on the venter.

The internal suture line could not be prepared, but the external
suture is shown. It consists of a long ventral saddle deeply divided
by a secondary saddle, and eight or nine lateral lobes and corre-
sponding saddles. All the sutural elements arerelatively short. The
two branches of the ventral lobe areasymmetrically bifid, the medial
branches being the longer. The first lateral lobe is irregularly trifid.
The other elements appear to be pointed, but as Bb'se notes the
surfaces of specimens showing sutures are badly eroded and all the
details cannot be discerned.

Discussion.— Bose has given an extensive discussion of the rela-
tionship of this species. It is more nearly similar to P. walcotti
White than to any other known American species, but its trans-
verse striae aremuch finer, and its whorl section ismuch thinner.

Occurrence.— All specimens are from the Word formation and
were collected on the point of a prominent hill one-half mile east
of the junction of Road and Gilliland canyons, Glass Mountains,
Brewster County.

Types.— Bose's cotypes are at the Bureau of Economic Geology,
The University of Texas.
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Clan Gastrioceratidea

The Gastrioceratidea are involute, subglobose, umbilicate am-
monoids with rounded venters, delicately sculptured, or in some
species with nodose surfaces, and whorls that are lunar or helmet-
shaped in cross-section. Young forms are more discoidal and evi-
dently evolved out of an anarcestid form. The suture lines in the
earliest forms, and in early stages of later forms, are simple and
develop according to a common plan, as shown by Bisat92 from a
simple suture made up of two lobes and two saddles (stage a)
through higher stages have increased numbers of saddles and lobes,
through the Gastrioceras stage to the Paralegoceras and Schisto-
ceras stages. As development proceeded, the shape changed from a
sphaerocone toward a platycone, and the shell shape became more
compressed, the lobes and saddles increased in number, and the
secondary elements developed in the primary lobes or saddles, thus
producing phylloid patterns that are exemplified in the shumardi-
tids and perrinitids.

No group of Carboniferous ammonoids has occasioned so much
confusion in their phylogenetic relationships as this one. Hyatt93 in-
cluded the earlier genera of these forms and some others, like
Gonioloboceras, in his family Glyphioceratidae. Foord and Crick,
Smith, Bose, and Schmidt with minor emendations have followed
Hyatt. Wedekind,94 in 1914, divided the old family Glyphioceratidae
into two families:

1. Glyphioceratidae.— Restricted to the old members of the family
which has small or closed umbilici, weak sculpture, and the
primary lobe of theirsuture situatedin the umbonal area.

2. Gastrioceratidae.— Established to include ammonoids having a
wide umbilicus, pronouncedsurface sculpture, and the primary
lobe on the latero-ventral area.

Wedekind included in the second family the genera Homoceras,
Gastrioceras,Paralegoceras, Schistoceras,and anew genus, Girtyites.

W. S.. The Carboniferous goniatites of the north of England and their zones: Proc.
Yorkshire Geol. Soc, vol. 20, p. 68, 1924.

93Hyatt, A., Genera of fossil cephalopods: Proc. Boston Soc. Nat. Hist., vol. 22, p. 322, 1884.

MWedekind, R., Beitrage zur Kennmis der obercarbonischen Goniatiten: Mitteil. Mus. Stadt
Essen, Heft 1, p. 12, 1914.
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Girty95 pointed out the genus Glyphioceras was based largely on
types close to, or identical with, the type of Goniatites, and he
dropped the name Glyphioceras, and consequently the family name
Glyphioceratidae, and in 1915 substituted Wedekind's name Gastrio-
ceratidae. Girty did not have Paralegoceras and Schistoceras to
deal with, and he did not include Dimorphoceras and Goniolobo-
ceras in his new family group. Schmidt96 has since grouped Schis-
toceras and Paralegoceras in a new family, Schistoceratidae.

Since the classification of ammonoids is based primarily on the
phylogeny of the genera,it must remainmore or less arbitrary until
the phylogenetic sequence has been more completely established
and until more extensive collections of material have been made.
It seems best to place all subglobose openly umbilicate ammonoids
that developed from an anarcestid-shaped, discoidal, and widely
umbilicate ancestor in a single group, Gastrioceratidea, and to sep-
arate them definitely from the goniatitids, which are thought to have
evolved from a globose, narrowly umbilicate, sphaerocone-shaped
cheiloceran. The inferred relationships areshown inthephylogenetic
tables,and the family characteristics are summarized below:

Stratigraphic distribution and characteristics of the families in the
clan Gastrioceratidea

95Girty, G. H., Fauna of the Wewoka formation of Oklahoma, U. S. Geol. Survey Bull. 544,
p. 250, 1915.

96Schmidt, H., Tierische Leitfossilien dcs Karbon: in Gurich's Leitf ossilien, Lief. 6, p. 75, 1929.

FAMILY AGE CHARACTERS GENERA

Shumarditidae

Subglobose whorls with me-
dium-sized umbilici and nearly

Middle smooth surfaces. Complex su- Perrinites
Pennsylvanian ture lines in which lobes and Shumardites

through saddles are subdivided into Preshumardites
Permian secondary elements until prin-

cipal lobes and saddles in
higher forms take on phylloid
shapes.

Metalegoceratidae

Lower Subglobose to globose with
Pennsylvanian wide umbilicus and gentle Metalegoceras

to transverse sculpture without Pseudogastrioceras
middle nodes. Suture made up of 8 Glaphyrites

Permian to 11 or more lobes and an Cravenoceras
equal number of saddles.

Gastrioceratidae

Subglobose with medium to Asianites
Lower wide umbilicus, reticulate Eoasianites

Pennsylvanian sculpture; umbilical angle Metaschistoceras
to marked by distinct elongate Paraschistoceras

middle nodes. From 8 to 13 or more Pintoceras
Permian lobes and an equal number of Gastrioceras

saddles.

Neoicoceratidae
Whorls discoidal with rounded

Pennsylvanian sides and wide umbilici and Neoicoceras
with smooth sides and gastrio- Trochilioceras
ceran suture line.
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Family Adelphoceratidae Wedekind 1914

Adelphoceratidae Wedekind, 1914, Mitteil.Mus. Stadt Essen, Heft 1, p. 10.

The family Adelphoceratidae includes ammonites having platy-
oone-shaped,compressed whorls withhigh,rounded venters, helmet-
shaped cross-sections, medium-sized umbilici with perpendicular
sides. The surface is sculptured by fine lines and by a few gentle
undulations or ridges at the umbilical shoulders. No nodes are
present except in the larval stages. The suture lines are like those
of Cravenoceras, but the lateral saddles are wider and the whorls
aremore compressed than those of that genus or in Gastrioceras or
Glaphyrites.

The family comprises the following genera:

Stratigraphic distributionand characteristics of the genera in
the family Adelphoceratidae

97May be based on an immature form of some other genus.

Schistoceratidae

Lower Compressed "whorls having Schistoceras
Pennsylvanian helmet-shaped cross-sections, Paralegoceras

to large umbilici, reticulate sur- Pseudopara-
lower face. Ventral lobe bottle- legoceras

Permian shaped. Phaneroceras

Branneroeeratidae
Whorls disc-shaped with nearly

Permian circular cross-sections very Paragastrioeeras
and evolute, very wide umbilici. Rhiphaeites

Pennsylvanian Sides sculptured with trans- Branneroceras
verse ridges.

Bendoceratidae

Whorls disc-shaped and flat
sides in the young, gradually
expanding to proportionately

Lower thicker whorls with round Bendoceras
Pennsylvanian sides and helmet-shaped cross- "Prebendoceras"

sections. Young inner whorls
have ridges on sides. Outer
ones sculptured only with
reticulate lines.

Adelphoceratidae

Whorls compressed with hel- Reticuloceras
Mississippian met-shaped cross-section and Wiedeyoceras

and moderately small umbilicus, Adelphoceras
Pennsylvanian and sculptured by fine striae Eumorphoceras

that bend backward in cross- Beyrichoceras
ing venter.

Neoglyphioeera-
tidae

Whorls with helmet-shaped
Mississippian cross-section, wide umbilicus,

and sculptured with strong Neoglyphioeeras
longitudinalridges, long living
chambers.

GENUS AGE CHARACTERISTICS

Wiedeyoceras97

A.K.Miller
Upper Pennsylvania!! Venter sculptured by constrictions.

Umbilical shoulderornamented by
two or three prominent nodes,
which are somewhat elongate
laterally to form distinct ribs.
T/D = 0.68.
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Three of the genera, Adelphoceras,Eumorphoceras, and Wiedeyo-
ceras, have been found in Texas; the others occur in the English
section. Eumorphoceras is easily distinguished by its sulci. The
others are apparently closely related, and the distinguishing char-
acteristics arehardly of generic rank. Adelphoceras is very similar
to Beyrichoceras, and the two areregarded by Bisat as congeneric.
Reticuloceras is distinguished chiefly by its reticulate sculpture.

Genus Beyrichoceras Foord 1903

Beyrichoceras Foord, 1903, Carboniferous Cephalopoda of Ireland, p. 219.
Beyrichoceras, Bisat,1924, Proc. Yorkshire Geol. Soc, vol. 20, pt. 1, p. 83.

Small,compressedammonoids havingnarrow,high,helmet-shaped
cross-sections, very small umbilici and smooth surfaces except for
exceedingly fine, delicate, transverse, closely spaced striae. The
thickness is equal to about five-sixths of the diameter and the um-
bilicus is less than one-tenth of the diameter. The suture line is
gastrioceran in shape. The lateral saddles, especially the ones
nearest the umbilicus, are broader and the lateral lobes are nar-
rower, more V-shaped, and less spatulate than those of typical
gastrioceratids.

GENUS AGE CHARACTERISTICS

Reticuloceras
Bisat

Lower Pennsylvania!! Sculptured by fairly strong trans-
verse, crenulate striae crossed by
feebly developed spiral striae best
developedon venter and umbilical
shoulders. Larval stages strongly
ribbed, distinguished by strongly
developed hyponomic sinus on
venter. Umbilicus open, large.

Eumorphoceras
Girty

Upper Mississippian Sides sculptured by two sulci
(lateral grooves). Larval stages
have nodose umbilical shoulders;
later stages only plications, which
disappear before reaching sulcus.
Compressed. T/D = 0.45.

Adelphoceras
Girty

Upper Mississippian Sculpturedby fine, regular,sharply
angular plications, which start at
umbilicus and die out over venter.
Sigmoid constrictions prominent.
T/D = 0,38.

Beyrichoceras
Foord

Upper Mississippian
and

Lower Pennsylvanian

Sculptured by delicate and non-
crenulate, transverse striae; no
spiral striae. Umbilicus smaller
and whorl more compressed than
in Cravenoceras. Lateral lobes
pointed. T/D = 0.49-0.55.
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Members of this genus also resemble Goniatites somewhat, but are
smaller, morecompressed, generally lack any spiral lirae, and have
proportionately narrower lobes and broader saddles. In shape they
closely resemble the young of Gonioloboceras but have a less
highly developed suture line.

Genotype, Goniatites obtusus Phillips (text fig. 35).

Fig. 35. External suture line of Beyrichoceras obtusum (Phillips)

Genus Adelphoceras Girty 1909

Adelphoceras Girty, 1909, U. S. Geol. Survey Bull. 377, p. 64.
Adelphoceras,Wedekind, 1914, Mitteil. Mus. Stadt Essen, Heft 1, p. 11.

The genus Adelphoceras was established by Girty to include
compressed, discoidal ammonites having a medium-sized umbilicus,
flat sides, no sulci, and no nodes on the umbilical shoulders. The
suture line is primitive and gastrioceran, like that of Homoceras.
The venter is smooth or sculptured with fine, sharply angular,
transverse plications. Coarser and more prominent plications occur
on the umbilical area and decrease in size or die out toward the
venter.

The genus Adelphoceras comprises forms that are proportionately
thinner and more compressed than those of Homoceras. It is,how-
ever, closely related to Homoceras and is very similar in shape to it.
Bisat, however,has pointed out that Goniatites calyx Phillips, the
genotype of Homoceras, is probably the larval form of Homoceras
platylobum (Phillips), which is wider and subglobose, and he has
restricted Homoceras to forms like H. platylobum with a slight
hyponomic sinus. He states that Adelphoceras is congeneric with
Beyrichoceras Foord. It appears, however, that Beyrichoceras is
proportionately thicker and has a less well developed hyponomic
sinus than Adelphoceras. If Homoceras is to be restricted to forms
like H.platylobum, Beyrichoceras is more nearly related to Homo-
ceras, and Adelphoceras maybe retained to include species shaped
likeEumorphoceras but having no sulci.
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Genotype, Adelphoceras meslerianum Girty (PI. 38, figs. 17, 18;
text fig. 36).

Fig. 36. External suture line of Adelphocerasmeslerianum Girty

ADELPHOCERAS MESLERIANUM Girty

PL 38, figs. 17, 18; text fig. 36

Adelphoceras meslerianum Girty, 1909, U. S. Geol. Survey Bull. 377, p. 66. pi.
12, figs. 1-3,

Adelphoceras meslerianum, Girty, 1911, U. Sl. Geol. Survey Bull. 439, p. 104,
pi. 14, fig. 5.

Homoceras meslerianum, H. Schmidt, 1925, Jahrb. preuss. geol. Landesanstalt,
vol. 45, p. 581, pi. 21, fig. 18, pi. 24, figs. 24-27.

Sagittoceras meslerianum, H. Schmidt, 1929, Tierische Leitfossiliendcs Karbon,
p. 69, pi. 18, figs, 20-22.

Sagittoceras meslerianum, Kobold, 1932, Jahrb. preuss. geol. Landesanstalt,
vol. 53, p. 505.

Description.— A single, poorly preserved fragment from the
Barnett shale has been referred to this species. Ithas the character-
istic compressed shape, transverseplications which are weak on the
venter, flat sides, and medium-sized umbilicus. The suture line is not
preserved.

Occurrence.— Basal Barnett shale, Mississippian age. Road cut
3 miles southeast of San Saba, San Saba County, Texas.

Type.— Holotype in collections of the Geological Survey, Wash-
ington, D.C.

Genus Eumorphoceras Girty 1909

Eumorphoceras Girty, 1909, U. S. Geol. Survey Bull. 377, p. 67.
Eumorphoceras Bisat, 1924, Yorkshire Geol. Soc. Proa vol. 20, p. 96.
Eumorphoceras-C. Schmidt, 1924, Jahrb. preuss. geol. Landesanstalt (1923),

vol.44, p. 373.
EumorphocerasH. Schmidt, 1925, Jahrb. preuss. geol. Landesanstalt (1924),

vol. 45, p. 582.
EumorphocerasH. Schmidt, 1929, Tierische Leitfossiliendcs Karbon, p. 70.

This genus includes small, compressed ammoniteswith ahelmet-
shaped cross-section, a medium-sized, steeply walled umbilicus, a
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nearly smooth,highly arched venter,and sides that arecharacterized
by prominent narrow, fairly deep sulci bordering the ventro-lateral
areas. The sides are sculptured also with fairly coarse forward-
bendingridges most prominent at the umbilical shoulders and end-
ing at the sulci. The larval stages are proportionately wider,have
nearly smooth sides and venters, and prominent, elongate nodes or
tubercles on the umbilical shoulders, and no sulci. The young
stages resemble the young of Homoceras. The suture line is primi-
tive gastrioceran, as inHomoceras. The genus is easily distinguished
from other homocerans by its prominent sulci.

Genotype, Eumorphoceras bisulcatum Girty (PL 38, figs. 4-7;
text fig. 37).

Fig. 37. Externalsuture line of EumorphocerasbisulcatumGirty

EUMORPHOCERAS BISULCATUM Girty

PL 38, figs. 4-7; text fig. 37

Eumorphoceras bisulcatum Girty, 1909, U. S. Geol. Survey Bull. 377, p. 68.
Eumorphoceras bisulcatum, Girty, 1911, U. S. Geol. Survey Bull. 435, p. 103.
Eumorphoceras bisulcatum, Bisat, 1924, Yorkshire Geol. Soc. Proc, vol. 20,

p. 97.
Eumorphoceras bisulcatum, H. Schmidt, 1925, Jahrb. preuss. geol. Landes-

anstalt (1924), vol. 45, p. 584.
Eumorphoceras bisulcatum, H. Schmidt, 1929, Tierische Leitfossilien dcs Kar-

bon, p. 70.

Description.— This common upper Mississippian species is a
moderately small, compressed whorl with helmet-shaped cross-
section,medium-sized umbilicus,and typical sculpture whichconsists
of a narrow, smooth venter bordered by a deep, narrow sulcus. The
sides are flat and ornamented by strong, slightly forward-bending
ridges, eighteen to thirty in number, which are strongest on the
umbilical shoulders and end at the sulci. The suture line is like
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that of Homoceras and is characterized by broad lobes, broad sad-
dles,and a short ventral saddle. The measurements and proportions
of a typical specimen from Texas are shown in the following table:

Diameter (D) 14.6 mm.
Height of last whorl (H) 8.0
Height of penultimate whorl 4.0
Height of last whorl above venter 6.0
Involution (I) . 3.7
Thickness of last whorl (T) '. 6.3
Thickness of penultimate whorl 3.5
Width of umbilicus (U) 3.7

Shell ratios—
U I T T— = 0.25 — =0.31 — = 0.78 — = 0.44
D H H D

The younger forms are proportionately much wider and have a
proportionately much wider umbilicus bordered with a row of
twenty-three prominent tubercles, which are transversally elongate,
and resemble closely the shape and sculpture of Gastrioceras. The
sulcus begins to appear at a diameter of 5.1 millimeters, and at a
diameter of 10 millimeters the whorl has the shape of mature forms.
The number of nodes on the young forms and number of transverse
ridges on the mature specimens varies in different individuals from
fourteen to thirty.

Occurrence.— The specimens of this species were all collected
from the Barnett shale, Mississippian, from the road cut at an
abandoned lime kiln 3 miles southeast of San Saba, San Saba
County.

Types.— The original types of this species are in the collections
of the U. S. Geological Survey, Washington, D. C. The plesiotypes
from Texas are deposited in the Bureau of Economic Geology, The
University of Texas.

Genus Wiedeyoceras A. K. Miller 1932

Wiedeyoceras A. K.Miller, 1932, Jour.Pal., vol. 6, p. 79.
Wiedeyoceras, A. K. Miller and Cline, 1934, Jour.Pal., vol. 8, p. 178.

This genus comprises minute ammonoids ten millimeters or less
in diameter, subglobose in shape, slightly compressed, flattened
laterally, rounded ventrally, and having moderately small umbilici
less than two-tenths of the diameter of the whorl. The venter is
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indented with five to seven prominent constrictions, and the umbil-
ical border is sculptured with elongate tubercles. The umbilical
angle issharp and theumbilical walls are steep.The most character-
istic feature of the genus is itsprimitive goniatitid suture. The suture
resembles more that of Nuculoceras or Eumorphoceras of the Mis-
sissippian than any Pennsylvanian ammonoid and is about in stage
three of Bisat's scheme of development. The external suture con-
sists of a ventral lobe notched by a very short ventral saddle, a
shorter rounded lateral lobe, twobroad rounded lateral saddles, and
two small rounded umbilical lobes.

The diminutive size of the members of this genus, the primitive
goniatitid aspect of its suture, its close resemblance to the immature
forms of Gonioloboceras, its association with mature goniolo-
boceratids, and its greater frequency in those localities where
Gonioloboceras is found in largest numbers have led the authors
to suspect that these interesting forms were immaturespecimens of
Gonioloboceras in the goniatitid stage. However, all goniolobocera-

Fig.38. External suture line of Wiedeyoceras sanctijohanis (Wiedey)

tids that it has been possible to dissect have proportionately smaller
umbilici and more angular first lateral saddles. Since it is impossi-
ble to prove this form to be the young of any known species, it
seems best to acceptMiller's interpretationand to regard this form
as a separate genus and species.

Genotype, Eumorphoceras sanctijohanis Wiedey (text fig. 38).
WIEDEYOCERAS PINGUE A.K.Miller and Cline

PL 13, figs, 12-18

Wiedeyoceras pingue A. K. Miller and Cline, 1934, Jour. Pal., vol. 8, p. 178,
pi. 28, figs. 4-6.

Description.— The whorls are relatively high and deeply em-
bracing. The sides are slightly flattened and the venter is broadly
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rounded. The shape of the shell is discoidal with flat sides and
helmet-shaped cross-section. The umbilicus is small and has a
steep wall which meets the flank at a definite shoulder. All the
specimens are small and preserved as limonite casts. Measurements
of one of the specimens are as follows:

Diameter (D) 7.54 mm.
Height of last whorl (H) 3.37
Height of penultimate whorl : 2.00
Height of last whorl above venter 2.50
Involution (I) 0.87
Thickness of last whorl (T) 3.60
Thickness of penultimate whorl
Width of umbilicus 1.25

Shell ratios—
U I T T— = 0.17 — = 0.26 — =1.07 — =0.48
D H H D

The surface of the casts is ornamented by five to seven prominent
constrictions, which completely encircle the visible parts of the
whorl. These lean far forward in crossing the venter. The casts
also bear numerous coarse ribs. These are not prominent on the
venter but can be seen. The ribs lean sharply forward. The sutures
are of the primitive goniatitid type and lead to the conclusion that
the specimens are all in immature stages of growth, in spite of the
fact that out of a collection of fifty or more no larger specimens
than eight millimeters in diameter have been recognized. The ven-
tral saddle is short and the first lateral lobes are' rounded like the
saddles. This species is easily distinguished from other gastrioceran
types occurring with it by its shape and primitivesuture.

Occurrence.— In shales of the Graham formation,Cisco group,one-
eighth of a mile north-northeast of Weedon School, Brown County;
in the South Bend shales one-half mile southwest of South Bend,
Young County; and in a shale member below the Jacksboro lime-
stone in theRock Island Railway cut under the viaduct on the Jacks-
boro-Mineral Wells highway 3% miles southeast of Jacksboro, Jack
County.

Types.— Plesiotypes in Bureau of Economic Geology, The Uni-
versity of Texas, and in the geological museum, Texas Christian
University.
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Family Neoicoceratidae Hyatt 1900 (emend.)

Neoicoceratidae Hyatt, 1900, in Zittel's Textbook of Paleontology, p. 550.

Evolute, wide, loosely coiled ammonoids', having low, broad
cross-sections,broad, smooth venters, very wide umbilicus,and sides
which may or maynot be sculptured. The height of the whorl sec-
tionis less than one-half of the width.

The first representativeof this family to be described is Neoico-
eras elkhornense (Miller and Gurley), a very poorly preserved
and little-known species. The authors have placed a new genus,
Trochilioceras, tentatively in this family also, because of its similar
shape. The phylogeny of the latter genus is unknown, and it may
quite likely prove to have no relation to Neoicoceras. The present
tentative grouping is one of convenience only.

Genus Neoicoceras Hyatt 1900

Neoicoceras Hyatt,1900, inZittel's Textbook of Paleontology, p. 550.
Neoicoceras, Smith, 1903, U. S. Geol. Survey Mon. 42, p. 143.

This genus was erected by Hyatt to include discoidal highly
evolute forms having wide, low, trapezoidal cross-sections and
simple very primitive suture lines consisting of a ventral saddle,
which is shown onMiller and Gurley's drawing to be undivided,but
which is so poorly preserved and so poorly exposed on the type
that this assertion is by no means certain. The remaining elements
of the suture are like those of Gastrioceras consisting of pointed
first lateral lobe, two broad, rounded lateral saddles,and a second
lateral lobe on the umbilical wall. A photograph of the type which
was lent to the writers by the late Dr. Stuart Weller is included
among the illustrations onPlate 38. The suture line is gastrioceran
in aspect as shown in figure 39.

One side of the type is badly eroded, so that its thickness is un-
known. The other measurements are as follows:

Diameter (D) 56.5 mm.
Height of last whorl (H) . 10.3
Height of penultimate whorl 9.8
Height of last whorl above venter 6.4
Involution (I) . 3.4
Width of umbilicus (U) 48.0
Shell ratios—

U I— = 0.84 — = 0.33
D H
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Genotype, Goniatites elkhornensis Miller and Gurley (PL 38y

figs. 1-3; text fig. 39).

Fig. 39. External suture line of Neoicoceras elkhornense (Miller and
Gurley)

NEOICOCERAS ELKHORNENSE (Miller and Gurley)

PL 38, figs. 1-3; text fig. 39

Goniatites elkhornensis Miller and Gurley, 1896, Bull. Illinois State Mus. Nat.
Hist. No. 11, p. 37, pi. 4, figs. 9-11.

Goniatites elkhornensis, Hyatt, 1900, Zittel's Textbook of Paleontology, p. 550.
Neoicoceras elkhornense, Smith, 1903, U. S. Geol. Survey Mon. 42, p. 143, pi.

16, figs. 9-11.

Description.— This unusual, extremely depressed and evolute am-
monite has a shape which resembles a loosely coiled roll of thick
tape. Its width is more than three times its height. Its involution
is about one-fifth itsheight, and itsumbilicus is extremely wide and
open as shown in the illustrations and following measurements of
the holotype:

Diameter (D) 56.5 mm.
Height of last whorl (H) 11.3
Height of next to last whorl 9.8
Height of last whorl above venter 8.0
Involution (I) ■_ 3.0
Thickness of last whorl (T) (% is lost) 22.0 (est.)
Width of umbilicus (U) 48.0
Shell ratios—

U I T T— = 0.85 — =0.26 — =1.94 — = 0.38
D H H D

The suture line is gastrioceran as illustrated in figure 39.
Discussion.— The suture line of this species has been very poorly

described by Miller and Gurley and evidently was overlooked by
Smith98 who says he "is of the opinionthat it is not an ammonite

9SSmith, J. P., Carboniferous ammonoids of America, U. S. Geol. Survey Mon. 42, p. 143, 1903-
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at all, but a nautiloid." The specimen is a very poorly prepared
cast. Rock matrix obscures the ventral portion of the suture. Por-
tions of the internal septa are superimposed upon external ones on
the right side of the whorl,and nearly one-half of the coil has been
broken away longitudinally and lost, so that the illustrations show
only a little more than one-half the whorl. The first and second
lateral saddles and first lateral lobe in some way have been con-
fused with portions of the internal suture lines. These elements
were interpretedby Miller and Gurley, and evidently also by Smith,
as constituting the entire external suture line. Hence the strange
shape illustrated by them. The true aspect of the suture and the
broken character of one-half of the whorl can be seen in the photo-
graphs of the holotype, which was made available to the writers
through the kindness of the late Dr. Stuart Weller.

This genus and species differs from any other known to the
writersin the lower Pennsylvanian. It resembles remotely Trochilio-
ceras tenuosum, n. sp., from the upper Pennsylvanian of Jack
County, Texas. It is much larger and proportionately wider, lacks
the constrictions of T. tenuosum, and has a more primitive suture
line. It is described here at the suggestion of Dr.Weller because of
its possible relationships to T. tenuosum and because of themislead-
ing previous illustrations of its suture line.

Occurrence.— Lower Pennsylvanian, Elkhorn Creek, Kentucky.
Holotype.— Walker Museum (No. 6210), University of Chicago.

Genus Trochilioceras, n. gen.

This new genus is representedby two good, but small, individuals
and several fragments belonging to a single species. Though the
specimens may be young, the writers feel obliged to erect a new
genus for them. Their characters are so striking that the genus is
readily distinguished from any other. In fact, it is so different from
others known, that it is difficult, or impossible, at present to de-
termineits phylogenetic position.

From the initial whorl the coil is exceedingly evolute. The whorls
are in contact but do not embrace, or they embrace only slightly,
and the initialwhorl is clearly visible in the center of the umbilicus.

89From the Greek trochilia, conveying the idea of a grooved pulley.



182 The University of Texas Bulletin No. 3701

The whorls are crudely rectangular in cross-section, the transverse
line of the venter being slightly longer than that of the dorsum.
The flanks of the whorls thus slope gently outward to the ventro-
lateral angle. Whorls increase slowly both in height and width
and the ventral zone is sulcate. Each whorl bears three or four
constrictions.

The suture presents the same number of external lobes as Gas-
trioceras. The bifid ventral lobe is disposed exactly as in that genus
but is much longer than the other lobes. Each branch is fastigate
and sharply pointed, and the saddle separating them is less than
one-half as long as the lobe. The first lateral lobe and the lobe on
the umbilicalshoulder are rounded in the specimens at hand. All
the saddles, except the ventral, arebroad androunded. The internal
sutures were not observed. The sutures are far apart, there being
about eight per whorl. Though the specimens are small, each has
apartof the living chamber intact.

Fig. 40. External suture line of Trochilioceras tenuosum, n. sp.

The only genus closely approachingTrochUioceras in its character
is Neoicoceras Hyatt,100 but the resemblances resolve themselves
mainly into similarities of growth and coiling. The whorl section
and sculpture are entirely different in the two genera, and the suture
line of the latter is poorly preserved. They probably are unrelated
and maynot belong even in the same family.

It seems not improbable that TrochUioceras is closely allied to
Gastrioceras and was derived, along with Homoceras and Reticulo-
ceras, from some early member of the Goniatitidae. It,however,ex-
aggerates the tendency to open coiling found in the young of those

100Hyatt,A., in Zittel, Text-Book of Paleontology (Eastman's translation),p. 550, 1900. Hyatt
used Goniatites elkhornensis Miller and Gurley as the type of his new genus and the family
Neoicoceratidae. J. P. Smith redescribed and figured the species (Carboniferous ammonoids of
America, p. 143, pi. 16) in 1903 but stated that he believed it to be a nautiloid and not an
ammonoid. It was left out of the 1913 edition of the Eastman's translation of Zittel's text-book,
the cephalopod part of which Smith revised. The writers, however, believe the genus valid and
the species a true ammonoid.
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genera and carried it to a much later stage of development. The
superior importance of the bifid ventral lobe with its pronounced
siphonal saddle is striking.

Genotype, Trochilioceras tenuosum, n. sp. (PL 38, figs. 8—12;
text fig. 40).

TROCHILIOCERAS TENUOSUM,n. sp.

PL £8, figs. 8-12; text fig. 40

Description.— The specimens at hand are small pyrite pseudo-
morphs. They are exceedingly evolute, each whorl being in contact
with the preceding one, but only slightly impressed upon it; so
that the umbilicus is about four times as wide as the height of the
last whorl. The complete flank of each whorl beginning with the pro-
toconch is clearly visible in the umbilicus.

The whorls are rectangular in cross-sectionand areslightly wider
than high. The ventral area is sulcate by a broad shallow furrow.
The dorsum is a little narrower than the venter, so that the slightly
bulged flanks slope gently outward from the distinct umbilical
shoulder to the acute ventro-lateral angle.

A cross-section of the fossil presents a thin biconcave appearance.
The measurements are as follows

A B
Diameter (D) 6.00 7.17 mm.
Greater radius 3.25 4.10
Lesser radius _. 2.75 3.07
Height of last whorl (H) 1.25 1.75
Height of penultimate whorl 0.85 1.10
Involution (I) O.OO O.OO
Thickness of last whorl (T) 1.70' 2.60
Width of umbilicus (U)_ 3,90 4.30
Height of umbilical wall 0.55 0.65
Shell ratios—

U I T T
A: — = 0.65 — = 0.00 — = 1.36 — = 0.28

D H H D
U I T T

B: — = 0.60 — = 0.00 " — =1.47 — = 0.36
D. H H D

The sculpture consists of a broad, but deep and prominent sulcus
along themid-ventral line,three or four constrictions per whorl and
cross striae. There are no lirae observable on the casts. There are
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occasionally faint suggestions of ribs on the flanks of the casts.
These are more prominent along the ventro-lateral angle than else-
where.

The constrictions lean sharply forward in crossing the flanks and
are deeply excavated across the ventro-lateral angle. They,however,
arescarcely discernable in the furrow of the venter. Their posterior
margin is raised to produce a prominent flange.

The cross striae are plainly seen on the ventral area when the
specimens are magnified, and in places they can be traced across
the flanks. They lean forward on the flanks and sweep in a broad
forward-curving arc across the venter.

The faint ribs are broad, irregularly spaced, and lean forward
parallel to the constrictions.

Both specimens contain parts of the living chamber. Each suture
has a bifid ventral lobe, a pair of first lateral lobes, apair of um-
bilical lobes and the corresponding saddles visible. The internal
suture cannot be studied without danger of destroying the specimens.

The ventral lobe is broad and is much longer than the others.
Its branches areseparated by a narrow square-shaped saddle nearly
half as long as the lobe. Each point is thus narrow, tongue-shaped,
and sharply pointed. The first lateral lobe straddles the ventro-
lateral angle, is about one-third as long as the ventral lobe and is
broad and rounded. The umbilical lobe straddles the umbilical
shoulder and is about as long as the first lateral, but it is much
broader and consequently more rounded. This lobe is,in fact, little
more than a broad undulation.

The first lateral saddle is long and U-shaped at the anteriorend.
The second lateral saddle is short, broad, and also rounded.

The sutures are spaced unusually far apart, there being about
seven or eight patterns per whorl, showing that the shell grew
rapidly in length, but slowly inheight and laterally.

Discussion.— Only one species of the genus is at present known.
Its relationships are verymuch.in doubt but have been discussed in
the description of the genus.

Occurrence.— A shale in the Home Creek limestone of the Caddo
Creek formation, Canyon group, 2 miles by road northeast of Cun-
diff, Jack County, on the Crafton road.
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Types.— Cotypes in the Bureau of Economic Geology, The Uni-
versity of Texas; paratypes in the geological museum of Texas
Christian University.

Family Neoglyphioceratidae,n. fam.

This family includes subglobose ammonites having moderately
broad umbilici, a strong spirally ribbed sculpture, and suture lines
similar to that of Cravenoceras. Young forms are discoidal and
platycone in shape, like Cravenoceras, so they did notevolve from a
cheiloceran but from an anarcestid, and hence they are not closely
related to Glyphioceras, or its equivalent, Goniatites, as Briining's
nameNeoglyphioceras infers.

Genus Neoglyphioceras Brüning 1923

Neoglyphioeeras Briining, 1923, Geol. Archiv., vol. 1, p. 264, Kb'nigsberg.

The genus Neoglyphioeeras was erected by Briining to include
those goniatitids that have a distinctly spiral sculpture composed of

Fig. 41. External suture line of Neoglyphioceras spirale (Phillips)

prominent, though small, longitudinal ridges separated by equal-
sized, small, interridge furrows. The shell is subspherical, has a
lunar whorl cross-section and an open steep-walled umbilicus with-
out umbilical nodes or ridges. The external suture line resembles
that of a Goniatites. It is made up of a wide ventral lobe indented
by a moderately short ventral saddle, a bell-shaped, acute, first
lateral saddle, a pointed lateral lobe, and a knee-shaped second
lateral saddle. Early whorls of all species,and late whorls of some
species have wide umbilici. Others have moderately small umbilici
at maturity.

Briining didnot designate a genotype,butmentioned first Neogly-
phioeeras spirale (Phillips) as a representative of his new genus.
This species, therefore, should be recognized as the type. Its suture
is illustrated in figure 41.
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The commonest species belonging to this generic group are shown
in the following table:

Distributionand characters of species of Neoglyphioceras

The first three of these species appear to be remarkably similar
and are probably conspecific. The last two are distinct species.
Two other specieshave been listed by Briining from the Lower Car-
boniferous of Westphalia but arenot adequately described— namely,
TV. poststriatum Briining and N. cuboides Briining.

NEOGLYPHIOCERAS ENTOGONUM (Gabb)

PI. 9, figs. 1-3

Goniatites entogonus Gabb,1861, Proc, Acad. Nat. Sci. Philadelphia,p. 372.
Gastrioceras entogonum,Hyatt,1893, Geol. Survey Texas Fourth Ann. Rpt., p.

472, pi. 47, figs. 49-51.
Gastrioceras entogonum., Smith, 1903, U. S. Geol. Survey Mon. 42, p. 87, pi.

10, figs. 17-19.

Description.-— The shell is subglobose with very wide umbilicus
and a semilunar whorl cross-section, which is about four times as
broad as high. The plesiotype has the following measurements:

Diameter (D) 36.7 mm.
Height of last whorl (H) 12.3
Height of penultimate whorl 9.3
Height of last whorl above venter 9.2
Involution (I) 8.0
Thickness of last whorl (T).__. 20.2
Thickness of penultimate whorl 15.0
Width of umbilicus (U) 20.0
Shell ratios—

U I T T— = 0.55 — =0.65 — =1.64 — = 0.55
D H H D

SPECIES OCCURRENCE DISTINGUISHING CHARACTERS
N. spirale

(Phillips)
UpperBollandian

shale
Narrowumbilicus, U/D = 0.16. Lira-
tions spaced about 7 in 5 mm. No
prominent constrictions.

N. subcirculare
(Miller)

Fayetteville
shale

Narrowumbilicus,U/D = 0.13. Lira-
ations spaced about 7 in 5 mm.

N. caneyanum
(Girty)

Caney shale Narrowumbilicus, U/D = 0.20. Lira-
tions spaced about 8 in 5 mm. at
diameter 18 mm.; strong transverse
striae.

N. newsomi
(Smith)

Caney shale
Barnettshale

Moderately wide umbilicus,
U/D == 0.40. Lirations spaced about
6 in 5 mm. at diameter 20 mm.,
weak transverse triae.

N. entogonum
(Gabb)

Barnett shale Wide umbilicus, U/D = 0.55. Coarse
lirations, 5 in 10 mm.
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The most characteristic feature of Neoglyphioceras entogonum
(Gabb) is the strong longitudinal ribbing. The longitudinal ribs
are spaced five in ten millimeters, and they encircle the shell com-
pletely except where the venter is crossed by deep, prominent,
smooth-bottomed constrictions spaced about one-third of a whorl
apart. The deep rounded troughs that separate the ridges are
crossed by distinct transverse growth lines, which areabsent or faint
on the ribs. Theumbilical wallmakes an acute angle with the flanks,
so that the umbilical shoulder is narrow and sharp and bears no
nodes or ridges.

The living chamber occupies more than one whole whorl, so that
sutures are obscured by a nonseptate chamber, and so far the
delineation of the suture line has not been observed.

Discussion.— This species differs from Neoglyphioceras caney-
anum Girty, N. subcirculare (Miller) and N. hewsomi (Smith) in
its proportionately broader umbilicus, its proportionately broader
whorl section, its stronger longitudinal ridges, and its deeper and
more prominentconstrictions.

Occurrence.— Limestone near base of Barnett shale, upper Missis-
sippian, in a steep hillside exposure near an old lime kiln 3 miles
southeast of San Saba, San Saba County; and in a bank along
Espey Creek 5^ miles southwest of Lampasas, Lampasas County,
very close to the county line. Gabb's holotype came from Espey
Creek.

Types.— The disposition of Gabb's holotype is unknown. Hyatt's
plesiotype is in the geological department of The University of
Texas. Four other specimens are in the Bureau of Economic
Geology.

NEOGLYPHIOCERAS NEWSOMI (Smith)

Goniatites newsomi Smith, 1903, U. S. Geol. Survey Mon. 42, p. 78, pi. 17.
figs. 2-5.

Description.— This ammonite is characterized by short, broad
whorls, sculptured by strong longitudinal ribs, a moderately wide
umbilicus equal to about one-fourth the diameter of the shell, angu-
lar umbilical shoulders and steep, nearly vertical umbilical walls.
The ventral surface is crossed by three or more constrictions which
bend forward. The suture is gastrioceran. The lateral lobe and
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saddle are broad and the ventral saddle is short. The following
measurements indicate the shape of the shell.

Diameter (D) 18.8 mm.
Height of last whorl (H) 7.7
Height of next to last whorl 5.0
Height of last whorl above venter 5.6
Involution (I) i 2.7
Thickness of last whorl (T) 13.3
Width of umbilicus (U) 5.1

Shell ratios—
U I T T— = 0.27 — = 0.35 — =1.73 — =0.71
D H H D

Discussion.— This species resembles Neoglyphioceras entogonum
(Gabb) but is distinguished by its smaller and more numerous
ribs and by its proportionately much smaller umbilicus. N. new-
somihas twenty-two ribs spaced six in five millimeters on its venter
and sides. N. entogonum has eighteen ribs spaced five in ten mil-
limeters on its venter. Both species occur at about the same strati-
graphic horizon.

Occurrnce.— In the Moorefield shale, Independence County, Ar-
kansas; in the Caney shale, Oklahoma; and in the Barnett shale, 3
miles southeast of San Saba, at abandoned lime kiln, San Saba
County, Texas.

Types.— Holotype in geology department, Leland Stanford, Jr.,
University, California. Plesiotypes at Bureauof Economic Geology,
The University of Texas.

Family Schistoceratidae H. Schmidt 1929 (emend.)

Schistoceratidae H. Schmidt, 1929, Tierische Leitfossilien dcs Karbon, p. 75.

Ammonites included in this family are evolute,have compressed
whorls, highly arched venters, helmet-shaped cross-sections, and a
thickness equal to about thirty-eight per cent of the diameter. The
umbilicus is wide, the umbilical shoulders are smooth, and the sur-
face of the shell is nearly smooth or sculptured by abeautiful re-
ticulate design of fine crossridges. The sutureline resembles that of
the Gastrioceratidae. The lobes and saddles are somewhat more
elongate, the saddles are more spatulate, and the lobes are more
lanceolate than those in the Gastrioceratidae. The saddles, especially,
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are longer in proportion to their width, and the ventral saddle is
long and has a tendency to be bottle-shaped.

The family is distinguished from the Metalegoceratidae by
more compressed whorls, more highly arched venters, beautiful
reticulate lace-like sculpture, more constricted bottle-shaped ventral
saddles, and generally by wider umbilici. It is easily separated
from the Gastrioceratidae and Bendoceratidae by the absence of
tubercles or transverse ridges on the umbilical shoulders.

The members of Schistoceratidae occur in theupper Mississippian
and throughout the Pennsylvanian strata. The geologic age and
characteristics of the common genera found in Texas are included
in the following table:

Stratigraphic distribution and characters of genera in the
family Schistoceratidae

Genus Phaneroceras, n. gen.

The shell in this generic group is almost discoidal, with nearly
flat flanks and a broadly rounded venter. The greatest width is about
one-fourth the distance between the rounded umbilical shoulder and
the periphery. The whorl is indented to about two-fifths of its
height by the preceding whorl. The height of the whorl is about

GENUS AGE DISTINGUISHING CHARACTERISTICS

Schistoceras
Hyatt

Upper
Pennsylvania:!

Ammonoids with highly arched
venters, wide umbilici. Suture with
12 lobes, 12 saddles and a bottle-
shaped ventral saddle; 3 lateral
lobes are on each flank.

Paralegoceras
Hyatt

Middle
Pennsylvanian

Compressed, widely umbilicate am-
monoids, having 101 lobes, 10 sad-
dles and a bottle-shaped ventral
saddle; 2 lateral lobes are on each
flank, 1 on each umbilical wall.

Pseudoparalegoceras
A.K. Miller

Middle
Pennsylvanian

Ammonoids with highly arched ven-
ters and wideumbilici. Suture with
8 lobes, 8 saddles and a bottle-
shapedventral saddle; 2 lateral lobes
on each flank; none on umbilical
wall.

Phaneroceras,
n. gen.

Lower
Pennsylvanian

'Ammonoids with highly arched
venter, wideumbilici. Suture with 8
lobes, 8 saddles, and a bottle-shaped
ventral saddle; only 1lateral lobe
on each flank.
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equal to its breadth, so that the cross-section is helmet-shaped. The
umbilicus is broad, and in mature forms it is about one-half the
diameter of the shell. The surface of the shell is smooth or nearly
so, though some species appear to have a very finely reticulate
sculpture. The umbilical shoulder is without distinct nodes or
ridges in all stages. The venter of young forms ismarked by broad
shallow constrictions, which curve to form a deep sinus across the
periphery. Mature forms lack these constrictions.

The suture consists of eight lobes and eight saddles not includ-
ing the ventral saddle which divides the ventral lobe into two parts.
The ventral lobe is broad and divided into two V-shaped divisions
by a longbottle-shapedventral saddle. The lateral lobes arepointed.
The first and second lateral saddles arenarrow and show a tendency
to be pointed like the first lateral saddles of Goniatites. The second
lateral saddle is asymmetrical and pointed, the ventral side being
steep and the umbilical side gently sloping. This character is the
most distinctive feature of the genus and readily serves to identify
representatives. The internal saddles are very narrow and pointed.

This genus is closely related to Neoglyphioceras and to Gastrio-
ceras. It differs from Neoglyphioceras in its porportionately higher
and helmet-shaped whorl section, its narrower umbilicus, and its
lack of longitudinalridges. Itis distinguished from Gastrioceras and
Paragastrioceras in its broader umbilicus and its lack of umbilical
nodes or ridges, its markedly different whorl section, and its suture.
Its first and second lateral saddles are markedly more hastate than
in either of those genera, and its second lateral lobe more asym-
metrical than those of Gastrioceras, Paragastrioceras, and Glaphy-
rites. These ammonoids are usually regarded as having descended
from anarcestid stock, although this assumption is by no means
certain.

The phytogeny of the great number of Mississippian and early
Pennsylvanian genera, characterized by gastrioceran sutures, and
no doubt closely related, is very difficult to unravel. Sufficient data
is not at hand to establish definitely the phylogenetic relationships
of the new genus Phaneroceras, but it seems not unlikely that it
is derived directly from the somewhat plastic Mississippian genus
Miinsteroceras Hyatt, by wayof some such openly umbilicated form
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as M. oweni (Hall). The whorl section, large number of whorls,
umbilical wall and other features are very suggestive; and the young
of Miinsteroceras have faint constrictions which form gentle saddles
on the flanks and a ventral saddle. These characters are accentuated
in Phaneroceras. The sutures have the same number of elements,
but the structure of the elements is more advanced in Phaneroceras.

Genotype, Gastrioceras compressumHyatt (PI. 9, figs. 4—10; PI.
11, fig. 13; text fig. 42). Gastrioceras amotapense Thomas101 from
Peru is also amember of this genus.

Fig. 42. External suture line of Phaneroceras compressum (Hyatt)

PHANEROCERAS COMPRESSUM (Hyatt)

PL 9, figs. 4-10.; PI. 11, fig. 13; text fig. 42

Gastrioceras compressum Hyatt, 1891, Geol. Survey Texas Second Ann. Rpt.,
p. 355, figs. 57, 58, 59.

Gastrioceras compressum, Smith, 1903, U. S. Geol. Survey Mon. 42, p. 86, pi.
9, figs. 1-3,

Description.— This interesting species, so different in shape from
the typical Gastrioceras with which it has formerly been classified,
has adistinctly discoidal form and a fairly slow forward expansion.

The venter is evenly rounded. The umbilicus is large, about one-
third the diameter of the shell,its beveled shoulders merge into the
generally rounded outline, and the umbilical walls slope gently
into the shallow umbilical depression. The following measurements
of two plesiotypes, a large and a small specimen, are as follows:

101Thomas, H. Dighton, An upper Carboniferous fauna from the Amotape Mountains, north-
western Peru: Geol. Mag., vol. 65, p. 293, pi. 10, figs. 6, 6a, pi. 11, fig. 1, pi. 12, fig. 1, 1928.
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A B
Diameter (D) 96.0 30.2 mm.
Height of last whorl (H) . 33.0 11.1
Height of penultimate whorl 24.0 7.0
Height of last whorl above venter 17.0 9.0
Involution (I) 12,0 3.0
Thickness of last whorl (T) 36.6 13.0
Thickness of penultimate whorl — - 8.0
Width of umbilicus _41.0

Shell ratios of A—
U I T T— = 0.43 — = 0.36 — =1.11 — =0.38
D H H D

The surface of the shell is marked by fine growth lines, and the
whorls are indented by about six prominent constrictions, which
curve forward on the sides and backward on the venter, so that a
shallow sinus is formed on each side and another on the venter,
separated by abroad saddle on each ventral-lateral border.

The suture consists of eight lobes and eight saddles, not including,
the secondary ventral saddle. The broad ventral lobe is divided
into two pointed divisions by abottle-shaped ventral saddle, which
approaches the shape of that of Schistoceras. The twohalves of the
ventral lobe and the lateral lobes are broad and have perpendicular
sides and pointed, V-shaped ends. The first and second lateral
saddles are markedly hastate, constricted at the end, and narrowly
rounded. The second lateral saddle is asymmetrical, having a steep
ventral side and a gently sloping dorsal side.

Discussion.— This species resembles Pseudoparalegoceras rus-
siense (Tzwetaev),Pseudoparalegocerasbrazoense, n. sp.,and Para-
gastriocerassuessi (Karpinsky).Ithas one less pairof lobes and sad-
dles than the first two. Ithas amuch wider umbilicus and apropor-
tionately greater whorl height than P. suessi. It is distinguished
from Phaneroceras lenticulare, n. sp., by its thicker whorl section,
its less pronouncedconstrictions,and by its much broader umbilicus.
Gastrioceras fedorowi Karpinsky is smaller and has transverse ribs
on itsventer.Paragastrioceras suessi is similar buthas morestrongly
developedlongitudinal ribs, a proportionately greater whorl height,
and a wider umbilicus.

Occurrence.— This species is common in the Marble Falls lime-
stone and Smithwick shale, Bend group,Pennsylvanian, at the fol-
lowing localities: along right bank of Colorado River three-quarters
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of a mile southwest of Bend, and on Cherokee Creek, San Saba
County; 3% miles east of Rochelle, McCulloch County; and on
Llano River, 6% miles east-southeast of London, Kimble County.

Types.— Holotype in Department of Geology, The University of
Texas; plesiotypes in Bureau of Economic Geology, and at Texas
Technological College.

PHANEROCERAS LENTICULARE, n. sp.

PL 10, figs. 1-9

Description.— The whorl of this species is involute, somewhat
discoidal and helmet-shaped in cross-section. Young individuals
have proportionately lower and more inflated whorls, so that their
shape is more globose than mature forms. The umbilicus is broad
and shallow, and the umbilical wall is nearly perpendicular and
meets the flanks at an acute angle. Most of the specimens are in the
form of casts, and the larger ones are poorly preserved and some-
what deformed, so the following measurements are only approxi-
mate:

A B
Diameter (D) 30.0 96.0 mm.
Height of last whorl (H) 10.8 42.0
Height of penultimate whorl ____ 25.0
Height of last whorl above venter 7.0 33.0
Involution (I) 3.8 9.0
Thickness of last whorl (T) 13.0 35.0
Thickness of penultimate whorl 7.8 20.0
Width of umbilicus (U) 10.5 27.0
Height of umbilical wall 3..0

Shell ratios of A—
U I T T— = 0.35 — = 0.35 — =1.20 — = 0.43
D H H D

The shell is thin, smooth and unsculptured except for very fine
growth lines and six well-developed and prominent constrictions
that indent both flanks and venter. The constrictions are sinuous
withpronounced saddles on the flanks and a deep lobe on the venter,
indicating that the animal had a deep hyponomic sinus.

The suture consists of eight lobes and eight saddles. The ventral
lobe is divided by a long and characteristically bottle-shaped ven-
tral saddle making, in all,nine lobes and nine saddles in the suture.
The other saddles arenarrowly rounded, and the lobes are pointed.
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The internal suture is unknown. The living chamber is lacking in
all specimens.

Discussion.— This species differs from Phaneroceras compressum
(Hyatt) in possessing six sinuous constrictionsand inhaving amore
inflated whorl,especially in younger forms. Its umbilicus also is
much narrower on specimens of equal diameter. Since it occurs
stratigraphically higher, these differences in configuration are re-
garded as sufficient to make the species distinct.

Occurrence.— Smithwick formation, Bend group, Pennsylvanian:
one-quarter mile north of Marble Canyon, Hudspeth County; 3%
miles east of Rochelle,McCulloch County.

Types.— Holotype and paratypes at Bureau of Economic Geology
of The University of Texas and at Texas Technological College.

Genus Pseudoparalegoceras A. K. Miller 102 1934

Pseudoparalegoceras A. K. Miller, 1934, Jour.Pal., vol. 8, p. 18.

This genus includes discoidal evolute shells with whorls that have
a helmet-shaped cross-section. The whorl flanks are relatively flat
and tend to convergetoward the venter. The very broad umbilicus is
boundedby a low, steep wall. Constrictions cross the whorls of all
except the largest specimens.

The suture is the characteristic feature of the genus and is at once
distinctive. It is gastrioceran so far as the number of lobes and
saddles is concerned, but the distribution and shape of the sutural
elements differs markedly from Gastrioceras and related genera in
that there are twolateral lobes on the flanks, and noumbilical lobe.
The position of the umbilical lobe is occupied by an unusually
broad, flat-bottomed umbilical saddle. All the other saddles are
narrowly rounded, except the ventral saddle which is longer than in
Gastrioceras and bottle-shaped as in other genera of the Schisto-
ceratidae. All the lobes arehastate.

The genus is probably derived directly from Phaneroceras by
the removal of the umbilical lobe of the suture from the umbilical
wall to the flank. As will be pointed out on a later page,Schisto-
ceras and related genera are probably derived from Pseudoparale-

102This genus was originally recorded as Strawnoceras by the authors inUniv. Texas Bull. 3534.
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goceras through Paralegoceras,by the elaboration of the broad, flat-
bottomed umbilical saddle to form" the many lobes and saddles of
the suture of Schisloceras (fig. 43).

Fig. 43. Evolution of suture line of Schistoceras in developing from
Phaneroceras

It appears,also, that the so-called Gastrioceras russiense Tzwetaev
fulfills the requirements outlined for Pseudoparalegoceras. As
pointed out by Smith,303 Hyatt once referred the Russian species to
Paralegocerasbecause of its two pairs of lateral lobes on the flanks.
Gastrioceras pacifLcum Thomas104 is also certainly a Pesudoparale-
goceras. Thomas mentions the remarkably broad umbilical saddle,
on the flanks.

Genotype, Gasterioceras russiense Tzwetaev (text fig. 44).
10sSmith, J. P., The Carboniferous ammonoids of America: U. S. Geol. Survey Mon. 42,

p. 82, 1903.
1(MThomas, H. Dighton. An upper Carboniferous fauna from the Amotape Mountains, north-

western Peru: Geol. Mag., vol. 65, p. 296, pi. 12, £gs. 2, 2a, 1928.
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Fig. 44. External suture line of Pseudoparalegoceras russiense (Tzwetaev)

PSEUDOPARALEGOCERAS BRAZOENSE, n. sp.

PL 10, figs. 10-14

Description.— The shell is globose with broadly rounded venter
and flanks in the young stages;.with age the whorls become higher
and less globose, the venter becomes; less broadly rounded, and the
flanks become flattened and tend to converge toward the venter. The
greatest thickness of the whorls is at about one-fourth the distance
from the umbilical wall. The umbilicus is wide and shallow with a
correspondingly low wall. The wall is steep and meets the next
inner whorl at an angle of about 80 degrees.The umbilical shoulder
is distinct but not in the form of a sharp angle. The holotype ex-
hibits the following dimensions:

Diameter (D) 61.0 mm.
Height of last whorl (H) 22.3
Height of penultimate whorl 9.7
Height of last whorl above venter 16.6
Involution (I). 5.7
Thickness of last whorl (T) 26.0
Thickness of penultimate whorl 19.4
Width of umbilicus (U) 25.3

Shell ratios—
U I T T— = 0.41 — = 0.26 — = 1.17 — =0.43
D H H D

The above measurements have been made on a specimen that is
septate throughout and they do not represent the maximum size
that the species attains. Another less well-preserved specimen from
the same locality has a diameter of 185 millimeters. It is entirely
septate, as was also the missing circumambient whorl, since the
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venter of the specimen bears traces of the interior septa of the next
whorl. The original size of this specimen must have been over 600
millimeters. The whorls of the larger specimen are somewhat in
proportion to its width,and the sides are flatter.

The specimens obtained are allin the form of casts, so that details
of sculpture of the shell surface are unknown. Four or five well-
developed constrictions per whorl show on all except the largest
shells. These are flexed slightly across the venter and are straight
on the flanks.

The suture consists of eight lobes and eight saddles. The ventral
lobe is divided into two parts by a ventral saddle making, in all,
nine lobes and nine saddles. The lobes are all hastate, long, and
sharply pointed. The dorsal, antisiphonal lobe is long and narrow.
The saddles are long,and wide posteriorly, and narrowand rounded
anteriorly. Because of the lack of breadth this narrowly rounded
anterior portion may appear angular. The umbilical saddle is
broad, rounded, with a steep inner wall and a less steep outer wall.
The two saddles on each side of the antisiphonal lobe are long and
narrow. The long, bottle-shaped saddle that divides the ventral
lobe is anoteworthy feature.

Discussion.— No other known American species can be confused
with Pseudoparalegoceras brazoense,n. sp. P. russiense (Tzwetaev)
is probably somewhat similar but differs in shape and in the details
of its suture. The most similar species is Pseudoparalegoceras pad-
ficum (H. D. Thomas) from Amotape Mountains of Peru. That
species, however, has higher whorls at an early age, has a shorter
second lateral lobe, less pronounced constrictions, and a narrower
umbilicus.

Occurrence.— Shale below the Kickapoo Falls limestone, Millsap
Lake formation, Strawn group, lower Pennsylvanian, in a south-
eastward-facing bank on the northeast side of Kickapoo Creek, 100
yards southeast of the Weatherford-Lipan road near the Parker-
Hood county line in northern Hood County.

Types.— Holotype in geological museum of Texas Christian Uni-
versity, Fort Worth, Texas; paratypes in Bureau of Economic
Geology, The University of Texas.
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Genus Paralegoceras Hyatt 1884

Paralegoceras Hyatt, 1884, Proc. Boston Soc. Nat. Hist., vol. 22, p. 327.
Paralegoceras, Karpinsky, 1889, Mem. Acad. imp. Sci. St. Petersbourg, ser. 7,

vol. 37, No. 2, p. 61.
Paralegoceras, Hyatt, 1893, Geol. Survey Texas Fourth Ann. Rpt., p. 474.
Paralegoceras, Smith, 1896, Proc. Amer. Phil. Soc, vol. 35, p. 263.
Paralegoceras, Smith, 1903, U. S, Geol. Survey Mon. 42, p. 99.
Paralegoceras, Wedekind, 1914, Mitteil. Mus. Stadt Essen, Heft 1, p. IS.
Schistoceras, Wedekind (pars), 1917, Palaeontographica, vol. 62, p. 161.
Paralegoceras, H. Schmidt, 1925, Jahrb. preuss. geol. Landesanstalt (1924),

vol. 45, p. 598.

This genus was established by Hyatt to include ammonoids having
compressed whorls with flattened sides,moderately high and helmet-
shaped whorl sections, medium-sized umbilici,and rather faint sur-
face sculpture. The external suture line is composed of the ventral
lobe, two lateral lobes, an umbilical lobe, and intervening saddles.
The lobes are pointed and tongue-shaped, the ventral saddle is
bottle-shaped, the lateral saddles are long and rounded. The in-
ternal suture has a long pointed dorsal lobe flanked by one pair

Fig. 45. External suture lineof Paralegoceras iowense (Meek and Worthen)

of dorsal lateral lobes. Paralegoceras evidently was derived from
Phaneroceras by the addition of the extra lobes and saddles.

Paralegoceras presents the same general form and whorl section
as Pintoceras and Bendoceras but differs in having no umbilical
tubercles and no prominent reticulate sculpture. It has a smaller
umbilicus and a more compressed shape than Metalegoceras. It
differs from Schistoceras in having two less lobes and two less
saddles.

The following species of this genus are known in America:
Paralegoceras iowense (Meek and Worthen)
Paralegoceras rectilaterale A. K. Miller

Genotype, Goniatites iowensis Meek and Worthen. (PI. 18, figs.
8, 9; text fig. 45).
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PARALEGOCERAS lOWENSE (Meek and Worthen)

PL 18, figs, 8, 9; text fig. 45

Goniatites iowensis Meek and Worthen, 1860, Proc. Acad. Nat. Sci. Phila-
delphia, p. 471.

Goniatites iowensis Meek and Worthen, 1866, Geol. Surv. Illinois, vol. 2, p.
392, pi. 30, figs. 3a-c.

Paralegoceras ioivense, Smith, 1903, U. S. Geol. Survey, Mon. 42, p. 100, pi. 4,
figs. 12-14. (Not pi. 9, figs. 4-7; see Bendoceras texanum.)

Not Paralegoceras iowense, Hyatt, 1884, Proc. Boston Soc. Nat. Hist., vol. 22,
p. 327. (See Bendoceras texanum.)

Not Paralegoceras iowense, Hyatt, 1893, Geol. Survey Texas, Fourth Ann.
Rept., p. 474, figs. 52-54. (See Bendoceras texanum.)

Not Paralegoceras iowense, Smith, 1896, Proc. Amer. Phil. Soc., vol. 35, p.
263, pi. 39, figs. 1-3. (See Bendoceras texanum.)

Description.— The shell is discoid and moderately large with
high flat flanks and narrowly rounded venter. The whorls grow
slowly in both height and width and are a little thicker near the
umbilicus than near the venter. The umbilicus is largeand bordered
by a low, perpendicular wall the margin of which is sharply
rounded. The following measurements are all that could be ob-
tained from the badly crushed holotype:

Diameter (D) 104.0 mm.
Height of last whorl (H) 45.0
Thickness of last whorl (T) 23.0'
Width of umbilicus (U) 22.0
Shell ratios—

U T T— = 0.21 — = 0.51 — = 0.22
D H D

No feature of sculpture or ornamentation is observable on the
cast or on the few pieces of the shell that still adhere. The umbili-
cus has been carefully cleaned and even the young whorls down to
a small size fail to show umbilical tubercles or ribs.

The external suture line is well shown and consists of a divided
ventral lobe, two lateral lobes on the flanks and a third lateral lobe
on the umbilical wall. Sutures areclosely spaced. The ventral lobe
is long and divided into two long,broad, lanceolate partsby a long
ventral saddle. Each of the secondary lobes is a little constricted
anteriorly. The first lateral lobe is sharply lanceolate and broadened
anteriorly. Itisnearly as long as the ventral lobe. The second lateral
lobe is short, broadly V-shaped and leans perceptibly toward the
umbilicus. The umbilical lobe is short and bluntly pointed. All the
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saddles are broadly rounded except the ventral saddle which is
narrow and slightly constricted anteriorly.

Discussion.— Paralegoceras iowense is distinctive in appearance
and easily separated from its congeners. It is much more thinly
discoid than Neoglyphioceras newsomi (Smith) from Arkansas,
and its suture line is entirely different. It is likewise more thinly
discoid than Paralegoceras rectilaterale A.K.Miller105 and the first
lateral lobe of its suture line does not bear the notch recorded by
Miller for his species. >t

P. iowense is also entirely different from the numerous Permian
species of Metalegoceras which have often been referred to Parale-
goceras, and from the ornamented Bend species included under
Bendoceras.

The writers have not found Paralegoceras iowense in Texas, but
take this opportunity to redescribe and refigure the holotype because
specimens found in Texas, and described in this paper under the
generic name of Bendoceras, have frequently been referred to this
species.

Previous figures and descriptions fail to indicate the badly crushed
condition of the type specimen. Most of one side is entirely broken
away or has been crushed in laterally. Only a small part of the liv-
ing chamber is shown. The writers are indebted to Prof. T. E.
Savage of the University of Illinois for the opportunity to study
and photograph the specimen.

Occurrence.— Middle Coal Measures of Alpine, lowa.
Type.— The holotype is in the Department of Geology, University

of Illinois.
Genus Schistoceras Hyatt 1884

(emend. Smith, 1903;emend. Plummer & Scott)

Schistoceras Hyatt, 1884, Proc. Boston Soc. Nat. Hist., vol. 22, p. 336.
Schistoceras, Smith (pars),1903, U. S. Geol. Survey Mon. 42, p. 104.
Schistoceras, Wedekind, 1914, Mitteil. Mus. Stadt Essen, Heft 1, p. 14.
Schistoceras, Wedekind, 1918, Palaeontographica, vol. 62, p. 161.
Schistoceras,Bb'se (pars), 1917, Univ. Texas Bull. 1762, p. 92.
Schistoceras, Schmidt, 1929, Tierische Leitfossilien dcs Karbon, p. 75.

This genus was introduced by Hyatt to include ammonoids with
rounded whorls, a high helmet-shaped whorl cross-section and su-

A. X., A new ammonoid fauna of late Paleozoic age from western Texas:Jour. Pal.,
vol. 4, p. 402. pi. 38. figs. 12-14. 1930.
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tures characterized by deep bottle-shaped ventral saddles. The sur-
face of the shell bears beautiful fine markings, which consist
usually of fine spiral lirae that are more prominent on the venter
than on the flanks. There are also much finer transverse striae,
which with the lirae give the surface of the shell a reticulate pat-
tern. The transverse lines are more prominent on the young shell,
but in the older stages the lirae become more conspicuous. The
whorls bear no constrictions. Umbilical tubercles are absent in the
adults but are present in the young. The umbilicus is deep and on
most specimens is bounded by rounded shoulders.

The suture of Schistoceras is marked by nine external lobes, the
ventral one of which is divided into two by the long bottle-shaped
ventral saddle, and five internal lobes, making fifteen in all, two
morethan in Agathiceras, four more than inParalegoceras, six more
than in Gastrioceras, and two more than in Metalegoceras. It has,
however,the same number of lobes as Paraschistoceras. Schistoceras
probably developed from Phaneroceras through Paralegoceras106

(fig. 43).
The sculpture on the shell surface, the proportions of the whorl,

the size of the umbilicus,and the shape of the ventral lobe and the
first lateral saddles in shells of the same size have been found to be
salient features that can be employed as criteria in separating the
species. On a basis of these criteria the following distinctions have
been made:

106Miller, A. X., Metalegoceras jacksoni of the Irwin River coalfield, Western Australia:Am.
Jour. Sci., ser. 5, vol. 24. p. 434, text fig. 1. 1932.

107Bose's holotype from Gaptank formation.
10sPlesiotype from Jack County.
109From Bridgeport clay pit.

v T T
SPECIES

—
REMARKS

D
S. missouriense (M.&F.).0.26

H
1.2

D
0.53 Fine reticulate sculpture, with

transverse lines most prominent,
saddles slightly constricted, lobes
expanded.

S. hyatti Smith 0.23 1.0 0.50 Synonym for S. missouriense.
S. fultonense (M.&G.) .__.0.26 1.25 0.60' Synonym for S. missouriense.
S. smitM Bose107 0.18 0.93 0.47 Fine reticulate sculpture,large um-

bilicus, less constricted lobes and
saddles.

S. smith! BoseloB 0.16 0.88 0.43
S. smithi Bose109 0.19 0.74 0.39
S. diversecostatum Bose 0.16 0.90 0.46 Reticulate sculpture; indistinct

ridges on umbilical border.
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Up to the present time Schistoceras seems to have been found in
North America only. Altogether five species have been described
from Texas, two from Kansas and Oklahoma, one from Illinois,
and one from Missouri. The genus ranges from the base of the
Canyon to the middle of the Cisco group.

Genotype, Schistoceras hyatti Smith, which was designated by
Smith as the genotype, but this is thought to be a synonym for
S. missouriense (Miller and Faber). (PI. 19, figs. 1-15; PL 20,
fig. 11; text fig. 46).

Fig. 46. Complete suture line of Smith's type for Schistoceras, S. hyatti
Smith, which is now thought to be identical with S. missouriense (Miller and
Faber)

SCHISTOCERAS MISSOURIENSE (Miller and Faber)

PL 19, figs. 1-15; PI. 20, fig. 11; text fig. 46

Schistoceras, sp. md., Hyatt, 1884, Proc. Boston Soc, Nat. Hist., vol. 22, p. 336.
Gordatites missouriensis Miller and Faber, 1892, Jour. Cincinnati Soc. Nat.

Hist., vol. 14, p. 164, pi. 6, fig. 1.
Goniatites fultonensis Miller and Gurley, 1896, 111. State Nat. Hist. Mus.Bull.

11, p. 39, pi. 4, figs. 15-17.
Schistoceras fultonense, Smith, 1905, U. S. Geol. Survey Mon. 42, p. 106', pi.

16, figs, 15-17.
Schistoceras hyatti Smith, 1903, Idem, p. 108, pi. 20, figs. 1-8, pi. 21, figs.

10-13,
Schistoceras missouriense, Smith, 1903, Idem, p. 111, pi. 8, fig. 1.
Schistoceras fultonense, Morgan, 1924, Oklahoma Bur. Geol., Bull. 2, pi. 53,

figs. 8, Ba.

Description (adapted from Smith).— The whorl is somewhat com-
pressed laterally,has high venter and a helmet-shaped cross-section,
sloping sides, rounded venter, rounded umbilical shoulders, and
deep, open umbilicus,showing the inner whorls. The last whorl is
indented to two-fifths of its height by the preceding whorl.

Measurements of the three best-known specimens are as follows:
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ABC
Diameter (D) 45.9 69.0 28,0 mm.
Height of last whorl (H) 24.6 35.0 13.6
Height of penultimate whorl 12.0 23.0 7.0
Height of last whorl above venter 11.5
Involution (I) 10.0 12.0 3,6
Thickness of last whorl (T) ____.. 22+ 35.0 17.0
Width of umbilicus (U) 12.0 14.0 7.2
Shell ratios—

U I T T
A: — = 0.26 — = 0.41 — = 0.89 — =0.48

D H H D
U I T T

B: — = 0.20 — = 0.34 — = 1.00 — =0.51
D H H D
U I T T

C: — = 0.26 — = 0.26 — =1.25 — =0.61
D H H D

A. Holotype of 5. missouriense Miller and Faber (Walker Mus., No.
8756).

B. Largest cotype of 5.hyatti Smith, as figured in U.S.G.S.Mon.42,
C. Holotype of S. fultonense (Miller and Gurley).

No ribs or constrictions occur on the mature shell,but the surface
is ornamented with fine spiral lirae and fine sinuous cross striae.
The fine raised ridges between the striae are evenly intersected by
the finer longitudinal lirae in such a way as to give the surface the
appearance of bearing parallel rows of tinybeads in the direction
of coiling. All whorls have smooth umbilical shoulders free of
tubercles except on very youngspecimens. One specimen from Salt
Creek near Graham shows tubercles up to a diameter of ten milli-
meters. These are small and transversely elongate and are spaced
three in five millimeters or about twenty to the whorl. The trans-
verse striae are developed most strongly on the smaller whorls, the
longitudinal lirae are strongest on the larger whorls. The cross
striae are arranged in irregular sized bundles, which when viewed
from the side give a bourrelet110 appearance to the whorl. The
ornamentation is plainest on the younger whorls and becomes ob-
scure with growth. At a shell diameter of fifty millimeters it is
barely discernable.

The suture is composed of fourteen primary lobes and fourteen
primary saddles. The long, notched, and bottle-shaped ventral
saddle divides the ventral lobe into two pointed divisions making
in all fifteen lobes and saddles in the suture. The three lateral

110A stuffed roll that formed an ornament on cap or other headdress of' the middle ages.
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saddles are long, narrow, and spatulate. The three lateral lobes are
long, pointed, and hastate. The fourth lateral lobe is short and
pointed and lies on the umbilical shoulder. The internal suture con-
sists of a long,narrow,pointed dorsal lobe, flanked on each side by
two lateral lobes, the one nearest the dorsal lobe being long, the
other short. The branches of the ventral lobes of the largest speci-
mens are expanded at a point about halfway between the anterior
and posterior ends while a corresponding constriction exists in the
first lateral saddle.

Discussion.— Through the courtesy of the late Dr. Stuart Weller
of University of Chicago the holotype of 5. missouriense (Miller
and Faber) has been made available for study and for comparison
with the Texas specimens. This species corresponds in proportions,
in sculpture,and inshape of suture so closely to 5.hyatti Smith, that
there is no reasonable doubt that the two forms are identical. This
relationship can be seen by referring to the illustrations on Plate
19 and by the measurements furnished above. Smith111 suspected
the identity of the two forms and says, "The species S. missouriense
may very well be identical with either S. hyatti or S. hildrethi,but
the figures and descriptions of S. missouriense do not permit this
determination."

Occurrence.— This species is the commonest member of the genus
and has been found at almost every ammonite-bearing locality in
the shales of the Graham formation, as follows: 1mile south of
Gunsight, Stephens County; 1mile west of Graham on Salt Creek,
and on Mars Hill,1mile southwest of Graham, YoungCounty;one-
eighth of amile north-northeast of Weedon School, Brown County;
and 1% miles east of Fife, McCulloch County. The type locality
for the species in Missouri is Brush Creek near Kansas City, Mis-
souri.

Types.— Holotype in Faber Collection, Walker Museum, Univer-
sity of Chicago. Plesiotypes at Bureau of Economic Geology, The
University of Texas. The plesiotypes illustrated by Smith are in the
U.S.National Museum and in the Museum of Comparative Zoology
at Harvard University.

mSmith, J. P., Carboniferous ammonoids of America: U. S. Geol. Survey Mon. 42,p. 111, 1903.
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SCHISTOCERAS SMITHIBose

PL 18, figs. 1-7; PL 41, figs. 6-8

Schistoceras smithiBose, 1917, Univ. Texas Bull. 1762, p. 93, pi. 3, figs. 9-16.
Schistoceras smithi, A. K. Miller, 1930, Jour. Pal., vol. 4, p. 406, pi. 39, figs.

14-16.

Description.— The whorl of this species is typical of the genus;
its venter is broadly rounded and the flanks are slightly less flat-
tened and converge less steeply toward the venter than in most
species. The umbilicus is exceptionally large and deep. The pro-
portions and measurements of the largest specimen (A) from the.
Bridgeport clay pit and a specimen (B) from 2 miles south of Gap
Tank are as follows:

A B
Diameter (D) 110.0 79.9 mm.
Height of last whorl (H) 57.0 40.8
Height of penultimate whorl 26.0
Height of last whorl above venter 39'.0;
Involution (I) ; 1 20.0 13,7
Thickness of last whorl (T) 42.0 38.0
Thickness of-penultimate whorl —
Width of umbilicus (U) 21.1 14.8

Shell ratios—
U I T T

A: — =0.19 — = 0.35 — = 0.74 — = 0.39
D H H D

U I T T
B: — =0.19 — = 0.34 — =0.93 — = 0.48

D H H D

The surface sculpture consists of fine revolving lirae cancellated
by cross striae. The revolving lirae are more prominent on the
venter than on the flanks but are present even on the umbilical
wall. They aremoreprominent on the old than on the young speci-
mens. The various cross striae, on the other hand, are more promi-
nent on the young shells, and they are finer and more numerous
than the lirae. There are no indications of umbilical ribs or
tubercles,but collections athand contain no small specimens.

The ventral lobe of the suture pattern is exceptionally large and
long. The lobe on the umbilical shoulder is short, whereas that on
the umbilical wall is proportionately larger, even in large speci-
mens. These characters and the arrangement of the other lobes
near the umbilical regionshow theprimitivecharacter of the species.
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In fact, the most adult sutures resemble the younger sutures of the
more advanced species. All specimens are entirely septate.

Discussion.— This species closely resembles 5. missouriense
(Miller and Faber) and some other members of the genus ingeneral
appearance,but its more primitive suture, finer surface sculpture
and its larger umbilicus easily distinguish it.

Occurrence.— In north-central Texas this species occurs in the
shale just above the Willow Point limestone, Graford formation,
Canyon group, in the abandoned clay pit of the Bridgeport Brick
Company, Bridgeport, Wise County. In west Texas it has been
found in the Gaptank formation 2 miles southeast of Gap Tank,
Pecos County. In Illinois it occurs in the LaSalle limestone, Car-
bondale formation, at LaSalle.

Types.— Cotypes and plesiotypes at the Bureau of Economic
Geology, The University of Texas; plesiotypes at Texas Christian
University.

SCHISTOCERAS DIVERSECOSTATUM Bose

PI. 20, figs. 1-10

Schistoceras diversecostatum Bose, 1917, Univ. Texas Bull. 1762, p. 96, pi. 4,
figs. 1-36.

Schistoceras diversecostatum, Smith, 1929, Am. Jour. Sci., ser. 5, vol. 17, p. 76,
fig. B,1-13.

Description.— The shell is subglobose and nearly as thick as
high. The whorl is helmet-shaped in cross-section with its greatest
thickness close to the umbilicus, from which point the flanks con-
verge moderately toward the venter. The dorsum of the last whorl
is indented to about one-fifth the height of the whorl. The venter
is rounded. The umbilicus is comparatively small, about one-sixth
of the diameter in width; the umbilical shoulders are rounded, and
the walls are inclined at an angle of about 85 degrees. The largest
specimen furnishes the following measurements:

Diameter (D) 61.0 mm.
Height of last whorl (H)-_ 31.0
Height of penultimate whorl 13.0
Height of last whorl above venter 21.0
Involution (I) J 12.0
Thickness of last whorl (T) 28.01

Thickness of penultimate whorl „„ _
Width of umbilicus (U) . 10.0
Shell ratios—

U I T T— = 0.16 — = 0.39 — = 0.90 — = 0.46
D H H D
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The most prominent sculptural feature of the shell surface con-
sists of faint umbilical ribs, which are rounded faint ridges lying
almost entirely on the umbilical wall and extending perpendicular
to the axis of coiling. They are quite different from the elongate
tubercles on the umbilical shoulders of species of Paraschistoceras
and have no relation to umbilical nodes. There are eighteen to
twenty of these ribs per whorl,and they areplainly visible even on
the largest specimen which has a diameter of 61 millimeters. The
surface of the shell is covered by fine, though plainly discernible,
revolving lirae and much less prominent cross striae. The lirae
are so much more prominent than the cross lines, that the reticula-
tion so prominent in 5. missouriense (Miller and Faber) is in this
form so weak that upon superficial examination the whorls appear
to be longitudinally lirate.

The specimen chosen as the holotype is septate throughout. The
suture bears no striking characteristic,but it differs somewhat from
that of other species. The ventral lobe is divided into two broad
parts by a narrow ventral saddle. The other lobes are narrow and
pointed, and the saddles narrowand rounded. The lateral lobes lean
perceptibly toward the umbilicus, a character that is pronounced
in the second lateral. The ventral saddle is a little shorter than that
of most species,and the second lateral is narrower and morepointed
than is common in species of this genus.

Discussion.— This species is distinguished by its transverse ribs
and surface sculpture from its congeners. Paraschistoceras hildrethi
(Morton) also has transverse ribs, but they are in the form of
strongly developed umbilical tubercles. Its umbilicus is wider,and
its whorls more compressed than in the species under consideration.

Occurrence.— In north-central Texas this species has been found
in the Graham formation, Cisco group,Pennsylvanian, in the Rock
Island Railroad cut 3% miles southeast of Jacksboro, and in a slope
6% miles northeast of Jacksboro, Jack County. In west Texas it
occurs at Wolf Camp, Glass Mountains, Brewster County, in the
Uddeniles zone of the upper part of the Gaptank formation.

Types.— Cotypes and plesiotypes in the Bureau of Economic
Geology, The University of Texas.
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Family Bendoceratidae,n. fam.

This family includes compressed, widely umbilicate ammonites
having reticulate sculpture and strong transverse ribs on the um-
bilical area. The umbilicus is proportionately larger, the whorl
sectionhigher and more compressed, and the lobes and saddles are
much more inclined than those in the Gastrioceratidae. The mem-
bers of this family appear not to be related phylogenetically to the
globose gastrioceratids but to have developed at an earlier age out
of a strongly ribbed and discoidal Devonian form, perhaps Gonia-
tites chemungensis Hall.

Only one genus, Bendoceras, has been assigned to this family.
When the same distinctions in sutural characters are made in Ben-
doceratidae, that are used in separating the Gastrioceratidae into
genera, it willbe possible on the basis of morematerial to describe
three or more genera depending on the number of elements in the
suture, as shown in the table that lists forms of Bendoceras.

Genus Bendoceras,n. gen.

Ammonoids belonging to this genus are discoidal and have
slender whorls about one-third as wide as high. Each whorl is
embraced by the next succeeding one to about one-half its height.
The umbilicus, therefore, is very broad. The flanks of the imma-
ture whorls arenearly flat and aremarked by numerous (30 in the
genotype) uniform transverse ribs that are strongest on the um-
bilical shoulders but die out on the venter. The surface is orna-
mented by transverse and longitudinal striae.

The suture of the genotype and smaller and older species have
ten primary lobes and ten primary saddles, and an additional
ventral saddle. The ventral lobe is but littlebroader than the lateral
lobes and is divided into two divisions by a bottle-shaped ventral
saddle two-thirds the length of the ventral lobe. The two pairs of
lateral lobes are unsymmetrical, long, and pointed. The first and
second pairs of lateral saddles areunsymmetrical, long,and rounded.
The first is inclined toward the venter, the second toward the
umbilicus. The larger more highly developed specimens from the
Smithwick shale have an extra small pointed lobe on the umbilical
shoulder and a corresponding extra saddle on the umbilical wall.
Thus these later forms have 12 lobes and 12 saddles inaddition to
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the ventral saddle. The unsymmetrical shape of the saddles and the
inclination of the second laterals toward theumbilicus,and the more
compressed, disc-shaped inner whorls distinguish this genus from
the tuberculate Gastrioceratidae. The tuberculate whorls distinguish
it from Paralegoceras and from Metalegoceras. These are the only
genera with which it is likely to be confused.

The members assigned to this genus may be divided into four
groups on a basis of the character and number of elements in the
suture as shown in the following table:

Representatives of "Prebendoceras" group are known only from
immature whorls of Bendoceras texanum (Shumard). It is possible
that adult forms corresponding to this stagemay sometime be found
in the Barnett shale or other late Mississippian strata.

Bendoceras moorei, n. sp., is beingplaced in the genus with some
doubt, since its suture line shows such peculiar characters. Addi-
tional material may indicate that anew genus should be established
for the species.

Genotype, Goniatites texanus Shumard. (PL 12, figs, 1-7; text
fig. 47).

Group of
Bendoceras
shumardi

LowerPennsylvairian,
Smithwick and

Atoka

Suture line in schistoceran stage
with12: lobesand 12 saddles and
a bottle-shaped ventral saddle;
lateral lobes and saddle con-
stricted.

Group of
Bendoceras
moorei

LowerPennsylvanian,
Smithwick

Suture line in paralegoceran
stage with 10 lobes and 10 sad-
dles and a short ventral saddle;
ventral lobe is short, first lateral
saddle has small secondary lobe
resembling slightly a Pronorites
saddle.

Group of
Bendoceras
teixanum (type)

LowerPennsylvanian,
MarbleFalls

Suture line in paralegoceran
stage with 10 lobes and 10 sad-
dles and a bottle-shaped ventral
saddle.

"Prebendoceras"
group

Upper
Mississippian

Suture line in gastrioceran stage
with 8 lobesand8 saddles and a
small ventral saddle.
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BENDOCERAS TEXANUM (Shumard)

PL 12, figs, 1-7; text fig. 47

Goniatites texanus Shumard, 1863, Trans. St. Louis Acad. Sci., vol. 2, p. 109.
Paralegoceras iowense, Hyatt, 1884,Proc. Boston Soc, Nat. Hist. vol. 22, p. 327.
Paralegoceras iowense, Hyatt, 1893, Geol. Survey Texas Fourth Ann. Rpt.,

p. 474.
Paralegoceras iowense, Smith, 1896, Proc. Am. Phil. Soc, vol. 35, p. 263.
Paralegoceras iowense, Smith, 1903, U. S. Geol. Survey Mon. 42, p. 100, pi. 9,

figs. 4-7.
Paralegoceras texanum, Smith, 1903, Idem, p. 104.
Paralegoceras hyatti Moore, n. sp. (MS.), 1919, The Bend series in Texas.

Description.^2— "This species attains a larger than medium size."
The shape is "discoidal, with narrowly rounded venter surface and
moderately wide umbilicus. .. . The shell is closely coiled, increas-
inggradually in size. Greatest breadth of whorls are at the umbilical
shoulders, the lateral slopes curving gently ventrally to a point near
the outer margin of the whorl where the convexity becomes very

Fig.47.External suture line of Bendoceras texanum (Shumard)

strong. The slope inward from the narrow rounded umbilical
shoulder is at a right angle to the lateral slope. The inner whorls
are impressed about one-third of the height of the next outer
whorl."

The specimen studied by Moore furnishes the following measure-
ments:

Diameter (D) (approximately) 91.0 mm.
Height of last whorl (H) 32.0
Height of penultimate whorl 16.0
Height of last whorl above venter 14.0
Involution (I) 18.0
Thickness of last whorl (T) 28.0
Width of umbilicus (U) 33.4
Depth of umbilicus 15.0
Shell ratios—

U I T T— = 0.37 — =0.56 — = 0.88 — = 0.31
D H H D

R. C, The Bend series in central Texas: Unpublished manuscript submitted to the
Bureau of Economic Geology in 1919 but later withdrawn in favor of a longer paper by Girty
and Moore not yet published.
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"The shoulders are marked by ribs which form well-defined
tubercles in the young portion of the shell, about three or more
in five millimeters. . . . The surface is marked by regular trans-
verse curving lines, which are sublamellose and crenulated. These
lines form aprominent saddle on the venter, asubangular lobe near
the top of the lateral slope, and abroad shallow saddle on the re-
mainder of the lateral slope. On the venter of the outer whorl
about five of the transverse ridges occur in five millimeters. The
inner whorls show rather finer and better marked ridges on which
crenulations are arranged so as to form somewhat less distinct re-
volving lines."

"The sutures are well defined. .. . There is a moderately deep
and rather narrow siphonal saddle, on each side of which is a nar-
row, slightly unsymmetrical, lanceolate siphonal lobe. There are
two well-defined, rounded, and tongue-shaped lateral saddles, the
lateral lobe between being about equal in size and lanceolate. The
second lateral lobe is broad and more sharply pointed. A third
rather shallow saddle occurs at the umbilical shoulders and a third
small lobe at the inner edge of the umbilical slope. Hence the shell
appearsr to have one pair of lobes more than observed in Gastrio-
ceras." The lobes and saddles are unsymmetrical. The first lateral
saddles are inclined slightly toward the venter. The second laterals
lean perceptibly toward the umbilicus.

"It has been recognized by Smith113 that the form described by
Hyatt from the Bend was somewhat doubtfully identified as the
young of Paralegoceras iowense (Meek and Worthen). The adult
specimen studied by the writermakes it evident that the Bend shell
cannot possibly be identified with the Meek and Worthen species.
The latter is a larger species, morecompressed laterally, withmuch
higher whorls and narrower umbilicus, the inner whorls apparently
less impressed within the outer, the lateral slopes of the whorls are
more nearly parallel, and the sutures are in details somewhat dis-
similar. Moreover, the tubercles which mark the umbilical should-
ers of the Bend shell both in the immatureand adult stages arenot
observed in typical P.iowense"

Discussion.— Moore is correct in separating this species from the
Smithwick shale nearBend from P. iowense (Meek and Worthen).

J. P., Carboniferous ammonoids of America: U. S. Geol. Survey Mon. 42, p. 101,1903.
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Through the kindness of Prof. T. E. Savage of the University of
Illinois, the type of the lowa form has been made available for
study and for comparison with the Texas specimens. This old type
is entirely devoid of tubercles and has a different shape. Prof.
Whitney has made available for study all the old collections of the
former Geological Survey of Texas, and in this assemblage Hyatt's
plesiotype was found in good condition. Among the other ammonoid
material there is a thin, sculptured fragment of a paralegoceran,
which seems to agree with Shumard's description114 of Goniatites
texanus. It belongs to the same species that Hyatt described from
the Bend under the name of Paralegoceras iowense arid which was
described by Moore as P.hyatti, n. sp. This specimen is without a
label and there is no way to be certain that it is the Shumard type:
however,material recently collected from Wallace Creek, the type
locality, contains several fragments of this same fossil, and no other
species like Paralegoceras is represented. For these reasons the
writers have hesitatingly referred these specimens to Shumard's
species and are establishing a neoholotype and labelling the un-
labelled specimen in the old collection, now in the geological de-
partment of The University of Texas, as a possible original holotype
of the same species.

Since Moore's description of this species was writtenand since the
question of its identity with Goniatites texanus Shumard has been
studied,M.K.Hubbard, graduate student at the University of Chi-
cago, discovered another much larger and more complete specimen
of this interesting form in the bed of a creek 1mile east of Bend,
San Saba County. The new specimens reveal the details of sculpture
and shape of the whorls excellently. The younger whorls up to a
diameter of 11millimeters have a triangular coil as viewed from
the side. The first four or five coils form nearly equilateral triangles
with bluntly rounded corners. It was thought at first that the un-
usual shape of the young coils was due to deformation during
growth or fossilization of the shell. R. C. Moore, however, has
recently discovered in the basal Atoka formation at Clarita, Okla-
homa, a specimen of Paralegoceras in which the younger whorls
exhibit the same character of coiling. Independently Dr. Carey

B. F., Description of new Paleozoic fossils: Trans. St. Louis Acad. Sci., vol. 2,
p. 109, 1863. "A small fragment only of the shell is preserved in one of the specimens in the
Texas state collection."
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Croneis found three specimens of another species (Bendoceras,n. sp.,
PL 12, fig. 8) in the lower Winslow at Fayetteville, Arkansas,
which also show this peculiar feature very plainly. Croneis115 has
published a short note on these forms and mentions two other speci-
mens that illustrate this triangular coiling collected by Prof. John
McCormick of Oklahoma Agricultural and Mechanical College from
the Francis formation116 (upper Pennsylvanian) in a clay pit of
the brick yard near Ada, Oklahoma. Croneis states, "their (speci-
mens from Ada) last preserved whorls fail to assume complete cir-
cularity although they are somewhat more rounded than the earlier
ones." After noting that all the ammonoids having triangular
coiling come from formations of about the same age and that they
are all referable to the genus Paralegoceras, he concludes that the
triangular forms are due probably to pathologic causes, although he
adds that it is remarkable that so many of the same genus during
the same geologic age should manifest the same pathologic feature.

The interesting triangular coiling of ammonoid whorls is by no
means a recent observation. Yon Buch,117 Miinster,118 Tietze,119 Roe-
mer,120 Giimbel,121 and Foord and Crick122 have described European
Devonian fossils (PL 12, fig.9) thought to be ammonoids with tri-
angular coils, though the authors questioned the significance of the
relationship of this coil to other ammonoids. Miinster referred them
to the genus Clymenia.Foord and Crick doubted that they were am-
monoids,and states:"the evidence for regarding the forms as species
of the genus Clymenia, or even as a cephalopod, seems to be wholly
wanting. We think that its connection with the Cephalopoda might
well be severed."

Carey, Triangular nepionic coiling in Carboniferous ammonoids : Science, vol. 72,
p. 534, Nov. 21, 1930.

v6Morgan, G. D., Geology of the Stonewall quadrangle,Oklahoma: Bureau of Geology Bull. 2,
p. 115, 1924.

111'Clymenia solanodes yon Buch, Ueber Goniatiten und Clymenien in Schliesen: Phys. Abh.
K. Akad. Wissen. Berlin f. Jahre 1838, p. 157. fig. 5. 1840.

118CZymereJa paradoxa Miinster, Beitrage zur Petrfactenkunde, p. 41, pi. 16, fig. 6, 1843.
'ix9Clymeniaparadoxa Tietze, Ueber die devonischen Schichten yon Ebersdorf: Palaeontographica,

vol. 19 (3), p. 136, pi. 46, fig. 14. 1870.
lsoClymenia paradoxa Roemer, Lethaea Geog., pt. 1, pi. 36, fig. 5, 1876.~m-Clymenia paradoxa Giimbel, Geogn. Beschreib. des Konigsreichs Bayern: Geogn. Beschreib.

Fichtelgebirges. p. 499. 1879.
paradoxa Foord and Crick, Catalogue of the Fossil Cephalopoda in the British

Museum (Nat. Hist.), pt. 3, p. 32, 1897.
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Vanuxem123 and Hall124 have described two ammonoids from
the Devonian of New York and Pennsylvania under the names
Goniatites chemungensis Vanuxem and G. chemungensis var. equi-
costatus Hall, which may belong to related genera and which may
cast some light on the phylogeny of Bendoceras. Both forms are
fragmentary, and the fragments have been poorly pieced together
for the illustrations. The inner whorls are costate and there are
about thirty transverse ridges per whorl on each specimen, the
same number that characterizes Bendoceras texanum (Shumard).
Both have discoidal whorls with flattened flanks, and the same sort
of surface ornamentation, that is, parallel revolving lirae crossed
by coarser crenulate transverse striae. The form described by
Vanuxem has four lateral saddles which suggest the suture of a
prolecanitid. Both Devonian forms have angular inner coils, but
neither specimen has a complete whorl. The upper right-hand side
of the whorls shown in the illustrations (Pal.N.V., vol.5, pt. 2, pi.
69, figs. 9, 10) show distinctly subangular turns, exactly like the
forms from Ada, Oklahoma, described by Croneis as "failing to as-
sume complete circularity" and like several specimens of the species
from nearBend in which the inner whorls areflattened and approach
triangularity in coiling. The types designated as Goniatites texanus
Shumard and G. (Prolecanites?) chemungensis Vanuxem must have
come from similar or related ancestors, perhaps from Acrocanites
of the lower Devonian. Whatever the phylogenetic relations of the
Texas form, it is clear that this beautifully sculptured ammonoid
has no close ties with true Paralegoceras, which quite surely de-
scended from an early smooth-surfaced gastrioceratid, perhaps
from Phaneroceras. Goniatites texanus Shumard deserves a new
classification, and is, therefore, named Bendoceras with Shumard's
species as the genotype.

The problem of the significance of the triangular coiling may
have nothing to do with the phylogeny of this form. At least four
different genera are now known to exhibit this peculiarity, Cly-
menia (?),Prolecanites (?),Paralegoceras, and Bendoceras. All the
forms have discoidal whorls that are high in proportion to their

chemungensis Vanuxem, Geol. Survey N. V., Third Geol. Dist., p. 182, fig. 1, 1849.
'
iZiGoniatites chemungensis var. equicostatus James Hall, Advance separate of 27th Ann. Rpt.

State Mus. Nat. Hist.New York, p. 3, May, 1874; 27th Ann. Rpt. State Mus. Nat. Hist., p. 135,
1875; Paleont. N. V., vol. 5, pt. 2, pi. 69, figs. 10, 18.
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thickness. The inner whorls arealmost perfectequilateral triangles,
all have thin shell, and all live in a black shale environment low
in calcium carbonate shell-forming compounds. If the animal had a
body chamber equal to one-third the length of a whorl,a compara-
tively heavy body, and if the shell of the living chamber was thin
and soft, during the early stages of development, especially if the
animal came to rest on the sea bottom, the weight of the animal plus
the weight of the shell above might press down hard enough to
flatten out a third of the last coil— that is, the weak chamber oc-
cupiedby the animal, and thus produce one-third of a whorl. When
the animal moved by growth to another third of a whorl,the flatten-
ing wouldbe repeatedand the triangular or subtriagular form of the
early coils might be produced.

Occurrence.— All specimens have been collected from the Smith-
wick shale, Bend group, lower Pennsylvanian along Colorado River
three-quarters of a mile southwest of Bend, from a creek bed1mile
east of Bend, and from Wallace Creek, San Saba County.

Types.— Neoholotype (No. 31803) and neoparatype (No.25582)
in Walker Museum, University of Chicago. Questionable original
holotype and Hyatt's plesiotype in Department of Geology, The
University of Texas. Plesiotypesin the Bureau of Economic Geology.

BENDOCERAS SHUMARDI,n. sp.

PL 11, figs, 8-12

Description.— The five inner whorls of this species are discoidal,
about twice as high as wide,and have nearly flat sides. The outer
whorls are proportionately thicker, have a proportionately lesser
height, are thickest at the umbilical shoulders and have helmet-
shaped cross-sections. The surface is sculptured by strong raised
longitudinal and transverse lines which have minute bead-like nodes
at their intersections. The transverse lines bend forward in crossing
the sides and abruptly backward in crossing the venter producing a
marked saddle at the latero-ventral shoulder and a broad lobe on
the venter. All the specimens are fragments and none is large
enough to furnish satisfactory measurements. The suture line is in
every way like that of Bendoceras texanum (Shumard) except that
an extra lobe and an extra saddle lie near or on the umbilical
shoulders making 12 lobes and 12 saddles and the typical ventral
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saddle, in place of the 10 lobes and 10 saddles, and ventral saddle
of Bendoceras texanum (Shumard).

Discussion.— This species can not be distinguished from B. tex-
anum (Shumard) unless the suture line is present; the extra pair
of minute pointed lobes and extra pair of minute saddles make
identification easy. The sculpture also appears to be coarser. The
nodes at the intersectionof the striae and lirae aremore pronounced
and the sides appear to be less flat. These slight sculptural and
shape differences may be due to differences in preservation rather
than to specific characters.

Occurrence.— The six specimens of B. shumardi in the authors'
collection came from near the top of the Smithwick shale 3
miles eastof Rochelle in McCulloch County and from a locality one-
quarter of a mile north of Marble Canyon, Sierra Diablo Plateau,
Hudspeth County.

Types.— The holotype (P-1328), is deposited at the Bureau of
Economic Geology, The Universityof Texas.

BENDOCERAS MOOREI, n. sp.

PL 11, figs. 14-16

Description.-— This unusual species is discoidal, highly com-
pressed, withflat nearly parallel sides, narrow, rounded venter, and
strongly ribbed sculpture on the umbilicus, like other members of
this genus. The ribs are spaced about 15 in 10 mm. at diameter 16
mm.and areabout 1.6 mm.long. They disappear on larger mature
whorls so that at a diameter 32 mm. the umbilical area is nearly
smooth. The surface of the shell is not preserved. At one spot in-
dications of reticulate sculpture like that on B. texanum (Shumard)
are present, so that it is presumed the sculpture is like the other
species of the genus. The holotype furnishes the following measure-
ments:

Diameter (D) 33.0 mm.
Height of last whorl (H) 10.0
Height of penultimate whorl 3.2
Height of last whorl above venter 8.6
Involution (I) 1.7
Thickness of last whorl (T) 6.2
Thickness of penultimate whorl 4.0
Width of umbilicus (U) 11.0
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Shell ratios—
U I T T— = 0.33 — = 0.17 — = 0.62 — = 0:19
D H H D

The most characteristic feature of this species is its abnormal
suture line. The ventral lobe is broad, about one-half as long as the
first lateral lobes, and indented by a broad, short, slightly con-
stricted ventral saddle; two long, pointed, slightly constricted ven-
tral lobes are on the sides and a broad short lobe on the umbilical
wall. The first lateral saddles are broad, rounded, and unsym-
metrical. The side next to the venter of each is indented by a short
broad secondary lobe giving the saddle a distinctly unique lopsided
configuration. The second lateral lobe is long, constricted and
rounded, the thirdlateral isbroad and rounded. The internal suture
line consists of a long,narrow,pointed dorsal lobe, a short rounded
saddle on each side, two broad, V-shaped internal lateral lobes and
a verybroad second internal ventral saddle.

Discussion.— This species is slightly more compressed than B.
texanum (Shumard). Its sculpture and appearance are similar,
however, and it can be distinguished only by its uniquesuture line.
No other Pennsylvanian ammonitehas a suture line like it, and it
may prove when more material has been studied that this unusual
form does not evenbelong to this genus. This species is named in
honor of Dr.R. C. Moore, who first recognized the distinctive char-
acters of the genus here designated as Bendoceras.

Occurrence.— Smithwick shale, Bend group, Pennsylvanian, one-
quartermile north of Marble Canyon,HudspethCounty, and 3 miles
east of Rochelle,McCulloch County.

Type.— The holotype is in the Bureau of Economic Geology, The
University of Texas.

Family Branneroceratidae,n., fam.

This family includes evolute ammonites having nearly elliptical
cross-sections, sides sculptured by transverse ridges, and a suture
line like that of the family Gastrioceratidae. The whorls are more
discoidal, more evolute, and more widely umbilicate than those in
the Gastrioceratidae, with which the family is perhaps most closely
related. The following genera comprise this family:
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Stratigraphic distribution and characters of genera in the
family Branneroceratidae

Genus Branneroceras, n. gen.

This genus is erected to include evolute ammoniteshaving nearly
ellipsoidal cross-sections, sides that are sculptured with prominent
transverseridges and a suture line which is like that of Gastrioceras.
The type is Gastrioceras branneri Smith, and no other representa-
tive from Texas isknown.

Fig. 48. External suture line of Branneroceras branneri (Smith)

The genus resembles in some respects Bendoceras but differs in
having a gastrioceran instead of a paralegoceran suture line and
especially in lacking that tendency of the whorls to increase in
thickness proportionately more rapidly than in height. Branner-
oceras retains its discoidal shape and elliptical section to maturity;
Bendoceras approaches the shape of a Schistoceras but has a more
helmet-shaped whorl cross-sectionat maturity.

The genus also resembles Paragastrioceras in the Permian. In
fact Smith has suggested that Paragastrioceras may have been de-
rived from Gastrioceras branneri, the genotype for Branneroceras.
It differs from Paragastrioceras, in having a proportionately wider,
lower whorl section, inhaving a more evolute whorl,and innot hav-
ing the characteristic revolving longitudinal ridges of Paragastrio-
ceras. Its transverse ridges also are slightly longer and are more
widely spaced. Paragastrioceras averages nine in ten millimeters;
Branneroceras, eight.

"aragastrioceras
Tchernow

UpperPermian Venter and sides have lirations;ribs
and nodes not prominent.

ihiphaeites
Ruzencev

MiddlePermian Venter with strong lirations; sides
prominently ribbed.

Iranneroceras,
n. gen.

Lower
Pennsylvanian

Smooth venter; strongly noded um-
bilical area.
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It is perhaps most similar in shape and sculpture to Rhiphaeites
of the middle Permian. It differs from this genus, however, in its
suture line and sculpture. Rhiphaeites has a paralegoceran suture
line and a sculpture that consists of proportionately larger and more
widely spaced umbilical ribs and fine transverse ventral ribbing.
It is entirely different in shape and proportions from Gastrioceras
or Glaphyrites and probably has quite a different phylogeny.

Genotype, Gastrioceras branneri Smith (PI. 11, figs. 1-7; text
fig. 48).

BRANNEROCERAS BRANNERI (Smith)

PI. 11, figs, 1-7; text fig. 48

Gastriocerasbranneri Smith, 1896, Proc, Amer. Phil. Soc, vol. 35, p. 257, pi.
23, figs. 1-6.

Gastrioceras branneri, Smith, 1903, U. S. Geol. Survey Mon. 42, p. 83, pi. 11,
figs. 8-13.

Description.— The shell is discoidal, evolute, and widely umbili-
cate. The cross-section of the whorl is an indented ellipse slightly
higher than,wide and indented less than one-fourth the height. The
diameter of the whorl is three times its height. The convolutions
expandslowly forward, the width and height of the next to the last
whorl beingabout three-quarters the width and height of the last. The
umbilicus is extremely wide, equalling one-half the diameter of the
shell. The measurementsof three specimens (A, holotype from Ar-
kansas; B, specimen in Dumble Collection; C, specimen in Walker
Museum, No. 16124) are as follows

ABC
Diameter (D) 39.5 30.7 36.0 mm.
Height of last whorl (H) 10.5 8,5 12,0
Height of penultimate whorl- 6.0 7.5
Height of last whorl above venter 8.0 6.25 8.0
Involution (I) _._. 2.25 3,5
Thickness of last whorl (T) 15,0 12.0 11.2
Thickness of penultimate whorl 8.01

Width of umbilicus (U) 19.0 16.0 18,0

Shell ratios of B and C—
U I T T

B: — = 0.50 — = 0.34 — = 0.93 — =0.31
D H H D
U I T T

C: — = 0.52 — = 0.26 — =1.41 — = 0.39
D H H D
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The specimen in the Dumble Collection from near Bend is a
poorly preserved cast, and the surface ornamentation is not well
shown. Traces of growth lines, which bend forward in cross-
ing the venter, are spaced about six in four millimeters along
the surface of the whorl,and on the last whorl are 45 mm. long and
are spaced five or six in ten millimeters.

The external suture consists of aventral lobe divided by a saddle,
two rounded lateral saddles, twopointed lateral lobes, and a rounded
saddle on the umbilical shoulder and wall. The siphonal saddle is
narrow and is about one-half the length of the ventral lobe that it
indents. The first lateral saddle is broad and long, twice a slong
as wide,and three times the length of the second lateral saddle. The
second lateral saddle is short and broad. The second lateral lobe,
as Smith points out, instead of being on the umbilical wall as in
most species of Gastrioceras ismoved over, so that the point of the
lobe just falls on the flank. In this respect the suture resembles
somewhat that of species of Pseudoparalegocer&s, but it does not
have the broad flat-bottomed umbilical saddle characteristic of
species of the latter genus. The internal suture is not shown on the
Texas specimen. As described by Smith it consists of a long,narrow,
pointed, antisiphonal lobe, a pair of shorter pointed lateral lobes,
and four rounded saddles.

Discussion.— The discoidal shape, wide umbilicus, and propor-
portionately large first lateral lobedistinguish this species from its
congeners. It differs from Phaneroceras compressum (Hyatt) in
having prominent ribs on the umbilical shoulders. From Adelpho-
ceras meslerianum Girty it is distinguished by its broader umbilicus
and more compressed form.

The Texas specimen differs slightly from the Arkansas form de-
scribed by J. P. Smith. Its ventral.saddle is longer, its whorl sec-
tion is higher in proportion to its width, its ribs are more promi-
nent, and the lobes are more pointed than those shown in the illus-
tration of the holotype, though Smith states that the lobes are
broadly pointed. Both specimens, however, are poorly preserved,
and since some of the points of difference maybe due to differences
in preservation of the fossils, it seems best to refer the Texas form
to this species.

Occurrence.— The exact locality from which the Texas representa-
tives (in the Dumble Collection) of Branneroceras branneri (Smith)
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were collected is not known. The tray is labelled "from the Bend"
and probably is from the Smithwick shale of the Bend group, from
Bend, San Saba County. It has been found also about 1mile
southwest of Bend on Colorado River, San Saba County.

Types.— Holotype in the U. S. National Museum, Washington,
D.C. Plesiotypes in the Dumble Collection,Department of Geology,
The University of Texas, and in Walker Museum (No. 16124) from
the Morrow formation near Fort Gibson, Oklahoma.

Genus Paragastrioceras Tchernow 1907 (emend. H. Schmidt)

Paragastrioceras Tchernow, 1907, Bull. Soc. imp. Nat. Moscou, n.s., vol. 20,
p. 330.

Girtyites "Wedekind, 1918, Paleontographica, vol. 62, p. 160.
Paragastrioceras, H. Schmidt, 1925, Jahrb. preuss. geol. Landesanstalt, vol. 45,

p. 592.
Paragastrioceras, H. Schmidt, 1929, Tiersche Leitfossiliendcs Karbon, p. 73.
Paragastrioceras, Smith, 1932, U. S. Geol. Survey Prof. Paper 167, p. 24

This genus was established by Tchernow without definite descrip-
tion or designation of a genotype. The group includes globose

Fig. 49. External suture line of Paragastrioceras marianum (de Verneuil)

gastrioceran shells with wide umbilici, prominent growth lines on
the venter, and protruding nodes instead of ridges on the umbilical
shoulders. The whorl is thick in proportion to its height, so that
the cross-section is broad and lunar. The umbilical wall meets the
flank at an angle of about forty degrees, and the ridge thus formed
is ornamented by about twenty bead-like nodes. The width of the
umbilicus is about three-quarters of the shell diameter. It is shallow,
funnel-shaped, and exposes parts of all the inner whorls. Most
specimens are small and appear to be immature.

In this genus Tchernow, Wedekind, and Schmidt have included
Gastrioceras jossae (Verneuil), G. suessi Karpinsky, G. jedorowi
Karpinsky,G.marianum (Verneuil),G. barbotanum (Verneuil) and
G. montgomeryense (Miller and Gurley). G. marianum (Verneuil)
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is regarded as typical of Paragastrioceras by Schmidt. Smith thinks
there is no doubt that Tchernow intended his name,Paragastrioceras,
to include also the group of Gastrioceras zitteli Gemmellaro (PI. 22,
figs. 10-12). The generic description of Paragastrioceras is clearly
applicable to forms such as Gastrioceras marianum. It is ques-
tionable,however, whether the group of G. zitteli should be placed
in this genus. Until the phylogeny of G. zitteli can be worked out
and its true relationships established, it seems best to follow Smith
and to include all strongly lirate Permian species in Para-
gastrioceras.

Genotype, Goniatites marianus de Verneuil (text fig. 49).
The American species of Paragastrioceras belong to the Gastrio-

ceras zitteli group. Their characteristics are summarized in the
following table:

Distribution and characters of Texas species of Paragastrioceras

SPECIES OCCURRENCE
AND AGE

DISTINGUISHING CHARACTERISTICS

P.beedei,n.sp. DelawareMts.,
Delaware Mountain

formation

Suture gastrioceran; lirae ex-
tremely coarse; umbilicus wide;
umbilical ribs faint and shown
only on youngest whorls.

P.serratum
(Girty)

Delaware Mts.,
Delaware Mountain

formation

Similar to P. altudense, but lirae
coarser; umbilical ribs moreprom-
inent, coarser and persisting id*
greater age.

P.roadense
(Bose)

GlassMts.,
Wordformation

Suture gastrioceran; whorls mod-
erately high; lirae fine; umbilicus
wide; umbilical wall ornamented
with lirae and faint ribs in young,
smooth in old specimens.

P. deciense,
n. sp.

Glass Mts.,
Wolfcamp formation

Suture gastrioceran; whorls low
depressed; lirae moderately fine;
dorsal part of whorl sculptured by
prominent umbilical ribs that
break up into fine ribs midway
on the flanks: ribs nodose at in-
tersections with lirae.

P.altudense
(Bose)

GlassMts.,
Leonard formation

Suture gastrioceran; whorlshigher
and less depressed than in P.
admiralense; umbilicus wide, lirae
moderately coarse; umbilical ribs
nodose and prominent on young
whorls; obsolete on older ones.

P.admiralense,
n. sp.

ColemanCounty,
shale below Coleman

limestone,lower
Permian

Suture gastrioceran; whorls low
depressed, wider than high, umbili-
cus large; spiral lirae coarse,
widely separated; umbilical wall
without lirae; no umbilical ribs.
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PARAGASTRIOCERAS ADMIRALENSE,n. sp.

PI. 22, figs. 1-9

Description.— The shell is subglobose with a semihmar whorl
section that is three times as broad as high. Its ventral surface is
broadly convex; its dorsal areais slightly concave. The umbilicus
is open,broad,equal to about one-third the diameter of the shell and
has rounded shoulders and moderately inclined walls. The follow-
ing measurements have been made from the holotype (A) and
paratype (B), the only specimensfound to date:

A B
Diameter (D) 14.5 14.0 mm.
Height of last whorl (H) 5.5 6.0
Height of penultimate whorl
Height of last whorl above venter . 4.0' 4.6
Involution (I) 1.5 1.4
Thickness of last whorl 12,2 9.0
Thickness of penultimate whorl .. __

.- 10.0 8.5
Width of umbilicus (U) 7.0
Shel] ratios—

U I T T
A: — = 0.48 — = 0.27 — = 2.22 — = 0.84

D H H D
ITT

B: — = 0.23 — = 1.50 — = 0.64
H H D

The surface of the shell ismarked by 21or 22 prominent, oblique,
coarse, rounded, longitudinal ridges, 0.5 of a millimeter in width
and spaced nine in ten millimeters on the largest whorl. They are
separated by deep, wide, oblique furrows uncrossed by transverse
striae. There are four rather faint constrictions which cross the
venter in a gentle convexcurve bent anteriorly.

The suture consists of the usual eight primary lobes and eight
primary saddles. The ventral lobe is of moderate size and divided
into two secondary lobes by a short secondary ventral saddle which
is about one-third as long as the first lateral saddle. There are,
therefore, inall ninelobes and ninesaddles in the suture. The lateral
lobes are narrow and V-shaped. The first lateral lobes are very
broad and long, one-third longer than the second lateral and nearly
as broad as the ventral lobe. The second lateral saddle ispartly on
the umbilical shoulder. The internal suture is made up of three
narrow pointed lobes and two pairs of broad rounded saddles.
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Discussion.— This rare ammonoid is the earliest of the longitu-
dinally ridged type to be found in the Permian in this country. Ithas
relationships with Gastrioceras zitteli Gemmellaro,G. roemeriGem-
mellaro,and G. sosioenseGemmellaro. All arecharacterized by the
longitudinal ridges and by the broad, long first lateral saddle.
Paragastrioceras admiralense, n. sp., is less compressed, has coarser
and fewer ridges, and a proportionately larger umbilicus than any
of the similar species, except P. zitteli. It does not bear any um-
bilical nodes. The shell ratios of the

t
several allied species are as

follows:
U/D T/H T/D No. ridges in10mm.

Paragastrioceras zitteli125___._.0.50 1.5 0.43 15+
P. roemerii26 0.41 1.3 0.53 7
P. sosioense127 0.37 1.1 0.48 15+
P. suessi128 0.29 0.9 0.37 5
P. admiralense129 0.48 2.22 0.84 5

Occurrence.— This species occurs with Perrinites bosei, n. sp.,.
Artinskia adkinsi, n. sp., Metalegoceras colmanense, n. sp., and
Agathiceras applini, n. sp., in a shale below the Coleman limestone
in the Admiral formation 4% miles south-southwest of Coleman,
Coleman County.

Types.— Holotype and paratype in Plummer Collection,Bureau
of Economic Geology, The University of Texas.

PARAGASTRIOCERAS ALTUDENSE (Bose)

PL 24, figs. 14, 15

Gastriocerasaltudense Bose, 1917, Univ. TexasBull. 1762, p. 88, pi. 3, figs. 1-6.

Description.— Bb'se's description of the shape and sculpture of
this species is as follows:

"Shell discoidal, evolute, compressed on the flanks, rounded on the
ventral region; cross-section parabolical, greatest width at the um-
bilical shoulder; whorl not much broader than high. Umbilicus
moderately wide and shallow, umbilical wall not very steep, umbilical

1-=Gemmellaro, G., La fauna dei calcari conFusulina della valle del fiume Sosio nella provincia
di Palermo: Giorn. Soc. Sci. nat. econ., vol. 19, p. 85, cotype No. 4, 1888.

p. 87, cotype No. 4.
127Idem, p. 88, cotype No. 2.
■^Karpinsky,A., Ueber die Ammoneen der Artinsk-Stufe und einige mit denselben verwandte

carbonische Formen: Mem. Acad. imp. Sci. St. Petersbourg, ser 7, vol. 37, No. 2, p, 53, cotype
No. 4, 1889.

129This paper, paratype (specimen B).
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shoulder not -very sharp, but rather rounded. No constrictions visible
on the shell (cast unknown).

"The ornamentation of this species is very characteristic. There
are about twenty-five transversal ribs which begin at the upper end
of the umbilical wall, cross the umbilical shoulder and disappear
rather suddenly a little below the middle of the flank. These ribs
are all slightly inclined forward, and are crossed by some spiral ribs
which cause about three tubercles on each of them. The transversal
ribs are comparatively high and sharp, but not very broad, and are
separated from each other by wide and deep furrows with round
bottoms. The spiral ribs mentioned appear not only on the trans-
versal rib, but on the whorl flank and ventral region. There are
seven ribs on each flank; they are relatively thin and high, sharp,
and separated from each other by wide and round furrows. On the
ventral part there are about six ribs (three on each side of the
siphon) which stand much nearer together than those on the flanks.
Near the last part of the whorl a new rib begins between the fifth
and sixth rib on the flank (counted from the umbilicus), which indi-
cates that larger specimens wouldshow a largernumber of spiralribs."

Bose studied two rather small specimens. The writers have before
them Bose's specimens together with six other individuals from
several localities in Culberson County. All are in a poor state of
preservation, and cannot be accurately measured,but they conform
well to Bose's description. There seems to be considerable variation
in the spacing of the ribs and, as Bose suspected, large specimens
have many more spiral ribs than the smaller ones. Bose's statement
that the transverse ribs have three tubercles at the intersections with
the spiral ribs is not quite true. Even onBose's specimen there may
be as many as six of these tubercles perrib.

The suture is unknown.
Discussion.— The characteristic sculpture leaves little doubt of its

relationship to Paragastrioceras admiralense, n. sp., from near the
base of the Texas Permian, and to the species described from the
Permian of Sicily.

Occurrence.— Bose's specimens are from a locality 2% miles west
of Altuda and 3 miles south of Bird's minenear the small intrusive
plug on Captain James' ranch. The formation is thought to be
Leonard, but the precise horizon is questionable.

Types.— Cotypes are deposited in the Bureau of Economic Ge-
ology, The University of Texas.
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PARAGASTRIOCERAS DECIENSE,n. sp.

PI. 24, fig. 16

Description.— This beautiful little ammonite is more compressed
than typical Pennsylvanian forms, having a thickness equal to about
half the diameter. Its venter is flattened, low, arched, and is sculp-
tured with prominent, evenly spaced, forward-bending striae. A
broad umbilicus is about four-fifths of the diameter of the whorl
and has steep umbilical walls. The umbilical shoulders are orna-
mented with fine, elongate, ridge-like nodes spaced about ten in five
millimeters. Finer minuteridge-like elevations extend out from the
nodes across the umbilical walls and ventral area curving forward
on the ventral areaand backward on the umbilical wall. The venter
is also marked by three small, but prominent, constrictions, which
bend forward with the same arc as the striae. The whorls increase
in width more than in height during growth, so that at a diameter of
sevenmillimeters or less, the shell is compressed, discoidal, and has
a width of only two-sevenths of its diameter, and at a diameter of
20 millimeters its width is about three-fifths of its diameter. The
suture is gastrioceran, and that feature along with its ribbed um-
bilicus makes the identification of its generic relations easy. The
types are badly broken and only one small individual is entire.
The holotype and a paratype (A and B respectively) furnish the
following measurements:

A B
Diameter (D) 16.2 6.3 mm.
Height of last whorl (H) 3,5 1.6
Height of penultimate whorl 3.0 1.2
Height of last whorl above venter 4.5 1.5
Involution (I) ____ 0.5
Thickness of last whorl (T) 1.2 2.9
Thickness of penultimate whorl 6.7 2.0
Width of umbilicus (U) 10.5 4.6
Shell ratios of A—

TT T T_ = 0.64 — = 0.34 — =0.074
D H D

Occurrence.— These interesting forms were collected by C. L.
Baker from the base of the Wolf camp formation 2%miles north of
Decie's ranch, Brewster County.

Types.— Holotype and paratypedeposited in Bureau of Economic
Geology, The University of Texas.
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PARAGASTRIOCERAS ROADENSE (Bbse)

PL 22, figs. 15-17

Gastrioceras roadense Rose, 1917, Univ. Texas Bull. 1762, p. 85, pi. 2, figs.
28-47.

Description.— The shape of the shell of this species is discoidal
and evolute. The whorls have somewhat flattened flanks which con-
verge ventrally. The venter is broadly rounded. The dorsum is
moderately indented. The umbilicus is wide and has high, perpen-
dicular walls. The whorls of young specimens aremore depressed
and the flanks aremore broadly rounded. The following measure-
ments of one of Bose's cotypes give an ideaof the proportions:

Diameter (D) 16.6 mm.
Height of last whorl (H) H

_
11.4

Height of last whorl above venter 8.0
Involution (I) 1...... 3.4
Thickness of last whorl (T) 8,7
Width of umbilicus (U) 7.0
Shell ratios—
UIT T :— = 0.42 — = 0.30 — = 0.76 — = 0.52
D " H H D

Several moderately strong transverse constrictions bend anteriorly
in crossing the venter on each whorl. The whorls show numerous
strong spiral lirae. These are narrow, sharply defined and are
separated by broader rounded furrows. The lirae on younger
specimens are fine and extend completely around the whorl. Twenty
or more of these are on the umbilical wall. The umbilical wall be-
comes smooth on older specimens, and the lirae on the flanks and
venter become coarser,higher,andmore widely spaced. The younger
specimens have weak, nodose, radiate umbilical ribs which curve
anteriorly on the upper part of the flank and disappear. These ribs
are obscure on the older whorls.

The suture is characteristically gastrioceran in form and is com-
posed of nine lobes and nine saddles counting the two branches of
the ventral lobe. Three of these are internal lobes. The ventral lobe
is long and is divided into two short, fastigate, pointed secondary
lobes by anarrow ventral saddle half as long as the lobe. The first
lateral lobe is long, fastigate, and pointed and is separated from the
ventral lobe by a long, broadly rounded saddle. The second lateral
lobe lies on the umbilical wall and is broad, low, and pointed. The
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second lateral saddle is broad, broadly rounded, short, and asym-
metrical. The internal suture consists of three lobes and corre-
responding saddles. The dorsal lobe is long, narrow and pointed.
The two internal lateral lobes arebroader but arepointed and have
about the same length as the dorsal lobe. The first lateral internal
saddles are narrow, long and rounded anteriorly.

Discussion.— All the Texas species referred to Paragastrioceras
are very similar in general appearance. P. roadense (Bb'se) re-
sembles closest P. altudense (Bb'se),but its revolving lirae aremuch
finer, itsumbilical ribs are less distinct and disappear at an earlier
stage in the growth. P. serratum (Girty) differs from P. roadense
by the same characters,but the differences are evenmorepronounced.
It also resembles P. waageni (Gemmellaro), which has more pro-
nounced umbilical ribs, and the ribs are much more numerous.

Occurrence.— Bose's specimens were collected from the Word
formation at the junction of Road and Gilliland Canyons,and from
1% miles northwest of Hess ranchhouse, Glass Mountains,Brewster
County.

Types.— Cotypes are at the Bureau of Economic Geology, The
University of Texas.

PARAGASTRIOCERAS SERRATUM (Girty)

PL 24, figs. 10-13

Gastrioceras? serratum Girty, 1908, U. S. Geol. Survey Prof. Paper 58, p. 500,
pi. 23, fig. 9.

Gastrioceras, sp., Girty,Idem, p. 500, pi. 29, fig. 22.

Description.— The shell is discoid and evolute. In mature speci-
mens the whorls have somewhat flattened flanks which tend to con-
verge ventrally. The venter is broadly rounded and the dorsum is
moderately indented. In young specimens the shell is exceedingly
evolute, and succeeding whorls arebut slightly indented. The whorls
arestrongly depressed and much broader than high. The following
measurements are taken from amedium-sized and a small specimen
from the same locality and a third and larger specimen from a
neighboring locality:
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ABC
Diameter (D) 28.0 15,8 44.7 mm.
Height of last whorl (H) 10.4 4.0 18.0
Height of penultimate whorl 7.8 2.9 10.0
Height of last whorl above venter. 7.4 3.0 15.3
Involution (I) 3,0 1.0 2,7
Thickness of last whorl (T) 14.4 7.3 17.0
Thickness of penultimate whorl 10.3
Width of umbilicus (U) 11.0 8.0 15.5
Shell ratios—

U ITT
A: —=0.39 — = 0.29 — = 1.38 — =0.51

D H H D
U I T T

B: — = 0.05 — = 0.25 — =1.82 — =0.46
D H H D
U I T T

C: — =0.34 — = 0.15 — = 0.94 — =0.34
D H H D

On each whorl there are several moderately strong constrictions.
These pass directly across the flanks from the umbilicus, make a
short lobe backward and then bend sharply forward to cross the
venter. The whorls show numerous, strong spiral lirae. All these,
however, are on the flanks and venter; none are on the umbilical
wall. The lirae are moderately coarse, about eight in ten milli-
meters; they are pointed and separated by wider rounded furrows.
Prominent umbilical ribs arise on the umbilical wall and pass ven-
trally and anteriorly to about the middle of the flanks where they
disappear. They aremost prominent on the umbilical margin. The
ribs areprominently noded at their intersections with the lirae. On
young shells the ribs are strikingly prominent. They decrease in
prominence on older whorls but are still discernible on whorls of
very large size.

The suture line is characteristically gastrioceran, but only the
external suture isknown. The long ventral lobe is divided into two
fastigate, pointed secondary lobes by a short ventral saddle. The
first lateral lobe is long, fastigate, and pointed. A second short
lateral lobe lies on the umbilical wall. The saddles are rounded.

Discussion.— The writers have before them a great many speci-
mensof this species from the DelawareMountain formation inGuada-
lupe Mountains. A careful study of specimens at various stages of
growth indicates that the holotype of the species described by Girty
is a young individual,and that the larger one described by him as
Gastrioceras,sp., is an older representativeof the same species.
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Paragastrioceras serratum is very similar to P. altudense (Bb'se),
but its ribs are more prominent and less numerous and extend a
much greater distance across the flanks. The lirae on P. serratum
are likewise coarser,more widely separated, and less numerous than
in P. altudense. P. serratum will not be easily confused with any
other known species.

Occurrence.— Girty's holotype was collected from south of Guada-
lupe Mountains. The other specimen described by him came from
southernDelaware Mountains. The writershave examined specimens
collected by J. W. Beede from the locality near the old Terry
Church and east of Casey's Last Chance Well, southwest of D South
Wells, south of Chico Draw and Casey's Last Chance Well, east of
concrete tank on Six-Bar ranch, northwest of D South Wells, and
north of Seven Heart Gap. All are from the Delaware Mountain
formation of the Permian.

Types.— Holotype in U. S. National Museum. Specimens ex-
amined by the writers are all in the Bureau of Economic Geology,
The University of Texas.

PARAGASTRIOCERAS BEEDEI, n. sp.

PI. 22, figs. 18, 19

Description.— The shell is discoid and evolute. The flanks are
broadly rounded. The venter is broadly rounded and the dorsum is
moderately indented. The following measurements are taken from
one of the cotypes:

Diameter (D) 31.4 mm.
Height of last whorl (H) 14.0
Height of penultimate whorl 6.5
Height of last whorlabove venter 12.0
Involution (I)..:: 2,0
Thickness of last whorl (T) 14.0
Thickness of penultimate whorl 10.0
Width of umbilicus (U) 9.5
Shell ratios—

U I T T— = 0.30 — = 0.14 — = 1.0 — = 0.04
D H H D

Transverse constrictions cross the whorls,but they are very feeble
and almost straight. The whorls bear thin, low spiral lirae, sepa-
rated by wide,flat-bottomed furrows about 2.5 mm. in width on the
largest part of the holotype. On a large fragment these furrows are
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5 mm. wide. Only weak umbilical ribs can be seen on the youngest
whorls, and these completely disappear at a diameter of about
20 mm.

The holotype retains a part of the living chamber. Suture lines
are closely spaced but do not touch. The suture line is typically
gastrioceran and does not appearto differ in any important respect
from those of other species of the genus.

Discussion.— The species is distinguished from its congeners by
the fact that its umbilical ribs are feeble and disappear at an early
age, by its thin, low and widely spaced lirae, and by whorls that
are somewhat more rounded than in P. altudense (Bose) and P.
serratum (Girty).

The species is named inhonor of Dr. J. W. Beede, who collected
these ammonites on one of his numerous expeditions into west
Texas.

Occurrence.— One cotype was obtained from the locality near
the oldTerry Church and east of Casey'sLast Chance Well; another
large fragment came from the mesa southeast of D. South Wells,
Culberson County. Both specimens are from the Delaware Mountain
formation of the Permian.

Type.— Cotypes are at the Bureau of Economic Geology, The
University of Texas.

Genus Rhiphaeites Ruzencev 1933

Rhiphaeites Ruzencev, 1933, Bull. Soc. Nat. Moscou, vol. 11, pp. 171, 179.

The shape of the shells of this genus is thinly discoid and ex-
tremely evolute. The whorls are depressed, rounded, and wider than
high. The umbilicus is wide and its margin is rounded. Prominent
constrictions pass from umbilicus to umbilicus and bend sharply
forward in crossing the venter. Prominent umbilical ribs arise at the
whorl suture and cross the low flanks. On the venter thesebreak into
numerous fine ribs which are barely visible to the naked eye.

The suture is paralegoceran in outline and number of elements.
There are a divided venteral lobe, two pairs of lateral lobes on the
flanks, a third pair at the whorl suture, a dorsal lobe and one pair
of internal lateral lobes making inall eleven lobes in the suture line
counting the two branches of the ventral lobe.
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Specimens of ammonites from Timor having these characteristics
were referredby Haniel to Paralegoceras. Although the suture lines
in the two genera aresimilar and have the samenumber of elements,
the great difference in shape and sculpture makes it doubtful that
they are related or that they are derived from a common ancestor.
Smith doubted the correctness of Haniel's generic identication and
referred the same forms to Lecanites. Ruzencev and the present
writers independently have noted that the suture line is composed
of ten lobes, two more than Lecanites, and that in shape and
sculpture they differ markedly from Paralegoceras and therefore
warrant separate genericrank.

Genotype, Rhiphaeites pseudomeneghinii (Haniel) var. uralensis
Ruzencev (text fig. 50).

Fig. 50. Rhiphaeites pseudomeneghinii (Haniel) var. uralensis RuŽencev

RHIPHAEITES PLANULATUS,n. sp

PL 22, figs. 13, 14

Gastrioceras, n. sp., Bose, 1917, Univ. Texas Bull. 1762, p. 204.

Description.— The shell is thinly discoid and extremely evolute.
The whorls are low, depressed, broader than high and only slightly
embracing. The whorls increase slowly in both height and width.
The flanks are low and sharply rounded and the venter is somewhat
flattened on the young whorls. The height increases more than the
width during growth so that in older whorls the flanks and venter
are more broadly rounded, and the whorl height is greater in pro-
portion to the width than in the young one. The umbilicus is ex-
tremely broad and shallow. The wall is low and indistinctly sepa-
rated from the flanks. The only measurements that could be taken
from the fragmentary specimen are as follows:
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Length of fragment 31.0 mm.
Height of last whorl (H) 8.0'
Height of penultimate whorl 4.01

Height of last whorl above venter 7.0
Involution (I) 1.0
Width of umbilicus (U)... . 17.0+
Shell ratios—
I— = 0.12
H

Broad prominent constrictions cross the whorls, but the number
of these is not known. They bend sharply forward in crossing the
venter. The umbilical wall and upper part of the flanks aresculp-
tured by numerous,prominent, slightly nodose,straight ribs. These
arise at the umbilical suture and on the ventral part of the flanks,
break up into finer ribs which cross the venter, and are so minute
that they are barely visible to the naked eye.

The suture consistsof a ventral lobe divided into twoshortbranches
by a short ventral saddle, two pairs of lateral lobes on the flanks, an
additional pair of lateral lobes at the whorl suture, a dorsal lobe
and one pair of internal lateral lobes. The branches of the ventral
lobe are short, fastigate, keenly pointed, and slightly constricted.
The first lateral lobe of the external suture line is long, broad,
fastigate, and sharply pointed, and is gently constricted near the
middle. The second lateral lobe is shorter than the first lateral, is
narrowly V-shaped and sharply pointed. The third lateral lobe is
short and pointed. In the internal suture line the dorsal lobe is
extremely long, narrow,pointed, and strongly constricted. The in-
ternal lateral lobe is much shorter than the dorsal one, is narrow,
pointed and constricted. The ventral saddle is short, broad and
gently constricted. The first lateral saddle is narrow, long, con-
stricted, and broadly rounded. The second lateral saddle is long
and broadly rounded. The third lateral saddle is rounded. The first
internal lateral saddle is narrow, long, constricted, and rounded.
The second internal lateral saddle is short and rounded.

Discussion.— Bb'se recognizedthe peculiarities of shape and suture

line of this specimen, but assignedit to Gastrioceras because he was
unable to make sure of the additional pair of lobes and saddles. The
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writershave prepared the specimen to bring this feature out. The
species is not at all similar to any other ammonoid from anywhere
near its level. It bears a certain superficial resemblance to certain
lower Pennsylvanian forms such as Branneroceras branneri (Smith)
and immaturespecimens of Bendoceras, but it isprobably not even
closely related to these ammonoids.

The only specimen in the authors' collection consists of parts of
two whorls preserved as badly broken dolomitic limestone casts.

Occurrence.— The species occurs with Medlicottia chozaensis, n.

sp., and Perrinites beedei, n. sp., and was collected by Dr. J. W.
Beede from a dolomitic limestone in the Choza formation, Clear
Fork group of the Permian. The locality is on the east side of Mule
Creek in western Runnels County,about 4 miles east of the western
county line and 300 feet below the top of the Clear Fork beds.

Type.— The holotype is in the Bureau of Economic Geology, The
University of Texas.

Family Gastrioceratidae Wedekind 1914

This group includes involute, subglobose to globose ammonoids
with lunar whorl cross-section, wide umbilicus and pronounced,
sculptured surface, at least in some stages of growth. Most forms
have notched or ridgedumbilical shoulders. Some species arenearly
smooth but show distinct sculpture during youth. The suture con-
sists of varying numbers of hastate, pointed lobes, and rounded
saddles. The ventral lobe is moderately broad, and its two points
are hastate.

The members of this family are distinguished from those of the
Schistoceratidae by their proportionately narrower umbilici, lower
whorl cross-section, and much shorter and less bottle-shaped ventral
saddle. The forms are distinguished from all other family groups of
the Gastrioceratidea by their characteristic sculpture.

The Gastrioceratidae are subdivided on a basis of the number of
lobes and saddles in their suture lines and surface sculpture into six
genera, as shown in the following table:
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Stratigraphic distribution and distinguishing characters of genera

in the family Gastrioceratidae

Genus Gastrioceras Hyatt 1884 (emend. Wedekind, non Freeh)

Gastrioceras Hyatt, 1884, Proc. Boston Soc, Nat. Hist., vol. 22, p. 327.
Gastrioceras, Karpinsky (pars), 1889, Mem. Acad. imp. Sci. St. Petersbourg,

ser. 7, vol. 37, p. 45.
Gastrioceras,Foord and Crick (pars), 1897, Cat. Foss. Ceph. Brit. Mus., pt. 3,

p. 226.
Gastrioceras, Smith (pars), 1903v U. S. Geol. Survey Mon. 42, p. 82.
Gastrioceras, Wedekind, 1914, Mitteil. Mus. Stadt Essen, Heft 1, p. 13.
Gastrioceras, Girty, 1915, U. S. Geol. Survey Bull. 544, p. 248.
Gastrioceras, Bose, 1917, Univ. Texas Bull. 1762, p. 82.
Gastrioceras, Wedekind, 1918, Palaeontographica, Bd. 62, p. 158.
Gastrioceras, H. Schmidt, 1925, Jahrb. preuss. geol. Landesanstalt (1924), vol.

45, p. 590.
Gastrioceras, Bisat, 1924, Proc. Yorkshire Geol. Soc, vol. 20, p. 119.
Gastrioceras, Smith, 1927, Jaarb, Mijnw. Ned.-Indie, Verh. 1926, p, 27.
Gastrioceras, Diener, 1927, Leitfossilien dcs marinen Perm, p. 66.
Gastrioceras, H. Schmidt, 1929, Tiersche Leitfossilien dcs Karbon, p. 72.

Representatives of this genus have wide umbilici, trapezoidal or
semilunar cross-sections, rounded venters, and prominent ribbed

130Regarded by some paleontologists as congeneric with Metalegoceras.

GENUS

Asianites130

Ruzencev

AGE

Middle and
lower Permian

CHARACTERS
Globose shells; umbilical shoul-
ders without pronounced sculp-
ture at maturity. Inner whorls
and immature forms have pro-
nounced nodes or tubercles on
umbilical shoulders. Suture like
that of Metcdegoceras.

Eoasianites
Ruzencev

Lower Permian Globose shells;umbilicus medium
to wide. Mature forms without
tubercles; inner whorls and im-
mature forms have tubercles on
umbilical shoulders. Suture line
consists of 8 principal lobes and
8 saddles.

Metaschistoceras,
n.gen.

LowerPermian Transverse, ridged sculpture on
umbilical shoulders. Suture line
made up of more than 16 lobes
and 16 saddles. Umbilical lobe
notched.

Paraschistoceras,
n.gen.

Upper Pennsylvanian Transverse, ridged sculpture on
umbilical shoulders. Suture line
made up of 14 lobes and 14 sad-
dles. Umbilical lobe notched.

Pintoceras,n.gen. Middle
Pennsylvanian

Transverse, ridged sculpture on
umbilical shoulders. Suture line
made up of 12 lobes and 12 sad-
dles. Umbilical lobe notched.

GastriocerasHyatt Lower Pennsylvanian Transverse, ridged sculpture on
umbilical shoulders. Suture line
made up of 8 lobes and8 saddles.
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sculpture on theumbilical shoulders.Most formshave fine striaeand
less prominent lirae on their surfaces. The suture of all species con-
sists of eight pointed lobes and eight rounded saddles. The ventral
lobe is divided by a ninth or ventral saddle that indents it to about
one-half its height, thus making in all nine lobes and nine saddles
in the suture line. The first pair of lateral lobes is wide and V-
shaped, the second pair of lobes lies on the umbilical walls. The
first lateral saddle is broad and rounded; the second lateral saddle
is similar and has about the same length as the first. The sides of
all the lobes and saddles are less inclined than are those of
Cravenoceras, andnearly parallel, as inPhaneroceras.

Genotype, Ammonites listeri Martin (PL 13, figs. I—4; text
fig. 51).

Fig. 51. External suture line of Gastrioceras listeri (Martin)

GASTRIOCERAS LISTERI (Martin)

PL 13, figs. 1-4; text fig. 51

Conchyliolithus Nautilites Ammonites (listeri) Martin, 1809, Petref. Derbiensia,
pi. 35, fig, 3.

Ammonites listeri, J. de G. Sowerby,1825, Mm. Conchol., vol. 5, p. 163, PL di.
fig. 1 (right- and left-hand figures).

Ammonites listeri, yon Buch, 1832:, Abh. Akad. Wiss. Berlin (1830), p. 175.
Ammonites listeri,Davreux, 1833 (?),Mem.Cour. Acad. roy.Bruxelles, vol. 9,

p. 270, pi. 3, figs. 1, 2.
Goniatites listeri,Phillips, 1836, Geol. Yorkshire,pt. 2, p. 235, pi. 20:, fig. 1.
Goniatites listeri, McCoy, 1842, Synop. Carb.Foss. Ireland,p. 14.
Ammonites listeri, de Koninck (pars),1844; Descrip. Anim. Foss., p. 577 (no

figures).
Goniatites listeri, Kelly, 1857, Jour. Geol. Soc. Dublin, vol. 7, p. 7.
Goniatites listeri, Roemer, 1863, Zeit. deutsch. geol. GeselL, vol. 15, p. 580

(no figures).
Gastrioceras listeri, Hyatt, 1884, Proc. Boston Soc. Nat. Hist., vol. 22, p. 327.
"Ammonites listeri," v. Buch, 1884, Zeit. deutsch. geol. GeselL vol. 36, p. 213.
Goniatites listeri, Etheridge, 1888, British Fossils, vol. 1, Palaeozoic, p. 312.
Goniatites striatus, Wild, 1892, Trans. Manchester Geol. Soc, vol. 21, p. 396,

pi. 2, fig. 11.
Goniatites listeri, Bolton, 1896, Trans. Manchester Micros. Soc. (1895), pp.

130, 134, pi. 2, fig. 21.
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Gastrioceras marianwn, Smith, 1896, Proc. Amer. Phil. Soc, vol. 35, p. 260,
pi. 16, figs. 1-5,

Gastrioceras listen, Foord and Crick, 1897, Cat. Foss. Ceph. British Museum,
pt. 3, p, 233, fig. 111.

Gastrioceras listeri, Haug (pars), 1898, Mem. Soc, geol. France, vol. 7, No.
18, p. 103, pi. 20, figs. 28-31.

Glyphioceras listeri, Freeh, 1899, Lethaea Palaozoica, vol. 2, No. 2, p. 330,
pi. 46-B, fig, 2.

Gastrioceras listeri, Smith, 1903, U. S. Geol. Survey Mon. 42, p. 93, pi. 13,
figs. 6-15.

Gastrioceras listeri, C. Schmidt, 1924, Jahrb. preuss. geol. Landesanstalt, vol.
44, p. 377, pi. 17, fig, 1.

Gastrioceras listeri, Bisat, 1924, Proc. Yorkshire GeoL Soc, vol. 20, p. 122.
Gastrioceras listeri, H. Schmidt, 1925, Jahrb, preuss. geol. Landesanstalt, vol.

45, p. 595, pi. 22, fig, 13, pi. 26-, fig, 11.
Gastrioceras listeri, H. Schmidt, 1929, Tierische Leitfossiliexi dcs Karbon, p.

73, pi. 19, figs, 21, 22,

This important zone fossil, which has world-wide distribution,
has been described by many geologists. The following description
adapted from J.P. Smith and others presents the essential features.

Description.— The whorl is low, broad, very evolute,broader than
high, and has a trapezoidal cross-section. It is indented to about
one-half itsheight by the preceding whorl. The greatest whorl thick-
ness is at the umbilical margin and equals about three-fourths the
shell diameter. The height of the whorl is about one-third of the
diameter and less than half its thickness. The umbilicus is broad
and deep and equals about one-half the diameter. The transversely
elongated umbilical tubercles or ribs, which continue across the
venter as fine undulations,are described by Bisat by comparing them
to knuckles of a clenched hand. There are about twenty per whorl
at a shell diameter of twenty millimeters; they areabout four milli-
meters long, one and one-half millimeters wide, and one-half a
millimeter high. These tubercles are highest at the ventro-lateral
end, die out rapidly across the venter, and decrease in size slowly
toward the umbilicus. In most forms they curve gently forward.
The surface of the shell is ornamented by fine indistinct growth
lines, spaced about ten in five millimeters, that curve across the
venter to form a broad shallow sinus. Some specimens show faint
longitudinal lirae on the venter whichare somewhatfiner and closer
together than the striae.

The external suture consists of a wide ventral lobe divided by a
medium-sized ventral saddle, a pair of wide pointed lateral lobes,
two pairs of short, broad lateral saddles of nearly equal size, and
a small, short lobe on the umbilical shoulder.
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238Shape and sculpture analysis of some species related to Gastrioceras listeri (Martin)

SPECIES CLOSELY RELATEDOR EQUIVALENT SPECIES H I v NO. NODESPER WHORL NO. LIRAEIN 5 MM. NO. STRIAEIN 5 MM.

CHARACTERISTICS

D

. listeri (
Martin ) a

15 —= 0.3443

38 —.= 0.748

20 "
!

No spiral striationscrenulations. o:

5.5 14

. coronatum F. & C. b

■ —0.414

= 0.7518.7 32 1 1 ■>.

21? Very fine striae and lirae,not crenulate.

. carbonarium(v. Buch)<=

17.4 —0.35 16.7 = 0.444.2 20 21

More compressed whorls,smaller umbilicus, fineisculpture.20.313.5 13.5

. langenbrahmiWedekind< 1

G. carbonarium = 0.8416

= 0.432.5 21 1 18? Do.

10 11 Globose, smooth surface,small umbilicus, no periph-eral sinus.. circumnodosumFoord 0

G. occidentale(Miller and Faber) —■= 0.519 —0.425.8 20

. cancellatum var.crencellatumBisat 1

20 8? 9 7

Trapezoidal in sectionstrong reticulate, crenulateornamentation, more nodesthan G.
listen.17.5 26. rurae H. Schmidts G. cancellatum Bisat s= 0.66 = 0.5 30 1 0 V 6? Do.26.5 52.5

G. circumplicatile ofC. Schmidt"(Not G. circumplicatileFoord, 1903)

10 8.5G. cancellatum Bisat —= 0.911

= 0.4 V 7 Do.22

G. cancellatum Bisat 10.5 25.7G. listeri of Smith 1 = 0.520.8 = 0.88 2(i "> ? Do.29
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"■Miller and Faber, Jour. Cincinnati Soc. Nat. Hist., vol. 14, p.
166, pi. 6

,

figs. 6, 7,
1892.

"Schmidt, H., Tierische Leitfossilien dcs Karbon, p. 73, pi. 19, figs. 23, 24, 1929.sSchmidt, H., .Tahrb. preuss. geol. Landesanstalt, vol. 45, p. 593, pi. 22, fig. 10,
1925.

k Schmidt, H., .Tahrb. preuss. geol. Landesanstalt, vol. 45, p. 594, pi. 22, fig. 12, 1925.

JWedekind, R., Mitteil. Mus. Stadt Essen, Heft 1
, p. 16, plate figs. 1
, 2,

1914.

d Wedekind, R., Mitteil. Mus. Stadt Essen, Heft 1
, p.

17, plate figs. 4, 5,
1914.

"Foord and Crick, Cat. Foss. Ceph. Brit. Mus., vol. 3, p. 234, fig. 111, 1897.

f ßisat, W. S.,
Proc. Yorkshire Geol. Soc, vol. 20, p. 122, pi. 4, fig. 6,

1924.

'Smith, .T. P., U. S.
Geol. Survey Mon. 42, p. 95, pi. 16, figs. 12, 13, 1903.

'Smith, .1.
P., U. S.
Geol. Survey Mon. 42, p. 93, pi. 13, figs. 6, 7

.
1903.

''Schmidt, C. Jahrb. preuss. geol. Landesanstalt, vol. 44, p. 375, 1924.

b Foord and Crick, Idem, p. 236, fig. 112.

c Foord and Crick, Idem, p. 230, fig. 110.

G. carbonarium ofWedekincM G. cancellatum Bisat 15 21.5—= 0.57 = 0.541

24 11 10 Do.26

G. smithwickense, n. sp. G. cancellatum Bisat

7.8 = 0.613

18
■

= 0.68 24 14 Do.26.515.8 27G. martini H. Schmidt k = 0.4832.8 —= 0.6 1 1 ? Do.46

G.

montgomeryense(Miller & Gurley) J

5.0 7.6 Nodes distinct, cone-shaped, not elongate.= 0.3813.0 ■

= 0.82 1 19.2

G. occidentale (Miller & Faber)" 1

G. circumnodosum Foord 14 10.5

? ?

Surface nearly smooth,nodes small and less dis-tinct than on other species.—= 0.7718

■

= 0.3431

?
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Discussion.— Gastrioceras listeri (Martin) is distinguished by its
wide umbilicus, its comparatively low whorl height as compared
with its thickness, its prominent transverse umbilical ridge-like
tubercles and fine cross striae on its surface. Nearly a dozensimilar
and related species that intergrade more or less and are difficult to
distinguish have been established by palentologists. All are closely
related to the genotype, occur at about the same horizon, and some,
at least, should be regarded as varieties. The most important of
these related species are compared in the accompanying table.

The analysis indicates that G. cancellation var. crencellatum
Bisat, G. coronatum Foord and Crick, G. carbonarium (v. Buch),
andG. martiniSchmidt are all closely related to G.listeri (Martin).
G. circumnodosum Foord is more globose, has a smaller umbilicus,
finer striae, and no sinus is developed in the constrictions or trans-
verse growth lines across the periphery. G. rurae Schmidt, G. cir-
cumplicatile of Schmidt, 1924, (not Foord, 1903) and G. carbon-
arium of Wedekind, 1914, appear to be very close to, if not con-
specific with, G. cancellatum var. crencellatum Bisat, 1924. G.
montgomeryense (Miller and Gurley) is wider,has a proportionately
wider umbilicus and more pointed and less elongated nodes. G.
occidentale (Miller and Faber) has a smoother surface, narrower
umbilicus, and less prominent sculpture. Another species has been
described but not named by Smith from Arkansas, and another one
closely related, or similar, to the Arkansas form, occurs in the
Smithwick shale of Texas that apparently is closely related to G.
cancellatum var. crencellatum Bisat. The Smithwick form differs
from G. listeri only in having a cancellate and crenulate surface
sculpture. It isnoteworthy also that the Graham formation of upper
Pennsylvanian age carries small forms from nine to thirteen milli-
meters indiameter, whicharealmost identical with typical G. listeri,
but in maturitydevelop intoParaschistoceras hildrethi (Morton).

Occurrence.— This species occurs in the Rough Rock division of
the Lancastrian group of the Lower Coal Measures of England. In
Germany, according to Schmidt, it is found in the Westphalian (V)
zone. In America closely related forms occur in the Smithwick
formation in Texas and in the lower Atoka formation in Arkansas.
It has not yet been reported from Illinois, Pennsylvania, or the
western states.
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GASTRIOCERAS OCCIDENTALE (Miller and Faber)

PL 13, figs. 19-23

Goniatites listen,Roemer, 1870, Geol. yon Oberschliesen,p. 85, pi. 8, figs. 12, 13.
Goniatites occidentalis Miller and Faber, 1892, Jour. Cincinnati Soc. Nat.

Hist., vol. 14, p. 166, pi. 6, figs, 6, 7.
Gastrioceras, sp. indet., Smith, 1896, Proc. Am. Phil. Soc, vol. 35, p. 52, pi.

20, fig. 1.
Gastrioceras occidentale, Smith, 1903, U. S. Geol.Survey Mon. 42, p. 96, pi. 8,

figs. 6, 7.
Gastrioceras carbonarium, Smith, 1903, Idem, p. 84, pi. 11, figs, 1-4.

Description.— This ammonoid is evolute, subglobose, lunar in
whorl section, and twice as thick as high. The umbilicus, which is
about one-third the shell diameter, is open, has steep walls, and is
bounded by a nodose umbilical shoulder. The measurements of
this and its most closely related species are as follows:

A B C D E
Diameter (D) 31.0 39.0 31.0 29.0 26.5 mm.
Height of last whorl (H) 14.0 14.0 15.0 10.0 7.8
Height of penultimate whorl 8.5 9.0 ___- 8.7 5.5
Height of last whorl above venter 8.5 9.0 10.0 7.0 6.3
Thickness of last whorl (T) 18.0 1_ 20.0 17.0 18.0'
Thickness of penultimate whorl 12.5 7.01 14.01

Involution (I) 7.1 5.7 5+ 7.0 1.5
Width of umbilicus (U) 10.5 15.0 11.0 7.0 18.0

Shell ratios—
U— = 0.34 0.38 0.35 .... 0.33
D
I— = 0.51 0.41 0.33
H
T— = 1.29 ___. 1.33 1.7 1.89
H
T— = 0.58 __ 0.65 0.58 0.69
D

A. Miller and Faber's holotype from Kentucky, now in Walker
Museum, University of Chicago. (Measurements taken from
specimen.)

B. Smith's Arkansas specimen (1897), now at Leland Stanford, Jr.,
University.

C. Foord's holotype for G. circumnodosum Foord from Ireland;
measurements made by Foord.

D. Specimen from Bend, Texas,in the geological department of The
University of Texas.

E, Holotype of G. smithivickense, n. sp., from north of Marble
Canyon, Brewster County, in Bureau of Economic Geology.



242 The University of Texas Bulletin No. 3701

The surface sculpture consists of four rather obscure constrictions
that cross the venter without a sinus, fine transverse growth lines
hardly discernible,and about twenty transversely elongate umbilical
nodes per whorl.

The suture is very poorly illustrated by Miller and Faber. It is
typically gastrioceran with pointed lobes and broadly rounded
saddles. The ventral saddle indents the ventral lobe about halfway
and is deeply notched at the base.

Occurrence.— The specimens identified as this species were col-
lected from the Smithwick shale near Bend, San Saba County, and
from one-quarter mile north of Marble Canyon, Sierra Diablo
Mountains, Hudspeth County. The species is known also from the
upperPottsville inKentucky and from the lower Atoka in Arkansas.
In Europe closely related species are known as G. circumnodosum
Foord and G.kahrsi Wedekind.

Types.— Holotype in Walker Museum, University of Chicago;
plesiotypes at Leland Stanford, Jr., University, Department of
Geology of The University of Texas, and Bureau of Economic
Geology.

GASTRIOCERAS SMITHWICKENSE, n. sp.

PL 13, figs. 5-8; text fig. 526

Description.— The whorl is low, thick, evolute, trapezoidal in
cross-section, and exactly twice as thick as high. The shell has a
diameter equal to about twice the thickness. The umbilicus is broad
and moderately deep, and its width is equal to about two-thirds the
shell diameter. Following are measurements of one of the cotypes
(P-8163) :

Diameter (D) 26.5 mm.
Height of last whorl (H) 7.8
Height of penultimate whorl 5.5
Height of last whorl above venter 6.3
Involution (I) 1.5
Thickness of last whorl (T) 18.0
Thickness of penultimate whorl __ _ 14.0
Width of umbilicus (U) 18.0

Shell ratios—
U I T T— =0.68 — = 0.19 — =1.67 — -

0.49
D H H D
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The umbilical shoulders arebroad and deeply sculpturedby about
twenty-four elongate grooves and intervening transversely directed
ribs per whorl. These curve gently forward and die out ventrally
into low undulations. At a diameter of about twenty-five millimeters
the ribs are six millimeters long, one and two-tenths millimeters
wide, and are spaced about five in ten millimeters. Three shallow,
gently curving constrictions cross the venter and the whole surface
is sculptured by strong transverse striae. These are crossed at
regular intervals by longitudinal lirae that form slight nodes at the
point of. intersection with the longitudinal lines. The transverse
striae are slightly stronger than the lirae. Both sets of lines are
sufficiently large to give a cancellate pattern that is visible without
the aid of a lens. There are about eight striae and from fourteen to
fifteen lirae in each five millimeters. The lirae are slightly closer
together at the periphery than on the flanks. The striae curve for-
ward on the sides and bend backward across the venter to form a
shallow sinus.

The external suture consists of a ventral lobe divided by a small,
parallel-sided ventral saddle, a broad pointed lateral lobe, and a
small, short,pointedumbilical lobe. The two pairs of lateral saddles
are rounded and of nearly equal size. "

Discussion.— This species is obviously closely related to G. listeri
(Martin) and its relatives, especially to G. cancellatum var. cren-
cellatum Bisat. It has identically the same shape as Bisat's variety
and differs only in its coarser sculpture and in the shape of its um-
bilical tubercles which are more elongate in the Texas species.

Occurrence.— Smithwick formation Sl^ miles east of Rochelle,
San Saba County; a black shale thought to be equivalent to the
Smithwick one-quartermile north of Marble Canyon, Sierra Diablo
Mountains, Hudspeth County. A very similar and closely related
formhas been found at the head of Cow Creek inFloyd County. In
Kentucky it occurs in upper Pottsville strata.

Types.— Cotypes in Plummer Collection, Bureau of Economic
Geology, The University of Texas.
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GASTRIOCERAS MONTGOMERYENSE (Miller and Gurley)

PL 13, figs. 9-11

Goniatites montgomeryensis Miller and Gurley, 1896, Illinois State Mus. Nat.
Hist. Bull. 11, p. 38, pi. 4, figs. 12-14.

Gastriocerasmontgomeryense, Smith, 1903, U. S. Geol. Survey Mon. 42, p. 95,
pi. 16, figs. 12-14,

Description (after Smith).— "Shell robust, breadth nearly as
great as the diameter; whorls slowly expanding, three times as
broad as high, deeply embracing, the outer whorl being indented
to one-half itsheight by the inner one, but the umbilical shoulders
of the inner whorls are exposed in the deep funnel-shaped um-
bilicus. Cross-section of whorls depressed, trapezoidal, broader
than is usual in Gastrioceras. Ventral portion flattened and broad;
umbilical shoulders angular and abrupt, descending steeply to the
umbilicus and ornamented by sharply incised ribs or nodes. Um-
bilicus wide and deep."

The holotype furnishes the following measurements

Diameter (D) 9.2 mm.
Height of last whorl (H) 5.0
Height of penultimate whorl 4.5
Height of last whorl above venter 3.4
Involution (I) 1.0
Thickness of last whorl (T) 13,0
Width of umbilicus (U) 7.6
Shell ratios— *

U I T T— = 0.83 — = 0.20 — = 2,60 — = 1.41
D H H D

"There are six constrictions to a revolution beginning at the
umbilical shoulder and curving abruptly forward on the sides and
then,backward on the abdomen in a broad gentle sinus."

The suture consists of a moderately wide ventral lobe separated
by a short ventral saddle into two narrow tongue-shaped divisions.
The lateral lobe is broad, short, and situated halfway between the
periphery and the umbilical shoulders.

Discussion.— This species has a thicker whorl,a wider umbilicus,
a more angular umbilical wall, and shorter tubercles than Gastrio-
ceras listeri (Martin). Its whorl is proportionately broader, its um-
bilicus is wider, and each whorl bears more constrictions than G.
occidentals (Miller and Faber). All specimens so far collected are
small and may be immature forms of Paraschistoceras hildrethi.
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Occurrence.— Gastrioceras montgomeryense was first described
from the upper Pennsylvanian, Montgomery County, Illinois. In
Texas it occurs in the Graham formation,Pennsylvanian,in theRock
Island Railroad cut} 3% miles southeast of Jacksboro, Jack County,
and about half a mile southwest of South Bend, YoungCounty.

Types.— Holotype in Walker Museum (No. 6218), University of
Chicago. Plesiotypes in Plummer Collection, Bureau of Economic
Geology, The University of Texas.

Genus Pintoceras, n. gen.

The lower Strawn strata carry ammonoids that have the same
shape and sculpture as Gastrioceras listeri (Martin) but have an
external suture line composed of two lateral lobes and two lateral
saddles on each side like Paralegoceras. Furthermore, it is known
by dissecting back the whorls of Paraschistoceras that all species
of that genus pass through the Gastrioceras and Paralegoceras
stages, as shown in figure 52. The name Pintoceras is proposed to
designate these ammonites intermediate between Gastrioceras and
Paraschistoceras. Pintoceras, therefore, represents a definite stage
in the development of Paraschistoceras and Metaschistoceras from
Gastrioceras and is so distinct and recognizable, that it deserves
generic rank as much as Paralegoceras.

The shape of the shell is subglobose with even, rounded venter
and awhorl that is more than twice as thick as high. The umbilicus
is wide and shallow; the umbilical shoulders are sharp and orna-
mented by elongate nodes. The surface of the whorl is sculptured
by transverse lines of growth and by revolving lirae. The transverse
lines aremost prominent and are characterized by minutebead-like
swellings spaced about ten in five millimeters along the surface of
the thread-like elevations between the striae.

Pintoceras is especially characterized by its umbilical tubercles
and by its two schistoceran, elongate, spatulate saddles, and two
elongate, narrow, pointed, lanceolate lobes oneach side of the shell.
The ventral lobe is like that of Paraschistoceras. The ventral saddle
is bottle-shaped but not so constricted as the typical ventral saddles
of Paraschistoceras. The whorls are less compressed than those of
Paralegoceras, more evolute, and have proportionately wider um-
bilici. The suture of this genus is illustrated in figure 52c. The
genus differs from Paraschistoceras in having only two lobes
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and two saddles flanking the ventral lobe on the periphery. Pinto-
ceras is more depressed than Bendoceras, its lobes and saddles
aremore symmetrical, longer, and narrower, itsumbilicus is wider,
and its ornamentationis like that of Paraschistoceras. InPintoceras
and Paraschistoceras the minute bead-like ornamentationsconstitute
slight swellings in the raised transverse lines at points of junction
with the longitudinal ones. In Bendoceras the stippled markings
areminute raised dots left in the areasbetween the excavations pro-
duced by the transverse striaeand longitudinal lirae.

The sculpture and shape of the whorl are known mostly from
immature specimens of Paraschistoceras reticulatum (PL 14, fig.
15). Good mature specimens are lacking. Gastrioceras venatum
Girty from the Wewoka formation is almost identical in sculpture
and shape and proportions to Pintoceras,except that it has one less
lobe oneach side in its external suture line. G. venatum maypossi-
bly be an immatureformof Pintoceras in the Gastrioceras stage.

Occurrence.— A small and poorly preserved fragment from the
base of the East Mountain shale member of the Mineral Wells for-
mationhas been found at the east end of Barber Mountain, 6 miles
southwest of Mineral Wells. This has the suture characteristic of
the genus and will have to serve as a type until abetter preserved
specimen can be found. This fragment is not illustrated.

Genotype,Pintoceras postvenatum, n. sp. (text fig. 52c).
PINTOCERAS POSTVENATUM, n. sp.

Text fig. 52c

Description.— This species has the usual subglobose, compressed
whorl with lunate cross-section and delicately sculptured surface
consistingof fine, transverse striaecrossed by equally delicate longi-
tudinal lirae, which are characteristic of this family. The striae
bend backward across the venter and form a broad shallow sinus.
The external suture is typically paralegoceran and consists of a
divided ventral lobe and two lateral lobes and two lateral saddles
on each side. The type specimen unfortunately is only a fragment
and no measurements or adequate illustration can be offered until
better materialis available.

Occurrence.— Lower part of East Mountain shale, Mineral Wells
formation, from east end of Barber Mountain,southwest of Mineral
Wells,Palo Pinto County.
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Type.— The fragment that serves to illustrate this speciesis at the
Bureau of Economic Geology, The University of Texas.

Fig. 52. Evolution of the gastrioceratid suture line
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Genus Paraschistoceras, n. gen.

The ammonoids assigned to this generic group have a semilunar
whorl section. The umbilici arebroad and deep and have rounded
shoulders that areornamented by strong,transverseridges. The suture
is schistoceran in having the usual fifteen lobes and fifteen saddles,
including the bottle-shaped ventral saddle, which indents the broad
ventral lobe. A diagnostic character is the umbilical lobe which
has one or two notches. The pronouncedumbilical ridges ally this
form to the Gastrioceratidae rather than to the Schistoceratidae.

Paraschistoceras is distinguished from Schistoceras by itsbroader
umbilicus, its tuberculate sculpture, and its notched umbilical lobe.

Genotype, Ammonites hildrethi Morton (PL 14, figs. 1—14; text
figs. 52a, 52e, 53).

Fig.53.External suture line of Paraschistoceras hildrethi (Morton)

PARASCHISOCERAS STRAWNENSE, n. sp.

PL 14, figs. 22, 23; text fig. 52d

Description.— The whorl of this species is subglobose with an
evenly rounded venter. It is more than twice as wide as high, and
its cross-section is semilunar. The width of the umbilicus isnearly
half the diameter of the shell. The specimen is fragmentary, having
been broken parallel to the plane of coiling, and nearly half the
shell has been lost. The slight deformation of the holotype makes
measurements somewhat unreliable,but the following figures are
fair estimates:

Diameter of last whorl (D) 24.5 mm.
Height of last whorl (H) . 10.0
Height of penultimate whorl 5.5
Height of last whorl above venter 7.0
Involution (I) i_ - — 4.0
Thickness of last whorl (T) (estimated) 22.0
Thickness of penultimate whorl
Width of umbilicus (U) 11.0
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Shell ratios—
U I T T— = 0.45 — = 0.40 — = 2.20 — =0.90
D H H D

The umbilical shoulders are ornamented by about 22 prominent
transversely elongate nodes about threemillimeters long and spaced
seven in ten millimeters. The surface is covered by prominent
transverse striae and less prominent revolving lirae. The intersec-
tions of lirae and striae are marked by bead-like swellings, which
give the lines a crenulate appearance. The transverse lines are
spaced about eight in five millimeters.

The sutures are paraschistoceran in number of elements, in ar-
rangement, and in shape. The ventral lobe is broad and divided
into two pointed elements by a broad, straight-sided, long ventral
saddle, which is three-fourths the length of the first lateral saddles.
There are two spatulate, rounded lateral saddles of about equal
length and width and two narrow, pointed lateral lobes on each
flank; a third lateral notched lobe is on the umbilical shoulder,
and a fourth on the umbilical wall. The second lateral lobe is
somewhat shorter than the first lateral. At a diameter of 18 milli-
meters the lateral lobes are rounded and about equal in size to the
adjacent saddles. They resemble somewhat the suture of Agathi-
ceras. The ventral lobe and ventral saddle at this stage are similar
to those of Gastrioceras.

Paraschistoceras strawnense,n. sp., occurs lower stratigraphically
than any forms having the schistoceran suture and sculpture and is
therefore interesting phylogenetically as the probable ancestor of
the tuberculate schistocerans of the Canyon and Cisco strata.

Occurrence.— The holotype was collected from the East Mountain
shale, Mineral Wells formation, Strawn group, middle Pennsyl-
vanian, in a high clay bank capped by Lake Pinto sandstone, at the
sharp turn in the Mineral Wells-Palo Pinto highway about 4 miles
west ofMineral Wells and 0.4 of a mile by road northeast of Brazos
River bridge, Palo Pinto County.

Types.— Holotype in Department of Geology, Texas Christian
University.
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PARASCHISTOCERAS HILDRETHI (Morton)

PI. 14, figs. 1-14; text figs. 52a, 52e, 53

AmmoniteshildrethiMorton, 1836', Am. Jour. Sci., ser. 1, vol. 29, p. 149, pi. 1
fig. 24, pi. 28, figs. 4&, 50, 53, 54.

Agathiceras hildrethi, Haug, 1898, Mem. Soc. geol. France, vol. 7, No. 18, p. 105
pi. 20, fig. 40.

Schistoceras hildrethi, Smith, 1903, U. S. Geol. Survey Mon. 42, p. 107, pi. 3,
figs. 1, 2.

Description.— The shell is subglobose; the whorls are broadly
rounded and much wider than high; the venter is broad and has a
slight crest; the flanks are low and merge into the broadly rounded
venter. The Texas specimens are poorly preserved and the surface
of the most complete one is considerably weathered. An almost
perfect specimen from Illinois, however, has been loaned to the
writersby Dr.Marvin Weller and has been used in this description.

The Texas specimens up to a diameter of 15 millimeters have low
broad whorls without distinct flanks. At a diameter of 25 milli-
meters the whorls are more highly arched and have definite flanks.
At a diameter of 45 millimeters the shape is typically schistoceran,
but the whorls are broad and relatively low, the venter is broadly
rounded, the sides are gently arched, and the umbilicus is wide.

ABC
Diameter (D) 11.0 25.5 25.6 mm.
Height of last whorl (H) 4.4 10.1 11.3
Height of penultimate whorl 4.25 5.0
Height of last whorlabove venter 7.45 8.01

Involution (I) . ____ 5.75 4.0
Thickness of last whorl (T) 8.0 19.8 18.1
Thickness of penultimate whorl _. 12.01 11.1
Width of umbilicus (U) 4.0 10.15 12.5

Shell ratios—
U T T

A: — = 0.36 — =1.82 — = 0.73
D H D
U I T T

B: — = 0.40 — = 0.57 — = 1.96 — = 0.78
D H H D
U I T T

C: — = 0.49 — = 0.35 — = 1.60 — = 0.71
D H H D

A. Immature specimen in gastrioceran stage from South Bend, Texas.
B. Plesiotype from South Bend, Texas.
C. Illinois plesiotype from Rolls Ford, Illinois.
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The surface of the shell is ornamented by revolving lirae and
sinuous transverse striae, which are especially well developed on a
specimen collected at South Bend, Young County. The umbilical
shoulder ismarked by about twenty-five prominent tubercles.

The suture of mature specimens consists of fourteen lobes and
fourteen principal saddles. The ventral lobe is wider than the others
and is divided by a long ventral saddle that is wider than either of
the branches; thus makingin all fifteen lobes and fifteen saddles in
the suture. The first and second lateral lobes are long and pointed
and narrower than the corresponding club-shaped saddles. The lobe
on the umbilical shoulder is short, narrow, and bluntly pointed. It
is separated from the high, narrow and pointed lobes on the um-
bilical wallby a broad, shallow saddle. The first lateral lobe of the
suture is a distinctive feature, since on its umbilical side it exhibits
a broad bulge shown especially well onHaug's figures. The lobe on
the umbilical rim is also interesting, since it is faintly trifid asym-
metrically. The long portion is in the middle. This feature can be
seen clearly without the aid of a lens on the well-preserved speci-
men from Illinois.

Discussion.— Paraschistoceras hildrethi (Morton) resembles
Schistoceras diversecostatum Bose131 but has higher and narrower
whorls, and its umbilicus ismuch broader as a comparison of ratios
shows.

Occurrence.— In north-central Texas all specimens have come
from the Graham formation, Cisco group, Pennsylvanian:shale be-
low the Avis sandstone one-half mile southwest of South Bend,
Young County; shale above the Home Creek limestone 1% miles
east of Caddo, Stephens County; same horizon 1% miles east of
Fife, McCulloch County. In west Texas it has been collected from
the Vddenites zone at the top of the Gaptank formation, Wolf Camp,
Glass Mountains,Brewster County. The most perfect plesiotype has
been collected by Dr.J.M.Weller from upperPennsylvanian strata
at Rolls Ford, SangamonCounty, Illinois.

Types.— Plesiotypes in Bureau of Economic Geology, The Uni-
versity of Texas, and in the museumof the Illinois State Geological
Survey.

131B6se, Emil, The Permo-Carboniferous ammonoids of the Glass Mountains, west Texas, and
their stratigraphical significance: Univ. Texas Bull. 1762, p. 96, pi. 4, figs. 1-36, 1917.
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PARASCHISTOCERAS COSTIFERUM, n. sp.

PL 14, figs. 19-21

Description.— The shell is globose with low rounded whorls,
which are wider than high and are thickest at the umbilical shoul-
ders. The rounded flanks converge peripherally to form a broad
V-shaped cross-section thus giving the venter a slightly crested
appearance.The umbilicus is equal to about one-third the diameter
of the shell. One side of the specimen is worn, so that the following
measurements cannot be regarded as exactly representative of the
original shell:

Diameter (D) 30.0 mm.
Height of last whorl (H) 13.0
Height of penultimate whorl 5.0
Height of last whorl above venter 9.0
Involution (I) 4.0
Thickness of last whorl (T) 19.5
Thickness of penultimate whorl 13.4
Width of umbilicus (U) 12.0

Shell ratios—
U I T T— = 0.40

— = 0.31 — = 1.50 — = 0.65
D H H D

The umbilical shoulder of each whorl is provided with about
twenty-five pronounced nodes, some of which are prolonged almost
halfway to the venter, thus producing ribs. These are prominent
even on shells of the greatest diameter. They are very uniform in
spacing and in size,except that some extendfarther toward the venter
than others. On the inner part of the umbilical wall these areonly
faintly discernible. No lirae are present,but the flexuous striae of
growth are very pronounced on the large part of the shell and are
more conspicuous than on any other species of Paraschistoceras or
Schistoceras in the writers' collection.

The usual number of elements make up the external suture. The
lobes are hastate; the- saddles rounded and slightly constricted. The
unusually long and narrow ventral lobe is divided into two narrow
branches by a long and bottle-shaped saddle. The first lateral lobe,
although similarly pointed, is wider and not quite as long as the
branches of the ventral lobe. The second lateral lobe is broadest
of all the lobes and is shorter than those nearer the venter. The
sides of this lobe are parallel to a point near the posterior end
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from where they converge abruptly to form the hastate extremity.
The contour of this lobe and of the umbilical elements are distinc-
tive characters of the species. The third lateral saddle is narrow
and constricted and is as long as the others. The third lateral lobe
is short, narrow, and pointed. It lies just on the umbilicalshoulder
and leans veryperceptibly toward the umbilicus.The lobe on theum-
bilical wall is narrow and pointed but is considerably longer than
the preceding one and is separated from it by a broad, short,spread-
ing saddle.

The internal suture is attached to the outside of the outer whorl
of the holotype. The long narrow,pointed dorsal lobe is flanked by
broader pointed lobes of nearly the same length. The last lateral
lobe is short, pointed, and relatively wide.

Discussion.-— The whorls of this species arehigher and narrower,
and its umbilicus much wider, than those of Paraschistoceras re-
ticulatum (A.K.Miller).The most distinctive features are the primi-
tive second lateral lobe with its parallel sides and the deep and
narrow third lateral saddle, which serve to distinguish it from P.
hildrethi (Morton).

Occurrence.— The type specimen was collected by F. R. Schenck,
geologist for Prairie Oil and Gas Company, about 100 feet below
the base of the Merriman limestone, Graford formation, Canyon
group, 5 miles southwest of Graford, Palo Pinto County. Other
specimens came from east end of Long Mountain in Palo Pinto
County, and from the west side of Martins Lake in Wise County.

Type.— Holotype and other specimens in the Bureau of Economic
Geology, The University of Texas.

PARASCHISTOCERASRETICULATUM (A.K.Miller)

PL 14, figs. 15-18; text fig. 52c

Sckistoceras reticulatum A. K. Miller, 1930, Jour. Pal., vol. 4, p. 403, pi. 39,
figs. 6-9.

Description.— All the specimens of this species have been some-
what crushed, and hence proportions are not clearly evident. The
shells appearto be more flattened and discoidal than most forms of
the genus. The thickest partof the whorl is about one-third the dis-
tance from the umbilicus to the venter. The coil is evolute, and the
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umbilical wallsare steep. The best-preservedspecimenhas furnished
the following measurements:

Diameter (D) 15.43 mm.
Height of last whorl (H) 7.68
Height of penultimate whorl 3.01

Height of last whorl above venter.. 5.1
Involution (I) li 2.58
Thickness of last whorl (T) 5.23
Thickness of penultimate whorl 3.5
Width of umbilicus (U)._ 4.34
Depth of umbilicus
Shell ratios —

U I T T— = 0.28 — = 0.34 — = 0.68 — = 0.34
D H H D

The whorls are ornamented by twenty-four prominent ribs. Up
to a diameter of about ten millimeters these pass entirely over the
venter but are more prominent in the umbilical region than else-
where. At a diameter of fifteen millimeters the ribs are still prom-
inent but disappear about midway of the flanks. As they leave the
umbilicus they areperpendicular to its walls but soonbend sharply
forward as they approach the ventral region. On the holotype the
strongly ribbed inner whorls can be seen even on the very youngest
whorls.

The ventral lobe of the suture is long and divided by a long
broad ventral saddle. The two branches thus formed are long and
slender. The first and second lateral lobes are broad and pointed
and are characterized by prominent bulges near their ends, which
constrict the intervening saddles. The third lateral lobe near the
umbilical shoulder is short and rounded. The internal suture can
not be observed in the material available.

Discussion.— These small and imperfect specimens of Paraschisto-
ceras from the Palo Pinto formation have been referred with much
hesitation to P. reticulatum (A. K. Miller) from the Marathon
basin. This identification has been made because the forms are as-
sociated with a fauna similar to that found withP. reticulatum and
because these small specimens from Wise County have prominent
ribs growing out of tubercles on the umbilical border like those
found on the larger specimens from the Marathon region. Speci-
mens from each locality have been carefully compared. The typical
form is more globose, thicker in proportion to the whorl height.
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and has a morerounded umbilical shoulder. All specimens from the
type locality aremoremature, and young shells might be similar to
the Wise County specimens. Paraschistoceras reticulatum differs
from P. hildrethi (Morton) in its narrow umbilicus, in its more
slender ventral saddle, in the more slender and longer branches of
the ventral lobe of its suture, in the more prominent ribs on its
flanks, and the less prominent tubercles on its umbilical shoulder.
This species differs from Schistoceras diversecostatum (Bb'se) in
that it has a suture that is more primitive than those on the early
whorls of Bose's species. From Paraschistoceras costiferum, n. sp.,
it is distinguished by its much narrower umbilicus and its more
rounded umbilical shoulders and less prominent tubercles.

Occurrence.— Graford formation, Canyon group,Pennsylvanian:
just above the Willow Point limestone in the clay pit at Bridgeport,
Wise County; east slope of Kyle Mountain,Palo Pinto County. In
west Texas it has been collected from the Gaptank formation,4%
miles south-southeast of Lenox,Brewster County.

Types.— Holotype and paratype at Peabody Museum, Yale Uni-
versity. Plesiotypes in geological museum of Texas Christian Uni-
versity.

Genus Metaschistoceras,n. gen.

This genus is erected to include Permian ammonoids derived
from Paraschistoceras. The shells have the paraschistoceran shape,
but their sutures have more lobes and more saddles. The char-
acteristic whorl section is helmet-shaped and higher than wide. The
flanks are flat and converge slightly toward the venter. The umbili-
cus is of moderate size, that of the genotypebeing about one-eighth
the diameter of the shell.

The sculpture consists of curved wavy striaeand straight fine lirae,
which together give the surface a cancellate appearance. The um-
bilical shoulders of the inner whorls are ornamented by twenty-five
to thirty prominent transverse tubercles.

The suture of the genotype is composed of sixteen ldbes and six-
teen saddles. The ventral lobe is divided into two by a ventral
saddle making in all seventeen lobes and seventeen saddles in the
suture. The ventral saddle is bottle-shaped; all other saddles are
simple and rounded. All the lobes are pointed. The first lateral
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lobes and saddles areslightly constricted,so that the saddles expand
somewhat toward the top. The two extra lobes and saddles lie on the
umbilical shoulder and wall. They are small and simple but well
developed and plainly discernible.

So far only one species of this new Permian genus is known,but
others probably will be found when the Permian faunas of north-
central Texas have been more thoroughly collected.

Genotype, Metaschistoceras heilprini, n. sp. (PI. 41, figs. I—s;
text fig. 54).

Fig. 54. External suture line of Metaschistoceras heilprini, n. sp.

METASCHISTOCERAS HEILPRINI,n. sp.

PL 41, figs, 1-5; text figs. 52/, 54

Description.— The whorls arehelmet-shaped and higher than wide.
The flanks are flattened and converge toward the broadly rounded
venter. The greatest width of the whorls is near the umbilical
shoulder, where the flanks meet the perpendicular umbilical wall
at a distinct angle. The umbilicus is wide and deep. The measure-
ments of the holotype are as follows:

Diameter (D) 75.0 mm.
Height of last whorl (H) 41.6
Height of penultimate whorl 17.6
Height of last whorl above venter 26.0
Involution (I) 15.6
Thickness of last whorl (T) 38.0:
Thickness of penultimate whorl 23.0
Width of umbilicus (U) 8,7

Shell ratios—
U I T T— = 0.12 — = 0.375 — = 0.91 — = 0.51
D H H D
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The specimen, preserved as a spongy dolomitic limestone cast,
shows no prominent sculptural features on the mature whorls. The
umbilical shoulders of the inner whorls are ornamented by prom-
inent nodes elongated to form umbilical ribs similar to those found
on Paraschistoceras hildrethi (Morton). The ribs number from 25
to 30 per whorl up to a diameter of 35 millimeters, and possibly
they could be found at a greater diameter on a better preserved
specimen.

The suture of this species resembles any typical schistoceran su-
ture except that it is composed of seventeen lobes and seventeen
saddles instead of fifteen lobes and fifteen saddles. The first
lateral saddles are a little less rounded at the base and are a little
more constricted near the top.

Discussion.— This species is closely related to, and resembles, the
members of the genus Paraschistoceras, but it differs in having an
extra pair of lobes and saddles, and the sculpture around the
umbilical areas is less pronounced.

Occurrence.— Belle Plains formation of the Permian in a locality
2% miles west of Baird,Callahan County.

Type.— Holotype in the Bureau of Economic Geology, The Uni-
versity of Texas.

Genus Eoasianites RuŽencev1933

Eoasianites Ruzencev, 1933, Bull. Soc. nat. Moscou, ser. geol., vol. 11, pp.
166, 178,

Prometalegoceras Ruzencev, 1936, Problems of Soviet Geology, No. 6, p. 505,
footnote. (New name introduced in violation of International Rules of
Zoological Nomenclature.)

This genus was established to include species having a form like
that of Asianites and a suture line like that of Gastrioceras. The
whorl is much broader than high and has a lunar cross-section that
is bounded above and below by two concentric arcs. The umbilicus
is wide and open with steep walls and rather sharp and narrowum-
bilical shoulders that are smooth in mature forms and nodose in
youthful forms. Its surface is smooth, except for fine transverse
striae. The suture line consists of eight principal lobes and eight
principal saddles of gastrioceranshape.

Eoasianites is distinguished ,from Glaphyrites by the nodes on the
umbilical shoulders of its inner or youthful whorls. It is distin-
guished from Gastrioceras by its proportionately greater breadth,
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by its wider umbilicus, and by its smooth umbilical shoulders in
maturity. It is thought to have been derived from a nodose gas-
trioceran having a form somewhat like that of Gastrioceras mont-
gomeryense (Miller and Gurley) of middle Pennsylvanian age, or
possibly from an early form of Paragastrioceras marianum, and
therefore to be unrelated to Glaphjrites, which developed out of
Cravenoceras of upperMississippian age.

Genotype, Eoasianites subhanieli Ruzencev, from lower Permian
strata of the Aktioubinsk region,Russia (text fig. 55).

Fig. 55. External suture line of Eoasianites subhanieli RuŽencev

Family Metalegoceratidae,n. fam.

Ammonites belonging to this family have globose and subglobose
shells, lunar whorl sections, wide umbilici,and nearly smooth ven-
ters except for minute growth lines or delicate lirations. The um-
bilical shoulders are nearly smooth. The family is distinguished
from the Gastrioceratidae by its more delicate surface markings, its
generally wider whorls, and especially by the absence of prominent
umbilical ridges or tubercles.

Five genera have been referred to this family, as shown in the
following table:

Stratigraphic distribution and distinguishing characters of
genera in the family Metalegoceratidae

132Regarded by some paleontologists as congeneric with Sckistoceras.

GENUS

Eothinites132

Ruzencev

AGE
MiddlePermian

DISTINGUISHING CHARACTERS
Globose shells; umbilical shoul-
ders of mature forms without
tubercles or pronounced ridges.
Suture line consists of12 lobesand
12 saddles.

Metalegoceras
Schindewolf

Middleand
lowerPermian

Globose shells; umbilical shoul-
ders without pronouncedsculpture.* Suture line consists of 10 lobes
and 10 saddles.
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Genus Cravenoceras Bisat 1928

Cravenoceras Bisat, 1928, Congres pour I'Advancement dcs Etudes de Strati-
graphic Carbonifere,Heerlen, p. 132.

Cravenoceras, Schmidt, 1933, Jahrb.preuss. geol. Landesanstalt, vol. 54, p. 455.

This genus was erected by Bisat to include subglobose, nearly
smooth-surfaced ammonoids having wide lunar cross-sections and
wide, open umbilici, which have nearly vertical walls and acute
umbilical shoulders. The venter and flanks are broadly rounded.
The surface sculpture, if present,consists of more or less closely set,
thin, fine, noncrenulate, transverse striae, which cross the venter in
nearly straight lines, or in some species they swing only very
slightly backward over the venter.

The suture line is gastrioceran, consisting of a narrow ventral
lobe divided by a moderately short ventral saddle, apointed lateral
lobe oneach side, and twobroad and rounded lateral saddles. Some
specimens show a very small umbilical lobe on the umbilical wall.

The genus is distinguished from Glaphyrites by the more
V-shaped lateral lobes and by its shorter ventral saddle; from
Nuculoceras by its decidedly wider and more open umbilicus; from
Goniatites by its wider umbilicus and more rounded saddles; and
from Beyrichoceras by its wider umbilicus, its proportionately
greater thickness, and its narrower ventral lobe. It resembles in
many respects juvenile forms of Homoceras and has been included
in that genus by some authors.

'seudogastrio-
cerasSpath

Upper Permian Exceedingly globose, smooth shells
having small umbilici without
nodes. Primitive gastrioceran
suture.

Japhyrites
Ruzencev

Pennsylvanian Globose shells with wide umbilici;
umbilical shoulders without tuber-
cles or pronounced ridges. Suture
line consists of 8 principal lobes
and 8 principal saddles. Ventral
saddle moderately deep, lobes
spatulate.

Iravenoceras
Bisat

Upper
Mississippian

Globose shells with wide umbilici;
umbilical shoulders without tu-
bercles or ridges. Suture line
made up of 8 principal lobes and
8 principal saddles. Ventral sad-
dle shallow lobesV-shaped.



260 The University of Texas Bulletin No. 3701

The genus Homoceras was established by Hyatt133 to include
forms having trapezoidal whorls with wide umbilici, like those of
Glaphyrites, and with sutures simliar to those of Nuculoceras.
Hyatt stated that the siphonal saddles are small, the ventral lobes
broad and open, and the first lateral saddles open and rounded.
He named Goniatites calyx Phillips as the genotype. The description
and reproduction of the genotype suggests a close similarity to
Cravenoceras, as described by Bisat. Bisat, however, has studied
the genotype of Homoceras and has concluded that it is really the
immature form of Goniatites platylobus Phillips, which is a com-
pressed form having a moderately small umbilicus, and at maturity
it resembles in shape Adelphoceras meslerianum Girty. Schmidt in
his excellent paper on German ammoniteshas based his description
of Homoceras on forms like Goniatites platylobus and not on forms

Fig. 56.External suture line of Cravenoceras malhamense (Bisat)

like the immatureG. calyx. Since Hyatt's description of Homoceras
is based on a juvenile form, which at maturity has quite a different
set of characters, it appears that Homoceras should be restricted to
forms like Goniatites platylobus and that the globose and more
widely umbilicate species, now designated Cravenoceras by Bisat,
are to be regarded as belonging to a separate genus. Cravenoceras,
in addition to its more subglobose shape, has a more pronounced
and a longer median saddle than Homoceras and on its flanks
striae that are noncrenulate and do not bend in crossing the venter,
as do those of most forms of Homoceras.

Genotype, Homoceras malhamense Bisat (text figs. 56, 58a).
138Hyatt, A., Genera of fossil cephalopoda:Proc.Boston Acad. Nat. Hist., vol. 22. p. 330, 1884.
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CRAVENOCERAS RICHARDSONIANUM (Girty)

PL 8, figs. 12-16

Gastrioceras richardsonianum Girty, 1909, U. S. Geol. Survey Bull. 377, p. 54,
pi. 11, figs. 1-11.

Description.— The shell is involute with deeply embracing whorls,
broadly rounded venter,and adeep openumbilicus which isbounded
by angular umbilical shoulders and a steep umbilical wall. The
living chamber is probably more than one convolution in length.
The specimens studied have the following measurements:

A B C D
Diameter (D) 29.5 10.5 35.0 33 mm.
Height of last whorl (H) 11.1 3,0 13.0 9.5
Height of penultimate whorl 8.5 3.0 9.5
Height of last whorl above venter 10.5 2.0' 10.0
Involution (I) 7.0 1.3- 10.0
Thickness of last whorl (T) 19.3 8.4 23.2 21.0
Width of umbilicus (U) 9.8 5.0 11.0 8.0

Shell ratios of C—
U I T T— = 0.31 — = 0.77 — =1.93 — = 0.66
D H H D

The shell surface is marked by faint growth lines and four faint,
narrow, curving, transverse constrictions that do not cross the um-
bilical shoulders.

The suture is of the cravenocerantype. The ventral lobe is long,
narrow, and divided into two pointed divisions by a short ventral
saddle. The first lateral lobes are small and pointed. The lateral
saddles are broadly rounded. The second lateral saddles are about
the same length as the first laterals.

Discussion.— Because of its compressed shell and the medium
size of its umbilicus and other features, this species is placed in
Cravenoceras.

The immature forms areglobose like the type specimen of Gonia-
tites [Homoceras] calyx (Phillips). The smallest specimens in the
Barnett shale are less than tenmillimeters in diameter, aredecidedly
globose with a thickness equal to four-fifths of the diameter, and
have an umbilical width equal to about half the diameter. More-
over, the ventral saddle of the young form is strongly developed,
and the second lateral saddle is nearly equal in size to the first.
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Occurrence.— This species was first collected in Texas from the
Barnett shale by R. C. Moore on Cherokee Creek, 9 miles northeast
of Cherokee, San Saba County. Ithas also been found in the Barnett
shale 5 miles southwest of Lampasas, Lampasas County, and on
Llano River near Camp Walton 6 miles southwest of London, Kim-
ble County.

Types.-— Girty's holotype is in the U. S.National Museum, Wash-
ington. The Texas plesiotypes are in the Bureau of Economic Ge-
ology, and in Walker Museum, University of Chicago (No. 31815).

Genus GlaphyritesRuŽencev 1936

Glaphyrites Ruzencev, 1936, Problems of Soviet Geol., No. 6, pp. 484, 506.

This genus includes some species formerly referred to Gas-
trioceras. The shells are globose, broadly umbilicate, lunar or
semilunar in whorl section. The umbilical walls are steep and have
no tubercles on the umbilical shoulder at any stageof growth. The
surface of the shell is smooth or finely striate. The suture is
gastrioceran, but the first lateral lobe is distinctive, in that it
bulges in the center and contracts at the posterior end to a fine
point. The first lateral saddle is constricted and bulges somewhat
at its anterior end thus indicating a suture patternmorehighly de-
veloped than those of older forms.

This group belongs characteristically to the Pennsylvanian strata,
ranging from lower Pottsville to Permian. The members of the
genus aredistinguished from species of Nuculoceras of the Mississip-
pian and lower Pennsylvanian by their more depressed whorls,
broader umbilici, and their more highly developedsutures with con-
stricted saddles and expanded lobes. It is easily separated from
Phaneroceras by its more globose shape and lack of reticulate sur-
face sculpture. It is most easily confused with Cravenoceras of
the upper Mississippian and lower Pennsylvanian. The whorl sec-
tionissimilar, the size of the umbilicus comparable, and the general
absence of pronounced sculpture is common to both genera. The
two genera do not occur together. Cravenoceras is confined to the
Mississippian, and Glaphyrites is found throughout Pennsylvanian
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rocks from lower Marble Falls limestone to the Harpersville forma-
tion. The two similar genera are distinguished also by their suture
lines. Glaphyrites has a more spatulate lateral lobe and a first
lateral saddle that is constricted more posteriorly. The first lateral
saddle in Cravenoceras is not constricted, and in some species
it may flare posteriorly.

Ruzencev134 has recently proposed the name Eoasianites for a
species (E. subhanieli), which may belong to the group that the
writers arehere including in Glaphyrites. The figures and descrip-
tions givenby Ruzencev are not clear, and he believes the genus to
be ancestral to his genus Asianites, which has a nodose umbilical
margin on its inner whorls and a paralegoceran suture. It would

Fig. 57. External suture lines of Glaphyrites modestus (Böse)and
Pseudogastrioceras abichianum (Moller)

seem, therefore, thatEoasianites should berestricted to forms having
a nodose umbilical margin on their inner whorls. Under the cir-
cumstances the writers do not feel justified in referring the Texas
species to Eoasianites, and they are restricting Eoasianites to Per-
mian forms having nodose inner whorls.

Genotype, Gastrioceras modestum Bose (text fig. 57a).
The species shown in the following table are representatives of

this genus in Texas:
13iRuzencev, V. E.. Sur quelques Ammonoidea dv P.ermian inferieur provenant de la region

d'Aktioubinsk:Bull. Soc. nat. Moscou, ser. geol., vol. 11, pp. 165, 178, 1933.
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Stratigraphic distribution and distinguishing characters of thecommonspeciesofGlaphyrites

aSmith, U. S. Geol. Survey Mon. 42, p. 90, 1903.
bß6se, Univ. Texas Bull. 1762, p. 84. (Cotype 11, Gastrioceras modestum.)
eMiller and Cline, Jour. Pal., vol. 8, p. 177, 1934.
aLargest cotype (P-2372), from Bridgeport, Wise County, Texas.
eGirty, U. S. Geol. Survey Bull. 544. p. 256, 1915.
fGirty, U. S. Geol. Survey Bull. 544, p. 254, 1915.

cotype. Walker Museum, No. 1313.
hHolotype, Walker Museum, No. 6214.

GLAPHYRITES RAYMONDI, n. sp.

PL 8, figs. 17-20; text fig. 58a

Description.-— -This rather common species, which is associated
with Gastrioceras smithwickense, n. sp., and G. occidentale
(Miller and Faber) in the upper partof the Smithwick formation
in the G. listeri zone, has the shape typical of Glaphyrites. Its
conch is subglobose, its whorls are deeply embracing, its cross-
section is semi-lunar, and its venter is crossed by two or three nearly
straight constrictions. The largest specimens have the following
dimensions:

common species of Glaphyrites

SPECIES
t v t

FORMATION
—

DISTINGUISHING CHARACTERS
HDD

G. globulosus
(Meekand
Worthen)a

Graham 1.9 0.25 0.75 Twice as thick as high;steep
umbilical walls. Umbilical
width equals one-third the
diameter.

G.kansasensis
(Millerand
Gurley) b

Graham 1.9 0.38 0.715 Do.

G. millsi (A. K.
Miller and
Cline)c

Graham and 0.11 0.68 0.82 Shallow, immature ventral
Graford saddle. Extremely wide um-

bilicus.
G.anguloumbili-

catus,n.sp.d
Graford 2.11 0.43 0.54 Steep umbilical walls. Can-

cellate sculpture on umbilical
shoulders.

G.angulatus
(Girty)e

"Wewoka and 3.5 0.50 0.80 Three times as thick as high.
Graford Broad funnel-shapedumbilicus

at least half as wide as
diameter.

G.raymondi,
n.sp.

Smithwick ? 0.40 ? Moderate-sized umbilicus with
steep wall and sharp, smooth
shoulders; strong, straight
striae on venter. Primitive
suture.

G.hyattianus
(Girty)f

Mineral Wells, 0.12 0.33 0.57 Compressed whorl. Medium-
Canyon,and sized umbilicus with beveled
"Wewoka shoulders.

G. welleri
(Smith)s

G.subcavus
(Millerand
Gurley)h (PI.
15, figs. 10-12)

Cherokee,Dcs 1.7 0.53 0.65 Broad, funnel-shaped umbili-
Moines, and cus with smooth shoulders.
MillsapLake Ventral lobe and saddle broad.

Carbondale, 3.2 0.53 0.75 Do.
Montgomery
Co.,Illinois
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P-4838 P-6214
Diameter (D) 10 mm. 14 mm.
Height of last whorl (H) 4
Height of penultimate whorl 3
Height of last whorl above venter 2*3
Thickness of last whorl (T) — 10
Width of umbilicus (U) 4

Shell ratios—
v— = 0.40
D

The umbilicus is of moderate size with steep walls and sharp
smooth shoulders. Its surface is marked by very fine and evenly
spaced transverse striae interspaced by minute ribs that average
from six to ten in about five millimeters. These striae cross the
venterin anearly straight line and become quite prominenton some
specimens. The external suture line is typically gastrioceratidean
and is more advanced than the typical cravenoceransutures.

Discussion.— This nearly smooth species from the upper partof
the Bend group has been referred to the genus Glaphyrites and
given the rank of a new species only after much consideration and
long hesitation. So many smooth gastrioceratideans have been
described from upperPennsylvanian strata, that the addition of new
species mayonly add confusion. This species, however, has distinc-
tive fine and evenly spaced striationsunlike its upper Pennsylvanian
congeners and a much more advanced suture line with narrower,
morenearly parallel-sided lobes, and more constricted saddles and
a longer ventral saddle than Cravenoceras richardsonianum (Girty)
from the Barnett, which has a similar shapeand sculpture. In fact,
the suture line resembles much more closely that of Gastrioceras
than that of Cravenoceras.

The only other ammonite closely related to Glaphyrites raymondi,
n. sp., is Cravenoceras pygmaeum (Mather) from the Brentwood
limestone of Arkansas. C. pygmaeum is a tiny dwarfed form de-
scribed as having faint ribs confined to the rounded umbilical shoul-
der,markings that areobsolete onmany specimens. Glaphyrites ray-
mondi has no ribs but has fine and evenly spaced striae that cross
the venter. It is possible that the smooth forms of Cravenoceras
pygmaeum may be the young forms of Glaphyrites raymondi.
The suture line of the Arkansas form is much less developed than
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that of G. raymondi and is clearly in the Cravenoceras stage (fig.
58.) The suture of Glaphyrites raymondi is in the Gastrioceras
stage.

Raymond C. Moore, in an unpublished manuscript on the pale-
ontology of the Bend series, has referred this species to Gastrioceras
kingi (Halland Whitfield) from Nevada, buthe pointed out that his
specimens from Bend have a narrowerand steeper walled umbilicus
and less deeply impressed siphonal saddles. The Nevada form has
also,according toHalland Whitfield,obscure nodes on theumbilical
shoulders and these on some specimens form faint undulations across
the venter. The undulations appear to be the result of crowding to-
gether of the transversegrowth lines. G. kingi appears to be similar
to, if not conspecific with, Glaphyrites subcavus (Miller and
Gurley) from Illinois and G. welleri (Smith) from Missouri, and

Fig. 58. External suture lines of Cravenoceras malhamense (Bisat)and
Glaphyrites raymondi, n. sp.

it is more closely related to the upper Pennsylvanian species G.
kansasensis (Miller and Gurley) and G. globulosus (Meek and
Worthen) than to G. raymondi. Schmidt has described a widely
umbilicate striate ammonitefromnearKonigshiitte and another from
Aachen, Germany, under the name Gastrioceras macrocephalum
(Freeh). These have similar shapes and sculpture and come from
about the same horizon in the geologic section as Glaphyrites
raymondi.

The species is named in honor of Prof. Raymond C. Moore, who
discovered and first described this ammonite.

Occurrence.— Upper partof the Marble Falls limestone 10 miles
southwest of Bend, San Saba County; southeast end of Rancheria
Mountains and north end of Diablo escarpment, Hudspeth County.

Types.— Bureau of Economic Geology, The University of Texas.
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GLAPHYRITES WELLERI (Smith)

PL 15, figs. 13-21

Gastrioceras welleri Smith, 1903, U. S. Geol. Survey Mon. 42, p. 98, pi. 2:4,
figs. 13-20,

Description.— This typical Glaphyrites has a shell that is smooth
except for constrictions and minute striations. The constric-
tions are deep and curve forward on the venter. The umbilicus is
wide, occupying about one-half of the diameter of the whorl. The
umbilical walls are inclined at anangle of about 45 degrees giving a
funnel-shaped appearanceto the umbilicus. The suture line is typ-
ically gastrioceran. The ventral saddle, however, is considerably
broader and more rounded than the lateral lobe. The measurements
in millimeters of typical specimens are given below:

ABC
Diameter (D) 18.5 16.6 36.0 mm.
Height of last whorl (H) 6.8 6.8 13.4
Height of penultimate whorL_ 4.8 4.8 8.0
Height of last whorl above venter 5.4 4.8 10.0
Involution (I) 1.4 2.0 4.0
Thickness of last whorl (T) 12.1 11.8 21.5
Thickness of penultimate whorl - 7.7 7.5 15.0
Width of umbilicus (U) 9.9 8.6 15.8

Shell ratios of A— -
U I T T— = 0.53 — =0.20 — =1.7 — = 0.65
D H H D

A. Largest cotype, Walker Museum, University of Chicago, No. 1313,
from Dcs Moines group, Carroll County, Missouri.

B. Next to largest cotype, from same locality as A.
C. Largest specimen, No. P-7595, from Millsap Lake formation, 6

miles west of Patillo near the county line in Erath County.

Discussion.— The smaller specimens of this species up to a di-
ameter of 15 mm. have a steeper umbilical wall and less funnel-
shaped umbilicus than the larger, more mature forms. Smith's
illustrations of the types are retouched andmake the umbilical walls
look less steep and umbilical shoulders more angular than they
actually are in most examples. The younger forms resemble closely
in shape G. kansasensis (Miller and Gurley). They can be dis-
tinguished by their more primitive suture line with its shorter um-
bilical saddle and more V-shaped lateral lobe. G. welleri is very
closely related to, if not conspeciflc with, G. subcavus (Miller and
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Gurley) from Illinois. The shape of the whorls and suture lines
are identical. The only difference is in the sculpture. G. welleri
has a finely striated surface and G. subcavus appears to be,smooth.
However, the type of G. subcavus is very poorly preserved. If
better specimens were available, the fine sculpture might show on
the shell of G. subcavus. G. kingi (Hall and Whitfield) is another
very closely related form. The latter,however,has aslightly more
highly arched venter, coarser sculpture, and a more advanced type
of suture line having a proportionately longer ventral saddle and
longer, narrowerventral lobes and saddles.

Occurrence.— Millsap Lake formation from a locality near the
Palo Pinto-Erath county line in Erath County 6 miles west of
Patillo; Dcs Moines formation in Carroll and Henry counties,Mis-
souri; and perhaps from middle Pennsylvanian of Montgomery
County, Illinois.

Types.— Cotypes in Walker Museum, University of Chicago.
Plesiotypes at Bureau of Economic Geology, The University of
Texas.

GLAPHYRITES HYATTIANUS (Girty)

PL 16, figs. 14-17

Gastriocerashyattianum Girty, 1911, Ann.New York Acad. Sci., vol.21, p. 150.
Gastrioceras hyattianum, Girty, 1915, U. S. Geol. Survey Bull. 544, p. 254, pi.

32, fig. 6, pi. 33, figs. 1-4.

Description.— The shell of this species is globose with broadly
arched and deeply embracing whorls. The greatest thickness of the
whorls lies near the umbilical border. The flanks are rounded and
grade imperceptibly into the ventral area. The umbilicus is deep
and relatively broad with a clearly denned shoulder. The lower part
of the wall is almost perpendicular, but the outer margin carries a
distinct "bevel," which is one of the most characteristic features of
the species. The Texas plesiotype furnishes the following measure-
ments:

Diameter (D) 39 mm.
Height of last whorl (H) 21
Height of penultimate whorl 10
Height of last whorl above venter 11
Involution (I) 4
Thickness of last whorl (T) 22
Thickness of penultimate whorl 17
Width of umbilicus (U) 15
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Shell ratios—
U T I T
_.

—
0.38 — =1.05 — = 0.19 — = 0.56

D H H D

The specimens have no trace of ribs or nodes. Thin striae cross
the venter ina direction perpendicular to the axis of the whorls. No
revolving lirae show, but all specimens are slightly worn. Three or
four shallow constrictions extend fromumbilicus to umbilicus over
the whorls. Only oneof these, however, is visible throughout its en-
tire length. It bends a little anteriorly in crossing the venter.

The plesiotype does not show the sutures; the living chamber is
intact and measures considerably more than one whorl in length.
The cast was broken open for study, but the inner whorls are so
crystalized that only portions of the suture could be prepared.

Discussion.— The suture figured is from a fragment collected at
the same locality as the plesiotype. Though this is apoorspecimen,
there can be little doubt that it belongs to the same species.

Glaphyrites hyattianus (Girty) is very close to G. globulosus
(Meek and Worthen) but is distinguished by its much wider um-
bilicus, the beveled margin of its umbilical wall,its greater lateral
compression,and the lack of any longitudinal striae on the venter.

Occurrence.— Shale in the Millsap Lake formation, Strawn group,
Pennsylvanian, 6 miles south of Thurber,Erath County; and Min-
eral Wells formation, Strawn group, near cattle tank at east end
of Barber Mountain, southwest of Mineral Wells, Palo Pinto
County. In Oklahoma it is found in the Wewoka formation near
Ada.

Types.— Holotype in U. S. National Museum, Washington, D. C.
Plesiotypes at the Bureau of Economic Geology, The University of
Texas.

GLAPHYRITES ANGULATUS (Girty)

PL 16, figs. 1-9

Gastrioceras angulatum Girty, 1911, New York Acad.Sci. Ann., vol. 21, p. 151.
Gastrioceras angulatum, Girty,1915, U. S. Geol. SurveyBull. 544, p. 256, pi. .34,.

figs. 1-3,
Gastrioceras angulatum, Morgan, 1924, Oklahoma Bur. Geol. Bull. 2. pi. 51y

fig. 8,
Gastrioceras excelsum, Morgan, 1924, Idem, pi. 51, fig. 9.

Description.— This species is characterized by its remarkable
whorl width. The whorl is large, broadly trapezoidal in cross-
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section,more than four times as wide as high,and has a gently curv-
ing evenly convex ventral area which meets the umbilical shoulders
so that the lateral areais extremelynarrow or wanting. With growth
the whorls expand laterally much more rapidly than vertically.
The last whorlof the specimen at hand is four-tenths wider and only
one-tenth higher than the preceding. The umbilicus is broad,more
than half the diameter of the shell,and deep with steep walls that
slope at an angle of nearly 80 degrees. Only one complete speci-
menhas been collected, and its measurements are as follows:

Diameter (D) . . 40.0 mm.
Height of last whorl (H) 13,0
Height of penultimate whorl 11.0
Height of last whorl above venter 9.0
Involution (I) L __. 3.5
Thickness of last whorl (T) 42.0
Thickness of penultimate whorl 30.0
Width of umbilicus (U) 25.0

Shell ratios—
U I T T— = 0.63 — = 0.27 — = 3,23 — = 1.05
D H H D

The shell surface is poorly preserved; apparently it is smooth
or nearly so. The inner whorls show four narrow,moderately deep
constrictions, which bend gently forward in crossing the broad
venter.

The suture is typically gastrioceran. The mature suture differs
markedly, however, from the usual gastrioceran form in the ex-
treme length of the saddles and lobes. At a diameter of 40 milli-
meters the ventral lobe is comparatively narrow and is divided into
two pointed divisions by a wide, long, bottle-shaped ventral saddle.
The first lateral saddles are twice as long as wide, lean slightly to-
ward the periphery, and have nearly parallel sides that bulge
slightly forward. The lateral lobes are long and narrowly pointed.
The internal lobes are broad, short, and pointed. The internal
saddles are wide and slightly constricted at the middle. The um-
bilical wall bears a wide pointed lobe. The suture of the small
whorls having diameters less than 20 millimeters is composed of
shorter and broader lobes and saddles, similar to those of G. glob-
ulosus (Meek and Worthen).
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Discussion.— This is the largest species of Glaphyrites yet found
in Texas. It is entirely septate and has remnants of an outer whorl
still clinging to its venter, so that the complete shell must have
reached a diameter of at least 100 millimeters. Its only counterpart
is G. excelsus (Meek), from which it differs in its proportionately
greater whorl width, its more bottle-shaped ventral saddle, more
angular umbilical shoulder, and steeper umbilical wall. It seems
to be more nearly like the Arkansas specimen of G. excelsus identi-
fied by Smith, but this form is too fragmentary to furnish measure-
ments for comparison. In Walker Museum there is a third specimen
as yet undescribed. This was collected by A. C. Noe from the roof
of Mystic Mine at Rosebud, lowa. This lowa specimen has a diame-
ter of 86 millimeters, is more compressed, has shorter lobes and
saddles than either the Texas specimen or the types figured by
Smith.134 a Evidently these very robust forms vary in configuration.

Occurrence.— This species has been collected from the Graford
formation, Canyon group, Pennsylvanian, on the west side of Rock
Hill, 4 miles southwest of Bridgeport on the old Bridgeport-Jacks-
boro highway, and also in the abandoned clay pit in the north edge
of Bridgeport, Wise County. In Oklahoma it is recorded from the
Wewoka formation.

Types.— Plesiotypes in Plummer Collection,Bureau of Economic
Geology, The University of Texas.

GLAPHYRITES ANGULOUMBILICATUS,n. sp.

PL 15, fig. 9; PI. 17, figs. 14-20'

Description.— The shell of this species is globose, evolute, with
slightly flattened flanks and rounded venter. The whorl cross-section
is trapezoidal and indented to an amount nearly equal to the height
of the whorl. The width of the umbilicus is equal to two-fifths of
the diameter of the shell. The umbilical wall is steep averaging
more than 80 degrees in slope. Many of the specimens are badly
crushed. The following measurements of several typical individuals,
furnish a fair idea of the proportions:

IS4aSmith, J. P., The Carboniferous ammonoids of America: U. S. Geol. Survey Mon. 42. pis..
38, 39, 1903.
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A B C D E
Diameter (D) 34.0' 29.7 23,7 21.8 20 mm.
Height of last whorl (H) 12,0 12.0 9.5 8,0 __
Height of penultimate whorl 8,0 7.0 5.5 7.1 .—

Height of last whorl above venter 10.5 11.5 8.2 5.2 4
Involution (I) 6.0 5.1 5,6 5.7 __„

Thickness of last whorl (T) 21.0 13.5 13.0 12,3 15
Width of umbilicus (U) -15.0 10.0 8.7 8,0 8

Shell ratios—
U I T T

A: — = 0.44 —z=0.50 — =1.75 — = 0.62
D H H D
U I T T

B: — = 0.34 — = 0.43 — =1.13 — = 0.45
D H H D
U I T T

C: — = 0.37 — = 0.59 — =1.37 — = 0.55
D H H D
U I T T

D: — = 0.37 — = 0.71 — = 1.54 — = 0.56
D H H D
U T

E: — = 0.40 — =0.75
D D

The surface of the venter.is covered by very fine gently curving
striae spaced about thirty in five millimeters. These striae curve in
crossing the sides and venter to form a broad, shallow saddle on the
sides and a broad, flat lobe on the venter. Very fine revolving lirae
cross the surface of the sides and venter. These arebarely discerni-
ble on the venter, are faint on the sides, and are plainly developed
on the surface close to the umbilicus, giving this part of the shell
a cancellate appearance. Most of the specimens show four distinct
constrictions to the whorl. These curve to form a single broad
saddle on the ventral area.

The suture resembles closely that of Gastrioceras listeri (Martin).
It consists of a ventral lobe divided into two equal tongue-shaped,
narrow, pointed divisions,broad lateral lobes, and small lobes on
the umbilical shoulder, and three interior lobes on the dorsum. The
■saddles are allrounded.

Discussion.— This new species resembles Glaphyrites ivelleri
leri (Smith),but its shoulders are more angular and its umbilical
angle is much larger, more than seventy degrees in G. anguloum-
bilicatus about forty-five degrees in G. welleri. The indentation
of each whorl by the preceding whorl is greater in this species than
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in G. welleri. The species differs from G. kingi (Hall and Whit-
field) in its greater umbilical angle and in the shape of its suture.
The pointed ventral lobes are much broader in G. anguloumbili-
catus than in G. kingi. From G. subcavus (Miller and Gurley)
this species differs in having a proportionately wider and deeper
umbilicus and a more acute umbilical angle. It is most like G.
globulosus (Meek and Worthen) but is somewhat more compressed
laterally,has steeper umbilical walls, less constricted saddles, finer
striae, and shows lirae on the venter.

Occurrence.— More than twenty specimens of this ammonite have
been collected from the Graford formation,Canyon group,Pennsyl-
vanian, along a small stream valley at the east end of McKenzie
Mountain north of Brazos River and 3 miles west of the Palo Pinto-
Graford highway, and about 8miles north of Palo Pinto,Palo Pinto
County. Many specimens also occur in a shale in the lower partof
the Graford formation exposed in a clay pit in the north edge of
Bridgeport, Wise County.

Types.— Cotypes inBureau of Economic Geology, The University
of Texas, and in the geological museum of Texas Christian Uni-
versity.

GLAPHYRITES MILLSI (A. K.Miller and Cline)

PL 16, figs. 10^-13

Gastrioceras millsiA. K. Miller and Cline, 1934, Jour.Pal., vol. 8, p. 177, pi.
28, figs. 7-9.

Description.— This small species of Glaphjrites is characterized
by its minute size, smooth, unsculptured shell,proportionately short
height and extremely wide,deep umbilicus. Its suture line is im-
mature in development having anextremely short ventral saddle and
wide ventral lobe. All specimens in the authors' collections are less
than 10 mm. in diameter. Measurements of two typical specimens
are as follows:

A B
Diameter (D) 6.1 4.8 mm.
Height of last whorl (H) 1.8 1.4
Height of penultimate whorl 1.1 0.9
Height of last whorl above venter 1.1 0.9
Involution (I) 1.0 0.9
Thickness of last whorl 4.4 3.7
Thickness of penultimate whorl 2.5 2.5
Width of umbilicus 5.0 3.5
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Shell ratios of A—■

U I T T— = 0.82 — = 0.55 — = 0.24 — = 0.72
D H H D

A. One-eighth mile north-northeast of Weedon School, Brown County.
B. One and one-half miles east of Caddo, Stephens County.

Discussion.— Glaphyrites millsi is fairly common in localities
where G. globulosus (Meek and Worthen) and G. kansasensis
(Miller and Gurley) are in abundance. It is easily distinguished
from G. kansasensis by its wider umbilicus and proportionately
lesser height of its whorls. Because of its associations and imma-
ture development, it has been considered to be possibly a young
form of G. globulosus. At least, the smallest typical example of
G. globulosus approaches morenearly theshape of G. millsi than do
smaller forms of any of the other gastrioceratids from this horizon.
It has not, however, been possible to prove this consideration by
dissecting a large globose shell and making a study of the inner
whorls.

Occurrence.— This form is fairly common in the Graham forma-
tion, Cisco group, Pennsylvanian. Typical specimens have been
found one-eighth of a mile north-northeast of Weedon School,
Brown County; 1% miles east of Caddo, Stephens County; one-half
mile southwest of South Bend, Young County; and at a few other
localities.

Types.— Holotype in the Department of Geology, University of
lowa. Plesiotypes at the Bureau of Economic Geology, The Uni-
versity of Texas.

GLAPHYRITES KANSASENSIS (Miller and Gurley)

PL 17, figs. 1-13

Goniatites kansasensis Miller and Gurley, 1896, Illinois State Mus. Nat. Hist.
Bull. 11, p, 43, pi. 5, figs, 9-11.

Gastrioceraskansasense, Smith, 1903. U. S. Geol.Survey Mon. 42, p. 91, pi.17,
figs. 9-11.

Gastrioceras subcavum, Smith, 1903, Idem, p. 97, pi.17, figs. 15-17
Gastrioceras modestum Bose, 1917, Univ. Texas Bull. 1762:, p. 83, pi. 2, figs.

4-27.
Paralegoceras incertum Bose, 1917, Idem-, p. 100, pi. 5, figs, 1-13.

Description.— This common upper Pennsylvanian species has a
medium-sized subglobose shell with helmet-shaped cross-section,
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a width equal to about two-thirds its diameter, and a mod-
erately broad umbilicus which varies considerably in different in-
dividuals and averages about three-eighths the diameter of the
whorl. The umbilical shoulders are acute, the umbilical walls are
steep, and the ventral and lateral surfaces of the casts are smooth.
The shell surface is sculptured by delicate striae which are slightly
more prominent at the umbilical shoulders. The venters and sides
are also indented by four or five forward-bending constrictions.
The suture line is typical of the genus. Typical specimens furnish
the following measurements

A B C D
Diameter (D) 16.8 13.6 21.1 9.8 mm.
Height of last whorl (H) 6.3 4.8 6.3 3.0
Height of penultimate whorl 4.7 3.9 5.7 2,0
Height of last whorl above venter 5.4 3.8 5.0 2.5
Thickness of last whorl (T) 13,0 11.2 15,8 7.3
Involution (I) : 5.0 3,5 4.5 2,0
Width of umbilicus (U) 8.0 7.6 10.0 4.9

Shell ratios for specimen A—
U I T T— = 0.48 — = 0.79 — = 2.06 — = 0.77
D H . H D

A. One of Bose's types of Gastrioceras modestum from Wolfcamp
formation, Wolf Camp, Brewster County.

B. Specimen from Graford formation, Dalton ranch, Palo Pinto
County.

C. Large specimen from Graham formation, 1% miles east of Fife,
McCulloch County.

D. Small specimen from Graham formation near Weedon School,
Brown County.

Discussion.— Glaphyrites kansasensis has been misunderstood
by paleontologists because of lack of good illustrations of the
type. Miller and Gurley's figures are from drawings that do not
show constrictions. The ventral view indicates also a larger number
of suture lines and greaterdevelopment of a second lateral saddle
than are present on the type. Actually the proportions, sculpture,
and suture lines of G. kansasensis and in G. modestus (Bose) are
nearly identical, and the two forms occur at about the same strat-
igraphic horizon. G. kansasensis in all localities in Texas is asso-
ciated with G. globulosus (Meek and Worthen) to such an extent
that some have thought that it might grade into the more robust
form; others have believed that the smaller form may represent
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the male, and the larger the female of the same species. The two
forms differ only in shape and obviously are closely related. G.
kansasensis differs from G. millsi (A. K.Miller and Cline) in its
proportionately smaller umbilicus and larger size. All the Texas
forms referable to G.millsi are less than 10 millimeters in diameter.
Since the width of the umbilicus varies so much in the small forms
of Glaphyrites, it is difficult to decide whether some specimensbe-
long to one species or the other. Paralegoceras incertum Bose ap-
pears to be a poorly preserved specimen of this species.

Occurrence.— Glaphyrites kansasensis occurs in the Graford,
Graham, and Gaptank formations of upper Pennsylvanian age.
The best specimens have been collected from the Uddenites zone
at the top of the Gaptank formation at Wolf Camp, GlassMountains,
Brewster County; from the Graham formation, 1% miles east of
Fife in McCulloch County, one-eighth mile north-nOrtheast of
Weedon School in Brown County, and southwest of South Bend in
Young County; and from the Graford formation on Dalton ranch
in Palo Pinto County.

Types.— The original types are at Walker Museum, University of
Chicago; plesiotypes are at the Bureau of Economic Geology, The
University of Texas.

GLAPHYRITES GLOBULOSUS (Meek and Worthen)

PL 15, figs. 1-8, text fig. 57

Goniatites globulosus Meek and Worthen, 1860, Proc. Acad. Nat. Sci. Phila-
delphia, p. 471.

Goniatites globulosus, Meek and Worthen, 1866, Geol. Survey Illinois, vol. 2,p.
390, pi. 30, fig. 2.

Gastrioceras globulosum, Hyatt, 1884, Proc. Boston Soc. Nat. Hist., vol. 22,
p. 327.

Gastrioceras globulosum, Smith, 1896, Proc. Amer. Phil. Soc, vol. 35, p. 258,
pi.18, figs. 1-6.

Glyphioceras globulosum, Haug, 1898, Mem. Soc. geol. France, vol. 7, No. 18,
p. 26.

Gastrioceras globulosum, Smith, 1903, U. S. Geol. Survey Mon. 42, p. 89, pi. 6,
fig. 1, pi. 21, figs. 7-9.

Description.— The shell is involute; the whorl is semilunar in
cross-section, two and one-half times as wide as high, and moder-
ately indented by the preceding whorl; the umbilicus, wide and
open, is more than half the diameter of the shell; the umbilical
shoulders are sharp, especially in the young whorls. The living
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chamber is morethan one complete convolution in length. The most
typicalexamples of thisrather commonspecies furnish the following
measurements:

A B C D E F ■ G
Diameter (D) __5.1 6.1 7.0 9.7 11.5 20.0 16.7 mm.
Height of last whorl (H) 1.5 2,2 2.5 3,5 5.0' 8.7 7.6
Height of penultimate whorl 1.0' 1.2 1.8 2,3 2.4 5.0- 3.2
Height of last whorl above venter_.1.0 2.0 2.0 2.7 3.8 5.2 4.6
Involution (I) 0.4 1.2 0.5 0.9 1.2 3.5 3.0
Thickness of last whorl (T) 4.0 5.1 5,5 7.1 7.3 13,7 13,0'
Width of umbilicus (U) 3.0 3,2 4.2 5.0' 4.8 9.2 8,5

Shell ratios—
U I T T

A: — = 0.59 — = 0.27 — = 2.67 — = 0.78D H H D
U I T T

B: — = 0.52 — = 0.55 — = 2.32 — = 0.84
D H H D
U I T T

C: — = 0.60 — = 0.20 — = 2.20 — = 0.79
D H H D
U I T T

D: — =0.52 _ = 0.26 — = 2.02 — = 0.73
D H H D
U I T T

E: — = 0.42 — =0.24 — =1.46 — = 0.63
D H H D

U I T T
F: — = 0.46 — = 0.40 — =1.57 — = 0.69

D H H D
U I T T

G: — = 0.51 — = 0.39 — =1.71 — = 0.78
D H H D

The shell is ornamented by obscure transverse radial lines that
show faintly on the umbilical shoulders and swing across the ventral
areain a broad outward curve nearly parallel to the constrictions,
which number four and aredeep and prominent. Some of the speci-
mens show very faint transverse lines on the umbilical surface;
others are apparently smooth.

The suture consists of a well-developedprominent ventral saddle,
a single pair of broad rounded lateral lobes with a second pair of
lobes on the umbilical wall. These lobes, however, are just on the
edge of the umbilical shoulders and are partly visible also on the
flanks. The lateral saddles are broad and rounded.
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Discussion.— This species resembles Glaphyrites subcavus (Miller
and Gurley), G. welleri (Smith), G. angulatus (Girty) G. angu-
loumbilicatus,n. sp., G. kingi (Hall and Whitfield), but is closest
to G. kansasensis (Miller and Gurley). A comparison of many of
the specimens at hand withcotypes of G. modestus, here referred to
G.kansasensis, shows that the only difference is aslightly narrower
umbilicus in Bose's specimens. The size of the umbilicus varies
somewhat in specimens from the same locality.

From the other allied forms already mentioned valid distinctions
can bemorereadily established. G. globulosus (Meek and Worthen)
has a proportionately narrower umbilicus than G. subcavus, and
its umbilical walls are steeper. The whorls are proportionately
higher above the venter of the preceding whorl, and the suture is
more highly developed. From G. welleri this species is distin-
guished by its proportionately greater thickness and greater whorl
height above the venter, by its steeper umbilical angle, by its
somewhat greater involution,and by its more complicated suture.
In the cotypes of G. welleri the notched ventral saddle is smaller
than in G. globulosus, but in the youthful forms of the latter
species this element is narrower and approaches very closely in
shape and proportions the typical G. welleri. The measurements
of four of the cotypes of G. welleri (Walker Museum) are pre-
sented for comparison with the Texas forms:

A B C D
Diameter (D) .._. ..18,5 16.6 13.6 12.3 mm.
Height of last whorl (H) 6.8 6.8 5.2 5.0
Height of penultimate whorl 4.8 48 2,8 2,4
Height of last whorl above venter 5.4 4.8 3.6 3.5
Involution (I) 1.4 2.0 1.6 1.5
Thickness of last whorl (T) 12,1 11.8 8.8 8.2
Width of umbilicus (U) 9.9 8.6 8.7 4.6

Shell ratios —
v— = 0.54 0.52 0.64 0.37
D
.[— = 0.21 0.29 0.31 0.30
H
T— =1.78 1.74 1.69 1.64
H
T— = 0.65 0.71 0.65 0.67
D
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Occurrence.— This species occurs in Texas in the Graham and
Wolfcamp formations of the upper Pennsylvanian. Ithas been col-
lected from the Graham formation 1mile west of Graham in the
westbank of Salt Creek, Young County; one-half mile southwest of
Bend, Young County; one-eighth of a mile north-northeast of
Weedon School,Brown County; 1% miles east of Fife,McCulloch
County. In the top of the Gaptank formation, it has been found at
Wolfcamp, Glass Mountains,Brewster County.

Types.— Plesiotypes are at the Bureau of Economic Geology, The
University of Texas, and at Texas Christian University.

Pseudogastrioceras Spath 1930

Pseudogastrioceras Spath, 1930, Med. om Gronland, vol. 83, p. 8, footnote 5.

This genus was erected by Spath to include involute,subglobose
to globose, smooth-surfaced late Permian and Triassic ammonites
that have comparatively small umbilici, rounded umbilical shoul-
ders, and suture lines similar to those en forms of Cravenoceras
and primitive gastriocerans.

Pseudogastrioceras is probably unrelated phylogenetically to
Gastrioceras and differs from all forms of the Gastrioceratidae in its
much more globose form, smaller and higher whorls, smaller um-
bilicus,and more primitive suture.

Genotype, Goniatites abichianum Moller, as figured by Freeh and
Arthaber, Beitr. Pal. Geol. Ost.-Ungarns, vol. 12, pi. 18, fig. 5,
1900. (Text fig. 576.)

PSEUDOGASTRIOCERAS GLOBULOSISSMUM, n. sp

PI. 16, figs, 18, 19

Description.— -This large, unusually shaped gastrioceratid which
occurs in the Leonard formation in the Marathon district is ten-
tatively placed in this genus until its phylogeny and genetic rela-
tions can be established. The specimens areallmore than 700 milli-
meters in diameter, smooth surfaced without sculpture of any sort,
somewhat deformed, but apparently originally of anearly spherical
shape,having a small umbilicus which in mature forms is not more
than one-seventh the diameter of the shell, but which apparently
decreases in proportionate size with age since the smaller and more
weathered specimens have umbiliciwhich measureabout one-quarter
the diameter. Measurements are very unreliable. Due to a lateral
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deformation of all of the specimens, the diameters are greater and
the thickness less than originally. The largest specimen (No.
P-7566), which ismuch deformed, has the following measurements:

Approximate
Diameter (D) 70 mm.
Height of last whorl (H) 33
Height of penultimate whorl 22
Height of last whorl above venter 20
Involution (I) 22
Thickness (T) .40
Width of umbilicus (U) 11
Shell ratios—

U I T T— =1.54 — = 0.67 — =1.21 — = 0.57
D H H D

The suture lineis typically gastrioceran.

Discussion.— Only four representatives of this species have been
collected. These arepoorly preserved and so crystalline that it has
not been possible to break down any of the specimens and study
the inner younger whorls. The extreme globose shape and com-
paratively small umbilicus distinguish this species from any form
of Glaphyrites. It is also much more globose than the type of
Eoasianites and does not belong to that genus. It is more globose
and has a smaller umbilicus than Pseudogastrioceras abichianum
Moller.

Occurrence.— Three of the types were collected by M. B. Arick
from the upper Leonard formation of the Permian, 2% miles west
of Altuda station, Brewster County. A fourth,badly preserved but
apparentlysimilar form, wascollectedby J. W.Beede from the lower
Delaware Mountain formation east of the concrete tanks in Salt
Flats, Culberson County.

Types— Cotypes at Bureau of Economic Geology The University
of Texas.

Genus Metalegoceras Schindewolf 1931

Metalegoceras Schindewolf, 1931, Sitz. preuss. geol. Landesanstalt, Heft 6,
p. 199.

Metalegoceras, A. K. Miller, 1932:, Am. Jour. Sci., ser. 5, vol. 24, p. 433,
Dodecalegoceras Voinova, 1934, Trans. U. Geol. Prosp. Serv.U. S. S. R., fasc.

352, pp.14, 45.

This genus is derived directly from members of the genus
Glaphyrites. The members are thick, globose, or somewhat com-
pressed, with steep umbilical walls. The whorl section is broadly
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helmet-shaped without a ventral shoulder but having an abrupt
smooth umbilical shoulder. The surface of the shell is smooth or
marked by very fine growth lines. Many small forms have four or
more constrictions, the older and larger whorls are smooth.

The suture consists of ten to twelve pointed lobes and correspond-
ing saddles, all of which are rounded except the ventral saddle.
There aretwo pairs of lateral lobes on the flanks, and inmost fully
developed forms a lobe on the umbilical shoulder or wall. Thus,
the morehighly developed forms have two more saddles than Para-
legoceras and two less than Schistoceras, which has fifteen. J. P.
Smith135 regarded these Permian forms as direct descendants of
members of the present genus Phaneroceras, n. gen., because the
shape of the whorl and the suture resemble Phaneroceras compres-
sum (Hyatt) and Pseudoparalegoceras russiense (Tzwetaev). The
resemblance maybe anexample of repetitionof similar development

Fig. 59. Complete suture line of Metalegoceras evolutum (Haniel)

in two different groups of forms. Material from the lower Wichita
group in Texas has yielded examples of the earliest Permian am-
monoids yet discovered, which show clearly that the thick broadly
umbilicate Permian species werederived fromsimilarly shapedforms
of Glaphyrites of theupper Pennsylvanian and not from upperMis-
sissippian forms, and that the new genus has no direct connection
with Phaneroceras compression.

Asianites from the Artinskian of Russia is a similar form which
is regarded by some paleontologists as congeneric with Metalego-
ceras. Asianites differs,however, inhavingprominent distinct nodes
on its younger whorls and evidently evolved out of Gastrioceras
or Paragastrioceras throughEoasianites and not out of Glaphyrites.

The genus Metalegoceras includes the three Texas species: M.
colemanense, n. sp., M. baylorense (White), and M. aricki, n. sp.

J. P., Permian ammonoids of Timor: Jaarb. Mijnw. Ned.-Indie, Verh. 1926, p. 35,
1927.
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M. tschernyschewi (Karpinsky) is reported from the Artinsk of
Russia; M. jacksoni (Ethridge) (as determined recently by A. K.
Miller) occurs in Australia; and several species are recorded from
Timor and Retti.

Genotype, Paralegoceras sundaicum form evoluta Haniel (text
fig. 59).

"

METALEGOCERAS COLEMANENSE,n. sp.

PI. 21, figs. 1-7

Description.— The shell of this species is evolute with a trape-
zoidal whorl section three times as broad as high, and with very
broad umbilici equal in width to more than half the diameter of
the shell. The umbilical walls are inclined at an angle of about
45 degrees and meet the evenly rounded flanks along a slightly
beveled shoulder. The venter is evenly rounded and indents the
succeeding whorl to about three-fifths its height. Measurements are
as follows:

A B
Diameter (D) 20:00' 26.2 mm.
Height of last whorl (H) 4.6 5.5
Height of penultimate whorl
Height of last whorl above venter.
Involution (I) _ . 2,8 4.0
Thickness of last whorl (T) 13,0 20.5
Thickness of penultimate whorl 8.0 12.01

Width of umbilicus (U) 12.7 17.0
Shell ratios—

v— = 0.64 0.65
D
I— =0.61 0.7a
H
T— =2,83 3.7a
H
T— =0.65 0.78
D

The small specimens have three obscure, shallow constrictions
which bend slightly forward on the venter and become less notice-
able as the whorl enlarges. Without the aid of a lens the shell ap-
pears smooth, but magnification reveals fine transverse striae cross-
ing the center. These are unevenly spaced and vary in prominence
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on different parts of the venter. On the larger specimens there are
about fifteen striae in five millimeters. They swing gently forward
across the venter and aremostprominent on the umbilical shoulders,
where for a length of two millimeters they are enlargedabout three
times but are never conspicuous. One specimen shows a suggestion
of minutenodes on the striae, as if still finer but invisible lirae were
crossing them.

The suture is typical of the genus with twelve primary lobes and
saddles. The ventral lobe is divided by a long ventral saddle,
thus making in all thirteen lobes and thirteen saddles. Both
the external and internal elements are plainly shown. The ventral
lobe is broad and indented about half its length by abroad ventral
saddle. The first lateral lobe is broad and bluntly V-shaped. The
first and second saddles arealmost as broad as long. A third lateral
saddle is a little broader than the first lateral. A short,but pointed,
second lateral lobe lies near the umbilical shoulder, and a third is
on the umbilical wall. The internal suture consists of a long and
sharply pointed dorsal lobe flanked by two pairs of longpointed
lateral lobes. There are two pairs of rounded internal saddles and
a third saddle on the umbilical shoulder.

Discussion.— M. colemanense, n. sp., is easily distinguished from
all other Texas species by its primitive sutures. In this respect,
however, it is strikingly like M. jacksoni (Ethridge) of the Permian
on Irwin River, Australia, as recently described and figured by A.
K.Miller. Itis somewhat moreglobose thanM. baylorense (White),
and its umbilical shoulder is sharper.

The type of a species described as Paralegoceras incertum Bose
from the Wolfcamp formation (now top of Gaptank) of Glass
Mountains has been carefully compared with this species. Bb'se's
description might lead one to expect that P. incertum might be a
closely related, if not an identical,species. His specimen, however,
is badlycrushed and distorted in such a way that the lobe from one
side is superimposed against a portion of the suture line from
another part of the whorl. It is believed, therefore, that the type
from Wolf Camp is not in the paralegoceran stage atall but abadly
distorted Gastrioceras modestum Bose, now thought to be con-
specific with Glaphyrites kansasensis (Miller and Gurley). Metale-
gocerascolemanense occurs at the very base of the Permian in Texas
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and appears to be older than the several species from the lower
Permian of the island of Timor.

The species has the general shape and sculpture of such species
of Glaphyrites as G. excelsus (Meek) and evidently marks a first
step in the derivation of Metalegoceras from Glaphyrites.

Occurrence.— In a shale below the Coleman limestone, Admiral
formation, Wichita group, at a locality 4% miles south-southwest
of Coleman, Coleman County.

Types.— Cotypes in Plummer Collection, Bureau of Economic
Geology, The University of Texas.

METALEGOCERAS BAYLORENSE (White)

PL 21, figs. 8-13

G.oniatites baylorensis White, 1891, U. S. Geol. Survey Bull. 77, p. 19, pi. 2,
figs. 1-3,

Paralegoceras baylorense, Smith, 1903, U. S. Geol. Survey Mon. 42, p. 99, pi
4, figs. 9-11.

Description.— The shell reaches a diameter of more than a hun-
dred millimeters. The whorl is globose, twice as high as wide,
slightly compressed, with a thickness of more than half the diameter
of the shell. The convolutions are moderately embracing; the
venter and flanks are regularly rounded from umbilical shoulder
to umbilical shoulder. The umbilicus is deep and about a third
the diameter of the shell. The umbilical shoulders are abruptly
rounded. The living chamber isunknown.

The measurements of the holotype were made in part by John B.
Reeside from specimens and in part by the writers from plaster-of-
Paris squeezes made by Doctor Reeside. The other measurements
are from acomplete whorl and a large fragment in The University
of Texas collection. The measurements are as follows:

ABC
Diameter (D) 45.5 57.5 91 mm.
Height of last whorl (H) 17.0 23.0 35
Height of penultimate whorl 11.0 16.5
Height of last whorl above venter 11.0 16.0 21
Involution (I) 6.0 13.0
Thickness of last whorl (T) 31.5 33,5
Thickness of penultimate whorl 21.4 26.0
Width of umbilicus (U) 16.0 20.0
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'Shell ratios—
U I T T

A: — = 0.35 — = 0.35
— =1.85 — = 0.69

D H H D

U I T T
B; _ = 0.35 — = 0.57 — =1.46 — = 0.58

D H H D

A. Holotype.
B. Plesiotype.
C. Fragment.

The types show no sculpture, and the surface is apparently un-
ornamented.

The following description of the suture is taken from White's
original text:

"Septa moderately distant from one another; dorsal (ventral) lobe
longer than wide, deeply divided into two narrow, lanceolate, slightly
diverging branches; dorsal (ventral) and superior lateral saddles
linguiform and nearly equal in size; the two saddles separated by
the superior lateral lobe, which is simple, slightly constricted at the
middle, and acutely pointed; the inferior lateral lobe similar in shape
to the superior, but a little shorter and less distinctly constricted;
inferior lateral saddle a little shorter than the others, somewhat
irregular in shape, and occupying the margin of the umbilicus."

The suture has the twelve lobes and twelve saddles characteristic
of Metalegoceras. The ventral lobe is divided into two by a ventral
saddle, making in all thirteen lobes and thirteen saddles, two more
than in Paralegoceras.

Discussion.— This species is easily distinguished from any other
related form known in America. It is distinctly more highly de-
veloped than M. colemanense, n. sp., its whorls are higher, its um-
bilical wall is steeper and its umbilical shoulder is more rounded.
Superficially it resembles somewhat Glaphyrites kansasensis (Miller
and Gurley) which,as already noted, is a Glaphyrites from a much
older stratigraphic level.

Metalegoceras baylorense (White) also closely resembles the
species of the same genus from the lower Permian of Timor and is
so close to M. australe Smith, that the two are distinguished with
difficulty. The other Timor species areall widely umbilicate forms,
easily separated from the Texas specimens.
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Occurrence.— The original types were collected by W. F. Cum-
mins from a limestone about middle Clyde formation, Wichita-
Albany group, Permian, in the outcrop on Big Wichita River at
Old Military Crossing, Baylor County.

Types.— Holotype in U. S.National Museum,Washington, D. C;
plesiotypes at Bureau of Economic Geology, The University of
Texas.

METALEGOCERAS ARICKI, n. sp.

PL 21, fig. 14

Description.— This new species is subglobose with a rounded,,
moderately low venter, lunar cross-section, wide umbilicus, whose
width is more than half the diameter, fairly prominent umbilical
shoulders, and a sculpture consisting of three prominent forward-
bending constrictions and fine, fairly prominent striations, which
arespaced ten in five millimeters. There areno nodes or tubercles
on the umbilical shoulders or walls. The even curve of the venter
extends up to the umbilical shoulders with no flattening whatever
on the sides. The proportions of the holotype are shown in the
following measurements:

Diameter (D) 32.0 mm.
Height of last whorl (H) 7.0
Height of next to last whorl . __
Height of last whorl above venter ___.

Involution (I)
Thickness of last whorl (T) 21.7
Width of umbilicus (U) 17.7
Shell ratios—

U T T— = 0.55 — = 3.1 — =0.68
D H D

The suture line is paralegoceran, consisting of the ventral lobe
divided by the ventral saddle, a lateral lobe flanked by two lateral
saddles, a second lobe on the umbilical shoulder, and a half of lobe
and a saddle on the umbilical wall. The exact details of the suture
line can not be reproduced or described because of the poor
preservations of the types.

Discussion.— The holotype and one or two smaller paratypes are
verypoorly preserved. They couldbeprepared only imperfectly out
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of the hard brittle limestone. The umbilical areahad to be cleaned
Ly grinding, and the umbilical walls arepoorly shown. As a result,
the holotype appears to have a more funnel-shaped umbilicus than
is probably correct, and the suture lines are very obscure. It is
clear, however, that the species is a Metalegoceras and not an
Eoasianites and that its shape and ornamentation are distinct from
either Metalegoceras colemanense,n. sp., orM. baylorense (White).
M. colemanense lacks the fine striae, the prominent constrictions,
has a lower venter and a wider umbilicus. M. baylorense lacks
the striae, is a larger form with a higher more arched venter, and
has a proportionately narrower umbilicus.

The species is named in honor of Mr. M. B. Arick, who has
furnished the Bureau of Economic Geology with many fossils from
west Texas.

Occurrence.— The types were collected by C. L. Baker and M.B.
Arick from a limestone in the lower portion of the Wolfcamp for-
mation, lower Permian,2% miles north of Decie's (Wedin's) ranch
west of Marathon in Glass Mountains.

Types.— The holotype is at the Bureau of Economic Geology,
The University of Texas.

Family Shumarditidae,n. fam.

The Shumarditidae include subglobose, umbilicate ammonoids
with lunar or helmet-shaped whorl sections, moderate-sized um-
bilicus, and a surface sculptured with fine transverse striae set
moderately far apart. The suture line in early forms is that of an
early gastrioceratid; in later forms the first lateral lobe is modi-
fied into three or more divisions by two or more secondary saddles
in the form of short notches or long indentations depending on the
stage of development of the species. The lobes thus have three or

more secondary lobes separated by two or morerounded secondary
saddles. In higher genera these branches become separate lobes
and are strongly divided. The first lateral saddle is simple or club-
shaped with small secondary saddles on each side.

The individuals of this family are rare, andspecies have a rather
short vertical range. The following genera are placed in the
family:
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Stratigraphic distribution and distinguishing characters of
genera of the family Shumarditidae

Genus Preshumardites, n. gen.

This new genus is erected to include primitive shumarditids that
have the shape and sculpture of Shumardites but differ from the

Fig. 60. External suture line of Preshumardites gaptankensis (A.K.Miller)

genotype of that species in having a single, broad, trifid first lateral
lobe on the flank, instead of two, and having none of the three
elements of the lateral lobe divided as in Shumardites, s. s. The
umbilici are proportionately larger at least in the majority of
species than they are in most examples of Shumardites, s. s. The
new genus is confined apparently to themiddle Pennsylvanian zones.

Four species are referred to Preshumardites, as follows: P.
illinoisensis (Miller and *Gurley),P. gaptankensis (A. K.Miller),
P. stainbrooki, n. sp., and P.keideli (Leuchs).136

P. keideli (Leuchs) is an Upper Carboniferous species from
Thian Shan Mountains of central Asia, described by Leuchs. A

■^Leuchs, L., Marines Oberkarbon in zentralen Tianschan: Sitz. Akad. Wiss. Miinchen, Math.-
Phys. Kl., p. 222, 1919.

'errinites
Bose

Lower,middle
andupper
Permian

Small umbilicus. Suture line charac-
terized by lateral lobes with many
secondary elements.

ihumardites
Smith

Upper
Pennsylvanian

Medium-sized umbilicus. Suture line
characterizedby pointed, trifid complex
lateral lobes, rounded complex saddles
and a simple second lobe on the flank
or umbilical shoulder.

>reshumardites,
n.gen.

Middle
Pennsylvania!!

Large umbilicus. Suture line charac-
terized by a trifid first lateral lobe;
second lateral lobe absent on the um-
bilical wall.
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table showing the relationships and probable developmental suc-
cession of the known species follows, and species belonging to the
genus Shumardites aregivenunder the description of that genus.

Preshumardites is distinguished from Proshumardites by its wider
umbilicus and by the lack of strong longitudinal ridges.

Genotype, Gustrioceras gaptankense A. K. Miller (PL 24, figs.
4-6; text fig. 60).

The following species belong to this genus:

Age and characters of species of Preshumardites

PRESHUMARDITES ILLINOISENSIS (Miller and Gurley)

PI. 24, figs. 1-3, text fig. 61a

Goniatites illinoisensis Miller and Gurley, 1896, Illinois State Mus. Nat. Hist.
Bull. 11, p. 42, pi. 5, figs, 6-8,

Paralegoceras illinoisense, Haug, 1898, Mem. Soc. geol. France, vol. 7, No
18, p. 31.

Gastrioceras illinoisense, Smith, 1903, U. S. Geol.Survey Mon. 42, p. 91, pi.17,
figs. 6-8.

Description.— This interesting and apparently rare species is glo-
bose. Its whorl isnearly twice as wide as high. The venter is evenly
rounded. The umbilicus is wide and equal to almost half the

SPECIES

Preshumardites
stainbrooki,n.sp.

FORMATION

Caddo Creek

DISTINGUISHING CHARACTERS

Narrow umbilicus; low whorl.
Two halves of ventral lobe
pointed; first lateral lobe trifid,
the two secondary saddles being
hardly more than scallops; sec-
ond lateral lobe on the umbilical
wall.

Preshumardites gap-
tankensis
(A.K.Miller)

UpperGaptank
andGraford

Wide umbilicus; three faint con-
strictions per whorl. First lateral
lobe gastrioceran, but beginning
to show the tripartite division.

Preshumardites
illinoisensis
(Miller &Gurley)

Middle Carbon-
iferous

Similar to P. gaptankensis but
with narrower whorls.

Preshumardites
keideli
(Leuchs)

Upper
Carboniferous

Wide umbilicus; surface marked
by longitudinal lirae. Ventral
saddle very short; ventral lobe
narrow, each half pointed; first
lateral lobe trifid, the three
points separatedby shallow
notches.
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diameter. The measurements of the holotype137 in the Walker
Museum are as follows:

Diameter (D) 32.0 mm.
Height of last whorl (H) 18.2
Height of penultimate whorl 8.1
Height of last whorl above venter 8.1
Thickness of last whorl (T) 21.5
Involution (I) 7.6
Width of umbilicus (U) 12.2

Shell ratios—
U I T T— =0.33 — = 0.41 — =1.18 — = 0.67
D H H D

The surface of the cast is smooth except for distinct, though not
conspicuous, gently curving constrictions about two millimeters in
width.

The entire suture line has eight primary lobes and eight primary
saddles. The internal elements arenot wellexposed,but the external
elements are distinctly shown. The ventral lobe is divided into two
pointed branches by a short wide ventral saddle. On the young
whorls the peculiar first lateral lobe isbroad with a wide V-shaped
point. On older whorls this lobe becomes faintly trifid with the
little secondary lobes developing at the points where the sides of
the V meet the constricted sides of the lobe, thus presenting the first
stage in the development of the shumarditid suture from the simple
gastrioceran type. The first lateral saddle is a little pointed an-
teriorly. The second lateral saddle is broad, short, and rounded.

Discussion.— The characteristic feature of the species is its first
lateral lobe. The writers have examined the holotype and several
other specimens and have been able to assure themselves of the trifid
character of this sutural element on the type. The character is also
well shown on several other specimens in the collections. Early
writers who discussed the species before the shumarditid type of
suture was known failed to note the developmental tendency in this
lobe or to include it in their drawings. All,however, have shown
and have commented on the extreme angularity of the lobe. The
whorls of the holotype also bear constrictions not shown on the
figures published by the authors of the species or by Smith.

137Walker Museum Coll. No. 2612.
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Preshumardies illinoisensis (Miller and Gurley) is very close to
P. gaptankensis (A.K.Miller),and the two maybe conspecific. The
latter species, however, appears to be considerably more globose
than the Illinois specimen.

Occurrence.— The original specimens were collected in Mont-
gomery County,Illinois. InTexas the species has been found in the
Graford formation on the east slope of Kyle Mountain, Palo Pinto
County.

Types.— Holotype in Walker Museum (Coll. No. 2612), Uni-
versity of Chicago; plesiotype at Bureau of Economic Geology, The
University of Texas.

PRESHUMARDITES GAPTANKENSIS (A. K. Miller)

PL 24, figs. 4-6; text fig. 60'

Gastrioceras gaptankense A. K. Miller, 1930, Jour. Pal., vol. 4, p. 401, pi. 38,
figs. 15-17.

Description.— The shell is globose with whorls that are broad
and broadly rounded. The umbilicus is wide,being about half the
diameter of the shell. The measurements of a specimen from north-
central Texas are as follows:

Diameter (D) 23.0 mm.
Height of last whorl (H) 12.0
Height of penultimate whorl 4.8
Height of last whorl above venter 4.6
Thickness of last whorl (T) 16.2
Involution (I) 6.5
Width of umbilicus (U) 9.5

Shell ratios—
U I T T— = 0.41 — = 0.54 — = 1.35 — == 0.70
D H H D

The surface of the cast is smooth except for three distinct, though
not conspicuous, gently curving constrictions about two millimeters
in width.

The suture line consists of eight primary lobes and eight primary
saddles, but only the external elements are well shown on the ma-
terial athand. The suture differs in no important respect fromthat
of Preshumardies illinoisensis (Miller and Gurley). On the older
whorls the first lateral lobe shows the beginning of the tripartite
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feature characteristic of the shumarditids. The writers have ex-
amined several specimens of the species from Miller's type locality
and are assured that the north-central Texas and Glass Mountains
forms are conspecific.

Discussion.— Preshumardites gaptankensis (A. K.Miller) differs
from P. illinoisensis (Miller and Gurley) only in having a more
globose, proportionately thicker whorl, and a slightly smaller um-
bilicus. These characters vary to such an extent in different indi-
viduals, that some paleontologists will prefer to regard this Texas
form as avariety of P. illinoisensis rather than as a separatespecies.

Occurrence.— Miller's types are from the upper Gaptank forma-
tion,4%miles S. 15° E. of Lenox, or1% miles due southof Arnold
ranch, Brewster County. All the north-central Texas specimens are
from the Graford formation, Canyon group, from a locality on the
north side of Brazos River 3% miles southwest of the Palo Pinto-
Graford bridge, Palo Pinto County.

Types.— Cotypes in Peabody Museum of Natural History, Yale
University; plesiotypes in Bureau of Economic Geology, The Uni-
versity of Texas.

PRESHUMARDITES STAINBROOKI,n. sp.

PL 23, figs. 13-15; text fig. 616

Description.— The whorl of the best fragment of this species is
schistoceran in shape. The cross-section is helmet-shaped, and its
venter is broadly rounded. The whorls aredeeply embracing, there-
fore the umbilicus is relatively narrow. The specimen is poorly
preserved, but the following measurements offer some idea of the
shell proportions:

Diameter (D)
Length of fragment 37.5 mm.
Height of last whorl (H) 18,0
Height of penultimate whorl
Height of last whorlabove venter 13.0
Involution (I) 5.0
Thickness of last whorl (T) . . 23,6
Thickness of penultimate whorl ___.

Width of umbilicus (U) 7.3

Shell ratios.—
I T— = 0.28 — = 1.31
H H
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The best specimen is crushed around the umbilical area and
shows no sculpture. A part of the poorerspecimen shows a section
of the umbilical wall, which is ornamented by faint umbilical ribs.

The large fragment shows clearly aprimitive shumarditid suture.
At a diameter of about 40 millimeters it shows the same stage of
development in its suture that is shown by the typeof Shumardites
simondsi Smith at a diameter of about 15 millimeters. The ventral
lobe is broad and is divided by a long and wide ventral saddle.
Each of the branches is broad and tends to be asymmetrically
scalloped leaving a long point nearest the venter. The first lateral
lobe is very broad and deeply trifid. Its middle secondary lobe is
longest and most narrowly pointed. The lateral secondary lobes
are short and of about equal size. A short, wide lobe lies on the
umbilical shoulder. The first lateral saddle is broad, long, rounded,
and slightly constricted. The second lateral saddle is short, very
broad, and rounded.

Discussion.— Preshumardites stainbrooki is the most highly de-
veloped of the four species of Preshumardites so far described. The
characteristics of each species are summarized in the table follow-
ing the description of the genus Preshumardites. P. stainbrooki
differs from the others in having more prominent secondary lobes
and secondary saddles and a somewhat wider umbilicus. P. stain-
brooki also is closely related to and perhaps the direct ancestor
of Shumardites cuyleri,n. sp., and Shumardites simondsi Smith. It,
however, has one less pair of lateral lobes, shallower secondary
lobes, and in general a more primitive suture line than the last
two species. The species is named in honor of Prof. M. A! Stain-
brook of Texas Technological College who furnished this and other
specimens for the authors' use.

Occurrence.— The type was collected by Prof. M. A. Stainbrook
from the Hog Creek shale, Caddo Creek formation, Canyon group,
from an exposure about 5% miles west of Chico just north of the
Jacksboro-Chico highway near the Wise-Jack county line, Wise
County.

Types.— Holotype in Stainbrook Collection, geological depart-
ment of Texas Technological College, Lubbock, Texas.
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Genus Shumardites Smith 1903 (emend.)

Shumardites Smith, 1903., U. S. Geol. Survey Mon. 42, p. 134.
Shumardites, H. Schmidt, 1929, Tierische Leitfossilien dcs Karbon, p. 76.

Smith established this genus to include ammonoids that are
schistoceran in shape but characterized by a very different type of
suture. The representatives are globose evolute, with arched and
fairly deeply embracing whorls that are helmet-shaped in cross-
section. The venter is broadly rounded and merges into the flanks.
The umbilicus is rather broad anddeep, and its shoulders areabrupt
and smooth. The surface of the shell is nearly smooth, except for a
few obscure constrictions and traces of markings on the umbilical
border.

The suture is complex. The broad ventral lobe is divided by a
ventral saddle, and in well-developedforms it is subdivided further
by two small secondary saddles into four secondary lobes. A broad
first lateral lobe is divided into three, and, in the most mature forms,
into five or moresecondary lobes by secondary saddles. The second
lateral lobe is simple or divided. A third simple lobe lies on the
umbilical wall. The internal suture consists of a trifid dorsal lobe
and a pair of trifid lateral lobes.

This genus is distinguished from all others by its very character-
istically wide, complex first lateral lobe, which is divided into three
or more parts by secondary saddles in the form of shallow notches
or deep narrow indentations, depending on the stage of develop-
ment of the shell.

It should be noted that what are here regarded as the three
branches of the first lateral lobe in this genus and inPreshumardites
have usullybeen interpreted as separateand distinct lobes. Thepres-
ent interpretation is given because in primitive species this as-
semblage of sutural elements has clearly resulted from the deep
division of the first lateral lobe of a Gastrioceras-lik.e form. The
same relation is still clear in the youngof all species of the family.
Only in the mature sutures of the most highly evolved species of
Shumardites and in those of Perrinites do the individual branches
assume the appearance and importance of separate lobes, and even
in these species the saddles separating the three lobes in question
aremuch shorter than theprimary saddles.
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Eight species of Shumardites and Preshumardites have thus far
been identified; four belong to the group characterized by the
more complex sutures and are therefore referable to Shumar-
dites,s. s. Four belong to the group characterizedby simpler sutures
and are placed in the new genus Preshumardites.

Age and characters of Texas species of Shumardites

Smith138 regarded Shumardites as a descendant of Gastrioceras
through Paralegoceras and Schistoceras. At the time he expressed
this opinion, only one species of the generic group wasknown, and
he had only three specimens from which to study its ontogeny. It
now seems clear that Shumardites developed throughPreshumardites
from a widely umbilicate ammonoid of the character of Craveno-
ceras by division of the first lateral lobe and later by division of the
ventral lobe. The first stages are not those of Paralegoceras or
Schistoceras, but of an early Cravenoceras-like species from which
it evolves directly into forms slightly resembling in their sutures
Agathiceras and slightly those of Schistoceras but quite different
from either. The stage in which theexternal suture has but one pair
of lateral lobes and in which the secondary lobes are rounded is
designated the Preshumardites stage and is represented in the suture
of Preshumardites illinoisensis (Miller and Gurley) and in immature

13sSmith, J. P., Carboniferous ammonoids of America: U. S. Geol. Survey Mon. 42, p. 136, 1903.

'. simondsi
Smith

Graham
Wide umbilicus. Ventral lobe divided
into 4 secondary lobes; first laterallobe
divided into 5, and in the largest speci-
mens, into 6 secondary lobes; second
lateral lobe on flank.

i. cuyleri,
n. sp.

CaddoCreek
Wide umbilicus,low whorl. Two halves
of ventral lobe notched; first lateral
lobe divided into 3 secondary lobes;
second laterallobeon umbilical shoulder.

. fornicatus,
n. sp.

Graford
Narrow umbilicus. Two branches of
ventral lobe undivided; first lateral
lobe divided into 3 unequal secondary
lobes; second lateral lobe on flanks;
third lateral on umbilical shoulder.

i. sellardsi,
n. sp.

Lower Gaptank
Wide umbilicus. Ventral lobe long;
first lateral lobe divided into 3 rounded
secondary lobes by 2 rounded saddles;
first lateral saddlevery large and club-
shaped; second lateral lobe on flanks.
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whorls of Shumardites simondsi (Smith). From this stage Shumar-
dites developedby an increase in size of the secondary saddles and
a further subdivision of the secondary lobes and the addition of
other lateral lobes. The steps in the evolution are illustrated by
figure 61. Shumardites further develops directly into Perrinites and
marks the beginning of the complex suture pattern, so prominent
in later forms through a long line of evolution during the Permian.

Genotype, Shumardites simondsi Smith (PL 23, figs. I—6; text
figs. 61c,/, 62).

Fig. 61. Development of the shumarditid suture line
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Fig. 62. External suture line of Shumardites simondsiSmith

SHUMARDITES CUYLERI, n. sp.

PL 23, figs, 10-12; text fig. 61c

Description.— The shell of this species is subglobose; the whorls
are lunar in cross-section; the umbilicus is large and is bordered by
a beveled umbilical shoulder without nodes or ridges. The whorl is
low in proportion to its thickness and is only moderately indented.
The configuration is shown by the following measurementsof a frag-
ment which is less than one-half whorl in length:

Diameter (estimated) (D) 46.0 mm.
Height of last whorl (H) - 12.0
Height of whorl above venter 8.0
Involution (I) 4.0
Thickness (T) 24.0
Width of umbilicus (U) t

_16.0

Shell ratios—
U 1 T T— = 0.35 — = 0.33 — = 2,00 — = 0.52
D H H D

The surface is smooth except for narrow, gently curving constric-
tions, only one of which is present on the fragment.

The two halves of the ventral lobe of the suture line are slightly
scalloped. The first lateral external lobes are divided into three
parts by short rounded saddles. The middle secondary lobe is
longest and pointed. The outside two are short and rounded. The
dorsal lobe is long and trifid with a central division that extends
to a long narrow point. The internal lateral lobes arebroad, and
each is rather deeply indented by two secondary saddles to from
the characteristic trifid lateral lobe. The ventral saddle is bottle-
shaped. The first lateral external saddles areclub-shaped and much
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expanded at their forward end. The internal first lateral saddles
are expandedforward and have small secondary saddles developed
on each side to produce the earliest example of the "doll-shaped"
pattern so common in the saddles of Perrinites and succeeding
genera.

Discussion.— This species is most like Preshumardites stainbrooki,
n. sp., but is readily distinguished by its wider umbilicus, greater
width of whorl in proportionto height, and by a slightly blunter
and more indented ventral lobe. It has a simpler suture than
Perrinites bosei, n. sp., or Shumardites simondsi Smith.

Occurrence.— This specimen was collected by Dr. R. H. Cuyler
in the shale below the Jacksboro limestone of the Graham forma-
tion, Cisco group, in an outcrop 6% miles northeast of Jacksboro,
Jack County.

Type.— Holotype in Plummer Collection, Bureau of Economic
Geology, The University of Texas.

SHUMARDITES SIMONDSI Smith

PL 23, figs. 1-6; text figs. 61e, 61/, 62

Shumardites simondsi Smith, 1903, U. S. Geol. Survey Mon. 42, p. 135, pi. 3,
figs. 3-13,

Shumardites simondsi, H. Schmidt, 1929, Tierische Leitfossilien dcs Karbon,
p. 77, pi. 20, figs. 9, 10.

Description.— The shell is subglobose, rather evolute. The whorls
arehighly arched, helmet-shaped, and deeply embracing. The venter
is broadly rounded and slopes in a gentle curve to the abrupt um-
bilical shoulders. The umbilicus is broad and deep, exposing the
shoulders of the inner whorl. The surface is nearlysmooth.

Measurements of two typical specimens are as follows:

A B
Diameter (D) _____ .68.0 36 mm.
Height of last whorl (H) 29.0 14
Height of penultimate whorl
Height of last whorl above venter 9.5 7
Involution (I) 19.0 24
Thickness of last whorl (T) 30.0 26
Thickness of penultimate whorl
Width of umbilicus (U) 20.0 14
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Shell ratios—
U I T T

A: — = 0.29 — = 0.66 — = 1.03 — = 0.44
D H H D
U I T T

B:
— = 0.39 — =1.71 — =1.86 — = 0.72
D H H D

A. Specimen from outcrop 1% miles east of Fife, McCulloch County.
B. Smith's type from the bank of Salt Creek, 1mile west of Graham,

Young County.

The suture is complex, consisting of ten lobes and eleven saddles.
The ventral lobe is divided by a bottle-shaped ventral saddle; the
two divisions thus formed are unsymmetrically further divided by
a rather long narrow secondary saddle, so that the ventral lobe has
four pointed secondary lobes. The first lateral lobe is divided by
two long narrow saddles into three secondary lobes. The middle
one is longest and pointed. The one nearest the venter in the last
whorl is subdivided by a shallow scallop into two pointed projec-
tions. The one toward the umbilicus is pointed. The largest whorl
at a diameter of 75 millimeters has a short secondary saddle in the
secondary lobe next to the venter, so that the secondary lobe be-
comes bifid, and the first lateral lobe thus has five pointed secondary
lobes. The second lateral lobe is small and pointed inyoung speci-
mens, asymmetrically divided in older ones and lies near the um-
bilical shoulder. A third lateral lies on the umbilical wall. The
internal suture consists of a trifid dorsal lobe, a bifid first lateral,
and an undivided second lateral. All the saddles of the external
and internal sutures are simple and rounded.

Discussion.— This is one of the most striking and one of the
rarest ammonoids in the upperPennsylvanian in Texas. It is readily
distinguished from other species of this genus by the complexity
of its ventral and lateral lobes.

Occurrence.— Since Gant and Smith collected four specimens of
Shumardites simondsi in the late 90's from the high bank on Salt
Creek 1mile west of Graham, Young County, only five more have
been discovered. A well-preservedfragment representing about one-
half of a whorl has been found by Prof. H.G. Damon from outcrop

1% miles east of Fife, McCulloch County. Another was collected
by Fred Wright, a graduate student at The University of Texas,
from the same outcrop. The third was found 1mile south of Byrd's
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Store in Brown County by D.K. Gregor; a fourth specimen was
collected 1mile south of Gunsight in Stephens County by Dr. C.
Schuchert, and both have been deposited inPeabodyMuseum. This
last specimen ismorecomplete and somewhat larger than the cotypes
described by Smith. All the specimens are from the Graham forma-
tion, Cisco group, upper Pennsylvanian. The fifth specimen has
been collected from the Uddenites zone in the top of the Gaptank
formation at Wolf Camp, Brewster County, by M. B. Arick.

Types.— Holotype is at Leland Stanford, Jr., University; para-
types are at the U. S. National Museum. Plesiotypes are in the
Plummer Collection, Bureau of Economic Geology, The University
of Texas.

SHUMARDITES FORNICATUS, n. sp.

PI. 23, figs. 7-9; text fig. 61d

Description.— The shell of this species is globose and somewhat
laterally compressed. The whorl section is semilunar,a form typical
of a youngSchistoceras or early Perrinites; in fact, without sutures
it is doubtful whether this form could be distinguished from Per-
rinites bosei, n. sp. The height of the whorl is about half the diam-
eter of the shell, and its thickness is only a little more than its
height. The width of the umbilicus is about one-quarter the shell
diameter. Proportions are shown by the following measurements:

Diameter (D) 29.5 mm.
Height of last whorl (H) 13.8
Height of penultimate whorl 7.2
Height of last whorl above venter 9.5
Involution (I) 7.5
Thickness of last whorl (T)..... _ 12.2
Width of umbilicus (U) 7.5
Shell ratios

—
U I T T— = 0.25 — = 0.54 — = 0.885 — == 0.41
D H H D

The outer whorl of the holotype is covered by traces of the inner
elements of the missing circumambient whorl, so that surface
features are not well exposed. A fragment of the last whorl indi-
cates that the surface at a diameter of 29 millimeters is smooth with
faint cross striae spaced about ten in four millimeters. The sculp-
ture is like that of Vidrioceras and not Schistoceras. No constric-
tions arepresent.
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The external suture consists of a ventral lobe dividedby a ventral
saddle, a large first lateral saddle, five other smaller lateral saddles,
and five small lobes on each side of the ventral lobe. The last
lateral saddle lies partly on the umbilical wall. The lateral saddles
are rounded except the first, which is pointed and bluntly spear-
shaped and deeply constricted at the middle. The first three lateral
lobes have the appearance of being three secondary elements of a
broad lateral lobe separatedby two secondary saddles. If this is the
correct interpretation, this form of suture evolved through the
splitting of a gastrioceran first lateral loberather than by the addi-
tion of so many lobes from the umbilical side, aprobability already
established in the study of Preshumardites illinoisensis (Miller and
Gurley) andP. gaplankensis (A. K.Miller).

The internal suture exhibits an unexpectedly high state of ad-
vancement, when it is considered that the stratigraphic position is
lower Canyon, about 2000 feet below the basal Permian. This
suture consists of a pointed, trifid, trident-shaped dorsal lobe, a
broad and complex lateral saddle composed of two secondary sad-
dles on each side of a knob-shaped broadly rounded primary sad-
dle, and a broad and complex lateral lobe deeply indented by one
long secondary saddle and one slightly notched saddle.

Discussion.— This species has a suture so different from that of
any other form, that it is easily distinguished. Shumardites fornica-
tus, n. sp., has a smaller umbilicus and a more lunate whorl section
than Preshumardites stainbrooki, n. sp., or Shumardites cuyleri,
n. sp. It resembles these forms, however, in the shape of its first
lateral saddle and its broad lateral lobe divided into three sub-
equal smaller lobes and intervening small saddles. These latter
features identify it as a true shumarditid and indicate its early stage
of development.

Occurrence.— Shale beneath Rock Hill limestone member of the
Graford formation, Canyon group,Pennsylvanian, in an outcrop on
the south side of the old Bridgeport-Wizard Wells road just east
of the areanow submergedby the waters of Lake Bridgeport, Wise
County. Found also in the Graford formation in the clay pit at
Bridgeport, Wise County (type locality).

Type.— Holotype and paratypes at Bureau of Economic Geology,
The University of Texas.
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SHUMARDITES SELLARDSI, n. sp.

PI. 24, figs. 7-9

Description.— The whorl of this species is compressed, of mod-
erate height, and semilunar in cross-section, with broadly rounded
venter. The umbilicus is wide and isbounded by beveled umbilical
shoulders free of tubercles. The measurements of the only fragment
of this species are as follows:

Diameter (estimated) (D) 69.0 mm.
Height of last whorl (H) 22.0
Height of last whorl above venter 14.5
Involution (I) '. 7.7
Width of umbilicus (estimated) (U) 24.0

Shell ratios—
U I_ = 0.35 — = 0.35
D H

The holotype is a cast that has been somewhat eroded, and surface
features arenot shown.

The suture consists of eight primary lobes and eight primary
saddles. The ventral lobe is broad, long, and divided into two parts
by a longbottle-shaped ventral saddle, four-fifths as long as the first
lateral saddle. The two divisions of the ventral lobe are long,
slender, and pointed. The first lateral lobe is divided by two long
and fairly broad secondary saddles into three rounded secondary
lobes of about equal size, though themiddle secondary lobe is some-
what longer. The second and third secondary lobes are slightly
inclined toward the venter. The second primary lateral lobe is
small and lies near the umbilicus. The first lateral saddle is long,
half as wide as long and club-shaped. It is about three times as
large as the adjacent secondary saddle. The internal suture is not
shown distinctly.

Discussion.— This species is readily distinguished from other
species of Shumardites by its less complex suture and by the more
rounded secondary lobes of its first lateral lobe. It differs from the
the known species of Preshumardites by the more pronounced di-
vision of its first lateral lobe, by the more rounded points of the
secondary lobes thus formed, by its large umbilicus, and by its
more compressed whorls.
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Occurrence.— This species was collected by Dr. Bose and left
undescribed by him in his excellent collection of ammonoids from
Glass Mountains of west Texas. It is labelled as having been col-
lected from the lower Gaptank formation along with Schistoceras
smithi Bose, 2 miles south of Gaptank, Pecos County.

Type.— Holotype in the Bureau of Economic Geology, The Uni-
versity of Texas.

Genus Perrinites Böse 1917

Perrinites Bose, 1917, Univ. Texas Bull. 1762, p. 155.
Perrinites, Smith, 1927, Jaarb.Mijnw. 'Ned.-Indie, Verh. 1926, p. 54.
Perrinites, Diener, 1927, Leitfossilien dcs marinen Perm, p. 73.

The genus Perrinites was established by Bose to include am-
monites with morecompressed whorls, with a straighter suture, with
a wider umbilicus than Waagenoceras, and with a more complex
suture and a wider umbilicus than Hyattoceras. Theshell is discoidal

Fig.63. External suture line of Perrinites vidriensis Böse

with slightly flattened flanks and evenly rounded venter and with a
whorl that is somewhat wider than high. The width of the umbilicus
is from one-quarter to one-tenth the shell diameter; it is deep and
has steep walls. The surface of the shell is ornamented by fine and
delicate growth lines. The suture is the most characteristic feature
of the genus. The external sutures are closely spaced and follow a
nearly straight line between the umbilicus and the periphery. It
consists of about six pairs of lobes and five pairs of saddles on the
venter and flanks, a sixth saddle on the umbilical shoulder, and a
lobe and saddle on the umbilical wall. The ventral lobe is broad
and is divided into two parts by a slender, long ventral saddle.
Each half of the ventral lobe is long,wide,and pointed and ismade
digitate by one or more secondary saddles. The lateral lobes are
also pointed and are deeply notched by secondary saddles. The
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secondary lobes thus formed are quite unsymmetrical and most of
them areclub-shaped. The internal suture consists of a long, wide,
complex dorsal lobe, dividedby a long, wide, trifid saddle,and four
■or more pairs of long, narrow, rounded lateral lobes. All except
thelast one or twoareconstricted and indented by pointed secondary
saddles. The internal lateral saddles are long, narrow,pointed and
divided into two or more parts by narrow, pointed, notch-like
secondary lobes.

Genotype, Perrinites vidriensis Bb'se (PL 26, figs. 8, 9; text
fig. 63).

The genus Perrinites can be divided on the basis of the number of
notches or secondary elements in each side of the ventral saddle
into six groups, as follows:

The stratigraphic occurrence and principal distinguishing char-
acteristics of the species of this genus are shown in the following
table:

Age and characters of species of Perrinites

J.NV.Ur IN*JJ.l/XX£»3
GROUP STRATIGRAPHIC POSITION EACH SIDE OF

VENTRAL SADDLE

P. hilli (Smith) UpperDoubleMt. 5
P. gouldi,n.sp.
P. vidriensis Bb'se
P. beedei,n.sp.
P. cumminsi (White)

LowerDoubleMt.
UpperLeonard
ClearFork
MiddleWichita

4
S
2
1

P. bb'sei,n.sp. Lower Wichita 0

P. subcumminsi
Haniel

LowerPermian,
Bitauni,Timor

Ventral saddlehas two notches like
P. compressus and is similar in
shape. Can be distinguished only
by minor differences in size and in
shape of secondary lobe.

P. cumminsi
(White)

Clyde
(middleWichita

group)

Ventral saddle has a single notch
and a single secondary saddle on
each side of its ventral saddle, and
two1 secondary saddles indenting
each side of its ventral lobe. First
lateral lobe has six branches.

P. waageni
(Smith)

LowerPermian,
Bitauni,Timor

Same number of elements as in P.
cumminsi, but has wider and longer
ventral saddle and somewhat wider
umbilicus.
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The species arranged in the order of the accompanying table
form a phylogenetic series in which the older members grade into
the younger inperfect sequence. The oldest species, however,differs

SPECIES AGE CHARACTERS

P.bakeri,n.sp. Wolfcamp
First three lateral saddles narrow,
trifid, not phylloid; lobes narrower;
secondary lobes more pointed than
other species.

P. bosei,n. sp. Admiral(lower
Wichita group)

Ventral saddle bottle-shaped with-
out notches or secondary saddles;
only one secondary saddle on each
side of the ventral lobe and only
four branches in its first lateral
lobe.

P. hilli (Smith)
Peacock

(upperDouble
Mt. group)

Ventral saddle at maturity has 5
notches and 5 secondary saddles on
each side, and 5 secondary saddles
indenting each side of the ventral
lobe. First lateral lobe has 8
branches, two of which are bifid
and two trifid, making 14 secondary
elements in all.

P. gouldi,n.sp.
Blame

(lowerDouble
Mt. group)

Ventral saddle at maturity has 4
notches and 4 secondary saddles on
each side, and 4 secondary saddles
indenting each side of the ventral
lobe. First lateral lobe has more
than 8 branches.

P. beedei,n. sp.
Choza

(upper Clear
Fork group)

Same number of elements in suture
as in P. compressus but has longer
and broader ventral saddle, more
globose shell, and smaller umbilicus.

P. vidriensis
Bose

UpperLeonard
(Glass Mt.
section)

Ventral saddle at maturity has 3
notches and 3 secondary saddles on
each side of the ventral saddle, and
3 secondary saddles indenting each
side of the ventral lobe. First
lateral lobe has 8 branches.

P. kempae,n.sp.
Arroyo

(lowerClear
Fork group)

Same number of elements in suture
as in P. vidriensis but is thicker
and has wider primary and wider
secondary lobes.

P. brouweri
Smith

LowerPermian,
Bitauni, Timor

Same number of elements in suture
as in P. vidriensis. Its ventral sad-
dle is proportionately wider and
longer and its lobes are narrower.

P. compressus
Bose

LowerLeonard
(GlassMts.)

Ventral saddle at maturity has 2
notches and 2; secondary saddles on
each side of the ventral saddle, and
3 secondary saddles on each side
of the ventral lobe. First lateral
lobe has 7 branches.
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so strikingly from the youngest, that without intermediateones the
relationships would not be clear, and the first and last would appear
genetically different. The description of the genus Perrinites was
based on an older species {Perrinites vidriensis Bose), and the
youngest species was referred to Hyattoceras by Smith139 (H.
waageni). The later species of Perrinites, however, are distinct
phylogenetically from Hyattoceras, and the two forms can be dis-
tinguished by differences in shape and structure of the ventral sad-
dle, as shown by Gemmellaro's descriptions and illustrations. A
free translation by Gemmellaro's140 description of Hyattoceras is
as follows:

"The normal suture is composed of slightly denticulate lobes that
terminate in a point, and of strong slightly incised saddles that
decrease in size gradually from the peripheral extremity to the outer
edge of the umbilicus. The external saddle is bifid, the others are
rounded. The outline of the leaf-like saddle is simple."

Gemmellaro states further that the members of the genus Hyatto-
ceras are related to those of Arcestes and to Waagenoceras but
that they develop through quite a different line of descent from the
former and are distinguished from the latter not only by their

"diphylloid termination of the external saddles and their straight line
of lobes, but also because of the form of their much higher whorl
section, the development of their more rapid convolutions, the shape
of their nearly closed umbilicus,and the complete lackof constrictions."

Hyattoceras geinitzi Gemmellaro and H. turgidum Gemmellaro
werenamed as representativeforms, and the first maybe regarded as
the genotype. Gemmellaro's species H. geinitzi has a small and
nearly closed umbilicus; Perrinites bosei, n. sp., has a large um-
bilicus; also the whorl of the former is more globose, and the
dividing notch on the posterior end of each half of the ventral
lobe makes these extremitiesbifid. The lateral side of the ventral
lobe is without anotch. The ventral lobe of Texas species isnotched
on the side about halfway between the pointed extremity and the
anterior end of the first lateral saddle (fig. 63). The ventral side

139Smith, J. P., Permian ammonoids of Timor: Jaarb. Mijnw. Ned.-Indie, Verh. 1926, p. 57,
pi. 16, figs. 1-6, 1927.

140 Gemmellaro, G. G., La fauna dei calcari con Fusulina della valle del fiume Sosio nella.
provincia diPalermo :Giorn. Soc. Sci. nat. econ. Palermo, vol. 19, p. 14, 1888.
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of the first lateral lobe in Hyattoceras geinitzi is entire; that of
Perrinites bosei is deeply notched.

Hyattoceras occurs commonly in Italy where the genus Perrinites
is as yet unknown. Hyattoceras is evidently the progenitor of
Waagenoceras in Italy; Perrinites bosei appears to be the ancestor
of the more highly developed form of Perrinites in America. In
Timor141 Perrinites occurs, and the group of P. cumminsi (White)
isrepresented in the oldest beds of the Permian section by P.waageni
(Smith).

The group of P. bosei is clearly intermediate in development be-
tween Shumardites of the upper Pennsylvanian and Perrinites of
the middle Permian. These forms have the whorl shape, the wide
umbilicus, the single-notched, pointed ventral lobe of Shumardites,
and the notched lateral lobes of Perrinites, whereas the branches of
first lateral lobe of Shumardites are bifid or simple, and the two
genera are thus easily distinguished by their lateral lobes.

PERRINITES B6SEI,n. sp.

PL 25, figs. 1-8; text fig. 61g

Description.— Whorls are broadly rounded, deeply impressed,
and show slight lateralcompression.The umbilicus is equal to about
one-fourth the diameter of the shell. Three of the specimens furnish
the following measurements:

ABC
Diameter (D) 40.0 16.5 11.0 mm.
Height of last whorl (H) 13,2 7.4 5.7
Height of last whorl above venter 8.0 5.01 3,0!
Height of penultimate whorl 10.6 4.3 3.0'
Involution (I) 5.0 3.0 2.7
Thickness of last whorl (T) 29.0 12.0 8.7
Thickness of penultimate whorl 13.4 9.01 6.0
Width of umbilicus (U) 9.0 5.0 4.0
Shell ratios —

U I T T
A: — = 0.23 — = 0.38 — = 2.20 — = 0.73

D H H D
U I T T

B: — = 0.30 — = 0.45 — = 1.62 — = 0.73
D H H D
U I T T

C: — = 0.36 — = 0.47 — =1.53 — = 0.79
D■H H D

I(tlSmith, J. P., Permian ammonoids of Timor: Jaarb. Mijnw.Ned.-Indie, Verh. 1926, p. 55, 1927.
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The surface of the shell is smooth without growth lines or con-
strictions.

The external suture consists of a ventral lobe, four lateral lobes,
a small umbilical lobe, a ventral saddle, four lateral saddles and,
on some specimens, a small umbilical saddle. The ventral lobe is
divided by the short bottle-shaped ventral saddle into two pointed
lateral branches, the sides of which are indented by secondary
saddles that areabout one-fourth the lengthof the ventral lobes. The
first lateral lobe is digitate,having four secondary lobes. The sec-
ondary lobes on the side toward the venter are longest. The second
lateral lobe is similar to the first lateral but is slightly longer. The
third lateral is shorter and broader than the first two. The siphonal
saddle is bottle-shaped, about one-half as long as the lateral saddles,
and ends in two very sharp points; it is not digitate or indented.
The first lateral saddle is phylloid with three secondary saddles, one
on the side toward the venter, and two on the opposite side, so
that it is distinctly asymmetrical. The second lateral saddle is
similar to the first. The third lateral saddle has two secondary
saddles of nearly equal size, one oneach side of the primary saddle,
so that the third lateral is more nearly symmetrical than the first
and second. The fourth lateral saddle is small, inclined toward the
venter and has only one secondary saddle, which is as wide as its
primary but only half as long and is located on the umbilical side
of the mainaxis.

The internal suture is beautifully preserved on nearly all the
specimens.The dorsal lobe ispointed, is two-thirds as broad as long,
and has two equally sized secondary lobes, one oneach side, giving
it a symmetrical trilobate anchor-shape. The first lateral lobe is
diphyllic, having twonearlyequal-sized secondary lobes.The second
lateral lobe is monophyllic having a single secondary lobe which
lies on the side toward the venter. The third lateral is smaller. The
fourth lateral is simple without secondary lobes. The first lateral
saddle is digitate and doll-shaped, the second is unsymmetrical with
a secondary saddle on the side nearest the umbilicus. The third
lateral is simple and club-shaped; the fourth lateral is simple,
small and arch-shaped.

Discussion.— Perrinites bosei,n. sp., resemblesP. waageni(Smith)
from the lower Permian of Timor. Ithas, however,a shorter ventral
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saddle, fewer secondary lobes and secondary saddles, and the lobes
and saddles are more broadly V-shaped. Characters listed on a
previous page easily distinguish it from its congeners. P. bb'sei is
oneof the species that bridge the gapbetween the complexly sutured
ammonoids of the upper Pennsylvanian and the beginning of the
great evolutionary development of the phylum in the Permian
period, and it forms a most interesting link in this long chain of
ammonoid evolution.

Occurrence.— The types were collected in the Indian Creek shale
of the Admiral formation of the Wichita group of the Permian
system on the south side of the Santa Fe Railroad one-half mile
east of the Coleman-San Angelo road, 4% miles south-southwest of
Coleman, Coleman County.

Types.— Holotype and paratypes in Plummer Collection,Bureau
of Economic Geology, The University of Texas. Metatypes at Texas
Christian University and in Peabody Museum, Yale University.

PERRINITES BAKERI, n. sp.

PL 25, figs. 14-17

Description.— This ammonoid issubglobose in shape with ahighly
arched, evenly rounded venter without sculpture except for two or
morebroad shallow constrictions which bendslightly backward. The
cross-sectionishelmet-shaped,and the umbilicus isof moderate size.
The best-preserved specimens furnish the following measurements:

A B
Diameter (D) 53,8 58,7 mm.
Height of last whorl (H) 28.0' 29.0
Height of penultimate whorl 20.0 20.01

Height of last whorl above venter 7.1
Involution (I) ____ 15.3
Thickness of last whorl (T) 28.0 31.6
Width of umbilicus (U) 14.0 18.3

Shell ratios of B—
U IT T— = 0.31 — = 0.53 — =1.09 — = 0.54
D H H D

The most characteristic feature of the species is its suture line.
This consists of a broad, complex, ventral lobe and four pairs of
lateral lobes. The last pair is situated on the umbilical shoulder.
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All the lobes except the last are deeply indented by secondary
saddles. The ventral lobe is divided by a long,broad, bottle-shaped
ventral saddle, and each half is subdivided by two small, narrow,
rounded secondary saddles. The first lateral lobe is long, narrow,

and asymmetrically divided by two.secondaries. The fourth lateral
is divided by a deep narrow secondary saddle into two parts. The
half nearest the venter is bifid; the other half is undivided. The
two parts are so widely separated by the saddle that they might
equally well be regarded as separate primary lobes. In fact, this
particular suture line evidently represents that stage indevelopment
of which new primary lobes are just being formed by division of
the third lateral. Another simple small pointed lobe occurs on the
umbilical shoulder.

Discussion.— This species has the same shape, sculpture, and pro-
portions of Perrinites cumminsi (White) from north Texas. Its
suture line, however, is quite different. Its first lateral is narrow
and trifid, instead of being subdivided into four secondaries as is
P. cumminsi. The first three lateral saddles in P. bakeri, n. sp.,
are trifid with the secondary saddles short and only slightly divided.
The first and third lateral saddles in P. cumminsi are distinctly
phylloidand divided into six or sevensecondary saddles. The second
lateral is divided into seven secondary saddles. Perrinites cum-
minsihas also six lateral lobes; P. bakeri,but four or possibly five,
if the third lobe is regarded as divided into two parts.

The suture line of P. bakeri also differs from large,mature speci-
mens of P. bb'sei, n. sp. Its lobes aremuch narrower and indented
deeper by narrow secondary saddles. The halves of the ventral sad-
dle on P. bosei are notched by short wide secondaries that look
more like notches than secondary lobes.

Occurrence.— These specimens were collected by C. L. Baker
near the base of the Wolfcamp formation, 2% miles north of
Decie's ranch near the base of the Glass Mountains escarpment.

Types.— The holotype and paratype are deposited at the Bureau
of Economic Geology, The University of Texas.
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PERRINITES CUMMINSI (White)

PL 25, figs. 9-13

Ptychites cumminsi White, 1889, Am.Nat., vol. 23, p. 117, pi. 1, figs. 4-8.
Waagenoceras cumminsi, White, 1891, U. S. Geol. Survey Bull. 77, p. 20, pi. 1,

figs. 4-8.
Popanoceras (Hyattites) cumminsi, Freeh, 1901, Lethaea Palaozoica, vol. 2,

pt. 1, No. 3, p, 513, figs, a, 4.
Waagenoceras cumminsi, Smith, 1903, U. S. Geol. Survey Mon. 42, p. 139, pi.

22, figs. 4-8.
Hyattoceras afT. cumminsi, Diener, 1903, Mem. Geol. Survey India, Pal. Indica,

ser. 15, pt.5, p. 115, pi. 5, fig. 20.
Perrinites cumminsi, Bose,1917, Univ. Texas Bull. 1762, pp. 156, 203.
Perrinites, n. sp., Bose, 1917, Univ. Texas Bull. 1762, p. 187.

Description.— The shell is subglobose with moderate lateral com-
pression. The venter is broadly rounded. The umbilicus is rather
deep and narrow but reveals a small portion of the inner whorls.
The whorl section is helmet-shaped with the greatestbreadth about
one-third the distance from the umbilical shoulders to the periphery.

White has mentioned that he had about forty specimens from the
outcrop at Military Crossing, and his largest was not less than 50
millimeters in diameter. Measurements taken from specimens col-
lected by Cummins (A) and deposited in the department of geology,
The University of Texas, and also from a plastotype of White's
figured specimen (B) are as follows:

A B
Diameter (D) 39.0 mm. 42,0 +mm.
Height of last whorl (H) 16.5 24.0
Height of penultimate whorl
Height of last whorl above venter 7.5 11.5
Involution (I) ____ ____ 12,6
Thickness of last whorl (T) 20.5 28.5
Thickness of penultimate whorl ..... 19.7
Width of umbilicus (U) 11.0 13.5

Shell ratios.—
U T T— = 0.28 — = 1.24 — = 0.53
D H D

The shell is nearly smooth. The only sculpture consists of fine
transverse striae and fine spiral lines on the best preserved surfaces.

The suture is complex. The lobes are digitate, the saddles phyl-
loid. The ventral lobe is divided into two parts by a long ventral
saddle, and each part is divided by deep notches into four pointed
secondary lobes. Each side of the ventral saddle is notched by a
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short, pointed, secondary lobe. The first two lateral saddles are
divided into sixrounded branches,and the first two lateral lobes con-
sist of seven pointed secondary lobes separatedby U-shaped second-
arysaddles. Theother saddles arerounded, notched,and doll-shaped.
The other lobes have fewer notches and generally have two or three
pointed secondary lobes.

Discussion.— -This species resembles P. waageni (Smith) in Bi-
tauni, Timor, which Smith described as Hyattoceras waageni. It
differs, however, in its narrower umbilicus, more rounded flanks,
and its wider lobes and saddles. The ventral saddle of Perrinites
cumminsi is proportionately shorter and wider than that of
P. waageniand its lobes are less pointed.

Occurrence.— These specimens were collected by W. F. Cummins
in the Clyde formation, Wichita group,lower Permian, on the north
side of Big Wichita River at OldMilitary Crossing, Baylor County.

Types.— The original cotypes are in the U. S. National Museum,
Washington. Plastotypes are in the geological department of Texas
Christian University; plesiotypes are at the Bureau of Economic
Geology, and at Peabody Museum, Yale University.

PERRINITES COMPRESSUS Bbse

PL 27, figs. 7-10

Perrinites compressus Bb'se, 1917, Univ. Texas Bull. 1762, p. 166, pi. 10, figs.
22-27.

Description.— This species has the compressed, highly arched
whorl with rounded venter, indented by prominent constrictions,
helmet-shaped cross-section, and moderately small, steep-walled
umbilici.

The measurements of the holotype and another specimen from
3 miles north of Shafter are as follows:

A B
Diameter (D) 39.8 15.1 mm.
Height of last whorl (H) 18,5 9.0
Height of next to last whorl__ 12.2 6.7?
Height of last whorl above venter 12.2
Involution (I) 10.0
Thickness of last whorl (T) _ _ _ _ 20.4 10.0
Width of umbilicus (U)_ __ 7.0 3,5
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Shell ratios of A—
U I T T— = 0.17 — = 0.54 — = 1.10 — = 0.51
D H H D

A. Holotype (B-389) from lower part of Leonard formation, Permian,
Glass Mountains, Brewster County.

B. Specimen (B-377) from Permian, 3 miles north of Shafter,
Presidio County.

This species is characterized specifically by its suture line,which
ismade up of a ventral saddle which at maturity has two secondary
elements in the form of notches on each side, a broad phylloid,
divided, ventral lobe, five triangular phylloid lateral lobes, and
intervening lateral saddles on each side. The twohalves of the ven-
tral lobehave six secondary lobes each. The first and second lateral
lobes have seven or more secondary lobes. The third has six sec-
ondary lobes. The fourth and fifth are not exposed.

Discussion.— This species resembles P. vidriensis Bose and P.
brouweri Smith. All of the authors' specimens however have less
funnel-shapedumbilici,are somewhat more deeply embracing some-
what more compressed, and have one less secondary element on
each side of the ventral saddle and less complex lateral lobes and
saddles.

Occurrence.— This species occurs in the lower-part of the Leonard
formation of the lower Permian, 2 miles west-northwest of Wolf
Camp, Brewster County, and from a locality 3 miles north of
Shafter, Presidio County.

Type.— The holotype is in the collections of the Bureau of
Economic Geology, The University of Texas.

PERRINITES KEMPAE, n. sp.

PL 27, figs. 5, 6

Description.-— The holotype is fragmentary and poorly preserved,
but it shows the shape of the whorl and the form of the suture.
The shape is schistoceran with a high, helmet-shaped whorl,rounded
flanks that are slightly compressed, and a moderately large and
deep umbilicus bounded by steep walls. The specimen is too frag-
mentary to be measured.

The specimen shows faint striations and bears one shallow faint
constriction.
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The ventral sadle and ventral lobe are poorly preserved. The
first lateral saddle is broad, deeply phylloid, with eight prominent
rounded secondary saddles separated by rather wide deep notches.
Between the third and fourth secondary saddles from the anterior is
an extra very short secondary saddle,making ten secondary elements
altogether. The second lateral saddle has seven secondary saddles,
and the third and fourth have five each. The first lateral lobe is
broad and V-shaped and has nine bluntly pointed secondary lobes.
The second and third lateral lobes each have five secondary ele-
ments; the secondary lobes are low and broad.

Discussion.— This species closely resembles Perrinites compressus
Bose, and the two may prove to be identical when more material
has been made available for study. The suture line has more
secondary elements, however. The ventral saddle, for example, has
three secondary elements in each half, whereas P. compressus has
only two. P. kempae resembles also P. vidriensis Bose, but it is
thicker and has wider and shorter primary lobes and wider shorter
saddles, and unless these differences are due to ontogenetic develop-
ment and the preservation of the shell, the two are specifically
distinct. The secondary lobes are also much wider, shorter and less
pointed than inP.vidriensis Bose.

This species has been named for Mrs. Augusta H.Kemp, an en-
thusiastic teacher of science and a student of Texas geology.

Occurrence.— All specimens were collected by Mrs. Kemp from a
limestone member in the Arroyo formation, Clear Fork group,Per-
mian, 1mile east-northeast of the Abilene railway station, Taylor
County.

ryjoe.— Holotype in the Bureau of Economic Geology, The Uni-
versity of Texas.

PERRINITES VIDRIENSIS Bose

PL 26, figs. 8, 9; text fig. 63

Perrinites vidriensis Bose,1917, Univ. Texas Bull. 1762, p. 161, pi. 8, figs. 1-10:
pi. 9, figs. 1-10; pi. 10, figs. 1-20.

Description.— This large and common perrinitid is smooth sur-
faced, with three or four nearly straight constrictions, subglobose
shape, a high rounded venter, helmet-shaped cross-section, some-
what flattened sides which slope away from the umbilical shoulders
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toward the rounded venter, and a comparatively small, funnel
shapedumbilicus.

The proportions of the shell of two typical specimens from Glass
Mountains and one from north of Shafter, Presidio County, are
shown in the following measurements:

ABC
Diameter (D) 63.0 45.1 37.0 mm.
Height of last whorl (H) 34.7 25.1 19.0
Height of next to last whorl 20.5 17.2 12.6
Height of last whorl above venter 21.0 17.8
Involution (I) J 20.0 16.5
Thickness of last whorl (T) 25.5 25.0 20.0
Width of umbilicus (U) 14.2 11.8 5.7
Shell ratios of A—

U I T T— = 0.23 — = 0.57 — =0.73 — = 0.4
D H H D

A. Bur. Econ. Geol., B-363, Bose's specimen No. 11l from Glass Mts.
B. Bur. Econ. Geol., B-363, Bose's specimen No. V from Glass Mts.
C. Walker Museum Coll. No. 13199, from Presidio County (lent by

Dr. Stuart Weller).

The suture line is the most characteristic feature. It consists of a
ventral saddle, which has three secondary notch-like saddles oneach
side, a wide divided phylloid ventral lobe, five phylloid complex
lateral lobes on each side, and intervening lateral saddles. The
halves of the ventral lobe are divided into seven secondary lobes
which are further divided into two, three, or five narrow pointed
elements. The first lateral lobe is divided into nine pointed, bifid,
or trifid secondary lobes. The second and third lateral have seven
pointed, bifid, or trifid secondary lobes. The fourth has four or
five, and the fifth has three. The complexity of the secondary lobes
varies considerably with the size of the whorl. The larger outer
whorls have the more complex suture patterns.

Discussion.— This species is evidently intermediate in develop-
ment between P. compressus Bose and P. hilli (Smith). It has a
more complex suture line than P. compressus and one that is less
complex than P. hilli or P. gouldi, n. sp. Its umbilicus is more
funnel-shaped and its umbilical shoulders less pronounced than
P. compressus.

Occurrence.— All specimens in the Bureau collections referred
lo this species, except one, have come from the Leonard formation
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in the old clay slide 2 miles west-northwest of Iron Mountain,
Brewster County. One specimen marked "original" by Bb'se was
collected by Udden from the Leonard formation 3 miles north of
the old oil derrick on Wedin's (now Decie's) ranch west of Mara-
thon, Brewster County. Specimen No. 13199, Walker Museum,
was collected by Udden northof Shafter, Presidio County..

Types.— All the cotypes are at the Bureau of Economic Geology,
The University of Texas.

PERRINITES BEEDEI, n. sp.

PI. 26, figs. 6, 7

Perrinites, n. sp., Bose, 1917, Univ. Texas Bull. 1762, p. 201.

Description.— Bose published a preliminary discussion of this
species, and it is adopted for this description. The shell is semi-
globular, rather involute,and less curved on the flanks than on the
venter. The cross-section of the whorl is elliptical, a little broader
on the venter than at the umbilicus. The flanks are slightly curved
and pass imperceptibly into the strongly rounded venter. The um-
bilicus is narrow and deep, the umbilical border is rounded, the
wall is steep and rather broad. The fragments have furnished the
following measurements:

Diameter (D) _________ _ 30.0 mm.
Height of last whorl (H) 11.5?
Height of penultimate whorl ___.

Height of last whorl above venter 6.5
Involution (I)
Thickness of last whorl (T) ..19.0
Shell ratios—

T T_ — 1.65 _= 0.63
H D

No sculpture has been observed on the fragments of the casts,
nor do any constrictions show.

The sutures are closely spaced but are not contiguous. The
ventral lobe is wide and divided into two branches by the ventral
saddle. The ventral saddle is about four-fifths the length of the
first lateral saddle; it is moderately wide and has two branches on
each side, which areseparated by small, long secondary lobes. The
first lateral saddle is beautifully phylloid and has eight rounded
secondarysaddles, and the second lateral saddle has seven or eight.
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The first two lateral lobes are moderately narrow, V-shaped, and
are composed of eight simple,pointed secondary lobes. The speci-
mens areallpoorlypreservedand fragmentary, and the other lateral
elements in the suture can not be traced accurately. Part of the
internal suture shows on one fragment. It has a wide dorsal lobe
divided by a high wide tripartite dorsal saddle. The first lateral
lobe of this internal suture is narrow, rounded, and divided by
secondary saddles into at least three rounded secondary lobes.

Discussion.— This species belongs to the group of P. compressus
Bose and resembles that form in having two secondary saddles on
each side of its ventral saddle. It is distinguished from it, however,
by its longer, broader ventral saddle, its more globose form, its
lesser whorl height, and its smaller umbilicus. It has one less
secondary element in its ventral saddle than P. vidriensis Bose and
one more than P. cumminsi (White).

The specimens described by Bose were collected by Prof. J. W.
Beede during his geological work on the stratigraphy of Runnels
County, and these were turned over to Bose for identification. It
is fitting that this form should be named in honor of the collector.

Occurrence.— The specimens were found in a dolomite in the
Choza formation, Clear Fork group, Permian, on the east side of
Mule Creek, 2 miles south of Colorado River, western Runnels
County.

Types.— The cotypes are deposited in the Bureau of Economic
Geology, The University of Texas, and in Peabody Museum, Yale
University.

PERRINITES GOULDI, n. sp

PL 2,6, figs. 1-5

Perrinites, n. sp., Bose,1917, Univ. Texas Bull. 1762, p.26.

Description.— Shape of the shell is typical of forms of this genus.
The whorl is evolute, laterally compressed; the cross-esction is
semilunar, about twice as high as wide, and indented to about one-
half its height by the preceding whorl. The lateral and peripheral
areas are rounded and pass imperceptibly into one another, so
that the greatest width is at the umbilical shoulders. The umbilicus
is about one-sixth the diameter of the shell; it is deep and bounded
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by steep walls and rounded shoulders. The measurements of the
cotypes are as follows:

A B
Diameter (D) . __ 100.0 102,0 mm.
Height of last whorl (H) 50.0 58,0
Height of penultimate whorl 30.7 33.5
Height of last whorl above venter 27.5 30.5
Involution (I)"__ 24.0 30.0
Thickness of last whorl (T) 42.0 48.0
Thickness of penultimate whorl 26.5 30.0
Width of umbilicus (U) 13,0 15.0

Shell ratios of B—
U I T T_ -0.15 — = 0.52 — = 0.83 — = 0.47
D H H D

All the specimens are casts, and the surface sculpture is unknown.
The cast of the whorl is crossed by five distinct, but shallow,
constrictions. These cross the flanks in a nearly straight line and
bend backward in crossing the venter, forming a sinus, which at the
diameter of 100 millimeters is 10 millimeters deep and 15 milli-
meters wide.

The suture is complex. The ventral lobe is wide,slightly wider
than long,and cut by a wide ventral saddle, which is three-fourths
as long as the adjacent first lateral saddle. The ventral saddle is
characterized by four notches, which subtend four small though,
prominent secondary saddles on each side. The first lateral saddle
is phylloid and has eight distinct secondary saddles, all of which
are rounded and five are prominent and as wide as long, three are
small and short. The second, third, and fourth lateral saddles have
five or more secondary saddles, the fifth is simple or bifid, and the
sixth and last is simple. The lateral lobes are wide,V-shaped, and
pointed, and have pointed secondary lobes corresponding in num-

ber to the intervals set off by the secondary saddles of the adjaecnt
primary saddle.

Discussion.— Perrinites gouldi, n. sp., is easily distinguished
from P. vidriensis Bose and P. hilli (Smith) by the number of
secondary elements in its ventral saddle. P. vidriensis has three
secondary saddles on each side of the ventral saddle. P. gouldi
has four; P. hilli has five. Also this new species has five con-
strictions;P. vidriensis about three;and P. hilli has none that show
on the types.
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This form has been named for Dr. C. N. Gould, state geologist
of Oklahoma,and discoverer of the locality from which these speci-
mens were obtained.

Occurrence.— Acme dolomite, Blame formation, Double Moun-
tain group,upperPermian,north of the Acme CementMills,6 miles
west of Quanah, Hardeman County.

Types.— The holotype is deposited at the Bureau of Economic
Geology, The University of Texas; paratypes are at the geological
museum of Texas Christian University, and at Peabody Museum,
Yale University.

PERRINITES HILLI (Smith)

PL 27, figs. 1-4

Waagenoceras hilli Smith, 1903, U. S. Geol. Survey Mon. 42, p. 140, pi. 27,
figs. 1-3.

Perrinites hilli, BSse, 1917, Univ. Texas Bull. 1762, p. 160.

Description.— The shell is subglobose and laterally compressed;
the whorls are deeply indented to a little less than half their height
by the preceding whorl. The width of the umbilicus is about one-
tenth the diameter of the last whorl. The dimensions of the holotype
and two other specimens are as follows:

ABC
Diameter (D) 98 80.0 78.0 mm.
Height of last whorl (H) 53 42.5 39.0
Height of penultimate whorl 31 22.0 20.0
Height of last whorl above venter 24.0 23.01

Involution (I) 22 20.5 19.0
Thickness of last whorl (T) . 48 36.0 40.0
Thickness of penultimate whorl ..... 20.0 23.01

Width of umbilicus (U) 10 6.5 6.4
Shell ratios—

U I T T
A: — = 0.10 — =0.42 — = 0.90 — = 0.49

D H H D
U I T T

B: — = 0.08 — = 0.48 — = 0.85 — = 0.45
D H H D
U I T T

C: — = 0.08 — = 0.49 — =1.03 . — = 0.51
D H H D

A. Smith's holotype; measurements taken from Smith.
B. Topotype, same locality as A.
C. Specimen from San Andres formation, near Mountain Park, New

Mexico.
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All specimens are casts, and surface markings are consequently-
unknown. The casts show five sinuous constrictions on the last
whorl, and these bend sharply backward on the venter to form a
broad sinus.

The external suture is complex, consisting of thirteen phylloid
lobes and thirteen phylloid saddles, and a simple saddle on each
umbilical shoulder. The ventral lobe is divided by aventral saddle,
which is about half as long as the first lateral saddle. It is rounded,,
club-shaped, its end is notched by a long, broad notch, and its sides
carry five secondary saddles on each side, three of whichare prom-
inent, two obscure. The first lateral saddle is broad and large and
has seventeen secondary saddles, eight of which are rounded and
prominent and nine more obscure and pointed. The second lateral
saddle has twelve secondary saddles, eight rounded ones, and four
pointed. The third and fourth lateral saddles have about eight
rounded secondary saddles each. The fifth has five, and the sixth
three secondary saddles. There is also a lobe and a simple saddle
on the umbilical shoulder. The lobes are deeply indented by sec-
ondary saddles. In the first lateral lobe there are three trifid, three
bifid, and one simple branch. In the second lateral there are five
bifid and three simple branches. In the third lateral there are one
trifid, four bifid, and two simple branches. In the fourth, fifth,
and sixth lateral lobes all the branches are simple. The internal
suture is unknown.

Discussion.— The original types of this species were collected
by W.F, Cummins. One specimen was sentby him to Prof. Hyattof
Harvard University, who passed it on to J. P. Smith for identifica-
tion and description.

Occurrence.— This fossil was collected by Cummins from a dolo-
mite thought to be theequivalent of the Aspermont dolomite, Blame
formation, Double Mountain group, Permian, at the falls on Salt
Croton Creek, Stonewall County.

Types.— Holotype in the Department of Geology, The University
of Texas; plesiotypes in the Buerau of Economic Geology, and in
the geological museum of Texas Christian University.
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Clan Anthracoceratidea

This clan comprises ammonites having discoidal whorls with
sloping sides, narrow venters, small almost closed umbilici and in
the later forms, at least, large, sigmoidal, lateral saddles. One
radius is distinctly larger than the other. The members of the clan
evolved out of a primitive goniatite-like Gephuroceras.

Stratigraphic distribution and characters of families of the
clan Anthracoceratidea in Texas

Family Anthracoceratidae,n. fam.

The members of this family are compressed, flat-sided ammonites
having helmet-shaped cross-sections and unequal radii like those of
the Gonioloboceratidae. They are sculptured by very fine trans-
verse striae that bend forward on the venters. The suture lines are
primitive gastrioceran and characterized by a short saddle and a
long, wide ventral lobe. The first lateral saddles are long and
rounded. The sides may or maynot have a sulcus. The whorls are
higher and thinner, and the umbilicus narrower, than those of the
Gastrioceratidae.

This family comprises but a single genus

limorphoceratidae Pennsylvania!! Suture lines have an additional
rounded saddle intervening between
the ventral saddleand the first large
lateral saddle.

'Onioloboceratidae Pennsylvanian Suture lines have divided ventral
lobes and acutely pointedlinguiform
first lateral saddles.

.nthracoceratidae LowestPenn-
sylvanianand
Mississippian

Suture lines have divided ventral
lobes and long, rounded first lateral
saddles. Whorls have compressed
shape, unequal radii and strongly
forward-bending striae like othel
families of this clan.

GENUS AGE CHARACTERS

Anthracoceras Lower
Pennsylvanian

Compressed whorls, small umbilici;
noncrenulate, transverse striae.Freeh
Rounded lateral lobes.
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Genus Anthracoceras Frech 1899

Nomismoceras (Anthracoceras) Freeh, 1899, Lethaea Palaozoica, vol. 2, No. 2,
pp. 285, 337, 34.9, pi. 46-B, fig. 6 (No. 3, p, 479, footnote,1901; correction
of typographical error in description of fig. 6, pi. 46^-B).

Anthracoceras, Freeh, 1902, Beitr. Pal. Geol. Osterr.-TJng., vol. 14.
Anthracoceras, Bisat, 1924, Proc. Yorkshire Geol. Soc, vol. 20, p. 100.
Anthracoceras, H. Schmidt, 1925, Jahrb. preuss. geol. Landesanstalt, vol. 45,

p. 558.
Anthracoceras, H. Schmidt, 1929, Tierische Leitfossilien dcs Karbon, p. 74.
Anthracoceras, Bisat, 1930, Geol. Survey of Gr. Brit., Summary of Progress for

1929, pt. 3, p. 77.
Anthracoceras, H. Schmidt, 1933, Jahrb. preuss. geol. Landesanstalt, vol. 54,

p. 457.

This genus comprises compressed, narrowly umbilicate, finely
striate small ammonoids having shapes like Dimorphoceras, but a
much more primitive suture. The sculpture is like that of Beyrich-
oceras consisting of very fine evenly spaced transverse striae which
bend forward a little in crossing the venter. The umbilicus is small
and in some forms nearlyclosed. The suture line is the most char-

Fig.64.External suture line of Anthracoceras discus (Frech)

acteristic feature. It consists of a broad ventral lobe divided by a
short ventral saddle, a long rounded first lateral saddle, amedium-
tized rounded lateral lobe and a broad, rounded second lateral
saddle. It is distinguished from Beyrichoceras by its rounded
lateral lobe, from Homoceras by its rounded lobe and much smaller
umbilicus, from Cravenoceras by its rounded lobe, lesser thickness,
and narrower umbilicus. It resembles most in shape Dimorphoceras
but has a much simpler suture line.

Genotype, Nomismoceras (Anthracoceras) discus Freeh (text
fig. 64).

ANTHRACOCERAS WANLESSI, n. sp.

PI. 8, figs. 21-24

Description.— This species is characterized by its compressed
shape, narrow venter, small umbilicus, and delicate transverse
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growth lines, spaced about 20 in 2 mm. The proportions of a
typical shell are shown by the following measurements:

Diameter (D) 12,2 mm.
Height of last whorl (H) 0.8
Height of next to last whorl 4.6
Height of last whorl above venter '. 4.1
Thickness of last whorl (T) 6.5
Involution (I) 4.2
Width of umbilicus 2.6

Shell ratios—
U T T I— = 0.213 — = 0.53 — =8.125 — = 5.25
D D H H

The suture line is gastrioceran, but the saddles are broader and
the lobes narrower and less pointed than in the typical gastrioceran
suture. The externalportion of the suture line consists of a ventral
lobe divided into two partsby a ventral saddle, two broad rounded
first lateral saddles, two broad first lateral lobes, and broad short
second lateral saddles.

Discussion.— This finely sculptured compressed form which has
the shape of Dimorphoceras, but a more primitive suture line, is
fairly common in black limestone ledges over coal seam No. 2 in
Illinois,in the lower Strawn strata of Texas, and in the Cherokee
formation of Missouri. The descriptions and photographs are of the
Illinois specimens which are best preserved. The name is in honor
of Mr. H. R. Wanless of the Illinois Geological Survey who col-
lected and lent the types to the authors.

Occurrence.— Limestone overCoal No. 2, SE sec. 36, T. 6 N.,
R. 2 E., Fulton County,Illinois.

Types.— Cotypes are at the Illinois Geological Survey. Para-
lypes at the Bureau of Economic Geology, The University of Texas.

Family Gonioloboceratidae Spath 1934

This family is intended to include laterally compressed, involute
ammonoids having small umbilici, moderately thin, highly arched
venters and sides that slope gently from the umbilicus toward the
venter. The venters increase more rapidly in height per whorl than
those of the Gastrioceratidae, so that the whorl has an unsym-
metrical longitudinal cross-section in which the shorter radius is
about four-fifths of the longer. The family resembles the Aganididae
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in shape, and some paleontologists142 have believed that the goniolo-
hoceratids mayhave developed from the Aganididae.

The family is distinguished from the Aganididae by the ventral
portion of the suture line: the Aganididae have a pointed ventral
lobe; the Gonioloboceratidae a broad, rounded ventral saddle.

The suture line is characterized by a large angular lateral lobe,
anangular sinuous first lateral saddle, and a rounded second lateral
saddle.

This family comprises the following genera:

Stratigraphic distribution and distinguishing characteristics of
genera in the family Gonioloboceratidae

Genus Sagittoceras Hind 1918

Sagittoceras Hind, 1918, Geol. Mag., decade 6, vol. 5, p. 446.
Sagittoceras, Bisat, 1924, Proc. Yorkshire Geol. Soc, vol. 20, p. 82.
Dryochoceras Morgan, 1924, Oklahoma Bur. Geol. Bull. 2, p. 185.
Sagittoceras, A. K. Miller, 1934, Am. Jour. Sci., ser. 5, vol. 28, p. 31.

This genus was established by Hind to include compressed, dis-
coidal ammonoids having narrow, acute venters, small umbilici,
and suture lines somewhat resembling Gonioloboceras. The ex-
ternal suture is made up of a broad ventral lobe subdivided by a
moderately long ventral saddle; a fairly broad prominent, acute,
bluntly pointed, first lateral saddle; a broad angular first lateral

J. P., The Carboniferous ammonoids of America:U. S. Geol. Survey Mon. 42,
p. 124, 1903.

143The type of this genus is said to have come from the Kansas City group of upper Pennsyl-
vanian age and appears to be an immature Gonioloboceras. Mature representatives exhibiting the
characteristics of this genus, however, are found in the lower Pennsylvanian of Missouri and
Illinois.

GENUS AGE CHARACTERISTICS
Gonioglyphioceras,

n.gen.
* Upper

Pennsylvanian
Medium size. Angular first lateral
saddle. Grooved venter.

Gonioloboceras
Hyatt

Upperand
middle

Pennsylvanian

Large size. Large angular first
lateral saddle and lobe. Smooth or
nearly smooth venter.

Milleroceras143
Hyatt

Lower
Pennsylvanian

Small size. Smooth venter. More
rounded, less compressed shape.
Saddles narrowly rounded not
angular.

Sagittoceras
Hind

Lower
Pennsylvanian

and
Mississippian

Medium size. Venter very narrow,
acute.



Geology of Texas, Volume 111, Ammonites 325

lobe; and a broad, short, lateral saddle as shown in figure 65. The
genus is distinguished from Milleroceras and Gonioloboceras by its
acute venter, which is so narrow and acute that a transverse cross-
section of the whorl has the shape of an arrow head.

Genotype,Sagittoceras acutwm Hind (text fig. 65)

Fig. 65. External suture line of Sagittoceras acutum Hind

Age and characters of species of Sagittoceras

No species belonging to this genus have been reported from
Texas, and it appears to be extremely rare in other areas.

SAGITTOCERAS HATHAWAYANUM (McChesney)

PI. 33, figs. 14-16

Goniatites hathawayana McChesney, 18601. Descriptions of new species of
fossils from the Paleozoic rocks of the western states, p. 66.

Goniatites hathawayana McChesney, 1865, Plates illustrating in part the new
species of fossils from the Paleozoic rocks of the western states, pi. 3,
fig. 3.

Goniatites hathawayana McChesney, 1868, Trans. Chicago Acad. Sci., vol. 1,
p. 53, pi. 3, fig. 3,

Glyphioceras? hathawayanum, Smith, 1903, U. S. Geol. Survey Mon. 42, p. 64.

Haney
(Oklahoma)

S. brainerdi
(Morgan)

First lateral saddle long, acute,
narrowly rounded, inclined toward
the umbilicus.

/Isean
(Yorkshire,
England)

S. acutum
Hind

First lateral saddle long, acute,
not inclined.

Isean
(Belgium)

S. complicatum
(deKoninck)

First lateral saddle long, but tips
are pointed, as in 5. acutum.

fisean
(Belgium)

S. vesiculifer
(deKoninck)

Indistinct, spiral ridges or band
on the sides near the venter.

it.Louis
(Kentucky)

S.? limatum
(Miller and Faber)

Evidently a young form having a
narrow, somewhat acute, venter,
tentatively referred to this genus.

*ennsylvanian
(LaSalle,m.)

S. hathaway-
anum (McChesney)

Suture like S. acutum but ventral
saddle shorter; first lateral more
pointed.
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Description.— This rare fossil from the middle Pennsylvanian of
Illinois is discoidal in shape with flat sides, which slope from the
small, yetprominent, umbilicus to a very narrow venter, which ap-
pears to be arched, although the original description of the holo-
type mentions a narrow depression along the venter.

The plastotype furnishes the following measurements

Diameter (D) 46.0 mm.
Height of last whorl (H) 21.0
Height of next to last whorl 11.5
Thickness of last whorl (T) 9.6
Width of umbilicus (U) 6.0
Width of venter 0.8

Shell ratios—
U T T— = 0.13 — = 0.45 — = 0.21
D H D

The suture line consists of a long, broad, ventral lobe, divided
into two pointed halves by a short, broad, ventral saddle, a long,
pointed, sigmoidal lateral saddle, a smaller, pointed lateral lobe,
and a second rounded lateral saddle near the umbilicus.

Discussion.— This interesting species was collected at La Salle,
Illinois,by Miss Mary Hathaway in 1857 or 1858, and was de-
scribed by McChesney in 1860. The type was lost in the Chicago
fire when the Chicago Academy of Science collections and publica-
tions were burned. Fortunately James Hall had made a very good
cast of the holotype. The cast is now in the Hall Collection at the
University of Chicago. Dr. Stuart Weller kindly made it available
to the authors for study and reproduction. The shape and suture-
line pattern are clearly shown. The specimen ismuch thinner and
has a narrower and more keel-shaped venter than McChesney's
rather poor illustration indicates. The species differs from Goniolo-
boceras welleri Smith in having a much narrower venter, a shorter
ventral lobe, and narrow lateral lobes. It appears to be more
closely related to members of the genus Sagittoceras than to Goniolo-
boceras. The cast has a less sharply acute venter than S. brainerdi
(Morgan) from the Caney shale of Oklahoma, and its first lateral
saddles are more pointed. The cast, however, indicates that the
original specimen was considerably weathered, and possibly the
shape of the original mayhave been more acute. On the other hand,
it mayhave had,as McChesney suggests,

"
a linear depression." At
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any rate, the cast shows no sign of a furrowed venter, like Neodi-
morphoceras. The exact generic relations of this species, however,
are doubtful. One poor fragment of an ammonite (too poor to il-
lustrate) having a narrow venter and a portion of the ventral lobe
has been collected in Texas from the upper Mineral Wells forma-
tion and is referred tentatively to this species.

Occurrence.— The original holotype came from the shale over the
lower coal seam"more than 300 feet below the surface" at La Salle,
Illinois. A fragment possibly related to this species has been col-
lected from the Mineral Wells formation one-quarter mile north-
east of Union Hill School, Palo Pinto County.

Types.— Plastotype in Hall collection, Walker Museum (No.
13248), University of Chicago. Questionable plesiotype at the
Bureau of Economic Geology, The University of Texas.

Genus Millercoceras Hyatt 1900

Milleroceras Hyatt, 1900, in Zittel's Text-Book of Paleontology, cd. 1, p. 550.
Milleroceras, Smith, 1903, U. S. Geol. Survey Mon. 42, p. 127.
Milleroceras, A. K. Miller,1932, Jour. Pal., vol. 6, p. 69.

This genus includes discoidal, semi-elliptical ammonoids having
rapidly expanding whorls, slightly compressed sides, narrowly
rounded venters, and small deep umbilici. Their suture lines con-
sist of abroad ventral lobe flanked oneach side by two lateral sad-
dles and one lateral lobe. Both saddles and lobes are broad and
rounded as illustrated in figure 66. The ventral lobe takes up about
one-quarter of the external suture line and is divided by a very
short, broad, medium saddle.

The genus, according to Miller,is distinguished from Goniolobo-
ceras by its less strongly compressed conch, andby its more primi-
tive and less acuminate lobes andits morenarrowly rounded saddles.

Hyatt, at the time he erected Gonioloboceras with Goniatites
goniolobus Meek as the genotype, also erected Milleroceras with
the similarly shaped and more primitive Goniatites parrishi Miller
and Gurley as its genotype. Smith studied the two genera in 1903
and decided that Milleroceras was probably a young stage of
Gonioloboceras or Dimorphoceras and therefore not a valid genus.
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Girty,144 in 1915, confirmed Smith's conclusions regarding these re-
lationships and wrote the first complete description of Goniolobo-
eeras. Miller,145 in 1932, restudied the type of Milleroceras and
concluded that although it might be an immature form Goniolobo-
ceras, neverthless, mature forms existed in older formations which
possessed similar primitive characters, and accordingly Miller con-
cluded that it was best to retain the genus to represent forms inter-
mediate between Gonioloboceras and its Devonian progenitor Manti-
coceras.

Several immature specimens of Gonioloboceras welleri Smith,
found in the Graham formation of Texas, resemble closely Miller-
ocerasparrishi in size and inshape. One specimen is slightly weath-
ered, and the outer surface of the anterior portion of the cast has
been dissolved away. This eroded portionhas a suture exactly like
Milleroceras. The posterior portion is entire and has a suture line
like Gonioloboceras. It is possible that the holotype of M. parrishi

Fig. 66. External suture line of Millerocerasparrishi (Miller and Gurley)

in Walker Museum mayhave its outer portion evenly removed also,
so that the cast does not present a true exterior suture line. It is
significant that, out of all the collections of ammonites available
from the Kansas City group and the Graham formation,not a single
other good example of Milleroceras parrishi has been found, al-
though more than one hundred specimens of Gonioloboceras of
all sizes have been examined.

The validity of Milleroceras must remain doubtful, therefore,
until other specimens having a similar suture on entire whorls are
available.

Genotype, Goniatites parrishiMiller and Gurley (PL 33, figs. 12,
13; text fig. 66).

144Girty, G. H., The fauna of the Wewoka formation of Oklahoma: U. S. Geol. Survey Bull.
544, p. 261, 1915.

145Miller, A. X., A Pennsylvanian cephalopod fauna from south-central New Mexico:Jour. Pal.,
vol. 6, pp. 69-76, 1932.
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Two species are tentatively referred to this genus, though they
maybe immatureforms of Gonioloboceras.

Age and characters of species of Milleroceras

MILLEROCERASPARRISHI (Miller and Gurley)

PI. 33, figs. 12, 13; text fig. 66

Goniatites sp.?, Keyes, 1894, Missouri Geol. Survey, vol. 5, pt. 7, pi. 55, fig. 1.
Goniatites parrishi Miller andGurley, 18%, IllinoisState Mus. Nat. Hist. Bull.

11, p. 36, pi. 4, figs. 6-8.
Milleroceras parrishi, Smith, 1903, U. S. Geol. Survey Mon. 42, p. 127, pi. 16,

figs. 6-8.
Gonioloboceras parrishi,Girty, .1915, U. S. Geol.Survey Bull. 544, pp. 261, 262.
Goniolobocerasparrishi?, Girty, 1915, Missouri Bur. Geol. and Mines, ser. 2,

vol. 13, p, 364.
Milleroceras parrishi, A. K. Miller, 1932, Jour. Pal., vol. 6, p. 72, pi. 12,

figs. 5-7.

Description.— This small and somewhat doubtful species is a
moderately compressed, high, smooth-surfaced ammonite having
a small umbilicus and nearly flat sides, which slope from
the umbilical shoulders to the narrow, rounded venter. It is char-
acterizedby its suture line. The external portion consists of a very
broad ventral lobe divided by a short,broad,notched ventral saddle,
a broad, long, pointed lateral lobe, two long, rounded lateral
saddles, and an additional lobe on the umbilical wall.

The proportions of the genotype (Walker Mus. No. 6209) and of
a typical Texas specimen from half a mile east-northeast of Weedon
School, Brown County, are:

A B
Diameter (D)___. ___ _ 17.8 16.0 mm.
Height of last whorl (H) 1Q.1 10.0
Height of next to last whorl 6.4 6.0
Involution (I) _.__

Thickness of last whorl (T) 9.0 7.2
Width of umbilicus (U) 3.6 3.0
Shell ratios of A—

U T T— = 0.20 — =0.89 — = 0.505
D H D

SPECIES FORMATION CHARACTERISTICS

M.parrishi
(Miller and
Gurley)

Upper
Pennsylvanian,
(Kansas City,
Missouri)

Small size. Small umbilicus.
Primitive suture line with broad
rounded lateral lobe and broad
rounded saddles.

M. minusculum
A.K.Miller

UpperPennsylvanian,
(Tularosa,

New Mexico)

Small size. Surface marked by
transverse constrictions. Angular
lateral lobe and subangular, nar-
rowly rounded first lateral saddle.
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Discussion.— This species was first described in 1896 by Miller
and Gurley, from a specimen collected from the Kansas City for-
mation near Kansas City. It was studied again in 1903 by J. P.
Smith who concluded that it was probably the youngof Goniolobo-
ceras or Dimorphoceras. Miller146 in 1932 also examined the type
and stated he was convincedMilleroceras developedout of the stock
represented by Manticoceras of the upper Devonian. He illustrated
the sutures of the three genera Manticoceras, Milleroceras, and
Gonioloboceras, and concluded Milleroceras parrishi was a valid
species.

The authors have studied and photographed the type and are in-
clined to think that the rounded first lateral saddles maybe due to
weathering and removal of a small portion of the outside of the
cast. If this is true it is quite likely that M.parrishi is the young
of Gonioloboceras welleri.

Occurrence.— Kansas City formation, Kansas City, Missouri;
and Graham formation half a mile east-northeast of Weedon School,
Brown County, Texas.

Types.— Holotype at Walker Museum (No. 6209), University of
Chicago. Plesiotypes at Bureau of Economic Geology, The Uni-
versity of Texas.

Genus Gonioloboceras Hyatt 1900

Gonioloboceras Hyatt,1900, in Zittel's Text-Book of Paleontology,cd. 1, p. 551.
Gonioloboceras, Girty, 19*15, U. S. Geol. Survey Bull. 544, p. 261.
Gonioloboceras, A. K. Miller and Cline, 1934, Jour.Pal., vol. 8, p. 176.

This genus includes subdiscoidal ammonoids that are circular in
outline and distinctly flattened laterally, rounded ventrally and
deeply embracing to about one-third their height. The surface of
the shell in most immature specimens shows fine growth striae
that disappear as the shell approaches maturity. The um-
bilicus is narrow or nearly closed. The suture line consists of a
very broad W-shaped bifid ventral lobe, divided by a long ventral
saddle, which in turn is notched at its forward end by a short
siphonal groove; two large, acutely pointed first lateral saddles;
two long, wide, V-shaped first lateral lobes; and two wide, short,

M6Miller, A. X., A Pennsylvanian cephalopod fauna from south-central New Mexico: Jour.
Pal., vol. 6, p. 72, 1932.
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rounded second lateral saddles. All the lobes and saddles except
the second lateral saddle are strongly angular.

The genus is distinguished from Milleroceras by its generally
larger, more circular whorls, its flatter sides,and the more pointed
lobes of its suture line.

Genotype, Goniatites goniolobus Meek (PL 34, figs. 6—B; text

%. 67).

Fig. 67. External suture line of Gonioloboceras goniolobus (Meek)

The following species in the authors' collections have been as-
signed to this genus:

Age and characters of species of Gonioloboceras

GONIOLOBOCERAS WELLERI Smith

PL 33, figs. 10, 11;PL 34, figs. 1-5

Gonioloboceras welleri Smith, 1903, U. S. Geol. Survey Mon. 42, p. 125, pi. 20,
figs. 9-11, pi. 21, figs, 1-6.

Gonioloboceras welleri, Smith, 1927, U. S. Geol. Survey Prof. Paper 141, pi.
20, figs. 1-3.

SPECIES FORMATION CHAXACTERISTICS

G. goniolobus
(Meek) (PL34,
figs. 6^-8)

Upper
Pennsylvanian
(NewMexico)

Compressed whorl. Angular
ventral lobe indented by very
short ventral saddle. Lateral
lobes and first lateral saddle
angular.

G. welleri
Smith

Graham,
upper

Pennsylvanian

Compressed whorl.Wide rounded
ventral lobe indentedby a short
saddle. Umbilicus narrower than
other species.

G. gracellenae
A.K. Miller
& Cline

NellieBly and
CaddoCreek,

upper
Pennsylvanian

Compressed whorl. Medium
width, rounded ventral lobe, very
similar to that of G. welleri.

G. bridgeportense,
n.sp.

LowerGraford,
middle

Pennsylvanian

Compressed whorl. Wide ventral
lobe. Wider venter than other
species.
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Description.— The shell is discoidal, circular in outline with
smooth flattened sides; rounded, unsculptured venter; and narrow
umbilicus. The whorl is involute, indented to more than one-third
of its height by the preceding whorl. Very young forms, at a
diameter of 12 millimeters or less, have three or four prominent
backward-leaning constrictions crossing the venter. These constric-
tions are obscure on the flanks and disappear as the whorl ap-
proaches maturity. The external suture line consists of a very
broad, W-shaped, ventral lobe indented to one-half its length by a
broad, rounded, ventral saddle; a pair of long, sharply pointed,
sigmoidal lateral saddles; a V-shaped,sharply pointed, lateral lobe;
and a rounded, wide, second lateral saddle. The internal suture
line consists of a narrow, dorsal lobe and a pair of longU-shaped
internal lateral saddles on each side. Typical specimens furnish
the following measurements:

A B
Diameter (D) 51.0 69.0 mm.
Height of last whorl (H) 28.8 40.0
Height of penultimate whorl 11.5 15.7
Height of last whorl ahove venter 19.5 25.0
Involution (I) . 11.3 15.0
Thickness of last whorl (T) 15.6 19.0?
Thickness of penultimate whorl 9.7?
Width of umbilicus (U) 4.8 7.0
Shell ratios—

U I T T
A: — =0.09 — =0.39 — = 0.54 — =0.31

D H H D
U I T T

B: — = 0.10 — = 0.375 — = 0.475 — = 0.28
D H H D

Discussion.— Gonioloboceras welleri Smith is one of the com-
monest of the upper Pennsylvanian ammonoids and is represented
by more than 75 specimens in The University of Texas collections.
The venter in all specimens is rounded, and no groove is present
even on the largest specimens. .

J. P. Smith states that at maturity the venter is angular and
slightly furrowed. He must have confused Gonioloboceras welleri
with a nonseptate specimen of Neodimorphoceras texanum (Smith)
which occurs with it and is similar in outward appearance except
for its grooved venter. This error lead A.K.Miller to place Gonio-
loboceras welleri in his new genus Gurleyoceras.
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This species differs from G. gracellenae A. K. Miller and Cline
and G. bridgeportense, n. sp., in its larger umbilicus, greater pro-
portional thickness, and closer spacing of its suture lines. It differs
from G. goniolobus (Meek) in its lesser proportional thickness, its
flatter sides, and its more circular outline. It resembles also
Sagittoceras hathawayanum (McChesney) from LaSalle, Illinois.
The type of S. hathawayanum was lost in the Chicago fire of 1877,
but aplastotype preserved in the Hall Collection inWalker Museum
shows that the suture line is similar to that of Gonioloboceras wel-
leri, but that the venter is much narrower and much less evenly
rounded. It is possible that this shape may be due in part to poor
preservation,and since no other specimen with such anarrow venter
has been found, the exact status of this older species is questionable.

Occurrence.— Gonioloboceras welleri was originally described
from Montgomery County, Illinois. It occurs in Texas, in the upper
Graham formation 1mile west of Graham; southwest of South
Bend, Young County; 1mile south of Gunsight, Stephens County;
and 1mile northwest of Mitchell Crossing, Coleman County.

Types.— Holotype at Leland Stanford, Jr., University; Texas
plesiotypes at Bureau of Economic Geology, The University of
Texas.

GONIOLOBOCERAS GRACELLENAE A. K. Miller and Cline

PL 33, figs. 5-9

Goniolobocerasgracellenae A. K. Miller and Cline, 1934, Jour.Pal., vol. 8. p.
175, pi. 28, figs. 14-18.

Description.— This species was originally described from the
Nellie Bly formation of Oklahoma. It is a discoidal shell having
sides that slope gently from a point of greatest breadth near the
umbilicus to the ventral area. The venter is smooth and bears no
furrow up to a diameter of 45 millimeters. The only ornamentation
is a trace of the fine growth striae on the surface of freshly broken
fragments. The umbilicus is small and outlined by a gently fluted
shoulder. Typical specimens from southeast of Jacksboro, Texas,
show the following dimensions:



334 The University of Texas Bulletin No. 3701

A B
Diameter (D) __ _1 43 58.8 mm.
Height of last whorl (H) 27 34.3
Height of penultimate whorl 17.2
Height of last whorl above venter __ ..„ 22.5
Thickness of last whorl (T) 15 19.5
Thickness of penultimate whorl 13.0
Involution (I) 15.0
Width of umbilicus (U) 4 4.6

Shell ratios of B—
U I T T— = 0.08 — =0.44 — =1.13 — = 0.33
D H H D

The suture is composed of two pointed lobes and two pointed
saddles on each side of the broad, semiquadrate, notched ventral
lobe. The first lateral saddle is broadest and deepest; the ventral
saddle and second lateral areabout equal in size.

Discussion.— G. gracellenae A. K. Miller and Cline is inter-
mediate in phylogenetic development between G. bridgeportense,
n. sp., and G. welleri Smith, with consequent close resemblance to
both. Differences in proportion are presented by the table under
G. bridgeportense, n. sp. G.gracellenae is slightly more compressed
than G. welleri,its sides are slightly more flattened, and its venter is
rounded and slightly wider. The saddles and lobes of the suture of
G. gracellenae are somewhat more angular than those of G. welleri
and less angular than those of G. goniolobus. This is especially
noticeable in the sutural elements closest to the umbilicus, as would
be expected,since in most ammonoids the ventral saddles and lobes
are in a higher stage of evolution than those toward the umbilicus.
Gonioglyphioceras gracile (Girty) from the Wewoka has a much
sharper and narrower venter, which is furrowed at a young age; its
ventralsaddle is much narrower.

Occurrence.— The species was first described from the Nellie Bly
formation of Oklahoma. In Texas it occurs in a shale outcrop in a
cut along Rock Island Railroad, just east of the viaduct on the
Mineral Wells-Jacksboro highway, 3% miles southeast of Jacksboro,
Jack County, below Jacksboro limestone in basal part of Graham
formation, Cisco group.

Types.— Plesiotypes at Bureau of Economic Geology, The Uni
versity of Texas.
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GONIOLOBOCERAS BRIDGEPORTENSE, n. sp.

PL 33, figs. 1-4

Description.— This interesting new species has a discoidal whorl,
about twice as high as wide, a medium-sized umbilicus, a narrow
and evenly rounded venter. The greatest width of the shell lies
about one-third the distance between the umbilicus and venter, and
from this point the sides converge gently toward the venter. The
proportions are shown by the following measurements:

A B
Diameter (D) 44.0 60 mm.
Greater radius : 25.0 35.0
Lesser radius 19.0 25.0
Height of last whorl 23.0 32.4
Height of penultimate whorl 11.0 15.4
Height of last whorl above venter 12.0 25.0
Involution (I) 11.0 13.5
Thickness of last whorl (T) 13.0 16.2
Thickness of penultimate whorl 5.2 10.01

Width of umbilicus 3,15 7.5?

Shell ratios—
U I T T

A: — = 0.07 — = 0.48 — = 0.57 — =0.30
D H H D
U I T T

B: — = 0.125 — = 0.42 — = 0.50 — = 0.27
D H H D

The surface of the shell is smooth, without striae, grooves, or
nodes. The external suture line is characteristic of the genus. The
ventral lobe is broad, almost quadrate, and indented in the center
by a notch that divides it into halves. The first lateral lobe is
slender, long, and pointed. The first lateral saddle is long, wide,
and pointed, about twice as large as the first lateral lobe, and its
point is directed toward the umbilicus. The second lateral lobe is
broad and pointed, about the same width as the first lateral saddle
but about half its length. The internal suture line has not been
seen.

Discussion.— G. bridgeportense, n. sp., resembles most closely
G. gracellenae A. K. Miller and Cline but differs in its wider um-
bilicus, its broader ventral saddle, and its more pointed sutures.
From G. welleri Smith it is readily distinguishedby itsmorerounded
venter, its thicker whorl, and its narrower umbilicus. The suture
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lines of G. bridgeportense aremore widely spaced than those of G.
welleri. Its ventral area isbroader than that of Gonioglyphioceras
gracile (Girty) and bears no groove; its shell surface lacks any
form of ornamentation. Its suture line is more primitive than that
of Gonioloboceras welleri or G. gracellenae.

The proportions of all four forms are shown in the following
table:

U/D T/D T/H
Gonioloboceras welleri 0.09 0.34 0.61
Gonioloboceras bridgeportense 0.07 0.301 0.52
Gonioloboceras goniolobus 0.07 0.34 0.56
Gonioglyphioceras gracile 0.07 0.25 0.52

Occurrence.— Clay pit in north edge of Bridgeport, Wise County,
in the clay below the Willow Point limestone, Graford formation,
Canyon group.

Types.— Holotype and paratypes at Bureau of Economic Geology,
The University of Texas.

Genus Gonioglyphioceras,n. gen.

Gurleyoceras A. K. Miller, 1932, Jour. Pal., vol. 6, p. 76,

This genus includes discoidal or subdiscoidal ammonoids having
rapidly expanding whorls, strongly compressed, flattened sides,
narrowly rounded venter, and deeply involute whorls like Goniolo-
boceras but having a venter that is marked by a distinct longi-
tudinal furrow. The umbilicus is small and bordered by rounded
umbilical shoulders. The suture line is somewhat more primitive
than Gonioloboceras having less acuminate lobes and saddles. The
external suture line consists of a broad ventral lobe divided by
abroadrounded saddle,notched at the top and havingnearly paral-
lel sides. The first lateral saddles are long,bluntly pointed, and in-
clined toward the umbilicus. The first lateral lobe is long, broad,
and rounded; the secondlateral saddle is broad, short, and rounded;
the second lateral lobe is short, pointed, and located on the um-
bilical shoulder as illustrated in figure 68.

The genus Gurleyoceras was designated by A. K.Miller in 1932
to include ammonoids like Gonioloboceras but having a distinct
ventral furrow. Unfortunately Miller was misled by Smith's de-
scription into believing that G. welleri has a furrow on the venter.
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The holotype as illustrated by Smith has no furrow, and over 100
other specimens of all sizes from the samehorizon as the type fail to
show a single distinctly furrowed specimen. Miller not only in-
cluded G. welleri inhis new genus, Gurleyoceras,but unfortunately
made it the genotype. He, however,mentioned the furrowed forms,
Gonioloboceras gracile Girty and Gonioloboceras discoidale Bose
as other members of his new genus, and it is clear that he intended
the furrowed venter to be a diagnostic character.

It isapparent,therefore,that the genus Gurleyoceras with Goniolo-
boceras welleri as the genotype is misleading, and in large partit is
congeneric with Gonioloboceras. It seems preferable, therefore, in
order to avoid confusion, to follow Miller's good intentions and to
separate the forms with a furrowed venter into a separate genus,
Gonioglyphioceras, and to designate Gonioloboceras welleri var.
gracile Girty, a typical furrowed form, as the genotype (text
fig. 68).

The following species are included:
Gonioglyphioceras gracile (Girty)
Gonioglyphioceras discoidale (Bose)

Fig. 68. External suture line of Gonioglyphioceras gracile (Girty)

Family DimorphoceratidaeHyatt

Dimorphoceras Hyatt (pars), 1884, Proc. Boston Soc. Nat. Hist, vol 22, p. 330.
Dimorphoceratidae Hyatt (pars),1900, in Zittel's Text-Book of Paleontology,

p. 552.

This family includes discoidal ammonoids having compressed
whorls with sides that slope toward the venters, narrow, rounded
venters with or without furrow, a narrow umbilicus, and a suture
line like Goniatites but having an extra small saddle on each side
of the venter intervening between the ventral saddle and the large
first lateral saddle. This intervening small saddle maybe regarded
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as having developed outof, and to be a secondary element indenting.,
the first lateral lobe. Members of this family resemble those of the
Gonioloboceratidae in shape and in sculpture but differ in having
the extra secondary small saddles described above. The phylogeny
of the Dimorphoceratidae also is quite different. The Goniolobocera-
tidae evidently developed through Aganides or some similar gonia-
tite. The Dimorphoceratidae, on the other hand, developed from a
homoceran resembling in shape and sculpture Adelphoceras. It is
certain from a study of the immature whorls that these two sim-
ilarly shaped ammonoids are not phylogenetically related and do
not belong in the same family.

Stratigraphic distribution and distinguishing characters of genera
in the family Dimorphoceratidae

Genus Dimorphoceras Hyatt 1884

Dimorphoceras Hyatt, 1884, Proc. Boston Soc. Nat. Hist., vol. 22, p. 331.
Dimorphoceras, Holzapfel, 1889, Pal. Abh., vol. 5, p. 38..
Dimorphoceras, Foord and Crick, 1897, Cat. Foss. Ceph. Brit. Mus., pt. 3,

p. 219.
Dimorphoceras, Haug, 1898, Miem. Soc. geol. France, vol. 7, No. 18, p. 109.
Dimorphoceras, Smith (pars), 1903, U. S. Geol. Survey Mon. 42, p. 126.

These involute ammonoids have compressed whorls about twice as
high as wide and a small nearlyclosed umbilicus, which is bordered
by subrounded, slightly beveled shoulders. The surface of the shell
bears very delicate transverse striae, which bend forward near the
umbilicus,backward on the sides, and forward on the latero-ventral
shoulder. The genus is distinguished especially by its suture, which
consists of the following elements: (1) a ventral lobe divided by
a median saddle, and having each division further subdivided by a

small saddle; (2) a narrow, long, and, rounded lateral saddle;
(3) a long, rounded lateral lobe, which on some forms is divided
by a small saddle; (4) a broad and undivided umbilical saddle.

GENUS AGE CHARACTERISTICS

Neodimorphoceras
Schmidt

UpperandMiddle
Pennsylvania!!

Arched venter with or without
furrow. Small secondary saddle
two-thirds as long, or as long
as, ventral saddle; large first
lateral saddle angular.

Dimorphoceras
Hyatt

Lower Pennsyl-
vanianand

Mississippian

Arched venter. Secondary sad-
dle less than one-half as long
as ventral lobe; large principal
first lateral saddle rounded.
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The suture of the genotype is reproduced in figure 69. The internal
suture consists of a tongue-shaped dorsal lobe flanked, on each
vide by narrow, V-shaped lateral lobes.

Genotype, Goniatites gilbertsoni Phillips (text fig. 69).

Fig. 69. External suture line of Dimorphoceras gilbertsoni (Phillips)

DIMORPHOCERAS POLITUM (Shumard)

PL 40, figs. 10-14

Goniatites politus Shumard, 1858, Trans. St. Louis Acad. Sci., vol. 1, p. 199.
Goniatites politus, Keyes, 1894, Missouri Geol. Survey, vol. 5, p. 221.
Goniatites? politus, Smith, 1903, U. S. Geol. Survey Mon. 42, p. 142.

Description.— This rather small, closely coiled, narrowly um-
bilicate, compressed, finely sculptured ammonite has a complex
suture and delicate sculpture. Fine, sinuous, transverse striae spaced
about six in two millimeters bend forward on the sides and back-
ward on the venter forming broad, deep lobes as they cross the
periphery.

Typical specimens have the following proportions:

ABC
Diameter (D) , 28 + 10.7 11.0
Height of last whorl (H) 14 + 7.0 6.0
Thickness of last whorl (T) 7.3 4.4 4.0
Involution (I) .... 3.2
Width of umbilicus (U) 2.0 1.0 1.2
Shell ratios of B—

U I T T— = 0.093 — = 0.45 — = 0.63 — = 0.41
D H H D

A andB. From sec. 36, T. 43 S., R. 27 W., Henry County, Missouri.
C, From Carroll County, Missouri (Walker Museum No. 1312).

The suture line consists of a broad ventral lobe separated into
two parts by a moderately long ventral saddle; each half of the
ventral lobe is further subdivided by a small pointed secondary
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saddle into short rounded secondary lobes, the outer of which is
slightly larger than the inner. The rest of the suture line consists of
a long, broad, rounded lateral saddle, a long V-shaped lateral lobe,
and a broad, short, rounded second lateral saddle which extends
in a broad curve into the small umbilicus.

Discussion— This shell resembles very closely in size, shape,
sculpture, and aspect of its suture line Dimorphoceras gilbertsoni
(Phillips) described from Yorkshire,England, by Phillips just 100
years ago and since made the type of the genus Dimorphoceras by
Hyatt. If the American species is not conspecific with D. gilbert-
soni it must be very closely related to it.

The species both in England and America is found in dense,
black siliceous limestones, where the delicate sculpture and irrides-
cent hues of its beautiful thin shell delight the collector, who is
fortunate enough to find one of these rather rare specimens.

Occurrence.— This interesting form occurs in the Carboniferous
of Yorkshire, in the Cherokee shale in Henry and Carroll counties,
Missouri (Walker Museum No. 1312), and in the lower Pennsyl-
vanian at Danville, Illinois (Walker Museum No. 11305). Frag-
ments of similarly sculptured shells found in the Smithwick shale
in McCulloch County, Texas, have been tentatively referred to this
genus.

Types.— Plesiotypes are at the Bureau of Economic Geology,
The University of Texas, and at Walker Museum (No. 1312),
University of Chicago. The original holotype appears to have been
lost. A topotype received in exchange from Shumard by Gurley is
deposited in Walker Museum. The holotype of D. gilbertsoni is in
the BritishMuseum (N.C. 249).

Genus Neodimorphoceras H. Schmidt 1925

Dimorphoceras, Smith (pars), 1903, U. S. Geol. Survey Mon. 42, p. 126.
NeodimorphocerasH. Schmidt, 1925, Jahrb.preuss. geol. Landesanstalt (1924),

vol. 45, pp. 512, 600.
Neodimorphoceras, Schindewolf, 1934, Afah. Gesell. Wiss. Gb'ttingen, Math.-

Phys. XL, Folge 3, Heft 10, p. 164.

The genus Neodimorphoceras has a compressed, involute,nearly
smooth shell with greatest thickness at the narrow umbilicus. The
surface of the conch has very fine, obscure, curving lines of growth
in the form of minute striae. The narrow venter of some mature
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forms is occupied by a distinct, median groove or furrow like
ihose of Gonioglyphoceras. The suture, however, furnishes definite
distinguishing characteristics. The complete suture line consists of
three internal lobes, six external lobes, and two umbilical lobes
(fig. 70). The ventral lobe is broad, short, and subdivided into four
pointed divisions by three short,rounded saddles. Themiddle saddle
is broad and is indented by two small secondary elements in the
form of small narrow saddles. The first lateral saddle is long, wide,
pointed, and inclined toward the umbilicus. The first lateral lobe is
long, narrow, rounded, and contracted in its posterior part. The
second lateral saddle is broad and rounded. The internal suture
consists of a tongue-shaped, dorsal lobe with a pointed, lateral lobe
on each side. The sutures are spaced close together and nearly
impinge on each other along the sides of the external lateral saddles.

Fig.70. External suture line of Neodimorphocerastexanum (Smith)

Smith147 and Girty148 referred upper Pennsylvanian forms from
Wewoka, Oklahoma, and from Graham, Texas, to the genus Dimor-
phoceras.

The principal large lateral saddle of Dimorphoceras texanum
Smith is sharply pointed and sigmoidal, whereas the suture of the
genotye of Dimorphoceras and all Lower Carboniferous forms
have rounded large first lateral saddles. The secondary lobes and
saddles arealso proportionately longer in later forms than in typical
Dimorphoceras. Schmidt149 believed that these differences consti-
tuted sufficient generic differences to warrant the erection of his
genus Neodimorphoceras. He states also that phylogenetically the

147Smith, J. P., The Carboniferous ammonoids of America: U. S. Geol. Survey Mon. 42,
p. 126, 1903."8Girty, G. H., The fauna of the Wewoka formation of Oklahoma: U. S. Geol. Survey Bull.
544, p. 259, 1915.

140Schmidt, H., Die carbonischen Goniatiten Deutschlands:Jahrb. preuss. geol. Landesanstalt,
vol. 45, p. 600, 1925.
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two forms maynot be closedly related. Smith150 has accepted also
this new genus.

Since Neodimorphoceras texanum and its allies occur only in
the middle and upperPennsylvanian and Dimorphoceras gilbertsoni
and its relatives in the Lower Pennsylvanian and Mississippian, it
seems that their generic separation is warranted.

Genotype, Dimorphoceras texanum Smith (PL 35, figs. s—B;
text fig. 70).

The following species have been assigned to this genus

Age and characters of species of Neodimorphoceras

NEODIMORPHOCERAS TEXANUM (Smith)

PL 35, figs. 5-8; text fig. 70

Dimorphoceras texanum Smith, 1903, U. S. Geol. Survey Mon. 42, p. 126, pi.
20, figs. 12-15,

Neodimorphoceras texanum, H. Schmidt, 1925, Jahrb. preuss. geol. Landes-
anstalt (1924), vol. 45, pp. 512, 600.

Texites texanus, Smith, 1927, U. S. Geol. Survey Prof. Paper 141, pi. 20,
figs. 4-7.

Neodimorphoceras texanum, Smith, 1929, Am. Jour. ScL, ser. 5, vol. 17, p. 67.

Description.— J. P. Smith151 describes the type as follows: "Shell
discoidal compressed, involute, with narrow umbilicus, flattened
sides, and greatest breadth at the umbilical shoulders. Venter
narrow, flattened, angular, and slightly furrowed at maturity, but

looSmith, J. P., The transitional Permian ammonoid fauna of Texas: Am. Jour. Sci., ser. 5,
vol. 17, p. 67, 1929.

151Smith, J. P., The Carboniferous ammonoids of America: U. S. Geol. Survey Mon. 42,
p. 126, 1903.

[. texanum
(Smith)

Upper
Pennsylvanian

Prominent ventral furrow.

f. plummerae,
n. sp.

Upper
Pennsylvanian

Prominent ventral furrow. Propor-
tionately thicker, and having propor-
tionately wider umbilicus. Lateral
lobe broader, less pointed than N.
texanum.

. oklahomae
(Girty)

Middle
Pennsylvanian

No prominent ventral furrow. Nar-
rower ventral saddle and pointed in-
stead of rounded first small lobe, and
longer second small lobe distinguish
it from N. lenticulare.. lenticulare

(Girty)
Middle

Pennsylvanian
No ventral furrow.
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rounded in youth. The surface is free from sculpture and orna-
mented only with lines of growth."

Dimensions of specimen figured

Diameter (D) 54 mm.
Height of last whorl (H) 32;
Height of penultimate whorl . 22
Width of last whorl (T) 13
Involution (I) 10
Width of umbilicus (U) 3
Shell ratios—

U I T T— = 0.06 — = 0.31 — =0.41 — = 0.24
D H H D

"The septa consist of a ventral lobe, divided by abroad notched
siphonal saddle; and the pair of external lobes thus formed are
divided asecond timeby anarrow,spatulate saddle; abroad pointed
lateral lobe; and another lobe somewhat similar on the umbilical
shoulder. Inside the involution,there is a long, narrow, tongue-
shaped, antisiphonal lobe flanked by a pair of shorter laterals.
There are thus six external lobes, apair on the umbilical shoulders,
and three internal,eleven in all."

Occurrence.— Smith had only one specimen from which to make
his description. This species has since proved rather common,
though foundusually in a fragmentary condition. Altogether about
twenty specimens have been collected from the following localities
in the Graham formation, Cisco group: south side of Bass Hill in
west edge of town of South Bend, one-half mile southwest of South
Bend on west side of prominent hill,Young County, and at north
end of Mars Hill1mile southeast of Graham, Young County; and
1mile south of Gunsight, Stephens County.

Types.— Holotype at the Museum of Comparative Zoology, Har-
vard University; plesiotypes at Bureau of Economic Geology, The
University of Texas.

NEODIMORPHOCERAS PLUMMERAE, n. sp

PL 35, figs. 1-4

Description.— Shell strongly involute, discoidal, greatest thick-
ness near the umbilicus,so that the sides converge ventrally. The
umbilicus is shallow, small, but distinct, and the walls slope gently
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from the umbilical shoulder. The holotype is about the same size as
that of N. texanum (Smith) and furnishes the following measure-
ments:

Diameter (D) 56.0 mm.
Height of last whorl (H) 35.0
Height of penultimate whorl 15.0
Height of last whorl above venter 20.7
Involution (I) 14.3
Thickness of last whorl (T) 19.0
Thickness of penultimate whorl 7.8
Width of umbilicus (U) 4.0
Shell ratios—

U I T T_ = 0.07 — = 0.41 — = 0.54 — = 0.34
D H H D

The sides of the shell are marked by very fine striae, which are
spaced about seven in five millimeters. The venter of mature speci-
mens bears a prominent groove, which is well-developed at a
diameter of 18 mm. The immature whorls have rounded venters.

The suture line is like that of the genotype. The ventral lobe
consists of four denticulate secondary lobes separated by rounded
saddles. The middle saddle is marked by a very small central notch.
The first lateral saddle is large,sigmoidal, and angular. The lateral
lobe is restricted posteriorly and narrowly rounded. A broadly
rounded saddle lies on each side of the small umbilicus.

Discussion.— This species is intermediate between the older form,
N. oklahomae (Girty), and the younger, N. texanum (Smith).
Consequently all three show resemblances, and a careful compari-
son is necessary to distinguish them. The shell ratios of the four
species are as follows:

U/D T/D T/H
N. plummerae ■ 0.07 0.34 0.54
N. oklahomae 0.10 0.40 0.63
N. texanum 0.06 0.24 0.41
N. lenticulare 0.11 0.42 0.73

Inaddition to slight differences inshape as indicated by the above
proportions, N. plummerae, n. sp., has a wider umbilicus than
Ar. texanum; its whorls expandmore rapidly, it is proportionately
wider at the umbilicus, its venter is somewhat narrower, and the
slopes of the sides toward the venter are steeper. The ventral groove
of N.plummerae is a little broader and deeper and develops at an
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earlier age (18 mm.diameter) than onN. texanum (25 mm. diame-
ter). The broad lobe on the middle of the flank in TV. plummerae
is a little broader and a little less pointed than inN. texanum; the
first lateral saddle is also a little broader and more blunt. N. len-
iiculare (Girty) 152 has amuch wider ventral saddle, and the other
elements of the sutures of both N. lenticulare and N. oklahomae
arenarrowerand much longer than inN.plummerae. Furthermore,
the two Oklahoma forms are broader in proportion to their diame-
ters, the sides are much less flattened, and up to a large size,
in one at least to a diameter of 40 mm., they possess no ventral
groove.

The writers are indebted to F. R. Schenck of Prairie Oil and Gas
Company for generously allowing them the use of the type that he
collected.

Occurrence.— This species occurs in the cut along Rock Island
Railroad Ifyz miles southeast of Jacksboro, just east of the viaduct
on the Mineral Wells-Jacksboro highway, and at other localities in
the shales in the lower Graham formation of the Pennsylvanian.

Types.— Holotype andparatypes at Bureau of Economic Geology,
The University of Texas.

NEODIMORPHOCERAS LENTICULARE (Girty)

PI. 35, figs, 9-11

Dimorphoceras lenticulare Girty, 1911, New York Acad. Sci. Ann., vol. 21,
p. 152.

Dimorphoceras lenticulare, Girty, 1915, U. S. Geol. Survey Bull. 544, p. 259,
pi. 35, fig. 1.

Description.— Like other members of the genus, this species is
discoidal, with high, all-embracing whorls, and a narrowumbilicus.

The flanks are flattened and converge gently from the thickest
partof the whorl near the umbilicus toward the venter. The venter
is rounded and narrow. No furrow is visible on the venter of the
two fragments in the collections. Both, however, are badly weath-
ered, and it is possible that better specimens would show a slight
furrow as in other species of the genus. The two fragments have
the following measurements:

152Girty, G. H., Fauna of the Wewoka formation of Oklahoma: U. S. Geol. Survey Bull. 544,
p. 259, pi. 35, fig. 1, 1915.
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A B
Diameter (D) : Jb 33.0 mm.
Height of last whorl (approximate) (H) 13.8
Height of last whorl above venter 54.0
Length of fragment 15.2 13.8
Thickness of fragment near the umbilicus (T) 12.01

Tmckness of fragment near the venter S7.01 18.8
Involution (I) ~ 5.0
Width of umbilicus (U) -- 3,5

Shell ratios of B—
U I T T— = 0.11 — = 0.27 — = 0.73 — = 0.42
D H H D

The specimens are casts and show no sculpture or ornamentation
of any kind. The suture conforms well to the general characters of
the suture of Neodimorphoceras texanum, the type of the genus. The
ventral saddle, however, is more deeply excavated and distinctly
more lobate than is common in species of the genus. The first
lateral saddle is angular,more so than in any of the related species,
and is deeply excavated. The second saddle is similar to the first
but slightly shallower. Branches of the ventral lobe areasymmetric-
ally divided by deep, linguiform saddles. The ventral point ismuch
shorter than the dorsal one and is rounded at the top. The dorsal
point is narrow, long,and sharply pointed. Its dorsal margin anas-
tomoses with the ventral side of the first lateral saddle of the pre-
ceding pattern in a manner characteristic of o^her species of the
genus. The first lateral lobe is broad and pointed and does not
appear to possess any distinguishing features. The lobe at the um-
bilical border is not preserved, and the internal suture cannot be
studied.

Discussion.— This species is easily distinguishable from any of
the other known species of this genus. It has a higher and thinner
whorl section than N. texanum (Smith). The ventral saddle of its
suture line ismuch more deeply excavated and is more lobate, and
the first lateral saddle is much more sharply pointed. In N. tex-
anumthe points of the ventral lobe areof nearlythe samelength, and
they are divided by a secondary saddle almost as deep as the ventral
saddle. In this species the dorsal points of the ventral lobe are
much longer and more pointed than the others, and the saddle
separating the two points is only half as long as the ventral saddle.
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Occurrence.— The types come from the EastMountain shale of the
Mineral Wells formation fromEast Mountain at Mineral Wells, and
from the east end of Barbers Mountain southwest of Mineral Wells,
Palo Pinto County.

Types.— Holotype in the collections of the Geological Survey,
Washington, D. C. Plesiotypes at Bureau of Economic Geology,
The University of Texas.

NEODIMORPHOCERAS OKLAHOMAE (Girty)

PL 34, figs. £-11

Dimorphoceras oklahomae Girty, 1911, New York Acad. Sci. Annals, vol. 21
p. 152.

Dimorphoceras oklahomae Girty, 1915, U. S. Geol. Survey Bull. 544., p. 260,
pi. 35, fig. 2.

Description.— This rare species has a narrow compressed whorl
with the greatest thickness at the umbilicus, ahigh narrow venter,
and uniformly sloping sides. The venter is without groove, and the
surface, as far as known, is unsculptured. A single fragment con-
sisting of a little more than half a whorl has been collected. This
fragment furnishes the following approximatemeasurements:

Diameter (D) 40.0 mm.
Height of last whorl (H) I 20.0
Height of last whorl above venter 13.6
Involution (I) 7.0
Thickness of last whorl (T) 11.1
Thickness of venter... 4.0
Width of umbilicus (U) 5.5

The external suture consists of abroadcomplex ventral lobe com-
posed of four narrow pointed small secondary lobes, which are sep-
arated by narrow rounded secondary saddles, a wide long pointed
principal lateral saddle, a long wide narrowly rounded principal
lateral lobe, and a broad rounded second lateral saddle.

Discussion.— This species is easily distinguished from Neodi-
morphoceras texanum (Smith) by its smooth ungrooved venter and
from N. lenticularc (Girty) by its small, pointed, first secondary
lobe.

The venter of this Texas specimen is narrower and its sides flatter
than those illustrated in the cross-sectional drawing of the Oklahoma
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specimen described by Girty. The suture lines of the two are simi-
lar, and it is thought that the two are conspecific, although the
Texas specimen comes from a somewhat higher stratigraphic
position.

Occurrence.— The specimen was collected from a thin limestone
ledge in the top of the Gaptank formation 5 miles northeast of
Wolf Camp, Glass Mountains,Brewster County.

Types.— Girty's type of this species is in the collections of the
U.S.Geological Survey,Washington, D.C. Plesiotype at the Bureau
of Economic Geology, The University of Texas.

Clan Aganididea

This clan includes discoidal, involute, somewhat compressed am-
monites with sides that slope from the umbilical area to the rather
narrow, rounded venter, and with radii of distinctly unequal lengths
like those in the Anthracoceratidea but differs from that clan in its
suture line. The suture lines of members of this clan evolved from
an early aganidid suture characterized by a narrow, V-shaped or
tongue-shaped undivided ventral lobe. In later forms the suture
line evolves into patternshaving narrow, divided ventral lobes and
serrate first laterals.

Age and character of families in the clan Aganididea

Family Aganididae Smith 1903 (emend.)

Aganididae Smith, 1903, U. S. Geol. Survey Mon. 42, pp. 24, 27, 58, 112.

This family is restricted to include only aganidid genera having
long, rounded, undivided ventral lobes; otherwise, members of the
family have the characters described for the clan. Their shells are
discoidal involute; the greatest thickness is at the umbilical shoul-
ders. The radii are distinctly unequal in length, the umbilici are

"halassoceratidae
Permian and

upper
Pennsylvanian

Suture lines have divided ventral
lobes and serrate lateral lobes.

ganididae
Pennsylvanian,
Mississippian,

and
i^ "

Suture lines have narrow,undivided
ventral lobes.
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small, the venters are narrow and rounded, and the lateral saddles
are broad and rounded.

Stratigraphic distribution and characters of the genera in the
family Aganididae

Genus Aganides de Montfort 1808

Aganides de Montfort, 1808, Conchyliologie systematique, vol. 1, p. 30.
Brancoceras Hyatt, 1884, Proc. Boston Soc. Nat. Hist., vol. 22, p. 325.
Brancoceras, Foord and Crick, 1897, Cat. Foss. Ceph. Brit. Mus., pt. 3, p. 131.
Aganides, Haug, 1898, Mem. Soc. geol. France, vol. 7, No. 18, p. 39.
Aganides, Freeh, 1902, Beitr. Pal. Geol.Osterr.-Ungarns, vol. 14, p. 74.

This genus includes involute forms with somewhat compressed
whorls with smooth sides, rounded venters, and narrow umbilici.

Fig.71. External suture line of Aganides rotatorius (deKoninck)

The genus is especially characterized by its external suture line
which has a deep narrow, spatulate undivided ventral lobe, a single
broad, pointed, V-shaped lateral lobe, and two rounded lateral
saddles. It resembles in shape a compressed specimen of Goniatites,
and its lateral suture line also resembles that of the same genus.
It is easily distinguished, however,by its long, narrow,pointed, un-
divided ventral lobe. No true representatives of this genus have
been found in Texas, and the genus appears to be confined to the
Devonian and lower Mississippian, where it is best known from the
specimens found at Rockford, Indiana. Minute specimens having

eoaganides Upper
Pennsylvanian

Minute shells. Undivided, narrow.
U-shaped ventral lobe, rounded lateral
lobes directedtowardumbilicus, 2broad
rounded nearly equal sized latera]
saddles.

ganides Mississippian
Large shells. Undivided tongue-shaped
ventral lobe,narrow long pointedlatera]
lobe and 2 broad rounded unequal
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anaganidid shape and a suture line somewhat resembling Aganides
occur in the upper Pennsylvanian at several localities and mayhave
descended from Aganides; these have been described under the
generic name Neoaganides. The genus Aganides is described and
illustrated for the sake of comparisons with its upper Pennsylvanian
relatives.

Genotype,Ammonites rotatorius de Koninck (text fig. 71).

Genus Neoaganides, n. gen.

This genus is established to include some minute upper Pennsyl-
vanianammonoids that have an aganidid shape and primitive suture,

line unlike anyother Pennsylvanian form. The whorls arediscoidal,
somewhat compressed ellipsicones with narrow, rounded venters,
nearly smooth sides, and closed umbilici. All the specimens are
small, never more than 10 millimeters in diameter, and most of
them have a living chamber. The external suture line is character-

Fig.72. External suture line of Neoganides grahamensis, n. sp.

ized by a long, narrow, rounded, ventral lobe, a slightly rounded
lateral lobe which is narrow posteriorly and broad anteriorly. The
first lateral saddle is long, broad, and spatulate in shape. The
second lateral saddle isbroad and short.

Genotype, Neoaganides grahamensis, n. sp. (PI. 40, figs. 4—9;,
text fig. 72).

NEOAGANIDES GRAHAMENSIS, n. sp.

PI. 40, figs. 4-9; text fig. 72

Description.— The shells of this species are closely coiled ellipsi-
cones slightly less compressed than thosebelonging to the ancestral
genus Aganides. The outstanding feature of all specimens is the
rapid increase in whorl height. Another distinguishing character is
the living chamber which is always a little less than a whorl length.
The umbilicus is closed and the umbilical area on some specimens
is marked by faint broad sigmoidal ribs, which disappear near the
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middle of the flanks but are noticeable again on the ventro-lateral
area. The specimens are all small. Typical examples furnish the
following measurements:

A B
Diameter (D) 6.3 10.0 mm.
Greater radius 3.8 6.5
Lesser radius 2.5 3.5
Height of last whorl (H) 3,7 6,5
Height of penultimate whorl 2,0 2.5
Height of last whorl above venter 2.2 4.5
Involution (I) ._ 1.4
Thickness of last whorl (T) 3.0 4.5
Thickness of penultimate whorl 2,0 2.9
Width of umbilicus (U) 0.0 0.0

Shell ratios—■

U I T T
A: — = 0.00 — = 0.39 — = 0.82 — = 0.48

D H H D

U T T
B: — = 0.00 — = 0.69 — = 0.45

D H D

The ventral lobe is long,narrow, and rounded posteriorly. The
lateral lobes arebroad anteriorly, narrow posteriorly and distinctly
rounded. The first lateral saddles are long, broad, and spatulate.
The other saddles are broad and short. The internal suture is
unknown.

Discussion.— The species is fairly abundant at most ammonite
localities in the Graham formation. It has escaped notice until
recently, however, on account of its very small size.

Occurrence.— Specimens have been found at a number of out-
crops in the shale at the bottom of the Graham formation. The
species is frequent in the Rock Island Railroad cut 3% miles south-
east of Jacksboro, Jack Countys.l% miles east of Caddo, Stephens
County; one-eighth mile north-northeast of Weedon school, Brown
County; and one-half mile southwest of South Bend, Young County.

Types.— The types are deposited in the Plummer Collection, The
University of Texas.

Family Thalassoceratidae Hyatt 1900

This family of ammonoids includes forms having involute, lat-
erally compressed, highly arched whorls with narrow, rounded
venter. The surface of the shell is smooth or ornamented with fine
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striae. The suture lines have serrate or notched lobes except in
primitive forms.

The following genera are included: Thalassoceras Gemmellaro,
Prothalassoceras Bose,Ussuria Diener, and Sturia Mojsisovics. Only
Prothalassoceras is known within the Permo-Carboniferous strata
of Texas.

Genus Prothalassoceras Böse 1917

Prothalassoceras Bose, 1917, Univ. Texas Bull. 1762, p. 102,
Thalassoceras (Prothalassoceras), Smith, 1929, Am. Jour. Sci., ser. 5, vol. 17,

p. 76,
Prothalassoceras, A.K. Miller, 1930, Jour. Pal. vol. 4, p. 408.

This genus includes forms like Thalassoceras having smooth, more
or less flat sides that converge ventrally, a rounded venter, a small
and nearly closed steep-sided umbilicus, and a suture line that is
characterized by lobes that are serrate posteriorly. The saddles are
rounded not lobate, and the lobes have unindented sides.

The ventral lobe is broad and divided into two branches by a
short, broad ventral saddle, which isnotched at the center, straight-
sided,and undivided. The posterior end of each half of the ventral
lobe is subdivided into five to sevenserrations.

The first lateral lobes in most specimens have five serrations.
The lateral saddles are broad, short, evenly rounded, and without
divisions.

The internal suture consists of a long narrow non-serrate dorsal
lobe flanked by broad U-shaped saddles, and followed laterally by
short, rounded, non-serrate lobes, a broad rounded saddle and a
small rounded lobe on the umbilical wall.

The genus Prothalassoceras includes the following species:

Age and characters of species in the genus Prothalassoceras

P. gemmellaroi
(Karpinsky)

Permian

Small subglobose whorls, rounded
sides. Suture lines separated by dis-
tance equal to three-quarters the
length of the lobes. Halves of ven-
tral and first lateral lobe subdivided
into 4 serrate points.

P. welleri
Bose

Lower
Permian

Large subglobose whorls; small um-
bilicus. Seven serrate notches on
posterior and sides of each half of
ventral lobe.
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Genotype, Prothalassoceras welleri Bose (PL 36, figs. I—3; text
fig. 73a).

PROTHALASSOCERAS KINGORUM A.K.Miller

PI. 36, figs. 7-16

Prothalassoceras texana Scott and Plummer, 1930, Bull. Geol. Soc. Am., vol. 41,
p. 104 (abstract).

Prothalassoceraskingorum A. K. Miller,1930, Jour. Pal., vol. 4, p. 407, pi. 39,
figs. 10-13,

Description.— Specimens assigned to this species are small but
well preserved. The coil is globose and strongly involute, the sides
are somewhat flattened; the venter is broadly rounded and meets
the flanks at indistinct angles. The whorls are broader than high
and broadest at the umbilical rim. They increase rapidly in height,
so that relatively few convolutions compose the coil. The umbilicus
is deep and narrow with almost perpendicular walls, which meet
the flanks at sharp angles. Two typical specimens furnish the fol-
lowing measurements:

A B
Diameter (D)..... 10.0 5.6 mm.
Height of last whorl (H) . 5.7 3,55
Height of penultimate whorl 2.05
Height of last whorl above venter
Involution (I) — 1.2
Thickness of last whorl (T)____ 6.21 5.36
Thickness of penultimate whorl — 3.47
Width of umbilicus (U) 1.0 0.2

153Smith's drawing shows only three serrate points on the lobe. He describes it as weakly
serrate.

P. keytei
(Smith)

Upperand
middle

Pennsylvania!!

Subglobose, with somewhat natter
sides than P. kingorum and fewer
notches153 on the ventral lobe. May
be immature of P. kingorum.

P. caddoense,
n.sp.

Upper
Pennsylvanian

Compressed, with flat sides and dis-
tinct angular ventro-lateral area.
Suture lines close together or in con-
tact in umbilical area. Larger um-
bilicus.

P. kingorum
A.K.Miller

Upperand
middle

Pennsylvanian

Subglobose. Six serrate notches in
eachhalf of ventrallobe; suture lines
spaced at moderate distances apart.



354 The University of Texas Bulletin No. 3701

Shell ratios of B—
U I T T— = 0.03 — = 0.33 — =1.50 — — 0.95
D H H D

A. Rock Island Railroad cut 3% miles southeast of Jacksboro, Jack
County.

B. Northward-facing slope one-half mile east-northeast of WeedonSchool, Brown County.

The surfaces of the casts have no constrictions or other ornamen-
tation. The sutures are well separated, and each lies along a rela-
tively straight line from the venter to the umbilical wall. The broad
ventral lobe is divided into two branches by a narrow saddle as
long as the first lateral. The two lobes thus formed are long, broad
at the forward end, and marked by at least six points, some of which
lie on the side of the lobe. The first lateral lobe is slightly broader
at the base than at the top and is not so high as the branches of
the ventral lobe. Its posterior end is marked by at least six points,
of which those toward the umbilical side are higher than those
toward the ventral margin. A short lobe lies on the umbilical wall.
The first lateral saddle is narrow,long,and rounded at the posterior.
The second lateral is long,broad, and rounded.

The internal suture is not clearly defined, but it comprises three
internal lobes and apparently broadly rounded saddles.

Discussion.— This species is much less discoidal than P. welleri
Bose, though this may be due partly to the youthful age of the
specimens. The sutural elements are much longer than those of
either P. welleri orP.gemmellaroi (Karpinsky). P. keytei (Smith)
is a very immature specimen and difficult to study from figures.
P. kingorum is comparatively rare— only about ten specimens alto-
gether have been discovered, and most of these are either frag-
mentary or very young forms.

Occurrence.— Lower Graham formation, Cisco group, from an
outcrop along the Rock Island Railroad 3% miles southeast of
Jacksboro in Jack County,and 1% miles east of Caddo in Stephens
County. In west Texas it has been found in the Gaptank formation
4%miles S. 15° E. of Lenox,Brewster County.

Types.— Holotype in Peabody Museum, Yale University. Plesio-
types at Bureau of Economic Geology, The University of Texas.
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PROTHALASSOCERAS CADDOENSE, n. sp.

PL 36, figs. 4-6

Description.— The shell is globose, with venter and flanks broadly
rounded. It is exceedingly involute. The whorls are broader than
highand deeply embracing. The umbilicus isnarrow, almost closed,
and its periphery is indistinct. The greater width of the whorls is
found about one-third the distance from theumbilicus to the venter.

At the junction of the flank and the venter is a spiral ridge with
faint depressed areas on each side. The margins of these depressed
areas give the effect of additional indistinct spiral ridges which,
however, cannot be clearly discerned.

The striae of growth are rather coarse in comparison to the size
of the shells and are very sinuous. On leaving the umbilicus they
lean backward but turn forward as they approach the spiral ridge.
They again turn sharply backward as they cross the venter. Upon
crossing the spiral ridges some of the striae are more prominent
than elsewhere and give a suggestion of faint tubercles. A typical
specimen furnishes the following measurements:

Diameter (D) 4.6 mm.
Height of last whorl (H) 3,0
Height of penultimate whorl 1.7
Height of last whorl above venter 1.5
Involution (I) 1.5
Thickness of last whorl (T) 2.7
Thickness of penultimate whorl 1.6
Width of the umbilicus (U) 0.9

Shell ratios
—

U I T T— = 0.19 — =0.5 — = 0.9 — = 0.58
D H H D

The suture lines are closely spaced and primitive in structure.
They lean perceptibly backward in crossing the broad venter. The
lobes are narrow and faintly serrate at the top, but it is not pos-
sible to count the number of points (possibly 3). The saddles are
entire, broad, and shallow. The ventral lobe ismuch narrower than
in most species of the genus, and the ventral saddle by which it is
indented is broader. Consequently, the two parts of the ventral lobe
are quite narrow. All the lobes arenarrower and less serrate than
is the rule in the genus, whereas the corresponding saddles are
shallower and broader.
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Discussion.— This new species is easily separated from all species
of the genus except P. keytei (Smith)154 of the Uddenites zone of
west Texas. The sutures of these two species are closely similar.
The sidesof the shell,however, are flatter, the ventro-lateral shoulder
is more marked and the suture lines are much closer together than
inP.keytei. Smith says that the umbilical wall ofP.keyteiis steep;
that in P. caddoense is not. The writers' specimens and the one
figured by Smith are very nearly of the same size, and comparative
measurements are easily made. Smith's specimen, however, is sep-
tate throughout, whereas most of the central Texas forms have parts
of the living chambers.

Occurrence.— Graham formation just above the Home Creek lime-
stone one-half mile east-northeast of Weedon school, Brown County,
and 1% miles east of Caddo, Stephens County.

Types.— Cotypes, Bureau of Economic Geology, The University
of Texas.

PROTHALASSOCERAS WELLERI Bbse

PL 36, figs. 1-3; text fig. 73a

Prothalassoceras welleri Bb'se, 1917, Univ. Texas Bull. 1762, p. 104, pi. 5,
figs, 14-18.

Description.— This species is the largest of the thalassoceratids in
Texas. It is subglobose, somewhat compressed in shape, with a
small umbilicus marked by a gentle depression rather than by angu-
lar shoulders. The surface of the shell is nearly smooth with only
very faint growth lines appearing near the umbilicus. The cross-
section of a whorl is U-shaped, flaring dorsally, and indented just
one-third of its height by the preceding whorl.

Measurements of the holotype are as follows:
Diameter (D) 47.5 mm.
Height of last whorl (H) 30.8
Height of penultimate whorl 17.8
Height of last whorl above venter 2:0.0
Involution (I) 23.7
Thickness of last whorl (T) 24.0
Thickness of penultimate whorl 15.5
Width of umbilicus (U) 3.0
Shell ratios

—
U I T T— = 0.06 — = 0.77 — = 0.78 — = 0.5
D H H D

154Smith, J. P., The transitional Permian ammonoid fauna of Texas: Am. Jour. Sci., ser. 5,
vol. 17, p. 76, fig. B, 14-16, 1929.
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The suture lines are well separated from each other and consist
of a ventral lobe divided into two parts by a ventral saddle, a
lateral lobe and two lateral saddles. A second lateral lobe occurs
on the umbilical wall. This latter element,however, can not be seen
on the holotype. The ventral lobe is broad and each half is serrate
with at least seven notch-like divisions, which occur both on the
end and sides of the lobe.

Discussion.— This species is rare, and only two or three speci-
mens have been collected. It is easily distinguished, however, from
the 'somewhat commoner and smaller Pennsylvanian forms by its
larger size and large number of divisions in its ventral lobe and
ventral saddle.

Occurrence.— The species occurs in the Wolfcamp formation of
lower Permian age about 2% miles north-northeast of Decie's
ranch (formerly Wedin's ranch) near the base of the escarpment,
Brewster County.

Types.— The holotype and one or two paratypes are at the Bureau
of Economic Geology, The University of Texas.

Genus Thalassoceras Gemmellaro 1888 (emend.)

Thalassoceras Gemmellaro, 1888, Giorn. Soc. Sri. nat. econ., vol. 19, p. 67.
Thalassoceras, Karpinsky, 1889, Mem. Acad. imp. Sci. St. Petersbourg, ser. 7,

vol. 37, p. 80.
'

Thalassoceras,Bose, 1917, Univ. Texas Bull. 1762, p.102.

The emended genus, as now defined, includes subdiscoidal deeply
involute whorls, which are narrow at the venter and have rounded
sides that become more nearly flat at maturity. The genus is char-
acterized by its external suture line which consists of a long,broad,
ventral lobe divided into two digitate lateral lobes oneach side and
three pairs of lobate lateral saddles. Bose pointed out that the
lateral lobes are divided into two dentate halves by a deeper inden-
tation in the middle, and that all typical specimens possessed
strongly scalloped saddles.

Gemmellaro erected this genus to include smooth, subglobose,
involute whorls with high, semilunar cross-sections, and charac-
terized especially by broad, serrate, complex ventral and lateral
lobes. Bose in 1917 emended the genus by restricting the definition
to include only upperPermian species having complex ventral and
first lateral lobes like the genotype, Thalassoceras phillipsi Gemmel-
laro. At the same time he erected a new genus Prothalassoceras to
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include the Pennsylvanian and lower Permian species having a
simpler ventral lobe and simple serrate first lateral lobes like Pro-
thalassoceras welleri Bose, which he named as genotype.

The lobes of Thalassoceras are more divided, more digitate, and
more highly developed than those of Prothalassoceras, whose lobes
may be described as serrate at the posterior edges and undivided
along the sides. The lateral lobes of Thalassoceras have seven or
moresecondary elements; the lateral lobes of Prothalassoceras have
in most species not over five secondary lobes,and these areconfined
to the posterior end of the lobe. The suture lines of the two genera
are shown in figure 73.

Genotype, Thalassoceras phillipsi Gemmellaro (text fig. 736)

Fig. 73.External suture lines of Prothalassoceras welleri Böseand
Thalassoceras phillipsi Gemmellaro

The work of Karpinsky, Smith, and Bose now makes it possible
to trace the development of Thalassoceras from Aganides through
Prothalassoceras into Ussuria of the Triassic. This genus, therefore,
constitutes the upperPennsylvanian-lower Permian link in another
long chain of ammonoid evolution. The following species of Thalas-
soceras have been recognized: T. phillipsi Gemmellaro,, T. vari-
cosum Gemmellaro. None of these species occurs in Texas.

Clan Paralecanitidea
This clan is established for that group of Permian and Triassic

ammoniteshaving thin,disc-shaped whorls and flat, nearly parallel
sides, which are generally, although not in all species, sculptured
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by transverse ribs. The suture line, in its earlier stages at least, is
gastrioceran, but in later and more highly developed forms gen-
erally develops additional elements either in the form of new lobes
and saddles or of serrations. The members of the clan somewhat
resemble inshape the Prolecanitidae,but the evolution of the suture
line and sculpture are entirely distinct from this latter family. The
following families that occur in Texas have been placed tentatively
in this group:

Age and characters of the families in the clan Paralecanitidea

The phylogeny of the families of this clan have not been worked
out satisfactorily, and this group should not be classed as a clan,
since its members are most certainly polyphyletic. The exact rela-
tionships of the Cibolitidae to the Paralecanitidae, for example,
are not clear, and they may not be even related. The same con-
tentionmight also be made for the Paraceltitidae, although it seems
more likely that some of the ribbed Paralecanitidae may have been
derived from a prolecanitid, as some have guessed. The members
of Eupleuroceras and Hoffmannia are placed in this group simply
because of their discoidal, widely umbilicate, and strongly ribbed
resemblances and not because of well-understood relationships.

Family Hoffmanniidae, Spath 1934

This family includes discoidal, compressed, evolute, widely um-
bilicate ammonoids having prominent transverse ribs, subcircular
cross-sections and a suture line that reaches the Adrianites stage of
development in most highly developed forms. The family is dis-
tinguished from other ribbedPennsylvanian ammonoids of similar

abolitidae
Triassic and

upper
Permian

Discoidal widely umbilicate whorls
with thin, high venters. Sides without
ribs and with simple suture lines.

'aralecanitidae Permian
Discoidal, widely umbilicate whorls
with thin, high venters, ribbed sides,
and a simple gastrioceran suture.

'araceltitidae
Permian

andupper
Pennsylvanian

Discoidal, widely umbilicate evolute
whorls with prominent lateral ribs
which do not cross venter. Gastrioce-
ran suture line.

[offmanniidae
Permian and

upper
Pennsylvanian

Compressed, strongly ribbed, widely
umbilicate ammonites. Transverse ribs
extend completely across venter.
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suture by its subcircular section and almost lack of indentation of
inner whorl into encircling ones,and by the fact that the transverse
ribs are fine and cross the sides and venter, nearly completely
encircling the shell.

Stratigraphic distribution and distinguishing characters of Texas
genera of the family Hoffmanniidae

Genus Prehoffmannia, n. gen.

A minute,discoidal, compressed, evolute ammonite sculptured by
strong transverse ribs occurs in the Graham formation of the upper
Pennsylvanian which resembles closely in shape and sculpture Hoff-
mannia of the upper Permian. Its suture line is unknown. Since,
however,Hoffmannia has a highly developed, adrianitid suture line,
it is regarded as most probable that the suture line of this Graham
species, if the suture line were observable, would be less developed
and probably in the gastrioceran or paralegoceran stage. Because
of its close resemblance in sculpture and shape to Hoffmannia it is
believed possible that the rare species may be an ancestor and is
named, therefore, Prehoffmannia.

Genotype,Prehoffmannia milleri,n. sp. (PL 37, figs. 16, 17).
PREHOFFMANNIAMILLERI,n. sp.

PI. 37, figs. 16, 17

Description.— This rare, minute form is discoidal, compressed,
widely umbilicate, strongly ribbed, non-septate, and has the follow-
ing proportions:

Diameter (D) 6,3 mm.
Height of last whorl (H) 2,5
Height of last whorl above venter 1.8
Involution (I) __. '. 0.7
Thickness of last whorl (T) . 2.1
Width of umbilicus (U) --.-.2.3
Shell ratios—

U I T T_ —
0.37 — = 0.28 — = 0.84 — = 0.33

D H H D

GENUS AGE CHARACTERISTICS

Hoffmannia Permian
Small, compressed, evolute strongly
ribbed forms with a suture line like
Adrianites.

Prehoffmannia
Upper

Pennsylvania!!
Small, compressed evolute strongly
ribbed forms thought to have a more
primitive suture line than Adrianites.
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The umbilicus is broad and shallow. The sculpture consists of
strong, simple rounded ribs, which curve very little in crossing the
sides and venter and are spaced about twelve in five millimeters or
at distances apartabout equal to twice the width of the ribs. Alto-
gether there are about thirty-eight ribs to the whorl. The specimen
is small, rather poorly preserved, and no suture lines are shown.

Discussion.— No other similar species isknown from the Pennsyl-
vanianof Texas. It is smaller, somewhat more compressed, and has
a wider umbilicus than Pericyclus blairi Miller and Gurley from
Missouri. Its ribs also curve much less in crossing the venter than
do those of Miller and Gurley's type.

Occurrence.— This species was found with typical Uddenites
schucherti zone fossils at the base of the Graham formation 1%
miles east of Caddo, Stephens County.

Type.— Holotype at Bureau of Economic Geology, The University
of Texas.

Genus Hoffmannia Gemmellaro 1888

Adrianites (Hoffmannia) Gemmellaro, 1888, Giorn. Soc. Sci. nat. econ.,
Palermo, vol. 19, p. 47, Append., p. 18.

This genus includes small, thin,evolute ammonites characterized
by numerous, closely set, narrow,prominent, transverse ribs, which
extend completely across the sides and over the narrow venter. The
cross-sectionis nearly circular, indented only slightly on the dorsal
area. The whorls expand slowly laterally so that the shape of the
shell resembles a small coil of ribbed string. The external suture
line is like that of Adrianites and consists of a ventral lobe indented
by a small ventral saddle and flanked by five or six pairs of lateral
lobes and five or six pairs of rounded lateral saddles.

Gemmellaro regarded the form as a subgenus of Adrianites,and
Freeh followed his usage. Mojsisovics155 suggested that the two
forms should be separated. The shape, sculpture, and associations
of this form are so distinctly different from those of Adrianites,
that it appearsunlikely that the two genera are closely related. The
genus resembles somewhat Eupleuroceras of the upper Pennsyl-
vanian of Oklahoma. Eupleuroceras, however, has no transverse
ribs on its venter and has a distinct keel. It resembles slightly also

155Quoted by Gemmellaro, G. G., La fauna dei calcari con Fusulina della valle del fiume
Sosio nella provincia Palermo: Giorn. Soc. Sci. nat. econ., vol. 19, Append., p. 19, 1888.
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very young forms of Paraceltites but has a more circular cross-
section, finer,more even, transverse ribs, and a different suture line.
The following species belong to this genus:

Characters of species of the genus Hoffmannia

Genotype, Adrianites (Hoffmannia) hoffmanni Gemmellaro (text
%" 74).

Fig.74. External suture line ofHoffmannia hoffmanni (Gemmellaro)

HOFFMANNIA FISHERI, n. sp.

PL 37, figs. 22, 23

Description.— -This small, beautifully sculptured species has a
thin, discoidal evolute whorl, very wide umbilicus and a nearly
circular cross-section. The surface is characterized by its prominent
fine, highly elevated, narrow, transverse ribs which extend com-
pletely across the sides and ventral portions of the whorl. The last
whorl at diameter eight millimeters has ten transverse ridges within
a length of five millimeters. The next to the last whorl at a diam-
eter of seven millimeters has twelve ridges in the same distance.
The dimensions and proportions of the different parts of the whorl
are given in the following table:

Diameter (D) 8.5 mm.
Height of last whorl (H) - 2.7
Height of next to last whorl 1.6
Height of last whorl above venter 2,0
Involution (I) 0.7
Thickness (T) 2.3
Width of umbilicus (U) 4.0

SPECIES CHARACTEKIS TICS

H. burgensis (Gemmellaro) Transverse striae bend forward on sides;
spaced about 20 in 5 mm.

H. hoffmanni (Gemmellaro) Transverse ridges straight; coarser on sides
than on venter; spaced about 8 in 5 mm.

H. fisheri,n. sp. Transverse ridges nearly straight; spaced 10
in 5 mm.
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Shell ratios—
U I T T— = 0.47 — = 0.26 — = 0.85 — = 0.27
D.H H D

No trace of a suture could be found on the two types studied and
the suture line is therefore unknown.

Discussion.— The assignment of this species to the genus Hoff-
mannia is based only on a strikingly similar shape and sculpture.
Until a septate specimen is discovered, its generic identification is
uncertain. The sculpture of this species resembles somewhat, also,
that of Eupleuroceras bellulum A. K. Miller and Cline from the
Nellie Bly formationof the upper Pennsylvanian of Oklahoma. The
transverse ridges on E. bellulum,however, do not cross the venter,
and the latter species has a distinct keel, a proportionately wider
and somewhat more depressed venter, and coarser transverse ridges.
This species is distinguished from Prehoffmannia milleri,n. sp., of
the Graham formation by its finer and more numerous transverse
ridges, and probably, if it were possible to determine, it would be
found to have moreelements in its suture line than P.milleri. It is
believed tentatively that Hoffmannia is descended from Prehoff-
mannia, but until more complete and more septate specimens are
available for study, it is useless to speculate, and the genericclassi-
fication of both P.milleri and Hoffmannia fisheri is quiteuncertain.

The specific name fisheri is in honour of Mr. Gordon H. Fisher
who has assisted deligently in the preparation of the plates and
diagrams of this paper.

Occurrence.— The two types of this species were collected by
J. W. Beede in a clay exposure of the upper Delaware Mountain
formation northeast of the old Terry Church in Delaware Moun-
tains of Culberson County.

Types.— The holotype and paratypes are deposited at the Bureau
of Economic Geology, The University of Texas.

Family Paraceltitidae Spath 1930

This family includes discoidal, laterally compressed ammonoids
having sides ornamented by ribs, highhelmet-shaped cross-sections,
and gastrioceransuture lines in at least some stage of their growth.
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Smith156 believed that these discoidal ammonoids descended from
the prolecanitids, and Spath157 seems to have accepted this idea. It
seems to the writers that the most immature whorls aremore closely
related to the compressed gastrioceratids, for example, the young
of Bendoceras or from forms like Eupleuroceras, and that the mem-
bers of this family bear no relation to the Prolecanitidae.

The two following genera that occur in Texas have been placed
tentatively in this family.

Stratigraphic distribution and distinguishing characters of Texas
genera in the family Paraceltitidae

Genus EupleurocerasA.K.Miller and Cline 1934

Eupleuroceras A. K. Miller and Cline, 1934, Jour. Pal., vol. 8, p. 179.

Discoidal, compressed, widely umbilicate whorls having sub-
circular cross-section and sculptured laterally by very prominent
transverse ribs and ventrally by a small sharp median keel. The
suture line is gastrioceran,having a totalof eight primary lobes and
eight primary saddles.

Genotype,Eupleuroceras bellulum A.K.Miller and Cline (PI.37,
figs. 18-21; text fig. 75).

Fig. 75. Complete suture line of Eupleuroceras bellulum A. K. Miller and
Cline

158Smith, J. P., Lower Triassic ammonoids of America:U. S. Geol. Survey Prof. Paper 167,
p. 40, 1932.

157Spath, L. F., Catalogue of the Fossil Cephalopoda of the British Museum (Nat. Hist.),
pt. 4, pp. 17-19, 1934.

'araceltites Upper
Permian

Evolute, laterally compressed, widely
umbilicate, strongly ribbed; lateral ribs
do not cross venter. Suture line char-
acterized by 1short insignificant ventral
saddle, 2 simple rounded lateral lobes.

lupleuroceras Upper
Pennsylvanian

Minute, evolute, laterally compressed,
finely ribbed; lateral ribs do not cross
venter. Venter keeled. Suture line has
broad ventral lobe, 2 simple rounded
lateral lobes.
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EUPLEUROCERAS BELLULUM A. K. Miller and Cilne

PL 37, figs. 18-21; text fig. 75

Eupleuroceras bellulum A. K. Miller and Gline, Jour. Pal., vol. 8, p. 180, pi.
28, figs. 19-23,

Description.— This interesting minute ammonite has a strongly
compressed, discoidal, evolute, transversally ribbed whorl, a venter
marked by narrow distinct keel, a wide umbilicus, and a helmet-
shaped cross-section.

The measurements of the largest specimen known which was col-
lected by Cline from the type locality in the Nellie Bly formation
west of Sand Springs, Oklahoma, are as follows:

Diameter (D) : 9.7 mm.
Height of last whorl (H) : 4.2
Height of next to last whorl 2.7
Height of last whorl above venter 2.5
Involution (I) 0.2
Thickness of last whorl (T) 3.2
Width of umbilicus (U) 7.3
Shell ratios—

U I T T— = 0.79 — = .024 — —
0.76 — = 0.33

D H H D

All other specimens in the writers' collections are much smaller
measuring five millimeters or less in diameter. The suture line is
in the paralegoceran stage and consists of a long, broad ventral
lobe divided by a short ventral saddle; two simple rounded lateral
lobes on each side; and two short fairly broad lateral saddles on
each flank; a long narrow internal dorsal lobe flanked by two inter-
nal lateral saddles.

Discussion.— A single fragment of a small ammonoid referable
to this species was found in the Graford formation. The specimen
is too poorly preserved to illustrate,and the figures on Plate 37 are
of a specimenfrom the type locality, 6% miles west of SandSprings,
Oklahoma. It was originally thought to be the young of some new
species of Paraceltites. Paraceltites, however, is a Permian genus
which does not have, inmost species at least, anykeel, and generally
has coarser sculpture. It appears that Miller and Cline are fully
justified in making this the type of a new genus, Eupleuroceras.

Occurrence.— A single small fragment has been found in the Gra-
ford formation in the shale exposure on the east end of Long Moun-
tain (McKenzie),Palo Pinto County; all other specimens have come
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from the Nellie Bly formation 6% miles west of Sand Springs,
Oklahoma.

Types.— The cotypes are in the Geological Department of the Uni-
yersity of lowa.

Genus Paracelitites Gemmellaro 1888

Paraceltites Gemmellaro, 1888, Giorn. Soc. Sci. nat. econ., vol. 19, p. 73.
Paraceltites, Freeh, 1902, Lethaea Palaozoica, vol. 2, No. 4, p. 478.
Paraceltites, Bose, 1917, Univ. Texas Bull. 1762, p. 107.

These interesting ammonoids, which have the shape of prolecani-
tids and a suture line resembling the younger gastrioceratids, evi-
dently arenot closely related to either group. The genus includes
discoidal, strongly compressed disc-shaped shells with strong trans-
verse ribs, which are most strongly developed near the umbilicus
and end before they reach the narrow venters. The external suture
line consists of a ventral lobe, which is indented by a very short
insignificant ventral saddle, a rather broad rounded lateral lobe,

Fig.76. External suture line of Paraceltites hoeferi Gemmellaro

twobroad rounded lateral saddles, and asmaller, somewhat pointed,
umbilical lobeon the umbilical wall.

This genus resembles somewhat the shape and sculpture of Bran-
neroceras branneri (Smith) and the immature whorls of some of
the other closely related forms. These similarities, however, are
probably merely other examples of convergence of development and
not due to genetic relationships. The genus is generally easy to
distinguish from any other Permian one. The members of the genus
Celtites of the lower Triassic are similar in shape and sculpture
and were derived perhaps from this Permian form. They are sepa-
rated from Paraceltites by their more highly developed sutures.

Genotype, Paraceltites hoeferi Gemmellaro (text fig. 76).
The following species of this genus have been recognized from

Texas:
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Age and characters of Texas species of Paraceltites

PARACELTITES ELEGANS Girty

PI. 37, figs, 1-8.

Paraceltites elegans Girty, 1908, U. S. Geol. Survey Prof.Paper 58, p. 499, pi.
25, figs. 12-14.

Paraceltites aff. elegans, Bose,1917, Univ. Texas Bull. 1762, p. 110, pi. 5, figs.
33-38.

Description.— Shells of this species are discoidal, compressed to
a thickness of less than one-sixth of the diameter, have an oblate
spheroidal cross-section in which the height of the whorl is about
twice the thickness, and awideumbilicus equal to a little more than
one-half of the diameter. The surface of the narrow venter isnearly
smooth, but the sides are sculptured by strong transverse ridges
spaced about 16 in 10 millimeters, nearly straight, and ending
abruptly at the venter. Some of the ribs appear to have a slight
forward bend close to their ventral ends. The suture consists of
amoderatelybroad ventral lobeindented slightly by a minuteventral
saddle, a rounded lateral lobe, and two rounded lateral saddles.

The measurementsof typical specimens from the Delaware Moun-
tain formation west of Six-Bar ranch (No. B-3337) are as follows:

A B
Diameter (D) 38.0 30.8 mm.
Height of last whorl (H) 10.5 9.2
Height of penultimate whorl 8.2 5.7
Height of last whorl above venter. 10.01 8.6
Involution (I) 0.5 0.6
Thickness of last whorl (T) 6.4 5.7
Thickness of next to last whorl 4.6 3.9
Width of umbilicus (U) 21.2 17.0
Shell ratios of A—

U I T T— = 0.56 — = 0.047 — = 0.6 — = 0.17
D H H D

SPECIES FORMATION DISTINGUISHING CHARACTERISTICS

P. elegans Girty Delaware
Mountain,
Permian

Thin, discoidal ammonoids with nearly
straight ribs on the flanks. Narrow,
smooth venter. Oval cross-section.

P. multicostatus
BSse

Word,
Permian

Thin, discoidal ammonoids with fine
ribs which bend forward on the sides.
Cross-section oval. Venter narrow,
smooth.

P. multiliratus,
n.sp.

Word,
Permian

Thin, discoidal ammonoids with coarse
ribs which bend sharply forward.
Venters are sculptured by 3' to 5 fine
revolving ridges and have a nearly
elliptical cross-section.
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Discussion.-— -P. elegans has fewer, straighter ribs and a more
oval cross-section than P. multicostatus Bose from Glass Mountains.

Occurrence.— Dark limestone in middle of Delaware Mountain
formation, west of Six-Bar ranch house, Culberson County. Black
limestone beneath Capitan limestone at Guadalupe Point, and north
of Figure-Two ranch, Diablo Mountains, Culberson County.

Types.— Holotype in the collections of the U. S. Geological Sur-
vey, Washington, D. C.;plesiotypes atBureau of Economic Geology,
The University of Texas.

PARACELTITES MULTICOSTATUS Bose

PL 37, figs. 9, 10

Paraceltites multicostatus Bose, 1917, Univ. Texas Bull. 1762, p. 108, pi. 5,
figs. 19-32.

Description.— This finely costate form has discoidal, compressed
shells with narrow venters, nearly flat sides, and a wide umbilicus.
The sides and umbilical slopes are sculptured by delicate ribs,
spaced about twelve in ten millimeters, which bend gently forward
and end before they reach the venter. The venters are smooth. The
suture line is similar to that of the other members of the genus.

Two of the cotypes have the following dimensions
A ■ B

Diameter (D) 16.8 12.8 mm.
Height of last whorl (H) 5.8 3.5
Thickness (T) 3,2 2.8
Width of umbilicus (U) 6.6 5.7

Shell ratios of A—

U T T— = 0.39 — =0.55 — = 0.19
D H D

Discussion.— P. multicostatus Bose has moreand smaller ribs than
P.elegans Girty. The ribs bend forward on the sides and backward
slightly at their ventral extremities, so that they are slightly more
sigmoidal than those onP. elegans. The shell is also slightly thicker.
The thickness of P. elegans is equal to about one-sixth of its diam-
eter. The thickness of P. multicostatus is a little less than one-fifth
of its diameter. The thickness, however, varies somewhat with size
and condition of the specimens. The better-preserved, larger speci-
mens are proportionately thicker than the smaller ones.
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Occurrence.— Bose's specimens were collected from the Word
formation 2% miles N. 70° E. of second tank above Hess ranch
house,Brewster County. They have been found also northof Figure-
Two ranch, Culberson County.

Types.— The types are at the Bureau of Economic Geology, The
University of Texas.

PARACELITES MULTILIRATUS,n. sp.

PL 22, figs. 20, 21;text fig. 77

Gastrioceras. sp., Girty, 1908, U. S. Geol. Survey Prof. Paper 58, p. 500, pi.
29, fig. 22.

Gastrioceras, sp. Nov., indet., Bose, 1917, Univ. Texas Bull. 1762, p. 90, pi. 3,
figs. 7, 8.

Description.— This large disc-shaped, strongly ribbed ammonite
is characterized by the prominent longitudinal lirae on its venter.
The sides are sculptured by strong, transverse ribs spaced eight in
ten millimeters and having a width of 0.5 of a millimeter at a
diameter of 34 millimeters. The ribs commence at the umbilical
shoulder,bend gently forward in abroad curve incrossing the sides,
and end abruptly at the ventro-lateral area. The ventral area at a
diameter of 34 millimeters has a width of seven millimeters and is
sculptured by four or five pronounced longitudinal ridges. The
dimensions of other parts of the shell are indicated by the follow-
ing measurements:

Diameter (D) 34.0 mm.
Height of last whorl (H) 10.8
Height of next to last whorl 9.1
Height of last whorl above venter 5.4
Involution (I) 6.0
Thickness of last whorl (T) 10.0
Width of umbilicus (U) 19.0
Shell ratios—

■

U I T T_ = 0.56 — = 0.56 — -
0.93 — = 0.2,94

D H H D

The suture line (fig. 77) is in the paralegoceran stage. The ven-
tral lobe is extremely long, broad, tapering posteriorly and indented
about half its length by a medium-sized ventral saddle. The first
lateral saddle is broad and rounded and has a decidedly longer
ventral side than an umbilical one. The first lateral lobe is broad,
about one-half as long as the ventral lobe, and pointed. The sec-
ond lateral saddle is wide and rounded. The second lateral lobe is
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small, broad, pointed, and has nearly equal sides. A small third
lateral saddle and a small third lateral lobe are on the umbilical
wall. The internal suture line consists of a long, narrow, dorsal
lobe flanked on each side by a narrow rounded saddle, and anar-
row internal lateral lobe. A second internal lateral saddle is on the
internal edge of the umbilical wall.

Discussion.— The size and strength of the forward-bending, trans-
verse ribs and the small, though prominent, longitudinal ridges on
the venter serve to distinguish this species from other members of
this genus, and from members of the genus Paragastrioceras. Both
Girty and Bose were influenced, in classifying this form as Gastrio-
ceras, by its resemblance to the group of ribbed Permian gastrio-
ceratids (group of Gastrioceras zitteli now placed in the genus
Paragastrioceras). Neither author had septate specimens. A frag-
ment in the writers' collections from Glass Mountains shows the
complete suture, so that it has been possible to describe this inter-

Fig.77. Complete suture line of Paraceltitesmultiliratus, n. sp.

esting form more completely and to point out the following differ-
ences from a Paragastrioceras:

1. The suture line has two lateral lobes,not one as inParagastrioceras.
2. The ventral saddle is shorter and the ventral lobe much longer in

Paraceltites.
3. The first lateral saddle is less symmetrical and has the appear-

ance of being inclined toward the umbilicus in Paraceltites.
4. The transverse ribs are longer and extend nearly to the ventral

area in Paraceltites.
5. The longitudinal lirae are more prominent and are present both

on the venter and the latero-ventral area in Paragastrioceras.

Occurrence.— Limestone in the Word formation near the junction
of Road and Gilliland canyons, and from about a mile northwest
of Hess ranch house, Brewster County. It has been collected also
from the Delaware Mountain limestone in the southern end of Dela-
wareMountains,Culberson County.
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Types.— The holotype and paratype are in the Bureau of Eco-
nomic Geology, The University of Texas.

Family Paralecanitidae Spath 1934

Paralecanitinae Spath, 1934, Catalogue of the fossil Cephalopoda in the British
Museum, pt. 4, p. 18.

This family includes evolute, laterally compressed, disc-shaped,
widelyumbilicate ammoniteshaving more or less smooth sides and
simple suture lines resembling those of Gastrioceras or Paralego-
ceras.

Stratigraphic distribution and distinguishing characters of genera
in the family Paralecanitidae

Genus Paralecanites Diener 1897

Paralecanites Diener, 1897, Sitz. Akad. Wiss. Wien, Math.-Phys. XL, vol. 106,
Heft 2, p. 66,

Paralecanites,Freeh, 1901, Lethaea Palaozoica,vol. 2, No. 3, p. 552.
Paralecanites, Diener, 1901, Centralb. Mm., p. 436.
Paralecanites, Hyatt and Smith, 1905, U. S. Geol. Survey Prof. Paper 40. p.

136,
Paralecanites, Bose, 1917, Univ. Texas Bull. 1762, p. 177.
Paralecanites, Diener, 1927, Leitfossilien dcs marinen Perm, p. 75.
Paralecanites, Smith, 1932, U. S. Geol. Survey Prof. Paper 167, p. 40.

The ammonites included in this genus have compressed, strongly
evolute whorls that are nearly elliptical in cross-section, extremely
wide umbilicus, and paralegoceran suture lines. The genus differs
from Lecanites inhaving one less lateral lobe on each side.Lecanites
is thought by Diener and by Smith to be a direct descendant of
Paralecanites. Only one species, Paralecanites altudensis Bose, be-
longing to this genus isknown in Texas.

Genotype,Paralecanites sextensis Diener (textfig. 78).

Fig.78. External suture line of Paralecanites sextensis Diener

GENUS AGE CHARACTERISTICS

Paralecanites Upper
Permian

Evolute, laterally compressed, disc-
shaped,ribbed, widely umbilicate, with
a simple paralegoceran suture line.
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PARALECANITES ALTUDENSIS Bose

PI. 37, figs. 11-13

Paralecanites altudensis Bose, 1917, Univ. Texas Bull. 1762, p. 178, pi. 11,
figs. 28-45.

Description.— This interesting ammonoid has an evolute, loosely
coiled shell with anelliptical cross-section,which issomewhat higher
than wide, as shown by the following measurements:

A B
Diameter (D) 30.8 19.8 mm.
Height of last whorl (H) 7.5 6.1
Height of penultimate whorl 4.5 2.6
Height of last whorl above venter 6.0 4.8
Thickness of last whorl (T) 4.0 3.3
Width of umbilicus (U) __.._..14.6 9.3

Shell ratios of B—
U T T— = 0.42 — = 0.44 — —

0.16
D H D

The suture line consists of a short wide ventral lobe, divided by
a short ventral saddle and flanked on each side by three lobes and
intervening lateral saddles. The first lateral lobe is largest and
U-shaped. The second lateral lobe is similar but smaller. The third
lobe is small and on the umbilical wall. The saddles are short,
broad, and rounded.

Discussion.— This species is distinguished from all other am-
monoids in the writers' collection by its strongly evolute shell,
elliptical cross-section, smooth surface, and by having two prom-
inent lateral lobes and anumbilical lobe on each side of its suture
line.

Occurrence.— The specimens in the authors' collection were ob-
tained by Dr. Bose from a formation thought by him to be Leonard.
The exact correlation, however, is uncertain, and the beds may be
of younger age. The locality is on the south side of an igneous plug
on the old Capt. James ranch near Altuda Mountain west of
Marathon.

Types.— The cotypes are at the Bureau of Economic Geology, The
University of Texas.
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Family Cibolitidae,n. fam.

The family includes primitive Paralecanitidea with smooth or
slightly sculptured, evolute whorls. The venters are keeled, or are
narrow and rounded. The sutures are simple with few lobes which
maybe rounded or bluntly pointed. The saddles are rounded. The
following genera are included in the family: Cibolites, n. gen., Dal-
matites Kittl, and Pseudoharpoceras Waagen.

Smith158 places Dalmatites and related genera in the Hungari-
tidae,but Spath159 suggests that they are more probably related to
the Meekoceratidae.

The present study of the ontogeny of Dalmatites indicates that it
is not closely related to either of these Triassic families.

Genus Cibolites, n. gen.

This new genus is erected to include thinly discoid ammonoids
with thin, keeled or sharpened, evolute whorls. The surface is
smoothor sculpturedby faint costae. The suture consists of a ventral

Fig.79. External suture line of Cibolites uddeni, n. sp.

lobe divided by a short ventral saddle into two rounded branches.
There are two rounded lateral lobes on the flanks and a third on
the umbilical margin. The saddles are rounded and broader than
the lobes.

Genotype, Cibolites uddeni, n. sp. (PI. 37, figs. 14, 15; text
fig- 79).

CIBOLITES UDDENI, n. sp.

PL 37, figs. 14, 15; text fig. 79

Description.— All the specimens at hand are casts. They are
thinly discoid and evolute. The wide umbilicus is shallow and has

15SSmith, J. P., Lower Triassic ammonoids of North America: U. S. Geol. Survey Prof. Paper
167, p. 81, 1932.

159Spath, L. F., Catalogue of the fossil Cephalopoda in the British Museum (Nat. Hist.),
pt. 4, p. 267, 1934.
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no distinct wall. Whorls increase slowly in both height and width,
so that shells are composed of many whorls. The following meas-
urements of one of the cotypes gives an idea of the proportions:

Diameter (D) 34.0 mm.
Height of last whorl (H) 11.5
Height of penultimate whorl 6.5
Height of last whorl above venter 4.4
Involution (I) 3.5
Thickness of last whorl (T) 5.5
Thickness of penultimate whorl
Width of umbilicus (U) 13,4

Shell ratios—
U I T T— = 0.39 — = 0.30 — =0.48 — =0.16
D H H D

The sculpture consists of faint costae, which are so indistinct as
to be barely perceptible with a lens and then only on the younger
whorls. They are numerous, low, and sinuous, fading away toward
umbilicus and venter. The shell has a narrow blunt keel, hardly
distinguishable from the rest of the whorl.

The external suture line is composed of a ventral lobe divided
into rounded branches by a short, broad ventral saddle, and three
lateral lobes and saddles all of which are rounded. The lobes are
narrower than the saddles. Two of the lateral lobes are on the
flanks and the third is just at the whorl suture. The sutural ele-
ments are in a nearly straight line from umbilicus to venter. The
internal suture line is not shown.

Discussion.— A specimen of this species was sent by Dr. Udden
to Prof. J. P. Smith for identification. He recognized it as a new
species and named it uddeni on a label returned with the specimen.
The writers are recognizinghis name. Smith tentatively placed the
species inDalmatites.

Occurrence.— Specimens have been collected from the Delaware
Mountain formation at an outcrop west of Six-Bar ranch, Culberson
County. The specimen examined by Smith came from the Cibolo
limestone 3 miles north of Shafter, Presidio County. The types
are from the mesa southeast of D South Wells, on D ranch, Culber-
son County.

Types.— Holotype and paratype at Bureau of Economic Geology,
The University of Texas.
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Clan Welleritidea

This clan includes discoidal, flat-sided, thin ammonites with
rounded venters, small steep-walled umbilicus, grooved sides, and
a suture line made up of a Gastrioceras-like ventral lobe and nu-
merous unequal-sized lateral lobes and saddles among which the
second lateral is the most prominent.

The clan has only one representative in Texas, Wellerites.
Family Welleritidae, n. fam.

This family is intended to include compressed, disc-shaped,
smooth-surfaced ammonites that have a distinct lateral furrow or
sulcus situated on each side near the latero-ventral shoulder, a
small steep-walled umbilicus, and a peculiar suture line made up
of a divided Gastrioceras-like ventral lobe, numeroushastate lateral
lobes, and a small lobe on the umbilical wall.

The phylogeny of the members of the family is unknown. Their
characteristics areentirely different from any other known Carbonif-

Fig. 80. External suture line of Clymenia subarmata (Münster)

erous family. They resemble closest in shape and sculpture the
peculiar group of cephalopods from the Devonian known as the
Clymeniidae, especially that group of clymenids exemplified by
Clymenia subarmata (Miinster). These clymenids have a similar
shape and a suture line which, although it is in the prolecanitid
stage, nevertheless, is already differentiated into three lateral lobes
and four lateral saddles. The suture line of Clymenia subarmata
(Miinster) is illustrated in figure 80. The clymenids, however, have
the siphuncle placed dorsally and are classified by some paleon-
tologists as nautiloids. Therefore, the resemblance in shape and
aspect of the suture line maybe simply another example of parallel
evolution and mayhave no phylogenetic relation. It is hoped that,
when morematerial maybe found, the phylogeny of Wellerites may
be worked out and the true relationships of this interesting form
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established. Until this can be done it seems best to place Wellerites
in a separate groupand family.

Genus Wellerites, n. gen

This new genus is established to include discoidal ammonites
having high, thin whorls, a prominent spiral sulcus somewhat re-
sembling that of Eumorphoceras, but having a distinctly different
suture. The external suture is characterized by a low, ventral lobe
divided into two pointed divisions by a ventral saddle that is gastrio-
ceran in appearanceand indents about half the depth of the ventral
lobe. The first lateral lobes are narrow,pointed, and are not quite
as long as the ventral. Because of their lesser width and length,
they have the appearanceof deeply dividing the first lateral saddles
into two parts. The second lateral lobes are long, narrow, hastate,
twice as long as the ventral, and somewhat constricted near their
base. The third lateral lobes are simliar in appearance but not
nearly so long. The umbilical region on the genotype is indistinct;

Fig. 81. External suture line of Wellerites mohri, n. sp.

but a short fairly broad, lobe appears to be present. The internal
suture isunknown.

The suture is remarkably similar in some respects to that of
Gonioclymenia speciosa (Minister) of theupperDevonian. However,
the ventral lobe in Wellerites is divided, and the other lobes and
saddles aremore perfectly and symmetrically formed, and the new
genus is quite different in shape, sculpture, and in the position of
its siphon from intra-siphonate Gonioclymenia. In fact, this fossil
is so totally different from any form known in the Carboniferous,
that it appears necessary to erect a new genus and family for it.
It is hoped that other and better specimens may be available later
to enable this brief diagnosis to be supplemented and more infor-
mationregarding its ontogeny and phylogeny established.

Genotype, Wellerites mohri, n. sp. (PI. 38, figs. 13-16; text

%81).
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WELLERITES MOHRI, n. sp.

PL 38, figs. 13-16; text fig. 81

Description.— The shape of this interesting species is thinly dis-
coid with high, rapidly increasing whorls. The thickest part of the
whorl section is near the umbilicus. The flanks are flat and con-
verge gently toward the venter, which is sharply rounded. The
umbilical area on both sides is destroyed, but the outline of the
umbilicus is indicated. It is open,but narrow.

The single specimen has the following measurements

Diameter (D) 29.0 mm.
Height of last whorl (H) .: 16.0
Height of penultimate whorl 12.8
Height of last whorl above venter 8.5
Involution (I) 11.0
Thickness of last whorl (T) 6.5
Thickness of penultimate whorl 5.5
Width of umbilicus (U) 4.5

Shell ratios
—

U I T T— = 0.16 — = 0.69 — = 0.41 — =0.22
D H H D

The only noteworthy sculptural feature is a pronounced spiral
groove oneach flank about one-third of the distance from the venter
to the umbilicus. This is developed at all stages of whorl growth
and resembles the similar furrows in Eumorphoceras.

The suture is goniatitid and is the most interesting feature of the
species. The ventral lobe is low and is deeply divided by a narrow
ventral saddle, which indents the lobe to one-half its height. The
respectivehalves aresharply pointed and slightly spread. This lobe
is bordered on each side by narrow, rounded linguiform saddles
that are slightly constricted at the top. The first lateral lobes are
a little shorter than the ventral lobe, narrow, hastate, and pointed,
and they lean perceptibly toward the umbilicus constricting the
narrow, rounded saddles adjacent to them. This first lateral lobe
might be regarded as a secondary lobe deeply dividing the broad
first lateral saddle. The second lateral lobe is long, narrow, con-
stricted at about half its height, pointed, hastate, and much longer
than any of the other lobes, being more than twice as long as the
ventral. Then follows another narrowrounded saddle, and a third
lateral lobe about half as long as the second and similar to it. The



378 The University of Texas Bulletin No. 3701

umbilical region is poorly preserved, but there appear to be three
additional lobes, low and broad in outline next to the umbilicus.
The internal suture is not shown.

Discussion.— This fossil is unlike any ammonoid known in the
Texas strata. Its shape and sculpture resemble Eumorphoceras
bisulcatum Girty and Anarcestes lateumbilicatus Wolburg, but its
suture line is totally different and much more complex than either.
Its lateral suture line resembles Clymenia subarmata (Minister) of
the Devonian, but its ventral lobe is deeply divided and quite
different from any Devonian form.

Only one specimen of the species has so far been found. It is
preserved as a cast in a light-colored sandy limestone and is not
very well preserved. The species is named in honor of Mr. C. L.
Mohr who presented an interesting collection of fossils, including
this species, to the Bureau of Economic Geology.

Occurrence.— This species comes from a locality completely iso-
lated from other Carboniferous deposits on Llano River, which has
cut down through the Cretaceous limestones and sands to expose it.
Just below the outcrop along the river, the Ellenburger limestone
has also been brought to view by the cutting of the stream. The
specimen was found in a ledge onLlano River, 1% miles east and
4 miles south of London, Kimble County. The horizon is believed
to be of Mississippian age overlying Ellenburger limestone (Ordo-
vician), which outcrops along the river nearby.

Type.— Holotype at Bureau of Economic Geology, The Univer-
sity of Texas.

Correlation of Texas formationsbymeans of ammonites

Relative value of upper Paleozoic ammonites as index fossils
Ammonites have been recognized for at least half a century as excel-
lent index fossils. Ithas been known for a long time also that cer-
tain parts of the ammonite shell, particularly the septa, or walls
that separate the chambers, evolve rapidly, so that species in one
zone can generally be distinguished from species in a zone a
few feet above or below. On the other hand, it has more recently
been found that ammonites, like many other animals, have had a
tendency to recapitulation of characters, and that species in the
upper Pennsylvanianand lower Permian resemble very closely in
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their early stages some late Mississippian and early Pennsylvanian
adult forms. For example, an immature form of Paraschistoceras
hildrethi (Morton) about one-quarter grown in upper Pennsyl-
vanian (Cisco) strata resembles closely mature Gastrioceras listeri
(Martin) in the lower Pennsylvanian (Smithwick). Also it has
beenobserved that convergence of shape andsculpture occurs among
ammonites of widely different geologic ages and of quite different
ancestries. For example, Cravenoceras richardsonianum (Girty) in
the upper Mississippian (Barnett) shales is not unlike certain
smooth-surfaced Gastrioceratidae from the middle Pennsylvanian,
namely Glaphyrites welleri (Smith), and both resemble, at least
in many characters, Eoasianites hanieli (Smith) of the lower
Permian. Certain species of ammonites, however, constitute better
index fossils than the smooth-surfaced Gastriocerata. The most re-
liable are those in which several recognizable characters changed
comparatively rapidly duringphylogenetic development of the fam-
ily. The best index ammonites in the upper Paleozoic section in
Texas from this standpoint are the Shumarditidae, Prolecanitidae,
and the highly sculptured Gastrioceratidae, such as Gastrioceras
lisleri (Martin) and its descendants. The evolution of the suture
line during the Carboniferous and Permian of these three phylo-
genetic series is shown in the diagram, figure 82. Unfortunately
most of the best index fossils are the rarest forms, and these are
absent in many outcrops. The more common ammonites, like the
Agathiceratidae, the Vidrioceratidae, and the Metalegoceratidae did
not evolve rapidly and hence are not so good index fossils. Other
means than the use of individual species must be relied upon, if
all ammonitezones areto be correlated accurately.

Correlation of zones by means of ammonite assemblages.—The
correlation of strata by closely related or identical ammonite as-
semblages is better,obviously, than correlation by single individauls
of uncertain range. A number of assemblages of ammonites that
occur in Texas are found in strata widely separated geographically.
For example, a collection of ammonites from the upper Smithwick
shale near Rochelle, Texas, occurs in eastern Oklahoma, eastern
Kentucky, England, and Germany.

The presence of the same assemblage of ammonites at a locality
inanother state or country, no matter how far removed, is regarded
as evidence that the strata containing the fossils are approximately
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Fig. 82. Chart showing the stratigraphic development of sutures from
Prolecanltes to Eumedlicottia, Gastrioceras to Metaschistoceras, and Craven-
oceras to Perrinites
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the same age. An error in range of any single ammonite or an error
in specific identity of a form with another of closely similar char-
acters yet belonging perhaps to a different phylogenetic branch is
likely to be minimized when a number of species are being con-
sidered. Therefore, widespread similar or related assemblages of
ammonites become important to the stratigrapher. The occurrence
of some of the most noteworthy Carboniferous and Permian as-
semblages are shown in figure 83 and are described in the following
paragraphs.

Neoglyphioceras spirale assemblage.—The oldest assemblage of
ammonites in Texas occurs in the thin black shale and limestone
strata at the base of the Barnett formation 3% miles southwest of
Lampasas and 3 miles southeast of San Saba in the central part
of Texas. The list of ammonites in the zone is as follows:

Neoglyphiocerasnewsomi (Smith)
Neoglyphiocerasentogonum (Gabb)
Neoglyphioceras caneyanum (Girty)

Goniatites choctawensisShumard
AdelphocerasmeslerianumGirty

The zone in which they occurmaybe referred to as the Neoglyphio-
ceras spirale zone, named for Neoglyphioceras spirale described by
Phillips in 1836, an ammonite that resembles very closely N. sub-
circulare (Miller) and N. caneyanum (Girty).

The assemblage has been found at the following localities out-
side of Texas:

1. Lower part of Caney shale, in SW. % sec. 3, T. 1 S., R. 16 E.,
along a branch of Caney Creek, 6 miles north-northeast of
Eubanks, Pushmataha County, Oklahoma.

2. Lower Caney shale in a small branch near the center of sec. 4,
T. 2 N., R. 15 E., Pittsburg County, Oklahoma.

3. Lower part of Moorefield shale at Howard's Wells, Independence
County, Arkansas.

4. Upper Mississippian shale near Crab Orchard, Kentucky.

The following closely related,if not identical forms, occur accord-
ing to Bisat160 in the lower Bowland shales in England:

ENGLAND TKXAS

Goniatitesspirale (Phillips) =0= Neoglyphioceras caneyanum (Girty)
Beyrichocerasmicronotum (Phillips) O Adelphocerasmeslerianum Girty
Goniatitescrenistria var.dinckleyensis =2^ G. choctawensis Shumard

Bisat

160Bisat, W. S.. The Carboniferous goniatite zones of England and their continental equiva-
lents: Congres pour l'Avancement dcs Etudes de Stratigraphie Carbonifere (Heerlen, 1927),
Compte Renflu, pp. 123-125, 1928.
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The horizon outcrops according to Bisat at Dinckley Hall a few
miles south of Clitheroe and at Hollins near Slaidburn.

The following similar or identical species have been identified in
zone Illy in Germany by Schmidt:161

Fig. 83. Generalizedsection in north-central Texas showing positions of the
most important ammonite assemblages.

161Schmidt, H., Die carbonischen Goniatiten Deutschlands:Jahrb. preuss. geol. Landesanstalt
(1924), vol. 45, pp. 528-531, 574, 1925.



Geology of Texas, Volume 111, Ammonites 383

GERMANY TEXAS

Homocerascoronula (Roemer) =C= Beyrichoceras,sp.
Glyphiocerassubcirculare (Miller) O Neoglyphiocerassubcirculare

(Miller)
Glyphiocerassubcircularevar. =C= Neoglyphiocerascaneyanum (Girty)

caneyanum (Girty)
Glyphioceras subcircularevar. O Neoglyphiocerasnewsomi (Smith)

newsomi (Smith)
Glyphiocerasgranosum (Portlock) =C= Goniatites cumminsi (Hyatt)
Homocerasmeslerianum (Girty) O Adelphocerasmeslerianum Girty

The assemblage according to Schmidt162 occurs in the black platy
limestone and black shale in western Sauerland, Westphalia, and in
Lautenthal shale and Riesberg shale inmiddle Germany especially in
the areabetween Herdringenand Estinghausen and in a stone quarry
near the latter place.

Eumorphoceras bisulcatum assemblage.—The next younger Texas
assemblage occurs in the middle of the Barnett shale, youngest
Mississippian formation in San Saba County in the central part
of the State. The group consists of the followingammonites:

EumophocerasbisulcatumGirty
TNuculoceras incisum (Hyatt)

Cravenocerasrichardsonianum (Girty)
Goniatites choctawensis Shumard

The stratigraphic position of this group of species is referred to
as the Eumorphoceras bisulcatum zone. This assemblage has been
found in the following areas:

1. In Barnett black shale, near San Saba, San Saba County, central
Texas.

2. Lower part of Ganeyl63 shale, in Johnson, Atoka, and Pushmataha
counties, Oklahoma.

3. In Moorefield164 black shale, in the Batesville area, Independence
County, northeastern Arkansas.

The same or nearly related forms occur in the Bowland shales at
the base of the Lancastrian in north England (Zone E of Bisat165).
The following lists show the relationships of the Texas and England
forms:

162Schmidt, H., Die carbonischen Goniatiten Deutschlands:Jahrb. preuss. geol. Landesanstalt
(1924), vol. 45, pp. 492, 499-500, 1925.

168Girty, G. H., Fauna of the Caney shale of Oklahoma: U. S. Geol. Survey Bull. 377,
pp. 54-70, 1909.

I(iiGirty, G. H.. Fauna of the Moorefield shale of Arkansas: U. S. Geol. Survey Bull. 439,
pp. 97-105, 1911.

165Bisat, W. S., The Carboniferous goniatites of the north of England and their zones: Proc.
Yorkshire Geol. Soc, vol. 20, pp. 40-124, 1924.
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ENGLAND TEXAS

Eumorphocerasbisulcatum Girty =C^ Eumorphocerasbisulcatum Girty
Nuculocerasnuculum Bisat :C^ Nuculoceras incisum (Hyatt)
Beyrichoceras invaginatumBisat O AdelphocerasmeslerianumGirty
Goniatitescrenistria (Phillips) =0 Goniatites choctawensis Shumard
Cravenoceras striolatum (Phillips) O1 Cravenocerasrichardsonianum

(Girty)

A similar group occurs also in Westphalia, north Germany, and
in Silesia, south Germany, in zoneE-Hof Schmidt's166 section where
the following species have been identified.

GERMANY ARKANSAS

Eumorphocerasbisulcatum Girty =C= EumorphocerasbisulcatumGirty
Nuculoceras smithi (Schmidt) =^ Nuculoceras incisum (Hyatt)
Goniatites crenistria (Phillips) O GoniatiteschoctawensisShumard
Cravenoceras edalense Bisat O1 Cravenocerasrichardsonianum

(Girty)

Gastrioceras listeri assemblage.—The next important assemblage
of ammonites from a standpoint of wide distribution occurs in the
upper part of the Smithwick shale of uppermost Bend age. The
following forms are noteworthy:

Gastriocerassmithwickense,n. sp. (=o= G. listeri)
Gastriocerasoccidentale (Miller andFaber)
Nuculoceras smithwickense,n.sp.
Glaphyritesraymondi,n. sp.
Pronorites arkansasensis Smith

The same assemblage of ammonites has been found in the fol-
lowing areas:

1. Marble Canyon, Diablo Plateau,Hudspeth County, west Texas, in
black fossiliferous shale carrying Smithwick fauna.167

2. East of Rochelle, McCulloch County, central Texas, in black
fissile shale of the upper Smithwick formation.

3. Clarita, eastern Oklahoma, in basal part of Atoka formation.168

4. On CowCreek,Haroldquardangle, eastern Kentucky,in black shale
of the Kendrick member of the upper P'ottsville formation.169

186Schmidt, H., Biostratigraphie dcs Carbon in Deutschland: Congres pour l'Avancement dcs
Etudes de Stratigraphie Carbonifere (Heerlen, 1927), Compte Rendu, pp. 668-670, 1928.

187Arick, M. 8., Occurrence of strata of Bend age in Sierra Diablo, Culberson County, Texas:
Am. Assoc. Petrol. Geol. Bull., vol. 16, pp. 484-486, 1932.

16sMather, K. F., Pottsville formations of Arkansas and Oklahoma: Am. Jour. Sci., ser. 4,
vol. 43, pp. 133-139, 1917.

169Morse, W. C, Pennsylvanian invertebrate fauna of Kentucky: Kentucky Geol. Survey,
toI. 36, pp. 326-327, 1931. .
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Part, at least, of the same assemblage of ammonites is found in
the Rough Rock shales of the Lower Coal Measures of England
(Zone G of Bisat170), where the following similar forms occur:

ENGLAND TEXAS

Gastrioceraslisteri (Martin) =G= Gastrioceras smithwickense,n.sp.
Gastriocerascircumnodosum Foord =0= Gastrioceras occidentale(Miller

andFaber)
Homocerasdiadema var.smithii =C= Glaphyrites raymondi,n.sp.

(Brown)
Homocerasstriolatum (Phillips) O1 Nuculoceras smithwickense,n.sp.

The same group is somewhat better represented in Germany where
the following ammonites are listed from the Coal Measures of West-
phalia and Silesia from the Magerkohle group of beds, Zone Vy,
according to Schmidt:171

GERMANY TEXAS

Gastrioceraslisteri (Martin) O G. smithwickense,n.sp.
Gastrioceras circumnodosum Foord =0= G.occidentale (MillerandFaber)
GastriocerascatharinaeH. Schmidt =0= Nuculocerassmithwickense,n.sp.
Gastrioceras macrocephalum (Freeh) O= Glaphyritesraymondi,n. sp.

It is noteworthy that neither Bendoceras, n. gen., nor Pronorites
have been reported from this zone in Europe. These two genera are
common in this zone in Texas, rare in Oklahoma and Arkansas, and
they maybe southern additions to the fauna.

Gastriocerasvenatum assemblage.—Another important assemblage
of ammonites occurs in the upper Millsap Lake beds of the upper
Strawn division in Texas and in the Wewoka shale formation of
Oklahoma, where the following ammoniteshave been identified:

Pronorites cf.pseudotimorensisA.K. Miller
GastriocerasveoatumGirty
Glaphyrites angulatus (Girty)
Glaphyrites excelsus (Meek)
Glaphyrites hyattianus (Girty)

This assemblage has not been found in England, Germany, or Rus-
sia. However, recently T. H. Vin172 has described an ammonite
faunule from a limestone at Wangchiapa in western Kueichou
province,China,which contains the following species:

170Bisat, W. S., The Carboniferous goniatites of the north of England and their zones:
Proc. Yorkshire Geol. Soc. vol. 20, p. 41, 1924.

171Schmidt, H., Die carbonischen Goniatiten Deutschlands: Jahrb. preuss. geol. Landesanstalt
(1924), vol. 45, p. 503, 1925.

172Yin, T. H., Upper Paleozoic ammonites of China: Palaeontologica Sinica, ser. 8., vol. 11,
fasc. 4, pp. 1-33, pis. 1-5, 1935.
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PronoritesshuichengensisYin
Glaphyriteskueichowensis (Yin)
Glaphyrites suborientalis(Yin)
Glaphyrites orientalis (Yin)
Gastrioceras perornatumYin
GastriocerasreticulatumYin
GastriocerasyohiYin
Gastriocerascf.coronatumFoord&Crick
Shuichengoceras yohi Yin

This assemblage from China is essentially agastrioceratid faunule
and appears to be younger than the Gastrioceras listeri assemblage,
and a little older than the Schistoceras reticulatum assemblage, and
most nearly like the Gastrioceras venatum assemblage, as shown by
the following comparison:

OKLAHOMA AND TEXAS CHINA

Glaphyrites angulatus (Girty) =C= G. orientalis (Yin)
Glaphyriteshyattianus (Girty) O1 G. suborientalis(Yin)
Gastrioceras venatum Girty =0= G. reticulatum Yin
Pronorites pseudotimorensisA.K. =0= P. shuichengensis Yin

Miller

The correlation, however, is by no means certain, since most of
these species are long-range forms, and with the exception of Gas-
trioceras reticulatum and G. aff. coronatum the assemblage might
be assigned equally well to a higher stratigraphic position, since
the species of Glaphyrites are rather long range forms.

The following points are noteworthy in considering these com-
parisons:

Gastrioceratids predominate in the cephalopod assemblages in
the Wewoka of Oklahoma, middle Strawn of Texas, and Wang-
chiapa of China. Glaphyrites angulatus and G. orientalis are
bothcharacterized by extremely wide low venters and wide umbilici;
their saddles are long and are somewhat constricted.

Gastrioceras venatum Girty and G.reticulatum Yin aremore simi-
lar than is indicated by comparing the published illustrations. The
original figures of G. venatum (U. S. Geol. Survey Bull. 544) are
poor. Its surface is characterized by strong lirations and finer
striations like G. reticulatum. Its umbilical shoulders are charac-
terized by small though prominent transverse ridges that are similar
although finer than those of G. reticulatum. The saddles of the
external suture line in both the Oklahoma and China forms are
longer and more constricted than those of G. listeri of the lower
Pennsylvanian zone and resemble closely the immature suture lines
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of Paraschistoceras strawnense and P. hildrethi which evolved out
of Gastrioceras in the middle or upper Strawn epoch.

Gastrioceras aff. coronation Foord and Crick from China re-
sembles G. montgomeryense (Miller and Gurley) from the Carbon-
dale formation of Illinois. The umbilical nodes are moreprominent
and the suture line more highly developed than in Gastrioceras
occidentale (Miller and Faber) from the lower Pennsylvanian.

Pronorites pseudotimorensis A. K. Miller and P. shuichengensis
Yinhave at maturity similar shapes and suture lines, and both have
flatter, less rounded venters than P. llanoensis and P. arkansasensis
from the lower Pennsylvanian.

The brachiopod fauna that has been described by Y. T. Chao173

resembles more closely upper Pennsylvanian brachiopods in Texas
than those of the Bend. Echinoconchus elegans (McCoy) and
E. punctatus (Martin) suggest Canyon forms. Krotonia pustulata
(Kyserling), Linoproductus cancriniformis (Tschernyschew), and
others appear to belong to the Uralian or even to the Artinskian.

Paraschistoceras reticulatum assemblage.—The next important
assemblage of ammonites occurs in the Graford formation, lower
part of the Canyon group, innorth-central Texas, and comprises the
followingspecies:

Prouddenites bosei (Smith)
Paraschistoceras reticulatum (A.K.Miller)
Shumarditesfornicatus,n.sp.
Glaphyriteskansasensis (Miller andGurliey)
Goniolpbocerasgracellenae A.K. Miller andCline

The interesting quadrate chonetid, Chonetina verneuiliana (Nor-
wood and Pratten),is found also in shale just above the assemblage,
and the ammonites, Preshumardites illinoisensis (Miller and Gur-
ley),Marathonites parkeri (Heilprin),and Schistoceras smithi Bose,
are in the basalshales of the formation.

Important elements of this assemblage occur also in the Nellie
Bly formation174 west of SandSprings, Oklahoma, where the follow-
ing species have been collected:

Prouddenites bosei (Smith)
Glaphyrites millsi (A.K. Miller and Cline) very

closely related to the young of G. kansasensis
(Miller and Gurley)

17SChao, Y. T., Paleont. Sinica, ser. B, vol. 5, fasc. 1-3.
17iMiller, A. X., and Cline, L. M., The cephalopod fauna of the Pennsylvanian Nellie Bly

formation of Oklahoma: Jour. Pal., vol. 8, pp. 171-185, 1934.
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Shumardites fornicatus, n. sp.
Goniolobocerasgracellenae A. K. Miller and Cline
Marathonites parkeri (Heilprin)
Glaphyrites kansasensis (Miller and Gurley)

The fauna of the Drum limestone in the exposures around Kansas
City in Kansas and Missouri contain also some of these species.
Sayre175 and others have described the following:

Glaphyriles kansasensis (Miller and Gurley)
Paraschistocerasreticulatum (A.K.Miller)
Goniolobocerasgracellenae A.K.Miller andCline
Schistocerasmissouriense (Miller andFaber)

The brachiopod Chonetina verneuiliana (Norwood and Pratten)
and the fusulinid Triticites irregularis (Schellwien and Staff) are
also present near Kansas City. Single representatives of this am-
monoid group have been reported in Illinois and as far east as
westernPennsylvania. Exposures are fewer east of Mississippi River,
and abundant collections of ammonites are rare. The following,
however, are noteworthy: Schistoceras fultonense (Miller and Gur-
ley) a fossil very closely related to, if not conspecific with,Schisto-
ceras missouriense (Miller and Faber) has been found at an
unknown horizon in the upper Pennsylvanian, in Fulton County,
Illinois. Preshumardites illinoisensis (Millerand Gurley) has been
collected from Montgomery County, Illinois, Schistoceras smithi
Bose from the LaSalle limestone at LaSalle, Illinois,and from the
Brush Creek limestone near the bottom of the Conemaugh beds at
Creighton near Pittsburgh, Pennsylvania.

No members of this assemblage occur in the British Isles,Belgium,
or Germany. Indeed, the youngestPennsylvanian ammonite in these
countries appears to be, according to Bisat, Anthracoceras aegira-
num H.Schmidt, similar to an Anthracoceras that occurs in America
in the lower part of the Cherokee shale of the Dcs Moines series.
Schmidt176 found Anthracoceras aegiranum above the Magerkohle
division. The underlying Fettkohle beds are non-marine and carry
no ammonites.

Uddenites schucherti assemblage.—Another prolificand persistent
group of ammonites is the Uddenites schucherti assemblage that was

175Sayre, A. N., Fauna of the Drum limestone of Kansas and western Missouri: Univ. Kansas
Bull. 17, pp. 156-158, 1931.

176Schmidt, H., Biostratigraphie dcs Carbon in Deutschland : Congres pour I'Avancemcnt dcs
Etudes de Stratigraphie Carbonifere (Heerlen,1927), Compte Rendu, p. 671, 1928.
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first discovered by Bose177 at Wolf Camp, Brewster County, west
Texas, and placed by him and King178 in the lower part of the
Wolfcamp formation. The zone is now placed in the upper Gap-
tank formation and is regarded as upper Pennsylvanian in age. The
most important ammonites in the assemblage are as follows:

UddenitesschuchertiBose
Marathonitessulcatus Bose
Marathonitesganti (Smith)
Agathiceras frechiBose
Schistoceras diversecostatumBose

Paraschistocerashildrethi (Morton)
Vidrioceras irregulareBose
Shumardites simondsi Smith
Glaphyriteskansasensis (Millerand

Gurley)

The species are so highly developed, the assemblage so large and
so diversified, that it cannot be mistaken for any other group. The
ammonites are also everywhere, except at Wolf Camp, associated
with the fusulinid, Tritidtes cullomensis Dunbar and Condra. It is
interesting to observe that this entireassemblage can be traced across
north-central Texas and some species in Oklahoma and Kansas.
Most of the species in the assemblage have been collected from the
following localities in Texas:

1. Lower beds of upper shale in the Gaptank formation, 5 miles east
of Wolf Camp, Glass Mountains, Brewster County.

2. Graham formation, about 50 feet above the Home Creek limestone,
1% miles east of Fife, McCulloch County.

3. Graham formation, about 10 feet above the Home Creek limestone,
one-half mile east-northeast of Weedon School, Brown County.

4. Graham formation, about20 feet above the Home Creek limestone,
1% miles east of Caddo, Stephens County .

5. Graham formation, about 50 feet above the Home Creek limestone,
Rock Island Railroad cut, 3% miles southeast of Jacksboro,
Jack County.

6. Graham formation, about 20 feet above the Home Greek lime-
stone, W2 miles northeast of Cundiff, eastern part of Jack
County.

The stratigraphic positions of these localities are shown in
figure 84.

Some of the representatives of this assemblage have been found
in the base of the Wabaunsee group as follows:

177805e, E., Permo-Carboniferous ammonoids of the Glass Mountains, west Texas, and their
stratigraphical significance: Univ. Texas Bull. 1762, pp. 1-241, 1917.

178King, P. 8., Geology of the Glass Mountains, Texas, pt. 1, descriptive geology: Univ.
Texas Bull. 3038, p. 52, 1930.
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1. Near Howard,Kansas—
Vidrioceras irregulars Bb'se
Glaphyriteskansasensis (Miller andGurley)

2. East of Emporia, Kansas—
"WiedeyoceraspingueA. K.MillerandCline
Neoaganidesgrahamensis,n.sp.
Triticites cullomensis DunbarandCondra

Fig.84.— Graphic sections showing stratigraphic positions of the Uddenites
schucherti assemblage at the several localities in Te:xas.

One representative, Paraschistoceras hildrethi (Morton), occurs
in Illinois and in Ohio, as follows:

1. Sparland formation of McLeansboro group of beds above coal
No. 7 at Rolls Ford, Sangamon County, Illinois.

2. Conemaugh formation near Cambridge, Guernsey County, Ohio.

No representatives of any member of this assemblage or any simi-
lar forms have been found anywhere in the British Isles or in
Germany, so far as known.

Artinskia adkinsiassemblage—The next important assemblage of
ammonites is the Artinskia adkinsi assemblage that occurs in the
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middle part of the Wichita group, lower Permian. It represents the
oldest known Permian ammonites in Texas and is made up of the
following:

Artinskiaadkinsi,n.sp.
Perrinites bosei,n.sp. (closely related to Perrinites bakeri,n. sp.)
Metalegoceras colemanense,n. sp.
Paragastriocerasadmiralense,n.sp.
Marathonitessellardsi,n. sp.

The assemblage is found in widely separated districts in Texas,
as follows:

1. Basal beds of the Wolfcamp formation on Decie's ranch, 7 miles
northwest of Marathon, Brewster County.

2. Indian Creek shale, about 50 feet below the Coleman limestone,
Admiral formation, middle Wichita group.

The two localities do not represent exactly the same stratigraphic
zone, and the ammonites from the two localities are not identical;
however, they are so closely related and have sutures so nearly in
the same stage of development, that they arenot separatedby many
feet of strata.

COLEMAN DISTRICTMARATHONDISTRICT

Artinskia whartoniA.K.Miller A. adkinsi,n.sp.
Perrinites bakeri,n.sp. 1P.bosei,n.sp.
Metalegocerasaricki,n. sp. O M.colemanense,n.sp.
Paragastriocerasdeciense,n.sp. O P.admiralense,n. sp.
Marathonites sellardsi,n.sp. =0= M. sellardsi,n.sp.

Two representatives of this group occur in the Florena shale of
the Big Blue group of beds in southern Cawley County, Kansas.
They are Artinskia whartoni A. K. Miller, which is very closely
related to, if not conspecific with, A. adkinsi, n. sp., and a small
species of Metalegoceras,perhaps the young ofM.colemanense,n. sp.

This assemblage does not occur, so far as is known,in the British
Isles, Belgium, or Germany, but similar forms are described from
the lower Artinskian of Russia. The lower Artinskian in the
Aktioubinsk region, Russia, has yielded the following ammonites,
which have been described by Ruzencev:179

RUSSIA TEXAS

Eoasianitessubhanieli Ruzencev
Metalogocerasajdaralense (Ruzencev) O M.colemanense,n. sp..
EothiniteskargalensisRuzencev =0= Metalegoceras (large form)
Marathonites invariabilis Ruzencev =C= M.sellardsi,n.sp.

179Ruzencev, V. E., Sur quelques Ammonoidea dv Permian inferieur provenant de la region
d'Aktidubinsk : Bull. Soc. nat. Moscou, geol. ser., vol. 11, pp. 164-180, 1933.
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Eothinites is a genus in which the suture is in the Pseudopara-
legoceras stage. It developed probably out of Eoasianites or from
Glaphyrites rather than out of Phaneroceras, n. gen., and therefore
it is not a synonym for Pseudoparalegoceras. In Texas this stage
of development is reached by a large Metalegoceras in the Clyde
formation several hundred feet above the Artinskia adkinsi zone.
On the other hand, no Eoasianites has been found in the Artinskia
adkinsi beds in Texas, although they maybe present. Marathonites
invariabilis is closely related to M. sellardsi,n. sp.

All the members of the assemblage from Aktioubinsk, except
Eothinites, appear to be related fairly closely to members of the
Artinskia adkinsi, or middle Wichita,assemblage in Texas.

The lower Artinskian in the vicinity of Artinsk between the
Petschara and Ural rivers, according to Karpinsky,180 contains am-
monitessomewhat younger than,but related to,members of Artinskia
adkinsi assemblage, as follows:

RUSSIA TEXAS

Artinskiaartiensis (Griinewaldt) O A. adkinsi,n. sp.
Gastriocerasseussi Karpinsky 0= Paragastrioceras admiralense,n. sp.
Marathonkes,sp. indet. O1 Marathonites sellardsi,n. sp.

It is thought, therefore, that the Artinskian ammonite zones may
be correlated with the middle Wichita beds in Texas and are
slightly younger than the A. adkinsi zone as indicated in figure 85.

The relation of the Artinskia assemblage to the problem of the
location of the Permian-Pennsylvanian boundary is interesting. The
dividing line in Russia was originally placed at the bottom of the
Artinskian group. The deposits on the western slopes of the Ural
Mountains in Russia, particularly along the central part in the area
known as the Ufa Plateau and adjacent territory, are divided by
Russian geologists as follows:

r"k . "

P— Porous dolomiteand red beds, variegated marls.

Artinskian -\ A
P — Medlicottia artiensis. Limestone.

180Karpinsky, A., tiber die Ammoneen der Artinsk-Stufe: Mem. Acad. imp. Sci. St. Peters-
bourg, ser. 7, vol. 37, No. 2, p. 26, 1889.



Geology of Texas, Volume 111, Ammonites 393

i
C— Irgina beds. Fossiliferous, clastic limestones.

3
c

Uralian -i G— Chernaia Rochka beds. Limestone and marls richly
3 fossiliferous;160 M. thick.

C — Jurezan beds. Massive reef limestones grading into
3 richly fossiliferous clastic limestones; 150 M. thick.

The Artinskian and Uralian in the Ufa Plateau areaare separated
according to Tolstikhina181 by an unconformity. The base of the
Artinskian beds rests on different thicknesses of upper Uralian
deposits. According to Licharew182 no marked hiatus exists between
the Uralian and Artinskian in adjacent areas. The only change
between the Uralian and Artinskian is a marked reduction in
brachiopods.

PMo ammoniteshave been reported by Licharew from the upper
Uralian. The limestones, however, contain according to Licharew,183

Enteletes hemiplicatus Hall,Chonetes letesinatus Schellwien (related
to C. meekanus),Derbya regularis (related to D. cymbula), and
Schwagerina princeps Moeller. All these forms are characteristic
of the upper Cisco of Texas and occur above the Thrifty formation.
The strata containing Schwagerina in Kansas and Texas have been
placed in the Permian by Beede184 and Sellards185 on the basis that
the earliest appearanceof Schwagerina marks the beginning of the
Permian. Grabau186 has also followed Beede's criterion for the base
of the Permian in China. The Russian geologist Licharew,187

however, contends that the Permian was first named in Russia,
that the basal boundary line in that country was drawn originally
at the bottom of the Artinskian, and that the line should not be
lowered to include the lower Schwagerina zones in the Uralian.

Ruzencev, on the other hand, has recently listed the following
ammonites from the Schwagerina-beaxing strata inRussia:

181Tolstikhina, M., Carboniferous deposits of the central part of the Ufa Plateau: Trans.
Cent. Geol. Prosp. Inst. U. S. S. R., fasc. 65, p. 34, 1935.

ls2Licharew, 8., Materials to the study of the upper Carboniferous of Ferghana:Trans. Cent.
Geol. Prosp. Inst. U. S. S. R., fasc. 31, p. 38, 1935.

pp. 35-37 and fossil lists pp. 26 and 31.
J., and Kniker, H., Species of the genus Schwagerina and their stratigraphic signifi-

cance: Univ. Texas Bull. 2433, pp. 1-96, 1924.
E. H., The pre-Paleozoic and Paleozoic systems in Texas: Univ. Texas Bull. 3232,

pp. 140-145, 1932.
A., The Permian of Mongolia: Natural History of Central Asia, vol. 4, 1931.

8., Materials to the study of the upper Carboniferous of Ferghana:Trans. Cent.
Geol. Prosp. Inst., fasc. 31, pp. 35-47, 1935.
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Propinacoceras,sp.
Artinskia multituberculata

Ruzencev (MS.)
Thalassoceras gemmellaroiKarpinsky
Popanoceraslahuseni Karpinsky
Paragastrioceras jossae (de Verneuil)

Metalegoceras,sp.
Parapronorites,sp.
Marathonites,sp.
Agathicerasuralicum (Karpinsky)
Eoasianites subhanieliRuzencev

He has separated these strata into a new group named by him Sak-
marian, which he has placed in the Permian. Thus Ruzencev, as
we in America, place the Carboniferous-Permian boundary between
Uddenites and Artinskia zones.

Fig. 85.— Correlation of the Artinskia adkinsi zone in Texas, Kansas, and
Russia.

The basal Permian in Russia is marked, therefore, by the appear-
ance of Artinskia. It seems that this genus is an important fossil
to denote the beginning of this stratigraphic system. Artinskia marks
the base of the Wolfcamp in theMarathon district, as now restricted
by Sellards, and occurs just above a marked unconformity.
Artinskia occurs in central Texas in the lower Wichita and first
appears with the beginning of a decidedly distinctive Permian
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fauna. Artinskia occurs in Kansas, according to Newell,188 in the
Florena shale of the Big Blue group about 50 feet above the Neva
limestone. The relationships of the Artinskia beds in the four im-
portant regions is shown in the diagram, figure 85. The Big Blue
group in Kansas, the upper Cisco in central Texas, and the
lower Wolfcamp formation in west Texas, as now limited, and
the Sakmarian in Russia are apparently approximately equiv-
alent in age. The Permian-Pennsylvanian boundary appears most
logically to belong at the base of these groups of beds as indicated
in figure 85. Other important index genera of the basal Permian
are Metalegoceras,Paragastrioceras, and Metaschistoceras,

Medlicottia copeiassemblage.—The next important zone in Texas
occurs in the Clyde formationbelow the Lueders limestonenear the
top of the Wichita group. The best locality is at Old Military
Crossing on Wichita River below Lake Kemp. This assemblage is
characterized by the followingammonites:

Medlicottia copeiWhite
Perrinites cumminsi (White)

PopanoceraswalcottiWhite
Metalegocerasbaylorense (White)

This assemblage has not been found outside of Texas in America.
InTimor, Netherlands East Indies,Haniel189 and Smith,190 however,
have described a large fauna from the Bitauni beds of the lower
Permian. The fauna is a varied one and must have been collected
through a considerable thickness of geologic section. Until these
ammonites can be definitely separated into the different zones in
the section from which they came, it is difficult to compare the Timor
fossils definitely with any from Texas. The following ammonites
from Bitauni appear to be related to the Medlicottia copei
assemblage:

TIMOR TEXAS

Medlicottiaorbignyana (Verneuil) ZCZ M.copei White
Perrinites waageni (Smith) O P.cumminsi (White)
PopanocerashanieliSmith =0= P. walcottiWhite
Metalegoceras evolutum (Haniel) =0= M.baylorense (White)

One species, Artinskia timorensis (Haniel), apparently is related
to Artinskia adkinsi from the middle Wichita assemblage, and
another species, Perrinites brouweri Smith, is obviously younger
than the upper Wichita assemblage and seems to be most nearly

MBNewell, N. D., Personal communication and loan of an excellent specimen of Artinskia.
M9Haniel, C. A., Die Cephalopoden der Dyas yon Timor, pp. 1-153, 1915.
190Smith, J. P., Permian ammonoids of Timor: Jaarh. Miinw. Ned.-Indie, Verh. 1926, pp.

1-58, 1927.
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related to P. compressus Bose from the Leonard formation. It ap-
pears evident from these comparisons, therefore, that the fauna from
Bitauni comes from several different horizons in the lower Permian,
equivalent to at least most of the upper half of the strata repre-
sented by the Wichita group and possibly part of the Clear Fork
group in Texas.

An interesting assemblage of ammonites has been described by
Toumansky191 from outcropsalong Marta River in Crimea. Among
these the following are representative:
Popanocerasmartense Toumansky
Stacheoceras bb'sei Toumansky
StacheocerasvogtiToumansky
Medlicottia vogti Toumansky
PropinacocerassoramanseToumansky

AdrianitesbiassalensisToumansky
ParaceltitessophiensisToumansky
Parapronoriteshoeteri Toumansky
AgathicerasplanumToumansky

Tourmansky has correlated this assemblage with the ammonites
described by Bose192 from the Word formation of west Texas, and
Miller193 has compared the Marta River ammonites with the Sosio
forms from Sicily. The presence of typical Eoasianites and Para-
pronorites suggests a lower horizon than that of the Word. Also
Medlicottia vogti is a mature form and still in the Medlicottia (as
restricted by Spath) stage. The medlicottids in the Word are in the
Eumedlicottia stage. Medlicottia vogti resembles closest M. choza-
ensis, n. sp., from the lower part of the Clear Fork in Texas, a
horizon thought to be considerably older than the Word and just
slightly younger than theMedlicottia copei assemblage of the upper
Wichita.

Eumedlicottia burckhardti assemblage.—The next higher zone in
Texas whereammonites occur in abundance is in the Word forma-
tion in a limestone layer about 100 feet above the base of the forma-
tion. The zone is best exposed near the junction of Road and
Gilliland canyons in Glass Mountains,Brewster County. This zone
has yielded the following assemblage of ammonites, most of which
have been described by Bose:194

191Tourmansky, 0., The Permo-Carboniferous beds of the Crimea; pt. 1, Cephalopoda, Am-
monoidea:pp. 89-107 (English summary), 1931.

192865e, E., The Permo-Carboniferous ammonoids of the Glass Mountains, west Texas, and
their stratigraphical significance: Univ. Texas Bull. 1762, 1917.

193Miller, A. X.. Age of the Permian limestones of Sicily: Am. Jour. Sci., ser. 5, vol. 26,
p. 423, 1933.

19itB6se, E., The Permo-Carboniferous ammonoids of the Glass Mountains: Univ. Texas Bull.

1762, pp. 1-241, 1917.
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Eumedlicottiaburckhardti (Bose) Popanocerasbowmani (Bose)
Paragastriocerasroadense (Bose) Stacheocerasgilliamense Bose
Perrinites gouldi,n.sp. Waagenoceras dieneriBose
AgathicerasgirtyiBose

The same or closely related ammonites occur in the Delaware
Mountain formation in the trans-Pecos district, Culberson County,
as shown by the following list:

Eumedlicottia burckhardti (Bose)
Paragastriocerasroadense (Bose)
WaagenocerasdieneriBose

Two members of this assemblage have been found innorth-central
Texas in the Blame formation of the Double Mountain group near
the Acme cement plant, 6 miles west of Quanah, Hardeman County.
These are:

Eumedlicottia burckhardti (Bose)
Perrinites gouldi,n.sp.

Waagenoceras thought to be similar to W. dieneri and specimens
of Medlicottia and Stacheroceras are reported by R. E. King195 to
occur in the Permian section of the Las Delicias district, Coahuila,
Mexico, in Bed No. 14 in the section measured at Difunta. King
believes that this group of ammonites indicates a correlation of
Bed No. 14 with the Word formation in Glass Mountains and that
the Las Delicias Permian represents a southern continuationof the
Texas Permian sea. The assemblage has not yet been described, so
that it is not possible to presenta list of the species.

Bose196 and Miller197 have pointed out the close affinities of the
Eumedlicottia burckhardti assemblage with that described by Gem-
mellaro from the famous limestone boulder of the Sosio beds in
Burgio Pass at the head of Sosio Valley, Palermo province, Italy.
A comparison of the fauna of the Word formation and that of the
Sosio beds is givenbelow:

193King,R. E., The Permian of southwestern Coahuila, Mexico: Am. Jour. Sci., ser. 5, vol. 27,

pp. 105, 106, 1934.
196805e, E., The Permo-Carboniferous ammonoids of the Glass Mountains, west Texas, and

their stratigraphical significance: Univ. Texas Bull. 1762, p. 33, 1917.
197Miller, A. X., Age of the Permian limestones of Sicily: Am. Jour. Sci., vol. 26, pp. 409-

-427, 1933.



398 The University of Texas Bulletin No. 3701

WORD FORMATION SOSIO BEDS

Paragastriocerasroadense (Bb'se) =O P.zitteli (Gemmellaro)
Eumedlicottiaburckhardti (Bb'se) O E.verneuili (Gemmellaro)
Paraceltites elegans Girty :O:P.plicatus Gemmellaro
Paraceltites multicostatus Bose =0= P. hoeferi Gemmellaro
Adrianites marathonensisBose =C= A.elegans Gemmellaro
Popanocerasbowmani (Bose) =0= P.moelleri Gemmellaro
Stacheocerasgilliamense Bb'se O= S. globosum Gemmellaro
Waagenoceras dieneriBose =C= W. nikitini Gemmellaro
Hoffmannia fisheri,n. sp. =C= H.hoffmanniGemmellaro

Perrinites hilli assemblage.—The uppermost zone in which am-
monites occur in Texas is in the Peacock formation of the Double
Mountain group. The following ammoniteshave been found in this
zone:

Perrinites hilli (Smith)
Eumedlicottiacrotonensis, n. sp.
Stacheoceras,n.sp.

The zone appears to be rather restricted geographically, as its
assemblage of fossils has notbeen reported from any other locality
in central or west Texas. The same ammonites, however, have been
discovered by Beede in the upper part of the San Andres limestone
near Mountain Park, New Mexico. The assemblage appears to be
younger than any of the Permian faunas in Timor or in Italy and
most nearly related to certain forms in the upper Productus lime-
stone of Jabe in the Salt Range of India,where Waagen198 described
the following:

ArcestesantiquusWaagen =0= Stacheoceras, sp. indet.
Eumedlicottia prima (Waagen) O E.crotonensis, n. sp.
Waagenoceras oldhami(Waagen)

(Apparently much younger and more
advanced development than W.
dieneri Bb'se in west Texas)

The assemblage is associated with Xenodiscus plicatus Waagen
and Xenaspia carbonaria (Waagen). Both appear to be somewhat
younger in development than any similar forms from the upper
Permian limestone of Delaware Mountains or Guadalupe Moun-
tains of west Texas. The suture line of Waagenoceras oldhami, for
example, is much more highly developed than the largest specimen
of Waagenoceras from the Word formation. It is thought, there-
fore, that this assemblage represents the youngest zone of Permian

10eWaagen, W., Salt Range fossils, Productus limestone group; Mem. Geol. Survey India,
Pal. Indica, ser. 13. vol. 1. pt. 1, pp. 1-72, 1880.
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Fig. 86.— Chart showing the correlation of the Texas ammonite assemblages with those in Europe and Asia.
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ammonitesinTexas, and it is younger than assemblages in the Word
and its equivalent strata in Delaware Mountains.

R. E. King199 reports a group of ammonites from the Difunta
section in the Las Delicias district, Coahuila,Mexico, from ahorizon
500 feet above the zone where he collected Waagenoceras dieneri.
The most significant specimen in this upper zone is Hanieloceras,
a form more advanced than Waagenoceras and thought to be un-
doubtedly younger than any of the Glass Mountains forms. It is
possible that these upperDifunta ammonites maybe related to the
Perrinites hilli assemblage. It will be impossible, however, to make
definite correlations until the Las Delicias species are described.

Summary of correlationof the ammonite assemblages.—The corre-

lation of the Texas ammonite assemblages is shown graphically in
figures 85, 86, and 87. The charts indicate that the oldest Carbonif-
erous strata (lower Barnett beds) southwest of Lampasas correlate
with the zoneP2 or the upperBollandian shales of England, with the
limestones of Vise division in Belgium, and with zone Illy of the
shales and thin limestone in Westphalia, Germany. The upper Bar-
nett, which outcrops southeast of San Saba in San Saba County,
correlates with the basal Lancastrian beds in England, with the
lower part of Ardenne division in Belgium, and with zone Illy of
Schmidt's zones in Germany. The Marble Falls formation is corre-
lated with upper Lancastrian of England, with the upper part of
Ardenne division of Belgium, and with the Flozleeres beds of
Schmidt's zoneIV in Germany. The Gastrioceras listen zoneof the
upper Smithwick shale correlates with the Halifaxian division of
the lower Coal Measures of England, with the Chatelet division in
Belgium, and with the Magerkohle beds in the lower part of zone V
of Schmidt's zones in Germany.

The Strawn grouphas not yielded enough ammonites to be zoned.
The lower Cherokee shale of Missouri, which is thought to be
equivalent to the lower part of the Strawn, is correlated with the
lower Staffordian of England, with the Flenu division in Belgium,
and with the Gasflammkohle beds of the upper part of Schmidt's
zone V in Germany. No marine ammonite-bearing strata younger
than the Strawn areknown to be present in Europe, unless possibly
the Canyon may be correlated with certain marine beds in the
Witten division in central Germany.

199King,R. E., loc. tit., p. 106.
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The ammonite zones of the Cisco grouphave been discovered by
Ruzencev in Russia. It is thought that the upper Cisco beds are
Permian in age and that the lower Cisco beds carrying the Udden-
ites fauna represent the youngest Pennsylvanian strata and are true
transition beds between the Pennsylvanian and Permian. They are
undoubtedly equivalent to at least a part of the upper Uralian in
Russia.

The lower Wichita, or Artinskia adkinsi beds, are correlated with
the ammonite zones in the Sakmarian of Russia. The upper
Wichita and Lower Clear Fork beds are correlated with the Bitauni
beds of Timor. The lower part of the Double Mountain beds and
Word formation are correlated with the Sosio beds of Italy and

Fig. 87.— Correlation of the ammonite zones in Texas, Oklahoma, Arkansas,
Germany, and England.

with the Basleo beds of Timor. The upper Double Mountain strata
of the Peacock formation appear to be younger than the Sosio and
Basleo beds and are correlated with the upper Ptoductus limestone
beds of the Salt Range in India. The fauna of the upper Double
Mountain beds is so meager,however, that this correlation must be
regarded as tentative, and the final decision must await more col-
lecting, further detailed study, and comparisonof the material.

The study of the assemblages of the ammonites indicates, however,
that the world over certain genera of ammonites characterized cer-
tain epochs, and that these genera disappeared and were replaced
by other quite different ones which in turn after a time diminished
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and died out, so that the dominance of certain genera characterizes
certain geologic epochs as indicated in the following tables:

Genera of globose ammonites dominant in the several geologic
divisions of the Carboniferous section in Texas

Genera of discoid ammonites dominant in the several geologic
divisions of the Carboniferous section in Texas

Spath200 has suggested that marine epochs during which a well-
known genus thrived may be designated by the name of the genus.
If his idea could be followed more generally, geologic time nomen-
clature would be simplified, moredefinitely defined, and muchmore
easily understood internationally.

The following table illustrates a suggested nomenclature based
on Spath's system and selected from the tables just presented. The
ammonitenames are selected because of their common occurrence,

200Spath, L. F., The Ammonoidea of the Trias: Catalogue of the fossil Cephalopoda in the
British Museum (Nat. Hist.), pt. 4, pp. 19, 24, 1934.

EPOCH FORMATION GENUS

UpperPermian Double Mt. Waagenoceras
MiddlePermian Clear Fork Perrinites
Lower Permian Wichita Metalegoceras

UpperPennsylvanian
Cisco
Canyon
Mineral Wells

Scbistoceras

MiddlePennsylvanian MillsapLake
Smithwick

Gastrioceras

Lower Pennsylvanian MarbleFalls Bendoceras
UpperMississippian Barnett Cravenoceras

JpperPermian Double Mountain Eumedlicottia
liddlePermian ClearFork Medlicottia
xiwerPermian Wichita Artinskia
JpperPennsylvanian Cisco

Canyon
MineralWells

Uddenites
Prouddenites

liddlePennsylvanian MillsapLake
Smithwick

Pronorites
Paraprolecanifr

,ower Pennsylvanian MarbleFalls Pronorites
JpperMississippian Barnett Prolecanites
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definitely limited time range, widespread distribution, and well-
known and easily recognized characteristics:

Synchronous time divisions inEurope and America and suggested
epoch names based on the ammonite genus

dominant in each division

EPOCH SUGGESTEDEPOCH NAME

Europe America
Kungurian UpperPermian Waagenoceran
UpperArtinskian MiddlePermian Medlicottian
Lower Artinskian LowerPermian Artinskian
Uralian UpperPennsylvanian Schistoceran
UpperCoalMeasures or

lower Stephanian MiddlePennsylvanian Gastrioceran
Lower CoalMeasures or

Stephanian Lower Pennsylvanian Bendoceran
Lower Namurian and

upper Visean or
Dinantian UpperMississippian Prolecanitid



List of ammonite localities
Baylor County

12— T— 7 (o— 4).201 Weathered limestone ledge along river bluff at Old
Military Crossing on Wichita River, 1% miles southeast of La Paloma ranch
3% miles east of Kemp Lake dam, east-central part of section 24, T. C. RR.
Co. Survey. Middle member of Clyde formation of Wichita group, Permian.

Brewster County

22— T— 2. Slope 200' to 400 feet below base of dolomite cliff, 4 miles north-
west of AJtuda; 2 miles west of the Marathon-Alpine highway, north side of
Altuda Mt., Glass Mountains, Leonard (?) formation, Permian.

22— T— 3. Shale slope in saddle onnorth side of prominent hill, just north
of abandoned well of old Wolf Camp ranch house, Wolf Camp, Glass Moun-
tains. Upper part of Gaptank formation {"Uddenites zone"), Pennsylvanian.

22— T— 9. Clay slide about 2 miles west-northwest of Iron Mt., Glass
Mountains. Leonard formation, Permian.

22— T— 10. Middle of yellow sandstone member, near top of first mountain
north of Leonard Mt., about one-half mile northwest of Hess ranch, Glass
Mountains. Word formation, Permian.

22— T— 13. Limestone outcrop 1% miles N. 55° W. of Hess ranch house,
which is located approximately 10 miles north of Marathon, Glass Mountains.
Word formation, Permian.

22— T— 14. Limestone outcrop 2% miles N. 70° E. from second tank up
valley from Hess headquarters ranch and about a mile southwest of Word
Ranch. Word formation, Permian.

22— T— 15. Clay slide 5% miles northeast of Decie's (Wedin's) ranch and
2% miles west-northwest of Iron Mt., Glass Mountains. Leonard formation,
Permian.

22-T-24. Limestone 2 milesN. 65° W. of Wolf Camp at head of valley
leading southward to the tank located about half a jnile west of Wolf Camp.
Leonard formation, Permian.

22— T— 25. Clay slide about7% miles northwest of Marathonand 2% miles
west of the south end of Iron Mt., Glass Mountains. Leonard formation,
Permian.

22— T— 29. Limestone outcrop at junction of Road and Gilliland (Gilliam)
canyons, 4 miles northwest of Hess ranch house and 4% miles north, of north
end of Iron Mt., Glass Mountains. Word formation, Permian.

22— T— 31. Limestone outcrop one-half mile southeast of junction of Road
and Gilliland (Gilliam) canyons, about 4% miles northwest of Hess ranch
house, Glass Mountains. Word formation, Permian.

22— T— 45. South side intrusive plug near Capt. James' ranch; 2% miles
west of Altuda station, on southeast side of Altuda Mt., Glass Mountains.
Leonard formation, Permian.

22-T-47. 1% miles due south of Arnold Ranch and 4% miles S, 15° E. of
Lenox station. Gaptank formation, Pennsylvanian.

22— T— 48. 5 miles northeast of Wolf Camp, Glass Mountains, 2% miles
west and one-half mile north of Montgomery ranch house. Upper part of
Gaptank formation, Pennsylvanian.

201The designation in parentheses refers to coordinates on the county geologic maps issued
by the Bureau of Economic Geology.

404
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/

22— T— 51. 2% miles northeast of oil test on Decie's (Wedin's) ranch,
about 7 miles northwest of Marathon. Leonard formation. Permian.

22--T--74. Limestone south side of mountain north of Marathon-Alpine
highway; 2 miles, southwest of Altuda station. Leonard formation, Permian.

22— T— 128. 2% milesnorth of Decie's (Wedin's) ranch, at base of escarp-
ment and just above basal conglomerate, about 3 miles northeast of Lenox
station, Glass Mountains. Wolfcamp formation, Permian.

22— T— 142. Limestone outcrop south of summit of Dugout Mt., about 10
miles due west of Marathon and 2% miles southwest of Lenox. Wolfcamp
formation, Permian.

22^T— 143. Outcrop southwest of Hargis ranch house near railroad mile-
post 580, 4 miles west of Marathon. Gaptank formation, Pennsylvanian.

Brown County

25— T— 3 (F— 10). East-facing slope near former cattle tank, one-eighth
mile north-northeast of Weedon School, 1% miles west and 3% miles south
of Byrd's Store. Graham formation, Pennsylvanian.

25— T— 27 (D— ls). Shale exposure near creek; middle of section 25, H. &
T. G. RR. survey, about 3 miles north of Bangs. Graham formation, Penn-
sylvanian.

25— T— 42 (F— 10). North-facing slopes one-half mile east-northeast of
Weedon School, 1mile west and 3% miles south of Byrd's Store. Graham
formation, Pennsylvanian.

Callahan County

30— T— 9 (H— 6). Shale exposure along railroad cut, 2% miles west of
Baird. Belle Plains formation, Permian.

Coleman County

42— T— 18 (K— ls). Yellow shale along low east-facing escarpment, 4%
miles south-southwest of Coleman on the south side of G. C. & S. F. RR.,
about 0.3 mile east of the Coleman-Fisk road. About 50 feet below Coleman
limestone member, Admiral formation, Permian.

42— T— 22 (P— 29). At base of a steep shale slope on the south side of
escarpment,1.8 miles north of Mitchell Crossing, and one-half mile southeast
of Parks Mt., about 3% miles south-southwest of Whon. Graham formation,
Pennsylvanian.

42-T-27 (P-29). About 1% miles northeast of Mitchell Crossing, west
side of small hills. Graham formation, Pennsylvanian.

42— T— 28 (0— 26). Shale exposure along valley of Home Creek on
Sellari's place,2 miles east of Rockwood. Thrifty(?) formation, Pennsylvanian.

Culberson County

55— T— 2. Limestone outcrop north of D South Wells, about 16 miles south-
east of Guadalupe Point. Along a section measured by Beede202 between
base of Delaware Mountain escarpment east of Murchant concrete tank and
Wild Horse Draw on the northern part of University Block 46. Delaware
Mountain formation, Permian.

55— T— 3. Limestone outcrop southeast of Casey's Last Chance Well. Along
a section measured by Beede202 over the main escarpment of Delaware Moun-
tains, running just north of Hogue Canyon and carried down Chico Draw,

J. W., Report on the oil and gas possibilities of the University Block 46 in Cul-
berson County: Univ. Texas Bull. 2346, pp. 6-13, 1923.
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thenalong the divides south of it to Last Chance Wells, and thence offsets to
south of the old Terry Church, from whichplace it runs east to Wild Horse
Draw, thence southeast to south line of University Block 46. Delaware
Mountain formation, Permian.

55— T— 4. Limestone outcrop northeast of the old Terry Church. Along a
south section measured by Beede202 over the main escarpment of Delaware
Mountains, just north of Hogue Canyon and carried down Chico Draw, thence
along the divides south of it to Last Chance Wells, and thence offsets to
south of the old Terry Church from which place it runs east to Wild Horse
Draw, thence southeast to the south line of University Block 46. Delaware
Mountain formation, Permian.

55— T— 9. Limestone outcrop east of concrete tank on Salt Flat, on Six-Bar
(or Delaware) ranch. Along a section measured by Beede202 between base
of Delaware Mountain escarpment east of Murchant concrete tank and Wild
Horse Draw on the northern part of University Block 46. Delaware Mountain
formation, Permian.

55— T— 11. Diablo Plateau, east of Black Mountains. Delaware Mountain
formation, Permian.

55— T— 18. Exposure of black limestone below Capitan limestone in the
first big canyon north of Wilson's house at Bone Springs, 1mile northwest of
Guadalupe Point. Delaware Mountain formation, Permian.

55— T— 21. Guadalupe Canyon, Delaware Mountains. Delaware Mountain
formation, Permian.

Erath County

72— T— 1. Shale slope near outlier on east side of prominent escarpment,
6 miles south of Thurber and 3.3 miles west of the Thurber-Stephenville road,
on west side of a branch of Barton Creek and 720' feet southwest of a wire
fence. Millsap Lake formation, Pennsylvanian.

72— T— 4. Sandy shale on south side of forks of Patillo-Morgan Hill road,
6 miles west of Patillo. Millsap Lake formation, Pennsylvanian.

Hardeman County

99— T— 1. North of Acme cement plant, 6 miles west of Quanah. Blame
formation, Permian.

99— T— 2. About 2 miles north-northeast of Acme cement plant, near
Quanah. Blame formation,Permian.

Hood County

110— T— 3. Shales belowKickapoo Falls limestone, 4% miles east-northeast
of Lipan, north side of Kickapoo Greek, south side of road back of old barn.
MillsapLake formation, Pennsylvanian.

Hudspeth County

114— T— 46. Shale exposure one-fourthmilesnorthofMarbleCanyonand 1%
miles S. 75° W. of Figure-Two ranch headquarters, south-southeast of Apache
Peak, Sierra Diablo Mountains, in northwestern part of Van Horn quadrangle.
Smithwick formation, Pennsylvanian.

114— T— 49. A thin-beddedlimestone and shale formationat the north end
of Diablo escarpment. Smithwick formation, Pennsylvanian.

114— T— 50. Alternating shale and limestone layers, 1% miles northwest of
CoyoteTanks, southeast end of Rancheria Mountain, in Cerro Alto quadrangle.
Smithwick(?) formation, Pennsylvanian.
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Jack County

119— T— 8 (L— l3). Shale exposure in railroad cut under viaduct over Rock
Island Railroad, 3% miles southeast of Jacksboro on the Mineral Wells high-
way. Graham formation, Pennsylvanian.

119-T-20 (Q-8). Shale outcrop 2 miles southeast of Cundiff. Caddo
Creek formation, Pennsylvanian.

119— T— 22 (M— 9). Shale slope 6% miles northeast of Jacksboro onnorth
side of Jacksboro-Bridgeport road. Graham formation, Pennsylvanian.

119— T— 23 (G— 10). Shale exposure in road cut 6% miles northwest of
Jacksboro on Jacksboro-Anteloperoad. Graham formation, Pennsylvanian.

119— T— 32 (Q— 7). Shale overlying limestone on side road 2 miles north-
east of Cundiff. Follow highway east from Cundiff for 1% miles, take side
road to north, and follow one-half mile. Graham formation, Pennsylvanian.

Kent County

216-T-l (D-5). Dolomite203 at falls of Salt Croton Creek about 1 mile
above the confluence of Salt Croton Creek with Salt Fork of Brazos River.
Between Croton gypsum and Wagon gypsum, base of Peacock formation,
Double Mountain group, Permian.

Kimble County

134— T— 1. About Wi miles east and 4% miles south of London. Barnett(?)
formation, Mississippian.

134— T— 2. Shale parting in massive limestone ledge outcropping on west
bank of Llano River near mouth of Big Saline Creek, 6% miles east-southeast
of London, Pflugeir's ranch near crossing, to Smith ranch house. Marble Fallsformation, Pennsylvanian.

Lampasas County

140— T— 1. Exposure of gray and black limestone along Espey Creek, about
4 miles southwest of Lampasas. Barnett formation, Mississippian.

140— T— 3. Shale slope along low hill on south side of Lampasas-Llano
road about 5 miles southwest of Lampasas. Barnett formation, Mississippian.

140— T—S. Limestone outcrop along Pillar Bluff on Espey Creek, 5% miles
southwest of Lampasas. Barnett formation, Mississippian.

140— T— 6. Limestone outcrop along Espey Creek, 7 miles by road west-
southwest of Lampasas on McCreaville road, due south of Mrs. Julie Bean's
house. Barnett formation, Mississippian.

McCulloch County

■153— T— 6. Shale exposure along south-facing slope on north side of broad
east-west valley, about 3% miles due east of Rochelle and 1mile south of the
Rochelle-Richland Springs highway. The shale exposures lie just east of a
north-south fence line at west side of sec. 305, H. &T. C. RR. Survey. Smith-
wick formation, Pennsylvanian.

153— T— 10 (J— s). Shale escarpment on south side of highway, 1% miles
east of Fife. Graham formation, Pennsylvanian.

Mason County

159— T— 1. Limestone 7 miles southwest of Mason near Honey Creek.
Marble Falls formation, Pennsylvanian.

203Cummins, W. F., Geol. Survey Texas First Ann. Rpt., p. 408, 1890.
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Palo Pinto County

181— T— 2 (O— 11). Shaleexposure south of small tank at base of east end
of Barbers Mountain in section 16, Blk, A., T. & P. RR. Survey, 1mile west
of Oak's Grossing on Brazos River, and 5% miles southwest of Mineral Wells.
Mineral Wells formation, Pennsylvanian.

181— T— 9 (S— 9). Old abandonedshale excavation 0.6 mile due east of the
intersection of Hubbard and Oak streets in Mineral Wells, and on the north
side of East Hubbard Street; steep East Mountain shale slope containing
Village Bend limestone. The best collecting is below the limestone. Mineral
Wells formation, Pennsylvanian.

181— T— 24 (I—7). Shale exposure along small branch near foot of escarp-
ment, north of Dalton Fortune Bend School, 2.1 miles southwest of Dalton,
about 0.4 mile northwest of road, and 2% miles west-northwest of Brazos
River bridge on Palo Pinto-Grafordroad. Graford formation, Pennsylvanian.

181— T— 27 (1—8). Shale slope at foot of steep escarpment one-quarter mile
northwest of Brazos River, 3 miles southwest of Graford-Palo Pinto road
bridge over Brazos River, and at east end of Long Mountain (McKenzie Mt.).
Wolf Mountain shale member about 250! feet below top Merriman limestone,
Graford formation, Pennsylvanian.

181-T-29 (K-9). South slope of Kyle Mountain about 4 miles north-
northwest of Palo Pinto. Graford formation, Pennsylvanian.

181— T— s9 (P— 9). Steep shale slope capped by Lake Pinto sandstone at
sharp road turn 4 miles west of Mineral Wells and one-half mile northeast of
Brazos River bridge, on Mineral Wells-Palo Pinto highway. East Mountain
shale member of Mineral Wells formation, Pennsylvanian.

181— T— 60 (X— 4). Exposure on side of smallhill, 100 feet belowMerri-
man limestone, 3% miles west-southwest of Graford, and 2% miles north-
northeast of Dalton. Graford formation, Pennsylvanian.

181— T— 66 (Q— 9). Shale exposure on south side of Mineral Wells-Palo
Pinto highway; 2 miles west of Mineral Wells. Mineral Wells formation,
Pennsylvanian.

181— T— 70 (P— B). Shale exposure on east side of road along south-facing
escarpment, about 3% miles northwest of Mineral Wells, west side of section
50, T. & P. RR. Survey. Mineral Wells formation, Pennsylvanian.

181— T— 94 (I—7). In Dalton pasture 1mile west of Dalton ranch house.
Above Wiles limestone, Graford formation, Pennsylvanian.

Pecos County

185— T— 1. Outcrop of yellow limestone and interbedded shale on southeast
side of bluff, 2 miles south of Gap Tank, near end of north-south wire fence.
Gaptank formation, Pennsylvanian.

Runnels County

199— T— 20 (A— l4). Soft impure limestone outcrop east of Mule Creek
and southwest of Smith place south of Colorado River. Choza formation,
Permian.

San Saba County

205— T— 1. Outcrop of black shale along small branches leading into
Colorado River, 2 miles West of town of Bend. Smithwick formation, Penn-
sylvanian.

205— T— 3. Shale 1 mile north of Bluff Creek on west side of Colorado
Hiver. Smithwick formation, Pennsylvanian.
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205— T— 6. Black shale exposed in creek running into south bank of
Colorado River; one-half mile north of Bend. Smith-wick formation, Penn-
sylvanian.

205— T— 7. Limestone 6 miles south and 1 mile east of Algerita between
Harkeyville-Mason road and Wallace Creek, about 7 miles southwest of San
Saba. Marble Falls formation, Pennsylvanian.

205— T— 11. Limestone outcrop along bluff on Cherokee Creek, 10 miles
southwest of Bend, north of Bend-Cherokee road. Basal Marble Falls forma-
tion, Pennsylvanian.

205— T— 13. Shale outcrop on Bend-Chappel road a few hundredfeet south
of intersection with Bend-San Saba road, about 1 mile southwest of Bend.
Smithwick formation, Pennsylvanian.

205— T— 14. Shale outcrop at a point midway betweenBend-San Sabaroad
and Colorado River, about 2; miles northwest of sharp river bend southwest of
Bend. Smithwick formation, Pennsylvanian.

205— T— 23. Shale and limestone exposure at side of San Saba-Llano road,
about 2% miles south of San Saba. Marble Falls formation, Pennsylvanian.

205— T— 24. Exposure of shale beds and thin limestone near top of hill
and east of old lime kiln, 3 miles southeast of San Saba on Chappel road.
Bamett formation, Mississippian.

205— T— 26. High shale bank on right bank of Colorado River, between
Bend-San Saba highway and river about three-quartersof a mile southwest of
Bend. Smithwick formation, Pennsylvanian.

205— T— 34. Shale on the Jackson ranch, near the ranch house, and 2 miles
south of Richland Springs. Barnett formation, Mississippian.

Stephens County

214— T— 1 (1—20). Shale exposure on south side of a prominent slope,
about 0.1 mile east of old Gunsight-Eastland road and just south of fork of
the old Gunsight-Cisco and old Gunsight-Eastland roads. Graham formation,
Pennsylvanian.

214— T— 27 (Q— 10). Shale exposure at top of upper Home Creek lime-
stone member on the right bank of Caddo Creek, about 0.2 mile upstream
from small dam near bridge at road fork, about 1% miles by road northeast
of Caddo. Graham formation, Pennsylvanian.

214— T— 28 (Q— 11). Shale exposure a few paces northwest of cattle tank,
on north side of a shallow east-west valley, 1% miles east of Caddo, and 0.2
mile north of Highway No. IA. Graham formation, Pennsylvanian.

Taylor County

220— T— 1 (Q— 4). limestone ledge about101 feet below capping limestone
of a westward-facing slope just south of Abilene Christian College and about
1 mile east-northeast of the railroad station in Abilene. Lytle limestone
member of Arroyo formation, Permian.

Wichita County

242— T— 4 (B— 10). Limestone outcrop along small creek valley. 4 miles
south of Electra. Clyde formation, Permian.

Wise County

248— T— 1 (D— 11). Shale exposure along valley side on east side of Lake
Bridgeport onWaggoner Ranch, west side of Rock Hill, 4 miles west-southwest
of Bridgeport, about100 yards southwest of the road fork. Graford formation,
Pennsylvanian.
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248— T— 4 (G— l2). Shale exposure on west side of highway and west side
of the valley leading into the head of Martin's Lake, 1% miles due south of
Bridgeport. Graford formation, Pennsylvanian.

248-T-6 (G— 10). Clay pit in north edge of the town of Bridgeport.
Graford formation, Pennsylvanian.

248— T— 8 (B— s). Shale exposure near head of small valley, one-fourth
mile north of Ghico-Jacksboro road, and 5Y2 miles northwest of Chico. Brad
formation, Pennsylvanian.

248-T-26 (C-12). Shales near Berkshire Switch on Rock Island Rail-
road, 6 miles west-southwest of Bridgeport, in east edge of D. B. Munroe
Hack. Graford formation, Pennsylvanian.

YoungCounty

251— T— 2 (R— l6). Shale exposure below thin linestone layer on north
side of highway, 3 miles northwest of Finis. Graham formation, Pennsylvanian.

251— T— 3 (M— l3). Shale near top of bluff just above prominent limestone
ledge on west bank of Salt Creek, one-eighth mile north of highway, 1 mile
west of Graham courthouse. This is Cummins'204 original locality from which
his Pennsylvanian fossils were described. Graham formation, Pennsylvanian.

251— T— 4 (X— 18). Base of shale slopes on west side of outlier three-
quarters of a mile southwest of South Bend. Graham formation, Pennsylvanian.

204Cummins, W. F., Geol. Survey Texas Second Ann. Rpt., p. 378, 1891.
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PLATE 1

Page

Protocanites lyoni (Meek and Worthen) 49
1. Lateral view of genotype, after Meek and Worthen
2. Cross-section of same species, after H. Schmidt
3. Complete suture line, after Smith; X 1

Merocanites compressus (J. Sowerby) 49
4. Ventral view of a specimen from 4 miles east of Loughrea,

Ireland, after Foord (PL 48, fig. 8b); X 0.75
5. Lateral view of same specimen, afterFoord (PI. 48, fig. 8a);X 1
6. External suture line on a specimen from Little Island, Ireland,

after Foord (PL 48, fig. 4c);X 0.5

Prolecanites serpentinus (Phillips) : 49
7. Lateral view of genotype, after Phillips

> 8. Gross-section of same species, after H. Schmidt
9. External suture line of genotype, after H. Schmidt; X 2

Daraelites kingi, n. sp 101
10. Lateral view of a specimen (T-110OS) from 2% miles north of

Decie's ranch, Glass Mountains; X 1
11. Suture line on a specimen (T-11068) at diameter 36 mm.; X 2;

from same locality
Paraprolecanites sandbergeri, n. sp 52

12. Lateral view of typical specimen (P-13368) from 3% miles east
of Rochelle, MicCulloch County; X 2.2

13. Lateral view of same specimen; X 2.5
14. Lateral view of another smaller and thinner specimen (T-12270)

from junction of Bend-Chappel and Bend-San Saba roads about
1mile west of Bend, San Saba County

15. Ventral view of same specimen; X 2
16. Lateral view of holotype (P-1336A) from 3% miles east of

Rochelle, McCulloch County; X 2
17. Ventral view of holotype; X 2
18. External suture line of an immature form (P-1318) in

Prolecanites stage; X 8; from same locality
19. Internal suture line of another specimen.. (P-1317) at diameter

7.9 mm.; X 8; from same locality
20. External suture line of holotype; X 5

(The specimen numbers in parentheses in this and succeeding plates refer
to collections in the Bureau of Economic Geology, The University of Texas,
unless otherwise stated.)
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PLATE 2

Page
Pronorites arkansasensis Smith. . 57

1. Ventral view of a fragment (P-1336G) from 3% miles east of
Rochelle, MeCulloch. County; X 2

2. Lateral view of same specimen; X 2
3. External suture line of same specimen; X 2
4. Lateral view of another specimen (P-1326) showing shape of

shell; X 1.4; from same locality

Daraelites texanus Bose 102
5. Lateral view of holotype (B-387) from Wolf Gamp, Glass

Mountains, Brewster County; X 2-5
6. Lateral view of fragment (P-7587) about one-half mile southwest

of South Bend, Young County; X 4
7. External suture line of holotype (B-387) ; X 4
8. Lateral view of a typical specimen (T-12449A) from Wolf Camp,

Glass Mountains, Brewster County; X 2

Prouddenites bb'sei (Smith) . 62
9. Lateral view of a specimen (P-4796) from 1% miles south of

Arnold's Ranch, Brewster County; X 1
10. Suture line of same specmen; X 2

Prouddenites grafordensis, n.sp 1 63
11. Lateral view of holotype (P-7588) from Bridgeport clay pit,

Wise County; X 4
12. Ventral view of same specimen; X 4
13. Complete suture line of same specimen at diameter 13.5mm.;X 4
14. Lateral view of a small immature specimen (P-4533) in

Pronorites stage; X4; from same locality
15. External suture line of same specimen at diameter 8 mm.;X 5

Pronorites pseudotimorensis A. K. Miller 59
16. Lateral view o| specimen (P-7546) from 1mile west of Dalton

ranch house and half a mile north of GarlandBend of Brazos
River, Palo Pinto County; X 3

17. External suture line of same specimen; X 2.5

Pronorites llanoensis, n.sp.. 56
18. Fragment of holotype (P-3791) from bluff on Llano River, 6%

miles east-southeast of London, Kimble County; X 1
19. External suture line of same specimen;X 1
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PLATE 3

Page

Uddeniles schwcherti Bb'se 57
1. Lateral view of one of Bb'se's cotypes (B-386) from. Wolf Camp,

GlassMountains, Brewster County; X 2
2. Ventral view of same specimen showing typical furrow; X 2
3. External suture line of same specimen at diameter 15 mm.;X 3.4
4. Immature form (P-271) from one-eighth mile north-northeast

of Weedon School, Brown County; X 3.2
.5. Ventral view of fragment of a small specimen (P-7292) in

Pronorites stage, showing slight furrow; X 6; from 1% miles
east of Caddo, Stephens County

6. Ventral view of holotype (P-862) showing ventral lobe of suture;
X 4; from one-eighth mile north-northeast of Weedon School,
Brown County

7. Lateral view of same specimen; X 4
8. Suture line of immature form (P— 7292) in Pronorites stage, at

diameter 9mm.;X 7.5;from 1% miles east of Caddo, Stephens
County

9. Typical external suture line enlarged to show subdivisions of
ventral saddle; X 5

10. Ventral view of another young specimen (P-7292) showing the
ventral furrow beginning to appear; X 4; from 1% miles east
of Caddo, Stephens County

Uddenites serratus, n.sp..__ 55'
11. Lateral view of a thick shell (P-1060) showing no suture line

but tentatively referred to this species; X 1.1; from 1% miles
northeast of Mitchell Crossing, Coleman County

12. External suture line of holotype
30 mm.;X 2; from one-half
Young County

13. Lateral view of holotype; X 2
14. Ventral view of holotype; X 2

(P-1201) at estimated diameter
mile southwest of South Bend,

Uddenites harlani, n.sp. 70
15. External suture line of holotype (P-4836) at diameter 37 mm.;

X2; from 5a/2 miles northwest of Chico, Wise County
16. Lateral view of same specimen; X 1
17. Ventral view of same specimen; X 0.75
18. Ventral view of same specimen enlarged to show sculpture; X 2
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PLATE 4

Page
Artinskia artiensis (Griinewaldt) 58

1. Lateral view of small specimen, after Karpinsky; X.2
2. Lateral view of fragment from the Artinsk of Russia, after

Karpinsky; X 1
3. Ventral view of fragment showing sculpture, after

Karpinsky; X 1
4. Suture line, after Karpinsky; X 0.7

Propinacoceras beyrichi Gemmellaro .
5. Suture line of the genotype, after Gemmellaro; X 1

91

Artinskia adkinsi, n.sp >S
6. Lateral View of a nearly complete specimen, the holotype

(P-4837) ; X 1; from 4% miles south-southwest of Goleman,
Coleman County

7. Lateral view of fragment (P-7568A) showing character of shell;
X 2; from same locality

8. Sketch.of fragment (P-75688) showing suture lines; X1; from.
same locality

9. Ventral view of same fragment showing smooth surface and
nodes along edge of venter; X 2

10. Suture line of a typical mature specimen; X 1-25
11. Suture line of an immature form in Propinacoceras stage; X-3;

from same locality
12. Sketch of same fragment shown in figure 7 in Propinacoceras

stage showing suture; X 1
13. Lateral view of same specimen; X 1
14. External suture line of same specimen at diameter 18 mm.; X 3
15. Internal suture line of same specimen; X 2-6
16. Lateral view of fragment in figure 8, showing sutures; X 2
17. Ventral view of fragment shown in figure 7; X 2

t

Artinskia electraensis, n.sp >5
18. Ventral view* of a poorly preserved specimen, the holotype

(T-8893) from 4 miles south of Electra, Wichita County; X.I
19. Suture line of another specimen from same locality;X 1
20. Lateral view of specimenin figure 18; X 1
21. Lateral view of another specimen (T-8892) ; X 1; from same

locality
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PLATE 5

Page
Eumedlicottia primas (Waagen) 81

1. Lateral view of holotype, after Waagen; X 1

Medlicottia arroyoensis, n. sp - 76
2. Lateral view of a cotype (T-11491) of poor preservation; X 1;

from 1mile east of Abilene, Taylor County
3. External suture line of same specimen; X 1

Medlicottia copei White 74
4. Lateral view of holotype, after White; X 1; from Old Military

Crossing, Baylor County
5. Lateral view of mold of portion of shell (T-12450) showing

internal sutures; X 1; from same locality
6. Lateral view of another specimen (T-12453) showing external

sutures; X 1; from same locality
7. Ventral view of same fragment showing furrow; X 1
8. External suture line of another specimen (T-12488) from same

locality; Xl. Specimen deposited in geological department
of The University of Texas

9. Internal suture line of specimen in figure 5; X 1

Eumedlicottia burckhardti (Bose) 85
10. Suture line of one of Bose's cotypes (B-486) from junction of

Road and Gilliland canyons, Brewster County; X 0.3
11. Small portion of same specimen showing suture line; X 1

Eumedlicottia whitneyi (Bose) 84
12. Lateral view of holotype (B-397);X 1; from about 2% miles

west-northwest of Iron Mt., Glass Mountains, Brewster County
13. Sutureline of same specimen; X 1
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PLATE 6

Page

Medlicottia milleri, n.sp. 79
1. Lateral view of small fragment (T-8922R) showing suture line

X 2; from east side of Mule Creek, Runnels County
2. Lateral view of a portion of the largest fragment (T-8919) from

the same locality; X 1
3. Suture line of same specimen; X 1

Medlicottia chozaensis, n.sp... 77
4. Lateral view of small fragment (P-1045) showing suture line;

X 2; from east side of Mule Greek, Runnels County
5. Lateral view of largest cotype (P-8917) from same locality; X 2
6. Suture line of a typical specimen (P— 8918) from the same

locality; X 1

Eumedlicottia crotonensis, n.sp 82
7. Lateral view of a small cotype (P-7551); X 1; from falls of

Salt Croton Creek,Kent County
8. Suture line of same specimen; X 1
9. Portion of side of whorl of same specimen showing details of

suture line; X 2
10. Lateral view of another cotype (T-12451) showing shape of

whorl; X 1; from same locality
11. Ventral view of samespecimen; X 1-5
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PLATE 7

Page
Goniatites sphaericus (Martin) 1 154

1. Reproduction of drawing of specimen from Lower Carboniferous
limestone in Derbyshire, England, after Phillips

2. Suture line, after Phillips; X 1

Goniatites choctawensis Shumard 113
3. Lateral view of one of Hyatt's cotypes of Glyphioceras cumminsi

now regardedas conspecific with Goniatites choctawensis; X2;
from south of Richland Springs, San Saba County

4. Cross-section of the whorl of a specimen (P-7569) from Espey
Creek, 4 miles southwestof L^ampasas,LampasasCounty;X 1.25

5. Sutureline of another specimen (P-7569) fromsamelocality; X 2
6. Ventral view of same specimen showing typical suture; X 2

Nuculoceras incisum (Hyatt) 106
7. Lateral view of one of Hyatt's cotypes of Glyphioceras incisum

from south of Richland Springs, San Saba County; X 1.5
8. Ventral view of same specimen; X 2
9. Lateral view of same specimen showing sutures; X 2

10. Lateral view of one of Hyatt's cotypes from 5 miles west of
Lampasas, Lampasas County

11. Lateral view of another specimen (Dept. Ge01.,. The Univ. Texas)
from same locality

12. Ventral view of same specimen
13. Enlargement of a portion of the surface of the whorl of another

specimen (Dept. Geol., The Univ. Texas) showing typical
sculpture

14. Suture line of a specimen (P-2'392) at diameter 9 mm.; X 3;
from 3 miles southeast of San Saba, San Saba County

Nuculoceras barnettense, n.sp 108
15. Suture line of a specimen (P-7589) at diameter 13.5 mm.; X 1.9;

from 3 miles southeast of San Saba, San Saba County
16. Ventral view of a specimen (P-7564) showing surface of shell;

X 2; from same locality
17. Ventral view of another specimen (P-7564) showing typical

suture line; X 2.25; from same locality
18. Lateral view of the specimen in figure 16; X 1.5
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PLATE 8

Page

Reticuloceras reticulatum (Phillips) 156
1. Lateral view of genotype, after Phillips; X 1
2. Lateral view of a specimen,after Bisat; X 0.75

Nuculoceras nuculum Bisat 105
5. Lateral view of genotype, after Hind; X 1.5
4. Ventral view of same specimen; X 1-5
5. External suture line, after Hind; X 1.5

Nuculoceras smithwickense, n.sp — , 109
6. Ventral view of a specimen (P-7567) showing suture line; X 2;

from one-quarter milenorth of MarbleCanyon, HudspethCounty
7. Lateral view of same specimen; X 1.5
8. Suture line of same specimen at diameter 101mm.; X 1.5
9. Ventral view of another specimen (P-7567) from same local-

ity; X 2
10. Lateral view of another specimen (P-132'4) from 3% miles east

of Rochelle, McGulloch County; X 1
11. Suture line of same specimen at diameter 18 mm.; X 0.75

Cravenoceras richardsonianwn (Girty) , 261
12. Lateral view of a specimen (P-6981) from Llano road 5 miles

southwest of Lampasas, Lampasas County; X 0.7
13. Ventral view of same specimen; X 0.7
14. External suture of a cast (P-4023) at diameter 20 mm.; X 1.5;

from 6% miles southeast of London, Kimble County
15. " Ventral view of same specimen; X 1
16. Internal suture line of another specimen (P-4023) at diameter

22 mm.; X 1.5; from same locality
Glaphyrites raymondi, n.sp 264

17. View showing surface sculpture of a crushed specimen (P-6214)
from southeast end of Rancheria Mountain, Hudspeth
County; X 3

18. Lateralview of anotherspecimen (P-6214) fromsamelocality; X 2
19. Suture line of a specimen. (P-6214) from same locality at

approximate diameter of 20 mm.; X 1.3
20. Lateral view of another specimen. (P-4838) from 10 miles south-

west of Bend, San Saba County; X 1.5

Anthracoceras wanlessi, n.sp 322
21. Ventral view of a specimen (P-8170) from S.E. % sec. 35,

T. 6 N., R. 2 E., Fulton County, Illinios; X 2,25
22. "Lateral view of another specimen (P-8170) from same local-

ity; X 2,25
23. Suture line of another specimen (P-8170) at diameter 9 mm.;

X 5; from same locality
24. Lateral view of a small specimen (P-8170) from same local-

ity; X 2.25
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PLATE 9

Page
Neoglyphioceras entogonum (Gabb) 186

1. Lateral view of Hyatt's plesiotype from 5% miles southwest of
Lampasas, Lampasas County; X 1.5

2. Ventral view of same specimen; X 1-5
3. Lateral view of another specimen (P-7545) collected by H. C.

Fountain; X 1; from Espey Greek 5% miles southwest of
Lampasas, Lampasas County

Phaneroceras compressum (Hyatt) - 191
4. Lateral view of a large specimen from Llano River 6% miles

east-southeast of London, Kimble County; X 1
5. Ventral view of a smaller specimen (P-38091) showing sutures;

X 1.3; from same locality
6.- Lateral view of a large and somewhat erodedspecimen (T-9068)

fromHoney Creek, Mason County; X 1
7. Cross-section of whorl of a specimen from 6% miles east-southeast

of London,Kimble County; X 1
8. Ventral saddle from, suture line of a specimen (P-4019) from

same locality; X 1
9. Suture line of holotype, after Hyatt; X 1; from Colorado River

near Bend, San Saba County
10. Ventralview of the specimen shown in figure 4; X 1
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PLATE 10

Page
.Phaneraceras lenticulare, n.sp 193

1. Lateral view of small specimen (T-11148) from one-quarter mile-
north of Marble Canyon, Hudspeth County; X 1.5

2. Ventral view of another specimen (T-11148) from same local-
ity; X 2

3. Ventral view of same specimen showing suture lines; X 2;

4. Lateral view of another specimen (T-11148) showing constric-
tions; X 1.5; from same locality

5. Ventral view of holotype (T-12459) showing suture line; X 1;
from 3% miles east of Rochelle, McCulloch County

6. Complete suture line of a specimen (P-4843) from same local-
ity; X 1.5

7. Lateral view of another specimen (T-11101) from one-quarter
mile north of Marble Canyon, Hudspeth County

8. Lateral view of another specimen (T-11101) from same local-
ity; X 1 . .

9. Suture line of holotype in figure 5, at diameter 26 mm.; X 1

Pseudoparalegoceras brazoense, n.sp. : 196
10. Ventral view of holotype (P-7584) from 4% miles northeast of

Lipan,Hood County; X 1.15
11. Lateral view of same specimen;■ X 1
12. View of interior of whorl (P-5791) showing internalsuture line;

X 1; from same locality
13. Ventral view of same specimen showing external suture line; X 1
14. Complete suture line of same specimen; X 1
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PLATE 11

Page
... 2:19Brannercoceras brcmneri (Smith)

1. Lateralview of a specimen, after Smith; X 0.75
2. Ventralview of same specimen, after Smith; X 0.75
3. Complete suture line at diameter 23 mm., after Smith; X 1.5
4. Ventral view of a poorly preservedspecimen (T-12548) showing

discoidalshape; X 1; from right bank of Colorado River along
sharp bend about 1mile west of Bend, San Saba County

5. Lateral view of same specimen showing, typical sculpture and
wideumbilicus; X 1

6. Lateral view of same specimen minus a fragment of the outer
whorl; X 1.2

7. Suture line, after Smith; X 1-5

Bendoceras shumardi, n. sp 215
8. Fragment of shell of a small specimen (P-9443) showing curved

lines crossing venter; X 1.1; from one-quarter mile north of
Marble Canyon, Hudspeth County

9. Fragment of a shell of a large specimen (P-6Q09) showing
typical cancellate sculpture; X 1; from same locality

10. External suture line on a small cast, the holotype (P-1328)
from 3% miles east of Rochelle, McCulloch County; X 1

11. Lateral view of same specimenshowing shape of whorl; X 1
12. Ventral view of same specimen; X 1

Phaneroceras compression (Hyatt) . 191
13. Lateral view of small specimen (T-12269) from near the road

fork of the Bend-Chappel and Bend-San Saba roads, 1mile
west of Bend; X 2

Bendoceras moorei, n.sp 216
14. Ventral view of holotype (P-4847) from 3% miles east of

Rochelle, McCulloch County; X 1.5
15. Lateral view of same specimen; X 1.5
16. Suture line of same specimen at diameter 28 mm.; X 2
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PLATE 12

Page
Bendoceras texanum (Shumard) 210

1. Portion of lateral and umbilical areas of neoparatype (Walker
Mus. No. 25582) showing sculpture;. X 1; from near Bend,
San Saba County

2. Lateral view of neoholotype (Walker Museum No-. 31803) from
same locality; X 1

3. External suture line of same specimen at approximate diameter
75 mm.; X 0.75

4. Ventral view of same specimen showing sculpture; X 0.75
5. Portion of lateral view of same specimen enlarged to show

suture; X 2
6. Portion of umbilical area of same specimen enlarged to- show

subtriangular shape of early coils; X 2
7. Lateral view of neoparatype in figure 1; X 0.3

Bendoceras, n.sp : 213
8. Lateral view of specimen from basal Winslow formation at

Fayetteville, Arkansas; X 0.5. (Photograph furnished by Dr.
Carey Croneis.)

Clymenia paradoxa Minister 213
9. Lateral view showing unusual subtriangular manner of coiling,

after Tietze; X 4
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Gastrioceras listen (Martin) 236

1. Lateral view of a cast (111. Geol. Survey No. 1106.36) lent by
Dr. Marvin Weller; X 1.8; from concretions over Rock Island
coal, Mercer County, Illinois

2. Ventral view of another cast (Walker Mus. No. 33768); X 2;
from the roof of Upper Foot Mine, Littleborough, Lancashire,
England

3. Lateral view of same specimen; X 2
4. Suture line of typical specimen at diameter 58.5 mm., after

Foord and Crick; X 0-7

Gastrioceras smithwickense, n.sp . 242
5. Fragment (P-8163) showing typical reticulatesculpture; X 1.5;

from one-quarter mile north of Marble Canyon, Hudspeth
County

6. Another fragment (P-9445) showing sculpture of ventral surface;
X 1-5; from same locality

7. Same fragment showing, sculpture of side; X 1
8. Lateral view of specimen-shown in figure 5; X 1

Gastrioceras montgomeryense (Miller and Gurley) 244
9. Ventral view- of holotype (Walker Mus. No. 6218) enlarged to

show sculpture and suture lines; X3; from Montgomery
County, Illinois

10. Lateral view of same specimen; X 1
11. Ventral view of same specimen; X 1

Wiedeyoceras pingue A. K.Miller and Cline. 177
12. Partial lateral view of a specimen (P-267) enlarged to show

inner whorls; X 6; from one-eighth mile north-northeast of
Weedon School, Brown County

13. Suture line of a small specimen (P-267.8) at diameter 5.5 mm.;
X 4; from same locality

14. Ventral view of a small specimen (P-267.7) from same local-
ity; X 2

15. Ventral view of another specimen (P-267.10) from same local-
ity; X 2

16. Lateral view of same specimen; X 2
17. Suture line of same specimen at diameter 6.4 mm.; X 4
18. Lateral view of another small specimen (P-267.11) from same

locality; X2

Gastrioceras occidentals (Miller and Faber) 241
19. Suture line of a specimen (P-5692) from one-quarter mile north

of Marble Canyon, Hudspeth County; X 1
20. Lateral view of a typical specimen (Dept. Geol., Univ. Texas)

from Bend, San Saba County; X 1
21. Lateral view of another specimen (T-11144) from one-quarter

mile north of Marble Canyon, Hudspeth County; X 1
22. Lateral view of holotype (Walker Mus. No. 8757) from Elkhorn

Creek, Kentucky; X 1
23. Ventral view of same specimen; X 1
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Paraschistoceras hildrethi (Morton) 250

1. Lateral view of a fragment (P-4280) showing external suture
line; X 1; from one-half mile southwestof South Bend, Young
County

2. Suture line of same specimen at approximate diameter 44
mm.; X 0.75

3. Lateral view of a cast (111. Geol. Survey specimen lent by Dr. J.
Marvin Weller); X 1; from shale above coal No. 7 at Rolls
Ford, Sangamon County, Illinois

4. Ventral view of same specimen; X 1
5. Ventral view of a specimen (P-4710) from 1% miles east of

Fife, McCulloch County; X 1
6. Portion of venter of specimen in figure 3 enlarged to show

suture line; X 2;
7. External suture line of specimen in figure 5 at diameter 19

mm.; X 1
8. Lateral view of specimen in figure 5 showing sculpture; X 1
9. Lateral view of fragment (P-7300) of an immature form in the

Gastrioceras stage showing details of sculpture; X 6;' from
IV!> miles east of Caddo, Stephens County

10. Lateral view of a small fragment (P-268) having a diameter of
10 mm., in the Gastrioceras listen stage; X 2i; from one-
eighth mile north-northeast of Weedon School, Brown County

11. Ventral view of same specimen showing, sculpture; X 2
12. Suture line of same specimen at diameter 5 mm.; X 5
13. Part of last whorl of the specimen in figure 3 enlarged to show-

sutures; X 2
14. Ventral view of a typical specimen (P-6853) from Wolf Camp in

Glass Mountains; X 2

Paraschistoceras reticulatum (A. K. Miller) __
253

15. Lateral view of an immature specimen (P-7590) from east slope
of Kyle Mountain, Palo Pinto County; X 2

16. Ventral view of same specimen; X 2
17. Ventral view of another specimen (P-75900 from same local-

ity; X 2
18. Lateral view of same specimen;X 2

Paraschistoceras costiferum, n.sp . 252
19. External suture line of a specimen (P-1076) at diameter 26 mm.,

from west of Martin'sLake, Wise County; X 1
20. Internal suture line of same specimen at diameter 28 mm.; X 1
21. Lateral view of a specimen (P-564) from 5 miles southwest of

Graford, Palo Pinto County; X 1

Paraschistoceras strawnense, n.sp , 248
22. Lateral view of holotype (P-7557) showing suture line and

typical sculpture; X 1-3; from 4 miles west of Mineral Wells,
Palo Pinto County

23. Suture line of same specimen at diameter 24 mm.; X 1.5
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Glaphyrites globulosus (Meek and Worthen) 276

1. Lateralview of holotype, after Meek and Worthen; X 1
2. Ventral view of holotype, after Meek and Worthen; X 1
3. Suture line of holotype, after Meek and Worthen; X 1
4. Lateral view of a specimen (P— 1268) from one-half mile south-

west of South Bend, Young County; X 1
5. Ventral view of same specimen; X1; The specimen, is slightly

deformed by ventral compression
6. Cross-section of a specimen (P-4283) from same locality; X L3
7. External suture line of a specimen (P-7558A) from same local-

ity; X 2
8. Lateral view of a specimen (P-7558) from, same locality; X 2.

This is a widely umbilieate variety of this species approach-
ing G. millsi at the same locality

Glaphyrites anguloumbilicatus n.sp 271
9. Cross-section of a specimen (P-4282) showing comparisons with

G. globulosus;X 1.3; from clay pit in Bridgeport, Wise County
Glaphyrites subcavus (Miller and Gurley) 264

10. Lateral view of holotype (Walker Mus. No. 62:14) from Mont-
gomery County, Illinois; X 1

11. Ventral view of same specimen; X 1
12. Suture lineof same specimen, after Smith;X 1.5

Glaphyrites ■welleri (Smith) . 267
13. Lateral view of a specimen (P-437) from sec. 22^ T. 43 S.,

■ R. 28 W., Henry County, Missouri; X25
14. Ventral view of same specimen; X 21.5
15. Ventral view of another specimen (P^i37) from same local-

ity; X 2.5
16. Lateral view of same specimen; X 2.5
17. Lateral view of another specimen (P-437) from same 'local-

ity; X 3,4
18. Lateral view of a specimen (P— 7595) collectedby George Harris

6 miles west of Patillo, Erath County; X 1
19. Lateral view of another specimen (Walker Mils. No. 1313) from

Carroll County, Missouri; X 2
20. External suture line of a specimen (P— B6l) at approximate

diameter 27 mm.; X 1; from sec. 22, T. 43 S., R. 28 W. Henry
County, Missouri

21. Internal suture line of a specimen (P-863) at diameter 14 mm.;
X.2; from Boyard Township, Henry County, Missouri
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Glaphyrites angulatus (Girty) 269

1. Ventral view of a typical specimen (P-1234) from west side
Rock Hill, 4 miles southwest of Bridgeport, Wise County; X 1

2. Ventral view of holotype, after Girty; X 1
3. Ventral view of a specimen (P-2379) from clay pit at Bridge-

port, "Wise County; X 1
4. Lateral view of another specimen (P-2379) from same local-

ity; X 1 .
5. Ventral view of same specimen; X 1
6. External suture line of same specimen at approximate diameter

30 mm.; X 1
7. External suture line d^the specimen in figure 1 at approximate

diameter 40 mm.; X 1; from same locality
8. Internal suture line of another specimen (P-1234) at approxi-

mate diameter 28 mm.;X 1; from same locality
9. Lateral view of holotype, after Girty; X 1

Glaphyrites millsi (A. K. Miller and Cline) 273
10. Lateral view of a specimen (P-7314) from 1% miles east of

Gaddo, Stephens County; X 6
11. Ventral view of another specimen (P-7314) showing suture;

X 5; from same locality
12. Ventral view of a smaller specimen (P-7314) from same local-

ity; X 6
13. External suture line of a specimen (P-265.1) at approximate

diameter 19 mm.; X 3; from one-edghth mile north-northeast
of Weedon School, Brown County

Glaphyrites hyattianus (Girty) - ■ 268
14. Lateral view of a specimen (P-1859) from. 6 miles south of

Thurber, Erath County; X 2
15. Suture line, after Girty; X 2
16. Lateral view of a specimen (P-7596) from sec. 4, T. 3 N., R. 7

E., near Ada, Oklahoma; X 1
17. Ventral view of another specimen (P-7597) from same local-

ity; X 1

Pseudogastrioceras globulosissimum, n.sp. 279
18. Lateral view of a specimen (P-7566) from south side of intrusive

west of Capt. James' ranch house, Brewster County; X 0.5
19. Suture line of another specimen (P-7566) at diameter 67 mm.;

X 0.75; from same locality
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Glaphyrites kansasensis (Miller and Gurley) 274

1. Lateral view of holotype (Walker Mus. No. 6219) from Kansas
City, Missouri; X 1

2. Ventral view of a specimen (P-1889) from 1% miles east of
Fife, McGulloch County; X 1

3. Lateral view of holotype,, after Smith; X 1
4. Ventral view of holotype, after Smith; X 1
5. Suture line, after Smith; X 1
6. Ventral view of a specimen (P-260) from 8 miles north of Palo

Pinto, Palo Pinto County; X 1.6. (Collected by R. B. White-
head.)

7. Lateral view of a portion of a typical cast (P-7297) from 1%
miles east of Caddo, Stephens County; X 1.6

8. Lateral view of the specimen in figure 2i; X 1
9. Portion of venter of a specimen (P-7297) showing typical suture

line; X 6; from 1% miles east of Caddo, Stephens County
10. Another fragment (P-7297) from same locality; X 6
11. Lateral view of specimen in figure 6 showing typical steep-

walled umbilicus; X 2.2'
12. Ventral view of another specimen from 1% miles east of Caddo,

Stephens County; X 6
13. Suture lineof specimen in figure 6at diameter of 19 mm.; X 2

Glaphyrites angulaumbilicatus, n.sp 271
14. Lateral view of a small specimen (P— 2372) from the clay pit at

"Bridgeport, Wise County; X 2;

15. Lateral view of a typical specimen (P-2372) from same local-
ity; XI

16. Suture line of a typical specimen
17. Ventral view of specimen in figure 15; X 1
18. Lateral view of specimen in figure 14; X 1
19. Ventral view of same specimen; X 1
20. Ventral view of a somewhatrobust specimen (P-2372) from same

locality; X 1
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Schistoceras smithi Bose 205
1. Ventral view of a typical specimen (P-6180A) from clay pit at

Bridgeport, Wise County, X 0.7
2. Lateral view of another specimen (P-6180) showing internal

suture of missing outer whorl attached to venter; X 0.7;
from same locality

3. Suture line of another typical specimen (T.CU.CoII.) at diameter
90 mm.; X 0.7; from same locality

4. Ventral view of one of Bb'se's cotypes (B-376) from 2 miles
south of Gap Tank, Pecos County; X 0.7

5. Ventral view of specimen in figure 2 deformed by lateral com-
pression; X 0.7

6. Ventral view of a portion of one of Bose's cotypes (B-376)
showing suture lines; X 1; from 2 miles south of Gap Tank,
Pecos County

7. Lateral view of a more mature portion of last whorl of same
specimen showing suture; X 0.7

Paralegoceras iowense (Meek and Worthen) 199
8. Lateral view of holotype (lent by Dr. T. E. Savage) from Alpine,

Iowa; X 0.7
9. Suture line of same specimen at diameter 98 mm.; X 0.5
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Schistoceras missouriense (Miller and Faber) . 202

1. Lateral view of holotype (Walker Mus. No. 8756) from Brush.
Creek near Kansas City, Missouri; X 1

2. Suture line of holotype at approximate diameter 45' mm.; X 1
3. Lateral view of holotype of Goniatites fudtonensis (Walker Mus.

No. 6215) from Fulton County, Illinois; Xl. This is now
believed to be conspecific with Schistoceras iriissouriense

4. Ventral view of same specimen; X 1
5. Ventral view of same specimen enlarged to show suture line; X 2
6. Suture line of same specimen, after Smith; X 1
7. Lateral view of a typical specimen (P-7592;) from 1mile south

of Gunsight, Stephens County; X 0.5. Smith's types of
Schistoceras hyatti came from this same zone, and his species
is now believed to be conspecific with S. missouriense

8. Ventral view of same specimen; X 0.5
9. Ventral view of another specimen (P-266) showing external

suture line on venter; X 2.4; from 1 mile west of Graham,
Young County

10. Ventral view of inside whorl of same specimen showing fine sur-
face sculpture; X 2.6

11. Suture line of same specimen at diameter 24 mm.; X 2
12. Lateral view of a fragment of a large specimen (P-6781) show-

ing suture line; X 1; from one-half mile east-northeast of
Weedon School, Brown County

13*. Internal suture line of a typical specimen (P-2389) at approxi-
mate diameter 30 mm.; X 1; from 1% miles east of Fife,
McCulloch County

14. Complete suture line of small specimen in figure 9 at diameter
24 mm.; X 1.7

15. External suture line of specimen in figure 13 at diameter 47
mm.; X 1
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Schistoceras diversecostatum Bose 206

1. Lateral view of a specimen (P-7593) showing indistinct costae
on umbilical walls; X 1; from 3% miles southeast of Jacks-
boro, Jack County

2. Ventral view of same specimen showing fine lirations on
venter; X 1.1

3. Portion of venter of same specimen enlarged to show details of
surface sculpture; X 2;

4. Internal suture line of a typical specimen (P-882) from 6%
miles northeast of Jacksboro, Jack County; X 1

5. External suture line of specimen in figure 1showing typical con-
stricted saddles at diameter 60 mm.; X 1

6. Suture line of one of Bose's co-types (B-365) at diameter 45
mm.; X1; from "Wolf Camp, Glass Mountains, Brewster
County

7. Lateral view of a specimen (P-4278) from 3% miles southeast of
Jacksboro, Jack County; X 0.9

8. Ventral view of same specimen; X 1
9. Suture line of same specimen at diameter 45 mm.; X 1

10. Lateral view of a young specimen (P-4278) showing details of
surface sculpture; X 2; from same locality

Schistoceras missouriense (Miller and Faber) 202
11. Suture line of a specimen (P-276) at approximate diameter 96

mm,.; X 0.5; from 1mile south of Gunsight, Stephens County
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Metalegoceras colemanense,n.sp 282

n1. Lateral view of a typical specimen (P-852) showing large ur-
bilicus; X 1.5; from 4% miles south-southwest of Coleman,
Coleman County

2. Ventral view of same specimen; X 2
3. Ventral view of holotype (P-852)- showing internal sutures of

the missing outer whorl; X 2.1; from same locality
4. Lateral view of same specimen; X 1.5
5. Ventral view of same specimen; X 1.5
6. External suture line of typical whorl of another specimen

(P-852) at diameter 17 mm.; X 3
7. Internal suture line of another specimen (P-852) at diameter

25 mm.; X 2; from same locality
Metalegoceras baylorense (White) __, - 284

8. Lateral view of a specimen (T-124548) from Old Military Cross-
ing on Big Wichita River, Baylor County; X 0.75

9. Ventral view of same specimen; X 0.75
10. Portion of venter of same specimen enlarged to show suture

lines; X 1
11. Lateral view of a larger specimen (T-12454A) showing suture

lines; X 0.5; from same locality
12. External suture line of same specimen at approximate diameter

100 mm.; X 0.5
13. Internal suture line of same specimen at approximate diameter

79 mm.; X 0.75
Metalegoceras aricki, n.sp 286

14. Lateral view of holotype (T-12467) from 2% miles north of
Wedin's (Decie's) Ranch, Brewster County; X 1
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Paragastrioceras admiralense, n.sp 223

1. Ventral view of holotype (P-851) from 4% miles south-southwest
of Coleman, Coleman County; X 1.5

2. Portion of ventral surface of paratype (P-851) showing sculp-
ture; X 1.75; from same locality

3. Ventral view of holotype with left side of last whorland aperture
partially restored; X 1

4. Ventral view of paratype showing faint constrictions on ven-
ter; X 1.5

5. Internal suture line of paratype at diameter 14 mm.; X 2
6. External suture line of holotype at diameter 14 mm.; X 2
7. Lateral view of paratype; X 1
8. Lateral view of holotype; X 1
9. Portion of venter of holotype enlarged to show sculpture; X 2

Paragastrioceras zitteli (Gemmellaro) '. 222
10. Lateral view of specimen, after Gemmellaro; X 1
11. Ventral view of same specimen, after Gemmellaro
12. External suture line of a large specimen, after Gemmellaro

Rhiphaeites planulatus, n. sp. 232
13. Lateral view of holotype (P-8920) from S. W. Smitth place on

east side of Mule Creek, Runnels County, X 1.3
14. Suture line of same specimen at approximate diameter 30

mm.; X 1.5
Paragastrioceras roadense (Bb'se) 227

15. Lateral view of one of Bose's cotypes (B-343) from one-half mile
east of junction of Road and Gilliland canyons, Brewster
County; X 1.5

16. Complete suture line of another specimen in the Bose Collection
(B-343) at approximate diameter 31 mm.; X 2; from same
locality

17. External suture line of another specimen (B-3310) at diameter
43 mm.; X 1; from 1% miles N. 55° W. of Hess ranch house,
Glass Mountains, Brewster County

Paragastrioceras beedei, n. sp 230
18. Lateral view of a specimen (B-33158) from near the old Terry

Church, east of Casey's Last Chance Well, Gulberson
County; X 1

19. Portion of lateral view of a specimen (B-3322:) from a mesa
southeast of D South Wells, Gulberson County; X 1

Paraceltites multiliratus, n.sp 369
20. Lateral view of holotype (B-3359'A) from 1% miles N. 55° W.

of Hess ranch house, Brewster County; X 1.25
21. Ventral view of same specimen; X 1.25
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Shumardites simondsi Smith—. 298

1. Lateral view of a fragment (P-2391) of a whorl from 1% miles
east of Fife, McCulloch County; X 0.9

2. Ventral view of same specimen showing suture lines; X 1
3. External suture line of same specimen at approximate diameter

56 mm.; X 1
4. Lateral view of holotype from Salt Creek 1mile west of Graham,

Young County, after Smith; X 1
5. Ventral view of holotype, after Smith; X 1
6. External suture line of specimen (P-1569) in Preshumardites

stage, at diameter 12; mm.; X 3; from 2! miles east of Rock-
wood, Coleman County

Shumardites fornicatus, n. sp 300
7. Lateral view of holotype (P-7594) from clay pit at Bridgeport,

Wise County; X 1
8. External suture line on same specimen at diameter 22 mm.; X 2
9. Internal suture line on another specimen (P-7594) at diameter

26 mm.; X 2; from same locality

Shumardites cuyleri, n.sp. - 297
10. Ventral view of holotype (P-886) from 6Y2 miles northeast of

Jacksboro, Jack County; X 1.1. (Collected by R. H. Cuyler.)
11. Lateralview of same specimen showing some internal suture lines

from the missing outer whorl of the specimen; X 1.1
12. Internal suture line of same specimen at approximate diameter

39 mm.; X 1

Preshumardites stainbrooki, n.sp 292
13. Ventral view of poorly preserved holotype from 5% miles north-

west of Chico, Wise County; X 0.9
14. Lateral view of same specimenshowing large umbilicus; X 0.9
15. External suture line of same specimen at approximate diameter

45 mm.; Xl. Note that the suture has the same develop-
ment at diameter 45 mm. as immature Shumardites simondsi
at 12 mm.



Plate 23The University of Texas Bulletin 3701



470 The University of Texas Bulletin No. 3701

PLATE 24

Page
Preshumardites illinoisensis (Miller and Gurley) 289

1. Lateral-new of a specimen (T-12457) collected by W. T. O'Gara
from the east side of Kyle Mountain, Palo Pinto County; X 1.5

2. Portion of venter of another specimen (Walker Mus. No. 2612)
showing suture line; X 2; from Montgomery County, Illinois

3. External suture line of ■ specimen in figure 1 at diameter 26
mm.; X 1

Preshumardites gaptankensis (A. K. Miller) 291
4. Ventral view of a specimen (P-871) from 2% miles west of

Palo Pinto-Graford bridge, Palo Pinto County; X 1.5
5. Suture line of same specimen at approximate diameter 22

mm.; X .2
6. Ventral view of holotype, after Miller; X 1.25

Shumardites sellardsi, n. sp ___ 302
7. Lateral view of holotype (8— 399) from 2 miles south, of Gap

Tank, Pecos County; X 0.9
8. Ventralview of same specimen showing, suture lines; »X 0.9
9. External suture line of same specimen showing primitive char-

acter at diameter 70 mm.; X 1

Paragastrioceras serration (Girty) . 228
10. Lateral view of a specimen (8— 3321) from southeast of Casey's

Last Chance Well, Gulberson County; X 2
11. Lateral view of a specimen (B-3315A) from northeast of the

old Terry Church, Culberson County; X 1
12. Lateral view of a specimen (B-3330) southwest of D South

Wells, Culberson County; X 1
13. Lateral view of specimen (T-9604) from east of concrete tank

on Six-Bar Ranch, Culberson County; X 0.75
Paragastrioceras altudense (Bose) 224

14. Lateral view of a cotype (B-381) from 2% miles west of Altuda
Station, Brewster County; X 1

15. Suture line of a specimen (T-9606) at diameter 26 mm.; X 1.5;
from northeast of old Terry Church, Gulberson County

Paragastrioceras deciense, n.sp 226
16. Lateral view of holotype (T-12466) from 2% miles north of

Decie's Ranch, Brewster County; X 2
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Perrinites bosei, n.sp 307
1. Lateral view of holotype (P-844) from 4% miles south.-south.west

of Coleman, Coleman County; X 1
2. Ventral view of same specimen; X 1
3. Cross-section of a small individual (P-7598) from same local-

ity; X 1
4. Surface of shell (P-845) showing internal sutures of missing

outer whorl attached to surface of venter; X 2.5; from same
locality

5. Portion of the side of another specimen (P-846) enlarged to
show external sutures; X 2; from same locality

6. External suture line of a small individual in the Shumardites
stage at diameter 11 mm.; X 3

7. Internal suture line of a
~ typical specimen (P-845) at

diameter 11.5 mm.
8. External suture line of a large individual at diameter 24

mm.; X 1.5

Perrinites cumminsi (White) 311
9. Lateral view of a poorly preserved specimen (T-9613) collected

by W. E. Wrather 4 miles south of Electra, Wichita
County; X 1

10. Lateral view of another specimen (T-9613) from same local-
ity; X 1

11. Suture line of holotype fromOld Military Crossing on Wichita
River, Baylor County, after White; X 1.

12. Lateral view of one of types from same locality, after White; X 1
13. Ventral view" of same specimen, after White; X 1

Perrinites bakeri, n.sp 1_ 309
14. Portion of venter of holotype (T-10673) enlarged to show

suture lines; X 2; from 2% miles north of Decie's Ranch,
Brewster County

15. Ventral view of same specimen; X 1
16. External suture line of same specimen at approximate diameter

53 mm.; X 1
17. Lateral view of same specimen; X 1
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Perrinites gouldi, n.sp 317
' 1. Lateral view of holotype (P-574) from 6 miles west of Quanah,

Hardeman County; X 0.75
2. Reverse side of same specimen showing external suture

lines; X 0.75
3. External suture line of same specimen at approximate diameter

82 mm.; X 0.5
4. Ventral view of same specimen; X 0.6
5. Ventral view of same specimen showing suture lines; X 1

Perrinites beedei, n. sp. '._ 316
6. Lateral view of a fragmentary specimen (T-8921) showing

sutures from venter at extreme left toward umbilicus to the
right; X 2; from east side of Mule Creek,Runnels County

7. External suture line of another specimen (T-8921) at approxi-
mate diameter 31mm.; X 2.5

Perrinites vidriensis Bose 314
8. Lateral view of a cotype (B-363) from 2 miles west-northwest

of Iron Mountain, Brewster County; X 0.7
9. Lateral view of another cotype from same locality; X 0.75
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Perrinites hilli (Smith) r . 319
1. Lateral view of holotype from Falls of Salt Croton Creek, Stone-

wall County; X 0.75
2. Ventral view of another specimen (P-7580) from San Andres

limestone near MountainPark, New Mexico; X 1
3. Suture line of the holotype, after Smith; X 0:75
4. Lateral view of a small specimen (P-15368) from same local-

ity; X 0.75

Perrinites kempae, n.sp 313
5. Lateral view of holotype (T-9603) from 1mile east-northeastof

Abilene, Taylor County; X 1.2
6. Portion of external suture line of same specimen; X 1

Perrinites compressus Bose -312
7. Lateral view of a cotype (B-393) from 2 miles N. 65° W. of

Wolf Camp, Brewster County; X 1
8. Lateral view of a specimen (Walker Museum No. 13199) lent by

Dr. Stuart Weller from 3 miles north of Shafter, Presidio
County; X 1

9. Ventral view of same specimen; X 1
10. Portion of suture line on same specimen; X 4
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Agathiceras frechi Bb'se 1 119
1. Lateral view of a young specimen (P-6854) showing suture;

"X 6; from Wolf Camp in Glass Mountains, Brewster County
2, Ventral view of another specimen (P-5854) from same local-

ity; X 6
3. Lateral view of another specimen (P-7319) showing suture line;

X 6: from IV2 miles east of Caddo, Stephens County
4. Suture line of a typical specimen (P-6854) at diameter IS

mm.; X 2.5; from Wolf Camp in Glass Mountains, Brewster
County

5. Lateral view of another specimen (P-7319) from 1% miles
east of Caddo, Stephens County; X 6

6. Lateral view of another specimen (P-6855) from Wolf Camp
in Glass Mountains, Brewster County; X 2

7. Internal suture line of one of Bo'se's cotypes (B-896) at
approximate diameter 12 mm.; X 4; from same locality

Agathiceras ciscoense Smith _ 121
8. Lateral view of holotype, after Smith;X 1; from Salt Creek 1

mile west of Graham, Young County
9. Ventral view of same specimen, after Smith; X 1

10. Suture line of same specimen at diameter of approximately 30
mm., after Smith; X 1.5

11. Lateral view of a specimen (P-7319A) referred to this species;
X 3; from 1% miles east of Caddo, Stephens County

12. Ventral view of same specimen; X 3
13. Lateral view of another specimen (P-7560) from 3% miles south-

east of Jacksboro, Jack County; X 3
14. Ventral view of same specimen; X 3
15. External suture lineof same specimen at diameter 8.5 mm.;X 2.5
16. Internalsuture line of same specimen at diameter 10.5 mm.;X 1.5
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Agathiceras suessi Gemmellaro 119

1. Lateral view of genotype, after Gemmellaro; X 1
2. Suture line of same specimen, after Gemmellaro; X 1

Proshumarditiesprimus, n.sp — 116
3. Lateral view of smallest cotype (T-11195B) from one-quarter

mile north of Marble Canyon, Hudspeth County; X 2.5
4. Ventral view of largest specimen (T-11195A) showing surface

sculpture; X 3; from same locality
5. Suture line of same specimen at diameter 10.5 mm.; X 2-5
6. Lateral view of same specimen; X 3

Agathiceras girtyi Bb'se 1 123
7. Lateral view of one of Bose's cotypes (B-412) showing internal

sutures of missing succeeding whorl; X 2; from junction of
Road and Gillilandcanyons

8. Ventralview of another cotype (B-412) from same locality; X 2
9. External suture line of same specimen at diameter 10.5; X 2

10. Internal suture line of specimen in figure 7 at diameter approxi-
mately 17 mm.; X 2

Agathiceras contractual, n.sp 125
11. Lateral view of holotype (T-8890) from 4 miles south of Electra,

Wichita County; X 2
12. Externalsuture line of same specimen at diameter 17 mm.; X 1-5

Agathiceras applini, n.sp 122
13. Internal suture line of a specimen (P-856) at diameter 10.9

mm.; X 2.5; from 4% miles south-southwest of Goleman, Cole-
man County

14. External suture line of a typical fragment (P-856) at approxi-
mate diameter 24 mm.; X 1.5; from same locality

15. Lateral view of holotype (P-856) showing typical surface sculp-
ture; X 2; from same locality

16. Lateral view of a, typical specimen (P-856) showing surface
sculpture and internal.sutures of missing outer whorl clinging
to surface; X 2; from same locality

17. Lateral view of another specimen (P-856) showing sculpture
and internalsutures; X 2; from same locality

18. Ventral view of specimen in figure 16 showing internal
sutures; X 2
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Vidrioceras uddeni Bose : liis
1. Lateral view of a young form (P-7313A) referred to this species;

X6; from 1% miles east of Gaddo, Stephens County. Itmay
be the immature form of Marathonites ganti in the Vidrioceras
stage

2. Lateral view of a cotype (B-387) from Wolf Camp in Glass
Mountains, Brewster County; X 2!

3. Portion of venter of another cotype (B-387) showing external
suture lines; X 2; from same locality

4. Lateral view of another cotype (B-387) from same locality; X 2
5. Ventral view of another cotype (B-387) from same locality; X 2
6. Internal suture line of specimen in figure 3 at approximate

diameter 16 mm..; X 1-5
7. External suture line of same specimen at approximate diameter

21 mm.; X 1.5
Vidrioceras moorei, n.sp 132

8. External suture- line of a typical specimen (P-7600) at diameter
8 mm.; X S; from 5% miles northwest of Chico, Wise County

9. Lateral view of holotype (P-7599) from 5% miles northwest
of Chico, Wise County; X 2.5. This may be a young form
of Marathonites sidcatus in the Vidrioceras stage, but as yet
no true Marathonites has been found in this zone

10. Portion of venter of same specimen enlarged to show suture
line; X 6

11. Internal suture line of another specimen (P-7599) at approximate
diameter 8 mm.; X 5; from same locality

12. Ventral view of specimen in figure 9; X 2.5
Marathonites parkeri (Heilprin) .' 139

13. Lateral view of a neocotype (P-2407) from clay pit at Bridge-
port, Wise County; X 1.8

14. Ventral view of same specimen;X 1
15. External suture line of cotype of Marathonites hargisi (B-391)

at diameter 11 mm.; X3. This is believed to be conspecific
withM.parkeri

16. Internal suture line of another neocotype (P-7579) at diameter
7 mm.; X 5; from clay pit at Bridgeport, Wise County

17. Portion of venter of same specimen enlarged to show internal
suture; X 8

Vidrioceras irregulare Bose 133
18. Lateral view of one of Bose's cotypes (B-415) from Wolf Camp

in Glass Mountains, Brewster County; X 2
19. Ventral view of another specimen (B-415) from same local-

ity; X 2
20. External suture line of specimen in figure 18, at diameter 19

mm.; X 2
Vidriocerassubquadratum, n. sp 136

21. Lateral view of holotype (T-12465) from 2!% miles north of
Decie's Ranch, Brewster County; X 1.5

22. Ventral view of same specimen; X 1.5
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Marathonites ganti (Smith) 145
1. Lateral view of a typical specimen (P-887) from 6% miles

northeast of Jacksboro; X 2
2. Lateral view of another specimen (P-887) showing small um-

bilicus and four narrow constrictions; X 1; from same locality
3>. Ventral view of specimen in figure 1; X 1
4. Lateral view of a portion of a specimen (P-6722) showing

suture line; X4; from 1% miles east of Fife, McCulloch
County. Note that the sutures are less closely spaced than
are those of M. sulcatus

5. Portion of venter of small specimen (P-277) enlarged to show
external suture line; X 4; from one-eighth mile north-north-
east of Weedon School, Brown County

6. Internal suture line of one of Bb'se's cotypes of M. j.p.smithi
(B-348) at approximate diameter 18 mm.; X 1.5; from Wolf
Camp in Glass Mountains, Brewster County. This species is
believed to be conspecific with M. ganti #

7. External suture line of same specimen at diameter 22.5
mm.; X 1.5

8. External suture line of specimen (P-1346A) at diameter 14
mm.; X 1.9; from 1% miles east of Fife, McCulloch County

9. Lateral view of same specimen;X 2
Marathonites vidriensis Bose 141

10. Ventral view of a cotype ( B-413■) from Wolf Camp in GlassMountains, Brewster County; X 2
11. Lateral view of same specimen; X 2
12. Lateral view of a small specimen (P-7561) referred to this

species; X 2; from one-half mile southwest of South Bend,
Young County

13. External suture line of specimen in figure 10 at diameter
12 mm.; X 2

Marathonites sulcatus Bose 143
14. Ventral view of a typical specimen (P-1346) showing suture

lines; X 2; from 1% miles east of Fife, McCulloch County
15. Lateral view of another specimen (P-1346) showing exterior of

whorl; X 2; from same locality
16. External suture line of a specimen (P-7309) at approximate

diameter 21 mm.; X 2.5; from same locality
17. Internal suture line of same specimen at diameter 14 mm.; X 2
18. Lateral view of small specimen (P-73138) from 1% miles east

of Caddo, Stephens County; X 6

Stacheoceras gilliamense Bose 153
19. Suture line of a cotype (B-354) at diameter 11 mm.; X 6; from

junction of Road and Gilliland canyons, Brewster County
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Marathonites electraensis, n. sp 148

1. Lateral view of holotype (T-8887) showing, suture lines; X 2.25;
from 4 miles esouth of Electra, Wichita County

2. External suture line of same specimen, at 14 mm., showing extra
auxiliary lobe and saddle on each side; X 2

Marathonites sellardsi, n.sp : 146
3. Lateral view of a cast (P-848) showing suture lines; X 2-; from

4% miles south-southwest of Coleman, Goleman County
4. Ventral view of same specimen; X 2
5. Portion of venter of same specimen enlarged to show suture

line; X 4
6. Lateral view of another specimen (P— B49) from same local-

ity; XI
7. Lateral view of another specimen (P-84&) from same local-

ity; X 1
8. External suture lineof same specimen at diameter 15.5 mm.;X 3
9. Portion of venter of same specimen enlarged to show suture

lines; X 5

Marathonites vidriensis Bose 141
10. Lateral view of a cotype (B-413) from Wolf Camp in Glass

Mountains, Brewster County; X 2
11. Ventral view of specimen shown onPL 31, fig. 12! (P-7561), from

one-half mile southwest of South Bend, Young County; X 3
Popanoceras botumani (Bose) 167

12. Lateral view of a cotype (B-410) from junction of Road and
Gilliland canyons, Brewster County; X 1.5

13; Lateral view of a previously unfigured specimen in the Bose
Collection (B-410);X 1.5; from same locality

14. Ventral view of a cotype (B-410) from same locality; X 1.5

Marathonites parkeri (Heilprin) 139
15. Ventral view of a specimen (P-4787) from 1% miles south of

Arnold Ranch, Brewster County; X 1.5
16. Lateral view of same specimen; X 1.5
17. Lateral view of a specimen (P-6147) from 5 miles northeast of

Wolf Camp in Glass Mountains, Brewster County; X 1.5
18. Ventral view of same specimen; X 1.5

Marathonites delawareanus, n.sp 149
19. Lateral view of a specimen (T-12464) from east of Black

Mountain in Diablo Mountains, Culberson County; X 1.5
20. Portion of ventral view of another specimen (T-12464) showing

sculpture; X 1.5; from same locality

Adrianites marathonensis Bose : 127
21. Lateral view of a cotype (B-394) from the junction of Road and

Gilliland canyons, Brewster County; X 2.7
22. Ventral view of same specimen; X 217
23. Ventralview of another cotype (B-394) from same locality; X 2.7
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Gonioloboceras bridgeportense, n.sp 335

1. Lateral view of holotype (P-7604) from clay pit at Bridgeport,
Wise County; X 1

2. Ventral view of same specimen; X 1
3. External suture line of a smaller specimen (P-7601) at approxi-

mate diameter 44 mm.; X 1; from same locality
4. External suture line of a fragment of a larger specimen (P-7601)

at diameter 85 mm.; X 1, from same locality

Gonioloboceras gracellenae A. K. Miller and Cline 333
5. Lateral view of a large typical specimen (P-869) from 3%

miles southeast of Jacksboro, Jack County; X 1
6. Portion of venter of same specimen showing suture lines; X 1
7. Ventral view of same specimen; X 0.9
8. External suture line of a fragment (P-7602) at approximate

diameter 85 mm.; X 1; from same locality
9. External suture line of another specimen (P-7602;) at diameter

42 mm.; X 1; from same locality

Gonioloboceras welleri Smith _■_ 331
10. Lateral view of a small specimen (Walker Mus.) from 1mile

west of Graham, Young County; X 1
11. Ventral view of same specimen; X 1

Milleroceras parrishi (Miller and Gurley) 329
12, Lateral view of holotype (Walker Mus. No. 6209) from Kansas

City, Missouri; X 1
13. Ventral view of same specimen; X 1

Sagittoceras hathmvayanum (McChesney) 325
14. Lateral view of sulphur cast of holotype (Walker Mus. No.

13248) from LaSalle County, Illinois; X 1
15. Lateral view of opposite side of same specimen; X 1
16. Ventral view of same specimen; X 1
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Gonioloboceras welleri Smith 331
1. Lateral view of a typical specimen (T-5886) from one-half mile

southwest of South Bend, Young County; X 0.75
2. Ventral view of another specimen (P-252) from same local-

ity; X 1
3. Lateral view of fragment of a large whorl of a specimen 'from

same locality, after Plummer and Moore; X 1
4. External suture line of a specimen .(P-7603) at diameter 45

mm.; X 1; from Salt Creek 1 mile west of Graham, Young
County

5. External suture line of another fragment (P-7603) at diameter
25 mm.; X 1; from same locality

Gonioloboceras goniolobus (Meek)__. 331
6. Lateral view of holotype from New Mexico, after Smith; X 0.7
7. Ventral view of same specimen, after Smith; X 0.7
8. Suture line of same specimen, after Smith; X 0.7

Neodimorphoceras oklahomae (Girty)-. 347
-9. Lateral view of holotype, after Girty; X 1; from T. 6 N., R. 9

E., Wewoka quadrangle, Oklahoma
10. External suture line of same specimen, after Girty; X 1
11. External suture line of a specimen (P-6153) at diameter 39

mm.; X1; from 5 miles northeast of Wolf Camp in Glass
Mountains, Brewster County
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Neodimorphocerasplummerae, n.sp _. 343

1. Lateral view of holotype (P-7581) from 3% miles southeast of
Jacksboro, Jack County; X 1

2. Ventral view of same specimen showing ventral furrow; X 1
3. External suture line of same specimen at approximate diameter

60 mm.; X 1
4. Suture line of anotherspecimen (P— 880) at approximatediameter

60 mm.; X 1; from 6% miles northeast of Jacksboro, Jack
County

Neodimorphoceras texanum (Smith) 342
5. Lateral view of a specimen (P— 7563) from one-half mile south

west of South Bend, Young County; X 1
6. Sutureline of same specimen; X 1
7. Suture line of another specimen (P-7323) at diameter 72 mm.;

X 0.7; from same locality
8. Ventral view of another well-preserved specimen, after Plummer

and Moore; X 1; from same locality
Neodimorphoceras lenticulare (Girty) 345

9. Lateral view of a fragment (P-4478) from the old clay pit in
east edge of Mineral Wells, Palo Pinto County; X 1

10. External suture line of same specimen at approximate diameter
90 mm.; X 0.5

11. Ventral view of same specimen; X 1
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Prothalassoceras welleri Bb'se f 356

1. Lateral view of holotype (B-414) from 2% miles north-northeast
of oil test on Decie's ranch, Brewster County; X 1

2. Ventral view of same specimen; X 1
3. Suture line of same specimen at diameter 30 mm.; X 1

Prothalassoceras caddoense,n.sp 355
4. Lateral view of smallspecimen (P-7304) showing typical crowded

suture lines; X 6; from 1% miles east of Caddo, Stephens
County

5. Ventral view of another specimen (P-7304A) from same local-
ity; X 6

6. External suture line of same specimen at diameter 4.6 mm.; X 7

Prothalassoceras kingorum A. K. Miller 353
7. Ventralview of small specimen (P-7304) from 1% miles east of

Caddo, Stephens County; X 6
8. Lateral view of another specimen (P-7304) from same local-

ity; X 6
9. Ventral view of another specimen (P-7304) from same local-

ity; X 6
10. Ventral view of a fragment (P-7304) enlarged to show suture

lines; X 6; from same locality
11. Portion of venter of a specimen (P-7582) enlarged to show

ventral lobe; X6; from 3% miles southeast of Jacksboro,
Jack County

12. Lateral view of same fragment; X 3
13. Lateral view of another specimen (P-7304) from 1% miles east

of Caddo, Stephens County; X 6
14. Lateral view of a well-preserved cast (P-7304) showing suture

line; X 6; from same locality
15. Suture line of specimen in figure 10, at diameter 9.5 mm.; X 3
16. Suture line of a specimen, after Miller; X 1; from 4% miles

S. 15° E. of Lenox, Glass Mountains, Brewster County
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Paraceltites elegans Girty 367
1. Lateral view of a large specimen (B-3337) from west of Six-Bar

Ranch, Culberson County; X 1
2. Ventral view of same specimen; X 1
3. Lateral view of another specimen (B-3337) showing sculpture;

X 1;from same locality
4. Ventral view of same specimen; X 1
5. Ventral view of same specimen; X 1
6. Lateral view of a specimen (B-3354A) from north of Figure-

Two Ranch, Diablo Mountains, Culberson County; X 2
7. Lateral view of a specimen (B-3359) from 1% miles N. 55° W.

of Hess ranch house, Glass Mountains, Brewster County; X 1
8. Suturelineof another specimen (B-3350) at approximate diameter

17 mm.; X 3.75; from Guadalupe Canyon, Guadalupe
Mountains, Culberson County

Paraceltites midticostaius Bb'se 368
9. Lateral view of a specimen (B-3335) from north of Figure-Two

Ranch, Diablo Mountains, Culberson County; X 2
10. Lateral view of a cotype (B-409) from 2% miles N. 70° E.

from second tank above head ranch house of Hess ranch,
Glass Mountains, Brewster County; X 2

Paralecanites altudensis Bose 372
11. Lateral view of a cotype (B-385) from south of an intrusive plug,

Capt. James' ranch, Altuda Mountain, Brewster County; X 1.5
12. Suture line of same specimen at approximate diameter 22

mm.; X 2,25

13. Lateral view of another cotype (B-385) from same locality; X 2

Cibolites uddeni, n.sp 373
14. Lateral view of holotype (B-3356) from south of D South Wells,

Culberson County; X 1
15. Suture line of another specimen (B-3356) at approximate

diameter 25 mm.; X 1.9; from same locality

Prehoffmannia milleri, n. sp . . 360
16. Lateral view of holotype (T— 11119) from 1% miles east of

Gaddo, Stephens County; X 6
17. Ventral view of same specimen;X 6

Eupleuroceras bellulum- A. K. Miller and Cline 365
18. Lateral view of cotype, after Miller and Cline; X 1.5, from 6%

miles west of Sand Springs, Oklahoma
19. Suture line, after Miller and Cline; X 1.5; from same locality
20. Lateral view of another specimen (P-8162) from same local-

ity; X 2.3
21. Ventral view of same specimen; X 2.3

Hoffmannia fisheri, n.sp 362
22. Lateral view of holotype (T-124701) from southeast of Terry's

Church, Culberson County; X 4
23. Ventral view of same specimen; X 4
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Neoicaceras elkhornense (Miller and Gurley) 180

1. Lateral view of holotype (Walker Mus. No. 6210) from Elkhorn
Greek, Kentucky; X 1

2. Ventral view of same specimen; X 1
3. Sutureline of same specimen; X 1.5

Eumorphoceras bisulcatum Girty 175
4. Lateral view of a specimen (P— 7565) from 3 miles southeast of

San Saba, San Saba County; X 1.5
5. Ventral view of same specimen; X 2
6. Suture line of same specimen at diameter 11.5 mm.; X 2.5
7. Lateral view of an immature specimen (P-438) from same

locality; X 4

Trochilioceras tenuosum, n. sp '. 183
8. Lateral view of a cotype (P-7583) from 2 miles northeast of

Gundiff, Jack County; X 6
9. Ventral view of same specimen; X 6

10. Suture,line of same specimen at diameter 3.7 mm.;XlO
11. Ventral view of another cotype (B-7583) showing a broad shal-

low groove on the venter; X 7; from 3% miles southeast of
Jacksboro, Jack County

12. Lateral view of same specimen; X 5

Wellerites mohri, n.sp 377
13. Lateral view of holotype (P-2405) from 1% miles east and 4

miles south of London, Kimble County; X 1.5
14. Suture line of same specimen at diameter 24 mm.; X 1.5
15. Ventral view of same specimen; X 1
16. Lateral view of same specimen (side opposite that in figure

13); X 1

Adelphoceras meslerianum Girty 174
17. Lateral view of specimen, after Girty; X 2; from Caney shale,

Tishomingo quadrangle, Oklahoma
18. Ventral view of same specimen, after Girty; X 2
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Waagenoceras guadalupense, Girty 162
1. Lateral view of a typical specimen (B-3381) from northeast of

the old Terry Church, Culberson County; X 1
2. Lateral view of a large whorl (B-3381) from same locality; X 1-5
3. Suture line of another specimen (B-3381) at diameter 41 mm.;

X 1.3; from same locality
4. Lateral view of a specimen (B-3388) from south end of Guad-

alupePeak, CulbersonCounty; X 1

Waagenoceras dieneri Bb'se.. 157
5. Lateral view of one of Base's coitypes (B-408) from the

mountain north of Leonard Mountain, Brewster County; X 1-5
6. Ventral view of another cotype (B-408) showing suture lines;

X 1.5; from junction of Road and Gilliland canyons

7. Suture line of same specimen at diameter 26 mm.; X 1-3
8. Lateral view of another cotype (B-360) from same locality; X 1-5

V

Waagenoceras richardsoni, n. sp - 158
9. Ventralview of holotype (B-3373) from southeastof Last Chance

Well, Culberson County; X 0.5
10. Lateral view of same specimen; X 0.5
11. Portion of a lateral view of same specimen enlarged to show

suture lines; X 2

Waagenoceras clavatum, n.sp 160
12. Lateral view of a specimen (B-3394-III) -.from northeast of the

old Terry Church, Gulberson County; X 1
13. Suture line of same specimen at diameter 20 mm.; X 4
14. Lateral view of another specimen (B-3394-I)" from same local-

ity; X 1
15. Lateral view of another specimen (B-3394-II) from same local-

ity; X 1
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Popanoceras lualcotti White 166

1. Lateral view of a plaster cast of holotype from Military Crossing
onBig Wichita River, Baylor County; X 1

2. Ventral view of same specimen; X 1
3. Suture line of holotype, after White; X 1.25

Neoaganides grahamensis, n.sp 350
4. Lateral view of holotype (P-273) from one-eighth mile north-

northeast of Weedon School,Brown County; X 5
5. Ventral view of same specimen; X 5
6. Complete suture line of a specimen (P-8172) from 3% miles

southeast of Jacksboro, Jack County; X 15
7. Lateral view of an immature specimen (P-8171) from one-half

mile southwest of South Bend, Young County; X 15
8. Ventral view of same specimen; X 15
9. Suture line of same specimen; X 15

Dimorphoceras politum (Shumard) 339
10. Lateral view of a. specimen (P-1286) from sec. 36, T. 43 S., R.

27 W., Henry County, Missouri; X 2
11. Ventral view of same specimen;X 2
12. Suture line of same specimen at approximate diameter 22

mm.; X 1.5
13c Lateral view of a specimen (Walker Mus. No. 1312B) from

Carroll County, Missouri; X 2.5
14. Lateral view of another specimen (Walker Mus. 1312A) from

same locality; X 2.5

Eumedlicottia guadcdupensis, n.sp ■ 86
15. Lateral view of holotype (P-6420) from Guadalupe Canyon

north of Williams' house at Bone Spring, Culberson
County; X 1

16. Suture line of same specimen at approximate diameter of 80'
mm.; X 0.6
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Metaschistocerasheilprini, n. sp 256

1. Lateral view of a specimen (P-577) from 2.5 miles west of
Baird, Callahan County; X 1

2. Ventral view of same specimen; X 1
3. Suture line of same specimen; X 1
4. Ventral view of inner portion of whorl of a specimen (P-4842)

from same locality showing internal suture line; X 1
5. Portion of umbilical area of a small specimen (P-4842) from

the same locality showing nodes on the umbilical
shoulder; X 1.5

(All the above specimens were collected by Beede and Prettyman)

Schistoceras smithi Bose 1 205
6. Lateral view of a specimen from the quarry of the Alpha Port-

land Cement Co., LaSalle, Illinois; X 0.8; lent by Dr. J. R.
Griffin of Kentucky State Teacher's College

7. Ventral view of same specimen; X 0.8
8. Lateral view of a specimen (P-8173) collected by John H. Wells

from thebrickyard at Creighton, Pennsylvania, near Pittsburgh,
from the Brush Creek limestone, Conemaugh formation; X 1
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Part 1

Figures in boldface type refer to pages where clans, families, genera, and
species are described; figures in italics refer to plate descriptions opposite
plates bearing illustrations.
abichianum (Pseudogastrioceras): 263,

279, 280
Acme dolomite: 319
Acrocanites:49, 214
acutum (Sagittoceras):325
Adelphoceras:46, 171, 172, 173, 338

meslerianum : 15, 174, 220, 260, 381,
383, 399, 498

Adelphoceratidae: 42, 46, 171
adkinsi (Artinskia):18, 19, 22, 23, 92,

93, 96, 224, 380, 382, 390, 391, 392,
394, 399, 401, 430

Admiral formation: 18, 19, 92, 95, 119,
123, 188, 146, 224, 284, 305, 309, 391,
394, 405

admiralense (Paragastrioceras):19, 222,
223, 224, 225, 391, 392, 394, 399, 466

Adrianites: 43, 45, 115, 126, 127, 359,
361

biassalensis:396
elegans:127, 129, 398
hoffmanni: 362
insignis:128
marathonensis:24, 32, 127, 128, 129,

398, 486
aegiranum (Anthracoceras):388
Aganides: 47, 338, 349, 350, 358

rotatofius:349
Aganididae:44, 47, 323, 324, 348, 349.
Aganididea: 41, 44", 46, 348
Agathiceras: 43, 45, 103, 115, 116, 117,

118, 119, 123, 126, 127, 128, 129,
151, 201, 249, 295

applini: 19, 119, 122, 123, 125, 126,
224, 480

ciscoense: 18, 30, 119, 120, 121, 478
contractum: 119, 125, 126, 480
frechi: 18, 22, 32, 119, 120, 123, 389,

394, 478
girtyi: 24, 32, 119, 123,124, 151, 397,

480
hildrethi: 250
planum:396
suessi: 118, 119, 199, 480
texanum: 31, 124
uralicum:394

Agathiceratidae:43, 45, 104, 115, 379
ajdaralense (Metalegoceras):391, 399
Aktioubinsk area:258, 391, 392
altudense (Gastrioceras): 32, 224

(Paragastrioceras):24, 32, 222, 224,
228, 230, 231, 470

altudensis (Paralecanites ):24, 32, 371,
372, 496

Ammonites diadema: 111
hildrethi: 248, 249
listeri: 236
parkeri:139

■ rotatorius:350
amotapense (Gastrioceras):191
Anarcestes:42, 45

lateumbilicatus:378
angulatum (Gastrioceras):33, 269
angulatus (Glaphyrites):17, 33,264, 269,

278, 385, 386, 399, 454

anguloumbilicatus (Glaphyrites):17, 33,
264, 271, 272, 278, 452, 456

Anthracoceras:44, 46, 321, 322, 388
aegiranum:388
discus: 322
wanlessi: 322, 438

Anthracoceratidae:44, 46, 321
Anthracoceratidea:41, 44, 46, 321
antiquus (Arcestes):165, 398
applini (Agathiceras):19,119, 122,123,

124, 126, 224, 480
Arcestes: 306

antiquus: 165, 398
lateumbilicatus:378

Ardenne division:399, 400
aricki (Metalegoceras):22, 281, 286, 391,

394, 464
arkansasensis (Pronorites):15, 55, 57,

58, 59, 380, 387, 399, 426
Arroyo formation: 19, 20, 74, 77, 305,

314, 409
arroyoensis (Medlieottia):19, 20, 74, 76,

77, 78
artiensis (Artinskia):92, 93, 96,392, 394,

399, 430
(Medlieottia):392

Artinsk beds: 74, 92, 100, 126, 281, 282,
387, 391, 392, 393, 394, 399, 403

Artinskia: 41, 42, 45, 73, 88, 90, 91, 92,
394

adkinsi: 18, 19, 22, 23, 92, 93, 96, 224,
380, 382, 390, 391, 392, 394, 395, 399,
401, 430

artiensis: 92, 93, 96, 392, 394, 399, 430
dutkevitsehi:92
electraehsis:76, 92, 95, 96, 430
falx: 92, 93
multituberculata:92, 394
timorensis:92, 96, 395
transitoria:92
whartoni: 92, 93, 391

Asianites: 42, 170, 235, 257, 263, 281
Aspermont dolomite: 19, 21, 320
Atoka formation: 212, 240, 242, 384, 401
australe (Metalegoceras):285
Avis conglomerate: 18, 121, 251
bakeri (Perrinites):22, 305, 309, 310,

391, 472
barbotanum (Gastrioceras):221
Barnett formation: 14, 15, 16, 33, 107,

109, 114, 174, 176, 186, 187, 188, 209,
261, 262, 265, 379, 380, 381, 382, 383,
399, 400, 401, 402, 407, 409

barnettense (Nueuloceras):15, 33, 106,
108, 109, 110, 436

barroisi (Pronorites):55
Basleo beds, Timor: 399, 401
Batesville sandstone: 401
baylorense (Paralegoceras):30, 284

(Metalegoceras):20, 28, 30, 281, 283,
284, 285, 287, 395, 399, 464

baylorensis (Goniatites):28, 284
Bead Mountain limestone: 19
Beaverburk limestone: 19, 96, 149
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beedei (Paragastrioceras):25,26,27,222,
230, 4-66

(Perrinites):20, 234, 304, 305, 316,
bU

Belle Plains formation: 19, 119, 138,
257, 405

bellulum (Eupleuroceras):363, 364, 365,
JfSS

Bend group: 15, 16, 26, 29, 53, 59, 109,
110, 114, 192, 194, 211, 215, 217, 221,
265. 266, 380, 382, 384, 387

Bendoceras: 42, 46, 171, 198, 200, 208,
213, 214, 217, 218, 246, 384, 385

moorei: 15, 33, 209, 216, bbb
shumardi: 15, 25, 20&, 215, 216, bbb
texanum: 15, 29, 30, 33,199, 209, 210,

214, 215, 216, 217, U6
Bendoceratidae:42, 44, 46, 171, 189, 208
beyrichi (Propinacoceras):91
Beyrichoceras:42, 46, 111, 171, 172,173,

259, 322
invaginatum:384
micronotum:381
obtusum:173

biassalensis (Adrianites):396
bifrons (Eumedlicottia) :81, 82

(Medlicottia):81
Big Blue group: 92, 391, 395
bisulcatum (Eumorphoceras): 15, 16,

175, 378, 382, 383, 384, 399, 401, b9B
Bitauni beds: 81, 92, 100, 304, 305, 395,

399, 401
Blame formation:19, 20, 84, 305, 319,

320. 397, 406
blairi (Pericyclus):361
Bollandian beds: 186, 399, 400
Bone Spring limestone: 25, 26, 27
bosei (Parapronorites):33, 62, 64

(Perrinites):19, 224, 296, 298, 300,
304, 305, 306, 307, 308, 309, 310, 380,
391, 399, b72

(Prouddenites):17, 22, 61, 62, 64, 387,
399, U2G

(Stacheoceras):396
bowmani (Popanoceras):24, 167, 397,

398, 399, bB6
(Staeheoceras):32, 167

Brad formation: 16, 410
brainerdi (Sagittoceras):325, 362
Brancoceras:349
branneri (Branneroceras):15, 218, 219,

220, 234, 366, bbb
(Gastrioceras):218, 219

Branneroceras: 42, 46, 171, 218
branneri: 15, 218, 219, 220, 234, 366,

bbb
Branneroceratidae:42, 46, 171, 217
brazoense (Pseudoparalegoceras):15, 16,

192, 196, 197, U2
Brazos River conglomerate: 16, 17
Breckenridge limestone:19
Brentwood limestone: 265
bridgeportense (Gonioloboceras ):17, 33,

331, 333, 334. 335, 336, bBB
brouweri (Perrinites): 305, 313, 395
Brush Creek limestone :388
Bullwagon dolomite:19, 20
Bunger limestone: 18, 19
burckhardti (Eumedlicottia):19. 20, 21.23, 24, 27, 32, 78, 79, 82, 83, 85, 88

89, 380, 382, 396, 397, 398, 399, b32
(Medlicottia):32, 85

bursrensis (Hoffmannia):362
Caddo Creek formation: 16, 72, 132, 133,

136, 184, 293, 295, 331, 407
caddoense (Prothalassoceras) : 18, 353;

355, b9b

calyx (Goniatites) :111, 173, 260, 261
(Homoceras):261

Camp Colorado limestone: 19
cancellatum (Gastrioceras):238, 239, 240,

243
cancriniformis (Linoproductus):387
Caney shale: 114, 186, 188, 325, 326, 381,

383, 401
caneyanum (Glyphioceras): 383

(Neoglyphioceras):15, 186, 187, 381,
383

Canyon group:16, 33, 64, 72, 129, 133,
136, 141, 184, 202, 206, 249, 253, 255,
264, 271, 273, 292, 293, 301, 336, 380,
381, 382, 387, 399, 400, 402

Capitan formation: 26, 31, 368
carbonaria (Xenaspia):398
carbonarium (Gastrioceras): 238, 239,

240, 241
Carbondale formation:264, 387
Castile anhydrite: 26
catharinae (Gastrioceras): 385
Celtites: 366
Chaetetes limestone: 23
Chase formation:394
Chatelet division:399, 400
Cheiloceracea:104
Cheiloceras:43, 104
chemungensis (Goniatites):208
Chernaia beds: 393
Cherokee shale: 264, 323, 340, 388, 400
choctawensis (Goniatites): 15, 29, 30,

106, 107, 113,114, 381, 383, 384, 399,
bS6

Chokier division:399
Chonetes letesinatus :393

meekanus: 393
Chonetina verneuiliana:387, 388
Choza formation:19, 20, 74, 79, 80, 234,

305, 317, 408
chozaensis (Medlicottia):19, 20, 74, 77,

79, 80, 234, 396, bSb
Cibolites: 44, 47, 373

uddeni: 27, 373, b96
Cibolitidae: 44, 47, 359, 373
Cibolo limestone: 374 ,
circumnodosum (Gastrioceras):238, 239,

240, 241, 242, 385, 399. 401
circumrslicatile (Gastrioceras):238, 240
Cisco group: 19, 33, 69, 70,120, 121, 141,

143, 146. 178, 202, 207, 249, 251, 274,
298, 300, 334, 343, 354, 379, 380, 382,
393, 395, 399, 401, 402

ciscoense (Agathiceras): 18, 30, 119,
120, 121, b7B

clavatum (Waagenoceras):27, 156, 160,
161, 500

Clear Fork group: 19, 20, 77, 79. 80, 85,
234, 304, 314, 317, 380, 382, 396, 399,
401, 402

Clyde formation: 19, 74, 76, 92, 96, 126,
149, 167, 286, 304, 312, 392, 395, 404,
409

Clymenia: 213, 214
paradoxa: 213, bb6
solaroides:213
subarmata: 375, 378

Clymeniidae:375
Coleman limestone: 19, 95, 123, 148, 222, «*

224, 284, 391
Coleman Junction limestone: 19, 394
colemanense (Metaleeoceras): 19, 224,

281, 282, 283, 285, 287, 391, 394,
399, b6b

Colorado River valley section:394
eomplicatum (Sagittoceras):325
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compressum (Gastrioceras):29, 30, 33,
191

(Phaneroceras):15, 16, 30, 33, 191,
194, 220, 281, 440, U4

compressus (Merocanites): -£2-4
(Perrinites):22, 23, 32, 305, 312, 314,

315, 317, 395, 399, 476
Conchyliolithus Nautilites Ammonites lis-

teri: 236
Conchyliolithus Nautilites sphaericus:112
Conemaugh beds:388, 390
contractum (Agathiceras):119, 125,126,

480
copei (Medlicottia):19, 20, 28, 30, 31,

74, 76, 77, 96, 380, 382, 395, 396,
399, 432

coronatum (Gastrioceras):238, 240, 386,
387

coronula (Homoceras):383
costiferum (Parasehistoceras):17, 252,

255, 450
Cravenian division:401
Cravenoceras: 42, 46, 105, 116, 170, 171,

185, 236, 258, 259, 260, 261, 262,263,
265, 266, 279, 295," 322, 380

edalense:384
malhamense: 260, 266
pygmaeum:265
richardsonianum:15, 116, 261, 265,

379, 380, 383, 384, 399, 438
striolatum:384
subglobosum:399

crencellatum (Gastrioceras): 238, 240,
243

erenistria (Goniatites):30, 106, 113, 114,
381, 384, 399

Croton gypsum:19, 407
erotonensis (Eumedlicottia):19, 21, 82,- 83, 84, 85, 398, 434
Crystal Falls limestone: 19
cuboides (Neoglyphioceras):186
cullomensis (Triticites):389, 390
culmiensis (Daraelites):99

(Praedaraelites): 98, 99
cumminsi (Glyphioceras):29, 33, 113,

114, 436
(Goniatites):383, 399
(Hyattites):311
(Hyattoceras):311
(Perrinites):20, 28, 38, 304, 307, 310,
311, 312, 317, 380, 395, 399, 472

(Popanoceras): 311
(Ptychites):311
(Waagenoceras) : 28, 162, 163, 311

cuyleri (Shumardites):18, 293, 295, 296,
297, 301, 468 .

Cyclobus:154
Cyclolobidae:155
Cyclolobus: 155
cyclolobus (Goniatites):56

(Pronorites):55, 56, 57, 58
cymbula (Derbva):393
Dalmanites: 373, 374
Daraelites: 41, 45, 98, 99,100, 101

culmiensis :99
elesahs: 100, 102, 103
girtyi: 100, 101
kin<ri: 100, 101, 102, 424
meeki: 99, 100, 102, 103
submeeki:100
texanus: 18, 22, 32, 34, 100, 102, 103,

394, 426
Daraelitidae: 41, 45, 48, 98
Daraelitinae: 98
deciense (Paragastrioceras) : 22, 222,

226, 391, 470

Delaware Mountain formation: 26, 27,
31, 82, 89, 138, 150, 156, 160, 162,
164, 222, 229, 230, 231, 280, 363, 367,
368, 374, 397, 405, 406

Delaware Mountains, geologic section in:
24, 26, 27

delawareanus (Marathonites):138, 149,
151, 486

Derbya cymbula: 393
regularis: 393

Dcs Moines formation: 264, 268, 388
diadema (Ammonites):111
dieneri (Marathonites):149

(Waagenoeeras):24, 27,156, 157, 158,
160. 161, 163, 397, 398, 399, 400, 500

Dimorphoceras:44, 46, 110, 170, 322,
323, 327, 330, 337, 338, 340, 341

gilbertsoni: 339, 340, 342
lenticulare: 345
oklahomae: 347
politum:339, 502
texanum: 30, 33, 341, 342

Dimorphoceratidae: 44, 46, 321, 337, 338
dinkleyensis (Goniatites):381, 399
discoidale (Gonioglyphioceras):337

(Gonioloboceras ) :337
discus (Nomismoeeras):322

(Anthracoeeras):322
diversecostatum (Schistoceras):17, 22,

32, 34, 201, 206, 251, 255, 389, 462
Dodecalegoceras:280
Dothan limestone: 19
Double Mountain group: 19, 20, 21, 82,

84, 85, 304, 305, 319, 320, 380,
382, 397, 398, 399, 401, 402

Drum limestone: 388
Dryochoceras:324
dutkevitschi (Artinskia):92
East Mountain shale: 17, 246, 249, 347,

"408
Echinoconchus elegans:387

punctatus:387
edalense (Cravenoceras):384
electraensis (Artinskia):76, 92, 95, 96,

430
(Marathonites):138, 148, 149, 486

elesrans (Adrianites):127, 129, 398
(Daraelites):100, 102, 103
(Echinoconchus): 387
(Paraceltites):24, 27, 31, 32, 367, 368,

398, 496
elkhornerise (Neoicoceras):179, 180, 498
elkhornensis (Goniatites):180, 182
Ellenburger limestone: 378
Elm Creek limestone: 18, 19
Enteletes hemiplicatus:393
entogonum (Gastrioceras) : 30, 186

(Glyphioceras): 33
(Neoglyphioceras):15, 29, 30, 33, 186,

187, 188, 381, 399, 440
entogonus (Goniatites):28, 29', 186
Eoasianites: 42, 43, 46, 170, 235, 257,

263, 280, 281, 287, 392, 396
hanieli: 379
subhanieli: 258, 263, 391, 394

Eothinites: 258, 392
kargalensis:391

Episageceras:41, 45, 73, 90, 97
wynnei:97

equicostatus (Goniatites): 214
erebus (Peritrochia) :27, 31, 150, 151,

152
Eumedlicottia:41, 45, 66, 73, 81, 89, 380,

396
bifrons: 81, 82

(Continued on page 508)
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Eumedlicottia ( concluded)
—

burckhardti: 19, 20, 21, 23, 24, 27, 32,
78, 79, 82, 83, 85, 86, 88, 89, 380,
382, 396, 397, 398, 399, 432

crotonensis: 19, 21, 82, 83, 84, 85, 398,
iU" guadsdupensis:26, 27, 82, 86, 88, 89,
502

mareoui:82, 89
prima: 398
primas: 81, 83, 84, 43$
subprimas: 81, 83, 84, 85, 399
verneuili: 82, 83, 398, 399
whitneyi:23, 24, 32, 82, 83, 84, 85, 432

Eumorphoceras:42, 46, 171, 172, 173,
174, 177, 376, 377

bisulcatum: 15, 16, 175, 378, 382, 383,
384, 399, 401, 498

sanctijohanis:177
Eupleuroceras:44, 47, 359, 361, 364, 365

bellulum: 363, 364, 365, 496
evolutum (Metalegoceras):281, 395, 399

(Paralegoceras):282
excelsum (Gastrioceras):269
excelsus (Glaphyrites):271, 284, 385
falx (Artinskia):92, 93
Fayetteville shale: 186, 401
fedorowi (Gastrioceras):192, 221
Fettekohle beds:388
Finis shale: 17
fisheri (Hoffmannia) : 362, 496
Flenu division: 399, 400
Florena shale: 92, 391, 395
Flozleeres beds:399, 400
fornicatus (Shumardites):17, 295, 296,

300, 301, 880, 387, 388, 468
Francis formation: 213
frechi (Agathieeras) : 18, 22, 32, 119,

120, 123, 389, 394, 478
fultonense (Schistoceras):201, 202, 388
fultonensis (Goniatites):202, 460
Fusulina llanoensis:57

primaeva: 57
ganti (Marathonites):17, 22, 30, 32, 34,

133, 138, 145, 146, 147, 389, 482, 484
(Popanoceras):30, 144

Gaptank formation: 21, 22, 23, 32, 34, 60,
63, 69, 71, 100, 102, 103, 119, 120,
123, 132, 134,-136, 138, 139, 141, 143,
144, 146, 206, 207, 251, 255, 276, 279,
283, 292, 295, 300, 303, 348, 354, 389,
390, 394, 404, 405, 408

gaptankense (Gastrioeeras):34, 289, 291
gaptankensis (Preshumardites ) :17, 22,

288, 289,. 291, 292, 301, 470
Garner formation: 16
Gasflammkohle division: 399, 400
Gastrioceras: 42, 43, 46, 105,110, 111,

115, 169, 170, 171, 176, 179, 182, 189,
190, 191, 194, 201, 211, 218, 219,220,
233, 235, 244, 245, 246, 249, 257,262,
265, 266, 279, 281, 294, 295, 369, 370,
371, 375, 380

altudense: 32, 224
amotapense:191
angulatum:33, 269
barbotanum:221
branneri: 218, 219
cancellatum: 238, 239, 240, 243
earbonarium: 238, 239, 240, 241
catharinae: 385
chemungensis:42
circumnodesum:238, 239, 240, 241, 242,

385, 399, 401
circumplicatile:238, 240
compressum: 29, 30, 33, 191
coronatum: 238, 240, 386, 387

crencellatum: 238, 240, 243
entogonum:30, 186
excelsum:269
fedorowi:192, 221
gaptankense: 34, 289, 291
globulosum:30, 276
hvattianum: 33, 268
iHinoisense:289
jossae: 221
kahrsi: 242
kansasense:274
kingi: 33
langenbrahmi:238
listeri:15, 16, 25, 26, 33, 236, 237,

238, 240, 244, 245, 264, 272, 379, 382,
384, 385, 386, 399, 400, 401, 448

maerocephalum:266, 385
marianum: 221, 222, 237
martini: 239, 240
millsi: 273
modestum: 32, 263, 264, 274, 275, 283
montgomeryense:221, 239, 240, 244,

245, 258, 387, 448
occidental:15, 25, 239, 240, 241, 244,

264, 384, 385, 387, 399, US
pacificum:195
perornatum:386
reticulatum: 386, 399
richardsonianum:261
roadense: 32, 227
roemeri:224
rurae: 238, 240
russiense:195
serratum:228
smithwickense:15, 25, 239, 241, 242,

247, 264, 380, 384, 385, 399, US
sosioense:224
subeavum: 30, 33, 274
suessi: 221, 392
venatum: 246, 382, 385, 386, 399
welleri: 267
yohi: 386
zitteli: 222, 224, 370

Gastrioceratidae:42, 46, 169, 170, 188,
189, 208, 209, 217, 234, 248, 258, 279,
321, 323, 379

Gastrioceratidea:41, 42, 44, 45, 104,
169, 170, 234

Gattendorfia: 47
geinitzi (Hyattoceras):306, 307
gemmellaroi (Prothalassoceras):352, 354,

394
(Thalassoceras): 394
(Waagenoceras):158, 160

Gephuroceras:44, 321
gilbertsoni (Dimorphoceras): 339, 340,

342
(Goniatites):339

gilliamense (Stacheoceras):24, 32, 153,
397, 398, 484

girtyi (Agathieeras):24, 32, 119, 123,
124, 151, 397, 480

(Daraelites):100, 101
Girtyites: 169, 221
Gjelian division:394
Glaphyrites: 42, 43, 46, 170, 171, 190,

219, 257, 258, 259, 260, 262, 263, 264,
265, 267, 271, 280, 281, 284, 386, 392

angulatus: 17, 33, 264, 269, 278, 385,
386, 399, 454

anguloumbilicatus:17, 33, 264, 271,
272, 278, 452, 456

excelsus:271, 284, 385
globulosus: 18, 30, 33, 264, 266, 269,

270, 273, 274, 275, 276, 278, 452hyattianus: 15, 17, 21, 264, 268, 269,
384, 386, 399, 454
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kansasensis: 17, 22, 30, 32, 33, 264,
266, 267,274, 275, 276, 278, 283, 285,
387, 388, 389, 390, 456

kingi: 33, 266, 268, 273, 278
kueichowensis:386
millsi: 33, 264, 273, 274, 276, 387, 452,

454
modestus: 263, 275, 278
orientalis: 386, 399
raymondi: 15, 25, 33, 264, 265, 266,

380, 384, 385, 399, 438
subcavus: 264, 266, 267, 268, 273, 278,

452
suborientalis:386, 399
welleri: 15,17, 264,- 266, 267, 268, 272,

273, 278, 379, 452
Glass Mountain section:394
globulosissimum (Ps"eudogastrioceras):

279, 454
globulosum (Gastrioceras):30, 276

(Glyphioceras):276
(Staeheoceras):398

globulosus (Glaphyrites):18, 30, 33, 264,
266, 269, 270, 273, 275, 276, 278-, 452

(Goniatites):111, 276
Glyphioceras: 110, 111, 112, 170, 185

caneyanum: 383
cumminsi: 29, 33, 113, 114, 436
entogonum:33
globulosum:276
granosum:383
hathawayanum:325
incisum: 29, 33, 106, 133, 436
listeri: 237
newsomi:383
subcirculare : 383

Glyphioceratidae:169, 170
Goniatitea:104
Goniatites: 43, 45, 105, 110, 111, 112,

114, 170, 173, 185, 190, 259, 337, 349
abichianum:279
artiensis: 93
baylorensis:28, 284
calyx: 111, 173, 260, 261
chemungensis:208, 214
choctawensis : 15, 29, 30, 106, 107, 113,

114, 381, 383, 384, 399, 436
crenistria: 30, 106, 113, 114, 381, 384,

399
cumminsi:383, 300
cyelolobus:56
diadema: 111
dinckleyensis:381, 399
elkhornensis:180, 182
entogonus:28, 29, 186
equicostatus:214
fultonensis:202, 460
gilbertsoni:339
globulosus: 111, 276
goniolobus: 327, 331-
-granosus: 112
hathawayana:325
illinoisensis :289
iowensis:198, 199
kansasensis :274, 275
kentuckiensis:114
kingianus:165, 166
listeri: 236, 243
marianus:222
missouriensis :202
mixolobus:50, 51
montgomeryensis:244
newsomi:187
obtusus:111, 173
occidentals:241
orbignyanus:73
parrishi: 327, 328, 329

platylobus:111, 260
politus: 339
serpentinus:50, 51
sphaerieus:110, 111, 112, 436
spirale: 381
striatus: 30, 107, 112, 113, 114, 236
texanus: 28, 209, 210, 212, 214

Goniatitidae:43, 45, 104, 105, 182
Goniatitidea:43, 45, 103, 104
Gonioclymenia:376

speciosa: 376
Gonioglyphioceras:44, 46, 324, 336, 341

discoidale:337
gracile: 334, 336, 337

Gonioloboceras:44, 46,110, 169, 170, 173,
177, 324, 325, 326, 327, 328, 329, 330,
331, 336, 337

bridgeportense:17, 33, 331, 333, 334,
335, 336, 488

discoidale: 337
goniolobus: 33, 331, 333, 334, 490
gracellenae: 333, 334, 335, 336, 387,

388, 399, 488
gracile:337
parrishi:329
welleri: 18, 29, 30, 33, 326, 328, 330,

331, 332, 333, 334, 335, 336, 337,
399, 488, 490

Gonioloboceratidae:44, 46, 321, 323, 324,
338

goniolobus (Goniatites) : 327, 331
(Gonioloboceras):33, 331, 333, 334, 490

gouldi (Perrinites): 21, 304, 305, 315,
317, 318, 397, 399, 474

gracellenae (Gonioloboceras) : 333, 334,
335, 336, 387, 388, 399, 488

gracile (Gonioglyphioceras): 334, 336,
337

(Gonioloboceras):337
gracilis_ (Marathonites): 149
Graford formation: 16, 17, 60, 63, 64,

139, 206, 253, 255, 264, 271, 273, 275,
276, 288, 291, 292, 295, 301, 331, 336,
365, 387, 408, 409, 410

prrafordensis (Prouddenites ):63, 426
Graham formation:17, 18,19, 69, 70, 71,

103, 119, 120, 121, 132, 133, 138, 139,
143, 144, 146, 178, 204, 207, 240, 245,
251, 264, 274, 275, 276, 279, 295, 298,
300, 328, 330, 331, 333, 334, 341, 343,
345, 351, 354, 356, 360, 361, 363, 389,
394, 405, 407, 409, 410

grahamensis (Neoaganides): 18, 350,
390, 502

grahami (Schuchertites):30
granosum (Glyphioceras):383

(Goniatites) : 112
GuadalupeMountain section:24, 26, 27
guadalupense (Waagenoceras): 27, 31,

156, 158, 160, 161, 162,163, 164, 500
guadalupensis (Eumedlicottia ):26, 27,

82, 86, 88, 89, 502
Gunsight limestone: 19, 70
Gurleyoceras:332, 336, 337
Halifaxian division:399, 400
hanieli (Eoasianites) :379

(Popanoceras):395, 399
Hanieloceras:400
hargisi (Marathonites):32, 34, 139, 141,

482
harlani (TJddenites):70, 71, 92, 428
Harpersville formation: 19, 263, 394
hathawayana (Goniatites): 325
hathawayanum (Glyphioceras):325

(Sagittoceras):325, 333, 488
heilprini (Metaschistoceras):247, 256,

380, 504.
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Helms formation:26
hemiplicatus (Enteletes):393
Hess formation: 23, 394
hildrethi (Agathiceras):250

(Ammonites):248, 250
(Parasehistoeeras):17, 18, 22, 30, 33,

207, 240, 244, 247, 248, 250, 251, 253,
255, 257, 379, 380, 387, _389, 390, 450

(Sehistoceras):30, 204, 250
hilli (Perrinites): 21, 304, 305, 315, 318,

319, 380, 381, 398, 400, 476
(Waagenoceras): 21, 319

hoeferi (Paraceltites ):366, 398, 399
hoeteri (Parapronorites):396
hoffmanni (Adrianites):362

(Hoffmannia):362, 398
Hoffmannia: 44/47, 359, 360, 361, 363

burgensis:362
fisheri: 362, 496
hoffmanni: 362, 398

Hoffmanniidae:44, 47, 359, 360
Hog Creek shale: 293
Home Creek limestone: 16,184, 251, 356,

389, 390, 409
Homoceras: 105, 110, 111, 112, 169, 173,

175, 176, 182, 259, 260, 322
calyx: 261
corcnula: 383
diadema:385
malhamense: 260
meslerianum:174, 383
platylobus:173
smithii: 385
striolatum:385

Hordes Creek limestone: 18
Hueco formation: 26
Hungaritidae:373
hyatti (Paralegoceras):210, 212

(Sehistoceras):30, 33, 201, 202, 204,
460

hyattiamim (Gastrioceras):33, 268
hyattianus (Glaphyrites):15, 17, 21, 264,

268, 269, 384, 386, 399, 454
Hyattites cumminsi: 311
Hyattoceras:155, 156, 303, 306, 307

cumminsi: 311
geinitzi: 306, 307
turgidum:306
waageni: 306, 312

illinoisense (Gastrioceras):289
(Goniatites):289
(Paralegoceras):289

illinpisensis (Preshumardites):288, 289,
291, 292, 295, 296, 301, 380, 387, 388,
399, 470

impressus (Pericyclus):105
incertum (Paralegoceras) :32, 274, 276,

283
incisum (Glyphioceras):29, 33, 106, 113,

436
(Nuculoceras):15, 29, 30, 33, 106,

107, 109, 113. 383, 384, 399, 486
Indian Creek shale: 18, 95, 123, 148, 309,

391
insignis (Adrianites):128
invaginatum (Beyrichoceras):384
invariabilis (Marathonites): 391, 392,

399
iowense (Paralegoceras) :29, 30, 198,

199, 200, 210, 211, 212, 458
iowensis (Goniatites):198, 199
Irgina beds:393
irregulare (Vidrioceras) : 22, 32, 131,

132, 133, 135, 389, 390, 482
irregularis (Triticites):388
Jacksboro limestone: 178, 298, 334
jacksoni (Metalegoceras):282, 283

Jagger Bend limestone: 19 . . ,
jossae (Gastrioceras):221

(Paragastrioceras ):394
j.p.smithi (Marathonites):32, 138, 144,

484
Jurezan beds:393
kahrsi (Gastrioceras):242
Kansas City formation: 328, 330
kansasense (Gastricceras):274 .
kansasensis (Glaphyrites):17, 22, 30, 32,

33, 264, 266, 267, 274, 275, 276, 278,
283, 285, 387, 388, 389,.390, 456

(Goniatites):274
kargalensis (Eothinites):391
karpinskii (Proshumardites ) : 116
keideli (Preshumardites):288, 289
kempae (Perrinites):20, 305, 313, 314,

399, 476
Kendrick shale: 384
kentuckiensis (Goniatites):114
keytei (Prothalassoceras):34, 353, 354,

356
(Thalassoceras):34

Kickapoo Falls limestone: 15, 16, 197
kingi (Daraelites):100, 101, 102, 424

(Gastrioceras):33, 266
(Glaphyrites):268, 273, 278

kingianum (Popanoceras):165
kingianus (Goniatites):165, 166
kingorum (Prothalassoceras): 18, 34,

353, 354, 399, 494
konincki (Parapronorites):64, 65
Krotonia pustulata:387
Kubergandy River beds:92
kueichowensis (Glaphyrites):386
Kungurian division: 403
lahuseni (Popanoceras):394, 399
Lake Pinto sandstone: 249, 394
Lancastrian beds: 240, 383, 399, 400, 401
langenbrahmi (Gastrioceras):238
LaSalle limestone :206, 388
lateumbilicatus (Arcestes):378
Lautenthal shale: 383
Lecanites: 232, 371
lenticulare (Dimorphoceras):345

(Neodimorphoeeras): 17, 342, 345,
347, 492

(Phaneroceras):15, 25, 192, 193, 442
Leonard formation: 22, 23, 24, 32, 82,

85, 222, 279, 280, 304, 305, 313, 315,
372, 396, 404, 405

letesinatus (Chonetes):393
limatum (Sagittoceras):325
Linoproduetus cancrinifo-rmis: 387
listeri (Ammonites):236

(Conchyliolithus Nautilites Ammo-
nites):236

(Gastrioceras):15, 16, 26, 33, 236,
237, 238,' 240, 243, 244, 245, 264, 272,
379, 382, 384, 385, 386, 399, 400, 401,
US

(Glyphioceras):237
(Goniatites):236

llanoensis (Fusulina): 57
(Pronorites):15, 55, 56, 387, 426

Lueders limestone: 19, 395
lyoni (Protocanites ):424
Lytle limestone:409
macrocephalum (Gastrioceras): 266, 385
Magerkohle beds: 385, 388, 399, 400
malhamense (Cravenoceras):260, 266

(Homoceras):260
Manticoceras:328, 330
Marathon Mountain section:21, 394
marathonensis (Adrianites):24, 32,127,

128, 129, 398, 486
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Marathonites:43, 45, 124, 129, 130, 131,
133, 135, 137,138, 146, 151, 152, 153,
155, 392, 394

delawareanus:138, 149, 151, 486.
dieneri:149
electraensis:138, 148,149, 486
ganti: 17, 22, 30, 32, 34, 133, 138, 145,

146, 147, 389, 482, 484
graeilis:149
hargisi: 32, 34, 139, 141, 482
invariabilis:391, 392, 399
j.p.smithi: 32, 138, 144
parkeri: 17, 22, 30, 32, 34, 133, 139,

141, 387, 388, 482, 484, 486
sellardsi': 19, 138, 146, 147, 148, 149,

391, 392, 399, 486
sulcatus: 18, 22, 32, 139, 143, 389, 482,

484
vidriensis: 18, 22, 32, 139, 141, 484,486

Marble Falls formation:15, 16, 33, 57,
192, 263, 266, 399, 400, 401, 402, 407,
409

Tuareoui (Eumedlicottia):82, 89
Jnarianum (Gastrioeeras):'221, 222, 237

(Paragastrioceras): 221, 258
marianus (Goniatites ):222
martense (Popanoceras):396
martini (Gastrioeeras):239, 240
McLeansboro formation:390
mediterraneum (Stacheoeeras):152. 153
Medlicottia: 41, 42, 45, 65, 66, 72, 73,

74, 81, 91, 9,7, 397
arroyoensis: 19, 20, 74, 76, 77, 78, 432
artiensis:392
bifrons: 81
burckhardti: 32
chozaensis: 19, 20, 74, 77, 79, 80, 234,

396, 434
copei: 19, 20, 28, 30, 31, 74, 76, 77,

96, 380, 382, 395, 396, 399, 432milleri: 74, 79, 434
orbignyana: 73, 74, 395, 399
vogti: 396
whitneyi:32

Medlicottiidae:41, 45, 48, 65, 66, 89
Medlicottiinae:65
meekanus (Chonetes):393
meeki (Daraelites):99, 100, 102, 103
Meekoceratidae:373
Meeaphyllites:164
Merkel dolomite: 19
Merocanites:41, 45, 49

compressus:424
Merriman limestone: 16, 253, 408
meslerianum (Adelphoceras): 15, 174,

220, 260, 381, 383, 399, 498
(Homoceras) :174, 383
(Sagittoceras):174

Metalegoceras:42, 46, 170, 198, 200, 201,
209, 235, 258, 280, 281, 284, 285, 287,
382, 394, 395

ajdaralense: 391, 399
aricki: 22, 281, 286, 391, 394, 464
australe: 285
baylorense: 20, 28, 30, 281, 283, 284,

285, 287, 395, 399, 464
colmanense: 19, 224, 281, 282,283, 285,

287, 391, 394, 399, 464
evolutum: 281, 395, 399
jacksoni: 282, 283
tschernyschewi:282, 399

Metalegoceratidae: 42, 43, 46, 170, 189,
258, 379

Metaschistoceras:42, 46, 170, 235, 245,
255. 380, 395

heilprini: 247, 256, 380, 504
micronotum (Beyrichoceras):381

| milleri (Medlicottia):74, 79, 434
(Prehoffmannia):360, 363, 496

Milleroceras:44, 46, 324, 325, 327, 328,
329, 330, 331

minisculum:329
parrishi: 328, 329, 330, 488

Millsap Lake formation: 15, 16,197, 264,
268, 269, 385, 402, 406

millsi (Gastrioeeras):273
(Glaphyrites):33, 264, 273, 274, 276,

387, 452, 454
Mineral Wells formation: 16, 17, 246,

249, 264, 269, 327, 347, 402, 408
minisculum (Milleroceras):329
minor (Uddenites):32
missouriense (Schistoceras):17, 18, 30,

33, 201, 202, 204, 206, 388, 399, 460,
402

missouriensis (Goniatites):202
mixolobus (Goniatites) :50, 51
modestum (Gastrioeeras):32, 263, 264,

274, 275, 283
modestus (Glaphyrites):263, 275, 278
moelleri (Popanoceras):167, 398, 399
mohri (Wellerites):15, 376, 377, 498
mojsisovicsi (Waagenoceras):155, 156,

158
montgomeryense (Gastrioeeras):221, 239,

240, 244, 258, 387, 448
montgomeryensis (Goniatites) :244
Mcorefield shale: 107, 188, 381, 383, 401
moorei (Bendoceras):15, 33, 209, 216,

-4-4-4
(Vidrioceras):131, 132, 133, 134, 482

Moran formation:19, 394
Morrow formation:401
Moscovian division:399
multieostatus (Paraceltites):24, 32, 367,

368, 398, 399, 496
multiliratus (Paraceltites):24, 32, 367,

369. 370, 466
multistriatum (Popanoceras): 167
multituberculata (Artinskia):92, 394
Miinsteroceras:105, 110, 190, 191

oweni:191
parallelum:29

musebachanus (Spirifer) : 57
Namurian division:403
Nautilites sphaerieus:112
NeUie Bly formation: 331, 333, 334, 363,

365, 366, 387
Neoaganides: 44, 47, 349, 350

gcrahamensis:18, 350, 390, 502
.- -Neodimorphoceras: 44, 46, 327, 338, 340,

341
lenticulare: 17, 342, 345, 347, 492
oklahomae: 342, 344, 345, 347, 490
plummerae: 342, 343, 344, 345, 492
texanum: 18,30, 33, 332, 341, 342, 344,

345, 346, 347, 399, 492
Neoglyphioceras:42, 43, 46, 171, 185,

186, 190
canevamim: 15, 186, 187, 381, 383
cuboides:186
entogonum: 15, 29, 30, 33, 186, 187,

188, 381, 399, 440
newsomi: 14,15, 16, 186, 187, 188, 200,

381, 382, 383, 399, 401
postriatum: 186
spirale: 15, 185, 381. 399 401
subeirculare:116, 186, 187, 381, 383,

399, 401
NeoTlyphioceratidae: 42, 46, 171, 185
Neoicoceras: 42, 46, 170, 179, 182

elkh^r-nense: 179. 180. 498Neoicoceratidae:42, 44, 46, 170, 179, 182
Neva limestone: 395
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newsomi (Glyphioceras):383
(Goniatites):187
(Neoglyphioceras): 14, 15, 16, 186,

187,188, 200, 381, 382, 383, 399, 401
nikitini (Waagenoceras): 158, 160, 398,

399
Nomismoeeras:110, 322

discus: 322
Noritinae:65
Nuculoceras: 43, 45, 105, 106, 111, 130,

131, 177, 259, 260, 262
barnettense: 15, 33, 106, 108, 109, 110,

436
incisum: 15, 29, 30, 33, 106, 107, 109,

113, 383, 384, 399, 436
nuculum: 105, 899, 438
smithi: 384, 385
smithwickense: 15, 33, 106, 109, 384,

399, 438
nuculum (Nuculoceras):105, 399. 438
obtusum (Beyriehoceras):173
obtusus (Goniatites) :111, 173
occidentale (Gastrioceras): 15, 25, 239,

240, 241, 244,.264, 384, 385, 387, 399,
448

occidentalis (Goniatites) :241
oklahomae (Dimorphoceras) : 347

(Neodimorphoceras): 342, 344, 345,
347, 490

oldhami (Waagenoceras):398
orbignyana (Medlicottia):73, 74, 395,

399
orbignyanus (Goniatites) :73
orientalis _(Glaphyrites) : 386, 399
oweni (Mtinsteroceras) :191
pacificum (Gastrioeeras):195

(Pseudoparalegoceras):195, 197
Palo Pinto limestone: 16, 17, 254
Paraceltites:44, 47, 362, 364, 365, 366,

367, 370
elegans: 24, 27, 31, 32, 367, 368, 398,

496
hoeferi: 366, 398, 399
multicostatus :24, 32. 367, 368, 398,

399, 496
multiliratus :24, 32, 367, 369, 370, 466
plicatus: 398
sophiensis:396

Paraceltitidae:44, 47, 359, 363, 364, 366
paradoxa (Clymenia):213, 446
Paragastrioceras: 42, 46, 171, 189, 218,

221, 222, 228, 281. 370, 395
admiralense: 19, 222, 223, 224, 225,

391, 392, 394, 399, 466
altudense: 24, 32, 222, 224, 228, 230,

231, 470
beedei: 25, 26, 27, 222, 230, 466
deciense: 22, 222, 226, 391, 470
jossae:394
marianum:221, 258
roadense: 24, 32, 222, 227, 228, 397,

398, 399, 466
roemeri: 224
serratum: 27, 31, 222, 228, 230, 231,

470
sosioense: 224
suessi: 192, 224, 399
waageni: 228
zitteli: 224, 398, 399, 466

Paralecanites:44, 47, 371
altudensis: 34, 32, 371, 372, 496
sextensis:371

Paralecanitidae: 44, 349, 371
Paralecanitidea:41, 44, 47, 358
Paralecanitinae:371
Paralegoceras:42, 46, 110, 169, 170, 171,

189, 195, 198, 200, 201, 209. 212, 213,
214, 232, 245, 281, 285, 295, 371

baylorense: 30, 284
evoluta: 282
hyatti: 210, 212
illinoisense:289
incertum: 32, 274, 276, 283
iowense: 29, 30,198, IS9,200, 210,211,

212, 458
rectilaterale:22, 34, 198, 200
sundaicum:282
texanum: 30, 210

parallelum (Miinsteroceras):29
Paraocpanoeeras:43, 45, 164
Paraprolecanites:41, 45? 49, 50, 51, 53,

65
sandbergeri: 15, 25, 52, U%h

Parapronorites:41, 45, 54, 60, 61, 62, 64,
90, 394, 396

bosei:34, 62, 64
hoeteri: 396
konincki:64, 65

Paraschistoeeras:42, 46, 170, 201, 235,
245, 246, 248, 252, 254, 255, 257

costiferum: 17, 252, 255, 450
hildrethi: 17, 18, 22, 30,' 33, 207, 240,

244, 247, 248, 250, 251, 253, 255, 257,
379, 380, 387, 389, 390, 450

reticulatum: 16, 17, 21, 22, 34, 246,
247, 253, 254, 255, 380, 382, §87, 388,
394, 399, 450

strawnense: 16, 17, 247, 248, 249, 387,
450

parkeri (Ammonites):139
(Marathonites):17, 22, 30, 32, 34,133,

139, 141, 387, 388, 482, 486
(Popanoceras):30, 139

parrishi (Goniatites): 327, 328, 329
(Gonioloboceras):329
(MiUeroceras):328, 329, 330, 488

Peacock formation:19, 21, 84, 305, 598,
401, 407

Pericyclus: 44
blairi:361
impressus:105
tianshanicus:44

Peritrochia: 43, 45,129, 151, 152
erebus: 27, 30, 150, 151, 152

perornatum (Gastrioceras):386
Perrinites: 42, 46,155, 156, 163, 170, 288,

294, 296, 298, 300, 303, 304, 306, 307,
380

bakeri: 22, 305, 309, 310, 391, 472
beedei: 20,.234, 304, 305, 316, 474
bosei: 19, 224, 296, 298, 300, 303, 304,

305, 306, 307, 308, 309, 310, 380, 391,
399, 472

brouweri: 305, 313, 395
compressus: 22, 23, 32, 305, 312, 314,

315. 317, 395, 399, 476
cumminsi :20, 28, 38, 304, 307, 310,

311, 312, 317, 380, 395, 399, 472
gouldi:21, 304, 305, 315, 317, 318, 397,

399, 474
hilli: 21, 304, 305, 315, 318, 319, 380,

382, 398. 400. 476
kempae: 20. 305, 313, 314, 399, 476
subcumminsi:304
vidriensis: 22, 24, 32, 303, 304, 305,

306, 313, 314, 317, 318, 474
waageni: 304, 307, 308, 312, 395, 399

Phaneroceras:42, 43, 46, 171, 189, 190,
191, 194, 195, 198, 201, 214, 236, 281,
392

compressum: 15, 16, 30, 33, 191, 194,
220, 281, 440, 444

lenticulare: 15, 25,192, 193, 442
phillirsi (Thalassoeeras):357. 358
pingue (Wiedeyoceras) :17, 18, 33, 177,

390, 448
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Pintoceras: 42, 46, 170, 198, 235, 245,
246, 247

postvenatum:16, 17, 246, 380
Pitkin limestone:401
planulatus (Rhiphaeites): 20, 232, 466
planum (Agathiceras): 396
platylobus (Goniatites) : 11, 260

(Homoceras):173
plicatus (Paraceltites ) : 398-

(Xenodiseus):398
plummerae (Neodimorphoceras): 342,

343, 344, 345, 49$
politum (Dimorphoceras):339, 502
politus (Goniatites):339
Popancceras: 43, 45, 110, 137, 138, 152,

153, 164, 165, 166. 167
bowmani: 24, 32, 167, 397, 398, 399,

486
cumminsi : 311
ganti: 30, 144
hanieli: 395, 399
kingianum:165
lahuseni :394, 399
martense:395
moelleri:167, 398, 399
multistriatum :167
parkeri:30. 139
walcotti: 20, 28, 149, 166, 167, 168,

395, 399, 502
Popanoceratidae:43, 45, 104, 164
postcarbonarius (Pronorites):55
postriatum (Neoglyphioceras):186
postvenatum (Pintoceras):16, 17, 246,

380
Pottsville formation: 242, 243, 262, 384
Praedaraelites:41, 45, 98, 100

culmiensis:98, 99
praepermicus (Pronorites):55
"Prebendoceras":46, 171, 209
Prehoffimannia:44, 47, 360, 363

milleri: 360, 363, 496
Preshumardites:42, 46, 116, 170, 288

289, 293, 294, 295, 302
gaptankensis:17, 22, 34, 288, 289, 291,

292, 301, 470illinoisensis:288, 289, 291, 292, 295,
296, 301, 380, 387, 388, 399 470keideli: 288, 289

stainbrooki: 288, 289, 292, 293, 296298, 301, 468
prima (Eumedlicottia):398
primaeva (Fusulina):57
primas (Eumedlicottia):81, 83, 84, 432

(Sageceras):81
primus (Proshumardites):25, 116, 480(Prouddenites):34, 61, 62, 64, 65princeps (Schwagerina):393
Prionoceras:110
Productus limestone: 81, 398
Prolecanites:41. 42, 45, 48, 49, 50 51

52, -53, 56, 65, 214, 380
chemungensis:214
serpentinus:49, 50, 380, 424

Prol^ecanitidae:41, 45, 48, 49, 53, 359,
364, 379

Prolecanitidea:41, 44, 48
Prometalegoceras:257
Pronorites: 41, 42, 45, 50, 51, 54, 55 5660, 61, 62, 65, 66, 91, 101, 151, 385

arkansasensis:15, 55, 57, 58, 59, 380,
387, 399, 426

barroisi:55
cyclolobus: 55, 56, 57, 58
llanoensis:15, 55, 56, 387, 426
postcarbonarius:55
praepermieus:55

pseudotimorensis:22, 34, 55, 59, 60,
385, 386, 387, 399, 426

reyi: 55
shuichengensis:386, 387, 399
siebenthali:55
timorensis:55, 60, 62
uralensis:55

Pronoritidae:41, 42, 45, 48, 54, 60, 65,
66, 67, 90

Pronoritinae: 54
Propinacoeeras:41, 45, 73, 90, 394

beyrichi:91
sakmarae: 394
soramanse: 396

Propinacoceratidae:41, 45, 48, 65, 89, 90
Proshumardites: 43, 45, 115, 116, 131;

289 .
karpinskii: 116
primus: 25, 116, 480

Prothalassoceras:44, 47, 352, 357, 358
caddoense: 18, 353, 355, 356, 494
gemmellaroi:352, 354, 394
keytei: 352, 354, 356
kingorum:18, 34, 353, 354, 399, 4H
texana:353
welleri: 22, 32, 352, 353, 354, 356, 358,

494
Protocanites :41, 45, 49

lyoni:424
Prouddenites:34, 41, 45, 54, 60, 61, 62,

64, 91
bosei: 17, 22, 34, 61, 62, 64, 387, 399,

426
grafordensis:63, 426
primus: 34, 61, 62, 64, 65

Pseudarietites westfalicus:44
Pseudogastrioceras:46, 170, 259, 279

abichianum: 263, 280
globulosissimum:279, 454

Pseudoharpoceras:373
pseudomeneghinii (Rhiphaeites):232
Pseudoparalegoeeras: 42, 46, 171, 189,

194, 195, 220, 392
brazoense: 15, 16, 192, 196, 197, 44%
pacificum: 195, 197
russiense: 192, 196, 197, 281

pseudotimorensis (Pronorites): 22, 34,
55, 59, 60, 385, 386, 387, 399, 426

Ptychites cumminsi:311
Pueblo formation: 19, 394
punctatus (Echinoconchus ):387
pustulata (Krotonia):387
Putnam formation:19, 394
pygmaeum (Cravenoceras):265
Ranger limestone: 16, 72
raymondi (Glaphyrites):15, 33, 264, 265,

266, 380, 384, 385, 399, 438
rectilaterale (Paralegoceras):22, 34, 198,

200
Red Beds: 31, 96
regularis (Derbya):393
retieulatum (Gastrioceras):386, 399

(Paraschistoceras):16, 17, 21, 22, 34,
246, 247, 253, 254, 255, 380, 382, 387,
388, 394, 399, 450

(Reticuloceras):438
(Schistoceras) : 34, 253, 386

Reticuloceras: 42, 111, 112, 171, 172, 182
retieulatum:438

reyi (Pronorites):55
Rhiphaeites: 42, 46, 171, 218, 219, 231

planulatus:20, 232, 466
pseudomeneghinii:232
uralensis:232

richardsonianum (Cravenoceras):15, 116,
261, 265, 379, 380, 383, 384, 399, 438

(Gastrioceras):261
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richardsoni (Waagenoceras ) : 156, 158,
159, 160, 161, 500

Riesberg shale: 383
roadense (Gastrioceras):32, 227

(Paragastrioceras):24, 32, 222, 227,
228, 397, 398, 399, 466

Rock Hill limestone: 301
roemeri (Gastrioceras):224

(Paragastrioceras):224
rotatorius (Aganides):349

(Ammonites):350
Rough Rock shale: 240, 384
russiense (Gastrioceras) : 195

(Pseudoparalegoceras):192, 196, 197,
281

rurae (Gastrioceras):238, 240
Saddle Creek limestone: 19
Sageeeras primas:81
Sagittoceras:44, 46, 324, 326

acutum:325
brainerdi: 325, 326
complicatum:325
hathawayanum:325, 333, 488
limatum:325
meslerianum:174
vesiculifer:325

sakmarae (Propinacoceras):394
Sakmarian division: 92, 394, 3&5, 401
San Andres limestone: 319, 398
San Angelo formation:19
sanctijohanis (Eumorphoceras):177

(Wiedeyoceras):177
sandbergeri (Paraprolecanites):15, 25,

52, 424
Schistoceras:42, 46, 110, 120, 169, 170,

171, 189, 192, 194, 195, 198, 200, 201,
202, 218, 248, 252, 281, 295, 300

diversecostatum:17, 22, 32, 34, 201,
206, 251, 255, 389, 462

fultonense: 201, 202, 388
hildrethi: 30, 204, 250
hyatti: 30, 33, 201, 202, 204, 460
missouriense:17, 18, 30, 33, 201, 202,

204, 206, 388, 399, 460, 462
reticulatum: 34, 253, 386
smithi: 17, 22, 32, 34, 201, 205, 303,

387, 388, 458, 504
Schistoceratidae: 42, 46, 170, 171, 188,

189, 194, 234, 248
.schucherti (Uddenites):17, 18, 19, 22,

23, 32, 34, 64, 67, ,69, 70, 71, 102,
132, 361, 380, 382, 388, 389, 390,
394, 399, 428

Schuchertites grahami: 30
Schwagerina forakerensis:394

princeps: 393, 394
turki: 394

Sedwick limestone: 19
sellardsi (Marathonites):19, 138, 146,

147, 148, 149, 391, 392, 399, 486
(Shumardites):21, 23, 295, 302, 470

serpentinus (Goniatites):50, 51
(Prolecanites):49, 50, 380, 424

serratum (Paragastrioceras):27, 31,222,
228, 230, 231, 470

serratus (Uddenites): 18, 19, 69, 70,
390, 394, 428

sextensis (Paralecanites):371
shuichengensis (Pronorites): 386, 387,

399
Shuichengoceras yohi:386
shumardi (Bendoceras):15, 25, 209, 215,

216, 444
Shumardites: 42, 46, 116, 131, 155, 170,

288, 289, 294, 295, 296, 302, 307
cuyleri: 18, 293, 295, 296, 297, 301, 468

fornicatus: 17, 295, 296, 300, 301, 380,
387, 388, 468

sellardsi: 21, 23, 295, 302, 470
simondsi: 18, 22, 30, 293, 295, 296, 297,

298, 299, 380, 389, 394, 399, 468
Shumarditidae:42, 43, 46, 170, 287, 288,

379
Sicanites: 41, 45, 71, 90, 92, 94
siebenthali (Pronorites):55
Sierra Diablo Plateau, geologic section

in: 26
simondsi (Shumardites):18, 22, 30, 293,

295, 296, 297, 298, 299, 380, 389, 394,
399, 468

smithi (Nuculoceras):384
(Sehistoeeras): 17, 22, 32, 34, 202,

205, 303, 387, 388, 458, 504
smithii (Homoceras) : 385
Smithwick formation: 15,16, 25, 33, 52,

53, 59, 110, 118, 192, 194, 211, 215,
216, 217, 221, 240, 242, 243, 264, 340,
379, 384, 399, 400, 401, 402, 406, 407,
408, 409

smithwickense (Gastrioceras): 15, 25,
239, 241, 242, 247, 264, 380, 384, 385,
399, 448

(Nuculoceras):15, 33, 106, 109, 384,
385, 399, 438

solariodes (Clymenia):213
sophiensis (Paraceltites ) : 396
soramense (Propinacoceras): 396
Sosio beds: 32, 100, 397, 399, 401
sosioense (Gastrioceras):224

(Paragastrioceras):224
South Bend shale: 178
Sparland formation:390
speciosa (Gonioclymenia): 376
sphaericus (Conchyiolithus Nautilites):

112
(Goniatites):110, 111, 112, 436

spirale (Neoglyphioceras):15, 185, 186,
381, 399, 401

spiralis (Goniatites):381
Spirifer musebachanus:57
St. Louis limestone: 325
stachei (Waagenoceras):158
Stacheoceras:43, 45, 129', 130, 131, 137,

148, 152,153, 165, 166, 167, 397, 398
bosei: 396
bowmani: 32, 167
gilliamense: 24, 32, 153, 397, 398, 484
globosum:398
mediterraneum:152, 153
vogti: 396

Staffordian division: 399, 400
stainbrooki (Preshumardites ):288, 289,

292, 293, 296, 298, 301, 468
Standpipe limestone : 19
Stephanian division:403
Strawn group: 16, 17, 33, 129, 141, 197,

249, 269, 380, 382, 385, 386, 387, 399,
400

strawnense (Paraschistoceras):16, 17,
247, 248, 249, 387, 450

striatus (Goniatites) :30, 107, 112, 113,
114, 236

striolatum (Cravenoceras):384
(Homoceras):385

Sturia: 352
subarmata (Clymenia):375, 378
subcavum (Gastrioceras):30, 33, 274
subcavus (Glaphyrites):264, 266, 267,

268, 273, 278, 452
subcirculare (Glyphioceras) :383

(Neoglyphioceras):116, 186, 187, 381,
383, 399, 401

subcumminsi (Perrinites):304
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-subglobosum (Cravenoceras) :399
subhanieli (Eoasianites ):258, 263, 391,

394
submeeki (Daraelites):100
suborientalis (Glaphyrites): 386, 399
subprimas (Eumedlicottia): 81, 83, 84,

85, 399
subquadratum (Vidrioceras): 22, 131,

132, 136, 48$
suessi (Agathiceras):118, 119, 480

(Gastrioceras):221, 392
(Paragastrioceras):192, 224, 399

.sulcatus (Marathonites) :18, 22, 32, 143,
389, 482, 484

sundaicum (Paralegoceras):282
Sweetwater dolomite :19
Sycamore limestone: 401
Taiyuan division:399
Talpa limestone: 19
tenuosum (Trochilioeeras):18, 181, 182,

183, 498
texana (Prothalassoceras): 353
texanum (Agathiceras):31, 124

(Bendoceras):15, 29, 30, 33, 199, 209,
210, 214, 215, 216, 217, 446

(Dimorphoceras):30, 33, 341, 342
(Neodimorphoceras): 18, 30, 33, 332,

341, 342, 344, 345, 346, 347, 399, 492
(Paralegoceras): 30, 210

texanus (Daraelites):18, 22, 32, 34, 100,
102, 103, 394, 426

(Goniatites):28, 209, 210, 212, 394
(Texites):342

Texites texanus: 342
Thalassoceras :44, 47, 352, 357, 358

gemmellaroi:394
keytei: 34
phillipsi: 357, 358
varicosum:358

Thalassoceratidae:44, 47, 348, 351
Thrifty formation: 19, 393, 394, 405
timorensis (Artinskia):92, 96, 395

(Pronorites):55, 60, 62
transitoria (Artinskia):92
Triticites cullomensis: 389, 390

irregularis:388
Trochilioceras: 42, 46,170, 179, 181, 182

tenuosum: 18, 181, 182, 183, 498
tsehernyschewi (Metalegoceras): 282,

399
turgidum (Hyattoceras):306
Turkey Creek sandstone: 16
uddeni (Cibolites):27, 373, 496

(Vidrioceras): 22, 32, 131, 132, 133,
134, 135, 482

TJddenites: 41, 42, 45, 60, 61, 65, 66, 67,
71, 91, 92, 94, 100, 103, 120, 134,
136, 143, 144, 146, 207, 251, 276, 300,
356, 394, 401, 404

harlani: 70, 71, 92, 428
minor:32
schucherti: 17, 18, 19, 22, 23, 32, 34,

64, 67, 69. 70, 71. 102. 132, 361, 380,
382, 388, 389, 390, 394, 399, 428

serratus: 18, 19, 69, 70, 390, 394, 428
Ural Mountain section:394
uralensis (Pronorites):55

(Rhiphaeites):232
TJralian beds: 387, 393, 399, 401, 403
uralicum (Agathiceras): 394
Ussuria: 352, 358
Vale formation:19
varicosum (Thalassoceras) :358
-venatum (Gastrioceras):246, 382, 385,

386, 399

verneuili (Eumedlicottia): 82, 83, 398,
399

verneuiliana (Chonetina): 387, 388
vesiculifer (Sagittoceras):325
vidriensis (Marathonites): 18, 22, 32,

139, 141, 484, 486
(Perrinites):22, 24, 32, 303, 304, 305,

306, 313, 314, 317, 318, 474
Vidrioceras: 43, 45, 124, 129, 130, 131,

132, 138, 152, 300
irregulare: 22, 32, 131, 132, 133, 135,

389, 390, 482
moorei: 131, 132,133, 134, 482
subquadratum:22, 131, 132, 136, 482
uddeni: 22, 32, 131, 132, 133, 134, 135,

482
Vidrioceratidae:43, 45, 104, 129, 130,

164, 379
Visean division: 112, 325, 399, 400, 403
vogti (Medlicottia):396

(Stacheoceras):396
waageni (Hyattoceras) : 306, 312

(Paragastrioceras):228
(Perrinites): 304, 307, 308, 312, 395,

399
Waagenina:152
Waagenoceras:43, 45, 129, 154, 155, 156,

158, 162, 303, 306, 307, 400
clavatum: 27, 156, 160, 161, 500
cumminsi:28, 162, 163, 311
dieneri: 24, 27, 32, 156, 157, 158, 160,

161, 163, 397, 398, 399, 400, 500
gemmellaroi:158, 160
guadalupense: 27, 31, 156, 158, 160,

161, 163, 397, 398, 399, 400, 500
hilli: 21, 319
mojsisovicsi:155, 156, 158
nikitini: 158, 160, 398, 399
oldhami: 398
richardsoni: 156, 158, 159, 160, 161, 500
stachei:158

Wabaunsee group:389
walcotti (Popanoceras):20, 28,149, 166,

167, 168, 395, 399, 502
Waldrip coal: 19
wanlessi (Anthracoceras):322, 438
Wapanucka limestone: 401
welleri (Gastrioceras):267

(Glaphyrites):15, 17, 264, 266, 267,
268, 272, 273, 278, 379, 452

(Gonioloboceras) :18, 29, 30, 33, 326,
328, 330, 331, 332, 333, 334, 335, 336,
337, 399, 488, 490

(Prothalassoceras): 22, 32, 352, 353,
354, 356, 358, 494

Wellerites: 44, 47, 373, 375, 376
mohri: 15, 376, 377, 498

Welleritidae:44, 47, 375
WeUeritid.ea:375
Westphalian division:240
Wewoka formation: 100, 101, 246, 264,

269, 271, 334, 341, 385, 386
whartoni (Artinskia) : 92, 93, 391
whitneyi (Eumedlicottia):23, 24, 32, 82,

83. 84, 85, 432
(Medlicottia):32

Wichita group: 18, 19, 76, 85, 95, 96,
123, 126, 138, 148, 149, 167, 281, 284,
286, 304, 305, 309, 312, 380, 382, 391,
392, 394, 395, 396, 399, 401, 402, 404

Wiedeyoceras:42, 46, 171, 172, 176
pingue: 17, 18, 33, 177, 390, 448
sanctijohanis: 177

Wiles limestone: 408
Willow Point limestone: 206, 255, 336
Winslow formation: 213
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Witten shale: 399
Wolfcamp formation: 22, 23, 32, 34,100,

102, 132, 137, 222, 226, 275, 279, 283,
287, 305, 310, 357, 389, 390, 391, 394,
395, 405

Word formation: 23, 24, 27, 32, 82, 86,
119, 123, 124, 129, 151, 154, 156, 158,
168, 222, 228, 367, 369, 370, 396, 397,
400, 401, 404

wynnei (Episageeeras):97
Xenaspia carbonaria: 398
Xenodiseus plicatus: 398
yohi (Gastrioceras):386

(Shuichengoceras):306
Zaphrentis:57
zitteli (Gastrioceras):222, 224

(Paragastrioceras):224, 370, 398, 399,,
A66
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Introduction

Scope

The value of the fusulines for stratigraphic correlation is now
widely recognized. The structural complexity and rapid evolution
of these large Foraminifera give them peculiar possibilities as zone
fossils, and their wide distribution and great numerical abundance
insure their practical value either in the study of outcrops or in
that of well cuttings. It maybe conceded that of all the groups of
invertebrate fossils in the late Paleozoic formations the ammonites
and fusulines permit the most exact zonation and correlation.

The stream of monographic reports on the fusulines that has
issued during recent years from Indo-China, China, lapan, Russia,
and Italy bears witness to the appreciation of the value of this
group in the search for petroleum and coal, as well as in the general
stratigraphic study of Eurasia. In America, the Pennsylvanian
species have received considerable attention but the varied faunas
of the Permian are as yet mostly undescribed. It is the purpose of
the presentreport to fill this gap.

The region with which this paper is concerned is chiefly Trans-
Pecos Texas, but since this area lies in the midst of the North
American Permian basin and includes the most complete sections
now known of the Permian system in America, it is hoped that
the study will be useful beyond the limits of the state of Texas.
Although the collections studied arechiefly from Trans-Pecos Texas,
attention has been given to equivalent horizons in central Texas
and adjacent parts of New Mexico and old Mexico.

Issued July, 1937. Published in part from the Paul Franklin Morse Memorial Publication
Fund of The University of Texas.
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In the Permian system, as used in this paper, are included
the Wolfcamp formation of the Glass Mountains (as restricted by
Sellards1 so as to exclude the zone of Uddenites) and equivalent
horizons, particularly the Hueco limestone (as redefined by King2)
of the Hueco and Franklin mountains.
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turned over to the senior author of the present report, who then
expected to prepare a joint work with Robert E. King on this
group. However, Dr. King has since been continuously engaged
in foreign oil fields and has declined to accept authorship. The
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Disposition of types

The collections made by Robert E. and Philip B. King in the
Glass Mountains are the property of Peabody Museum at Yale,
and types chosen from these are given catalogue numbers preceded
by the letters Y. P. M. (i. c., Y. P. M. 15015). Specimens used
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as types from the collections of Roth and of Skinner are also
deposited at Peabody Museum and are similarly catalogued. All
material loaned by the U. S. Geological Survey is being returned
to the Survey and is not catalogued.

A suite of cotypes will be deposited at the U. S. National
Museum and at the Bureau of Economic Geology at Austin.

Methods of study and description

There is still need for greater standardization in the way
measurements are taken and in the terminology used in describing
the fusulines. For example, the diameter of the proloculum is
measured by some students as the inside dimension and by others
as the outside; the tunnel angle as recorded by some is an approx-
imate average reading, even though the angle widens progressively
in successive whorls and a single measurement accurately records
its value for but one; moreover, it is apparent that measurements
of length and thickness may be read at any pointbetween one full
volution and the next;hence two observers studying identical shells
may record measurements disagreeing by as much as a volution.
The following paragraphs are offered in an attempt to indicate
the sources of confusion and means of avoiding or evaluating
such discrepancies.

The authors feel strongly that many of the specific descriptions
of fusulines have been too generalized and incomplete, with the
result that species are commonly misidentified or uncertainly iden-
tified and many synonyms have appeared. If original descriptions
were in all cases adequate there would be little need for redescrip-
tion. Modern refinements require more precision in this group,
as in all others, and will justify the extra labor and expense by
the more detailedcorrelation value of the fusulines.

When possible, the types of a species should all be selected
from a single locality because this increases the probability that
all are conspecific. Furthermore, if free specimens can be secured
in quantity at any locality such will provide the most suitable
types, since variations in external form can be checked against the
features shown in section. In the present study, the authors have
been at great pains to free specimens for illustration even though
they were embedded in solid limestone. Under the conditions of
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weathering that obtain in western Texas, the exposed surfaces of the
limestones have been partly silicified and the fossils replaced by
SiO2. In such instances it has been possible to free specimens by
the use of HCI, and yet to find unaltered specimens for section-
ing. Some of the limestones are soft enough or sufficiently
crystallized so that the fusulines can be freed by careful mechan-
ical preparation.

The writershave endeavored to illustrate each species by a group
of types showing different stages of growth, lying at random and
at natural size; in addition, enlargements of certain of these are
shown at five diameters; axial and sagittal sections, both carefully
oriented, at ten diameters; and a tangential slice near the base of
the penultimate whorl at the same magnification. The last section,
not included generally in previous works, the writers regard as
highly essential, especially for the large Permian fusulines, since
it shows,better than any other, the plan of the septal fluting. Where
the preservation is good and the matrixclear, a polished tangential
surface is evenpreferable to a thin slice.

It is highly desirable to use a standard scale of magnification
for all species, for this permits comparison by direct inspection.

Oblique sections give a false impression of the shape and dimen-
sions of the shell and, although they may be useful in identifying
material if judiciously compared with well-oriented sections, they
should not be used in illustrating a species. Moreover, there is
little justification for basing a species on a single section. At least
three or four axial sections should be studied and illustrated, in
addition to sagittal and tangential sections.

Measuring and recording of shell features

Proloculum

The proloculum is the original shell of the newly-formed
foraminifer; in recording its size the measurement should be the
outside rather than the inside diameter. Its true diameter can be
measured only in well-centered sections. The range of discrepancies
and the criteria for recognizing the position of the slice in a thin
section are suggested by figure 89. Here are three identical
proloculi represented by the black circles below. The dashed
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white line in each indicates the thickness of the wall, and the
shaded bar shows the position of a slice cut in the horizontal plane.
The upper bar represents the thickness of the slice in which the
actual shell is black, and the upper figure shows the slice in plan
as it will actually appear in the thin section. InB the slice is
through the center and the section appears as a uniformly-colored
ring having exactly the diameter of the proloculum and the thick-
ness of its wall. The wall of the proloculum will appearuniformly
dense with sharply-defined outer and inner margins because it
crosses the slice at right angles and isuniform in thickness. But in
C the slice lies below the center and the section is smaller in
diameter than the proloculum and appears to fade out to shadowy
margins. The more transparent border results from the fact that

Fig. 89.— Diagram to show the effect of imperfect centering on the appear-
ance of the proloculum in thin sections.

the wall is crossing the slice obliquely and the shell wedges out
to a thin edge. In A the slice is near the top and does not
completely cut through the wall. The section appears as a disc,
much smaller than the proloculum, with a more transparent center
and a poorly-defined outer margin. A slice equally near the lower
side would have the same appearance. If the matrix is clear and
transparent, the inclination of the surface of the wall in the slice
will not only show that the slice is off center but will indicate
whether it is above or below.

Obviously, in recording measurements of the proloculi, sections
that arenot well centered should be discounted.
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Radius vector or the diameter

Although it has been common practice to measure the equatorial
diameter or thickness of the shell, and its full length, there are
several practical advantages in recording the radius vector and
the half length.

The radius vector is a straight segment, running from the center
of the proloculum to a point at the surface of the volution. The
use of this component instead of the diameter of the shell was first
proposed to the senior author by Lloyd G. Henbest during their
work on the fusulines of the Pennsylvanian system of Illinois.

It may be assumed as axiomatic that when speaking of the
diameter of a shell (or its radius vector) in a given volution the
writers meanthe maximumattained when that volution is complete.

Fig. 90.— Diagram to show the bearing of the orientation of the slice on
measurements of the shell.

Thus the diameter of a shell of 3 volutions is not that of 2*4 or
2% or some other indefinite stage between 2 and 3 volutions. This
is the only basis on which any precision can be attained in our
descriptions.

In sagittal sections the diameter (or the radius vector) can be
precisely determined, for the beginning and ending of each volu-
tion can be seen. Thus, in figure 90a the first chamber of the
first volution is just above the proloculum, and the first volution
is complete ata, the second at b, and the third at c.

But in axial sections these positions must be inferred. Figure 90b
represents an axial section of the same shell lying in the plane
AA. Without careful inspection one might assume the radius of
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the first volution to be the distance on, oof,af, or oa. Comparison
with the sagittal section shows the last to be correct. If one
should assume on to be the height of the first volution then oa
would be the height of the second, etc. This not only introduces
an error for the first volution but also throws out all subsequent
measurements by one volution. In practice the position of the
slice has to be inferred solely from the characters seen in the
axial section. With some experience it would be inferred that a
section of a whorl so short as that of the chamber below n must
be near the beginning of the first whorl and should be ignored.

If the section had been in the plane ZZ' the measurements op,
ox and ox' would actually be at %, % and 1% volutions. Experi-
ence may serve as the only guide in judging which side of a given
section offers the best measurements, but where it is not evident
that the first chamber on one side is near the beginning of the
whorl it is safest to begin measuring on the side which gives the
largest measurement.

Length or half length

The correct length can be measured only in sections that
exactly follow the axis of the shell; in oblique sections the
measurements are always too small. The importance of the error
introduced by measuring an oblique section is illustrated in figure
90b, where the true half length of three volutions is 05, ot, and ou,
respectively, and that measured along an oblique section oof,sf,of,
and ou'.

Commonly the axis is curved or bent, especially in slender,
elongate species. It is then possible to see the true form if the
slice lies in the plane of curvature, as does figure 91a. If it lies
inaplane at right angles to this, the slice mayfollow approximately
the axis of one end of the shell but will cut the other half obliquely,
as does the line xy. Such a section will appear as in figure 91b. By
measuring the longer end the correct half length is obtained and the
true full length can be easily deduced.

Instances occur in which the two ends of a shell areunequal but
this is an abnormality due to injury, for the fusuline shell is nor-
mally bilaterally symmetrical. Hence if the axial section appears to
show one end longer than the other the short end should be
discounted.
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It is essential then to be able to recognize a perfectly oriented
axial section. When the spirotheca of successive volutions forms
a series of closed and concentric ellipses, as in figure 90b, one has
a simple and infallible criterion; but if it can be followed in a
spiral course from one volution into the next, as in figure 91c, one
maybe sure that the sectionis oblique.

A practical difficulty is encountered in sections where the spiro-
theca seems to bestaggered in successive half volutions, as in figure
91d. This is the case in shells in which the spirotheca fails to turn
down to the axis at the polar extremities and the antetheca alone
covers the umbilical region as in Plate 42, figures 3, 9, and 10. In
such a case the observer may be at a loss to know whether the end

Fig. 91.— Diagram to show effects of orientation on the appearance of axial
sections.

of the volution is at 1 or I', 2 or 2', and 3 or 3': in rapidly
elongating shells the difference is relatively great. By following one
volution after another from the proloculum outward, it is possible
usually to decide where the end of each should be measured.

Septal fluting

The older students of the fusulines failed to appreciate the tax-
onomic significance of septal fluting, and few of themodern workers
have given it the attention it deserves. Even now the recording
of this character is handicapped by the need of more precise
terminology.
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In primitive genera, such as Staffella, Ozawainella, and Wede-
kindellina,the septa areplain,and in the subfamilies Verbeekininae
and Neoschwagerininae theyremained so through the Permian; but
in the Fusulininae and Schwagerininae septal fluting is generally
a striking feature. It attains its greatest taxonomic importance in
the large Permian forms.

Primitively, the irregularities in the septa appear first near the
polar extremities where the antetheca is relatively high. In this
stage they are not literally folds, but blister-like irregularities of
unequal size and shape. For want of a better term this condition
is described as vesicular fluting. Since adjacent septa touch and
grow together in the most irregular fashion in the end zoneof such
shells, the axial sections show a septal tangle (filet cloissone) along
the axis. This condition is typified in Fusulinella and persists with
little change into the descendant genus Triticites.

From the polar regions the septal folds gradually encroach on
the middle of the shell in progressive genera like Fusulina and
Schwagerina [Pseudofusulina] until the entire antetheca is fluted
(PL 42, figs. 9 and 10). Commonly the basal (proximal) margin
of the antetheca is first to be affected while the upper (distal) part
remains plain. In this stage the septal folds are low (PI. 42, fig. 2).
In morespecialized forms the folds reach up to the spirotheca and
may be described as high (PL 42, figs. 6, 9, 10). In axial sections
the truncated septal folds appear as septal loops between the walls
of successive volutions. In case the septal folds are low the loops
are low, relatively broad, and rounded at the top; but where the
septal folds are high the loops may reach from the spiral wall of
one volution to that of the next (PL 55, fig. 5), appearing to tie
adjacent whorls together. In this case the septal loops arehigh and
narrow. The extreme of this development is seen in Paleofusulina
in which the truncated septal folds appear in axial sections as
parallel "pillars."

Septal fluting may be vesicular as in the end zone of figure 8,
Plate 42. It is irregular in figure 6, in that successive folds differ
in size as well as in shape. It is regular in figures 9 and 10, where
successive folds are similar and rather evenly spaced.

The fluting is weak or feeble in figures1to 3, since the amplitude
of the folds is not only relatively slight but is small in comparison
■with the spacebetween adjacent septa. Insuch shells adjacent septa
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arecommonly separated completely by simple meridional chambers
that run from pole to pole. If the course of the septum is straight,
rather than sinuous, an axial section that happens to fall between
septamay show no septal loops whatever. The fluting is strong or
intense when the amplitude of the folds is relatively as large as
their length, as in figures 6, 9, and 10, Plate 42. In this case the
opposed folds of adjacent septa commonly touch, at least near the
base, and the meridional chambers become divided, at least in the
basal part, into a series of rounded, cell-like chamberlets (PL 42,
figs. 4, 5, and 11). In this instance it is impossible for an axial
section to avoid crossing all the septal folds, and the septal loops
are abundant and regularly spaced (PI. 57, fig. 9).

Free specimens with a perfect antetheca are very rare; the char-
acter of the septal fluting must generally be inferred from sections.
In the past, axial thin sections alone have been relied on and illus-
trated for this purpose. Two factors complicate the interpretation
of such sections. First, the septa commonly follow a somewhat
sinuous or irregular course (fig. 1, PL 42). As a result, the axial
section crosses from one chamber to the next and cuts the septal
folds at different heights along an individual septum (fig. 9,PL 57).
Thus an axial section may give the impression of great irregularity
even though the septal folds are strong and regularly spaced. For
this reason tangential slices are indispensable for study since they
show the septa in plan. As the fluting is always strongest near the
basal margin of the septum, the tangential slice should be cut near
the floor of one of the outer whorls. Figures 4, 5, and 7 of Plate 42
illustrate the value of the tangential slice (where the matrix is
transparent a polished surface is even better than a thin section).
In fusiform shells a flat slice will not parallel the floor of a volu-
tion for any considerable distance; thus in following along the
slice the worker can study the septa in plan at different levels from
the floor to the roof of the whorl. In figure 4,Plate 42, for example,
we are near the floor of the volution at a and find the septal loops
subdividing the meridional chamber into chamberlets; but at b we
are near the roof of the volution and find the septa but feebly
fluted and well separated by the uninterrupted meridional chamber.

A second factor complicating the interpretation of the septal
fluting in thin axial sections is the fact that in fusiform shells the
septa arenecessarily farther apart across the center of the shell and
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converge as they approach the poles. Hence, even if theseptal folds
were equally strong throughout, the axial section might easily fall
farther from the plane of the septum in the middle of the shell than
at the ends, hence cut farther down on the tips of the septal folds.
Insuch a case the axial section would seem to indicate strong,high
septal folds near the end and low folds, or none, at the equator.
Again, the tangential slice shows the true relations, though with
experience it is possible to interpret an axial section with a degree
of certainty.

The most perfect and extreme type of septal fluting is seen in the
Permian genera Parafusulina and Polydiexodina. Parafusulina
sprang from a slender,subcylindrical form of Schwagerina [Pseudo-
fusulina] in which the septa were strongly and regularly fluted so
that opposed folds of adjacent septa met regularly near the base.
Parafusulina arose when the tips of forwardly-directed folds re-
mained open (or were resorbed) and were later fused to the
backwardly-directed folds of the next septum (PI. 42, fig. 11). As
a result of this the septa failed to reach the floor of the volution
except along the sides of the folds. Here adjacent septa fused to
form a sinuous basal suture running around instead of along the
axis of the shell, and between these the septal folds were elevated
into a regular series of vaulted arches, leaving a series of basal
foramina communicating from chamber to chamber. Theseforamina
form a series of spiral passages along the floor of the volution,like
the galleries in a mine. The writers propose to call them cuniculi
[L. cuniculum,a gallery or passageway between rooms in a mine].
They are separated by the basal margins of the septa as shown in
figure 92 and in Plate 42, figure 11, and Plate 75, figure 4. It is
but rarely that free silicified specimens are found which show this
structure in three dimensions as do these here figured. Thin axial
sections do not demonstrate the structure at all since the arches over
the basal foramina cannot be distinguished from ordinary septal
loops. Tangential slices are indispensable supplements to the axial
sections in these Permian fusulines. In these the basal margins of
the septa appear to parallel the sagittal instead of the axial plane,
as in figure 11, Plate 42. Since this character was not observed by
most previous workers and is not shown by axial sections, it is
impossible to place satisfactorily from the literature many of the
older species of Schwagerina [Pseudofusulina] and Parafusulina.
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Polydiexodina agrees with Parafusulina in septal characters and is
separated therefrom on the basis of its supplementary tunnels.

Tunnel

The tunnel is a secondary structure produced by resorption of
the basal margin of the septa across the middle of the shell to
facilitate communicationbetween meridional chambers. It appears
as an elliptical hole or a low slit-like median opening in all except
the last few septa. For a long time it was supposed to represent

Fig. 92. Septal fluting inParafusulina

the aperture in successive septa, and many reconstructed illustra-
tions have shown such a slit-like opening in the antetheca. Yet
it is never seen in the antetheca of perfectly preserved shells, a
number of which are figured in this report. Moreover, sagittal
sections of such specimens show that several septa back of the
antetheca likewise reach the floor of the volutions with no interrup-
tion. Since this is true in all cases, whether the shells are young
or mature, it is certain that the tunnel is due to resorption and
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follows commonly about half a volution behind the growing front
of the shell. This discovery, first announced by White (1932, p.
13) 4,had been made independently by Henbest and was fully set
forth by Dunbar and Henbest in a manuscript submitted to the
Geological Survey of Illinois in May,1932.

In view of its secondary character, it may seem surprising that
the tunnel widens gradually and systematically with the growth
of the shell and that its width is fixed enough to be a specific
character. There is, indeed, a considerable degree of individual
variation, greater in some species than in others; and yet each
species has anorm that is found by experience to be a very useful
specific character.

The tunnel is best studied in axial sections and the most con-
venient form of measurement seems to be the angle which it sub-
tends in any given volution, as measured from the center of the
proloculum. This is known as the tunnel angle. In species with
well-marked chomata the tunnel angle is conspicuously shown in
thin sections. Commonly it increases gradually and at such a rate
that the angle is practically uniform as measured to successive
volutions. Ithas been common practice, therefore, either to record
the characteristic tunnel angle for a species as an average reading,
or to cite its range of variation. As a rule, however, there is
considerable variation from whorl to whorl and in many species
the angle widens progressively in the outer whorls. As an illus-
tration, the tunnel angle in specimen 1of Schwagerina linearis
is about 36° up to the third volution, then increases to 54°
in the fourth, and 55° in the fifth. To state the extremes does not
present the essential fact in the case, and to give a single measure-
ment would not only be misleading but would form no basis for
comparison by other workers unless the angle was given for a
definite volution. The only satisfactory solution is to record the
actual angle for each volution. Even so, when the angle is rather
wide the discrepancies between specimens of a single species may
be more apparent than real, for, ideally, the measurement should
be made at the end of each volution, but in practice the axial
section maynot lie in the proper plane. Referring again to figure
90b, where the tunnel angle is indicated as VOV, the correct angle

*Such entries in parentheses refer to papers listed in the bibliography.
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for the first three volutions would be read at a, b, and c, respec-
tively, but if measured on the lower half of the figure, at a', b'
and c', the angle would be at %, 1%, and 2% volutions instead.
And if the slice happened to lie at a different angle, as ZZ' (fig.
90a), the measurements would be intermediate in value. Careful
inspection will suggest which side of an axial slice lies nearest
the ends of the completed volutions. When all is said, however,
considerable variation is encountered in many species, not only
from specimen to specimen but from one volution to the next in
a single specimen.

In forms with well-defined chomata the tunnel is easily measured
inaxial thin sections, but in the absence of choniata it is commonly
not observable in thin sections because the septa are reduced to
remnants. In these shells the tunnel should be measured in thick
axial sections, or, better still, if the matrix within the shell is
sufficiently clear, in polished axial surfaces.

Chomata

The chomata are levee-like ridges of secondary deposition bor-
dering the tunnel. They commonly slope steeply toward the tunnel
and gradually away from it. Two considerations indicate that they
are secondary in origin to the wall on which they rest. The first
is that evenin species with strong chomata they are inconspicuous
or lacking in the last half volution at all stages of growth. They
are therefore obviously extended forward during growth, as is the
tunnel. The second evidence of this fact is seen in the layered
structure visible in many well-preserved sections, which shows that
they have been formed by successive increments spread one upon
another (PI. 44, fig. 4).

This deposit not only makes a ridge on each side of the tunnel
but also commonly thickens the edges of the septa for a short dis-
tance from the tunnel, reaching in some cases to the top of the
septa. The thickened ends of the septa seen in many sagittal
slices (PL 47, fig. 19) are due to this, and the structures here seen
must not be mistaken for normal septal characters.

The close association with the tunnel, and the layered structure,
suggest that the chomata represent, in part at least, the secondary
deposition of the material resorbed in the formation of the tunnel.



Geology of Texas, Volume 111, Fusulinids 539

Yet there are some genera, like Parafusulina, which have a wide
tunnel and lack chomata, while in genera like Triticites, having
well-developed chomata, there is no evident correlation between
the size of the tunnel and the size of the chomata. In such genera
as Wedekindellina and Sphaerulina the volume of material com-
prised in the chomata is obviously far greater than that resorbed
to form the tunnel. Evidently, therefore, no simple relation exists
between resorption of septaand deposition of chomata.

Since the tunnel constitutes a structural weakness and the chomata
an element of strength, it has been postulated by some students
that chomata were developed to strengthen the shell. Staff has
argued that, sinceseptal fluting servedthe same purpose, thedevelop-
ment of chomata and that of septal fluting were largely comple-
mentary, one being developed where the other is reduced. It must
be noted, however, that without either of these devices the fusuline
shell would appear to be abundantly strong to resist any normal
stresses in a fluid medium, and, furthermore, chomata are prac-
tically lacking in both Pseudoschwagerina and Paraschwagerina
though one has nearly plain and the other intensely fluted septa.
Also, chomata are never strong in the Verbeekininae where the
septa are perfectly plain.

In primitive fusulines with tectoria the chomata grade laterally
into these secondary deposits, with which theyappear to be closely
allied genetically. In Wedekindellina, for example, the chomata
are so broad and slope so gently away toward the end zones that
it requiresa somewhat arbitrary decision to say where the chomata
end and the tectoriumbegins.

Axial filling

Another form of secondary deposit appears in Wedekindellina
among the primitive fusulines and in certainspecies of Schwagerina
[Pseudofusulina] and Polydiexodina of the Permian, which have
the chambers in the axial zone partially or wholly filled with
secondary material laid down in concentric laminae upon the walls
and septa. Galloway (1933, p. 406) based the genus Leeina on
this character, but since, as noted above, such deposits appear in
several branches of the family widely separated in time, and are
very unequally developed in species obviously closely allied geneti-
cally, the writers are inclined to think this is not a good genetic
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character. At least, it cannot be used alone as a generic criterion.
Nevertheless, such deposits are very characteristic of several unre-
lated species, as Schwagerina [Pseudofusulina] linearis,S.giimbeli,
and Polydiexodina capitanensis, ineach of which it has a distinctive
distribution (see PL 62, fig. 15, andPL 65, fig. 10).

Tabulation of measurements

Most specieschangeproportions with growth, and these ontogenetic
changes provide one of the best criteria for distinguishing forms
that appear alike superficially. For this reason it is desirable to
record all measurable shell features for each volution, and it is
important to give such data for at least three or four typical speci-
mens, in order to make allowance for individual variation.

The authors have adopted here a compact form of tabulation,
modified slightly from one developed by Lloyd G. Henbest while
working with the senior author. Horizontal rows of figures represent
the proloculum (numbered 0) and successive volutions. The table
consists of six sections corresponding to the measured functions,
namely, the half length, the radius vector, the ratio of length to
thickness (known simply as the form ratio and represented as a
decimal fraction), the tunnel angle, the wall thickness, and the
septal count. In each of these sections there are columns for each
of the specimens measured. Thus, by simple inspection, all the
specimens can be compared with respect to any measured character.
For compactness' sake the last three sections are telescoped under
the first three.

There are several practical advantages in recording the half
length and the radius instead of the full length and the diameter.
In the first place, if measurements are made by amicroscope with
movable substage, it is most convenient to set the cross hairs at
the center of the proloculum and move the specimen across the
field, taking readings systematically for successive volutions. Read-
ing the half length, and the radius, requires only half the labor of
measuring the full length and the diameter. Furthermore, in
practice, it is commonly possible to get satisfactory measurements
on one end of a shell and not on the other as explained on
pages 531—532.

Much eye-strain may be avoided and far greater speed attained
if measurements are made from suitably enlarged photographs,
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but in this case it is important to have the enlargements exactly at
a convenient magnification. The authors of this paper have used
a vertical Bausch and Lomb camera upon which they have added
a movable substage for focusing. Thus in photographing fiat
objects, such as thin sections, it is only necessary to set the bellows
carefully for a magnification of ten diameters, and all slides intro-
duced come to focus at exactly this magnification.

Using fine-pointed dividers and a centimeter ruler under a wide-
field binocular, with low magnification, it is simple to read centi-
meters and record them as millimeters, thus reducing the measure-
ments of the enlargedphotograph to those of the real shell.

For this purpose negative prints may be made cheaply and
quickly by printing directly on Insurance Bromide paper. Or,
with a vertical camera, measurements may be taken directly from
the image on the ground glass. Inusing enlargements of any sort
it is absolutely essential, of course, to have a micrometer-driven
substage for focusing, so that a precisely standardized magnifica-
tion can be quickly attained.

Effects of unequal proloculi

In comparing statistical data for a series of specimens, a serious
obstacle is presented by the fact that the shells commonly start
with unequal proloculi. Truly microspheric forms begin with a
very small proloculum and pass through several early ontogenetic
stages which are completely omitted in the megalospheric shells.
The comparison of similarly numbered whorls in the two is, there-
fore, as indefensible in principle as it is futile in practice; there
is no correspondence, even though both represent a single species.

A comparable, though far less serious discrepancy, appears to
exist among the megalospheric shells of a single species in which
the proloculi vary considerably in size. Hofker's theory of poly-
morphism5 seems to be applicable here. According to this idea a
microspheric generation would be followed by amegalospheric one,
produced by the subdivision of the parent into relatively few, large
amoebulae. In these the proloculum is large. But in succeeding
generations of megalospheric shells the protoplasm subdivides into
smaller and smaller amoebulae, and thus the proloculi decrease

sHofker, J., Preliminary note on a statistic statement of trimorphism in Biloculina sarsi
Schlumberger:Tijdschr. Ned. Dierkundige Vereeniging, Ser. 3, vol. 2, pp. 179-184, 1931.
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in size in successive generations. Eventually the protoplasm divides
into minute gametes and another microspheric generation follows.

Now in the series of megalospheric shells, those with the smaller
proloculi introduce more of their early ontogeny than those with
larger proloculi, and we really compare different stages of growth
when wematch successive volutions of one against the other. The
point is illustrated by figure 93 which represents, in purely dia-
grammatic fashion, the correspondence of two megalospheric shells,
oneof which begins at an earlier ontogenetic stage than the other.
For the sake of simplicity we ignore the coiling and disregard the
actual shape, and represent each whorl by a section of a pyramid,

Fig. 93.— Diagram to illustrate the comparison of shells having unequal
proloculi.

each having length and breadth and volume. The differences in
a and b are in the early whorls, the adult portions being identical,
and here it is evident that section 5 of b corresponds to section 7,
instead of to section5 of a, etc.

If the normal adult size of a species were known, and if the
measured sections were precisely oriented to give the dimensions
at the end of each volution,it would be desirable to arrange the
tabulation with adult whorls of the same size matched, regardless
of their actual number.

But a further complexity must be noted. Unless our axial section
lies in the plane which cuts the volutions at their completed growth
(see figure 90), our measurements of a given volution will be
somewhat less or more than the true dimensions. Such a case may
be representedby the dashed lines in figure 93b in which the real
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volution 5 is recorded as s', 4 as 4', etc. Obviously the measure-
ments tabulated for this specimen would not agree perfectly with
those of a second specimen of exactly the same shape in which the
axial section was differently oriented, yet there would be a sys-
tematic discrepancy for all the whorls.

All things considered, it has seemed best to tabulate the data so
that volutions of the same number are side by side; the proper
correlation can then be made by inspection. The tabulation for
Schwagerina hawkinsi on page 633 will serve as a good illustration
(comparison should also be made with Plate 59, which shows the
axial sections recorded). Here specimen 3 begins with a proloculum
only half as large as that of specimen 1 and in each volution it
measures far too little to agree with specimen 1. But if we begin
by comparing volution 2 of the former with volution 5 of the latter,
the correspondence is rather close, especially that of the radius.
Specimen 2, on the contrary, begins with a proloculum of inter-
mediate size. If we compare each volution of specimen 3 with the
following volution of specimen 2 the correspondence is striking.

It must be emphasized that when specimens of a single species
have proloculi differing notably in size, statistical measurements
for corresponding whorls will not agree. There should be general,
systematic correspondence, however, if we begin the comparison
with later whorls of similar dimensions.

These considerations will emphasize the fact that a species should
not be described from a single specimen and that measurements
should be given for at least 3 or 4 types.

Morphology of the shell wall

The structure of the wall has been considered by all students of
the fusulines to be an important taxonomic character. Two major
types wererecognizedby Moller as early as 1877 and are illustrated
by figures 1and 2 of Plate 43. The first, typified in Fusulinella,
consists of four layers, the tectum, the diaphanotheca, and the outer
and inner tectoria, each of which at moderate magnification appears
homogeneous but differs from the next in color. The tectum is very
thin and dark, the diaphanotheca thicker and so nearly clear that
Moller originally mistook it for an open space, while the tectoria
are dark but not so opaque as the tectum. This is the structure
seen in most of the primitive fusulines (subfamily Fusulininae).
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Recently Lee (1933, p. 3) has recognized two simpler types among
these primitive forms, a wall consisting of tectum alone inSchubert-
ella and a three-layered wall consisting of tectum plus inner and
outer tectoriain the genus Fusiella.

The second type of wall, seen typically in Schwagerina, consists
of two layers, the tectum, which is thin,and the keriotheca, which
ismuch thicker, appears less dense, and is crossed by fine,crowded
dark lines. This is the normal wall structure in the subfamilies
Schwagerininae, Verbeekininae, and Neoschwagerininae.

Although these distinctions have been generally recognized, the
actual nature of the wall in either type has been a matter of con-
troversy since the first observations made on thin sections of the
fusulines. As the second type of structure is the coarser and more
easily investigated, it maybe considered first.

Schwagerinid wall

The dark lines crossing the keriotheca attracted the attention of
Meek (Meek and Hayden, 1865, p. 14), Carpenter (1870, p. 305,
PL XII,fig. 26),Moller (1878, Pis. 7, 8, 9, 11), Schwager (1883,
and 1887, p. 14, PL 126), Schellwien (1898, p. 241, PL 22), and
other early students who generally considered the wall to be per-
forate. Carpenter and Meek evidently interpreted the dark lines as
the pores and the lighter spaces as shell material. Moller appar-
ently regarded the light spaces as pores but Schwager (1887, PL
126, figs. 10 and 11) clearly indicated the dark lines as tubular
poresand for the first time pointed out that they commonly branch
near the outer surface of the wall. It is difficult to be sure which
interpretation Schellwien followed, though he confirmed Schwager's
observation and figured tangential slices of the wall showing the
pores as clear spaces in a sieve-like structure of shellymaterial. He
figured two such slices, one near the inner and the other near the
outer surface of the wall, the latter having much the finer mesh;
this he explained was due to the subdivision of the canals near the
surface. From these figures it would appear that he considered the
dark lines to be the real shell substance and the light spaces only
tubular pores.

All these early workers failed to distinguish the dark, rind-like
tectum as a separate layer of the wall. It was Girty (1904, p.236)
who first pointed out that this layer, alone, bends in to form the
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septa and that it must be considered an essential layer of the wall.
Since it appeared dark and homogeneous he thought this part of
the wall,at least, was imperforate. He was uncertainof the structure
of the keriotheca and referred to the dark lines as "rods or tubuli."
Volz (1904, p. 99) in the same year described the wall of Suma-
trina as a single imperforate layer from which a grid of intersecting
secondary septa was suspended. Subsequently most students of the
group have adopted this view.

Douville (1906A, p. 258; 19068, p. 582) was the first to formu-
late the conception that the wall has essentially the structure of a
piece of honeycomb in which the clear spaces are the cells and the
dark lines their bounding walls. This idea was suggested to him
by a study of Sumatrina in which the wall appears to consist of
tectum alone with lamellae of the same dark material hanging from
it to form a grid. Here the structure iscoarse enough to see clearly.
Douville concluded that the structure of the normal fusulinid wall
was similar, but with alveoli of a finer scale. Accordingly he dis-
tinguished the two layers of the shell as the lame spirale and the
reseau alveolaire. He accepted the imperforate nature of the outer
layer. Although Schellwien did not live to change his opinion, two
of his students, Dyhrenfurth (1909, p. 152) and Staff (1912, p.
186), both accepted the imperforate nature of the outer layer,
adopted Volz's term Dachblatt, for this, and introduced the term
Wabenwerk for the alveolar layer. Lee (1924, p. 13) later sought
terms of Greek and Latin origin which might be acceptable in all
languages, and proposed tectum [L. tectum, a roof or covering] for
the outer rind and macula [L. macula, aspot] for the inner layer.
Dunbar and Condra's (1928, p. 18) term keriotheca [Gr. kerion,
honeycomb -f- theka, a cover] has tended to replace macula.

In 1909 (p. 231) Hayden published a brief but important paper
on the structure of the fusuline wall in which he accepted the alve-
olar nature of the keriotheca but declared that the tectum is finely
perforate, the alveoli being much constricted and commonly sub-
divided before passing through it. He observed:

Both Messrs. Girty and Yabe speak of a dark outer superficial
layer in the shell of Fusitlina which they regard as imperforate....
Iwas at first disposed to accept this view, but Ihave found that in
very thin transverse sections of the shell the perforations can often,
though not invariably, be seen to run completely through the
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wall,... andIhave no doubt that the comparative opacity of the
supposed exogenous layer is to be attributed to the fact already-
illustrated by Schellwien, that toward the outer surface the perfora-
tions appear to dichotomise; this wouldno doubt result in an increase
in their number but also in a considerable decrease in their size;
hence a section which is thin enough to show clearly that the inner
part of the wall is perforate may still be, and usually is, too thick
to enable one to detect the presence of the much more minute
perforations in the outer part of the wall, since each perforation,
though possibly open on. one side, is overlapped by cell-walls on the
other and thus appears dark.

Hayden's lucid account failed to receive the attention it deserved
and most students of the group have ignored his conclusions. In
1932 (p. 9), however, Maynard White presented the same idea,,
apparently independently since he failed to mentionHayden's work.
White argued, on theoretical grounds, that the wall must be per-
forate in order to provide communicationwith the outside, since the
tunnel is nowknown to be a secondary structure failing at all stages
of growth to reach theexterior. He also figured whathe interpreted
as direct evidence of pores in the tectum of Triticites plummeri
Dunbar and Condra.

During the previous work of the authors of this paper, they have
both inclined to the belief that the tectum was imperforate, but in
the study of several of the coarse-textured Permian species theyhave
duplicated Hayden's experience and have been forced to the same
conclusion. Thus they also agree with White that the tectum is
perforate, and concur in his theoretical considerations, though they
believe his alleged pores in the wall of T. plummeri are in reality
the alveoli of the keriotheca, the actual poresbeing too fine to show
at a magnification of 32 diameters.

Convincing evidence of the perforate nature of the keriotheca
was first observed in a section of Schwagerina gradlitatis, n. sp., a
form characterized by an exceptionally coarse-textured keriotheca.
A part of a finely-preserved specimen is shown in Plate 43, figure 3-
Here at a magnification of 230 diameters, it can be seen near a
that the dark lamellae of the keriotheca pass entirely through the
tectum, and that the intervening spaces in the tectum arenot homo-
geneous but are crossed by lighter and darker lines,repeating on
a smaller scale the appearanceof the keriotheca. If the light spaces
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in the keriotheca arealveoli, those in the tectum must also be open-
ings of a smaller size. The dark lines crossing the tectum appear
to be identical in nature with the lamellae of the keriotheca. Com-
monly two or three such lines divide the space between two of the
lamellae, and it is clear that the pores in the tectum are not more
than one-third to one-fourth the diameter of the alveoli. The writers
conclude, therefore, that the tectum is a sieve of very fine texture
and the keriotheca another of coarser texture. While this paper
was awaiting publication, Thompson (1936C, p. 589 and fig. 8)
has made similar observations on Schwagerina rutschi.

A tangential slice of the keriotheca in another specimen of this
species is shown in figure 9 of Plate 43. At this place the average
diameter of the alveoli measures about 15 microns. The tectum
passes obliquely through the slice and is seen in tangential section
at t, and here the pores (p) may be seen as clear spots having a
diameter of only 3 or 4 microns. Similar evidence of porosity in
the tectum of S. crassitectoria, n. sp., is shown in figure 2 of Plate
43 and has been observed in many sections and in a number of
species. In others the texture is too fine to be definitely seen and
in all cases exceptionally good preservation is required to show
the structure of the tectum. However, if the porous nature of the
tectum can be shown in many species, and divers genera, there
remains little justification for doubting that this is a general char-
acteristic of the group.

It should be noted, however, that White's figures of pores in
Triticites plummeri are external views enlarged only 32 diameters
(his Plate IX). Holes so easily visible at this magnification should
lie very conspicuous in tangential slices enlarged 200 or 300 diam-
eters. Andif we compare with White's sections of the same species
at a magnification of 36 diameters (his Plate X, figs. 1, 3), it is
evident that the "pores" are of the same order of size as the alveoli
of the keriotheca. The specimens belonging to the authors from the
same locality as those figured by White, including all the types of
T. plummeri, show clearly the feature which he so well illustrates.
But a sagittal section of one of these shells studied before being
covered with balsam shows the explanation: a surface film equal to
about half the thickness of the wall has been altered to a glassy
clearness. Since it follows the surface and does not affect the
penultimate whorl, this is evidently an alteration produced during
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weathering. It serves to make the tectum perfectly transparent in
shells from this locality so that we look directly into the alveoli
of the keriotheca; the real pores are much finer.

In all very thin sections of well-preserved specimens, it can be
seenthat the actual shell material (that whichcomprises the lamellae
of the keriotheca) is not homogeneous but finely granular. This
structure is well shown in figure 9 of Plate 43. In this slice the
granules have an average diameter of about 3 microns, and under
the microscope at a magnification of 200 diameters or over they
appear as a mosaic of subrounded granules.

The exact mineralogic nature of particles of such extremely small
size is almost impossible to determine by ordinary petrographic
methods. We face the question whether these aregranules of foreign
material built into an agglutinated wall or are pellets of calcite
secreted by the foram as units of construction. It is difficult to
make a critical test by determining the solubility, for, if the wall
is of agglutinated particles, they would presumably vary in com-
position and would be similar to material in the surrounding matrix;
hence if we dissolve a shell in HCI and study the residue for
insoluble particles we cannot be certain,if such particles are found,
that they came out of the actual shell wall rather than the matrix.
On the other hand, if the shell were completely soluble, it would
not be conclusive proof that the wall did not include agglutinated
particles. Commonly the fusulines are embedded inpure limestone.
The sediments on which these forms lived were composed entirely
of calcareous particles and these alone would have been available
for the construction of anagglutinated shell.

In 1935 (p. 12) Gubler advanced the intriguing hypothesis that
the two-layered wall of the fusuline is solid and prismatic, each
of the clear spaces in the keriotheca being not a hole but a crystal
of calcite with its periphery darkened by organic impurities. This
idea was suggested to him by the ingenious experiments of De-
Waele6 on the mode of shell formation in the fresh-water clam,
Anodonta cygnea. DeWaele found that the prismatic layer of this
molluscan shell is actually precipitated from an extra-pallial fluid
that occupies the thin space between the mantle and the shell— a
fluid that has approximately the composition of the clam's blood

DeWaele, Le sang &.'Anodonta cygnea et la formation de la coquille: Mem. Acad. royale de
Belgique, vol. X, 1930.
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and rpust be derived from the same. He showed that the first deposi-
tion ris entirely organic (conchiolin), forming the brownish perios-
tracum, and that upon this base calcite begins to precipitate about
microscopically-separated centers, each center expanding until a
mosaic of polygonal areas of calcite results, and each then building
up into a prism. But each of these prismatic crystals he believed
possessed a darker periphery due to the microscopic admixture of
organic matter. Gubler argued that this structure has its counter-
part in the fusuline shell in which the tectum represents the primary
layer of the wall (dark in color because largely organic),and that
the dark lines in the keriotheca represent the darker borders of
adjacent prisms, the light spaces being the purer calcite of the
center.

As this work is about to go to press the authors have received
Gubler's splendid monograph, Les Fusulinides dv Permien de
Vlndochine in which previous opinions on the wall structure are
reviewed and the idea of an imperforate, prismatic wall ispresented
more fully.

Gubler cites the observations in Awerinzew7 that in living Fora-
minifera with calcareous shells the test consists of globules of calcite
cemented together by an albuminoid organic substance known as
tectine which, although chitinoid in appearance, is chemically dis-
tinct from chitin. Gubler succeeded in treating thin sections of
fusulines with very weak acid (trichloric and formic acid, 1:200)
and thus removing the calcite and leaving only the organic com-
ponent of the wall.

Gubler (1936, p.12) credits Douville with having established the
imperforate nature of the wall and cites the following arguments of
Staff as proof:

1. The fusulines are derived from imperforate Fu'sulinellas.
2. The proloculum is imperforate.
3. The tectum (lame spirale) appears in all thin sections as an unin-

terrupted dark line.
4. By analogy:

(a) the similar Alveolinas, Orbitolinas, Loftusias, and Sumatrinas
are all imperforate.

7Awerinzew, Ueber die Struktur der Kalkschalen mariner Rhizopoden: Zeitschr. fiir Wissen.
Zool., vol. 74. 1903.— Beitrage zur Kenntnis mariner Rhizopoden: Mitt. Zool. Staz. Neapel, vol.
16, 1903-1904.



550 The University of Texas Bulletin No. 3701

(b) the pores of Foraminifera are much coarser than the dark
lines in the fusulinid wall and are disposed differently.

(c) the true Fusulina is derived from imperforate forms of the
typeof Girtyina ventricosa.

(d) the pores of the septa of Schwagerinas are larger than the
supposed pores of the fusulines.

(c) no physiologic function can be envisaged for pores so small.

While greatly admiring many features of Gubler's fine mono-
graph, the present authors cannot accept his interpretation of
the wall and must observe that the arguments advanced for an im-
perforate test either beg the question or have no critical bearing on
the problem. They are prepared to maintain, for example, that the
Fusulinellas have a perforate test. If so, the first argument falls.
Furthermore, as shown in several of the presentsections, the tectum
does not appear as an uninterrupted dark line but on the contrary
shows a complex structure clearly suggesting a perforate nature.
It is uncertain whether the proloculum shares this nature, but even
if an imperforate wall be granted for this embryonic chamber, it
does not follow that the rest of the shell was likewise imperforate;
at all events, it is obvious that the wall of the later whorls is struc-
turally more complex and different in nature from that of the pro-
loculum. The analogies listed as argument four have evenless force.
The pores in other Foraminifera vary greatly in size and spacing
and are not by any means all coarser than the alveoli in the
fusulinid walls. Again, the derivation from "Girtyina' begs the
question by assuming that the latter is imperforate whereas the
present authors areprepared to show that it isreally porous. Item d
apparently refers to the septal pores which are admittedly much
coarser than the supposed mural pores and probably served a dif-
ferent function. Finally, the lack of a physiological explanation
of thesupposed fine pores can hardly beseriously advanced as proof
against the existence of such pores. In short, the arguments for an
imperforate wall may be reduced to the single fact that, as com-
monly observed at rather low magnification, the tectum appears in
thin sections as a thin imperforate rind to the shell. The fallacy of
even this argument is shown by Hayden's observations, which the
authors have been able to extend to many species and to all the
genera of the Schwagerininae as well as to those for which they
have suitable material among the Neoschwagerininae. In conclusion,
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no reasons remain for believing the schwagerinid type of fusuline
wall to be imperforate.

Although it must be confessed that Gubler's prismatic hypothesis
is attractive,the writershave tried to test it by three different criteria,
each of which seems to show it invalid. These may be presented as
follows:

1. If the keriotheca is made up of prisms like those in a mollus-
can shell, these should show a regular crystallographic orientation
with respect to the surface of the wall whence they grew. Thus,
when a thin section is studied under polarized light, successive
prisms should show extinction in the same position. But if, on the
contrary, clear spaces in the keriotheca were actually open alveoli
during the animal's life, and later were filled with clear calcite
secreted by permeating groundwater, as the chambers of the shell
were also filled, then these fillings should be separate crystals or
groups of crystals lying at random, or parts of larger crystals that
form the matrix filling the shells.

In most species this test is extremely difficult to make because
the alveoli are finer than the thickness of a thin section. However,
the very coarse textureof the keriotheca in the excellently preserved
types of Schwagerina gradlitatis permitted the writers to make the
test easily. The result is illustrated by figures 1and 2 of Plate 44
which show identical views of a bit of an axial section greatly
enlarged. Both were taken through a petrographic microscope, the
one with ordinary light and the other with crossed nicols. The
former, figure 1, shows with greatclearness the alternating dark and
light bands (lamellaeand alveoli) of the keriotheca. In these un-
retouched photographs it may be seen that the dark lamellae are
continuous above with the tectum, and that the clear calcite of the
alveoli continuesbelow into the calcite that occupies the chambers.
With polarized light, a crystal in the matrix occupying part of the
left side of the field appears black because it is oriented in the
position of total extinction. It will be noted that the clear spaces
(alveoli) in the wall adjacent to this crystal show extinction at the
same time. With a rotationof about 45° this crystal appears light
and clear and the next one to the right is extinguished. With it the
clear bands (alveoli) in the wall adjacent to it also become dark.
In short, the crystals of matrix in this shell penetrate the adjacent
alveoli. Since the minute globules of calcite that make up the
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actual substance of the dark lamellae have maintained their indi-
viduality, it cannot be argued that the entire material has been
secondarily recrystallized.

The authors conclude that the light spaces in the keriotheca repre-
sent what were openalveoli filled during fossilization by calcite that
crystallized as apart of the matrix which now fills the chambers.

2. Gubler's hypothesis demands that the tectum be a homo-
geneous base upon which the calcite prisms grew. Since this is
not true,but, on the contrary, the tectum in turn shows alternating
dark and light bands as does the keriotheca, it appears impossible
to account for the growth of calcite prisms as Gubler imagined.

3. The authors are fortunate, finally, in having collections made
by C. R.Longwell in the Bird Spring limestone in southern Nevada
in which many of the shells were flattened by compaction of the
sediments before fossilization. The distortion of these shells clearly
preceded lithification of the matrix, since (a) only certain indi-
vidual shells are deformed, (b) commonly the inner volutions
escaped crushing, and (c) the matrix surrounding flattened shells
shows no evidence of crushing or deformation. Here, then, is a

chance to test Gubler's hypothesis in the light of the behavior of
the shell elements under deformation. A cross-section of shell is
a spiral of nearly circular form; when depressed it becomes an
ellipse. In this deformation the inner layer of the wall is stretched
where the curvature is flattened and compressed where it is sharp-
ened. Figure 6 of Plate 44 shows such a section (x10) and figure
7 is a great enlargement of the small area outlined in figure 6.
Where the curve of the wall has been flattened, as at a, the dark
lines of the keriotheca are stretched apart and the alveoli areeasily
observed, but where the wall is closely bent, as at b, the dark lines
are crowded together. This is exactly what we should expect if
the clear spaces in the keriotheca were open alveoli. In the closely-
bent area they have been largely closed as their brittle walls have
been crushed and somewhat granulated, but where under tension,
their bounding walls have merely ruptured and parted slightly.

Text figure 94 contrasts the expected behavior of the keriotheca
under tension, as demanded by the alveolar and the prismatic
hypotheses. Here figure A representsa bit of a slice of the wall on
the assumption that it is alveolar; A' shows the effect of tension
due to bending, the clear spaces widening while the interveningdark
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lines retain their normal width. Figure B represents the same slice
according to Gubler's hypothesis, and B' shows the effect of tension
which would cause the prisms to part, each dark line in the wall
splitting while the clear spaces would retain their original width.
Actual observations on the deformed shells show that in every case
it is the clear spaces in the keriotheca that widen under tension,
not the dark lines, and that the dark lines do not split as they
should according to Gubler's hypothesis.

Fig. 94.— Diagram to contrast the alveolar and the prismatic hypotheses of
wallstructure

The authors conclude, therefore, that Gubler's prismatic hypothe-
sis must be abandoned; the structure of the keriotheca was un-
doubtedly alveolar and the dark lines represent the original shell
substance while the clearer spaces between represent secondary
filling by clear calcite during fossilization.

Fusulinellid wall
In contrast to the thick, two-layered wall just discussed, the

fusulinellid shell has a wall commonly less than 35 microns thick
and one in which four layers may commonly be observed. The
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most distinct of these is the tectum, which in thin sections appears
as a very thin dark line. Beneath the tectum and corresponding
in position to the keriotheca is a layer which commonly appears
almost clear and structureless, whence it has been called the clear
layer or diaphanotheca. An inner and an outer layer of the wall,
the tectoria, appear to be secondary deposits not represented in
the schwagerinid wall. They are darker than the diaphanotheca
but not so opaque as the tectum.

Moller (1878, p. 103) originally supposed the diaphanotheca
to represent an open space in the wall,but Lienau (1898) demon-
strated that it was aprimary layerof the shell. A study of sagittal
sections of well-preserved specimens proves the tectoria to be
secondary in origin to the tectum and diaphanotheca. Thus, as
representedin figure8 of Plate 43, the outer wallof thelast volution
has no outer tectorium, while the inner tectorium is but partof a
film that coats top, bottom, and sides of the chambers. Although
the two layers of tectoria in a given part of the wall are alike in
composition and in genesis, they really belong to different whorls.

Commonly the only structure to be seen in either of these shell
layers is the fine granular texture of the globules of calcite which
seem to be the fundamental building unit in all fusulinid shells.
Accordingly, the early students, who regarded other fusulines as
porous, considered the fusulinellids to be imperforate and classi-
fied them far from types that possess akeriotheca. Yet these layers
are not truly homogeneous and fine dark lines have been observed
crossing the wall in such primitive fusulines by Moller, Ozawa,
Lee, Dunbar and Condra,Galloway andRyniker, White, and others.
Commonly the lines are so fine as to be indistinct, and are seen
only in occasional specimens or in parts of shells. By the use of
selective stains Henbest (1934, p. 353) was able to bring out
such structure in shells where it was otherwise not observable. In
some instances it has been greatly accentuated by silicification, a
notable illustration being that of the Fusulinella llanoensis found
in the Bend limestone near Brady, Texas (see PL 44, fig. 5).

In nearly all instances the dark lines crossing the wall of these
primitive fusulines are so fine and indistinct that their interpreta-
tion has been a matter of speculation. Moller apparently observed
them in Fusulina cylindrica and assumed that the wall of that shell
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had a structure similar to that of Schwagerina, for his enlarged
drawings of the wall (1878, PL VII, figs. 1 a-c) show a coarse
alveolar structure; but Schellwien's photogravure reproductions
of Moller's original sections show how much fancy had colored
his drawings. Lee observed such lines rarely in Fusulina cylindrica
(1928, p. 7) and supposed them to represent fine alveoli. Observ-
ing such fine lines in primitive species from Oklahoma, Galloway
and Ryniker (1930, PL V, figs. 9-12, and legend) described the
wall as fibrous, but Galloway (1933, p. 389) later appears to con-
sider such shells finely alveolar. White (1932, p. 6) discussed this

Fig. 95. White's interpretation of the wall structure

structure more at length, apparently basing his interpretation
largely upon silicified specimens of Fusulinella llanoensis from
near Brady, Texas. Figure 95, a copy of part of his text figure 1,
will serve as a basis of discussion, but his treatment seems to be
confused both in ideas and in terminology so that the writers find
it difficult to analyze his conception. He states, for example, that
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all portions of the walls of the lower forms [i. c., the Fusulininae]
are composed only of fibres. ... By fibres are meant the parallel
filaments that comprise the walls of individual tabes; as seen in thin
sections these fibres appear as parallel lines....By alveoli is meant
groups of fibres into bundles that are pendant from the inner surface
of the tectum of the higher forms [Schwagerininae] and appear at
first sight to comprise large simple tubes in the keriotheca.

Now, since alveoli are by definition and etymology open holes,
and the fibres, according to White, are filaments of shell substance,
there is obvious confusion here— a bundle of shell fibres cannot
form a hole. Moreover, the proportions of the various elements
in the wall are so badly distorted in White's diagrams as to leave
oneequally in doubt. From his figure IF the writersare forced to
conclude that he regards the dark lines seenin sections of the wall of
Triticites as tubes bounded by parallel fibres and imbedded in the
homogeneous substance of the shell wall. The wide spacing of
the "fibres" in the antetheca of this figure implies that the inter-
vening spaces are solid wall substance. Furthermore, on page 10
he adds that "all forms possess either fibres or alveoli; that these
penetrate [italics ours] all portions of the outer wall,and that all
tests are, therefore, perforate." The triticite wall does not, in fact,
have the structure represented by White. Instead of the dark ele-
ments (lamellae) being very thin and tapering to a point below,
they are relatively about as thick as the intervening spaces and
normally thicken distally as in figure 96C of this paper. Tangential
slices of the keriotheca (as fig. 9 of PL 43) show that the dark
material is not in the form of rods or fibres but a sieve-like mesh-
work. It is the shell substance.

But the dark lines seen in the fusulinellid walls are actually much,
finer than the intervening spaces (see fig. 6 of PI. 43 and fig. 5
of PI. 44), and tangential slices of the wall show that they are
actually of rod-like or tube-like form. They lie imbedded in the
shell substance.

The writers conclude that the "fibres" of White are not of the
same nature as the lamellae (alveoliof White) in the higher shells
but are actually fine tubular pores. In these primitive forms in
which secondary deposits (tectoria) areprominent, such pores were
probably commonly filled and plugged by the secondary wall
layers except where they remained functional as passages from one
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volution to the next. For this reason they are commonly invisible.
But in places they remained functional, extending through the
tectoria and even the chomata (figs. 5 and 6 of PI. 43 and fig. 5
of PI. 44). Here they may have been rendered more conspicuous
by a fine coating of organic matter, or by slight chemical altera-

Fig. 96.— Diagrammatic thin sections of the shell wall to show the structure
and relationship of schwagerinid and fusulinellid types

tion after burial. In silicification a slight selective difference
accentuates the filling of these fine tubes which in the specimens
from Brady appear as dark rods. Stains likewise bring them into
prominence, whether they represent tubes filled by matrix after
death or plugged by organic matter during life.
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If the wall is necessarily perforate, as White argues with good
reason, we may visualize the evolution of the primitive pores into
alveoli as shown in figure 96. As thus conceived, all fusulinid
walls are perforate and the tectum and diaphanotheca of the prim-
itive types may be homologized with the tectum and keriotheca of
high types, the change being largely one of specialization of the
mural pores, which in the primitive, thin wall are simple tubes of
extremely small size, and in the later and thicker walls expand
into cell-like alveoli as the intervening shell material is reduced
to a meshwork of relatively thin lamellae.

It is certain that the lighter color of the diaphanotheca is due
to its chemical composition and not, as in the case of the keriotheca,
to greater porosity which reduces the amount of actual material
to be penetrated by the light. This is proved by slices like that
shown in figures 5 and 6 of Plate 43 in which the pores pass
uniformly through all the wall layers. It appears reasonable, as
Gubler has argued, to believe that the pigment in the wall is due
to organic matter associated with the calcite globules, and that
layers which are relatively richer in tectine are darker and those
poor in organic matter are relatively clear. Then, in the forma-
tion of the wall,an outer film, the tectum, is differentiated by its
high organic content, and against this a relatively pure layer of
calcite, the diaphanotheca, is formed. The tectoria, added later
as a lining of the chambers, contain an intermediate amount of
organic matter.

Synopsis of the subfamilies and genera of the
Fusulinidae

In the first edition of Zittel's great Handbuch der Paldontologie
(1876), all known fusulinids were embraced in the single genus
Fusulina. Today four subfamilies are recognized and fifty
generic names have been introduced. Various schemes of class-
ification have been advanced by Staff and Wedekind (1910), Deprat
(1913-1915), Ozawa (1925), Dunbar and Condra (1928), Lee
(1933), Doutkevitch (1934), and others.

It isnot the purpose to discuss further the grouping of the genera,,
but to present a brief diagnosis of the thirty-six genera that now
have a claim to recognition. So many genera have been added
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in the last few years that no single publication now mentions
them all. It is felt that a brief summary will therefore be useful.
A check list of genera will be found on pages 700—701.

SubfamilyFusulininae

Primitive fusulines,mostly of small size, ranging in shape from
spheroidal to slender and fusiform or rarely discoidal. The wall
is invariably thin, commonly only 20 to 30 microns in thickness.
Typically, four layers maybe distinguished in the wall, the tectum,
the diaphanotheca, and both inner and outer tectoria; but in a
few genera the diaphanotheca or the tectoria are lacking. Some
of the genera normally show an endothyroid juvenarium but in
others this feature is seen only in microspheric individuals, the
normal megalospheric shells being bilaterally symmetrical through-
out.

Range, basal Pennsylvanian to high Permian but chiefly in the
Lower Pennsylvanian.

Staffella

(See chapter on Systematic Descriptions.)

Nummulostegina

Genolectotype (Cushman, 1928), Nummulostegina velebitana Schubert
Nummulostegina Schubert, Verh. k.k. geol. Reichsanst., Wien, p. 212, 1907;

Ibid., vol. 58, p. 377, 1908 [1909].— Cushman, Foraminifera, etc, p. 209,
1928; Foraminifera, etc., p. 196, 1933.— Thompson, Jour. Pal., vol. 9,
p. 114, 1935.

Fusulinella (part) of Staff, Deprat, Colani.
Orobias (part) of Galloway.

Differing from Staffella in that the axis of coiling is decidedly
the least diameter and the periphery isnarrowly rounded.

Range, Pennsylvanian.
This genus is recognized tentativelypendingrestudy and adequate

description of the genotype. The latter appears to be closely
similar to Fusulinella bradyi Moller which undoubtedly is allied
to Staffella. Structurally, the genus appears to be intermediate
between Staffella and Ozawainella.

Ozawainella

(See chapter on Systematic Descriptions.)
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Sphaerulina

Genoholotype, S. crassispira Lee

Sphaerulina Lee, Mem. Nat. Res. Inst. Geol. (Shanghai), no. 14, p. 16, 1933.

Small, subspherical shells of numerous bilaterally symmetrical
whorls; differing from Staffella in ontogeny, the early whorls
being sublenticular with the axis much the smallest diameter and
the periphery narrowly rounded, whereas the outer whorls develop
a longer axis until a spherical form is attained. The wall is said
to consist of a tectum and a very fine-textured keriotheca without
tectoria. Chomata rather low, sloping broadly toward the polar
areas. Proloculum subspherical, and juvenile whorls bilaterally
symmetrical.

Range, Lower Permian (Chihsia limestone) of China.
Lee refers to the juvenile whorls as having the form of Orobias,

doubtless accepting that genus in the sense of Galloway, but his
figures clearly indicate a form like Nummulostegina. If the wall
has a distinct keriotheca there may be some question of the
propriety of including the genus in this subfamily, yet it seems
evident that it is a specialized offshoot of the primitive stock of
the type of Nummulostegina.

Leëlla, n. gen.

(See chapter on Systematic Descriptions.)

Nankingella

Genoholotype, N. orbicularis Lee

Nankingella Lee, Mem. Nat. Res. Inst. (Shanghai), no. 14, p. 15, 1933'

Shells resembling Ozawainella in shape but much larger, attain-
ing a diameter of 4 to over 6 mm. Whorls numerous, varying
from 8 to 14 in number, usually with the periphery sharply
rounded and the umbilical area convex (but in two species the
outer whorls become rounded at the periphery). Wall composed-
of a tectum and a thick inner tectorium, with the diaphanotheca
very thin or lacking.

Dimorphism is recognized and the juvenarium of the micro-
spheric forms is endothyran.

Range, Lower Permian (Chihsia limestone), widely distributed
in south China and Indo-China.



Geology of Texas, Volume HI, Fusulinids 561

Pisolina

Genoholotype, Pisolina excessa Lee

Pisolina Lee, Mem. Nat. Res. Inst. Geol. (Shanghai), no. 14,. p. 19, 1933.

This genus is not convincingly established, being based on a few
sections of an inadequately described species.

The genotype is spherical, about 4 mm. in diameter, and has
7 or 8 volutions. Superficially it resembles Verbeekina but it lacks
basal foramina and parachomata and,on the contrary,has amedian
tunnel and well-developed chomata.

The wall is thin and consists of "tectum and ill-defined kerio-
theca, of which the alveolar structure is by no means clear." The
proloculum is very large for a shell of this size.

Range, Lower Permian of the Yangtze Gorge.
From the meager description it appears probable that this is a

direct descendant of Staffella, differing from the latter only in a
simplification of the wall through the loss of tectoria.

Fusulinella
Genotype, Fusulinella bocki Mb'ller

Fusulinella Moller,Neves Jahrb,, p. 146, 1877; (part) Mem. Acad. Imp. Sci.
St. Petersbourg (7), vol. 25, no, 9, p. 101, 1878— Ozawa, Jour. Coll. Sci.
Imp. Univ. Tokyo, vol. 45, art. 4, pp. 7, 24, 1925.— Dunbar and Henbest,
Am. Jour. Sci. (5), vol. 20, p. 357, 1930.— Galloway,Manual of Forami-
nifera, p. 400, 1933.— Dunbar,in Cushman, Foraminifera, etc., p.132, 1933.

Neofusulinella (part) Deprat, Ciompt. Rend. Acad. Sci. Paris, vol. 154, p.
1549, 1912; Mem. Serv. Geol. Indochine, vol. 2, fasc, 1, p. 40, 1913—
Colani, Ibid., vol. 11, fasc. 1, pp. 101, 144, 1924.— Lee, Pal. Sinica (B),
vol. 4, fasc. 1, pp. 13., 16, 1927.— Lee and Chen, Mem. Nat. Res. Inst.
Geol. (Shanghai), no.9, p. 118, 1930.

Test small, fusiform, with the axis elongated and the whorls
bilaterally symmetrical; wall consisting of tectum, diaphanotheca,
and inner and outer tectoria; septa nearly plane across the middle
of the shell, with low folds toward the polar extremities; tunnel
rather narrow and bounded by heavy chomata. Proloculum
subspherical, and early whorls normally bilaterally symmetrical.

Range, Lower Pennsylvanian in the United States but ranging
up into the Permian in the Orient.
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Fusulina

Genolectotype (Yabe, 1903),Fusidina cylindrica Fischer

Fusulina Fischer de Waldheim, Bull. Soc. Imp. Nat. Moscou, vol. 1, p. 330,
1829; Oryctographie, Moscou, p. 126, 1830-1837.— Dunbar and Henbest,
Am. Jour. Sci. (5),vol. 20, p. 357, 1930.— Galloway, Manual of Foramin-
ifera, p. 401, 1933.— Dunbar., in Gushman, Foraminifera, etc, p. 134, 1933.

Schellwienia Staff and Wedekind, Bull. Geol. Inst. Univ. Upsala, vol. 10, p.
113, 19101 (proposed as a subgenus to include the Fusulina s. s., hence a
direct synonym of Fusulina according to Articles 9 and 29 of the Interna-
tional Rules).

Girtyina Lee (non Staff), Pal. Sinica (B), vol. 4, fasc. 1, p. 22, 1927.— Lee
and Chen, Mem. Nat. Res. Inst. Geol. (Shanghai), no. 9, p. 129, 19301.

Beedeina Galloway, Manual of Foraminifera, p. 401, 1933.

Test fusiform to subcylindrical, with wall of four layers as in
Fusulinella;differing from Fusulinella chiefly in having the septa
strongly fluted, even across the middle of the shell. Chomata
commonly weak or almost obsolete but in some species moderately
strong.

Range, Lower Pennsylvanian (Pottsville and Allegheny, Bend
and Strawn, Dcs Moines) of America, Moscovian of Russia and the
Orient.

Fischer based his genus on F. cylindrica secured from the white
limestone at Mjatschkowa, Russia. Moller later misinterpreted it
by figuring specimens with a well-developed keriotheca, and the
Wiame came to be used for the higher Pennsylvanian and Permian
types, Fusulinella being extended to embrace the Lower Pennsyl-
vanian forms. Schellwien (1908, pp. 161, 178) restudied the
fusulines from Mjatschkowa and recognized two species, Fusulina
cylindrica Fischer and Fusulina [=Triticites] simplex Schellwien.
The latter has a well-defined keriotheca but the former has a thin
wall with prominent diaphanotheca and thin tectoria.

Dunbar and Henbest (1930, p. 357) redefined the genus in ac-
cordance with its genotype, basing their interpretation largely on
topotypematerial. Silvestrihas recently disputed this interpretation
and figured a specimen alleged to have come from Mjatschkowa
and assumed by him to be the real F. cylindrica; in this specimen
the wall consists of a tectum and a very obvious keriotheca without
tectoria. However,heapparently overlooked the fact that Schellwien
had described such a shell from this locality under the name of
F. simplex. Beyond question, the common form at the type locality
has a four-layered wall as interpreted by Dunbar and Henbest and
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as shown in figure 6 of Plate 43 of the present work.* Even if both
forms were included among the types of Fischer, Schellwien clearly
settled any confusion when he redescribed F. cylindrica as the form
with the thin,four-layered wall andmade a new species of the other
type. Silvestri was clearly influenced by Moller's work. Moller
(1878, p. 51) redescribed F. cylindrica, illustrating specimens from
diverse localities, and some of his enlarged figures indicate an
alveolar wall. But his figures were drawings interpreting structures
which in 1878 were very imperfectly understood, and they repre-
sented what he thought he should see. Schellwien (1898, PL XIII,
figs. 1, 2) gave a collotype reproduction of the specimen which
Moller figured from Mjatschkowa and it clearly shows the wall to
be like that of the material used by Dunbar and Henbest (see
Thompson,19368).

Schubertella

(See chapter on Systematic Descriptions.)

Eoschubertella

Genotype, Schubertella lata Lee and Chen

Eoschubertella Thompson, Jour.Pal., vol. 11, p. 123, 1937.
Schubertella Galloway and Ryniker, Okla. Geol. Surv., Circular 21, p. 22,

1930.— Galloway, Manual of Foraminifera, p. 397, 1933.— Lee and Chen,
Mem. Nat. Res. Inst. Geol. (Shanghai), no. 9, p. 109, 1930.— Chen, Pal.
Sinica (B), vol. 4, fasc. 2, p. 16, 1934.— Thompson, Jour. Pal., vol. 11,
p.123, 1937.

Like Schubertella in shape and sizebut differing in wall structure
and in geologic range. In this genus the spiral wall consists of a
tectum with tectoria both inside and out; inSchubertella the tectoria
are lacking and the wall has two layers, a tectum and a somewhat
thicker and lighter layer, the diaphanotheca, in which no distinct
structure can be made out. As thus distinguished, Eoschubertella is
characteristic of the Lower Pennsylvanian (Moscovian of Eurasia
and Dcs Moines of America), whereas Schubertella is confined to
the Permian (Wolfcamp and higher beds).

*After receiving Silvestri's study the senior author of the present work appealed to Madam
Dagmar Rauser-Chernoussova in Moscow to send him authentic material of Fusulina cylindrica.
This she very generously did, and the material she independently selected as topotypes of this
species from Mjatschkova completely confirms the identification of the material on which Dunbar
and Henbest redefined the genus Fusulina.
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Thompson regarded this as a subgenus of Schubertella. Also he
considered it to have a four-layered wall as in Fusulinella,but in
describing the genotype species Lee and Chen particularly stressed
the point that it has no diaphanotheca.

Neofusulinella

Genoholotype,Neofusulinella lantenoisi Deprat

Neofusulinella Deprat, Gompt. Rend. Acad. Sci., Paris, vol. 154, p. 1549, 1912:
Mem. Serv. Geol. Indochina, vol. 2, fasc. 1, p. 40, 1913.— Golani, Ibid.,
vol. 11, fasc. 1, 1924.— Thompson, Eclogae Geol. Helvetiae, vol. 28, no.2,
p. 512, 1935.— Thompson and Foster, Jour.Pal., vol. 11, p. 130, 1937.

Diagnosis.— Test small, fusiform, consisting of several volutions;
early whorls bilaterally symmetrical;wallrelatively thick for shells
so small, attaining to 60 or 70 microns in the outer whorls and
consisting of two layers, a tectum and an inner layer that appears
to be finely alveolar; median tunnel bordered by well developed
chomata.

The genoholotype, the only species now certainly belonging to
the genus, occurs in the Middle Permian of Indo-China and China.

Discussion.— Neo fusulinella has been the subject of much con-
fusion. Itwasproposed as aresult of amisconception of Fusulinella
and was later used by several workers to supplant that genus. It
ispossibly the same as Schubertella.

Mb'ller based the genus Fusulinella on the single species F. bocki
Mb'ller, which is therefore the genotype, but in 1878 he included
under the genus some species of lenticular or spheroidal shape as
well as the original, fusiform type. Schellwien later (1908, p. 166)
decided that Fusulinella bocki was congeneric with Fusulina cylin-
drical but instead of placing Fusulinella in the synonymy of Fusu-
lina he neglected its genotype andproposed to transfer the name to
the group of spheroidal species. Still later Ozawa (1925, p. 10)
showed the illegality of this course, restricted the name Fusulinella
to fusiform species like the genotype, and proposed a new genus,
Staffella, for the subspherical forms. But meanwhile Staff and
Wedekind, following Schellwien's interpretation of Fusulina,had
introduced the genus Schubertella for a minute fusiform species
found in collections from Spitzbergen; and Deprat, apparently un-
aware of their work, two years later (1912, p. 1549) introduced
the name Neofusulinella for the small fusiform type here under
consideration.
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It is clear from Deprat's original account that he regarded Fusu-
linella as a genus of subspherical form and that he proposed to
separateNeofusulinella from that genus solely on thebasis of shape.
He considered the spheroidal form the primitive one, and therefore
used the prefix neo for the new genus. If he had understood that
the type of Fusulinella is a fusiform species he would undoubtedly
have applied his new name to the spheroidal type, thus anticipating
Ozawa's Staffella. He attached no importance to the wall structure
or to the asymmetry of the early whorls and did not describe these
features as critically as present needs require.

Ozawa (1925, p. 12) and Lee (1927, p. 13) decided that Neo-
fusulinella is the same as Fusulinella,the former rejecting the name
as a synonym while the latter used it instead of Fusulinella. Yet
there now appears to be good reason to separateand preserveboth
genera. Fusulinella was described from the Moscovian beds low
in the Pennsylvanian system, and Neofusulinella from the Permian;
the former has a distinctly four-layered wall and its early whorls
are coiled with bilateral symmetry inharmony with the adult volu-
tions, whereas species of the latter have a simpler wall structure and
possess an endothyroid juvenarium of about two volutions, coiled
at a high angle to the plane of thelater whorls.

The choice of the genotypehas been confused by Galloway (1933,
p. 400). The original diagnosis stated that the genus was based on
a single undescribed species collected by Mansuy at Bam-Na-Mat,
but the species was not named. A year later (1913, p. 40) Deprat
againdiscussed the genus and described three species,N.praecursor,
N. lantenoisi,and N. neoschwagerinoides. The generic discussion in
that paper was introduced with the statement (translated), "Ihave
recently pointed out a new genus of Fusulinidae in the limestones
collected at Bam-Na-Mat ...by my friend and colleagueM.Man-
suy. Since then Ihave discovered two other species, one in the
limestones of Tran-ninh ... and the other in the limestones of
Cammon." In the descriptions of the species it is indicated that
N. lantenoisiis the one found at Bam-Na-Mat.

Clearly, the genus was monotypic when proposed and iV. lan-
tenoisi is the genotype. The case is covered by Opinion 46 of the
International Commission on Rules of Zoological Nomenclature.
In the discussion of that opinion five categories of cases were con-
sidered in order, number three being that in which "an author may
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have described a genus, clearly giving the generic characters, but
failing to give either a separate description or figure (illustration)
of the species he studied, while from the original publication it is
clear that he based the genus on a single species, which he did not
mention by name." This case is covered by the following opinion:
"In genera of the third category, the original description is to be
construed in the same sense as if the author had described 'X-us
albus, new genus, new species,' without separating the generic from
specific characters. If any author claims to recognize X-us albus,
his recognition is assumed to be correct until proved to be incor-
rect." Of course, the recognitionof the speciesN. lantenoisiby the
original author as the species on which he based the genus removes
any possibility of doubt and fixes the species as the genoholotype
of amonotypic genus.

Unfortunately, the status of the genus became further confused
by later work. In 1915 (pp. 10-12) Deprat described three addi-
tional species, N. elongata, N. giraudi, and N. minima. Ozawa in
1925 (p. 13), decided that the three original species were typical
Fusulinellas but distinct generically from the last three species. He
then proposed to restrict Neofusulinella to the latter, disregarding
the fact that they were unknown when the genus was proposed. He
later corrected this error (1928, p. 8), rejected Neofusulinella as a
synonym of Fusulinella, and proposed a new genus, Depratella,
for the typeofN.giraudi Deprat.

However, the characters of the genotype, N. lantenoisi, are also
involved in some uncertainty. Deprat published two text figures
and three photogravures. Of the latter, figure 23 of his Plate VII
is the most significant. It is an axial slice slightly off center, just
missing the juvenarium,but showing fairlyclearly the nature of the
wall which is relatively thick for a shell of such small size. Deprat
states that the wall thickens gradually from about 20 microns in
the second volution to 80 in the sixth.

Thompson (1937, p. 131) has recently studied specimens from
western China which he regards as belonging to the species N. lan-
tenoisi. On this basis he has redescribed the species and discussed
the genus, but unfortunately the preservation of his material leaves
much to be desired. It does indicate, however, that there is no
spiral juvenarium and that the wall consists of two layers, a tectum
and a relatively thick inner layer with fine, obscure pores.
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This species is the only one now referred to the genus. It differs
from Schubertella inmuch larger size, in the lack of anendothyroid
juvenarium, and in the structure of its wall which is much thicker
than that of Schubertella and shows definite porosity.

Wedekindellina

Genoholotype, W edekindellina euthysepta (Henbest) =Fusidinella
euthysepta Henbest

Wedekindella Dunbar and Henbest, Am. Jour. Sci. (5), vol. 20, p. 357, 1930
(name preoccupied by Schindewolf, 1928, for an ammonite).

Wedekindia Dunbar and Henbest, Ibid., vol. 21, p. 458, 1931 (name preoccu-
pied by Schindewolf for a cephalopod in 1925).

W edekindellina Dunbar and Henbest, in Cushman, Foraminifera, etc., p. 134,
1933.— Thompson,Univ. of lowa Studies (Natural History), vol. 16, p. 278,
1934.— Rauser-Chernoussova, Compt. Rend. Acad. Sci. U.S.S.R., IV (IX),
pp. 117-120, 1935.

Very small, slender-fusiform shells with acute poles; wall of
four layers as in Fusulinella; septa not fluted, though commonly
somewhat irregular near the poles; chomata well developed, low
and broad, merging laterally into the heavy tectoria. Commonly
there is a heavy secondary deposit that lines the walls at all stages
of growth and tends to fill the axial zone completely.

Range, Lower Pennsylvanian (Pottsville and Allegheny, Strawn,
lower Dcs Moines) of America, upper Moscovian of Russia.

Fusiella

Genoholotype, Fusiella typica Lee and Chen

Fusiella Lee and Chen, Mem. Nat. Res. Inst. Geol. (Shanghai), no. 9, p. 107,
1930.— Skinner, Jour. Pal., vol. 5, p. 253, 1931.— Galloway, Manual of
Foraminifera, p. 398, 1933.— Dunbar, in Cushman, Foraminifera, etc., p.
134, 1933,

Extremely small shells differing from Fusulinella in two respects:
(1) the wall lacks a recognizable diaphanotheca, consisting of
tectum and thin tectoria,the whole wallbeing thinner than in Fusu-
linella; (2) the proloculum is very small and is followed by an
endothyroid juvenarium of about two volutions, coiled with its axis
nearly at right angles to that of the rest of the shell.

Range, Moscovian of China and Lower Pennsylvanian (Bend) of
United States.
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Profusilinella
Reitlinger, 1936

Genoholotype, Profusulinella pararhomboidesR.-C, B. and R.

Profusulinella Rauser-Chernoussova, Beljaev and Reitlinger, Trans. Polar
Commission, Acad. Sci. U. S. S. R., no.28, p. 175, 1936.

Established to include small forms like Fusulinella but having a
spirotheca of only 3 layers, a tectum and inner and outer tectoria.
The juvenarium is commonlyunsymmetrical.

Range,Moscovian of Russia and the Orient,

Appears doubtfully distinct from Fusiella Lee and Chen. The
latter has the same range, is of the same size, and was based on the
same wall structure. In the type species of Fusiella the chomata
are slight and in that of Profusulinella they are rather heavy, but
the difference appears hardly more than specific.

Boultonia

Genoholotype, Boultonia willsi Lee

BoultoniaLee,Pal. Sdnica (B), vol. 4, fasc. 1, p. 10', 1927.— Galloway, Manual
of Foraminifera, p. 400, 1933.

Test very small, fusiform, with an endothyroid juvenarium the
axis of which is at a high angle to that of later whorls; wall very
thin,consisting of tectum and diaphanotheca; septa rather strongly
fluted; chomata moderately strong.

Range,Moscovian (Penchi series) of northern China.
From Fusiella this genus differs in having a two-layered wall and

in having strongly fluted septa. From Fusulina it differs in smaller
size, in simpler walls,and in its spiral juvenarium.

Lee originally included two species in this genus, the genotype
and B. rawi Lee, but the latter has unfluted septa and probably
shouldbetransferred to Wedekindellina.

Codonofusiella,n.gen.

(See chapter on Systematic: Descriptions.)
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Paleofusulina

Genoholotype, Paleafusulina prisca Deprat

Paleofusulina Deprat, Compt. Rend. Acad. Sci., Paris, vol.154, p. 1548, 1912;;
Mem. Serv. Geol. Indochine, vol. 2, fasc. 1, p. 36, 1913.— Colani, Ibid., vol.
11, fasc. 1, pp. 52, 79, 133, 1924.— likharev, Bull. Com. Geol. Leningrad,
vol. 45, p, 59, 1926.

Test thickly fusiform; wall thin, consisting of a tectum and
keriotheca, though the alveolar texture of the latter is commonly
not discernible (Deprat figured a distinct alveolar texture, but
Colani later denied its existence; Likharev confirmed its presence,
but stated that its texture is very fine, and that it is visible only
inexceptional cases. According to Likharev the wall is only 16—21
microns thick in the fifth volution); septa strongly and regularly
fluted, the septal folds being equally strong from top to bottom
margin, so that in axial slices of the shell the sections of the septa
appear as pillar-like rods rather than loops; juvenarium bilaterally
symmetrical; septa perforated by a rather high and narrow median
tunnel and, in the outer volutions, by abundant septal pores (fide
Likharev). Chomata present, chiefly in the form of a secondary
deposit coating the septa near the tunnel.

The relations of this genus depend on its wall structure, which is
still a subject of some uncertainty. Its minute size, thin wall, and
intense septal fluting suggest analliance with the authors' new genus
Codonofusiella.

A superficial resemblance to Schwagerina is seen in the shape
and in the intense septal fluting, but if the wall of Paleofusulina is
thin and non-alveolar the resemblance is probably an example of
homeomorphy. The fact that the septal folds are equally strong
from base to top of each septum gives a distinctive appearance to
the axial sections where we see "pillars" instead of septal loops.

Range, a rare Asiatic genus of Permian age; exact stratigraphic
positionunknown.

Yangchienia

Genoliolotype, Yangchienia iniqua.Lee

Yangchienia Lee, Mem. Nat. Res. Inst. Geol. (Shanghai), no. 14, p. 14, 1933.

Test very small, thickly fusiform, having an endothyroid juve-
narium with its axis of coiling nearly at right angles to the later
whorls. Wall very thin,consistingof tectum and thin diaphanotheca
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without tectoria; septaunfluted,chomata extraordinarily strong, and
wide, sloping away from the tunnel and reaching far out toward the
polar extremities.

Range, Lower Permian (Chihsia limestone) of China. Only one
rare species known.

This genus differs from Fusiella in wall structure and in its
extraordinarily developed chomata. From Fusulinella it differs in
these features plus its endothyroid juvenarium.

Subfamily Schwagerininae

Shells fusiform, subspheroidal, or subcylindrical; wall of two
layers, tectum and keriotheca. Although tectoria are lacking, a
secondary deposit may form in the chambers along the axial zone.
A low slit-like median tunnel is invariably present and chomata
may be strongly developed, rudimentary, or lacking. The septa are
more or less strongly fluted.

Dimorphism occurs in some of the genera, at least, though micro-
spheric forms are rare. In the latter there is an endothyroid juve-
narium of about 2 whorls coiled at a high angle to the axis of the
later whorls; megalospheric shells are planispiral at all stages of
growth.

This subfamily is widely distributed and ranges from mid-
Pennsylvanian to the highest Permian.

The following six genera are described in the chapter on Sys-
tematic Descriptions: Triticites Girty, 1904; Schwagerina Moller,
1877; Pseudoschwagerina Dunbar and Skinner, 1936; Para-
schwagerina Dunbar and Skinner, 1936; Parajusulina Dunbar and
Skinner, 1931; Polydiexodina Dunbar and Skinner, 1931.

Quasifusulina
Genoholotype, Fusulina longissima Moller = Quasifusulina longissima

(Moller)

QuasifusulinaChen, Pal. Sinica (B), vol. 4, fasc. 2, p. 91, 1934.

The status of this genus is doubtful. It was established by Chen
while describing material from the Chuanshan limestone near West
Lake, ChekiangProvince,China. The typehas the form and appear-
ance of a slender Schwagerina [Pseudofusulina of authors] from
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which it differs only in wall structure. The wall is quite thin, com-
monly about 30 microns thick in the outer whorls and rarely attain-
ing to 50 microns. Chen considered that it consisted of two layers.,
tectum and keriotheca,but that the alveoli inthe latter areextremely
fine and almost indistinguishable. He believed this to be a degenera-
tive specialization. Besides the genotype he also included in this
genus Fusulina tenuissima Schellwien of the Carnic Alps.

The senior author of the present study has had the privilege of
studying Mr. Chen's thin sections from the Chuanshan limestone of
Hunan and of discussing them with Mr. Chen. In these no distinct
tectum can be observed, though associated specimens of Triticites
show a well-developed tectum. Furthermore, a fine but distinct
alveolar structure is visible in the wall and was successfully photo-
graphed. The specimens are in a light gray calcareous matrix and
the preservation appears to be excellent. Mr. Chen, however, says
that specimens of the same species from North China show a distinct
tectum and he believes it is lacking in those from Hunan by failure
of preservation.

The junior author of this reporthas examinedsections of F. tenuis-
sima Schellwien from the Red Trogkofel limestone of the Carnic
Alps presented to him by Dr. Franz Kahler, and finds that in these
no clear evidence of a tectum can be made out. In this species,
moreover, the septal fluting is in the stage of Parafusulina with
well-developed cuniculi.

The authors feel that the wall structure of both species under
consideration requires further investigation. If the tectum is com-
pletely lacking this may constitute a character of generic value;
but if a tectum is present there is hardly justification for separating
F. longissima from Schwagerina s.s.

Gallowaiinella,nom.nov.
Genoholotype, Gallowaiina meitienensis Chen

GallowaiinaChen [non Ellis],Bull.Geol.Soc. China, vol. 13, pp. 237-238,1934.

Distinguished from slender forms of Schwagerina s. s. and from
Quasifusulina on the basis of wall structure. The spirotheca is ex-
tremely thin, scarcely increasing at all in successive whorls and
hardly exceeding 20 microns in thickness in the seventh or eighth
volution. It is chiefly composed of a clear layer (diaphanotheca ?)',
which even at high magnification shows no recognizable structure.
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A thin dark film covers this clear layer on both inner and outer
surfaces. Of these the outer is the more distinct and is possibly to
be homologized with the tectum.

The septa are regularlyand intensely fluted as inSchwagerinas. s.,
chomata are entirely lacking, and the tunnel is rather narrow. The
genotype does not have secondary axial filling.

Range, Meitien limestone (probably middle or upper Permian),
near Ichang, South Hunan, China.

Since the name Gallowaiina, originally introduced for this genus,
was preoccupied, Mr. Chen is proposing the new name Gallo-
waiinella which he very kindly permitted the authors to introduce
here. As provided in Article 21 of the International Rules, the
author of thenew name is Chen,not Dunbar and Skinner.

Considering the high stratigraphic position and the form of the
shell, Gallowaiinella appears to represent a specialized offshoot
from Schwagerina s. s. in which the wall has become greatly reduced
in thickness and simplified in structure, paralleling in this regard
Pseudodoliolina and Sumatrina. It is not certain whether the entire
wall in this form is to be homologized with the keriotheca or the
tectum of its probable ancestor. In view of the fact that the wall
is as thin as the septa and seems to have the same structure, it
appearsnot improbable that it corresponds to the tectum alone. On
the other hand, it may well be that the distinction between the
normal layers of the wall has disappeared so that the wall of Gallo-
waiinella does not correspond strictly to either layer in other
fusulines.

The senior author has had the privilege of studying the type
material in Mr. Chen's collection. The preservation is good and
there is no evidence of silicification.

Subfamily Verbeekininae

Specialized fusulines of melon-shaped or subspherical form in
which the septa areunfluted and without a tunnel (except in Eover-
beekina) but are perforatednear the base by a single row of round
foramina. Parachomata appear inthe later stagesof primitive forms
and in all stages of more specialized types.

The wall isnormally alveolar, consisting of a tectum and a kerio-
theca of fine texture, but the most specialized genus suffered a loss
of the keriotheca and has a thin, compact wall.
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Dimorphism occurs commonly, and in the microspheric indi-
viduals the proloculum is very small and the juvenarium endo-
thyroid.

This subfamily is found only in the Permian of the Orient and
of the Tethyan region.

Eoverbeekina

Genoholotype, Eoverbeekina intermedia Lee

EoverbeekinaLee, Mem. Nat. Res..Inst. Geol. (Shanghai), no. 14, p. 18, 1933.

Test subspherical,with10 or more volutions;inner whorls lenticu-
lar, with anarrowly rounded periphery, gradually changing to sub-
spherical at maturity; wall thin, consisting of tectum and finely
alveolar keriotheca; septa unfluted; a median tunnel is well
developed,being crescentic or triangular in the narrow inner whorls
but broad and slit-like in the outer whorls; basal foramina lacking
in the inner whorls but abundant in the outer; chomata obsolescent;
parachomata rudimentary and limited to a few on each side of the
tunnel.

Range, Chihsia limestone (Lower Permian) of China.
This genus differs from Verbeekina in having a median tunnel,

in having lenticular instead of spheroidal early whorls,and in the
rudimentary character of its parachomata. It forms an almost per-
fect connecting link between the staffelloids and the verbeekinoids.
Thus far but a single species isknown.

Verbeekina

Genoholotype, Verbeekina verbeeki (Geinitz) =Fusulina verbeeki Geinitz

Verbeekina Staff, Neves Jahrb., Beil.-Bd. 27. p. 476, 1909.— Ozawa, Jour. Coll.
Sci. Imp. Univ. Tokyo, vol. 45, art. 4, p. 25, 1925; Ibid., vol. 45, art. 6,
p. 48, 1925.— Dunbar and Condra,Nebr. Geol. Surv., Bull. 2, sec. ser., p.
74, 1927.— Dunbar, in Cushman, Foraminifera, etc., p. 138, 1933.— H0k,
Wetensch. Mledeel. Mijnbouw Nederlandisch-Indie', no. 25, pp. 57-65,
1933,— Thompson, Jour. Pal., vol. 10, p. 193, 1936.

Doliolina (part) of Schellwien.
Schwagerina (part) of authors prior to 1909, and of Deprat 1911-14,

Test subspheroidal, consisting of numerous volutions; wall com-
posed of tectum and thin keriotheca; septa unfluted; tunnel and
chomata obsolete; basal foramina abundant; parachomata lacking
or rudimentary in the early whorls, well developed in the outer
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volutions. The proloculum is minute and is followed by an endo-
thyroid juvenarium.

Range, Permian of the Orient and the Tethyan region.
Staff originally separated this genus from Doliolina chiefly on

the supposition that it lacked parachomata; Ozawa later proved
that parachomata are present except in the early whorls, and cast
doubt on the genus. But at the same time he studied specimens
supposed by him to be Doliolina which had a thin wall without
keriotheca, and he proposed to separate V erbeekina and Doliolina
on the basis of wall structure. Yabe and Hanzawa later showed
that the real Doliolina has a keriotheca, and erected a new genus,
Pseudodoliolina, for the homeomorph which lacks the keriotheca.
Tan Sin Hok's later study (1933) of material from the type locality
of V. verbeeki convinced him that there is great individual variation
in the development of the parachomata, some shells having them
at an early stage and others hardly developing them even at ma-
turity. Thompson later denied this.

Although Verbeekina is obviously closely allied to Doliolina there
is, in addition to differences in the perfection of the chomata, a
persistent contrast in shape, shells of Verbeekina being the more
inflated and subspherical while those of Doliolina are elongate and
melon-shaped.

Doliolina

Genoholotype, Doliolina lepida (Schwager) lepida Schwager

Mollerina Schellwien, Palaeontographica, vol. 44, p. 238, 1898. (Name pre-
occupied.)

Doliolina Schellwien, Schrift. Phys.-Oekon. Gesell. Konigsberg, Jahrg. 43, p.
67, 1902; in Futterer, Durch Asien, vol. 3, p. 125, 1902.— Deprat, Mem.
Serv. Geol. Indochine, vol. 1, fasc. 3, p. 42, 1912; vol. 4, fasc. 1, p. 27,
1915.— Lee and Hanzawa, Proc. Imp. Acad. Japan, vol. 8, no. 2, p. 41,
1931.— Galloway, Manual of Foraminifera, p. 408, 1933.— Dunbar, in Cush-
man, Foraminifera, etc., p< 138, 1933.

Test melon-shaped,being somewhat elongatedand bluntly rounded
at the ends; microspheric individuals possessing an endothyroid
juvenarium but megalospheric shells planispiral throughout; walls
rather thin, consisting of a tectum and a finely alveolar keriotheca;
septa plane, with a basal row of foramina but no median tunnel;
parachomata well developed at all stages of growth.

Range, Permian of the Orient.
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Pseudodoliolina

Genoholotype, Pseudodoliolina ozawai Yabe and Hanzawa

Pseudodoliolina Yabe and Hanzawa, Proc. Imp. Acad. Japan, vol. 8, p. 40;
1932.— Galloway, Manual of Foraminifera, p. 410, 1933.— Dunbar, in Cush-
man, Foraminifera, etc, p. 139, 1933.

Doliolina (part) of Deprat and Ozawa.

Differing from Doliolina in wall structure alone, the keriotheca
being obsolete and the wall consisting of a single, thin layer,
apparently the tectum.

Range, Permian of the Orient.

Subfamily Neoschwagerininae

Specialized fusulines, mostly of large size and thickly fusiform
to subglobular shape, in which pendant lamellae from the spiral
wall form false septa (septula) that may run parallel or transverse
to the axis.

The septa are unfluted and are perforated by basal foramina as
in the Verbeekininae, and parachomata are prominently developed.
In the stem form, the wall, and its pendant septula, show a well-
defined but fine alveolar structure, but there is a tendency in the
specialized terminal members toward a reduction of the keriotheca
and a fusion of the lamellae in the septula into solid plates.

This subfamily is especially characteristic of the Middle and
Upper Permian of the Orient and is found in the Tethyanregion as
far west as Greece and Sicily. A single species has been found in
America and this is known only from the Cache Creek formation
of British Columbia.

Cancellina

Genolectotype(Ozawa, 1925) Cancellina primigena (Hayden) =Neoschwagerina
primigena Hayden

Cancellina Hayden, Rec. Geol. Surv. India, vol. 38, p. 249, 1909.— Ozawa, Jour.
Coll. Sci. Imp. Univ. Tokyo, vol. 45, art. 4, pp. 18, 26, 1925; in Cushman,.
Foraminifera, etc., p. 138, 1928.— Galloway, Manual of Foraminifera, p.
4101,1933.— Dunbar, in Cushman, Foraminifera, etc., p. 139, 1933.

Like Neoschwagerina but with a single series of septula which
run transverse to the axis and subdivide the longitudinal chambers
into rectangular chamberlets.

Range, Permian of Afghanistan and the Orient.
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Neoschwagerina

Genoholotype, Neoschwagerina craticulifera (Schwager) —Schwagerina
craticulifera Schwager

Neoschwagerina Yabe, Jour. Geol. Soc. Tokyo, vol. 10, no. 113, p. 5, 1903';
Jour. Coll. Sci. Imp. Univ. Tokyo, vol. 21, art. 5, p. 3, 1906.— Deprat,
Mem. Serv. Geol. Indochine, vol.1, fasc. 3, pp. 6, 15, 1912; vol. 3, fasc. 1,
p. 24, 1914.— Ozawa, Jour.Coll. Sci. Imp. Univ. Tokyo, vol. 45, art. 4, pp.
18, 24, 1925.— Galloway, Manual of Foraminifera, p. 410, 1933,— Dunbar,
in Cushman, Foraminifera, etc., p. 140, 1933.

SJuvagerina (part) Schwager, inRichthofen, China, vol. 4, p. 140, 1883.

Test large, thickly fusiform to subspherical, consisting of numer-
ous, closely wound volutions; wall thin, formed of tectum and
keriotheca; septaunfluted;septula of two series well developed,one
set alternating with the true septa and paralleling the axis, while
the other set runs at right angles to the septa, the two sets of sep-
tula forming a rectangular grid that hangs pendant from the wall;
septa perforated by a row of rounded basal foramina; paracho-
mata well developed.

Range, Permian of the Orient and the Tethyan region; a single
known American species confined to British Columbia.

This genus shows an advance over Cancellina in the addition of
axial septula.

Colania

Genoholotype, Colania kwangsiana Lee

Colania Lee, Mem. Nat. Res. Inst. Geol. (Shanghai), no. 14, p. 20, 1933.

Intermediate between Neoschwagerina and Yabeina, the inner
whorls having exactly the character of those in the former genus,
and the outer whorls following the pattern in Yabeina.

There is roomfor considerable doubt as to the usefulness of this
generic distinction. It is evident that Yabeina descended from Neo-
schwagerina,and it is to be expectedthat early species of the former
wouldshow in their ontogeny some recapitulation of this racial his-
tory. Colania kwangsiana does so precisely. It is, of course, an
incompletely developed Yabeina and might be admitted to that
genus. The unique species is apparently rare since but a single
figure was given to supplement the brief specific description of the
genotype. The authors of this paper are inclined for the present
to regard Colania as a synonymof Yabeina.
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Yabeina
Genoholotype, Neoschwagerina (Yabeina) inoueyi Deprat:=iVeoschwagerina

globosa Yabe
Yabeina Deprat, Mem. Serv. Geol. Indochine, vol. 3<, fasc. 1, p. 30, 1914.—

Ozawa, Jour. Coll. Sci. Imp. Univ. Tokyo, vol. 45, art. 4, pp. 18, 26, 1925—
Galloway, Manual of Foraminifera, p. 411, 1933.— Dunbar, in Cushman,
Foraminifera, etc., p. 140, 1933.

Like Neoschwagerina except that the distal parts of the pendant
septula are solid plates, the alveolar texture being lost here by a
thickening and fusing of the lamellae.

Range, Upper Permian of the Orient.
This genus is clearly a specialized descendant of Neoschwagerina

from which it differs in the modification of the structure of its wall
pendants. There is also a tendency toward the introduction of a
greater number of axial septula than in the parent genus, Neo-
schwagerina commonly having 1to 3 septula between each pair of
true septa and Yabeina from 3 to 6.

Sumatrina
Genoholotype, Sumatrina annae Volz

Sumatrina Volz,Geol. Pal. Abh. Koken (Jena), vol. 10, pt.2, pp. 24, 98, 177,
1904.— Deprat, Mem. Serv. Geol. Indochine, vol. 1, fasc. 3, p. 56, 1912;
vol. 3, fasc. 1, p. 34, 1914.— Ozawa, Jour. Coll. Sci. Imp. Univ. Tokyo,
vol. 45, art. 4, pp. 19, 26, 1925.— Galloway, Manual of Foraminifera, p.
411, 1933.— Dunbar, in Cushman, Foraminifera, etc., p. 140, 1933.

Elongate fusiform, consisting of several rather closely coiled
volutions; wall thin and compact, consistingof a single layer; septa
unfluted; both axial and transverse septula abundant but short, and
having the form of compact solid lamellae, thin near the outer wall
but much thickened toward their free margin. Three to six axial
septula intervene between each pair of true septa.

Range, Upper Permian of the Orient.
Sumatrina appears to be a descendant of some Neoschwagerina

in which the alveolar texture of the wall and its pendants has been
lost. It has been considered to be a further specialization in the
direction indicated by Yabeina. Indeed, Deprat considered Yabeina
to be a direct connecting link between Neoschwagerina and
Sumatrina.

It must be noted, however, that the known species of Sumatrina
are relatively more slender than any of the species of Neo-
schwagerina or Yabeina. Furthermore, as Lee (1933, p. 21) has
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pointed out, the pendant septula are subequal in length in Suma-
trina and in the other genera appear as two or more series of un-
equal length in each meridional chamber, the first-formed series
being longer than the next.

Lepidolina

Genoholotype, Lepidolina multiseptata (Deprat)=iVeoschwagerina
(Sumatrina) multiseptata Deprat

Lepidolina Lee, Mem. Nat. Res. Inst. Geol. (Shanghai), no. 14, p. 21, 1933.

Like Yabeina except that the fusion of the keriothecal lamellae
is complete in both the wall and its pendants, the spirotheca con-
sisting of a thin,homogeneous layer and the septula being compact
plates. While the general form is precisely thatof Yabeina, the wall
structure is that of Sumatrina.

The writers are uncertain of the validity of this genus because
of discrepancies between the observations of Deprat, Colani, and
Lee on the structure of the type species. In the original description
Deprat indicated that the wall and septula both have an alveolar
structure. Colani also discussed the species at length and stated
(1924, p. 124) that the lamellae of the wall are long and thin,
resembling somewhat those of Neoschwagerina craticulifera. She
concluded that the species belongs in Neoschwagerina, not Suma-
trina. Her illustrations (1924, PI. 25, figs. 5, 6, 12) seem to con-
firm her observations. Lee, on the contrary, states that both wall
and septula are compact as in Sumatrina and proposes the separa-
tion of the genus from Yabeina on this basis.

Until Lee's observations are confirmed or supported by adequate
illustrations,Lepidolina must be considered a probable synonym of
Yabeina orNeoschwagerina.



Stratigraphicsummary

Areal distribution of outcrops

As shown in figure 97, the Permian rocks of west Texas outcrop
in several "uplifts" separated by rocks of Cretaceous or Tertiary
age. Although it is believed that all were originally connected, and
formed parts of a single province, the changes of facies are so
marked that lithologic correlation from one to another provedhope-
less and, in their early study, each of the larger areas was treated
independently and its stratigraphic units were given local names.
As the study of the faunas has progressed it has been possible to
simplify the terminology somewhat by extending certain of the
names to more than one area. Thus the Capitan formation is now
recognized in both the Guadalupe and the Glass mountains, the
BoneSpring formation inboth the Sierra Diablo and the Guadalupe
areas,and the Hueco formation in the Huecos, the Sierra Diablo,
and the Franklin Range. Yet, for the most part, the changes of
facies from place to place are so marked that local stratigraphic
names will be useful even after the correlation is securely estab-
lished. It is still necessary to treat of the several areas as distinct
units.

As suggested by the very simple cross-sections in figure 97, the
Glass Mountains presentamonoclinal structure wherein the Permian
strata, about 7,000 feet thick, dip simply to the north on the flank
of the Marathon dome. The Delaware and Guadalupe mountains
form a double-storied plateau, the Guadalupes rising above the
Delaware Plateau because of the superior resistance of the great
Capitan reef. The Hueco Mountains and Sierra Diablo are but
opposite scarps of the Diablo Plateau, which is separated from the
Delaware-Guadalupe area by the large graben of Salt Flat. The
Franklin Range still further west is a monoclinal block, one of the
Basin ranges, with Permian beds exposed along its western flank.
From the much greater area of Permian outcrop in north-central
Texas the Glass Mountains and the Guadalupes are separated by
a distance of over150 miles.

Major faunal zones
In these areas of Trans-Pecos Texas, marine Permian strata

exceeding a mile in thickness are extensively exposed in structures
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so simple that the succession is quite obvious. No other part of the
world has been studied wherein so much of the Permian system is
represented in the marine facies, in simple structures, and with
abundant fossils throughout. Fusulines are well distributed from
the base of the Wolfcamp, and its equivalents, to the top of the

Fig. 97. Map showing geographic and structural relations of the Permian
rocks in western Texas and southern New Mexico

Capitan formation, and at manyhorizons are extremely abundant;
and their rapid evolution in this province permits a general zona-
tion that should be of interest in other areas as well.

On the basis of evolutionary stages displayed by the fusulines as
a group,it is possible to subdivide the American Permian into three
major faunal zones as follows:
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The zone of Pseudoschwagerinahas the most diversified fusuline
faunas,including numerous species of Triticites,Schwagerina (sensu
uovo), Paraschwagerina, and Pseudoschwagerina. It is readily
distinguished from the underlying Pennsylvanian beds, which in-
clude noneof the above genera except Triticites,and from the over-
lying zone of Parafusulina where all the genera mentioned above
disappear and divers species of Parafusulina dominate the fauna.

The zone of Parafusulina can be recognized by the fact that in
its predominant genus septal folds have become arches overcuniculi
that run spirally about the shell. This feature can be seen in suit-
ably weathered specimens or in polished facets cut tangent to the
surface and near the floor of one of the volutions. Many of the
largest species occur here.

The zone of Polydiexodina is marked by final specializations.
The surviving species of the Schwagerininaeare very elongate, slen-
der, and closely coiled, and, in addition to the cuniculi, develop
the supplementary tunnels characteristic of the genus Polydiexodina.
In spite of a decline to but few species, these make up in individual
abundance what is lost in variety. In this zone appear also two late
and highly specialized genera of the Fusulininae,namely Codono-
fusiella and Lee'lla,both of extremely small sizebut very distinctive
form.

Influence of facies on distribution
Stratigraphic studies have indicated a highly diversified environ-

ment in the Permian seas of west Texas. The growth of reef-like
banks tended to produce a special reef facies separating the shallow
lagoons from somewhat deeper and normally marine areas. Thus a
single stratigraphic horizon is commonly represented by three dis-
tinctly different facies as pure, massive limestone grades laterally
into thin-bedded, platy limestone in one direction and into dark,
shaly limestone or siltstone in another. The brachiopods and other

Glass Mts.
Lruadalupe-

Delaware Mts. SierraDiablo
Zone ''P.olydiexodina Capitan Capitan and (Not preserved)

upperDelawareMt.

.Cane ofParafusulina Word
Leonard

Middleand lower Lower
Delaware Mt. DelawareMt.

Bone Spring BoneSpring

Zone of Pseudoschwagerina Wolfcamp> (Not exposed) Hueco
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strictly benthonic organisms show in their distribution a very
marked response to the environment and the fusulines also respond
to the differences in facies. However, perhaps few, if any, of the
species are limited to a particular facies, and some are common
to the most diverse facies, as, for example, Polydiexodina shumardi,
which is very abundant in the thin dark limestone beds in the upper
part of the Delaware Mountain formation, and equally abundant
in the equivalent beds of massive white limestone in the Capitan
formation. Many of the species, like Schubertella kingi or Pseudo-
schwagerina uddeni, range widely and are found in divers types of
lithology.

Nevertheless, there are some notable changes in the composition
of the fusuline faunas from one region to another even where there
are enough distinctive guides in common to prove equivalence in
age. For example, the Wolfcamp fauna in the Glass Mountains
includes nearly all the species found in the lower part of the Hueco
formation of the Hueco Mountains, and there are so many distinc-
tive forms in common that no doubt can be entertained of the general
equivalence of these formations. Yet in the Wolfcamp horizon of
the Glass Mountains there are four species of Triticites that in cer-
tainbeds aremore abundant than all other fusulines,being common
in some beds and lacking in others. No one of these has been
identified in the Hueco Mountains, although a different species of
Triticites is very abundant locally in the lower part of the Hueco.
The samehorizon in the Sierra Diablo includes most of the distinc-
tive guides, but the general composition of many of the collections
is colored by the predominance here of Schubertella kingi and
Schwagerina emaciata, which range through most of the Hueco
formation in this area and in manybeds make up the whole fauna.
These species occur in the equivalent Hueco beds of the Hueco
region and in the Wolfcamp beds in the Glass Mountains but are
much less common in both.

In the normal facies of well-bedded limestones and shales which
predominates in the Wolfcamp and itsequivalents, the vertical range
of species is most limited; it is greatest in the Capitan limestone
and the Delaware Mountain sandstone. In the Capitan,for example,
Polydiexodina shumardi and P. capitanensis seem to range through-
out more than a thousand feet of massive limestone, although pos-
sibly future study will justify a separation of the lower and higher
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forms such as the authors at first attempted. Two things may account
for this great vertical range of the common species in the Capitan
formation. In the first place, the deposition was probably rapid so
that a thousand feet of this reef-limestone does not represent as
great a span of time as more normally bedded limestones would
do. In the second, the Capitan reef stood several hundred feet above
the floor of the Delaware basin and the initial slope of the growing
front of the reef resulted in the deposition of contemporaneous
deposits at greatly different elevations.

In the lower and middle divisions of the Delaware Mountain
formation, likewise, the vertical rangeofParafusulina rothi amounts
to more than 1,000 feet,but it is altogether probable that the depo-
sition of the Delaware Mountain sandstone also was rapid.

It should be emphasized,however, that progressive evolution went
on independently of the bottom ecology and is seen in all facies.
Hence closely similar facies of different ages are easily separated
by their fusuline faunas. The "Hess reef" in the Leonard forma-
tion, for example, has nothing in common with the Capitan of the
Glass Mountains. The white limestone of the Bone Spring forma-
tion is characterized by species of Parafusulina, and the similar
limestones of the Capitan by Polydiexodina. Yet the contempora-
neous Capitan reef facies in the Guadalupe and Glass mountains
display the same assemblage. The middle and lower divisions of
the Delaware Mountain sandstone are characterized by species of
Parafusulina whereas the upper division is clearly marked by Poly-
diexodina without Parafusulina. Thus the fusulines would clearly
separate the upper division of the Delaware Mountain formation
from the rest, and would prove its correlation with the Capitan
limestone of wholly different facies, a relation worked out during
the last few years on the basis of purely physical stratigraphy.

In short, while the distribution of the fusulines is strongly influ-
enced by the facies, the evolutionary sequence is not upset thereby,
and the writers have found no instances of anomalous recurrences
of typesbeyond their expectedrange such as wererecently indicated
by Gubler (19348) and denied by Fromaget (1934) in Indo-
China. The present writers' experience in this region where the
structure is easily determined and the stratigraphic succession well
denned in spite of exceptional changes of facies, strongly supports
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the belief that in regions of more complex structure and poor ex-
posure reliance may be placed on the fusulines for zonation and
correlation.

Glass Mountains

Wolfcamp formation

In the Glass Mountains the Wolfcamp formation8 constitutes the
zone of Pseudoschwagerina. Its limits are well denned both fau-
nally "and stratigraphically and its fusuline fauna is more diversified
than that of any of the higher beds, including as it does 6 genera
and about 20 species.

Here are found the last of the genus Triticites, a holdover from
the Pennsylvanian faunas, associated with and largely overshadowed
by species of Schwagerina [Pseudofusulina of recent authors],
Paraschwagerina, andPseudoschwagerina [Schwagerina of authors].
In this region the last three genera make their first appearance
in the lower part of the Wolfcamp formation and the last two
disappear near the top, Schwagerina alone ranging up for about
500 feet into the Leonard formation. No species,however,areknown
to cross either the lower or upper boundaryof the Wolfcamp forma-
tion. This is not surprising in view of the stratigraphic breaks
that limit the formation. The Wolfcamp rests upon the Gaptank
(Pennsylvanian) formation with profound unconformity, the two
having been separated by the Marathon orogeny.9 A smaller break
with slight warping and erosion caused an unconformable overlap
of the Leonard on the Wolfcamp or even beyond it onto the
Gaptank.

Two fine species, Pseudoschwagerina uddeni and P. texana, are
widely distributed guides to the Wolfcamp horizon. They usually
occur together. Common associates are Schwagerina huecoensis,
S.diversiformis, and S. compacta.

BAs redefined by Sellards and P. B. King, so as to exclude the Uddenites beds which are now
known to be of Cisco age. See Sellards, E. H., The Geology of Texas, Vol. I, Stratigraphy

-
Univ. Texas Bull. 3232, p. 148, 1932 [1933];and King, P. 8., Permian stratigraphy of Trans-
Pecos Texas: Bull. Geol. Soc. Amer., vol. 45, p. 729, 1934.

9White (1932, p. 21) unfortunately misinterpreted the horizon of one of his collections (his
185— T— 3) which was picked up from an ant hill on a covered slope, regarding it as Gaptank
instead of Wolfcamp. It included the species Schtvagerina compacta (White),Pseudoschwagerina
texana n. sp. [— Schwagerina fusulinoides of White], Schioagerina emaciata (Beede) [= Triticites
emaciata of White], etc. This is a typical Wolfcamp fauna and not one of the species actually
occurs in the Gaptank formation.
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Some of the lower beds at Wolf Camp (i.e.,4 to 9 of P. B. King's
section) are filled with Triticites subventricosus, T. pinguis, and
T. uddeni and appear to lack the more distinctive Permian genera.
However, along with T. pinguis and T. subventricosus occasional
specimens of Paraschwagerina kansasensis maybe found. The same
species of Triticites recur higher in the formation at least up to the
interval between beds 15 and 17 of King's section, though many of
the intervening beds have the Schwagerina-Pseudoschwagerina
fauna without Triticites.

From bed 9 (of P. B. King) or a little above it the authors have
a collection (Loc. 1) in which the rock is filled with Schwagerina
emaciata and Schubertella kingi, two small species that com-
monly occur together in vast numbers and are widely spread in
the zone of Pseudoschwagerina in other areas,but for some reason
are poorly represented in the authors' Wolf Camp collections. The
5. kingi is so extremely small as to beeasily overlooked in the field
even where abundant,and will undoubtedly be found inmanyplaces
in the Wolfcamp formation.

One of the most distinctive species in this fauna is Schwagerina
linearis, which was found in several collections from very near the
top of the Wolfcamp formation and holds a corresponding position
in the Hueco beds of the Sierra Diablo. It appears to mark a sub-
zone high in the Wolfcamp.

Leonard formation

The change from Wolfcamp to Leonard formations is marked by
the complete disappearance of the genera Triticites,Pseudoschivager-
ina, andParaschwagerina. Schwagerina [Pseudofusulinaof authors]
persists upward for about 500 feet into the Leonard and is then
replaced by Parafusulina.

The change from Schwagerina to Parafusulina is one of special-
izationof the septal folds. In the former, opposed folds of adjacent
septa meet, at least near the base, subdividing the meridional cham-
bers into chamberlets. In Parafusulina the tips of the folds curl
up to meet those of the next septum, forming low arches between
chambers. These define the cuniculi which run around the shell
(see text fig. 92). Without doubt Parafusulina is a specialized out-
growth of Schwagerina that proved to be a successful adaptation
for, once the change wasmade, early in Leonard time,Parafusulina



586 The University of Texas Bulletin No. 3701

at oncebecame dominant and the Schwagerinas dropped out. The
authors' collections for the Leonard are somewhat scattered and in-
completely studied, so that further collecting may indicate more of
an overlap of the ranges of Schwagerina and Parafusulina than the
writers have observed, but it now appears that the Leonard can
be divided into two major faunal zones, the lower 500 feet being
characterized by species of Schwagerina, notably S. crassitectoria,
S. hessensis, and 5. hawkinsi. These are all rather small species,
the largest scarcely half an inch in length.

The rest of the Leonard is marked by species of Parafusulina,
some of which are elongate and subcylindrical and attain a length
of well over half an inch. Two species (undescribed) occur in
abundance in the fine section south of Sullivan Peak (locality 35)
and in the section north of Wolf Camp (locality 37) only a short
distance above the horizon of Schwagerina crassitectoria. In the
upper part of the Leonard there is a zone characterized by the
minute Schubertella melonica. It was first observed in well cut-
tings and later found in outcrop within 250 feet of the top of the
Leonard formation (locality 33). More collecting is needed to
determine the limits of its range.

Word formation

The Word formation continues the zone of Parafusulina and in
general features its fusuline faunas are closely similar to those of
the Leonard. Here occur several species of Parafusulina of large
size. In the lower part of the formation, limestone members 1and
2 of P. B.King, species of moderate size, notably P. splendens and
P. bosei and its variety attenuata, predominate.

The thick limestone in the middle of the Word which caps the
ridge south of Road Canyon and north of Leonard Mountain and
continues eastward as limestone member 3 in the Word ranch sec-
tions has yielded the gigantic species Parafusulina sellardsi and
P. wordensis,and the uppermost limestone (number 4 of the Word
ranch section) carries great numbers of P. kingorum, the micro-
spheric individuals of which attain the greatest size of any known
fusuline,a normal length being about 2 inches. Here also is found
P. rothi, a species characteristic of the lower and middle divisions
of the DelawareMountain formation.
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Capitan formation

The Capitan formation in the Glass Mountains is chiefly repre-
sented by poorly-bedded,cliff-forming dolomites which have yielded
few fossils, but two thin-bedded members have yielded fusulines.
The Gilliam member appears in the eastern part of the range as a
thin-bedded tongue above the middle of the Capitan. From this
zoneRobert King secured two collections (localities 63 and 64) in
which the rock is a coquina of fusuline shells, rather badly pre-
served. Both Polydiexodina shumardi and P. capitanensis are rep-
resented here.

Near the west end of the Glass Mountains the Altuda member
appears as a tongue of Delaware Mountain facies in the lower part
of the Capitan formation, and from this horizon on the slope of
Altuda Mountain the authors have three collections (localities 67,
68, and 69) in which Polydiexodina shumardi is abundant. The
first of these lots yielded, in addition, Le'e'lla bellula and Codono-
fusiella paradoxica. It is evident, therefore, that the Capitan forma-
tion of the Glass Mountains falls wholly in the zone of Poly-
diexodina.

Sierra Diablo
Hueco formation

ThePermian section of the Sierra Diablo was summarized recently
by King10 who showed that this eastern face of the Sierra Diablo
Plateau displays a thickness of about 3,500 feet of strata divisible
into three major units, the "Basal Beds," the Bone Spring limestone,
and the Delaware Mountain sandstone. The first of these undoubt-
edly correlates with the lower part of the Hueco limestone and, as
King now prefers to use that name instead of "Basal Beds," it will
be used in this report.

The Hueco formation outcrops along the foot of the scarp, un-
conformably overlapping older formations from the lower Pennsyl-
vanian down to the pre-Cambrian. Where it rests on the Magdalena
limestone of the Pennsylvanian at Marble Canyon, there is an angu-
lar discordance. As a result of overlap on a surface of consider-
able relief, the Hueco formation varies in thickness along the
escarpment, locally amounting to several hundred feet and in other

10King, P. 8., Permian stratigraphy of Trans-Pecos Texas: Bull. Geol. Soc. Amer., vol. 45,
pp. 697-797, 1934.
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places being absent where the Bone Spring limestone rests on the
pre-Permian floor. In general, the Hueco beds in this region include
basal buff and red shales and sandstone with interbedded conglom-
erates, succeeded by rather thin-bedded,marly limestones, the latter
bearing abundant fusulines.

The Bone Spring formation, having a thickness of nearly 2,000
feet, forms most of the great east-facing scarp of the Sierra Diablo.
It presents striking changes of facies which locally permit a subdi-
vision into members. Thus, in the vicinity of Victorio Peak and
also about Marble Canyon, the middle part is a weak, slope-forming
member of black limestones and dark shales separating a lower
and an upper cliff-forming member. The lower member is rather
thin-bedded,partly dolomitic, and light gray. It reaches a thickness
of 500 feet. The upper cliff-forming limestone,named by P. B. King
the Victorio Peak member, is thick-bedded or massive.

The upperpartof the Hueco limestone locally resembles the thin-
bedded lower member of the Bone Spring formation to such an
extent that there,has been some confusion in drawing the boundary.
In general, the cliff-forming beds were referred by King and his
assistants to the Bone Spring and the weaker beds below to the
Hueco formation,but the fusulines now indicate that the lower part
of the cliff-forming limestones in some of the measured sections
belongs in the Hueco.

The DelawareMountain sandstone outcropsonly near the northern
end of the Sierra Diablo,between Apache Canyon and Dos Alamos,
where the lower part of the sandstone formation rests on the Vic-
torio Peak member of the Bone Spring formation.

The writers have over fifty collections of fusulines from Sierra
Diablo, but fully two-thirds of these are from the Hueco horizon.
The collections are mostly from a few carefully measured sections
up the face of the scarp, notably three sections west of Figure 2
ranch between Apache Peak and Marble Canyon, and two just
south of Victorio Canyon. The others are from lower sections along
the south end of the range and near the north end.

TheHueco limestones carry afauna showing anundoubted equiva-
lence with the lower part of the Hueco formation of the Hueco
Mountains, and with the Wolfcamp formation of the Glass Moun-
tains. It is the Pseudoschwagerina uddeni fauna, that species being
associated with P. texana, Schwagerina huecoensis, and S. emaciata
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in all three of the sections west of Figure 2 ranch. The distinctive
Schwagerina linearis occurs near the top of this formation in the
southern half of the range and was collected by Skinner in the
sections west of Figure 2 ranch at Marble Canyon.

On the whole, the Hueco fauna of this region differs from that
of equivalent beds either in the Hueco Mountains or the Glass
Mountains in the predominance here of small species, especially
Schwagerina emaciata, Triticites powwowensis, and Schubertella
kingi. In many of the collections these small species make up the
entire fauna,but since some of the intervening layers contain the
typical Pseudoschwagerina uddeni fauna,it appears that the abnor-
malcharacter of many of the collections is due to facies rather than
to time.

A number of distinctive Wolfcamp species are lacking here,
notably the ventricose Triticites of the lower Wolfcamp and the
species of Paraschwagerina. Schubertella kingi and Schwagerina
emaciataboth have a greater range in this area than they do farther
east. ,

Bone Spring formation

The Bone Spring fusulines mostly come from the lower cliff-
forming member and include two species of Parafusulina,P. schu-
cherti and P. diabloensis. These appear to be restricted to this
region, neither having been found in the Glass Mountains section.
Moreover, the distinctive forms of the lower Leonard such as
Schwagerina hessensis, S. gumbeli, and S. crassitectoria have not
been found in the Sierra Diablo. Since these are widespread in the
Glass Mountains where they characterize the horizon of the lower
Leonard, below the zone of Parafusulina, it seems not improbable
that a considerable hiatus separates the Hueco and the Bone Spring
limestones in the Sierra Diablo.

The middle and upper parts of the Bone Spring formation, like
the middle and upper Leonard in the Glass Mountains, have fur-
nished very few fusulines. Collections from the Victorio Peak lime-
stone in Victorio Peak and from near the top of the same member
in the north end of the mountainshave yielded Schwagerina setum,

a large species described from the gray member of the upper part
of the Bone Spring formation near Bone Spring in the Guadalupe
Mountains.
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Delaware Mountain formation

At the north end of the range, a short distance south of Dos
Alamos, Skinner found Parafusulina rothi to be abundant in cherty
limestones in the basal part of the Delaware Mountain formation
just above the Victorio Peak limestone. This species is widespread
in the lower division of the Delaware Mountain formation in the
Delaware Plateau.

Hueco Mountains

Hueco formation

In the Hueco Mountain region the name Hueco11 is applied to the
strata that overlie the Magdalena (Pennsylvanian) formation. P. B.
and R. E. King measured a section near Hueco Canyon which is
about 1600 feet thick and which they divided into three members:
(1) a lower, thick-bedded limestone about 500 feet thick, (2) amid-
dle, thinner-bedded, and dark gray member about 250 feet thick,
and (3) anupper member of thick-bedded limestone about 800 feet
thick.12

The lower Hueco, as thus defined, carriesabundant fusulines and
correlates beyond any question with the Wolfcamp formation of
the Glass Mountains. Beede originally described Schwagerina
[^Pseudoschwagerina] uddeni from these beds in the Juan Peak
section a short distance north of Hueco Canyon. Collections made
by R. E. King at localities 74, 75, 77, 78, and 82, all from the lower
Hueco and within a radius of a few miles of Hueco Tanks, contain
the typical Pseudoschwagerina uddeni fauna like that of the
Wolfcamp.

The middle and upper Hueco limestone has yielded very few
fusulines but probably includes beds mostly younger than the Wolf-
camp. In this connection R. E. King's collection 389 (locality 83)
is of interest for it wasmade in the slope east of Juan Peak inbeds
stratigraphically above those that cap the peak, and it contains
Schwagerina hawkinsi and S. hessensis, which characterize a zone
in the lower part of the Leonard formation in the Glass Mountains.

R. E. King measured about 1000 feet of lower Hueco strata in
the Juan Peak section and noted the presence of Pseudoschwagerina

"As restricted by King, P. 8., Permian stratigraphy of Trans-Pecos Texas: Bull. Geol. Soc.
Amer., vol. 45, p. 742, 1934.

P. 8., op. cit., p. 743.
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at several horizons. His lot 386 (locality 79) from about 180 feet
above the base of the formation is rich in Schubertella kingi and
Schwagerina emaciata.

An important zone is indicated by collections made by King and
Knight on the spur north of Powwow Canyon, about 7 miles due
south of Juan Peak. Here they measured a section of 563 feet of
Hueco limestone resting unconformably on a thick section of the
Magdalena formation. The break is marked by an angular dis-
cordance and by a local conglomerate (the Powwow conglomerate)
in the base of the Hueco. The fusulines emphasize the greatness of
thisbreak. The fusulines from many zones in thecarefully measured
section of the Magdalena formation all belong to primitive genera
such as Wedekindellina, Fusulinella, and Fusulina (s.s.). These
show a well-marked series of faunal zones. The highest of these at
this locality, collected within 120 feet of the top, is not younger
than the upper Strawn of central Texas and the upper Dcs Moines
of the northern Mid-Continent area. In short, the hiatus here corre-
sponds to the time of deposition of the entire Canyon and Cisco
groups of central Texas and the Missouri and Virgil groups of Kan-
sas and Nebraska. Not far away, however, higher Pennsylvanian
beds are represented in the Magdalena formation; at the mouth of
Powwow Canyon theyhave been cut out.

Marly limestones just above the Powwow conglomerate are filled
withsmall fusulines of three species, Triticites powwowensis,Pseudo-
schwagerina beedei, and Schwagerina bellula. The second of these
appears to be a forerunner of Pseudoschwagerina uddeni and the
latter of Schwagerina diversiformis. Knight observed "Schwagerina-
like forms" at a horizon about 300 feet higher in the section but
the writers have not seen this material. Probably it represents the
P.uddeni fauna.

In the Powwow Canyon sectionthere are two horizons,one about
160 feet and the other about 230 feet above the base of the Hueco,
referred to in the field notes as the "fly-specked layers." This de-
scription aptly suggests the appearanceproduced by the weathering
into relief of vast numbers of specimens of a species of Staffella
all of whichare silicified and appear as dark specks on the weathered
surfaces. Unfortunately the preservation of the inner whorls is so
poor in all the material available to the writers that they have been
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unable to describe the species. No larger fusulines occur in these
layers.

Delaware Mountain-Guadalupe Mountain area
Unexposedbeds

The lowest formation exposed at the surface in the Guadalupe
Mountains is the Bone Spring limestone whose upper beds contain
Schwagerina setum. The Bone Spring fusulinid faunas are better
known in the Sierra Diablo where the sequence is better exposed,
and the reader is referred to the discussion of that area for further
information. Deeper rocks of the succession in the Guadalupe and
Delaware mountains areknown only from two borings, the Updike
No. 1Williams well a few miles southwest of Guadalupe Peak and
the Anderson and Prichard No. 1Borders well about 15 miles south
of the peak.

A specimen from the cores of the Updike boring, collected by
Mr.H. C. Fountain, contains a Triticites whose character suggests
that its age is not later than Canyon (Pennsylvanian), but it lies
in a dark shaly limestone not unlike that of the Bone Spring. Un-
fortunately the depth from which the various cores of the boring
were taken is no longer known. P. B. King states that a conglom-
erate occurs in the Updike boring at a depth of about 3200 feet;
this conglomerate may mark the base of the Permian and the
Triticites may occur beneath it. According to King, this suggestion
seems to be confirmed by observations of Ryniker and other geolo-
gists of the Gypsy Oil Company on the cuttings of the Anderson
and Prichard boring: Pseicdoschwagerina has been identified at
about 3600 feet in this hole, conglomerate at 3950, and below this
in black shales and dark limestones occur specimens of Triticites
that are of Pennsylvanian aspect.

These observations indicate that beneath the Parafusulina- and
Schwagerina-hearing rocks of the Bone Spring limestone in the
Delaware and Guadalupe mountains are beds with Pseudo-
schwagerina, like the Hueco of the Sierra Diablo, which overlie
unconformably dark limestones and shales with Triticites, of Upper
Pennsylvanian age.
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Delaware mountain formation

The Delaware Mountain formation has a widespread development
in the Delaware Mountains and extends northward into the Guada-
lupeMountains. It is a mass of sandstone, with subordinate amounts
of sandy shale and of limestone, from 2500 to 3000 feet thick. As
indicated by its fusulinids and other fossils, it embraces within its
limits a considerable span of Permian time, and field work shows
that partsof it grade laterally in the Guadalupe Mountain area into
various other types of deposits (see P. B. King's fig. 48, p. 728,
1934).

According to the recent observations of P. B. King, the Delaware
Mountain formation of the Delaware Mountains may be separated
into three divisions, each 700 to 1000 feet thick, which possess
rather distinctive characters. These are roughly the same as the
upper three divisions distinguished by Beede in 1924 (Univ. Texas
Bull. 2346).

The lower division of King contains many prominent, massive
sandstone beds and its top is drawn at a prominent ledge-making
sandstone that forms a broad bench about halfway up the slope
toward Guadalupe Point. Many of its sandstone layers are crowded
with the tests of the fusulinid genusParafusulina.

The middle division of King extends to the base of the "upper
dark limestone" that lies beneath the Capitan near Guadalupe Point.
It includes two well-marked,more or less lenticular limestone mem-
bers. One of these, in the lower part, is well exposednear Getaway
Gap and the Airways radio station in the Delaware Mountains and
contains an abundance of Parafusulina. The other, in the upper
part, is well exposed near the South Wells of the D ranch in the
Delaware Mountains. Fusulinids are not abundant in it, but one
collection, from the Pifion Hills near South Wells, contains Para-
fusulina,along with Le'ella fragilis. These two limestone members
coalesce northward into a more continuous succession of limestone
(as yet unnamed) that is well developed in thecentral and northern
Guadalupe Mountains. According to King, this series contains a
great abundance of fusulinids,but since they are everywhere pre-
served only as molds, nothing is known of their character. A pos-
sibly equivalent limestone underlying the Capitan in the Apache
Mountains contains abundant Parafusulina and rare specimens of
Polydiexodina rotundata.
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The genus Parafusulina seems to be displaced entirely by Poly-
diexodina in the upper division of the Delaware Mountain forma-
tion. In the northern Delaware Mountains the change takes place
between the limestone of the Piiion hills and the "upper dark lime-
stone" and its equivalents, the two being separated by several hun-
dred feet of barren strata. Skinner, however, has found the two
genera within 70 feet of each other near the south end of the Dela-
wareMountains.

Chart Showing Distribution of Species

*The upper division of the Delaware Mountain formation, the Capitan limestone, and the Carlsbad
member of the latter are different facies equivalent in age.
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Chart Showing Distribution of Species (continued)

fOccurs in limestone of early Capitan or pre-Capitan age in the Apache Mountains.

The upper division of King extends from the "upper dark lime-
stone" and its equivalents to the contact with the Castile anhydrite
above. The strata within these limits in the Delaware Mountains
are sandstones with four interbedded thin limestone members, the
lower three of which contain Polydiexodinashumardi and P. capi-
tanensis. The upper division of the|Delaware Mountain formation
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grades northwestward, in the Guadalupe Mountains, into the Capitan
limestone, which also containsPolydiexodina. A part of it extends
under the Capitan in its southeastern exposures, forming ledges of
dark limestone nearPine Spring and Guadalupe Point which have
been called the "upper dark limestone" by Shumard and Girty.
Farther northwest, they also change into the Capitan facies. Near
Pine Spring and nearby localities they contain Polydiexodina
shumardi.

Capitan formation

The Capitan limestone is now recognized to be a great reef-like
structure of massive, pure limestone grading laterally into other
facies as represented by P. B. King in his figure 48, p. 728, 1934.
Because of the original slope of the reef-front the beds plunge down
to the southeast to interfmger with and grade into the upper part of
the Delaware Mountain formation.

Numerous collections from the summit of the mountains about
Guadalupe Peak and from there to McKittrick Canyon and down
the southeast face of the scarp contain the large elongate shells of
Polydiexodina shumardi and P. capitanensis in abundance. Both
appear to be distributed through a great vertical thickness, but this
may be in part an exaggeration due to the original dip of the beds
to the southeast.

In the typical Capitan the fusuline faunas appear for their last
stand. The specific variety is reduced to a few forms. The long-
ranging and prolific subfamily of the Schwagerininae is reduced
to the single, highly specialized genus Polydiexodina. Two new
types, Le'e'lla and Codonofusiella, both of very small size, are evi-
dently late derivatives of some of the minute Fusulininae.



Systematic Descriptions

Genus Staffella

Genoholotype, Fusulina sphaerica Moller (non Abich) = Staffella mollerana
Thompson l3

Staffella Ozawa, Jour. Coll. Sci. Imp. Univ. Tokyo, vol. 45, art. 4, p. 24, 1925;
Ibid., art. 6, p. 14, 1925.— Galloway, Manual of Foraminifera, p. 397,
1933.— Thompson, Jour. Pal., vol. 9, p. 113, 1935.

Fusulinella Staff (non Moller), N. Jahrb,, Beil.-Bd. 27, p. 486, 1909.— Deprat,
Mem. Serv. Geol. Indoohine, vol. 2, fasc. 1, p. 38, 1913.— Colani, Ibid.,
vol. 11, fasc. 1, p. 131, 1924,

Diagnosis.— Test small and subspheroidal, with bilaterally sym-
metrical whorls and a broadly rounded periphery; wall composed
of tectum, diaphanotheca, and tectoria; septa plane, pierced by a
narrow,median tunnel which is bordered by chomata.

Range,Lower Pennsylvanian to Permian.
fountaini,n.sp.

PL 46, figs. 16-20

Description.— Shell nautiliform, the axis a little over half the
greatest diameter but the periphery fully rounded; attaining 4 to 5
volutions. At 4% volutions the shell has an axial diameter of about
0.9 mm.and a sagittal diameter of about 1.5 mm.

The proloculum has a diameter of 100 to 115 microns and is
spherical. The coiling is planispiral throughout and bilateral sym-
metry is maintained from the start. The tunnel appears as a round
hole in septa of the first volution but widens to a low slit in the
later whorls; the tunnel angle measures about 30° in all the volu-
tions. Chomata are well developed but narrow. The septa areun-
fluted and they number, in successive volutions of the type figured
in this paper,10, 17,19, 18, 22?,respectively.

The wall is thin and consists of four layers. The tectum is very
thin but dark and well defined. Beneath it is the diaphanotheca,
appearing lighter than the tectoria which form the outer and inner

l3Ozawa cited as genotype the Fusulina sphaerica of Moller. When the senior author of the

present paper called his attention to the fact that Abich was the author of the species, he replied
under date of Jan. 16, 1929, "When Iestablished the new genus Staffella, Iselected at random
a spheroidal species in the paper of Moller." Moller's species may or may not be the same as

that of Abich, but it was definitely Moller's species that Ozawa designated as genotype. Thomp-
son (1935, p. 113) argued that Moller's F. sphaerica is distinct from F. spherica Abich and
renamed it Staffella mollerana.
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layers. No structure can be recognized in the diaphanotheca. The
outer tectorium is generally thicker than the inner.

The species is named in honor of H. C. Fountain. This is the
latest Staffella known in the American Permian. In shape it is not
a typical Staffella, its axis being decidedly the least diameter of
the shell. In this respect it approaches Nummulostegina to which
it might, with almost equalpropriety, be referred.

In view of its high stratigraphic position, it is noteworthy that
this species shows no distinct advance in wall structure over the
Lower Pennsylvanian species.

Occurrence.— Carlsbad limestone at a locality about 2.2 miles
north of Guadalupe Peak in the Guadalupe Mountains (Loc. 202).

lacunosa,n.sp.

PI. 52, figs. 9-13

Description.— A subspherical species of about 8 volutions,attain-
ing adiameter of about 2 mm. The proloculum is small, apparently
less than 100 microns in diameter, and the coiling is planispiral
from thebeginning. The first whorl is sublenticular,its axial diam-
eter being only about two-thirds the equatorial diameter, but in
later whorls the periphery broadens as the shell lengthens, the poles
becoming rather deeply umbilicate. At maturity the periphery be-
comes slightly flattened so that the profile of axial sections is
rounded subquadrate. Of several sections before the authors only
one is suitably preserved and oriented for precise measurements.
In this the proloculum and the first whorl are rather obscure but
the others measure as follows in millimeters:

Volutions 12 S .4 5 6 7 8
Diameter ? .16 .25 .37 .51 .67 .83 1.02
Length.____ ? .10 .18 .26 .36 .52 .61 .68

The maximum width of the outer whorls is greater than the axial
lengthbecause of the umbilicate character of the poles.

The wall is thin, measuring about 30 microns in the third volu-
tion and increasing to 45 or 50 microns in the outer whorls. In the
outer whorls where it is thick enough to show its structure best
there appear to be essentially two layers, a thin dark tectum under-
lain by a thicker more transparent layer which commonly appears
homogeneous but in places shows exceedingly fine, tube-like pores.



Geology of Texas, Volume 111, Fusulinids 599

Epithecal deposits are slightly developed and the chomata are low
and rather obscure.

The septa are unfluted and in the authors' best sagittal section
number 12, 15, 17, 20, 16 and 18 respectively in the first six whorls.

The namerefers to the dimpled umbilici [L. lacunosus, dimpled].
Occurrence.— Abundant in a zone about 450 feet above the base

of the Leonard formation in the hills 2 or 3 miles northwest of
Gap Tank in the Glass Mountains,Texas (Loc. 32).

GenusOzawainella

Genoholotype, Ozawainella angulata (Colani) = Fusulinella angulata Colani
Ozawainella Thompson, Jour. Pal., vol. 9, p. 114, 1935.
Ozaiuaina Lee, Pal. Sinica (B), vol. 4, fasc. 1, p. 13, 1927.
Fusulinella (part) of Deprat and Colani.
Staffella (part) of Ozawa, Lee and Chen, and Lee.
Orobias of Galloway and Harlton, and Galloway [not Eichwald].

Diagnosis.— Lenticular fusulinellids in which the axis is the
shortest diameter and the periphery is subacutely angular. The
proloculum is small. The coiling is bilaterally symmetrical from
the start and the periphery is angular at all stages of growth. The
septa are plane. The tunnel appears as a depressed reniform aper-
ture at the base of each septum. Chomata border the tunnel,pre-
senting a steep slope toward the latter and a very gentle slope on
the outer side.

The wall is thin, consisting of a dark, thin tectum, a thin dia
phanotheca and heavier tectoria.

Range, Pennsylvanian and Permian.
Discussion.— In1928 (p. 348) Galloway and Harlton revived the

long-forgotten name Orobias, designated Nummulina antiquior
Rouillier and Vosinsky as the genotype,and applied it to these small
lenticular fusulines. Lee had previously introduced for these the
name Ozawaina, but unfortunately did not designate a genotype,
and Galloway in 1933 (p. 396) deliberately made the genus a
synonym of Orobias by designating for it also the genotype
N. antiquior.

Thompson (1935, p. 114) has recently shown this course to be
unjustified and has proposed the new genus Ozawainella to be used
in the sense originally intended for Ozawainaby Lee. For this genus
he designated the genotype as Fusulinella angulata Colani.
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As Thompson maintains, the types of Orobias cannot with any
reason be embraced in the same genus with the shells here under
consideration. In creating Orobias, Eichwald was working from the
literature alone. His diagnosis and the footnote reference thereto
indicate clearly that his conception was based largely on figures
69 and 77 of the original description of N. antiquior by Rouillier
and Vosinsky. These arehere reproduced as figures 13 and 14 of
Plate 56. The specimen in figure 13, designated by Thompson as

the holotype of the species, had a diameter of 5.5 mm., and Rouil-
lier and Vosinsky, considering it immature, figured part of another
specimen indicating a diameterof 12 mm. (1849, PL X, fig. 73, and
p. 344). This represents a shell of an entirely different order of
size from those here under consideration. Furthermore, the enlarged
axial section shows the wall of N.antiquior to be very thick at the
poles and to thin greatly at the periphery, exactly opposite to the
condition in the fusulinids. Also, the marked asymmetry is a feature
contrasting with that of the shells before the authors of this paper.
In short, the large, unsymmetrical shells figured and described as
N. antiquior appear to be quite unlike anything now known from
the Moscovian and it seems not unlikely that they are Mesozoic
shells mistakenly assigned to the underlying white limestone at
Mjatschkova. Until the types of N. antiquior can be restudied, the
nature of Orobias is highly problematical and confusion alone can
follow its use for the minute lenticular fusulines.

Thompson (1935, p. 114) proposed to recognize two distinct
groups of the lenticular fusulines, one represented by Fusulinella
bradyi Moller and the other by Fusulinella angulata Golani. For
the former hesuggested the use of Schubert's genus Nummulostegina
and for the latter he introduced the name Ozawainella. Although
the type species of Nummulostegina was not well described or illus-
trated it came from a Carboniferous horizon and was closely similar
in size and form to Fusulinella bradyi. The authors of the present
paper are tentatively accepting Thompson's interpretation.

As thus interpreted,Nummulostegina stands midway between Staff-
ella and Ozawainella,the former beingsubspherical, with abroadly
rounded periphery, and the latter lenticular, with a narrow and
acutely subangular periphery, whereas Nummulostegina has its axis
decidedly the shortest diameter and its periphery somewhat narrow
but well rounded.
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huecoensis,n.sp.

PL 45, figs. 16-25

Description.— A thickly lenticular species with subacutely angu-
lar periphery, nearly flat lateral slopes, and very obtuse umbilical
areas. Adult shells have 8 to 9 volutions and attain a maximum
diameter of 2.5 mm. and an axial length of about 1.5 mm. The
septal furrows are straight, radiating regularly from the axis.

The proloculum is between 60 and 75 microns in diameter and
the whorls are bilaterally symmetrical from the start. The first
whorl assumes the high narrow form and narrowperiphery that are
maintained by later whorls. The ratio of axial length to diameter
at maturity ranges from 0.6 to 0.75. It varies somewhat during
growth, attaining a maximumof about 0.8 in the fourth and fifth
whorls of one of the types. Measurements are given in the table
below.

The wall is thin, commonly not over 30 microns thick if the
chomata be ignored. Itscomposition appears to differ strongly from
that of the associated species of Schubertella and Schwagerina.
Both the latter appear in thin sections as light gray calcite and
both are well preserved so that the several layers of the wall are
shown. On the contrary, the wall of 0. huecoensis appears as an
amber-colored resinous substance in which no distinct layers can
be made out. In a few places the wall seems to be crossed by fine
dark lines, but whether these are lamellae of darker shell material
or fibres or pores cannot be clearly determined.

Table of Measurements

—
Ozawainellahuecoensis

Specimens 1, 2, and 5 are from Leonard Mountain and 3 and 4 are from
the ridge east of Juan Peak in the Hueco Mountains.

Half]length Half.diameter Form ratio

#1 2
.03

.06"

.12
.20
.30
.42
.56
.68

3

.28

.38

4

.36

.47

.57

#1
.035
.070
.120
.190
.300'
.430
.580
.790

1.080

2
.03

.17

.25

.37

.59

.75

.95

3 4
9
9
9

.20 .26

.30 .34

.43 .45

.57 .57

.75 .73
1.01 .96

5
.035
.085
.135
.185
.255
.375
.565
.825

#1 2 3

"70 ______
.80 J I
.80 .65
.70 .67
.75 ______
.71 -__-

4

~.65
.63
.6C
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The septa are perfectly plane. There is a median tunnel which
appears as a low reniform aperture at the base of the septa. The
tunnel angle is about 14° and does not vary much from whorl to
whorl. There are well-defined, low chomata which present a steep
face toward the tunnel but slope outward to an illy-defined margin.

Discussion.— This species is much larger than either of those
described by Galloway and Harlton from the Lower Pennsylvanian.
Of the latter, "Orobias" bassleri is the only species having the um-
bilical regions as convex as those in the species under present con-
sideration,but the Oklahoma form is less than half as large and is
said to be markedly unsymmetrical.

Occurrence.— Common in a zone in the upper Hueco limestone,
where it was collected by R. E. King on a ridge east of Juan Peak
in the Hueco Mountains (Loc. 83). Here it is associated with
Schwagerina hawkinsi andS. hessensis. The horizon should be that
of the lower Leonard. It is also abundant in the uppermostbeds of
the Wolfcamp formation on Leonard Mountain (Loc. 18) where
it is associated with Schubertella kingi, n. sp., and Schwagerina
linearis,n.sp.

delawarensis, n. sp.

PL 46, figs. 21-26

Description.— A thickly lenticular shell with evenly convex um-
bilical areas and a sharply angular periphery; attaining about 5
volutions, with an axial diameter of about 1.0 mm. and a sagittal
diameter of 2.0 mm.

The proloculum is spherical and has a diameter of 100 to 150
microns. The early whorls are planispiral and bilaterally sym-
metrical and arebroadly rounded at the periphery. The periphery
first becomes obtusely angular during the third volution and more
acutely so in the fourth. In the authors' best type, figure 22 of
Plate 46, the outer whorl appears to have become unsymmetrical,
but this isbelieved to be the result of crushing, since the upper left
side of the outer whorl is obviously broken and moved out of place.
The smaller axial section is somewhat oblique and this, too, gives a
false appearanceof asymmetry.

The wall is thin and consists of four layers as in Staffella foun-
taini. The septa areunfmted. Chomata are well denned but narrow.
The tunnel appears as a round hole in the septa of the first volution
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but widens to a low slit in the later whorls,the tunnel angle measur-
ing about 23° in the first three volutions but increasing to 34° in
the fifth.

Occurrence.— At the zone of transition from the Delaware Moun-
tain sandstone into the Capitan facies at the head of Radier Ridge?

1.5 miles N. 20° E. of Frijole post office, Guadalupe Mountains,
Texas. The species is associated with Polydiexodina shumardi
(Loc. 191).

GenusLeëlla, n. gen.

Genoholotype,Leella bellula, n.sp.

Diagnosis.— Minute fusulines developing a staffelloid form dur-
ing the first few volutions and then elongating rapidly to become
fusiform. The proloculum is small but the whorls show bilateral
symmetry from the first. The wall consists of a thin tectum, a well-
defined diaphanotheca, and rather thin tectoria. The septa are
almost plane. Chomata are well developed, and the tunnel is low
and fairly wide. Wall structure as in Fusulinella.

Discussion.— This striking genus is named in honor of Dr. J. S.
Lee, to whom the authors are indebted for his outstanding studies
on the Fusulinidae of China. The name should be pronounced
le-el'-a.

This is obviously a late derivative from Staffella. Until three or
four volutions aredeveloped it has all the characters of that genus.
The polar elongation that follows results ina thickly fusiform adult
shell which mimics Fusulinella.

The closest parallel is to be seen in Sphaerulina Lee, which also
has narrow staffelloid inner whorls and later assumes a spherical
form. The authors' genus makes the same change but does so more
quickly and goesmuch farther,passing the subspherical stage in the
third or fourth volution, whereas Sphaerulina maintains its sub-
spherical form to maturity, even when there are ten volutions. It is
probable that these genera represent independent developments. If
they are related, Sphaerulina would have to be considered the more
primitive and conservative.

The genus is known only from the high Permian, Capitan lime-
stone, of the Glass Mountains and the Guadalupe Mountains, west
Texas.
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bellula, n. sp.

PI. 46, figs. 1-15

Description.— A minute, thickly fusiform species with bluntly
rounded poles, attaining a length of 2.6 mm. and a diameter of
1.5 mm. The volutions number 5 or 6.

The proloculum is spherical and only 75 to 85 microns in diam-
eter. The first three whorls are nautiliform, with a short axis but
rounded periphery. The first is much higher than longbut the form
ratio increases gradually until length and diameter are subequal
about the beginningof the fourth whorl. At this stage the periphery
isbroadly rounded and the shell practically spherical. In succeed-
ing volutions the axis lengthens rapidly and the shell assumes a
fusiform shape, the form ratio attaining to about 1.5 in the sixth
whorl.

The wall is thin and typically fusulinelloid,consisting of a thin
tectumunderlain by a thicker diaphanotheca and with thin tectoria
on the outer and inner surfaces. Chomata are conspicuous, their
inner margin being steep while the outer slopes away, commonly
reachinghalfway to the poles. The septa are not fluted, though the
antetheca commonly is not perfectly straight. The tunnel is a low
median slit and is well defined by the chomata. The tunnel angle
increases in successive volutions but varies considerably as indi-
cated in the table of measurements. The septa increase slightly in
number in successive volutions, reaching a maximum of 20-25 in
the fifth whorl. Septal pores areabundant but very fine; commonly
each is marked by a darker spot as though it had been partly closed
by epithecalmaterial.

Table of Measurements

—
Leëllabellula

Half1«ength Hallediameter Form ratio

#1 2 3 4 #1 2 3 4 #1 2 3 4
.04 .04. .04 .04 .04 .04 .04 .04

t

i

.06

.11

.22

.46

.06

.12
.19
.36

< .05
1 .09
■ .17

.32

.07

.13

.26

.53

.12
.21
.30
.43

.09

.15

.23

.32

.07

.14

.21

.30

.10

.19

.28

.40

.5

.5

.7
1.1

.7 .7

.8 .6

.8 .8
1.1 1.1

.7

.7

.9
1.3

.80 .58
.90

.48
> .82

.83
1.29

.60 .46
.64

.42

.59
.57
.77

1.3 1.3 1.2
1.4 1.4

1.5
1.7
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Specimens 1, 2, 3, 4, 5, and 6 are shown on Plate 46 as figures 7, 9, 8, 5, 11,
and 12, respectively. Specimen 7is from the same lot as number 1.

Discussion.— This species is compared with L. fragilis on page
606. It is so different from all other fusulines now known that
no comparison can be made.

Occurrence.— This species was first discovered by Skinner about
20 feet above the base of the Altuda member of the Capitan dolo-
mite on the northeast corner of Altuda Mountain in the Glass
Mountains. It was also collected by P. B. King and H.C. Fountain
in the Carlsbad limestone at the top of the Capitan limestone 2.2
miles north of Guadalupe Peak in the Guadalupe Mountains, west
Texas. In both localities it is associated with Codonofusiella para-
doxica, and in the latter, at least, with Polydiexodina shumardi. It
is exceedingly abundant along with C. paradoxica in a small chip
collected from the Carlsbad limestone on the north rim of Pine
Spring Canyon 2.3 miles N. 5° W. of the summit of Guadalupe
Peak. (Logs.67, 181, 182, 202,203, 204, 206.)

fragilis, n. sp.

PI. 73, figs. 11-15

Description.— Smaller and more slender than L. bellula, a shell
of 4 volutions, having a diameter of 1.0 mm.and a length of 2.6
to 3.0 mm. The proloculum has a diameter of about 100 microns;
the first whorlhas a diameter of 0.26 mm., and an axial length of
only 0.18 mm., and has an evenly rounded periphery; the second
whorl has a diameter of about 0.47 mm. and an axial length of
0.38 mm.; the third has a diameter of 0.75 mm.and an axial length
of fully 1.0 mm.; the last volution is rapidly elongatedand bluntly
truncated at the poles, its length runningup to 2.6 or even 3.0 mm.
and its diameter to only 1.0 mm.

The septa areunfluted and the tunnel and chomata appear as in
L. bellula. As in that species, the wall is thin. The inner whorls

Tunnelangle Wall thickness Septa!count

#1 2 3 4 #1 2 3 4 #5 6 7 8
1
2
3
4
5
6

_: ._.. iB°
19° 17° 17°
28° 32° 24°
42° 41° 26°

__._ .51° 36°

19°
24°
29°
38°
53°
50°

.025

.030

.030

.050

.045

.010 .010

.015 .015

.015 .015

.02 .035

.045 .040

.030 .030

.020

.015
.030
.045
.050
.045

9
16
19
21
22

8 12
17 16
19 19 ...
19 20
21 22
20? __ _
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show a thin dark tectum between relatively thick tectoria, a distinct
clearer layer corresponding to the diaphanotheca appearing com-
monly in the outer whorl.

Several of the authors' sections give the impression that the axis
is inconstant in the outer whorls or the shell is somewhat unsym-
metrical,but it is difficult to make sure whether or not this apparent
asymmetry is due to the imperfect orientation of these sections.

This shell differs from L. bellula in being somewhat smaller, in
the fact that it becomes relatively more elongated in the fourth
whorl than that species does in the seventh, and in its more slender
adult form.

Occurrence.— Near the middle of the middle division of the Dela-
ware Mountain sandstone in the southern Pinon Hills, Delaware
Mountain Plateau, Texas (Loc. 168).

Genus Codonofusiella,n.gen.

Genoholotype, Codonofusiella paradoxica,n. sp.

Diagnosis.— Exceedingly small, fusiform shells with a very minute
proloculum and an endothyroid juvenarium of 1 to 2 volutions
followed by 2 or 3 fusulinoid whorls. Approaching maturity, the
outer whorl rapidly increases in length and height, producing a
trumpet-like flaring terminus to the shell.

The wall is extremely thin and appears to consist of two layers,
a thin tectum underlain by a thicker but less dense, homogeneous
layer. The septa are very thin and are strongly fluted, especially
in the outer whorl and its flaring terminus, where the folds reach to
the top of the septa. In the genotype there appears to be a tunnel,
but chomata are lacking or very obscure, hence the tunnel is not
clearly defined.

Discussion.— This is far the smallest of the known fusulines, the
genotype attaining a length of only about 1.5 mm. It most nearly
resembles Fusiella, with which it agrees in having an endothyroid
juvenarium, in having a very thin wall of two layers, and in its
general shape. But it differs in the lack of chomata and in the
marked septal fluting, and may be distinguished from that and all
other fusulinid generaby the remarkable expansion and flare of its
last volution,a feature alluded to in the name [Gr. kodon, the flar-
ing part of a trumpet]. Also, its extraordinarily small size and the
thinness of its wall serve to distinguishit.
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It is possible that Codonofusiella does not belong in the family
Fusulinidae but, if not, the homeomorphy is extraordinary. It is
probably a late, aberrant offshoot from anendothyran radicle. Its
occurrence at the top of the Permian with no probable fusuline
ancestor known would suggest that its origin is so far subsequent
in time to that of the fusulines that it may actually deserve to be
separated from them. The writers have treated it in this work, in
any event, because it is likely to be studied by students of the
fusulines.

Itmaybe allied to Paleofusulina,another extremely minute genus
with thin walls and intense septal fluting that is known from the
Permian of the Caucasus Mountains and Indo-China. That genus,
however, does not flare out in the last whorl.

Codonofusiella is representedby the authors' species in the Capi-
tan horizon of Texas and by an undescribed one from the Cache
Creek formation in British Columbia.

paradoxica,n. sp.

PL 45, figs, 1-9

Description.— This exceedingly minute species has a fusiform
body with rather acutely pointed poles, the whole attaining a length
of about 1.1mm.and a diameter of about 0.5 mm., and consisting
of about 3 volutions. In addition, the last half volution increases
rapidly in both length and height, producing a flaring "lip" larger
than the body of the shell.

This is well shown in Plate 45, figures 2, 3, 6, 7, and 8. Figures
2 and 3 are of fully grown shells, with the antetheca facing the
observer. Figure 7 is a sagittal section showing the flaring and
slightly recurved "lip." Figure 8 is a somewhat oblique section
through another specimen, the lips appearing abnormally large be-
cause cut obliquely. Measured on the antetheca, the maximum
length of a mature specimen is about 1.55 mm.and the correspond-
ing diameter 0.57 mm., of which 0.25 mm. is the height of the
antetheca.

The proloculum is very small, measuring about 50 microns in
diameter ineach of the authors' best-centered sections. It is followed
by an endothyroid juvenarium of about 1.5 volutions coiled nearly
at right angles to the axis of the later whorls. In the specimen
shown in figure 5 there are 11 septa in the first volution and 8 in
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the next half volution. Following this there is a rapid rotation of
the axis of coiling and a marked widening of the whorl as the fusu-
line form is assumed. Full growth is attained with about 2 addi-
tional whorls, the last one-half volution being greatly elevated to
form the flaring lip. As shown by figures 2, 5, and 8 of Plate 45,
the height of the antetheca at maturity fully equals the diameter of
the body of the shell.

The septa are difficult to count but in the specimen shown in
figure 7 they appear to number 10 in the first half volution follow-
ing the juvenarium, 18 in the next volution, and 27 in the last.
These figures are confirmed by what can be counted in the imma«
ture shell shown in figure 6.

The septa are very thin and are as strongly fluted as in
Schwagerina. There are no chomata, hence the tunnel is commonly
hot well defined in axial sections, but where the section happens to
coincide with a septum the tunnel is clearly revealed as a low ellip-
tical median opening considerably wider than high. The tunnel
angle was measured as 27° in the third volution of one specimen
and 34° in another.

The spiral wall is very thin, reaching a maximum thickness of
about 15 microns in the third volution (25 microns in one speci-
men) and decreasing again in the lip. In the juvenarium it scarcely
exceeds 5 microns in thickness.

Discussion.— The extreme smallness of this species, the extreme
thinness of its walls, the lack of chomata, and above all the flaring
"lip" set it aside so far from all other described fusulines that no
comparison is required.

Occurrence.— The types were all secured from the Carlsbad lime-
stone at a locality 2.2miles north of Guadalupe Point in the Guada-
lupe Mountains, where they were associated with Polydiexodina
shumardi. The form is abundant in the samehorizon 2.3 miles N. 5°
W. of the summit of Guadalupe Peak. The same species was found
by Skinner in the Altuda member of the Capitan formation on
Mt.Altuda in the Glass Mountains (Locs, 202, 203, 182, 67).

A similar species has been observed in apiece of the Cache Creek
limestone collected by P. S. Warren near Kamloops in British
Columbia. As a result of recrystallization, the specimens are rather
obscure and none were found which show clearly the flaring "lip."
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Since it is associated with mid-Permian ammonites14 and is there-
fore much older than C. paradoxica, the Canadian species may not
have developed the lip.

GenusSchubertella

Genoholotype, Schubertella transitoria Staff and Wedekind

Schubertella Staff and Wedekind, Bull. Geol. Inst. Univ. Upsala., vol. 10,
pp. 112, 121, 1910.— Thompson, Jour. Pal., vol. 11, pp. 118-123, 1937.

Depratella Ozawa, Contr. Cushman Lab. Foram. Res., vol. 4, p. 9, 1928.—
Thompson, Eclog. Geol.Helvetiae, vol. 28, no. 2, p. 512, 1935.
[Diagnoses of this genus by Galloway and Ryniker (1930, p. 22), Gallo-
way (1933, p. 397), Lee and Chen (1930, p. 109), and Chen (1934, p. 16)
were based wholly or in part on Lower Carboniferous forms belonging to
the genus Eoschubertella.J

Minute, fusiform shells consisting of 4to 6 volutions and scarcely
exceeding a length of 1.5 mm. An endothyroid juvenarium of 1 to
2 volutions consists of small globular chambers in a nearly flat
coil with its axis at a high angle to that of the later whorls. [It is
possible that the genus includes a megalospheric form lacking a
spiral juvenarium.] The wall consists of two layers, a tectum and
arelatively thick diaphanotheca. The tunnel is low and the chomata
well developed. The septa arealmost entirely plain, though slightly
irregular near the polar extremities.

Range, Permian of North America and Eurasia.
The originaldiagnosis of this genus wasbased on a single species

of which two syntypes were illustrated. The generic characters
stressed were the unsymmetrical juvenarium and the thin wall
thought to consist of a single homogeneous layer. It is obvious,
however, that the types were juvenile specimens since they were
less than one-third of a millimeter in length and consisted of only
2 and about 3 volutions respectively. Moreover, the illustrations
showed that the specimen with the larger proloculum wasbilaterally
symmetrical throughout, and the other was obviouslymisinterpreted
and incorrectly drawn since it indicated only 2 volutions on one side
of the proloculum and 4 on the opposite. Accordingly much uncer-
tainty has resulted as to the characters of this genus, and later
discussions and diagnoses have been based on material that could
not be demonstrated to be congeneric with S. transitoria.

14Miller, A. X., and Warren, P. S., A Propinacoceras from North America: Am. Jour. Sci. (5),
vol. 26, p. 295, 1933.
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Thompson has fortunately secured duplicate material from the
original localities in Spitzbergen and has adequately redescribed
the type species. As now understood and restricted, Schubertella
is confined to Permian horizons. There are closely similar and
probably ancestral species in the lower part of the Pennsylvanian
system which werereferred to Schubertella by Galloway and Ryniker
and by Lee and Chen, but Thompson has separated these on the
basis of wall structure and created for them a new subgenus
Eoschubertella, the spiral wall of which has a structure like that of
Fusiella. That is to say, Schubertella has a wall of two layers and
Eoschubertella one of four layers.

kingi,n.sp.

PL 45, figs. 10-15

Description.— Minute shells attaining about 5 volutions, with a
length of only 1.0 to 1.1mm. at maturity; rather thickly fusiform,
with bluntly rounded polar extremities.

The proloculum is exceedingly small, measuring normally be-
tween 20 and 30 microns indiameter, rarely as much as 35 microns.
The first two volutions constitute a well-defined endothyroid juve-
narium with a maximum diameter of 100 to 125 microns. These
whorls arenarrow, like those of Endothyra, and are coiled approx-
imately at right angles to the adult whorls. The first includes about
8 subspherical chambers and the second 11 or12.

Near the end of the second whorl there is agradual, though rapid,
torsion and an abrupt lengthening of the chambers as the fusulinid
character is assumed. The form ratio then gradually increases from
about 1.5 in the third volution to 3.0 in the fifth.

Chomata appear to be completely lacking in the juvenarium, but
are prominent,though narrow, in the fusiform whorls. The tunnel
is well defined but rather low. The tunnel angle increases from
less than 20° in the third whorl to about 40° in the last.

The spiral wall is extremely thin and consists of a tectum and
diaphanotheca, the whole measuring onlyabout 10 microns in thick-
ness in the fourth volution and 15 in the fifth. As a result of its
extreme thinness, the wall is translucent so that, when wet, the septa
show through as in figure 10 of Plate 45.

The septa are extremely plane, as shown in tangential slices like
those of figure 15, Plate 45, or in external views like that of figure
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10 of this plate. As a result no septal loops appear in the axial
sections.

Table of Measurements

—
Schubertellakingi

Discussion.— This species resembles most closely Fusiella para-
doxa Lee and Chen of the Huanglung limestone (Lower Pennsyl-
vanian) of China. It is compared with 5. melonica on page 612.
The extremely small size, thin walls, and endothyroid juvenarium
make it readily distinguishable, though it is easily overlooked. In
axial sections the juvenarium presents a greatvarietyof appearances
depending on the relation of its plane of coiling to the plane of
the slice. These may coincide as in figures 11 and 12 of Plate 45
or theymay diverge by any amount up to 90°.

The species is named in honor of Philip B. King who has done
so much to make known the Permian stratigraphy of Texas.

Occurrence.— This species is widely distributed in the basal beds
of the Permian in the Hueco Mountains and the Sierra Diablo
Plateau, where it ranges through about 100 feet of beds. It occurs
also in the Wolfcamp formation in the Glass Mountains (Locs. 7
and probably 17),and is abundant in the Cottonwood limestone of
Kansas and Nebraska and in the Coleman Junction limestone of
north-central Texas.

melonica,n.sp.

PL 57, figs. 10-14

Description.— This minute species is short and thick, with bluntly
rounded ends and a thickly elliptical axial profile. It consists of
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about 4 volutions inaddition to the juvenarium and attains a length
of about 1.3 mm.and a thickness of about 0.8 mm.

Among the large number of individuals found in a single hand
specimen of the limestone both microspheric and megalospheric
specimens are represented. The microspheric, which is the more
common, is represented by figure 12 and the megalospheric by
figure 14 of Plate 57. The microspheric shell has a proloculum
only about 50 microns in diameter, followed by an endothyroid
juvenarium of about 1full volution coiled with its axis at a high
angle to that of later whorls. The megalospheric shells, on the
contrary,have a proloculum 70 to 75 microns in diameter which is
followed by about one endothyroid volution which differs from that
of the microspheric shell in having fewer and larger chambers. In
the megalospheric shells the juvenarium may occupy less than a
full volution and if it happens to be coiled at right angles to the
axial section as in figure 14 of Plate 57 the asymmetry is not
marked.

Table of Measurements

—
Schubertellamelonica

Specimens 1, 2, and 5 are shown on Plate 57 as figures 12, 14, and 13,
respectively.

Discussion.— This species resembles 5. kingi in general structure
but is much shorter and thicker, its form ratio being about 1.5 in-
stead of 2.7 to 3.0. Also it tends to have a more abbreviated juve-
narium than S. kingi and a somewhat thicker wall.

Occurrence.— This species was found in abundance in the upper-
most beds identified by P. B. King as Hess limestone about 1.1
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miles southwest of the house on the Word ranch. The horizon is a
littleabove the zone of Perrinites compressus and is about 250 feet
below the top of the Leonard formation at this locality. No other
fusulines are associated with this species in the material before the
authors. Ithas also been found in well cuttings at what is believed
to be the same approximate horizon in Terrell County, Texas
(Loc. 33).

Genus Triticites

Genoholotype, Triticites secalicus (Say) =Milolites secalica Say

Triticites Girty, Am. Jour. Sci. (4), vol. 17, p. 234, 1904.— Dunbar and
Condra, Nebr. Geol. Surv., Bull. 2, sec. ser., p. 53, 1927 [1928].—Gallo-
way, Manual of Foraminifera, p. 403, 1933.— Dunbar, in Cushman,
Foraminifera, etc., p. 135, 1933.

Girtyina Staff, Neves Jahrb., Beil.-Bd.27, pp. 490, 506, 1909. (The designated
genotype is a typical triticite, hence the name is a straight synonym;
however, Staff and later workers applied the name to species of
Fusulina s. s.)

Grabauina Lee, Bull. Geol. Soc. China, vol. 3, no.1, p. 51, 1924. (Based on a
crushed specimen of Triticites.)

Fusulina (part) of authors previous to 19301.
Schellwienia (part) of authors.

Diagnosis.— Test fusiform; wall consisting of tectum and keri-
otheca; septa nearly plane to gently fluted across the equatorial
belt and morestrongly fluted toward the poles, the folds of adjacent
septanot joining to subdivide themeridional chambers into chamber-
lets; septa pierced by a slit-like median tunnel that is bordered by
conspicuous chomata; septal pores commonly coarse and conspic-
uous in the outer whorls.

Range, middle Pennsylvanian to early Permian.
Discussion.— Triticites differs from Schwagerina [Pseudofusulina

of authors] in two respects, the possession of conspicuous chomata
and the openness of its septal fluting. In the many species of this
genus which completely dominate our Upper Pennsylvanian
formations (Missouri andVirgil series) the chomata are apersistent
character and the septal fluting is feeble or gentle, at least across
the middle of the shell, so that the meridional chambers are not
interrupted; but in Schwagerina the chomata are obsolete, or are
represented by vestiges in the earliest whorls only, and the fluting
of the septahas become so intense that opposed folds meet, at least
in their lower part, subdividing the lower part of the meridional
chambers into rounded, cell-like chamberlets.
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pygmaeus (Dunbar and Condra)

PI. 48, figs. 13-26

Triticites cullomensis var. pygmaeus Dunbar and Condra, Nebr. Geol. Surv.,
Bull. 2, sec. ser., p. 95, pi. V, figs. 3, 4, 1927 [1928].

Description.— A very small, fusiform, species of 5 or 6 volutions,
attaining a length of about 4 mm.and a diameter of 1.2 to 1.5 mm.
The outline is rather evenly elliptical and the polar extremities
commonly bluntly rounded. The form ratio increasesgradually with
growth from an average of about 1.5 in the first to 2.5 in the fifth
volution.

The proloculum is small, ranging in diameter from about 90 to
160 microns. The wall consists of a thin tectum and a well-defined
keriotheca, its thickness increasing from 20—30 microns in the second
volution to 70 or 80 microns in the outer whorls. The septa are
feebly fluted and increase but slightly in numbers in successive
volutions,commonly numbering 10 or 12 in the first whorl and 16
to 18 in the fifth.

Table of Measurements

—
Triticitespygmaeus

Specimens 1 to 6 are illustrated on Plate 48 as figures 18, 17, 24, 21, 25,
and 26,respectively.

The chomata are narrow but well defined and are moderately
heavy for shells of such small size. The tunnel ismoderately narrow
in the first two volutions but widens notably in the fifth and sixth
whorls. However, it shows considerable variation in width with
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extreme differences as great as 30° in the same volution on opposite
sides of a single section. A tunnel angle of 30° to 40° is common
in the third and fourth volutions with an increase to 40° to 60° in
the succeeding whorls.

Discussion.— Although this shell was originally described as a
varietyof Tritidtes cullomensis, the authors now know that its type
locality is in the Lane shale in the middle of the Kansas City
group over 400 feet below the first occurrence of T. cullomensis.
It is widely spread at the Kansas City horizon and is not known
above it,hence there is insufficient evidence to justify its inclusion
as a variety of the named species.

In its small size, thin wall, small proloculum, and feebly fluted
septa, it is in all respects a primitive triticite. It is also one of
the earliest known in this country, being almost contemporaneous
with T. exiguus (Staff) and T. irregularis (Staff). It closely re-
sembles the former, with which it agrees in size and number of
volutions. However, it tends to have a larger proloculum and
thicker walls, especially in the early volutions. There is also a
marked difference in the early ontogeny, the young whorls of
T. exiguus being more slender with a form ratio of 1.5-2.0 in
the first volution,2.5-3.0 in the second, and increasing to 4 in the
last whorl, whereas in T. pygmaeus the length is commonly not
over 1.5 times the diameter in the first volution and is generally
less than 2 times in the second. T. pygmaeusis similar to T.simplex
of the uppermost Moscovian of Russia.

Occurrence.— In addition to its occurrence in the Kansas City
horizon in southeastern Nebraska and adjacent parts of Missouri,
lowa, and Kansas, this species has been found in the same general
horizon in the Guernsey uplift in southeastern Wyoming and it is
now identified in the Gaptank formation of the Glass Mountains.
It would not be included in the present study except that the mate-
rial containing it was considered to be Wolfcamp when collected,
and the proper identification of the species in the Gaptank forma-
tion, where that formation is unconformably overlain by the Wolf-
campbeds, not only aids in locating the boundary but indicates the
magnitude of the break. This species is abundant in the first lime-
stone in the upper part of the Gaptank formation which is about
740 feet below the top of the formation in the section at Gap Tank
(bed13 of the section published by King and King in 1928). It is
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abundant also just below the Hess conglomerate at R. E. King's
locality 202 which is 2% miles west of Gap Tank. If the authors'
identification is correct, the Wolfcamp is missing here, being over-
lappedby the Hess which rests on the middle Gaptank.

uddeni,n.sp.

PL 47, figs. 1-11

Description.— A small, elongate-fusiform species of 7 to 8 volu-
tions, attaining a length of about 8 mm. and a diameter of 2.5
to 3.0 mm.

The proloculum is rather small, commonly near 200 microns in
diameter. The early volutions are short and thickly fusiform but
the proportions change progressively during growth, as the antetheca
is more elevated toward the poles than at the middle of the shell
and the form ratio increases from near 2 in the second volution to
about 3 at maturity. Adult shells approach a subcylindrical form,
the extremities becoming more bluntly rounded than in the early
stages.

Table of Measurements

—
Triticitesuddeni

Specimens numbered1 to 5 are shown on Plate 47 as figures 6, 7, 10, 5,
and 11, respectively.

The wall is of moderate thickness for a shell of this size, con-
sisting of a tectum and a well-defined keriotheca. Chomata are
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present except in the outer whorl, though they are rather narrow
and not prominent. The septa aremore strongly fluted than isusual
in Triticites but arespaced so that in axial sections the septal loops
appear rounded and irregular. The septa increase gradually innum-
ber in successive volutions. The tunnel is rather wide, the tunnel
angle increasing with growth as shown below.

Discussion.— This small species represents a stage transitional
from Triticites to Schwagerina (formerly Pseudofusulina). Its septa
are fluted more like those in early species of the latter but the
chomata ally it with the former. The authors of this paper are
referring it to Triticites, recognizing that it is in a transitional
stageand probably allied genetically to a group of early Schwager-
inas such as 5. emaciata (Beede), 5. longissimoidea (Beede),
S. forakerensis (Skinner), and S. turki (Skinner). The presence of
the chomata will distinguish it from any of these. Furthermore, it
is considerably smaller than any but the first. Triticites pow-
wowensis is more fusiform, has a larger proloculum, and stronger
chomata.

The species is named in honor of Dr. J. A.Udden, whose pioneer
work in the stratigraphy of the Glass Mountains is wellknown.

Occurrence.— This species occurs in abundance in bed 9 of
P.B. King's Wolfcamp section at Wolf Camp, where it is associated
with T. pinguis (Loc. 7).

powwowensis,n.sp.

PL 48, figs. 1-12

Description.— A rather small,evenly fusiform species withbluntly
rounded ends, attaining about 5 volutions, with a length of 8 or
9 mm.and a diameter of 2 to 3 mm.

The proloculum is fairly large for a shell of this size, commonly
measuring between 250 and 300 microns in diameter, though rarely
smaller. The first whorl is short and globular but succeeding volu-
tions are disproportionately elongated, the form ratio rising to 3
or more in the adult whorls. The whorls increase rather rapidly
inheight and in axialsection the shells appearrather loosely coiled
witheach volution increasing inheight from the middle of the shell
toward the poles.

The wall is relatively thick, especially in the early whorls, com-
monly measuring 35 to 50 microns in thickness in the first whorl



The University of Texas Bulletin No. 3701618

and 50 to nearly 100 in the second, though the increase is not pro-
portionate in the outer whorls and the maximum thickness is nor-
mally between 100 and 125 microns. Chomata are well developed
though rather narrow and are associated with a secondary deposit
that commonly floors the tunnel and the edges of the septa next to
the tunnel,even appearing on theroof of the tunnel. This secondary
deposit is at least partially responsible for the unusual thickness of
the wall in the early whorls. The wall consists of a tectum and a
well-defined keriotheca.

The septa areregularly and rather strongly fluted near the basal
margin but the folds are feeble on the upper part of the septa as
indicated by figure 8 of Plate 48, hence the septal loops appear
rounded and somewhat irregular. Septal pores are abundant, but
rather small, in the fourth and later whorls.

Table of Measurements

—
Triticitespowwowensis

Specimens 1, 2, 3, 4, 5, and 6 are shown on Plate 48 as figures 7, 6, 12,
5, 9, and 10, respectively.

Discussion.— This species, like T. uddeni, represents a stage of
development transitional to Schwagerina. The septa are more in-
tensely fluted than is usual in Triticites and the appearancein axial
sections foreshadows species such as Schwagerina emaciata. Yet
the chomata areconspicuously developed and the authors areassign-
ing the species to Triticites.
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The thickness of the wallof the early volutions and the secondary
deposits upon them will distinguish this from otherwise similar
species.

The specific nameis given for the type locality, Powwow Canyon.
Occurrence.— Abundant in the basal part of the Hueco limestone,

just above the Powwow conglomerate and red shale, in a saddle on
the spur north of the mouth of Powwow Canyon, Hueco Mountains,
Texas. Here it is associated with Schwagerina bellula and Pseudo-
schwagerina beedei. Collected by R. E. King and by J. B. Knight
and P. B. King (Locs. 71, 72, 73).

subventricosus,n. sp.

PL 49, figs. 15-23

Description.— A rather thickly fusiform species of 7 to 8 volu-
tions, attaining a length of about 8 mm., and a diameter of 3.5 to
4.5 mm. The axial profile is almost evenly elliptical, the lateral
slopes being gently convex and the ends neatly rounded. The form
ratio is about 2 in the first whorl, increasing to 2.5-3.3 at maturity.
Specimens 1 and 2, for which statistical measurements are given
below, represent the average or normal form of the species, but
a large number of free specimens show considerable variation in
the relative gibbosity, some individuals approaching T. pinguis in
shape and others being almost as slender as T. uddeni.

The proloculum is of medium size and the wall of moderate
thickness. The tunnel angle is not far from 30° in the early whorls
but widens to 45° or 50° in the outer volutions.

The septa are rather widely spaced and are feebly fluted across
the middle of the shell, becoming rather strongly but irregularly
fluted near the poles. Septal pores are abundant in the outer whorls.
Chomata are moderately strong.

Table of Measurements

—
Triticitessubventricosus
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Discussion.— The group of Triticites ventricosus ranges widely
through the upper part of the Pennsylvanian and as high as the Fort
Riley limestone in the early Permian of the Mid-Continent region,
presenting a number of forms which, though distinguishable when
directly compared, are nevertheless difficult to describe.

The present species was identified as T. ventricosus in prelim-
inary work of the writers, but it is constantly smaller than that
species, commonly has a smaller proloculum, has decidedly less
numerous septa and a wider tunnel. T. subventricosus also closely
resembles T. cullomensis though it attains a larger average size and
has a smaller septal count. T. ventricosus var. inflatus Galloway
and Ryniker is also closely similar but attains a greater average
thickness, has about one more volution and a decidedly narrower
tunnel.

Occurrence.— Very abundant in the lower part of the Wolfcamp
formation of the Glass Mountains where it is associated with
T. pinguis and Paraschwagerina kansasensis. It is abundant in beds
4 and 9 ofKing's Wolfcamp section (Locs. 6, 7, 8).

pinguis,n.sp.

PL 47, figs. 12-19

Description.— A rather large, thickly fusiform or subglobular
species of 8 or 9 volutions,attaining a length of about 8 mm. and
a diameter of 6 mm. The polar extremities are neatly and sub-
acutely pointed and commonly slightly extended at maturity. In
weathering from the matrix these shells commonly lose their tips
and appearsubglobular, as shown in figure 15 of Plate 47.

The proloculum is large, commonly measuring between 300 and
400 microns indiameter, and the whorls expandgraduallybut rather
rapidly. The first whorl is almost spherical and the thickly fusi-
form proportions are maintained throughout with little change in
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form ratio except for a slight elongation of the poles in the last
two or three volutions. In the tabulated measurements the half
length is somewhat too small in specimen 3, the section being
slightly oblique.

The wall is rather thick, measuring 150 microns or more in the
penultimate whorl, and it shows a well-developed keriothecal
structure. The tunnel is of moderate width, increasing slightly and
somewhat irregularly in successive whorls but not showing a tunnel
angle of more than 35° at maturity. The chomata are of moderate
size but are conspicuous in all axial sections. The septa are weakly
fluted except near the base so that in axial sections the septal loops
appearrather sparse and irregular.

Table of Measurements

—
Triticitespinguis

The specimens numbered 1, 2, 4, and 5 are shown on Plate 47 as figures
16, 17, 18, and 19.

Discussion.— This very gibbous species has been mistaken for
"Schwagerina" [=Pseudoschwagerina], and, indeed, cannot be
safely distinguished from the associated Paraschwagerina kan-
sasensis on external characters. However, the strong chomata seen
in weathered specimens, like that shown in figure 15 of Plate 47,
or in a shallow tangential cut or fracture, will suffice to identify
the genus.

Half length
#1 2 3

Half diameter
#1 2 3

Form ratio

#12 3

t

\
y

\

.19 .15

.39 .32

.72 .60
1.00 .98
1.38 1.32
1.70 1.86
2.38 2.40
3.08 3.12
4.00 3.70

.23

.51

.84
1.05
1.35
1.68
2.13
2.78
3.53

.19 .15 .22
.33 .26 .39
.58 .40 .63
.83 .60 .93

1.12 .85 1.23
1.43 1.24 1.53
1.83 1.46 1.95
2.22 1.86 2.37
2.84 2.31

1. 1. 1.
-

1.2 1.2 1.3-
-1.2 1.5 1.3
1.2 1.6 1.1
1.2 1.5 1.1
1.1 1.5 1.2
1.3 1.6 1.1
1.4 1.6 1.2
1.4 1.6

Tunnel angle Wall thickness Septal count

#1 2 3 #1 2 3 #4 5

31°
22°
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Other species of Triticites having a comparable appearance are
T. plummeri Dunbar and Condra, T. tumidus Skinner, and T. ven-
tricosusMeek and Hayden. Of these, T. plummeri is much smaller,
although possessing one or two more volutions,has amuch smaller
proloculum, a much narrower tunnel, and more strongly fluted
septa. T. tumidus is moreextended at the poles,has a thinner wall,
a smaller proloculum, and a somewhat narrower tunnel. The
authors' species is perhaps a late, specialized offshoot of T. ven-
tricosus from which it differs in bemgmuchmore gibbous.

All the available specimens are at least partially silicified,a fact
that increased greatly the difficulty of cutting suitable sections and
of preparing illustrations. In the photographs silicified portions
appear clear and almost structureless.

Occurrence.-— Abundant in the lower part of the Wolfcamp forma-
tion in the vicinity of Wolf Camp (Locs. 5, 6, 8).

victorioensis, n. sp.

PL 53, figs. 1-5

Description.— A rather small,moderately slender, fusiform species
attaining7 to 8 volutions,with a lengthof 7 to 8 mm.and a diameter
of 1.4 to 1.5 mm.

The proloculum is small, ranging from 140 to nearly 200 microns
in diameter, and the early volutions are low and short, the form
ratio being near 2 up to the fifth volution. Then the shell begins
to elongate disproportionately, the form ratio rising to 3 or even
3.5 at maturity. At all stages of growth, however, the lateral slopes
taper gently to rather narrowly rounded ends.

The wall is thin, increasing from about 20 to 45 microns in the
first five volutions and attaining a maximumthickness of 70 microns
in the seventh whorl. The septa are but slightly fluted in the first
4 or 5 whorls but more strongly fluted in the adult whorls, espe-
cially in the end zones. The tunnel is exceptionally narrow,
especially in the young whorls where the tunnel angle ranges be-
tween 10° and 20°. It commonly does not greatly exceed 20° even
in the sixth whorl,but widens rapidly in the seventh, attaining to
45° in one of the authors' types.

The chomata areexceptionally heavy for a shell of this size. The
septa increase gradually in number in successive volutions, from
10 or 12 in the first to about 25 in the seventh.
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Table of Measurements

—
Triticitesvictorioensis

Specimens numbered1to 4 arei shown on Plate 53 as figures 2, 4, 1, and 5,
respectively.

Discussion.— This is one of the last, if not the latest, species of
Tritidtes in the Permian sequence in Texas. It shows no marked
specialization such as would indicate the end of its race, but it is
a well-defined species characterized by its very narrow tunnel, its
heavy chomata, and its ontogeny, the thickly fusiform low inner
volutions standing inmarked contrast with the later whorls.

Compared with T. uddeni it is more slender, tapers more toward
the poles, has amuch narrower tunnel,heavier chomata and thinner
wall. Its ontogeny also is quite different. The size and shape of
this species is similar to that of Schwagerina emaciata,but that shell
differs in the lack of chomata, in stronger septal fluting, in greater
tunnel angle and in ontogeny.

Occurrence.— The types are from the upper part of the Hueco
limestone, about 210 feet above the base of the Permian exposures
on the east slope of Victorio Peak, Sierra Diablo (Loc. 100).

Genus Schwagerina

Genoholotype, Schwagerina princeps (Ehrenberg)=Borelis princeps Ehrenberg

Schumgerina Moller, Neves Jahrb., p. 143, 1877.— Dunbar and Skinner, Jour.
Pal., vol. 10, pp. 83-91, 1936.

Fusulina (part) of authors.

Half length Half diameter Form ratio
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Pseudofusulina Dunbar and Skinner, Am. Jour. Sci- (5), vol. 22, p. 252, 1931.—
Galloway, Manual of Foraminifera, p. 404, 1933.— Dunbar, in Gushman,
Foraminifera, etc., p. 136, 1933 v

Leeina Galloway, Manual of Foraminifera, p. 406, 1935
Nagataella Thompson, Jour. Geol. Soc. Japan, vol. 43, pp. 195-202, pi. 12,

1936.
Schellwienia (part) of authors.

Diagnosis.— Fusiform to subcylindrical tests with a spiral wall
composed of tectum and well-defined keriotheca; volutions plani-
spirally coiled throughout and expandinggradually. A low median
tunnel penetratesthe septa, but chomata are lacking, or rudimentary
and confined to the innermost whorls; septa strongly and regularly
fluted so that opposed folds of adjacent septa meet near the base,
subdividing the meridional chambers into cell-like chamberlets.

Range, chiefly Wolfcamp and equivalent formations but ranging
up into the Leonard; in Eurasia, chiefly in the Uralian and equiva-
lent horizons.

Discussion.— The above diagnosis is based upon a restudy of the
genotype, and is different from the conception of the genus now
widely current. Dunbar and Skinner (1936) have recently shown
that Borelis princeps Ehrenberg has precisely the characters of a
small ventricose Pseudofusulina and is similar to, if not identical
with, P. krotowi (Schellwien). Accordingly, the authors have re-
defined the genus and suppressed Pseudofusulina as a synonym,
at the same timeproposing Pseudoschwagerina and Paraschwagerina
to embrace the forms so longmistaken for Schwagerina.

Schwagerina was the second genus of the Fusulinidae to be estab-
lished, the name having been proposed in 1877, forty-eight years
after Fusulina was named. During that interval Fusulina limestones
had attracted attention.in many parts of the world and nearly a
score of species had been described. As late as 1876 Schwager con-
tributed to the first volume of Zittel's great Handbuch der Paldon-
tologie (p. 103) a diagnosis of the unique genus Fusulina that was
broad enough to include the known species, some of which arenow
referred to Triticites, Schwagerina, Verbeekina, etc. Moller's first
contribution to the study of the Fusulinidae was a short paper
restricting Fusulina and proposing three new genera, the first of
which was Schwagerina.

The original diagnosis was followed by the words "Als cine
typische Form derselben sehe ich die Schwagerina princeps Ehren-
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bergan," with a footnote reference to Ehrenberg's original descrip-
tion and figures of the species. This appears to constitute a definite
designation of the type (see Opinion 71of the International Rules)
and has been so considered by later workers. Furthermore, this
species and no other has been repeatedly cited by subsequent authors
as genotype. For example,Staff (1909, p. 506) cited it in this form,
"Typus: Schw. princeps Ehrenb."

Regrettable as the change may be, the "Rules" leave no alterna-
tive but to accept the named genotype (Art. 31, I, a). The only
other course is an appeal to the International Commission on
Zoological Nomenclature to suspend the Rules and establish as
types of Schwagerina the specimens which Moller described a year
later (1878,p.71) as Schwagerinaprinceps.'7' Numerous caseshave
been presented of genera alleged to have been based upon mis-
identified specimens. They have proved to be among the most
difficult of all cases presented for adjustment and in 191415 the
Commission expressed the intention of withholding judgment until
it had a hundred such cases for study. Most of the cases submitted
are still pending, but a decision in Opinion 14 appears to cover
the present case. Here it was ruled that Etheostoma blennioides
Rafinesque, which was selected as genotypeof Etheostoma by Agas-
siz, must stand as genotype even though some of the characters
attributed to the genus by Agassiz in his diagnosis were derived
from another species erroneously identified as E. blennioides. If it
be assumed that Moller's original diagnosis did not fix the type,
then the later designation of B. princeps Ehrenberg as genotype
forms a close parallel to that involved in Opinion 14. If Moller's
original diagnosis fixed the type, only vague inference would indi-
cate any other basis for the genus than the named type species.

*As this work goes into page proof the authors have received an important paper by
Rauser-Chernoussova entitled "On the Renaming of the Genus Schwagerina and Pseudofusulina
Proposed by Dunbar and Skinner" (Bull. Acad. Sci. U.S.S.R., pp. 573-584, 1937). Here it is
proposed that the genus Schwagerina be preserved in its early and well-established sense as a
nomen conservandum and that it be accepted that the actual types were those in Moller's
collections, not the types of Borelis princeps Ehrenberg. For Moller's specimens she proposes

the new name Schwagerina mb'lleri.
Although an individual has no choice but to follow the Rules of Nomenclature, the proposed

conservation of Schwagerina could be legalized by action of the International Commission. If
this should be done, of course, the name Schwagerina would be restored to the type the present
authors are calling Pseudoschwagerina, and the name Pseudofusulina would be revived for the
forms they are calling Schwagerina.

15Opinion 65, Case of a Genus Based upon Erroneously Determined Species: Smiths. Inst. Pub.
no. 2256, p. 152, 1914.
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It must be admitted that there is some basis for suspecting that
Moller's conception of the genus was based on his own material.
For example, his diagnosis refers to details scarcely visible except
in thin sections,notably the "filet cloisonne" along the axis and the
planeness of the septa. Ehrenberg's figures do not show these fea-
tures and the types do not agree with Moller's diagnosis. This has
the more weight sinceMoller expressed doubt that Fusulina robusta
Meek really possessed strong septal fluting as represented by its
author.

Furthermore, when defining Schwagerina, Moller also proposed
the generaHemifusulina and Fusulinella,both of which were based
on unpublished material in his own collections and which he later
described in 1878 along with what he identified as Schwagerina
princeps. Two diametrically opposed interpretationsmight be made
of this circumstance. On the one hand, it would seem probable that
he had studied the material of his Schwagerinaprinceps before 1877
and based his conception of the genus upon it; but on the other
hand, since he based two new genera on his own material and in
both cases indicated this fact and stated clearly the locality of the
undescribed type material, it may be argued that he would have
done likewise in the case of Schwagerina if he had based it on his
own specimens. It is possible, of course, that his conception was
a composite, based partly on Ehrenberg's description of Borelis
princeps, and partly on material he had seen. In any event,he very
definitely cited the description and figures of Ehrenberg's publica-
tion with no reference whatever to any other examples of Borelis
princeps.

Being obliged to make the unhappy choice without delay the
writers have therefore followed the strict interpretationof theRules.

In this genus, as thus recognized, there is a wide range of form
from species that are short and thickly fusiform to those that are
slender and subcylindrical. There is a temptation to subdivide
these into subgenera on the basis of shape, but two considerations
indicate that such a separation would be to some degree artificial
and in many instances difficult to make in practice. In the first
place, the ontogeny of some species, like 5. diversiformis, proves
that elongate species have descended from short ones and vice versa.
In the second, the majority of species are of intermediate shape,
representingall degreesof gradation from slender to gibbous, and a
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separation into two tribes would require a split at some arbitrary
limit.

Many species of this group have developed strong secondary
deposits in the form of axial fillings or a coating of the walls in
some part of the end zones. In several, this deposit assumes a form
so definite and distinctive as to be a specific character. Two genera
have been proposed, based essentially on this character, Leeina
Galloway and Nagatoella Thompson. As explained on pages 539-
-540, however, such deposits have developed repeatedly and in
species obviously not closely related and the authors do not regard
them as a suitable generic character.

huecoensis (Dunbar and Skinner)

PL 57, figs. 1-9

Pseudofusulina huecoensis Dunbar and Skinner, Am. Jour. Sci. (5), vol. 22,
p. 257, pi. 1, figs. 4-6b, 1931.

Description.— An elongate-fusiform species of 5 or 6 volutions,
attaininga length of 14 to 15 mm.and a diameter of 3.5 to 4.0mm.
The ends are rather neatly pointed and the axial profile is a slender
ellipse in the immature whorls with a tendency to become blunter
at maturity. The height of each volution,as seen in axial sections,
increases toward the poles.

The proloculum is large, commonly measuring300 to 375 microns
in diameter. The first whorls are rather short and thickly fusiform
and relatively loosely coiled, the form ratio increasing with growth
from 1.5—1.8 in the first whorl to about 2 in the second, 3 in the
third, and 4 or more in the last whorls. The proloculum is rather
thick-walled and normally subspherical. The spiral wall is mod-
erately thick in the early whorls but does not increase after the
fourth whorl and doesnot exceed 140 microns at any stageof growth.

The septa are marked by high, strong folds that meet basally in
adjacent septa to form regular cell-like chamberlets as shown in
figure 6 of Plate 57, and in axial sections appear as abundant high
septal loops. The number of septa increases steadily in successive
volutions from an average of 12 in the first volution to 24 in the
third and 33 in the fifth. Septal pores are coarse and abundant,
appearingfirst in the end zones of the fourth or fifth volutions and
spreading across the length of the shell in the sixthwhorl. Chomata
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are lacking or appear in a rudimentary condition in the earliest
volutions only.

The tunnel is of moderate width and the tunnel angle commonly
does not increase appreciably in successive whorls. Because of the
lack of chomata the tunnel is commonly not well defined in the
outer whorls of thin sections.

Table of Measurements

—
Schwagerinahuecoensis

Specimens 1,2, 4, and 5 are illustrated on Plate57 as figures 9, 5, 7, and 8,
respectively.

Occurrence.— The types of this species were collected by R. E.
King from the Hueco limestone about 2 miles east-southeast of
Hueco Tanks in the Hueco Mountains, where it is associated with
Pseudoschwagerina uddeni and P. texana. It is widely distributed
in the P'seudoschwagerina zone (Locs. 14, 17, 74, 75, 85, 113, 122).

franklinensis,n.sp.

PI. 66

Description.— An elongate, fusiform to subcylindrical species of
7 or 8 volutions, attaining a length of 9 to 11mm.and a diameter
of 2.7 to 3.0. The ends arenormally bluntly rounded.

The proloculum is thin-walled and rather small, measuring com-
monly between 200 and 300 microns in diameter. The first two or
three volutions are very thin-walled and closely coiled. Following
these there is a gradual but progressive increase in the height of the

Half length Half diameter Form ratio
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whorls. The form ratio normally increases with growth from 2.5 or
3.0 in the early whorls to nearly 4.0 at maturity.

The wall is only 15 to 25 microns thick in the inner whorls and
increases slowly to about 50 microns in the fourth and amaximum
of 100 to 120 microns in the outer whorl. It consists of a tectum
and a well-defined keriotheca.

The septa are rather strongly fluted but the folds are somewhat
irregular in size and are weak on the upper part of the septum,
so that in axial sections the septal loops vary in size and height.
A tangential slice (PL 66, fig. 8) shows the unequal size of the
cell-like chamberlets.

The tunnel is inconspicuous in axial sections because chomata
are lacking. The tunnel angle varies irregularly between 30° and
50° but with no clear tendency to systematic change from young to
adult whorls.

The axial zone is commonly faintly clouded by secondary shell
material but the deposit is never strong and is an irregular and
inconstant character.

Table of Measurements

—
Schwagerinafranklinensis

Discussion.-— This species closely resembles S. huecoensis. Al-
though it is normally a little smaller and more slender, it could
not safely be distinguished from that species on external features.
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The most striking difference is seen in the ontogeny and the wall
thickness. S. franklinensis has a small proloculum and the first
three or four volutions are thin-walled and low, appearing more
slender and less inflated at the middle than those of 5. huecoensis.
The wall is thinner at all stages of growth, a fact shown most strik-
ingly in the sagittal sections.

The specific name refers to the Franklin Mountains.
Occurrence.— The types were collected by L. A. Nelson from the

Hueco limestone on the south side of White Spur in the Franklin
Mountains about 7 miles north-northeast of El Paso, Texas. It also
occurs in bed 14 of King's Wolfcamp section at Wolf Camp in the
Glass Mountains (Locs. 7, 11, 12, 85).

hessensis,n.sp.

PL 58

Description.— A fusiform species of 6 to 7 volutions, attaining
a length of 11 to 13 mm. and a diameter of 3.5 to 4.0 mm. The
form ratio is about 3.1 in the early volutions, increasing to 3.3 at
maturity. The polar extremities are bluntly truncated but commonly
somewhat produced at maturity.

The proloculum is normally subspherical and quite large, with
the diameter ranging from less than 300 to more than 500 microns.
The volutions expand rather rapidly from the first.

The wall is rather thick, increasing gradually from about 50
microns in the first whorl to more than 150 microns in the last
volution. It consists of a tectum and a rather coarse keriotheca
in which 10 alveoli have a width of about 220 microns. No axial
filling is normally developed and no secondary deposit is formed
on the wall. However, sections commonly show a very thin dark
line like a spider web stretched from septum to septum some dis-
tance inside the wall (see PL 56, figs. 15 and 16). Since this ap-
pears in axial as well as sagittal sections, it is obviously a sheet
of limy deposit like a thin false wall. Its origin and significance
are problematic, but it seems probable that at maturity the proto-
plasm didnot fully occupy the shell and wherever it withdrew from
the outer wall a thin film of shelly material was secreted at its
surface.
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The septa areregularly and strongly fluted as shown in figure 5
of Plate 58, so that the meridional chambers are completely sub-
divided basally into cell-like chamberlets. The fluting extends high
on the septa, hence in axial sections the septal loops appear high
and narrow. Near the equator a few small septal arches and basal
foramina commonly appear, indicating a close approach to the
stage of Parafusulina. The median tunnel is narrow and, in the
complete absence of chomata, is commonly not conspicuous.

Table of Measurements

—
Schwagerinahessensis

Specimens 1and 2 are shown on Plate 58 as figures 11 and 10; specimens
4, 5, and 6 are shown on the same plate by figures 8, 7, and 6, respectively.

Discussion.— This species is marked by its large proloculum, the
loose coiling of its innermost whorls, its thick wall and narrow
tunnel. It is closely allied to S. hawkinsi which differs chiefly in
proportions, being more ventricoseand more inflated.

S. nelsoni is larger, has a much smaller proloculum and more
closely coiled and thinner-walled inner whorls. Furthermore, its
septal loops appear looser and more irregular than in S. hessensis.

S. diversiformis is superficially similar but probably not related
since it differs notably in ontogeny. It has a smaller proloculum
than S. hessensis and more numerous whorls for a given diameter,
and shows axial deposits.
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The resemblance to S. huecoensis is marked, but that species is
less inflated at the center and more bluntly rounded at the poles,
has lower volutions, a wider tunnel, and a smaller septal count.
It may,however, be the ancestor of 5.hessensis.

Occurrence.— The types are from the base of the Leonard forma-
tion as it is represented on Dugout Mountain in the westernpart of
the Glass Mountains,Texas (Loc.20),and were collected by Robert
Roth, but here it is overlapping on older beds and when traced
eastward the zone of 5. hessensis is found to be 400 or 500 feet
above the lowermost part of the formation. The species is also
abundant at locality 83 east of Juan Peak, Hueco Mountains. This
is a zone in the middle Hueco limestone, stratigraphically higher
than the summitof Juan Peak.

hawkinsi, n. sp.

PL 59; PI. 56, figs. 15 and 16

Description.— This species is closely allied to S. hessensis with
which it occurs,and of which it maybe only a short and ventricose
variety. It attains a length of only 10 to 11 mm. and a diameter
of 5.0 to 5.5 mm.and possesses 6 to 8 volutions. Polar extremities
tend to be subacute.

The proloculum is rather thick-walled, normally spherical, and
large. The range in size of the proloculum is exceptional, with
extremes of less than 200 and more than 750 microns in diameter,
but the gradation of intermediate sizes indicates that it is not a case:
of true dimorphism.

The expansion is rapid and the volutions evenhigher than those
of S. hessensis. The septal fluting is like that of S. hessensis, as is.
well shown in figure 8 of Plate 59. The septal count is exceptionally
high, running up to 50 or more in the outer volutions. The tunnel
is very narrow and, in axial sections, is inconspicuous since cho-
mata are completely lacking.

The wall is like that of 5. hessensis and the false inner wall is
even more conspicuous than in that species. Its appearancein thin
section is shown in figures 15 and 16 of Plate 56.

Discussion.— This species is closely allied to S. hessensis from
which it differs in being more inflated and ventricose. It may be
only a variety of the latter. It may be distinguished from several
speciesby the criteriasuggested for S.hessensis.
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Table of Measurements

—
Schwagerinahawkinsi

Specimens 1, 2, 3, and 4 are shown on Plate 59 as figures 9, 4, 5, and 6,
respectively.

S.nelsonihas similar proportions but amuch smaller proloculum,
thinner walls, and fewer septa.

Occurrence.— The types were collected by Robert Roth from the
base of the Leonard formation as it is representedon Dugout Moun-
tain in the western part of the Glass Mountains, Texas (Loc. 20).
The species is also abundant in a zone in the middle Hueco lime-
stone in the vicinity of Juan Peak, Hueco Mountains, but in beds
stratigraphically higher than the top of Juan Peak (Loc. 83).

emaciata(Beede)

PI. 56, figs. 1-12

Fusulincr emaciata Beede, Indiana Univ. Studies, vol. 3, study 29, p. 14,
1916.— Dunbar and Condra, Nebr. Geol. Surv. Bull. 2, sec. ser., p. 116,
pi. X, figs. 1-3, 1927 (1928).

Description.— A small, elongate-fusiform species of 6, or rarely
7, volutions, commonly attaining a length of 5 or 6 mm. and a
thickness of about 2 mm. The ends are rather neatly pointed in the
early whorls but are blunter as the shell becomes more nearly
cylindrical at maturity.

Half length Half diameter Form ratio

#1 2 3 #1 2 3 #1 2 3
.32
.81

1.65
2.48

.22

.49

.92
1.61

.16

.32

.54

.79

.38 .22 .16

.64 .33 .24
1.00 .54 .39
1.45 .81 .58

1.3
1,7
1.7

1 1.5
1.7
2,0

1.4
IA
1.4

3,03
4.40
5.62

2.42
3,59
5.00
5,57

1.13
1.47
2,24

1.97 1.22 .88
2.47 1.70 1.17
2,92 2.28 1.56

2.78 2.09

1.5
1.8
1.8

1.9
i 2.1
; 2.2

2,1

1.3
1.3
1A

Tunnel angle Wall thickness Septal count

#1 2 3 #1 2 3 #4
.064 .045 .056

12°
14°
10°
18°
17°

19°
17°
16°
19°
24-°

16°
13°
14°
14°
12°

.067 .061 .047

.092 .072 .047

.131 .117 .042

.133 .133 .058

.133 .117 .075

15
23
30
36
45

I

11° .153 .072 52>

16° .111
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The proloculum is small,normally between 100 and 120 microns
in diameter, and the whorls are rather closely coiled. The form
ratio increases in successive volutions, averaging less than 2.0 in
the first volution,about 2.0 in the second,and 2.5 to 3.0 in the third
and fourth, and generally exceeding 3.0 at maturity. As seen in
axial section each volution increases in height from the middle to
the end of the shell. The wall is thin, attaining a maximum of 65
to 75 microns in thickness in the fifth or sixth whorls. It consists
of a thin tectum and a well-defined keriotheca.

The septa are regularly and strongly fluted as shown in figure 11
of Plate 56, and appear as high septal loops in axial sections.
Chomata are practically obsolete. The number of septa increases
from 10 or 12 in the first volution to 25 or 30 in the fifth and sixth
whorls.

The tunnel angle is normally between 25° and 40° with but
slight increase from the young to adult whorls. In thin sections it
is commonly difficult to measure because of the absence of the
chomata.

Table of Measurements

—
Schwagerinaemaciata

Discussion.— This species was originally described briefly, with-
out illustrations,and was based upon types from the Florena shale
near Grand Summit, Kansas. An unsuccessful attempt was made
to locate and restudy the types. Dr. Beede wrote the senior author

Half length Half diameter rorm ratio
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.16 .17 .19

.29 .26 .29

.39 .41 .48

.58 .64 .70
.84 .92 1.01

1.7
2.1
2.8
2.4
2.5

1.6
2,2
2.4
3.8
3.6
3,5

1.3
1.8
2,4
2.8
2.6
2.8
3,2

Tunnel angle Wall thickness Septal count

#1 2 3 4 #1 2 3 4 #5 6 7 8

26°
2:6°
31°
37°

24° 31°
24° 29°
34° 37°
33° 39°

35°

.025

.030

.035

.045

.060

.070

_.._ .015 ___.____ .025
_

_ .030 ....
.045 .060
.050 .065 .066
.065 .075

11
15
21
28
28
33?

13 10
19 17
25 20
28 23
25 24

26

12
18
2,1
23
24

.\J\J\J ,\JI%J



Geology of Texas, Volume 111, Fusulinids 635

that they were left with the collections of the Geological Survey of
Texas, but Dr. Sellards informed the writers that they cannot be
located.

The authors have interpreted and redescribed the species on the
basis of material collected from the Cottonwood limestone in south-
ernNebraska. The Florena shale rests immediately upon the Cotton-
wood limestone and the two outcrop continuously from southern
Nebraska across Kansas, the Cottonwood limestone being charac-
terized by the vast abundance of this small fusuline. In view of
this fact and the close correspondence of the measurements of the
authors' specimens with the data given by Beede, there appears to
beno reason to doubt the identification of the species.

It is one of the smallest and also one of the earliest species of
the genus. 5. gracilitatis is similar in general appearance but is
much larger atcorresponding volutions and attains nearly twice the
size of this species at maturity. In size and general shape the re-
semblance of Triticites uddeni to this species is close. But the
triticite may be distinguished by its chomata, by the fact that its
septal folds are lower and the loops are sparse across the middle
of axial sections, by the greater thickness of its wall, and by the
fact that its tunnel widens rapidly in the outer whorls.

Occurrence.— This fine small species occurs in extraordinary
abundance in the Cottonwood limestone in southern Nebraska and
along its outcrop across Kansas into northern Oklahoma. Insouth-
ern Nebraska, at least, it is associated with the very striking but
easily overlooked Schubertella kingi. The same combination of
species occurs in the Coleman Junction limestone at the top of the
Putnam formation in central Texas and low in the Hueco limestone
of the Hueco Mountains, notably at Juan Peak (R. E. King's Loc.
386),and in the Sierra Diablo where it occurs in a bed about 150
feet above the base of the exposure 2 miles southwest of Figure 2
Ranch, and in beds from 100 to 240 feet above the base of the
Hueco on the south side of Marble Canyon. (Locs. 7, 76, 79,95, 104,
105, 106, 107, 108, 109, 115,116, 119, 120, 121, 207.)

gracilitatis,n. sp.

PL 62, figs. 1-11

Description.— A small, slender, elongate fusiform species of 6 or
7 volutions, attaining a length of 8 or 9 (rarely 10) mm. and a
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thickness of 2 to 2.25 mm. The ends are rather bluntly rounded
and the axis is commonly crooked.

The proloculum is small, commonly, between 125 and 200
microns in diameter, and thin-walled. The early whorls are thin-
walled and rather low but the height increases gradually in suc-
cessive whorls. The wall is relatively thin in all whorls, scarcely
exceeding 150 microns, but the texture of the keriotheca is re-
markably coarse, as indicated by figure 10 of Plate 62. The writers
have seen no other species in which the alveoli appeared more
definitely and clearly to be actual openings in the wall. Further
details are shown in figures1and 2 of Plate 44.

The septa are strongly but somewhat irregularly fluted and the
septal loops in axial sections are rather high. Septal pores are
abundant in the outer whorls. Chomata are obsolete but there is a
tendency, well shown in figures 6 and 8 of Plate 62, toward the
secondary deposition of an axial filling. This,however, is irregu-
lar in distribution and inconstant in occurrence. The tunnel is
difficult to measure in thin sections and appears to vary consid-
erably in width, with a tendency to widen rapidly in the fifth and
sixth whorls where the tunnel angle may rise to 50° or 60°. The
number of septa increases in successive whorls from 13 or 14 in
the first whorl to 25 or 35 in the last.

Table of Measurements

—
Schwagerinagracilitatis

Specimens numbered 1 to 5 are illustrated on Plate 62 as figures 9, 6, 8,
11, and 5, respectively.

Half length Half diameter Form ratio
#1 2
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.90 .80
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#1 2
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3
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Discussion.— This small, delicate species resembles the young of
S. linearis but is less nearly cylindrical, has less prominent axial
filling and a smaller proloculum, and never attains more than half
the adult size of that species.

It is somewhat larger and more slender than S. emaciata (Beede)
and its tunnel widens more rapidly and the texture of its wall is
much coarser. The resemblance to S. turki (Skinner) is also very
close,but that speciesis appreciably larger in corresponding whorls.

Occurrence.— The types are from the Wolfcamp formation, just
below the Hess conglomerate, northeast of Gap Tank, west Texas.
Here it is associated with Paraschwagerina kansasensis (Loc. 13).

linearis, n. sp.

PL 62, figs. 12-15; PI. 63, figs. 1-7

Description.— An extremely slender, subcylindrical species of 6
to 7 volutions, attaining normally a length of 14 mm. and a
diameter of 2.3 mm. The largest observed individual consists of
8% volutions and has a length of 18 mm. and a diameter of 3.2
mm. The form ratio increases steadily and rapidly with growth,
mounting from about 2.5 in the first volution to 6.0 in the sixth.
The equatorial part of the shell is scarcely at all inflated and the
polar extremities are rather obtusely rounded.

The proloculum is normally between 150 and 300 microns in
diameter, though the writers have one young shell in which it
measures 400 microns. The proloculum is very thin-walled and
commonly irregular in shape. The early volutions also have a
very thin spiral wall which increases gradually from a thickness
of about 20 microns in the first whorl to 80 in the final whorl. It
displays a thin tectum and a well-defined keriotheca in which 10
alveoli occupy a space of about 200 microns. The septa are very
feebly fluted except near the basal margin where regular folds of
adjacent septa touch, forming a pattern of rounded cell-like
chamberlets as shown in figure 7 of Plate 63. The restriction of
the fluting to near the base of the septa gives a distinctive appear-
ance to axial sections, in which the septal loops are very low and
successivevolutions of the spiral wall but loosely tied together. In
the authors' largest specimen septal arches and basal foramina like
those of Parafusulina begin to appear in the ninth volution. Septal
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pores are abundant in the outer whorls but tend to be obscured
by secondary deposit.

One of the most distinctive features of this species is the heavy
deposit of secondary material that is laid down irregularly along
the axial zone, completely filling the chambers in this region.

The tunnel is low and rather wide but not well defined in thin
sections because chomata are lacking and the septa simple enough
to be commonly cut away at the ends of the tunnel. The tunnel
measurements given below may therefore be more irregular than
is actually justified. The tunnel angle tends to widen rapidly in
the fifth and sixth volutions.

Table of Measurements

—
Schwagerinalinearinses

Specimens 1, 2, and 4 are shown as figures 4 and 5 of Plate 63 and figure
15 of Plate 62; specimens 5 and 7 are shown on Plate 63 by figures 2 and 3.

Occurrence.— This striking species marks the highest zone of the
Wolfcamp formation in the Glass Mountains where it has been
found at localities 16, 18, and 19. In the Sierra Diablo it occurs
a short distance below the cliff-forming Bone Spring formation at
localities 95, 96, 99, 101, and 103. It occurs also in the lower
part of the Hueco limestone southeast of Hueco Tanks in the Hueco
Mountains (Loc. 84).

alt axial length Radius vector Form ratio

#1 2 3 4 #1 2 3 4 #1 2 3 4
I

I
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i
I
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guembeli,n.sp.

PI. 61, figs. 1-13

Description.— A small, short, fusiform species of about 6 volu-
tions, attaining a length of about 6 mm.and a diameter of 3 mm.
The middle part commonly has the shape of a short cylinder from
which there is a rapid but rather uniform slope to the subacute
poles. This shape is strikingly shown in the axial sections in which
each volution appears as an ellipse that has been flattened on each
side at the middle.

The proloculum is rather large, thin-walled, and either sub-
spherical or somewhat flattened on the apertural side. It com-
monly has a diameter between 250 and 350 microns, but extremes
range as low as 220 and as high as 375 microns.

The volutions expand rather rapidly and are high for such small
shells. The antetheca has nearly the same height from equator to
poles and the proportion of length to thickness changes but slightly
during growth. The wall is rather thin, increasing gradually from
a thickness of 25 to 30 microns in the first whorl to 85 or 90 in the
fifth. It consists of a tectum and a well-developed keriotheca in
which 10 alveoli occupy a space of 175 to 200 microns.

The septal folds are strongand high so that in axial sections the
septal loops are high and narrow, while in tangential slices, like
figure 9 of Plate 61, it can be seen that the meridional chambers
are divided basally into regular, cell-like chamberlets. The tunnel
angle varies normally between 30° and 40° but shows no evidence
of a tendency to systematic change in successive volutions. There
is no trace of chomata, but secondary deposits tend to form in the
end zones of the second, third, and fourth whorls, commonly partly
filling the chambers. Since these secondary deposits are lacking
in the equatorial zone and in the outer whorl, they present a strik-
ing appearance in axial sections as two spots, one in the middle
of each end zone of the shell.

Discussion.— This fine diminutive species is distinguished by its
form, the thin walls of its early volutions, and the rather marked
secondary deposits symmetrically spaced in the center of each half
of the shell. It appears to be allied to S. erassitedoria, a much
larger species of more evenly ellipticalprofile.
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Table of Measurements

—
Schwagerinaguembeli

Specimens 2, 3, and 4 are shown on Plate 61 as figures 7, 12, and 11,
respectively. Specimens 5 and 8 are shown on the same plate as figures 6
and 8, respectively.

Occurrence.— This species characterizes a zone about 450 feet
above the base of the Leonard formation. The types were col-
lected by Robert Roth about 1% miles west of Gap Tank, in the
Glass Mountains,Texas (Locs. 32, 31, 23, and 26).

guembelivar. pseudoregularis,n.var.

PL 61, figs. 14-24

Description.^-This variety is distinguished from the associated
S. giimbeli chiefly on the basis of proportions. It is coiled some-
what more closely, hence presents a more slender and more evenly
elliptical profile. It attains a length of 5.5 to 6.0 mm., with a
diameter commonly little over 2.0 mm.

It agrees closely with P. giimbeli in the character of its pro-
loculum, the thinness of the wall, the character of the septal fluting,
andin the secondary deposits in the end zones.

The varietal name is given because of the striking resemblance
to Fusulina (= Schwagerina) regularis Schellwien.

Half length Half diameter Form ratio
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Table of Measurements

—
Schwagerinaguembelivar.pseudoregularis

Specimens 1, 2, and 3 are shown on Plate 61 as figures 22, 20, and 24,
respectively; specimens 4, 5, and 6 are shown on the same plate as figures
18, 19, and 23, respectively.

Occurrence.— The types were collected by Robert Roth in a hori-
zon about 450 feet above the base of the Leonard formation at a
locality about ll^ miles west of Gap Tank, Glass Mountains,
Texas (Locs. 32, 31, and 26).

crassitectoria,n.sp.

PL 65, figs. 1-15

Description.— A rather small, fusiform species of about 7 volu-
tions, attaining a length of about 8.0 to 8.5 mm. and a thickness
of 3.0 to 3.5 mm.

The axial profile is evenly elliptical and the poles neatly
rounded. In the numerous cotypes the surface appears rough and
irregular because of the fact that successive meridional chambers
are unequal in height and size. The sagittal sections (Plate 65,
figs. 12—15) indicate the nature of this irregularity, which seems
to be more pronounced in the outer whorls than in the first three.
The irregularity is so marked as to appear pathologic in many of
the specimens.

The form ratio is generally near 2.5, and it changes but little
with growth following the second volution. The proloculum is of
moderate size but thin-walled and commonly somewhat irregular

Half length Half diameter Form ratio

#1 2 3 #1-2 3 #1 2 3
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in shape. The first volution is low and thin-walled, and the
expansion is progressive in succeeding whorls.

The septa increase somewhat irregularly from about 12 in the
first volution to 25 or 30 in the sixth, and are so strongly fluted
as to subdivide the lower part of the meridional chambers into
cell-like chamberlets. The tunnel is rather wide and tends to
increase from about 40° in the second volution to 50° or 60° in
the fifth. Chomata are not developed but there is a conspicuous
secondary deposit in a broad zone bordering the tunnel. In con-
trast to S. linearis in which this deposit occupies the axial zone
to the poles, it is here concentrated in the middle half of the shell.
Figure 11 of Plate 65 shows that it takes the form chiefly of a
thickening of the septa rather than of the spirotheca, and that it
may result in the partial or complete filling of the chambers.

Table of Measurements

—
Schwagerinacrassitectoria

Specimens 3, 4, and 8 are illustrated on Plate 65 as figures 7, 5, and 12,
respectively.

Discussion.— In shape and in the character of its axial filling this
species is allied to S. giimbeli, of the Leonard formation, and to

Parafusulina bb'sei of the Word. It is much smaller than the latter,
has a smaller proloculum, and a more slender form. On the other
hand it is larger and more elongate than S. giimbeli.

Half length Half diameter Form ratio
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Occurrence.— Very abundant in a zone 400—500 feet above the
base of the Leonard formation in the eastern part of the Glass
Mountains (Locs. 38, 34, 25).

bellula,n.sp.

PL 63, figs. 8-18

Description.— A small fusiform species with neatly pointed ends
and evenly convexlateral slopes,attaining a length of 6 to 7.5 mm.
and a diameter of about 3 mm. At this size it has 6or 7 volutions.

The proloculum is extremely small, measuring in five representa-
tive types 160, 110, 140, 115, and 135 microns, respectively, in
diameter. A single sagittal section referred with some doubt ■to
this species contains a larger proloculum (figure 16 of Plate 63).
The inner whorls are low and tightly coiled and very thin-walled,
but there is a rapid, though very gradual, increase in height of
the whorl until maturity is reached, the outer volutions being rela-
tively high for so small a shell. The height of each volution as
seen in axial section changes but little from the middle of the
shell to the poles, hence the proportion of length to thickness of
the shell changes but little during growth. The inner whorls are,
however, somewhat more slender, with a ratio of length to thick-
ness averaging about 3 in the second and third whorls and declining
to 2 or 2.5 at maturity. The wall is only about 20 microns in
thickness in the first volution but it increases gradually to 125 or
135 in the last whorl. The tectum and keriotheca are well defined.

The septal folds are strong, regular, and high, hence in axial
sections the septal loops are high and narrow and rather closely
crowded. The number of septa varies from 11 to 13 in the first
whorl and increases to 30 or more in the last whorl. Chornata are
completely lacking.

Discussion.— This beautiful small species is distinguished by its
evenly elliptical profile, small proloculum, low and thin-walled
early whorls,and the intense and high fluting of its septa. Itbears
a striking resemblance to the much larger form Paraschwagerina
gigantea (White),but it expandsgradually instead of suddenly, has
fewer whorls even at a corresponding size, and is much smaller
at maturity. It occurs at a lower horizon, also.
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Table of Measurements

—
Schwagerinabellula

Specimens 1 to 6 are illustrated onPlate 63. by figures 13, 12, 14, 18, 15,
and 17, respectively.

In height of volutions and septal characters this species re-
sembles young individuals of S. diversiformis, but that species
differs in having a much larger proloculum, conspicuous secondary
filling in the end zone of the juvenile whorls, sharper polar ex-
tremities, and a somewhat different profile.

There is a notable resemblance to 5. compacta (White) which
also has a very small proloculum, high narrow septal loops, and
numerous low inner whorls. That species,however, attains a larger
size, is considerably more elongate, and has very pronounced sec-
ondary filling in the end zones.

Occurrence.— This species was collected from the basal part of
the Hueco limestone just above the Powwow red beds in a saddle
on the spur north of the mouth of Powwow Canyon in the Hueco
Mountains,Texas. It is associated with Triticites powwowensis and
Pseudoschwagerina beedei. The authors have two collections from
this locality, onemade by R. E.King and the other by J. B. Knight
and P.B.King (Locs. 73 and 71).
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compacta (White)

PL 64, figs. 1-8; PL 65, fig, 16

Triticites compactus White, Univ. Texas Bull. 3211, p. 38, pi. 11, figs. 10-12,
1932.

Description.— A rather thickly fusiform species with gently con-
vex lateral slopes and acute polar extremities. Adult shells have
7 or 8 volutions and attain a length of about 10 mm.and a thick-
ness of 3 or 4 mm. The antetheca is of nearly uniform height
from center to poles and the formratio changes but slightly during
the growth of an individual. The form ratio varies from 2.4 to 3.3
in the outer whorls,averaging between 2.8 and 3.0.

The proloculum is small, commonly between 100 and 200
microns in diameter, and the earliest whorls are rather low and
have thin walls. The height increases rather rapidly, however, and
the wall attains a thickness of 80 to over 100 microns in the sixth
whorl,beyond which it commonly decreases again. The keriotheca
is rather coarse.

Table of Measurements

—
Schwagerinacompacta

Specimens 1, 3, and 5 are illustrated as figures 5, 7, and 8 of Plate 64;
specimen 2 as figure 16 of Plate 65.

The septal folds are strong and high and septal loops appear
high,narrow,and crowded in axial sections. A marked axial filling

Half length Half diameter Form ratio
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occupies much of the end zone of all but the last two whorls,
coating the wall and partly or completely filling the chambers.
The tunnel is of moderate width, most of the authors' measure-
ments falling between 20 and 30 degrees. In the absence of
chomata it is difficult to be sure of the limits of the tunnel in thin
sections and the few measurements above 40° may be erroneous.

Discussion.— White had but six specimens, three of which were
sectioned. The authors' additional sections permit a fuller descrip-
tion and give more comparative data.

White figured an associated but shorter form as an unnamed
variety of this species. The writers have introduced for compari-
son (Plate 64, fig. 6) the axial section which he illustrated. It
differs not only in proportions but in having lower volutions and a
thinner wall at corresponding growth stages. White had but a few
specimens of this short form and as the writers of this paper have
found no more it is impossible to determine whether this represents
an individual or a racial variation.

This species most closely resembles S. bellula of the basal Hueco
limestone, from which it may have descended, but that species is
considerably smaller and has but a slight trace of axial filling.

5.diversiformis is also similar, buthas a much larger proloculum,
more loosely coiled early whorls, and a different ontogeny. Its
antetheca increases in height toward the poles in the outer whorls
where the proportion of length to thickness increases rapidly.

Occurrence.— White's types were derived from an ant hill near
Gap Tank and mistakenly referred to the upper Gaptank. Sellards
later showed that the horizon is Wolfcamp. The authors have
found the species in the Wolfcamp (bed 9 of King's section) at

Wolf Camp (Loc. 7), and in the upper part of the Wolfcamp
(Loc. 15), about 4 miles west-northwest of Wolf Camp. In both
these localities it is associated with abundant Pseudoschwagerina
uddeni and P. texana. (Also Locs. 14 and 17.)

The intense and high septal fluting, the absence of chomata, and
the marked axial filling characterize this as a distinctive Wolfcamp
type; it undoubtedly does not occur in beds as old as the Gaptank.



Geology of Texas, Volume 111, Fusulinids 647

diversiformis, n. sp.

PL 60, figs. 1-7

Description.— This fine species has 7 or 8 volutions and attains
a length of 13 or 14 mm. and a diameter of 4to 4.5 mm. Young
shells are thickly fusiform and the form ratio remains about 2.5
until the fifth or sixth volution is attained. In these early whorls
the antetheca is nearly uniform in height from pole to pole. In
later volutions,however, the ends of the shell arerapidly elongated
and the form ratio increases to 3.0 or 3.5. As a result of this pro-
nounced ontogenetic change, young and adult shells appear strik-
ingly dissimilar. The specific name alludes to this difference in
form in successive growth stages.

The proloculum is moderately large, ranging commonly between
250 and 300 microns in diameter, with extremes of 200 and 350
microns. In shells with a small proloculum the inner volutions
are lower and thinner-walled than in those with a large pro-
loculum. The proloculum is subspherical and has a relatively
thick wall.

The volutions are moderately high and the expansion rather
rapid. The wall increases gradually in thickness from 25 or 35
microns in the first volution to 120 in the penultimate whorl,
decreasing again in the last volution.

The septa are numerous, the septal count being exceptionally
high. The septal fluting is strong and the folds reach to the top
of the antetheca (PL 60, figs. 4-6). Opposed folds of adjacent
septa meet to subdivide the meridional chambers into cell-like
chamberlets. As a result of the strong fluting and close spacing of
the septa, the septal loops areclosely crowded and high in all axial
sections.

The tunnel is narrow, the tunnel angle commonly measuring
between 25° and 30°. No trace of chomata can be seen.

One of the distinctive features of the species is the narrow zone
of secondary filling along the axis of the shell.

Discussion.— This beautiful species is characterized by its strong,
high septal folds, by its secondary deposits in the end zone of the
immature whorls, and by the remarkable change in shape during
ontogenetic development, the first four or five whorls having the
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Table of Measurements

—
Schwagerinadiversiformis

Specimens numbered 1, 3, 4, and 5 are illustrated on Plate 60 as figures
4, 6, 5, and 7, respectively.

profile of a short, thick, sharply pointed shuttle, whereas succeeding
whorls are disproportionately elongated at the poles, developing
bluntly rounded and extended ends and slightly concave lateral
slopes. Young specimens were at first separated from the adults as
a distinct species.

Occurrence.— Types from the Hueco limestone at White Spur,
north of El Paso, Texas. Also common in the middle and upper
part of the Wolfcamp formation in the Glass Mountains where it
is associated with S. compacta, S. nelsoni, Pseudoschivagerina
uddeni, and P. texana (Locs. 85, 87, 11, 12, 14, 78, and 84).

knighti, n. sp.

PL 81, figs. 11-14

Description.— Shells of about 9 volutions, attaining a length of
about 11mm.and a diameter of 5 mm. The adult form is strongly
inflated at the middle with rather acutely extended poles, the lateral
slopes being concave.
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This species resembles 5. diversiformis and S. nelsoni in its
ontogeny, the early whorls being rather short and thickly convex,
the last two volutions alone developing the marked polar extremi-
ties. The proloculum is very small,measuring 150 to 200 microns
in diameter, and the first whorls are low and tightly coiled and
thin-walled. There is a progressive increase in the height of the
volutions, however, and the outer ones are high and thick-walled.

The septa are numerous, increasing steadily from 15—20 in the
first volution to about 50 in the eighth. The septal folds are strong
and high as in S. diversiformis. The tunnel angle is narrow and
shows no systematic increase beyond the third volution. Chomata
arecompletely lacking but there is a rather conspicuous secondary
deposit along the axis as in 5. diversiformis. The types also show
a false inner wall like that described in S. hawkinsi (see PI. 56,
figs. 15 and 16).

Table of Measurements

—
Schwagerinaknighti

Discussion.— -This species resembles S. nelsoni and S. diversi-
formis in shape, size, and ontogenetic change in shape; it differs
markedly from the former in internal features, notably its smaller
proloculum, its larger number of whorls, and its axial filling; it is
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more closely allied to 5. diversiformis which it resembles in its
axial filling, but it has generally a much smaller proloculum, a
narrower tunnel,and a somewhat different shape, especially during
the younger stages, the axial sections of the inner whorls of
S. diversiformis appearing slightly flattened across the middle and
steeply pinched off at the ends, whereas in this species they are
evenly rotund.

There is also some resemblance to S. compacta but that species is
more slender, somewhat differently shaped, and has its axial de-
posits in a broad belt in each end zone instead of along the axis.

The species is named for Dr. J. Brookes Knight, paleontologist
on P. B. King's field parties of 1933 and 1936.

Occurrence.— The types were collected by J. W. Skinner from the
Hueco horizon below the cliff-forming limestones of the Bone
Spring formation just south of the porphyry intrusive in the wall
of Marble Canyon, Sierra Diablo,Texas (Loc. 114).

nelsoni,n. sp.

PL 67

Description.— A rather large fusiform species of 6 or 7 volutions,
attaininga length of about 15 mm.and a thickness of 5 mm. The
shape changes to a remarkable degree during growth; young shells
are thickly fusiform and rather bluntly pointed at the ends, their
whorls having a nearly uniform height from center to pole; but
after the fifth volution the ends are rapidly extended, the lateral
slopes become concave, and the adult shell is elongate, with a
somewhat bulging middle, concave slopes, and somewhat extended
"and blunt polar extremities. So great is the difference in shape
and appearance that young and adult shells were at first separated
as distinct species.

The proloculum is rather large, commonly between 200 and 250
microns in diameter, but is thin-walled. The early whorls increase
inheight rapidly and appear loosely coiled. The wall is quite thin
in the first three or four whorls and then gradually increases to
125 or 150 microns in the outer whorls.

The septa are marked by strong, high folds which, as shown in
figure 11of Plate 67, subdivide the chambers into rounded cham-
berlets, and in axial sections the septa appear as high loops. In
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sagittal sections the septa appear long and commonly crooked, fre--
quently joiningin pairs at the base. The number of septa increases
rapidly in successive volutions from 10-15 in the first to 40 or
more in the outer whorls. Septal pores are abundant, but rather
fine, in the outer whorls,and arenot conspicuous in axial sections
because of the intense fluting which causes the septa to cross the-
slice at high angles.

The tunnel angle ranges between 20° and 35° and, contrary to,

the usual habit, does not increase in the outer whorls. Chomata-
are completely lacking.

Table of Measurements

—
Schwagerinanelsoni

Specimens 1 to 6 are illustrated onPlate 67 as figures 9, 8, 6, 13, 12, and
14, respectively.

Discussion.— This beautiful species is dedicated to Professor L. A^
Nelson whose splendid collections of fusulines from the Hueca
limestone of the Franklin Mountains have been most generously
entrusted to the authors for study. It is easily distinguished by the
inflated form and thin wall of its early volutions and by its re-
markable ontogenetic change in shape as it approaches maturity..
The intensityof its septal fluting is also notable.

It bears superficial resemblance to Paraschwagerina gigantea;
(White), notably in its size and shape, the exceptional height of
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its volutions, and the intense septal fluting, but its ontogeny is
entirely different, P. gigantea beginning with a very small pro-
loculum and having its early whorls slender and low and tightly
coiled, after which it becomes abruptly inflated.

The ontogenetic change in shape finds a parallel in S. diversi-
formis,but that species has much lower and more numerous whorls
and a distinctly different shape. Another species of similar adult
shape but somewhat smaller size is S. hessensis, but that form is
easily distinguished from this by its lower whorls, much thicker
wall, and the shape of its early whorls.

Occurrence.— This species is abundant in the Hueco limestone on
the west flank of the Franklin Mountains where it was collected by
L. A. Nelson at locality 85. It is common also in the upper part
of the Wolfcamp formation at locality 15 about 4 miles west-
northwest of Wolf Camp, where it is associated with Pseudo-
schwagerina uddeni (Beedeand Kniker) and Schwagerina compacta
(White).

laxissima,n.sp.

PL 68

Description.— A large species of elongate-fusiform shape with
blunt ends. The growth is commonly somewhat irregular and the
poles may appear bluntly truncated or unsymmetrically pointed.
The species possesses 6, or rarely 7, volutions and attains a length
of about 13 mm.and a thickness of 3 to 4 mm.

The proloculum is of medium size, commonly between 200 and
300 microns in diameter, and the first three whorls are short and
thickly fusiform, whereas the succeeding whorls lengthen rapidly
as the form ratio increases from about 2 in the second volution to
3—3.5 in the fifth and sixth whorls. The whorls increase in height
quite rapidly, the shell attaining an exceptionally large size for
so small a number of whorls.

The wall is relatively thick in the inner volutions, measuring
about 50 microns in the second volution and 70 in the third, but
it does not increase proportionately in later whorls, scarcely ex-
ceeding 130 microns at a maximum. Chomata are present, though
narrow,in the first two or three volutions, and in addition the wall
of these inner whorls appears to be thickened by asecondary deposit
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laid on the floor of the volution, the net result giving the axial
sections an appearance of compactness or denseness at the center
that suggests Pseudoschwagerina. Inspection of the sagittal sec-
tions proves, however, that the increase in height of the whorls is
gradual and the resemblance is apparently superficial. The wall
consists of a tectum and a well-defined keriotheca.

The septa are strongly fluted at their basal margin as may be
inferred from figure 9 of Plate 68, but because of the height of the
volutions, the width of the chambers, and the limited height of the
folds, the septal loops appear broadly rounded and loosely and
irregularly arranged in axial sections. Septal pores are plentiful
in the outer whorls.

The tunnel is well defined in the inner whorls but difficult to
measure in the outer. The authors' measurements indicate consid-
erable irregularity in the tunnel angle but this may be at least
partly due to uncertainty as to the limits of the tunnel in the
outer whorls.

Table of Measurements

—
Schwagerinalaxissima

Specimens 1 to 5 are illustrated onPlate 68 as figures 11, 5, 10, 8, and 7,
respectively.

Discussion.— The specific name refers to the exceptional loose-
ness of coiling in this shell. This feature will distinguish it readily
from any other known American form. Combined with this, the
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thick-walled character of the inner whorls and the presence in them
of rudimentary chomata are distinctive features. In these features
as well as in the tendency toward secondary thickening of the wall
near the middle of the shell there is much resemblance to S.
nathorsti var. laxa (Lee),but that species is smaller, has a smaller
proloculum, a somewhat different shape, and heavier secondary
deposit.

Occurrence.— The types werecollected by L. A. Nelson from the
Hueco limestone on the slope opposite Anthony, in the Franklin
Mountains about 15 miles north of El Paso, Texas (Loc. 89). It
lias been found also in the upper part of the Hueco limestone in
the east slope of Victorio Peak (Loc. 100) and in about the same
horizon in Marble Canyon in the Sierra Diablo.

setum,n.sp.

PI. 69

Description.— A striking large species of about 9 volutions,
attaining a length of over20 mm., and a diameter of about 4.5 mm.
The immature shells are subcylindrical with somewhat tapered and
rounded ends butat maturity the middle part of the shell is broadly
constricted and the end zones very bluntly rounded. The con-
striction gives the shell a form suggesting a peanut, whence the
specific name [L. setum, a ground nut]. (The name is, of course,
a noun in apposition,and does not agree ingender with the genus.)

The proloculum is of moderate size and the early whorls are
rather low and slender. The form ratio increases from about 2 in
;the first volution to 5 or a little more in the sixth volution and
then decreases appreciably in the later whorls as the ends become
blunt. The wall is thin for so large a shell,commonly not exceed-
ing 80 microns.

The septa are regularly and strongly fluted, the septal folds
dividing the basal part of the meridional chambers into rounded
chamberlets as shown in figure 8 of Plate 69, but the specialization
has not reached the stage seen in Paraschwagerina. The tunnel is
moderately wide, increasing from 25—30° in the first whorl to
45—60° in the last. There are no chomata but a slight amount of
secondary deposit lines the chambers along the axis.

The University of Texas Bulletin No. 3701£54
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Table of Measurements

—
Schwagerinasetum

Discussion.— This is the largest and one of the latest of the
Schwagerinas. The authors of this paper expected to find it to be
aParafusulina but tangential sections and exfoliated specimens both
show that no basal foramina and cuniculi have formed.

There is a striking resemblance in size and shape between this
species and Schwagerina hyperborea (Salter) which was collected
by Belcher at Depot Point, Albert Land, Arctic America. That
species appears to be thicker and more deeply constricted and the
resemblance is probably superficial.

Occurrence.— The types were collected by H. C. Fountain and
Philip B. King from the upper part of the Bone Spring limestone
on a ridge about one-half mile north-northeast of Bone Springs,
Guadalupe Mountains (Loc. 173). The occurrence is a projecting
wedgeof the white member a few feet below conglomerates which are
presumably the base of the overlapping Delaware Mountain forma-
tion. It was found also at locality 175 in this region and in the
upper part of the Bone Spring limestone at locality 132 in the
Sierra Diablo.
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GenusPseudoschwagerina

Genoholotype, Pseudoschwagerina uddeni (Beede) = Schwagerina
uddeni Beede

Pseudoschwagerina Dunbar and Skinner, Jour. Pal., vol. 10, p. 89, 1936.
Schwagerina (part) of authors except Moller, 1877.

Diagnosis.— Thickly fusiform to subspherical fusulines with a
two-layered wall in which the keriotheca is distinctly alveolar;
inner volutions closely coiled as in Tritidtes, forming a compact
juvenarium of 2 to 5 whorls which is followed by an abrupt
change to the high inflated volutions' of the adult shell. The last
volution declines somewhat in height.

Septa rather feebly and irregularly fluted, the folds being chiefly
developed near the basal margin. In some species the septa are
nearly plane, and even where rather strongly fluted they are so
widely spaced that opposed folds of adjacent septa do not normally
meet. Chomata present in the juvenarium but rudimentary or
lacking in the inflated whorls.

Range, Wolfcamp and equivalent horizons in America; Uralian
of Eurasia.

Discussion.— As noted under Schivagerina, this is the type of
shell for which that name has long been used. The great height
of the inflated whorls in some of the species is noteworthy, but the
actual height depends partly on the size of the species. The dis-
tinctive feature is the abrupt change in the plan of coiling, which
leaves the juvenarium sharply marked off from the later whorls.
In Schwagerina s. s. the whorls commonly increase gradually in
height to the outermost volution; but in Pseudoschwagerina the
maximumheight is attained shortly after inflation begins.

The ontogeny clearly shows that this genus developed out of
Tritidtes.

beedei,n.sp.

PL 49, figs. 1-14

Description.— This is the smallest and structurally the most
primitive of our pseudoschwagerines, a small rather thickly fusi-
form species of about 6 volutions,attaining a length of 6 or 7 mm.
and a diameter of 3 to 3.5 mm. The polar extremities are sub-
acutely rounded and the axial profile evenly elliptical.
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The proloculum is of medium size, ranging in diameter from
200 to 260 microns. It is followed by a well-defined juvenarium
of 3 to 4 tightly coiled volutions. This is followed by rapid
inflation in the next one-fourth whorl. The next two volutions are
high but the last declines appreciably. The antetheca maintains
anearly uniform height from center to poles.

The wall is rather thin, increasing gradually from about 30
microns in the first whorl to nearly 100 in the sixth. It consists
of a tectum and a well-developed keriotheca.

The septa are nearly plane except near their basal margin (fig.
13 of PL 49) and in the end zones where they are feebly fluted.
Septal pores are abundant in the outer volutions. Chomata are
present in the whorls of the juvenarium but are narrow and very
small; they are completely lacking in the inflated whorls. The
septa appear very thin in the inflated whorls of sagittal sections
and much thicker in the juvenile whorls where they are thickened
by the deposit which forms the chomata.

Table of Measurements

—
Pseudoschwagerinabeedei

Discussion.— This species is not only the smallest but structurally
the most primitive of the pseudoschwagerines. Until after it has
attained 3% or 4 volutions it is in every respect a typical Tritidtes
of rather ventricose proportions. The inflation not only comes late
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in individual development but takes place rather gradually as
compared with later species such as P.uddeni.

Two facts indicate that these are normal adult shells and not
juvenile individuals of a larger species. First, of a large number
of free specimens collected at the type locality, none is larger than
the measured types. Second, the ontogeny shows fully the three
phases so characteristic of pseudoschwagerines, namely the tightly-
coiled juvenarium, the inflated adult whorls, and a gerontic decline
in the height of the final volution. The last feature clearly indi-
cates that these individuals had reached full maturity.

This species is not only the most primitive structurally but the
oldest geologically, occurring at the very base of the Hueco lime-
stone. It appears to be directly ancestral to the larger species,
P.uddeni and P. texana, of the succeeding horizons.

It is associated with Schwagerina bellula, which agrees closely
with it in form and size so that separation of entire shells of the
two is difficult until it is observed that the meridional furrows are
farther apart in the Pseudoschivagerina. A slight abrasion of one
side to reveal the septal fluting permits easy separation.

Occurrence.— At the base of the Hueco limestone, just above the
red sandy shales in a saddle on the spur 1mile north-northeast of
PowwowTanks and just north of the entrance to Powwow Canyon,
Hueco Mountains,Texas (Locs. 71, 72, 73, and 76).

uddeni (Beede and Kniker)

PL 50; PI. 53, fig. 8

Schwagerina uddeni Beede and Kniker, Univ. Texas Bull. 2433, p. 27, pi. I,
fig. 1;pi. IV, fig. 10;pi. VI, figs. 1, 2, 4-7, 1924.

Description.— A very large, extremely ventricose species of 5 or
rarely 6 volutions,reaching a length of about 10 mm.and a thick-
ness of 7 mm. at maturity. The average of specimens collected is
slightly smaller. The form is not truly subspherical at any stage
of growth, for the poles are normally extended slightly to sub-
acutely rounded apices and the axial profile is a very thick ellipse.
In weathering, the polar extremitiesare not uncommonly rounded
off so that the specimens appear more nearly subspherical than
they actually were.
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The proloculum varies considerably in size, ranging from less
than 150 to more than 400 microns, but no truly microspheric form
has been observed. The juvenarium consists normally of about
2% rather closely coiled volutions, but shells with a very large
proloculum commonly have only 1% volutions in the juvenarium
and those with a very small proloculum may have as many as 4.
During this juvenile stage the shell is rather thickly fusiform, with
a length about ll^ times the diameter. At the close of the juvenile
stage the volution increases very rapidly in height, the change to
the fully inflated form commonly taking less than half a volution.
The next two volutions are very high, but the last declines again.

The wall is rather thin, increasing but little in the inflated whorls
and commonly reaching a maximum of about 110 microns. The
keriotheca is thin but the alveolar structure is clearly shown.

The septa show very little fluting. They commonly do not follow
the axis closely, arching back in crossing the middle of the shell.
For this reason they are frequently cut in axial sections (as in
PI. 50, fig. 9) but not as septal loops, and where they do follow
the axis the space between the walls of successive volutions appears
remarkably open in axial sections (PI. 50, figs. 6 and 8). Septal
pores are abundant in all the inflated whorls.

Chomata are well developed, though narrow, in the whorls of
the juvenarium where they define a narrow tunnel, but in the
inflated whorls chomata are completely lacking and the tunnel is
very low and narrow and usually cannot be distinguished in thin
axial sections.

Discussion.— This fine large species is distinguished by its size,
the small number and extreme height of its volutions, the abbrevi-
ated juvenarium, and the abrupt change from the latter to the
inflated whorls. It is nearly everywhere associated with P. texana,
a much more slender, elongate species, and immature specimens
of the two may be difficult in some instances to separate. Aside
from the differences in shape they differ in that the septa are but
slightly fluted in this species and more strongly fluted in the other.

Occurrence.— This species is widely distributed in Trans-Pecos
Texas and New Mexico where it ranges through a considerable
thickness of the Wolfcamp and its equivalent, the Hueco forma-
tion. It has not been found in the basal part of either of these,
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however. Judging by the authors' collections, it first appears
about bed 12 of King's section at Wolf Camp.

Table of Measurements

—
Pseudoschwagerinauddeni

Specimens 1, 2, 3 are shown onPlate 50 as figures 9, 6, and 7, respectively.
Specimen 4 is shown in part by figure 8. Specimen 5 is shown by figure 5.
Specimens 9 and 6 are from the middle Wolfcamp (bed 12 of King's sec-
tion), Wolfcamp Hills, Glass Mountains, Texas. Specimen 8 is the one
figured by Beede onPlate VI, figure 6, of the original description.

It was collected by Skinner in association with P. texana and
Schwagerina huecoensis in an outlier of the Permian in eastern
Sutton County, central Texas, and with the former in the lower
part of the Florence flint,1mile east and 2 miles north of Silver-
dale, Kansas. (Locs. 8, 14, 15, 17, 74, 75, 78, 81, 82, 85, 88, 113,
122, 210.)

gerontica,n.sp.

PL 51

Description.— This is the largest of the American species of
Pseudoschwagerina, attaining a length of 12 mm. and a diameter
of 6.4 mm., with 6 or 7 volutions. It is thickly fusiform, inflated
in the middle, and produced into stubby nubs at the poles. In
external form it is somewhat intermediate between P. uddeni and
P. pseudofusulinoides, but sections show it to be more closely
allied to the former which it closely resembles in the first 4 or 5
volutions.
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There is considerable variation in the size of the proloculum,
as in P. uddeni, the authors' measurements ranging from 230 to
440 microns. The number of whorls in the juvenarium likewise
varies, being in general inversely proportional to the size of the
proloculum. Thus, the holotype, shown as figure 5 of Plate 51,
has less than two whorls in the juvenarium, while a paratype,
shown as figure 6, possesses more than three volutions.

The whorls of the juvenarium are closely coiled and have a
relatively thick wall and well-defined chomata. The inflation fol-
lowing the juvenarium is rapid and very great,giving rise to about
two very deep volutions and producing a subglobular shape in the
immature shell. In these whorls the septa are only feebly fluted.
The last one and a half or two whorls decline notably in height
and become disproportionately extended at the poles. In these
also the septa are much more strongly fluted than in the previous
whorls.

The wall is relatively thick in the inner whorls, that of the pro-
loculum reaching the exceptional thickness of 50 microns while the
third whorl runs up to 60 or even 85 microns. But with infla-
tion there is at first a decrease of 10 or 20 microns and then a

Table of Measurements

—
Pseudoschwagerinagerontica

Specimens 1, 2, and 5 are shown onPlate 51 as figures 6, 5, and 3, respec-
tively. Specimen 3 is from the Hueco limestone southeast of Vinton.
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rather rapid increase in the outer whorls, reaching in the last
whorl of one of the specimens a thickness of 180 microns.

Discussion.— This species is distinguished by its great size and
its ontogenetic changes, notably the elongation in the last two
whorls along with the development of strong septal fluting. It is
most like P.uddeni which it closely resembles until it approaches
maturity. It appears to be a specialized offshoot or descendant of
P.uddeni.

It should be noted that in the penultimate whorl of figure 6 the
slice almost coincides with a septum so that minor fluting gives a
marked display of septal loops. This gives a false impression of
strong septal fluting.

Occurrence.— This species was collected by L. A. Nelson at two
localities on the west flank of the Franklin Mountains, one south-
east of White Spur and the other southeast of Vinton,Texas. Both
are in the Hueco limestone. The horizon is probably identical in
both (Locs. 85, 86).

texana,n.sp.

PI. 52, figs. 1-8; PL 53, fig. 9

Schwagerina fusulinoides Beede and Kniker [non Schellwien], Univ. Texas
Bull. 2433, p. 19, pi.1, fig. 4; pi.VII, figs. 1-3, 1924.— Dunbar and Condra,
Nebraska Geol. Surv., Bull. 2, sec. ser., p. 121, pi. XIV, figs. 1-5, 1927
[1928].— White, Univ. Texas Bull. 3211, p. 81, pi. VIII, figs. 10-12, 1932.

Description.— A rather evenly fusiform species of 5 or 6 volu-
tions, commonly attaining a length of 10 or 12 mm., and a diameter
of 4.5 to 5.0 mm. The lateral slopes taper regularly to rather
sharp poles.

The proloculum is commonly large but shows a wide range of
variation as in P. uddeni with extremes of 200 and 400 microns.
The juvenarium consists of 2% to 4 volutions coiled rather closely
as in Triticites, the number tending to vary inversely with the size
of the proloculum. Following the juvenarium there is a great
increase in the height of the whorls, but the change is not quite so
abrupt or so extreme as in P.uddeni. The last volution declines
somewhat in height. The antetheca increases in height from the
middle to the ends and the ratio of length to diameter as well as
the axial profile change only slightly during growth, the ratio
being commonly between 2.5 and 3.0 to 1 at maturity. In shells
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of few rapidly expanding volutions the measurements vary greatly,
dependingupon the accidental orientation of the axial section with
respect to the beginning of the point of inflation, and the measure-
ments and calculated form ratios both show an irregularity that
is more apparent than real.

The wall is somewhat thicker than in P. uddeni,measuring 90 to
120 microns in the outer whorls. The septa are rather strongly
fluted near their basal margin, but as a result of their wide spacing,
opposed folds commonly do not meet. In axial sections septal
loops are abundant or sparse depending on the position of the
slice in the chambers. Septal pores areabundant in all the inflated
whorls. The tunnel is rather narrow and difficult to distinguish in
thin sections because the chomata become obsolete in the inflated
whorls.

Table of Measurements

—
Pseudoschwagerinatexana

Discussion.— This species displays considerable variation in its
proportions and in the distinctness with which its juvenarium is set
off by the inflation of the post-nepionic whorls. On the one hand
there are shells relatively shorter and thicker than the types, which
grade toward P. uddeni, and on the other hand there are some that
are not easily separated from Schwagerina huecoensis. One of the
latter type ishere separated as a distinct variety, ultima. Apparent
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differences in proportions are commonly the result of rounding or
breaking of the ends as the shells weather free.

The inflation takes place within less than half a volution in the
average individual but there are occasional shells in which the
expansion is more gradual and the generic character is not well
marked.

It might be supposed that Pseudoschwagerina texana represents
the first stage in divergence of this genus from Schwagerina and
that there is actual intergradation at this horizon. On the contrary,
it may be argued that this species, in returning to an elongate
form, is reducing its inflation and developing a resemblance to
Schwagerina through convergence. Finally, it might be supposed
that this species represents an evolution out of Schwagerina while
P. uddeni and other highly inflated species with slightly fluted
septa have developed out of Triticites, in which case Pseudo-
schwagerina is polyphyletic. Of the three alternatives the second
appears most probable. This is not an early or a small species but
one of the largest and latest in the Texas section. Its juvenarium
has all the features of a Triticites with well-developed chomata and
a fairly thick wall. Moreover, its first inflated whorl is higher
than the rest, suggesting a more inflated stage in its ancestry. The
oldest and smallest species in the section, P. beedei, stands as a

suitable ancestor from which P.uddeni and P. texanahave diverged,
one becoming progressively more inflated and the other reverting
to amore elongate form.

This species closely resembles "Schwagerina" fusulinoides Schell-
wien of the Carnic Alps, with which it agrees in proportions and
in the degree of septal fluting. Beede and Kniker referred it to
that species. Nevertheless, the European form ismuch smaller than
that of Texas though each has the same number of volutions.
According to Schellwien, most specimens of P. fusulinoides are
about 6 mm. long and 3 mm. thick, rare individuals attaining to
9.5 mm. in length and 4 mm. in thickness; but the shells before
the authors of this paper commonly are 10 mm. long and occasional
specimens 13 or 14 mm. long. Moreover, the European shells
have a juvenariumof only 2 to 2% volutions, judging from Schell-
wien's four figured sections, while the Texas form consists of 2% to4.
Considering the many instances of homeomorphy in the group, it
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seems unwise to make specific, identifications between the Alps and
western North America without having actual material to compare
and unless no constant differences whatever can be found. In this
case two important differences, at least, appear to exist in spite of
striking superficial resemblances.

Occurrence.— This is the most common and most widely dis-
tributed species of the genus. It ranges through the middle and
upper part of the Wolfcamp formation throughout the Glass
Mountains and throughout all but the basal beds of the Hueco lime-
stone in the Hueco Mountains. It is also present in the Hueco beds
of the Sierra Diablo. The species occurs also in the Horse Creek
limestone in the Moran formation 2.7 miles west of Dothan, Texas,
and reached as far northeast as Kansas where it occurs in the basal
Florence flint, 3 miles northeast of Silverdale. (Locs. 11, 15, 74,
75, 77, 78, 82, 85, 141, 142, 209, 210.)

texana var.ultima,n.var.
PI. 53, figs. 6, 7, and 10

Description.— This variety is distinguished from the typical form
of the species by more slender proportions, less elevated whorls,
and more strongly fluted septa. The following measurements are
based upon the specimen shown as figure 6 and the lower one in
figure 10 of Plate 53, the latter having been cut to the axial plane
after photographing. Tangential slices show that the tips of
opposed folds commonly meet in this form as they do in
Schwagerina; however, the folds are confined to the basal part of
the septa. In spite of a convergence toward Parasckwagerina in
the strength of its septal folding there is no doubt that this form
is a specialization out of Pseudoschwagerina texana.

Table of Measurements

—
Pseudoschwagerinatexanavar.ultima
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Occurrence.— Associated with, but rarer than, the typical form
of the species in the middle of the Wolfcamp formation (bed 14 of
King's section) at Wolf Camp and in the Hueco limestone near
Hueco Tanks, Hueco Mountains, Texas.

Genus Paraschwagerina

Genoholotype, Paraschwagerina gigantea (White) =Schwagerina
gigantea White

Paraschwagerina Dunbar and Skinner, Jour. Pal., vol. 10, p. 89, 1936.
Schwagerina (part) of authors.

Diagnosis.— Differing from Pseudosckwagerina in that the whorls
of the juvenarium are slender, elongate, and very tightly coiled, the
septa are intensely fluted as in Schwagerina s. s. at all stages of
growth, and chomata are inconspicuous or lacking even in the
juvenarium and normally completely absent in the inflated whorls.

Range, same as that of Pseudoschwagerina.
The ontogeny clearly shows that this genus springs from a

slender form of Schwagerina s. s. whereas Pseudoschwagerina
springs from Triticites.

gigantea (White)

PL 55

Schwagerina gigantea White, Univ. Texas Bull. 3211, p. 82, pi. VIII, figs.
13-15, 1932.

Description.— A large, fusiform species attaining a maximum
length of 15 mm. and a diameter of 6 mm., though average dimen-
sions are only about 12 mm.by 5 mm. The volutions number 8
to 10. The shells are normally rather evenly elliptical in axial
profile, being a little more than twice as long as thick and rather
neatly pointed at the poles.
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The proloculum is very small, with a diameter of 60 to 75
microns. The juvenarium consists of 3% to 5 rather tightly coiled
volutions followed by rapid inflation, the outer whorls ranging
between 500 and 700 microns in height. Unlike most species of
the genus, the outer whorl of this is not appreciably lower than
the penultimate. The antetheca is nearly uniform in height from
pole to pole and the proportions of the shell therefore change but
little after the fifth or sixth volution.

The wall is thin but consists of a tectum and a well-defined,
rather coarse keriotheca in which 10 alveoli occupy a space of
about 200 microns in the outer whorls. The thickness of the wall
is less than 30 microns in the juvenariumbut increases gradually
in later whorls to 80 or 90 microns in the last.

The septa are strongly and regularly fluted as in Schwagerina,
appearing in axial sections as numerous,high, narrow septal loops.
Chomata are completely lacking except in the juvenarium where
they are very slender and inconspicuous. The tunnel is a low slit

Table of Measurements

—
Paraschwagerinagigantea

Specimens 1and 5 are the original types figured by White, figures 5 and 3
of Plate 55; specimens 2 and 6 are shown on Plate 55 as figures 8 and 9.

Half length Half diameter Form ratio
#1 2 3 4 #1 2 3 4 #1 2 3 4

0
1
2
3
4
5
6
7
8
9

10

.19

.35

.53

.82
1.07
1.89
2.55
3.60
5.02

.15 .18

.30 .48
.60 .66

1.05 1.42
1.60 2.00
2.30 3.10
3.10 3.84
4.00 5.00

.90
1.25
2.28
3.10
4.05

.045 ____

.07

.12 .... .16

.18 .24 .30

.27 .40 .56

.42 .64 1.00

.86 1.16 1.55
1.26 1.66 2.04
1.80 2,30 2.60 :
2.18 2.80 3.00
2.54 3.20

.32

.52

.91
1.60'
2.08

2.7
3.0
3.0
3.0
2.5
2.2;
2,0
2.0
2.3

.... 3.0
2.5 2.2
2.6 2.5
2,5 2.0
2.0 2.0
1.9 1.9
1.7 1.9

2.8
2.4
2.5
1.9
1.9

Tunnel angle Wall thickness Septal count

#1 2 3 4 #1 2 3 4 #5 6
1
2
3
4
5
6
7
8
9

19°
16°
23°
25°
15°
17°

19°
33°

16° 25°
25° 27°
26° 21°
21° 16°'
15° __._

13°

22°
24°
27°

.025 .015 .015

.025 .020 .020

.025 .025 .025

.025 .030 .040'

.035 .040 .050

.065 .055 .065

.080 .060' .085
.100 .110 .110
.100 .110 .120

.015
.015
.025
.025
.050
.050
.070
.110

17
18
20
24
25
27
39
45

11
14
21
22 ....
2:4
24
33
36
40? ....
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but, in the absence of chomata and as a result of the strongly
fluted character of the septa, it is scarcely indicated in axial
sections. It is exceptionally narrow, the tunnel angle measuring
normally not over 15° in the outer whorls. A notable feature of
the species is the slender, dark band along the axis as seen in axial
sections. This is produced rather by the close network of septal
folds in this region than by solid filling.

Discussion.— This striking species is most like P. acuminata from
which it differs in much larger size and more numerous and more
intensely fluted septa. The difference is notable in axial sections
where the septal loops appear much more numerous and closely
crowdedin this species.

Paraschwagerina gigantea occurs at a horizon higher than that
of P. kansasensis and P. acuminata and is almost certainly a de-
scendant of the latter.

Occurrence.— This is a rather rare species in the middle part
of the Wolfcamp formation. White's types were collected at Wolf
Camp and the writers have the species in two collections from the
same locality, one made by R. E. King and the other by Robert
Roth. The former was made from bed 14 of P. B. King's Wolfcamp
section, where it is associated with Pseudoschwagerina uddeni and
P. texana. Although both the latter are represented by scores of
specimens, there are less than a score of P. gigantea. (Loc. 11.)

kansasensis (Beede and Kniker)

PL 54, figs. 8-13

Schwagerina kansasensis Beede and Kniker, Univ. Texas Bull. 2433, p. 30,
pi. V, figs. 1-5; pi. VIII, fig. 4(?), 1924.

Description.— A rather large species of highly ventricose to sub-
spherical form. At maturity the body of the shell is almost
spherical but small polar extremities are extended and subacutely
rounded. These polar nubs are chiefly developed in the last two
volutions, however, and immature shells present an axial profile
in the form of a thick ellipse. The adults have as many as 9 or
10 volutions and attain a length of about 8 mm.and a diameter of
6.0 to 6.5 mm.

The proloculum is exceedingly small, ranging in diameter from
65 to 110 microns. The juvenarium consists of 3% to 4 elongate
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and very tightly coiled volutions. During this juvenile stage the
form, ratio increases from about 1.5 in the first whorl to nearly 3.0
in the third. Inflation begins normally in the fourth volution but
is so gradual that the transition from the Tritidtes- to the Para-
schwagerina-stage. occupies at least half a volution. The remain-
ing whorls are several times as high as those of the juvenarium,yet
not so high as in most species of Psendoschwagerina. As in other
species of the genus, the last volution declines somewhat in height.

The wall is very thin,especially in the juvenile whorls where it
scarcely exceeds 25 microns, then gradually increases to a maximum
of 80 to 100 microns, or rarely a little more, in the penultimate
whorl. It consists of a tectum and a rather thin but well-defined
keriotheca.

The septa are regularly and rather strongly fluted by folds that
extend almost to the spiral wall, hence in axial sections there are
abundant high septal loops. The plan of septal fluting is well
shown in a tangential slice in figure 8 of Plate 54.

Table of Measurements

—
Paraschwagerinakansasensis

Specimens 1and 5 are the original types figured by Beede; 2, 4, and 6 are
illustrated on Plate 54 as figures 10, 13,and 11, respectively.

Half length Half diameter Form ratio

#1
0 .050
1
2 __
3 .667
4 .846
5 1.31
6 1.75
7 2.36
8 3.11
9 --

10 ....

2 3
i .035 .045

.08 .12
.20 .26

r .40 .44
i .68 .68

1.00 1.18
1.40 1.80
2.00 2.60
2.60 3.20
3.50 4,00

4
.055
.12
.24
.51
.79

1.10
1.60
2.10
3.00
3.60

#1 2 3 4 #1
'.050 .033 .045 .055 ....
.086 .063 .065 .08
.140 .108 .100 .12
.247 .198 .155 .185-2.70
.440 .328 .440 .305 1.92
.80 .508 .640 .485 1.63

1.25 1.30 .940' 1.00 1.40
1.92 1.54 1.47 1.60 1.22
2.26 2.13 2.00 2.30 1.33

_.__ 2.62 2.50 2.70 __„

.___ 2.82

2 3 4

1.27 1.84 1.50
1.85 2.60 2.00
2.02 2.83 2.75
2.10 1.54 2.59
1.96 1.84 2.26
1.07 1.91 1.60
1.28 1.76 1.31
1.22: 1.60 1.30
1.33 1.60 1.33

Tunnel angle Wall thickness Septal count

#1 2 3 4 #12 3 4 #5 6 7 8
1 ____
2 ____
3 ....
4 ....
5 ....
6 ____
7
8 ___.

9 ....
10 .___

21° 26°
24° 26°
25° 33°
25° 27°
23° 34°
39° ___.

22°
17° 20°

43°
43°
25°
27°
32°
22°

.1 .007 .010 .015 14____ .012 .015 .020 20____ .020 .020 .025 26____ .025 .025 .050 28
.040 .040 .050 22

.055 .045 .065 .060 2:1

.080 .045 .090 .060' 26
.___ .060 .130 .100 ....
.__- .085 .120 ____
.... .110 .... .... ....

11 11 12
16 14 14
22 22 18
30 2:4 22
20 23 25
21 20 19
36 22 20

25
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The tunnel is narrow throughout, and it is noteworthy that the
tunnel angle seldom increases after the second volution and tends
to decrease in the last two or three whorls. It is well defined in
the juvenarium where it is bounded by narrow chomata, but in
the inflated whorls where chomata are completely lacking the
tunnel is commonly difficult to define in thin sections.

Discussion.— In the original description Beede and Kniker in-
cluded specimens from the Neva limestone near Hooser, Cowley
County, Kansas, and from the Wolfcamp formation near Gap Tank,
Texas; but it is clear that they considered the former as types of
the species, first, because they named it kansasensis and, second,
because in the legend to their Plate V they labeled a Kansas speci-
men (fig. 1) as "type of the species."

The authors' redescription of the species is based upon speci-
mens collected by Skinner from the Neva limestone in Osage
County,Oklahoma, a short distance from the locality of the original
types, and upon the illustrations given by Beede and Kniker.

The species is distinguished by its gibbosity, its very small pro-
loculum, the compactness and slenderness of its juvenarium, and
the large number of volutions, as well as the limited height of
its inflated whorls.

The agreement of the Wolfcamp specimens with those of the
Neva is so complete that the writers of this paper have no doubt
of their identity.

Occurrence.— In southern Kansas and northern Oklahoma this
species is confined to a zone not over 2 feet thick in the Neva
limestone. Beede found it near Hooser, Cowley County, Kansas,
and Skinner collected it in the northwest quarter of Sec. 28,
T26N,R 6 E, Osage County, Oklahoma. It occurs in the lower
part of the Wolfcamp formation (beds 4 to 7 of King's Wolfcamp
section) and was collected by Beede near Gap Tank. The authors
also have it in collections from Wolf Camp made by Charles
Schuchert, R. E.King, and Robert Roth. In both the Neva and
the basal Wolfcamp it is associated with abundant specimens of
two or three species of Triticites. (Locs. 5,6, 7,8, 10, 13, 208.)
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acuminata,n.sp.

PI. 54, figs. 1-7

Description.— Associated with P. kansasensis is a well-defined
species which is more slender at all stages of growth and develops
sharp polar extremities at maturity. For this the authors propose
the name acuminata.

This form is somewhat more common than the typical P. kan-
sasensis and is so well defined by its more slender form that the
writers are inclined to regard it as a distinct species. Yet statis-
tical measurements show that in features other than proportions
it agrees closely with the former.

Table of Measurements

—
Paraschwagerinaacuminata

Specimens 1,2, 3, 4, and 5 are shownonPlate 54 as figures 5, 3, 4, 6, and 7,
respectively.

Occurrence.— The types were collected by Skinner from the Neva
limestone in the northwest quarter of Sec. 29, T 26 N, R 6 E,
Osage County, Oklahoma (Loc. 208).

Half length Half diameter Form ratio

#1 2 3 #1 2 3 #1 2 3
0
1
2
3
4
5
6

.045

.19

.44

.65
1.03
1.80
2.30

.05

.12

.28

.54.

.85
1.65
2.40

.13

.32

.58
1.06
1.63
2.52

.045 .05 .045

.065 .085 .075

.105 .105 .120

.20 .27 .205

.36 .50 .35

.56 .94 .80
1.14 1.55 1.30

2.92 1.41
4.19 2.66
3.25 2.04
2.86 1.70
3.21 1.75
2.01 1.55

1.73
2.66
2.83
3.03
2.02
1.96

7
8

3.20
4.10

3.30
4.15

3.00
4.00

1.68 2.06 1.70
2.00 2.35 2.30

1.90 1.60
2.05 1.76

1.77
1.74

Tunnel angle Wall thickness Septal count

#1 2 3 #12 3 #4 5
1
2
3
4
5
6
7
8
9

26°
26°
27°
33°
33°
33°
20°

18°
17°
24°
23°
31°
29°
27°

29°
30°
33°
34°
32°
19°

.02 .022
.015 .03 .022
.020 .05 .031
.030 .05 .056
.040 .05 .047
.055 .07 .050
.080 .08 .086
.115 .06
.080

13 12
15 15
17 20
21 19
20 17
20 19
31 20

26
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Genus Parafusulina

Genoholotype,Parafusulina wordensis Dunbar and Skinner

Parafusulina Dunbar and Skinner, Am. Jour. Sci. (5), vol. 22, p. 258, 1931.—
Galloway, Manual of Foraminifera, p. 406, 1933.— Dunbar, in Cushman,
Foraminifera, etc., p. 137, 1933.

Fusulina (part) of authors.
Schellwienia (part) of Staff, Ozawa, Lee, etc.

Diagnosis.— Shells elongate-fusiform to subcylindrical and com-
monly attaining a large size. Wall consisting of well-defined
tectum and keriotheca. Septa intensely and regularly fluted, the
tips of opposed folds in adjacent septa meeting before reaching
the floor of the volution to form arch-like foramina. The repeti-
tion of these foramina in successive septa forms a series of spiral
galleries or cuniculi running along the base of the volution and
forming a communication between the meridional chambers. The
basal margins of the septa are joined along the sides of these
cuniculi, forming a series of wavy basal sutures running around
the shell at right angles to the axis.

Range, Middle and Upper(?)Permian (Leonard and Word for-
mations in America).

Discussion.— This genus was derived from Schwagerina [Pseudo-
fusulina of authors] from which it differs in septal specialization,
particularly the development of cuniculi and the spiral basal
sutures of the septa. These distinctive features are best seen in
polished surfaces tangential to the surface and near the floor of a
volution.

schucherti,n.sp.

PL 64, figs. 9-12

Description.— A rather thickly fusiform species of 7 or 8 volu-
tions attaining a length of 14 mm. and a diameter of 4 mm. The
poles are rather neatly pointed and the lateral slopes convex but
the middle is not inflated.

The proloculum is between 300 and 350 microns in diameter
and the inner whorls are rather short and thin-walled. The form
ratio increases gradually with growth, rising from about 2.0 in the
first to nearly 3.0 in the seventh volution. The wall increases
rapidly in thickness in the outer whorls, attaining to 120 or 130
microns.
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The septa are strongly fluted, as may be seen by the abundant,
high septal loops in the axial sections. Weathered specimens show
the septal arches and cuniculi in a well-defined but rather early
stage of development. The tunnel angle varies somewhat irregu-
larly in the specimens studied but increases from about 25° in the
third to 35° or 45° in the seventh. No chomata are present but a
strong secondary deposit fills the chamber in the inner part of
each end zone, and tends to coat the walls for some distance on
each side of the tunnel even in the outer whorls.

The septa are very numerous, increasing steadily in numbers in
successive volutions to a maximum of about 50 in the seventh
and eighth.

Table of Measurements

—
Parafusulinaschuheri

Specimens numbered 1, 2, 3 are shown on Plate 64 as figures 12, 11, and
10 respectively.

Discussion.— In its heavy axial filling this species resembles
Schwagerina compacta (White),but it differs in beingmuch larger,
in having a much larger proloculum, somewhat blunter ends, a
thicker wall and more specialized septal fluting. It comes from
a horizon distinctly higher than 5. compacta.

Its shape is more like that of S. crassitectoriabut that species is
much smaller, has much lighter axial fillings, a thinner wall, and
less numerous septa.

Half length Half diameter Form ratio

0
1
2
3
4
5
6
7

#1 2
.15 .17
.58 .58
.96 .90

1.38 1.38
1.98 1.91
2.96 2.61
3.80 3.41
5.10 4.76

#1 2
.15 .17
.30 .28
.46 .41
.62 .58
.82 .77

1.05 1.10
1.34 1.36
1.75 1.65

#1 2
1.0 1.0
1.9 2.0
2.0 2.1
2.2 2.3
2.4 2.4
2.8 2.3
2.8 2.5
2.9 2.8

Tunnel angle Wall thickness Septal count

#1 2 #1 2 #3
1
2
3
4
5
6
7
8

17° 27°
24° 23°

30°
23° 39°
28° 32°
44° 34°

.035 .025
.040 .035
.055 .035
.070 .040
.075 .085
.120 .110
.130 .115

14
26
34
39
39
42
48
50
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There is a decided resemblance to Parafusulina splendens, espe-
cially in the arrangement of the axial filling, but that species is
more slender, has a larger proloculum, and a wider tunnel. It
comes from a considerably higher horizon than P. schucherti and
its septal fluting is more advanced, the cuniculi being more clearly
defined.

The closest affinity appears to be with 5. diabloensis which has
similar very heavy axial deposits. The latter species, however, has
a much larger proloculum, more open early whorls and a thicker
wall. 5. diabloensis occurs higher in the section in the same area
and isprobably a descendant of S. schucherti.

Occurrence.— The types are from a shaly zone in the lower part
of the Bone Spring formation about 1% miles south of Victorio
Peak in the Sierra Diablo (Locs. 126, 127, 131, and 136).

diabloensis,n.sp.

PL 60, figs. 8-11

Description.— A rather thickly fusiform species with gently con-
vexmiddle and rather acutely pointed ends,having 6 or 7 volutions
and attaining a length of about 13 mm. and a diameter of 4.5
to 5 mm.

The proloculum is rather large, ranging between 400 and 500
microns in diameter, and the early whorls are rather short, having
a form ratio of about 2.0 whereas the outer whorls are pro-
gressively elongated until the form ratio rises to 2.5 or 3.0.

The wall is moderately thick but varies somewhat irregularly
in the early whorls and, in the specimens studied, is in places diffi-
cult to measure because of the secondary deposits.

The septa are intensely fluted and in tangential slices show
cuniculi as do other species of Parafusulina. The tunnel is of
moderate width, widening somewhat irregularly. Chomata are en-
tirely lacking but there is a strong axial filling, extending almost
to the poles and filling most of the chambers in the inner whorls.
It may be seen also as a coating on the septa and walls in parts
of the outer volutions.

The septa are very numerous, attaining to about 40 in the third
volution and increasing but slowly in later whorls.
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Table of Measurements

—
Parafusulinadiabloensis

Specimens numbered 1, 2, and 3 are illustrated on Plate 60 as figures 11,
10, and 9, respectively.

Discussion.— This is one of the earliest species of Parafusulina.
Its septal arches are low and its cuniculi narrow. It is similar in
size, and in adult shape, to Schwagerina diversiformis, which it
also resembles in possessing an axial filling, but it differs from
that species in ontogeny, in size of proloculum, thickness of wall
(especially in the early whorls), in its more advanced septal fluting,
and in its much heavier axial deposits. It is compared with
P. schucherti, its closest relative, on page 674. It resembles some-
whatParafusulina splendens, but that species ismuch more slender,
has more specialized septa and less extensive axial deposits.

Occurrence.— The types are from the lower part of the Bone
Spring formation on the east slope of Victorio Peak, Sierra Diablo
(Locs. 129, 130, and 135).

fountaini,n.sp.

PI. 70

Description.— A robust, fusiform species of 7 to 8 volutions
attaining a length of about 16 mm., and a diameter of 4 mm. The
shell is thickest at the middle and the lateral slopes are very

Half length Half diameter Form ratio

#1 2 #1 2 #1 2
0
1
2
3
4
5
6
7

.23

.70
1.20

2.50 1.90
3.50 3.30
4.80 4.30
5.40 4.90

.20 .23

.42 .36

.70 .60

.95 .90
1.30 1.22
1.70 1.60
2.10
2.55

1.0
2.0
2.0

2.6 2.1
2.6 2.7
2.8 2.7
2.5

Tunnel angle Wall thickness Septal count

#1 2 #1 2 #3
1
2
3
4
5
6
7

19° 27°
24° 23°
28° 18°
35° 27°

27°

.050 .050

.045 .065
.080 .050
.100 .100
.120 .140

19
31
40
42
47
45
46
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gently convex or even partly concave as they converge toward the
rather neatly rounded ends.

The proloculum rangesbetween 350 and 500 microns in diameter.
The antetheca increases in height toward the poles as the shell
elongates and the form ratio changes only moderately during
growth, being about 4 at maturity. Commonly the axis is gently
arched. The wall thickens from about 35 microns in the first
whorl to 100 or more in the outer whorls.

The septa are crowded in the early whorls which have from 20
to 30 per volution, but are spaced out in succeeding whorls so
that there are but 30 to 35 in the adult volutions. The septal
fluting is strong and regular and the folds arehigh. Opposed folds
of adjacent septa meet and join to form small arches over basal
foramina across the middle of the shell but the arches are low and
easily overlooked. There are no chomata and secondary axial
deposits are very slightly developed.

Table of Measurements

—
Parafusulina

Discussion.— This fine species is named for H. C. Fountain who
made excellent collections for the U. S. Geological Survey as
assistant to P. B. King.

In its septal evolution this species stands near the boundary
between Schwagerina and Parafusulina. Due to its fusiform shape,

Half length Half diameter Form ratio
#1 2 3 #12 3 #1 2 3
.20

1.0
1.6
3.0
4.2
5.4
7.0
8.2

.17

.5
1.0
1.5
2.3
3.7
5.5
8.0

.25
1.0
1.4
2.2
3.5
5.3
7.0

.18 .25
.3 .28 .3
.4 .41 .4
.7 .60 .6
.9 .81 1.0

1.3 1.1 1.3
1.6 1.5 1.7
2.0 1.85

3.3 1.8
4.0 2.4
4.3 2.5
4.7 2.8
4.1 3.4
4.4 3.7
4.0 4.3

3.3
3.5
3.7
3.5
4.1
.4.1

Tunnel angle Wall thickness Septal count

#1 2 3 #12 3 #4 5

27°
51°
65°

27°
35°
50°
54°

46°
64°

.040
.035 .035 .035

.050 .045
.050 .055 .045
.060 .080 .055

.085 .080
.080 .120 .090

.120 .100

22 15
27 24
30 26
32 32
35 33
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a tangential slice along the middle will cut but a very small area
near enough to the floor to reveal the basal sutures of the septa
running around the shell, and on casual examination the species
is likely therefore to be mistaken for a Schwagerina.

Occurrence.— The beautifully preserved types of this species were
collected by H. C. Fountain from a loose block of light gray lime-
stone on an alluvial fan below the white member of the Bone
Spring limestone on the west face of the Guadalupe Mountains about
one-half mile south of the north edge of Guadalupe Quadrangle.
There appears to be little doubt that the block came from the over-
lying outcrops of the Bone Spring formation. It was found also in
the Bone Spring limestone in the Guadalupe Mountains at localities
174 and 176.

bakeri,n.sp.

PL 71

Description.— This rather stout, subcylindrical species develops
about 7 volutions, attains a maximum length of 18 mm. and a
thickness of 4.4 mm. Average specimens are somewhat smaller.

The proloculum is large, extremely thick walled, and normally
almost spherical. In three perfectly centered sections its diameter
is 510, 520, and 530 microns, respectively, and its wall measures
about 60 microns in thickness, thus exceeding that of the first two
volutions of the shell.

The volutions are rather loosely coiled and the antetheca in-
creases in height toward the poles as the shell elongates. In the
first and second volutions the form ratio is not far from 2.5, but
through a gradual elongation it increases to about 4 at maturity.
The early whorls are thickly fusiform but the ends become blunter
with growth and adult individuals are subcylindrical with scarcely
any inflation at the middle.

The wall is moderately thick and the texture of the keriotheca is
coarse and beautifully preserved in the types.

The septa are abundant and are regularly and strongly fluted,
with high folds that in the young whorls appear to have the
characters of Schwagerina but in the outer whorls show well the
foraminal arches and cuniculi of Parafusulina, the basal sutures
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of the septa on the floor of the volution following a sinuous course
around the shell.

There is no trace of chomata and the tunnel is difficult to measure
in thin sections. The tunnel angle increases from about 20° or 30°
in the early whorls to 35° or 40° in the outer volutions.

Table of Measurements

—
Parafusuinabakkera

Discussion.— This species is named in honor of C. L. Baker in
tribute to the pioneer work he has done on the Permian stratig-
raphy of this region.

In its enormous, thick-walled proloculum, its loose coiling and
wall characters this species appears to be allied to the group of
Schivagerina hessensis but it is a larger and more nearly cylindrical
species. It may also be allied to S. huecoenis which resembles it
more in shape, but this is clearly a more advanced species which
has reached the stage of septal specialization characterizing Para-
fusulina. Since this character is shown only in the outer volutions,
however, the species stands close to the transition from the
schwagerinid ancestors.

In its blunt ends and stubby subcylindrical form the species
resembles P. rothi and P. sellardsi, both of which are probably
considerably younger. The latter of these is so much larger as to

[alf axial lengthi Radius vector Form ratio

#1 2 3 4 #1 2 3 4 #1 2 3 4
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1.0
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be separable on that basis alone; P. rothi is about equal in size
but is proportionately more slender, generally has a smaller pro-
loculum and rather wider tunnel; moreover, P. bakeri develops
basal foramina and cuniculi in the last two whorls only whereas
P. rothi displays these features in the early whorls also.

Occurrence.— The types of this species were collected by R. E.
King in the face of the Glass Mountains, about midway between
Iron Mountain and Hess Canyon. The horizon was thought
probably to be uppermost Wolfcamp, but uncertainty was indi-
cated as to the boundary because of talus. Since no other Para-
fusulina is known in the Wolfcamp formation and no other occur-
rence of this species has been referred to that formation it is
altogether probable that the zone of P. bakeri is in the lower
Leonard (Locs. 24, 21).

bösei,n.sp.

PL 73, figs. 1-9

Description.— A fusiform species of about 7 volutions, attaining
a length of 10 to 11 mm. and a thickness of 3.5 to 4.0 mm. The
lateral slopes are convex and the ends are well rounded, the axial
profilebeing subelliptical. The form ratio changes but little during
growth, being commonly 2.7 to 3.6.

The proloculum is large and commonly flattened or irregular.
The first whorl or two are low but the expansion isprogressive and
the outer volutions appear rather loosely coiled. This appearance
is increased by the thinness of the spiral wall which is only 30 to
40 microns thick in the early whorls and scarcely as much as 100
in the outer.

The septa are intensely fluted, with the characteristic basal
foramina and cuniculi of this genus. The tunnel angle is about 30°
in the first whorl, increasing to 50° or 55° in the fourth (the
greater width in the specimen numbered 3 appears exceptional).
Chomata are lacking but a slight amount of secondary deposit
coats the septa for some distance on each side of the tunnel and
partly fills the chambers of the end zones of the early whorls.

Discussion.— This species is named in honor of Dr. Emil Bb'se.
It may be distinguished from the associated species, P. splendens,
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by its more bluntly rounded ends, lower and less closely crowded
septal loops, and the lightness of its secondary deposits.

Table of Measurements

—
Parafusulinabösei

Specimens numbered 1to 6 are shown on Plate 73 by figures 4, 6, 7, 8, 5,
and 9, respectively.

Occurrence.— The types were collected from ahorizon about 400
feet above the base of the Word formation on the south slope of
Sullivan Peak, Glass Mountains, Texas (Locs. 40, 41, 42, 46, 47,
and 53).

böseivar.attenuata,n.var.
PL 74, figs. 5-13

Description.— A slender, fusiform variety of about 6 volutions,
attaining a length of about 13 mm.and a diameter of about 3 mm.

This form resembles the associated P. bosei from which it differs
in being longer, much more slender, and more nearly cylindrical.
In other respects the correspondence is so close that the authors
regard this as a variety of the latter.

Half length Half diameter I1orm ratio

#1 2 3 4 #1 2 3 4 #1 2 3 4
)
L
I
5
I

.25

.63
1.08
1.60
2.54
3.38
4.50

.18 .28
.49 .74
.92 1.50

1.33 2.08
1.92 3.36
2.68 4.61
3.78 5.62

.25

.68
1.21
1.78
2.88
4.54
5.48

.22 .26 .23 .25 __
■
_ __

.26 .28 .39 .35 2.4 1.7 1.9 2.0

.36 .39 .54 .45 3.0 2.3 2.7 2.7

.51 .56 .72 .65 3.1 2.4 2.9 2.7

.78 .74 .95 .93 3.3 2.6 3.6 3.1
1.10 .99 1.28 1.22 3,1 2.7 3,6 3.7
1.42 1.29 1.72 1.46 3.1 2.9 3,2 3.0

5.02 !£j 1.60 .... 1.85 .... 3.1

Tunnel angle Wall thickness Septal count

#1 2 3 4 #1 2 3 4 #5 6 7. 8

30°
45°

1 31° 32°
35° 45°

.036 .031 .039 .039 __

.028 .031 .042 .044 17 14 _

.028 .031 .047 .050 26 26
40°
55°
43°

39° 67°
53° 70°
47° ._.

.036 .050 .061 .056 27 33

.058 .058 .092 .069 28 35

.078 .067 .094 .086 32 35

.086 .094 .... .086 .- 37 _ ....
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Table of Measurements

—
Parafusulieaboseivar.attenuata

Specimens numbered 1 to 4 are shown on Plate 74 as figures '12, 13, 6,
and 7, respectively.

Occurrence.— Associated withP.bosei and P. splendens in a hori-
zon about 400 feet above the base of the Word formation on the
south slop,e of Sullivan Peak, Glass Mountains, Texas (Locs. 40
and 44).

lineata, n. sp.

PI.74, figs."1-4

Description.— A small and exceedingly slender species attaining
7 or 8 volutions, with a length of 14 mm. and a diameter of only
2to 2.4 mm. The proloculum is of moderate size and the whorls
are low and compactly coiled throughout. The septa are numerous
and intensely fluted, with the basal foramina characteristic of the
genus. The tunnel is wide, the tunnel angle increasing in suc-
cessive whorls and rising to 55° or 60° in the outer whorls. The
spiral wall is thin, measuring about 40 microns in the first four
volutions and rising to 65 or 75 in the outer whorls, but it shows
clearly a well-defined keriotheca and tectum. Chomata are lacking
and axial filling is very slightly represented.

Half length Half diameter Form ratio

#1 2 #1 2 #1 2
0
1
2
3
4
5
6

.25 - .19

.72 .86
1.28 1.49
2.17 2.35
3.75 3.60
5.03 5.45
6.39 6.42

.21 .19

.37 .28
.53 .42
.72 .58
.98 .83

1.28 1.11

2.0 3.1
2.4 3.6
3.0 4.0
4.0 4.3
4.0 4.9

Tunnel angle Wall thickness Septal count

#1 2 #1 2 #3 4
0
1
2
3
4
5
6
7

26° 17°
31° 35°
37° 50°
50° 53°
60°

.050 .039

.031 .031
.047 .042
.078 .053
.078 .095
.095 .106

16 12
22 25
22 23
27 27
31 33
33 33

35
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Table of Measurements

—
Parafusulinalineata

Discussion.— The very slender form and compact coiling of this
species give it a striking resemblance to Polydiexodina shumardi
but it lacks the supplementary tunnels of that species, does not
attain more than half the size of the latter, and occurs far lower
in the section.

Its smallerproloculum, more slender proportions, andmore com-
pact coiling separate it from P.bosei var. attenuata.

Occurrence.— Collected by Skinner and Maley near the base of
the Delaware Mountain sandstone on a low hill just southeast of
the intersection of the Pasotex pipeline and the trail to Adolf
Williams ranch, Guadalupe Mountains, Texas (Loc. 157). It is
associated with P. rothi and P.maleyi at this locality but does not
accompany the last two forms where they occur in a higher zone
near the top of King's lower Delaware sandstone.

splendens,n.sp.

PI.75; PL 73, fig. 10

Description.— An elongate-fusiform species of about 8 volutions,
attaining a length of about 15 mm.and a diameter of about 4 mm.
The lateral slopes are gently convex, converging slowly toward the
rather acutely rounded ends.

Half length Half diameter Form ratio
#1 2 #1 2 #1 2

0
1
2
3
4
5
6
7

.18

.80 .70
1.30 1.20
1.90 2.03
3.00 3.20
4.20 4.20
5.40 5.10
7.00

.14 .16

.20 .24

.28 .34

.38 .46

.49 .60

.64 .75

.80 .94
1.00 1.17

1..
4 0 2.9
4.6 3.5
5.6 4.3
6.1 5.3
6.5 5.6
6.7 5.4
7.0

Tunnel angle Wall thickness Septal count

#1 2 #1 2 #3 4
0
1
2
3
4
5
6
7

37° 19°
41° 26°
46° 43°
46°
56° 56°
59°

.030 .040

.035 .040

.040 .040

.040 .040

.050 .050

.060

.060 .065

.075

14
_

20 _
23
29 __
35
42
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The proloculum is large, ranging from about 150 to more than
250 microns in diameter, and is thick-walled and commonly flat-
tened on one side or on opposite sides. The earliest whorls are
rather closely coiled and thin-walled, the later ones increasing
gradually in height. The spirotheca attains a thickness of 80 to
110 microns in the sixth whorl. The keriotheca shows clearly its
alveolar texture.

The septa are numerous and intensely fluted with high septal
folds, so that in axial sections the septal loops are crowded,narrow
and high. Figure 4 of Plate 75 shows well the generic peculiarity
of the septa. Chomata are lacking but secondary deposits are
prominent in the form of an axial filling in the end zones of the
inner three or four whorls.

The tunnel angle increases from 20° or 25° in the first whorl
to 50° or more in the outer whorls.

Table of Measurements

—
Parafusulinasplendens

Specimens numbered 1 to 3 and 5 to 8 are shown onPlate 75 as figures 11,
10, 9, 5, 6, 7, and 8, respectively.

Discussion.— The acute poles, closely crowded septal loops, low
inner whorls, and marked axial filling will distinguish this from
other species of Parafusulina.

Half length Half diameter Form ratio

#1 2 3 #1 2 3 #12 3
.21

.46 .59

.76 .97
1.30 1.5
2.1 2.0
3.0 3.2
3.9 5.0
5.6 5.7
7.4

.24

.94
1.4
2.0
2.9
4.4

.20 .17 .24

.28 .30 .30

.40 .40 .45

.58 .57 .62

.76 .81 .82
1.0 1.0 1.08
1.3 1.3 1.40
1.6 1.5
2.0 _

1.7 2.0 3.0
1.9 2.4 3.0
2.3 2.2 3.0
2.8 2.5 3.5
3.0 3.1 4.0
3.0 3.8 _
3.0 3.7

_
3.7

Tunnel angle Wall thickness Septal count

#1 2 3 #12 3 #5678
24°
26°
38°

21° 38°
32° 53°
42°

24°
27°
33"
45°

.045 .055
_J .045 .030

.036 .040

.050 .050
.050 .050 .075
.060 .075 .080
.080 .086 .110

15 15 14 16
25 24 26 25
22 23 33 31
29 25 35 31
32 31 35 32
33 33 37 31
OA



The University of Texas Bulletin No. 3701684

Occurrence.— The types are from a zone about 400 feet above the
base of the Word formation on the south slope of Sullivan Peak
in the Glass Mountains,Texas (Locs. 40, 44).

rothiDunbarandSkinner

PL 76

Parafusulina rothi Dunbar and Skinner, Univ. Texas Bull. 3501, p. 181, 1936.

Description.— A short, stubby, subcylindrical species of 7 or 8
volutions,attaininga length of 15 to 16 mm.and a diameter of 3.7
to 3.9 mm., the form ratiobeing about 5 at maturity. The middle
of the shell is not inflated and the ends are bluntly rounded.

The proloculum ranges between 300 and 450 microns in diameter
and is subspherical or slightly depressed on one side. The form
ratio is between 2 and 3 in the first volution but increases grad-
ually to maturity.

The wall is rather thin, increasing from about 30-40 microns in
the early whorls to about 90 microns in thickness in the outer
volutions. It consists of a tectum and well-defined keriotheca.
The septa are only moderately numerous, increasing but slightly
in successive whorls,but they are intensely fluted, the opposed folds
forming basal foramina and the basal margins of the septa limiting

Table of Measurements

—
Parafusulinarothi

Half axial length Half diameter Form ratio
#1 2 3 #12 3 #1 2 3

I

.14 .215

.34 .67 .6

.83 1.19 1.2
1.47 2.08 1.8
2.28 3.39 2.8
3.61 4.74 4.2
5.61 6.42 6.0
7.93 7.72 7.5

.14 .215 .15

.21 .31 .21

.28 .42 .30

.43 .58 .43

.61 .79 .64

.90 1.10 .90
1.22 1.41 1.25
1.54 1.77 1.61

1.6 2.2
3.0 2.8
3.4 3.6
3.7 4.3
4.0 4.3
4.6 4.5
5.1 4.3

2.9
4.0
4.2
4.4
4.7
4.8
4.7

Tunnel angle Wall thickness Septal count

#12 3 #12 3 #4 5 6

35°
52° 50°
45° 45°
50° 53°

49°

.033 .033 .040

.028 .028 .030

.039 .047 .045

.039 .056 .045

.056 .067 .050

.075 .070 .065

.083 .094 .082

15 17
23 20
23 23
26 24
31 25

28
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a regular series of sagittally directed cuniculi. Chomata are com-
pletely lacking and secondary deposits are but very slightly de-
veloped along the axis.

With the normal megalospheric shells are found occasional
microspheric giants. One of these, figured on Plate 76, has about
16 volutions and is 34 mm. long and 4.7 mm. thick. The pro-
loculum in such shells is less than 50 microns in diameter and is
followed by about 2 volutions formed of subspheric chambers,
coiled in a flat spiral with their axis almost at right angles to the
later whorls. In such microspheric shells there is no tunnel but
each septal fold leaves a basal foramen so that there is a complete
series of sagittally directed cuniculi as in the megalospheric form.
Further data on the microspheric form and evidence of its relation-
ships were recently published by Dunbar and Skinner (1936).

Discussion.— Among these elongated shells are found remarkable
instances of injury and repair. The specimen shown as figure 12
of Plate 76 had between 12 and 13 volutions when it was broken
in two only 4 mm. from the proloculum. The larger portion lived
and the last two volutions grew over the broken end, completely
patching it. Another shell of the same species in the authors' col-
lection shows that the short end of such abroken shell, eventhough
it lacked a proloculum, could regenerate the missing part. This
specimen starts with a nucleus which is a fragment of the end of a
shell only 1.1 mm. in diameter and 1.2 mm. long. Nine volutions
were added after the injury and the broken end was regenerated
until it is almost as long as the other.

P. rothi ismuch shorter than P.kingorum and P. wordensis. It
is larger and blunter than P. bosei and lacks the belts of secondary
deposit seen in that species. There is close resemblance to the
associated P. maleyi but that species is decidedly more slender.

Occurrence.— The types were collected by Robert Roth in a yel-
lowish sandstone probably in the lower third of the Delaware Moun-
tain formation near the junction of the Pasotex pipeline and the
trail to the Adolf Williams ranch, about 3 miles south-southeast of
Guadalupe Point (Loc. 157). Here it is associated with P.maleyi
and P. lineata. It is widely distributed in the lower and middle
divisions of the Delaware Mountain formation in the Delaware
Mountains (Locs. 155, 156, 158, 159, 161, and 165). It was also



686 The University of Texas Bulletin No. 3701

identified in two collections from the upper half of the Word
formation in the Glass Mountains (Locs. 54 and 52).

maleyi,n.sp.

PI. 77, figs. 1-12

Description.— An elongate-fusiform species of 7 or 8 volutions,
attaining a lengthof 13 to 15mm.and a diameter of 2.5 to 3.0 mm.
The lateral slopes taper with gentle convexity and the poles are
rather narrowly rounded.

The proloculum ranges between 400 and 600 microns in diameter
and is commonly irregular in shape. The volutions increase slowly
in height as the shell rapidly elongates, the form ratio increasing
from about 2 in the first whorl to nearly 5 at maturity.

The septa are intensely and regularly fluted as in P. rothi. The
wall is rather thin as in that species and consists of tectum and
thin, but well-defined keriotheca. There is scarcely any develop-
ment of axial filling.

Associated with the normal shells are occasional microspheric
individuals resembling closely those of P. rothi but more slender.
Two of these are shown on Plate 77 at natural size along with
enlarged views of a whole specimen and an axial section. The
latter has 16 volutions and a diameter of 4.7 mm., and its full

Table of Measurements

—
Parafusulinamaleyi

Half length Half diameter form ratio

#1 2 3 #12 3 #1 2 3
.21 .23
.70 .65

1.20 1.10
1.80 1.70
2.70 2.50
4.00 4.30
5.30 5.50
6.60?

.80
1.20
2.0
3.2
4.6
5.6?

.23 .27 .19

.30 .32 .26

.40 .46 .37

.50 .60 .50

.64 .76 .65

.82 1.00 .84
1.02 1.28 1.07
1.27

2.3 2.0
3.0 2.4
3.6 2.8
4.2 3.3
4.8 4.3
5.2 4,3
5.2

3.0
3.2
4.0
4.9
5.0
5.2

Tunnel angle Wall thickness Septal count

#1. 2 3 #1 2 3 #4 5 6

33°
21° 27°
29° 35°
47° 42°
48°

37°
34°
40°

.030 _

.030

.030 .045

.035 .045

.040 .080

.050 .070

.070 .085

.070 ._

12 16
22 23
26 23
31 24
39 30
41 :___
52

16
25
27
28
30
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length must have been at least 35 mm. The young microspheric
individual shown as figure 3 on Plate 77 has a length of 30 mm.
and a diameter of 3.4 mm.

Discussion.— This species is associated with P. rothi which it
closely resembles in many respects. A separation is based chiefly
upon shape and proportions, P. rothi being thicker at correspond-
ing volutions and shorter and more stubby at maturity. Further-
more, this species appears to range well above P. rothi.

Occurrence.— Abundant in the limy zones in the lower and middle
divisions of the Delaware Mountain formation (Locs. 158,163,167).

maleyi var.referta,n.var.

PI. 77, figs. 13-18

Description.— This variety is separated from P. maleyi on the
basis of a rather prominent axial filling that runs from pole to
pole. To this feature the varietal name applies [L. refercio, to
stuff or fill up]. In axial section the septal loops appear to be a
little narrower and more closely crowded than in the typical form
of the species.

Although a separation of specimens on the basis of the axial
filling is in most instancesunequivocal the two forms are intimately

Table of Measurements

—
Parafusulinamaly.

Half length Half diameter Form ratio

#1 2 3 #12 3 #1 2 3
)
L
J
t

I.

r

.80
1.30
2.30
3.20
4.50
6.20
7.80

.27 .20
1.30 1.00
2.30 1.80
3.30 3.00
4.80 4.00
6.00 5.40
7.40 7.40

.27 .27 .20

.28 .48 .26

.42 .65 .38

.58 .86 .51
.72 1.05 .71
.96 1.25 .93

1.20 hi 1.18
1.50 '

___.
__

1.0 1.0
2.8 2.7 3.8
3.0 3.5 4.7
3.9 3.8 5.8
4.4 4.6 5.6
4.6 4.7 5.8
5.1 ____ 6.2
5.2 _.

Tunnel angle Wall thickness Septal count

#1 2 3 #1 2 3 #4
I

i

i

29°
36°
33°
33°
36°

34°
43°
50°
42°

.040 ____ .035
.030

.040 .... .040

.040 .055

.060 .050 .065

.060 .065 .060

.070

.070

.060

13
22
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associated throughout a considerable stratigraphic range and can-
not be distinguished on size or proportions or other measurable
qualities.

Discussion.— This variety is rather strikingly similar to P. lineata
which occurs with it in its lowest horizons,but the latter is smaller
at corresponding volutions and much more slender and has a wider
tunnel angle.

In spite of a superficial resemblance to P. bosei of the Word
formation this species is probably not closely related to it. That
species is somewhat thicker and its axial filling tends to be con-
centrated in a belt oneach side of the tunnel,not in anarrow core
running to the poles.

Occurrence.— This form is abundant in the limestones of the
middle part of the Delaware Mountain sandstone and appears to
be the immediate ancestor of Polydiexodina shumardi which re-
places it in the upper part of the formation. It appears in the
upper part of the sandstone of the lower part of the Delaware
Mountain formation where it is associated withP. rothi. (Locs. 164,
166, 168.)

sellardsi,n.sp.

PI. 78

Description.— A large but relatively short, subcylindrical species
of 8 to 9 volutions, reaching a length of 16 to 18 mm. and a
diameter of 4 to 5 mm. The shell is slightly thicker at the middle
than elsewhere, its lateral slopes are gently convex, and the poles
bluntly rounded.

The proloculum is large and thick-walled but commonly irregu-
lar inshape. The wall consists of a thin tectum and a well-developed
keriotheca and is moderately thick, attaining a thickness of 100 to
125 microns in the outer whorls. The septa are very numerous,
numbering over20 in the first volution,over30 in the second, and
increasing to more than 50 in the outer whorls. They are intensely
fluted and the tips of the folds form arches over the basal foramina
as is characteristic of this genus. Septal pores are rather coarse in
the outer whorls.

The tunnel is rather wide, the tunnel angle increasing generally
in successive whorls from 25°-30° in the early whorls to 50° or
60° in the outer whorls. There are no chomata at any stage of
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growth, but there is a moderate amount of secondary deposition in
the form of axial filling in the first four or five whorls.

No microspheric individuals have yet been identified.

Table of Measurements

—
Parafusulinasellardsi

Discussion.— This large, blunt-ended species resembles P. rothi
but attains a larger size,has a smaller form ratio, and much more
numerous septa. The effect of the last-named feature is apparent
in the axial sections wherein the septal loops appear more closely
crowded than they do in P. rothi.

This species wouldnot be confused withP. wordensis,asimilarly
blunt-ended species which is fully twice as large and is relatively
more elongate.

Occurrence.— The types are from King's limestone member 3 of
the Word formation near the top of the hill south of the junction
of Road and Gilliland canyons in the Glass Mountains, Texas. It
was found in the samehorizon by Robert Roth in a section north
of Leonard Mountain. (Locs. 61, 62.)

Half length Half diameter Form ratio

#12 3 #12 3 #1 2 3
.23 .28
.73

.20

.30 .35
1.1
2.4

1.37
2.20 1.90
2.70 2.40
3.90 3.60 3.40
5.20 4.80 4.50
6.80 6.50 6.40
8.30 7.70 8.10

9.20

.44 .45 .42

.58 .60 .60

.76 .78 .80

.98 1.20 1.02
1.23 1.30 1.25
1.56 1.60 1.55
1.95 1.95 1.90_ 2.25

3.1
3.7 . 3.2
3.5 3.1
3.9 3.0
4.2 3.7
4.3 4.0
4.2 3.9

3.3
3.6
4.1
4.2
4.1
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53° 52° 43°
49° 51° 43°
56° 48° 54°

62°
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wordensisDunbar andSkinner

PL 72; PL 42, fig. 11

Parafusulina wordensis Dunbar and Skinner, Am. Jour. Sci. (5) vol 22
p. 261, pi. 2, 1931. "

Description.— This is the largest of all Parafusulinas, megalo-
spheric individuals normally attaining a length of 30 mm. and a
diameter of 5.5 to 6.0 mm. This size is exceeded by the micro-
spheric individuals of several other species in which the megalo-
spheric form is much smaller. Unfortunately no microspheric
shells of the present species have yet been found. The shells are
almost cylindrical, tapering slightly near the ends which arebluntly
rounded.

Adult shells have 8 or 9 volutions. The proloculum attains an
extraordinary size, ranging up to 690 microns in diameter, though
in some shells it is not over 250 microns. The wall consists of a
thin tectum and a well-defined keriotheca and is rather thin, attain-
ing a thickness of about 100 microns in the outer whorls. In the
present silicified condition,however, it is very difficult to get satis-
factory measurements.

The septa are intensely and regularly fluted with high septal
folds, so that except near the roof of the volution each meridional
chamber is subdivided into cell-like chamberlets as shown in Plate
72, figure 3, and Plate 42, figure 11. Furthermore, the tip of each
forwardly-directed fold of one septum is upturned to meet the
backwardly-directed tip of the opposed fold of the next septum so
as to form a saddle-like arch overa sagittally-directed basal foramen.
Thus the septa reach the floor of the volution only along the sides
of the septal folds and here each is joined to the next so that the
basal sutures of the septa on the floor run in a wavy course around
the shell at right angles to the axis, and each meridional chamber
communicates with the second beyond by a series of arch-like basal
foramina. This stage of septal evolution is distinctive of the genus
and is well shown in the figures cited above. The tunnel is low and
rather wide, the tunnel angle ranging from 20° in the early whorls
to 45° or 55° in the outer volutions. There is no evidence of
chomata and scarcely a trace of secondary deposit along the axis.

Discussion.— The authors greatly regret that the illustrations of
this magnificent species are so poor. All their material iscompletely
silicified and, although exterior features are shown with exceptional
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beauty, the sections are difficult to make and impossible to»photo-
graph satisfactorily. In the original description the writers gave
the septal count in two specimens that have exceptionally large
proloculi; study of additional specimens shows that with more
normal proloculi the early whorls have a smaller number of septa
than originally indicated and that there is a tendency to increase
in successive whorls.

Table of Measurements

—
Parafusulinswordensis

Size alone will distinguish this species from any other nowknown.
The closely associated P. sellardsi attains almost as great a thick-
ness but is much shorter and differs in proportion at all stages of
growth.

Occurrence.— The third limestone member in the Word forma-
tion near the top of the hill about 1mile south of the junction of
Road and Gilliland canyons, Glass Mountains,Texas (Loc. 60).

kingorumDunbarandSkinner

PI. 79

Parafusulina kingorum Dunbar and Skinner, Univ. Texas Bull. 3501, p. 183,
pi. 111, figs. 1-7, 1936.

Description.— A large, subcylindrical species comprising about 8
volutions and attaining a length of 23 mm. and a diameter of

Half length
#12 3

Half diameter
#12 3

Form ratio

#1 2 3

1.10
1.60 __ 2.50
2.10 _..- 4.30
2.80 I_ 6.00
4.10 9.50 9.20
6.60 13.00 12.40
8.60 16.00 14.40

10.70

.12 .20 .21

.20 .40 .40

.28 .60 .60

.40 .90 .70

.50 1.20 1.00

.70 1.60 1.30

.95 2.00 1.70
1.20 2.50 2.20
1.52 2.90 2.65
1.85

3.9
4.0
4.2
4.0
4.3 4.7
5.5 5.2
5.7 5.5
5.8

3.5
4.3
4.6
5.4
5.6
5.4

Tunnel angle Wall thickness Septal count

#12 3

25° Z Z
22° 36°
34° 36° . ....
45° 50°
53°

#1 2 3

.045 Z .050_ .055

Z Z .100
.075 .100

#4 5
17 21
26 28
31 37
32 38
36 48
39 50

6
35
45
40
46
57

troo
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4.8 mrfl?., the form ratio being nearly 5 at maturity. The shell
tapers very slightly near the bluntly rounded ends.

The proloculum is large, commonly measuring between 470 and
600 microns in diameter, but one irregular proloculum measured
500 by 780 microns. Equatorial expansion is slow but the height
of each chamber increases toward the pole as the shell elongates.
In their best axial sectionthe authors find the following dimensions:

The septa are numerous, numbering in the figured type 13, 30r
38, 38, and 45 in the first five volutions,respectively, with 30 in the
half of the sixth volution. The fluting ishigh and strong with basal
foramina and cuniculi well developed. The tunnel is rather narrow,
measuring 15°-17° in the first whorl, 20°-30° in the third, but
scarcely exceeding30° in any of the later whorls.

With the normal megalospheric shells there are occasional micro-
spheric giants exceeding in size any other known fusulines. One of
these, shown in figure 1of Plate 79, has a length of 51 mm. with
both ends incomplete. It obviously exceeded 60 mm. when com-
plete and it has a diameter of 7.8 mm. A somewhat smaller indi-
vidual was sectioned and found to have at least 14 volutions, with
a length (restored) of 44 mm. and a diameter of 6.2 mm. As in
other microspheric forms of this genus no tunnel existed at any
stage of growth. Septal pores are abundant and these as well as
the basal foramina and cuniculi provided adequate interlocular
communication.

Discussion.— It is unfortunate that the authors have been unable
to secure any unsilicified specimens of this species. All the figured
and measured specimens have been cut out of solid chert. The
species resembles P. wordensis but is considerably smaller at cor-
responding volutions.

Occurrence.— This species is abundant in the upper or fourth
limestone of the Word formation and the types were collected along
the ridge from about 2.7 to 4.7 miles northeast of the old Word
ranch in the Glass Mountains,Texas (Locs. 50 and 56).

rolution 1 2 3 4 5 6 7 8
Ladius vector
[alf length
'orm ratio
Vail thickness

.35
1.0
2.8

; .03C6

.47
1.4
3.0
.045

.60
2.2
3.7. .055

.80
3.0
3.7
.065

1.05
4.0
3.8
.090

1.41
6.0
4.2>

1.86
8.00
4.3
0.120

10.0C
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Genus Polydiexodina

Genoholotype, Polydiexodina capitanensis Dunbar and Skinner

Polydiexodina Dunbar and Skinner, Am. Jour. Sci. (5), vol. 22, p. 263, 1931.—
Galloway, Manual of Foraminifera, p. 406, 1933.— Dunbar, in Cushman,
Foraminifera, etc., p. 137, 1933.

Diagnosis.— Differs from Parafusulina in having a series of sup-
plementary tunnels paired on opposite sides of the median tunnel.
Commonly there is more or less epithecal deposit along the axial
region. The proloculum is commonly large, thin-walled,and irregu-
lar inshape.

This is the most highly specialized of the Schwagerininae and
the last to appear.

Range, upper Delaware Mountain and Capitan formations of the
Guadalupe Mountains and Capitan horizon of the Glass Mountains.
Also known from the Upper Permian in Persia and Burma.

capitanensis Dunbar and Skinner

PL 80

Polydiexodina capitanensis Dunbar and Skinner, Am. Jour. Sci. (5), vol. 22,
p. 264, 1931.

Description.— A large, elongate-fusiform species, tapering with
gently convex slopes from the middle to rather bluntly rounded
poles. These shells possess 9 to 11volutions and commonly attain
a length of 22 mm. and a diameter of 3.5 mm., the form ratio at
maturity being between 4.5 and 5.5.

The proloculum is very large, ranging in diameter from 460 to
790 microns, and is commonly irregular, in some specimens appear-
ing greatly flattened. The volutions are low and closely wound.
The wall is thin,commonly not exceeding 60 microns in thickness
and changing but little in thickness during growth. It consists of
a thin tectum and thin keriotheca.

The septa are numerous, increasing rather gradually in number
from 12 or15 in the first whorl to about 50 in the outer whorls. The
fluting is strong and regular and, as in Parafusulina, the tips of
opposed septal folds are joined above the floor of the volution to
form a row of arch-like basal foramina. Thus in tangential sections
the basal sutures of the septa are seen to runaround the shell.

The median tunnel is low and slit-like but rather narrow, its
actual width increasing but slightly in successive whorls, and the
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tunnel angle varying from about 17° to 25°, rarely more in the
early whorls. In addition, supplementary tunnels, similar in size
and nature to the median tunnel, appear in pairs about the latter.
These supplementary tunnels, produced by resorption of the septa,
are somewhat irregular in their development. Commonly the first
pair appears in the fourth or fifth volution,one tunnel on each side
of the middle and rather less than halfway to the ends of the shell.
As the shell lengthens, additional tunnels appear farther out toward
the ends until four or even five pairs are present. These all tend
to migrate away from the sagittal plane in successive whorls but
each follows a somewhat irregular course. Furthermore, one or
more of the accessory tunnels may be imperfectly developed.

Neither chomata nor parachomata are present but there is a
rather heavy axial deposit that largely fills the chambers of the
early whorls. Commonly the specimens are coated externally with
a laminated deposit that is obviously extraneous and may be due
to encrusting algae that grew over the dead shells before burial.

Table of Measurements

—
Polydiexodinacapitanensis

Associated with the normal megalospheric individuals described
above, there areoccasional microspheric shells that almost certainly

Half length Halt diameter form ratio

#1 2 3 #1 2 3 #1 2 3
.20
.43

1.02
2.1
3.5

. 4.4
6.0
7.5
9.0

.30
1.00
1.60
2.60
3.50
5.50
7.00
8.20
9.60

.80
1.50
2.00
3.00
4.60

.12 .30 .20

.20 .38 .26

.29 .49 .36

.42 .59 .46

.55 .73 .56

.71 .86 .69

.88 1.05 .82
1.07 1.23 .96
1.24 1.44 1.13

1.37

2.1 2.6
3.5 3.3
5.0 4.4
6.0 5.0
6.2 6.4
7.0 6.6
7.0 6.7
7.2 6.6

3.1
4.2
4.3
5.4
6.7

Tunnel angle Wall thickness Septal count

#1 2 3 #12 3 #4 5 6

31°
28°
24°
17°
20°
18°

18°
17°
19°
19°
25°
23°

21°

21°
25°
22°

.050 .040
.035 .060 .035
.035 .055 .045
.030 .060
.045 .050
.055 .060
.055 .050 .065
.060 .060 .070
.060 .... .065

12 12
21 23
25 24
30 31
33 36
32 41
33 49
43 50?

14
22
27
28
31
33
38
50

Afi.■*U ou
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belong to the same species. A portion of one of these, figured on
Plate 80, has 17% volutions and measures 6 mm. indiameter. Like
the microspheric shells of Parafusulina rothi, it has a very minute
endothyroid juvenarium and has neither median nor accessory
tunnels.

Discussion.— This is the most robust species of the genus in the
authors' collections. As in all such elongate shells, the axis is
commonly arched somewhat or crooked. This is believed not to
be a specific character. The ends are blunter and the shell some-
what thicker than in other species studied by the authors.

Occurrence.— The types are from the Carlsbad limestone at the
summit of Guadalupe Peak (Loc. 199), Guadalupe Mountains,
Texas. The species is widely distributed in the Capitan formation
and appears to range from top to bottom of the same in localities
to the east and southeast of Guadalupe Point (Locs. 192, 195, 198,
205, and 206).. It occurs also in the Gilliam member of the Capitan formation
in the Glass Mountains and was collected by R.E. King ata locality
south of Gilliland Canyon and about 4% miles south and three-
fourths of amile west of the northeast corner of Altuda Quadrangle
(Loc. 63).

shumardiDunbarandSkinner

PI. 81, figs. 3-10

Polydiexodina shumardi Dunbar and Skinner, Am. Jour. Sci. (5), vol. 22,
p. 267, pi. 3, figs. 1-6, 1931.

Description.— A very slender, elongate-fusiform species attaining
a length as great as 36 mm. with a diameter of only about 3 mm.
Shells of this size have about 9 volutions. The shell tapers gradu-
ally, with slightly convex slopes from center to narrowly pointed
poles, and the axis is commonly arched slightly.

The proloculum ranges between 300 and 500 microns in diameter
and is commonly irregular in shape. The whorls arelow and closely
coiled and the wall is thin,commonly not exceeding 60 microns in
thickness. The septa are closely spaced, increasing in number from
about 15 in the first volution to 40 or more in the outer whorls.
They are intensely and regularly fluted, as well shown in figures
5 and 7 of Plate 81. The tips of opposed folds unite to form a
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series of basal foramina and the basal sutures of the septa run.
around the shell, as shown in figure 5 of Plate 81.

Supplementary tunnels arepaired on oppositesides of the narrow
median tunnel as in P. capitanensis. These are best seen in thick
sections or tangential slices. As many as five or six pairs may be
present but those nearest the ends of the shell are commonly so
irregular in position as to escape attention easily.

Table of Measurements

—
Polydiexodinashumardi

Discussion.— This is the longest and most slender species of the
Polydiexodinas, its form ratio increasing steadily with growth and
reaching the extreme figure of about 10 in the largest adults. Its
slender tapering ends and acute poles will readily distinguish it
from P. capitanensis which is thicker, shorter, and stubby in
comparison.

There are practical difficulties in measuring the true and full
length of these shells. They are seldom perfectly straight and an
axial section is likely to be oblique to the axis, in places fore-
shortening the whorls. Also, the dense axial deposit makes it diffi-
cult to locate the ends of the inner whorls. The irregularity in the
calculated form ratios is therefore probably more apparent than

Half length Half diameter Form ratio

#1 2 3
0 .25 .25 .23
1 1.2 .9 .55
2 2.0 1.5 1.35
3 3.0 2.5 2.50
4 4.4 3.5 3.80
5 5.6 5.0
6 8.5 7.0
7 10.8
8 12.2 _
9 14.5
.0 ___-

4

1.0
1.5
2.5
4.0
6.0
8.0

10.4
11.8
13.5
16.2

#12 3
. .17 .25 .23

.32 .34 ,34

.43 .44 .46

.56 .55 .57

.69 .67 .72

.84 .82 .89
1.01 .99 1.11 :
1.19 1.19 1.34
1.42 1.39 1.60 :
1.64 ..._ _! :

4 #1 2 3
.20 .... .... '_
.38 3.7 2.7 1.6
.45 4.6 3,3. 2.9
.56 5.3 4.5 4.3
.67 6.3 5.2 5.3
.84 6.6 6.0

1.01 8.4 7.0
1.20 9.0
1.42 8.9
1.66 8.8
1.95 .... -.

—

4

2.6"
3,5
4.4
6.0
7.1
8.0
8.7
8.0
8.0
8.2

Tunnel angle Wall thickness; Septal count

#1 2 3 4 #12 3 4 #5 6 7
0
1
2 _.._

3 __._

4
5 15° ....
6 20° .... _
7 18° ___

.040 .040 .040_ .035 .047
.... .040 .045
.... .040 .055
.045 .040 .064
.060 .050 .045
.060 .060 .066
.060 .060 .067

14 14 18
30 23 23
32 24 25
32 31 25
42 34 28
40 27 30_ .... 35 33

15
30
31
35
41
47
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real, and the maximum lengths, hence the largest form ratios, are
the more likely to be correct.

Occurrence.— This species was described from a dark gray lime-
stone in the upper part of the Delaware Mountain formation in the
southern part of the Delaware Plateau, at a locality on the old
Carlsbad-Van Horn road about 3 miles east of the point where the
road emerges from the canyon to the edge of Salt Flat (Loc. 172).
The horizon is about 2117 feet above the base of the Delaware
Mountain formation at this locality. The species is also abundant
and widely spread in the dark gray limestones in the upper 600
feet of the Delaware Mountain formation in the northern part of
the plateau and around the south and east margin of the Guadalupe
Mountains. It also occurs in light gray tonguesof theCapitan facies
at the same horizon in Pine Spring Canyon 1.3 miles N. 50° E. of
Guadalupe Peak. One of the authors' best collections was made by
H. C. Fountain in dark gray limestones about 400 feet below the
massive light Capitan dolomite at the head of Radier Ridge.

This is the first species of Polydiexodina to appear in the section
and its presence will serve to distinguish a natural upper division
of theDelaware Mountain formation. (Locs.170,182, 183,185,187,
188,189, 191,193, 194, 200,201, 202,203, 204, 63, 67, 68, and 69.)

rotundata,n.sp.

PL 81, figs. 1and 2

Description.— The authors are basing this species on three speci-
mens. Inspite of this meagrematerial, found in a single small chip
of stone, the form is so distinctive and so interesting that they are
impelled to name the species. The shell is thickly fusiform and
short, the largest of the three specimens having a lengthof 6.7 mm.
and a diameter of 4.5 mm. In this specimen the axial profile is
almost evenly lenticular, the poles being acutely rounded. This
specimenhas 9% volutions.

Another specimen, shown as figure 1on Plate 81, has 6% volu-
tions and is rather more slender, having a length of 7 mm. and a
diameter of 3.2 mm. The third specimen has a length of about
6 mm. and a thickness of 3 mm., thus agreeing in proportions with
the second.
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The proloculum of the third specimen is only about 180 microns
in diameter, that of the second 350 microns, and that of the first
200 microns.

The form of the whole specimen shown as figure 1 on Plate 81
isnormal for the species, the axial section shown as figure 2 being
deformed at both ends in the sixth volution, as a result of which
there was little increase in length but the normal increment in
diameter in that whorl; consequently the outer whorls are dis-
proportionately short in this specimen. This specimen (fig. 1) has
a smaller proloculum than the second (fig. 2) and an additional
juvenile whorl. If the second volution of this specimen be com-
pared with the first in specimen two and the third with the second,
etc., in the following table, the correspondence is close. The writers
liave not given the axial length in the three last volutions of the
first specimen because of the deformity noted above.

The wall is very thin as in other species of Polydiexodina, in-
creasing from about 20 microns in the early whorls to 50 microns
in the penultimate and 65 in the last. The alveolar structure of
the keriotheca is fine but well defined. The septa are strongly fluted
as in other species of this genus, withregular basal foramina under
each septal fold and with the basal sutures of the septa running
around the shell.

Table of Measurements

—
Polydiexodina?rotundata

Specimens numbered1and 2 are shown as figures 2 and 1, respectively, on
Plate 81.

The median tunnel is narrow and inconspicuous in the specimen
shown as figure 2 of Plate 81 and in the eighth whorl a pair of
supplementary tunnels appears. In the specimen shown as figure 1,
now cut down to a median surface and polished, no tunnel can be

Half: length Hal:diameter Form ratio

#1 2 #1 2 3 #1 2
.10
.40
.75

1.05
1.40
1.80
2.30

.17

.59
1.06
1.41
1.71
2.27
2.99

.10

.18

.28
.40
.60
.82

1.12
1.50
1.76

.17
■ .27
.40
.60
.83

1.11
1.40
1.73

.09

.17

.25

.36

.50

.68

.96
1.25
1.54

2.2 2.2
2.7 2.7
2.6 2.3
2.3 2.1
2.2 2.0
2.0 2.1
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identified although the matrix is clear and the septal folds can be
plainly seen. The septa seem to be thickenedby a secondary deposit
in these specimens.

Discussion.— In its septal fluting, thin walls, and in the supple-
mentary tunnels in the outer whorl of one of the types, this form
appears to belong with Polydiexodina,but in its short rotund form
it differs greatly from any other known species.

Occurrence.— The types of this species were collected by V. C.
Maley on a hilltop about three-fourths of a mile due west of the
Jones ranch house on the western flank of the Apache Mountains,
Van Horn Quadrangle, Texas (Loc. 150). Unfortunately, the strati-
graphic relations are not fully known. Polydiexodina capitanensis
occurs in the hills east of the ranch house and the beds yielding
P. rotundata dip westward and if projected would rise over that
section,but it is possible that a fault intervenes and that the zone
of P. rotundata is lower than that of P. capitanensis.

Supplementarynote BY John W. Skinner JULY 2, 1937

In a paper published as Bulletin 14 by the New Mexico State
Bureau of Mines and Mineral Resources under the title "Some New
Mexico Fusulinidae" the author, C. E. Needham, has described a
new species, Schwagerina thompsoni. This fossil is the same as
Schwagerina bellula,n. sp., described on page 643. The name pro-
posed by Needham has precedence,his paper having been received
while this paper was in press. The name Schwagerina bellula Dun-
bar and Skinner, accordingly, becomes a synonym of Schwagerina
thompsoni Needham. On the other hand, Polydiexodina guada-
lupensis, described by Needham as a new species, is a synonym of
Polydiexodina shumardi Dunbar and Skinner*; also Parajusulina
dunbari Needham, n. sp., is a synonym of Parajusulina rothi Dun-
bar and Skinner,f

*Am. Jour. Sci. (5), vol. 22, p. 267, 1931.
tUniv. Texas Bull. 3501, p. 181, 1936.



Check list of the genera and species of the Fusulinidae

Genera

Beedeina Galloway 1933 Fusulinella girtyi D. &C. =
Fusulina s.s.

Boultonia Lee 1927 B. willsi Lee
Cancellina Hayden . 1910 Neoschwagerina primigena

Hayden
Codonofusiella Dunbar & Skinner nov. C. paradoxicaDunbar &

Skinner
Colania Lee 1933 C. kwangsiana Lee
Depratella Ozawa 1928 Neofusulinella giraudi De-

prat = Schubertella
Doliolina Schellwien 1902 Schwagerina lepida

Schwager
Eoschubertella Thompson 1937 Schubertella lata Lee &

Chen
Eoverbeekina Lee 1933 E. intermedia Lee
Fusiella Lee & Chen 1930 F. typica Lee & Chen
Fusulina Fischer 1829 F. cylindrica Fischer
Fusulinella Moller 1877 F. bocki Moller
Gallowaiina Chen 1934 G. meitienensis Chen== Gallowainella
Gallowainella Chen nov. Gallowaiina meitienensis

Chen
Girtyina Staff . 1909 Fusulina ventricosa Meek &

H. =Triticites
Grabauina Lee 1924 G. disca Lee = Triticites
Hemifusulina Moller 1877 H. bocki Moller (not recog-

nizable)
Leella Dunbar & Skinner nov. L. bellula Dunbar & Skin-

ner
Leeina Galloway 1933 Fusulina vulgaris var. fusi-

formis Schell. = ?
Schwagerina s.s.

Lepidolina Lee 1933 Neoschwagerina multisep-
tata Deprat

Mollerina Schellwien 1898 Schwagerina lepida Schw.= Doliolina
Nagatoella. Thompson 1936 Triticites ellipsoidalis var.

orientis Ozawa = Schwa-
gerina

Nankingella Lee 1933 N. orbicularis Lee
Neofusulinella Deprat 1912 N. lantenoisi Deprat =='.?

Fusulinella
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Neoschwagerina Yabe 1903 Schwagerina craticulifera
Schw.

Nummulostegina Schubert 1906 N. velebitana Schubert
Orobias Eichwald 1860 Nummulina antiquior R. &

V. (probably not a fusu-
line)

Ozawaina Lee 1927 N. antiquior R. &V. =
Orobias

Ozawainella Thompson 1935 Fusulinella angulata Colani
Paleofusulina Deprat 1912 P. prisca Deprat
Parafusulina Dunbar & Skinner 1931 P. wordensis Dunbar &

Skinner
Paraschwagerina Dunbar & Skinner 1936 Schwagerina gigantea White
Pisolina Lee 1933 P. excessa Lee
Polydiexodina Dunbar & Skinner 1931 P. capitanensis Dunbar &

Skinner
Profusulinella Rauser-Chern., B. &R. 1936 P. pararhomboides R., B.

& R.
Pseudodoliolina Yabe & Hanzawa 1932 P. ozawai Yabe & Hanzawa
Pseudofusulina Dunbar & Skinner 1931 P. huecoensis Dunbar &

Skinner = Schwagerina
s.s.

Pseudoschwagerina Dunbar & Skinner 1936 Schwagerina uddeni Beede
& Kniker

Quasifusulina Chen 1934 Fusulina longissima Mb'ller
Schellwienia Staff & Wedekind 1910 Fusulina cylindrica Fischer= Fusulina
Schubertella Staff & Wedekind 1910 S. transitoria S. &W.
Schwagerina Moller 1877 Borelis princeps Ehrenberg
Sphaerulina Lee 1933 S. crassispiraLee
Staffella Ozawa 1925 S. mollerana Thompson =

Fusulina sphaerica Moller
(non Abich).

Sumatrina Volz 1904 S. annaeVolz
Triticites Girty 1904 Miliolites secalicus Say
Verbeekina Staff 1909 Fusulina verbeeki Geinitz
Wedekindella Dunbar & Henbest 1930 Fusulinella euthysepta Hen-

best ■= Wedekindellina
Wedekindia Dunbar & Henbest 1931 F..euthysepta Henbest =

Wedekindellina
Wedekindellina Dunbar & Henbest 1933 F. euthysepta Henbest
Yabeina Deprat 1914 Neoschwagerina inouyei De-

prat = Y. globosa Yabe
Yangchienia Lee 1933 Y. iniqua Lee
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Species

As this work goes to press the number of described fusuline
species has reached a total of 540. These appearin widely scattered
literature, in several languages. In the following specific list the
writers indicate, together with the author and date of publication,
the generic name under which each form was described. From the
bibliography it will thus be simple for the reader to locate the
original description.

Where the present generic assignment is different from that orig-
inally made, the name of the genus to which the species was first
ascribed is printed in italics and the correct genus is indicated.
Several of the species belonging to either Schwagerina orParafusu-
lina cannot be placed with certainty because the septal characters
have not been adequately recorded. Aside from a few synonyms,
which are printed in italics, the writers have made no systematic
attempt to determine the synonyms in the list,partly because of the
labor involved in studying all the literature, but more particularly
because many of the original descriptions are inadequate and the
synonyms involved can be straightened out only by modern work
on the local faunas. An attempt on the writers' part to make cor-
rections from the literature alone would be likely to introduce more
errors than it would remove.

acuminata Thompson,Fusulinella, 1936
acuminata Dunbar & Skinner, Paraschwagerina,nov.
acuta Lee, Schellwienia,1927 = Schwagerina
acutus Dunbar & Condra, Triticites, 1928
aequabilis Lange, Schellwienia, 1925 (not recognizable)
aequalis Schellwien, Fusulina mollerivar.,1908 = ?Schwagerina
aganoensis Fujimoto, Pseudofusulina, 1936 = Schwagerina
akasakensis Deprat, Fusulina japonica var., 1914 = ?Parafusulina
akasakensis Thompson, Verbeekina, 1936
aliciae Deprat,Doliolina, 1912
alpina Schellwien, Fusulina, 1898 = Schwagerina
ambigua Deprat,Fusulina, 1913 = Schwagerina
amedaei Deprat, Schwagerina, 1915 = Pseudoschwagerina
anderssoni Schellwien,Fusulina, 1908 = Schwagerina
angulata Colani,Fusulinella, 1924 = Ozawainella
annae Volz,Sumatrina, 1904
annamitica Deprat, Fusulina, 1913 = ?Schwagerina
antigua Schellwien, Fusulina alpina var.,1898 = Schwagerina
area Lee, Fusulina longissima var., 1923 == Quasifusulina
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arctica Schellwien,Fusulina, 1908 = ?Triticites
arenacea Lange, Fusulinella, 1925 = ?Staffella
artiensis Schellwien, Fusulina prisca var.,1908 = Schwagerina
atokensis Thompson, Staffella, 1935
attenuata Dunbar & Skinner, Parafusulina bb'sei var., nov.

bakeri Dunbar & Skinner, Parafusulina, nov.
bassleri Galloway & Harlton, Orobias, 1928 = Ozawainella
beedei Dunbar & Skinner, Pseudoschwagerina, nov.
beedeiDunbar & Condra, Triticites, 1928
bellula Dunbar & Skinner, Schwagerina, nov.
bellula Dunbar & Skinner, Leella, nov.
bellus Chen, Triticites, 1934
berryi Jones, Fusulina, 1933 = ?Schwagerina
biconica Hayasaka,Fusulinella, 1924
bicornis Chen, Pseudofusulina, 1934 = Schwagerina
biumbonata Galloway & Harlton, Orobias, 1928 = Ozawainella
bocki Moller, Fusulina, 1878
bocki Moller, Hemifwsulina, 1878 == ?Triticites
bocki Moller, Fusulinella, 1878 (type species)
bosei Dunbar & Skinner, Parafusulina, nov.
borealis Rauser-Chern., B. & R., Pseudofusulina, 1936 = Schwagerina
bradyi Moller, Fusulinella, 1878 = Nummulostegina
brevicula Schwager, Fusulina, 1883 = Schwagerina
brevis Lee, Girtyina quasicylindrica var., 1927 = Fusulina
brevis Chen, Pseudofusulina chihsiaensis var., 1934 = Schwagerina
brevis Rauser-Chern., B. & R., Triticites petschoricus var., 1936
buxtorfiLange, Neoschwagerina, 1925

californica Staff, Fusulina extensa var., 1912 = Parafusulina
cambodgiensis Gubler, Pseudofusulina,1936 = Schwagerina
capitanensisDunbar & Skinner, Polydiexodina, 1931
carinthiaca Stache, Fusulina, 1874 (nomennudum)
carmani Thompson, Fusulinella, 1936
cayeuxiDeprat, Fusulina, 1913 = ?Parafusulina
centralis Say, Miliolites,1823 = Triticites
centralis Staff [non Say], Fusulina, 1912= Triticites secalicus
cervicalis Lee, Schellwienia, 1927 = Schwagerina
chamchitensis Colani, Fusulina, 1924 = Schwagerina
chaoi Lee, Neofusulinella, 1927 = Fusulinella
chekiangensis Chen, Parafusulina, 1934
cheni Thompson& Foster, Eoverbeekina,1937
chihsiaensis Ghem, Pseudofusulina, 1934 = Schwagerina
chihsiaensis Lee, Schellwienia, 1931 = ?Parafusulina
chinensis Ozawa,Fusulina prisca var., 1923 = ?Triticites
chinensis Chen, Triticites regularis var.,1934
chitralensis Reed, Fusulina (Schellwienia) mollerivar., 1924 = ?Parafusulina
chuanshanensis Lee & Chen, Aeofusulinella, 1930 = Fusulinella
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chui Chen, Triticites, 1934
cicer Stache, Fusulina, 1874 (nomen nudum)
ciceroidea Rauser-Chern., B.& R., Schwagerina, 1936 = Pseudoschwagerina
ciscoensis Harlton, Staffella, 1928 = Ozawainella
colaniae Ozawa, Neoschwagerina,1927
colaniiLee & Chen, Neofusulinella,1930 = Fusulinella
coloradoensis Roth & Skinner, W edekindella, 1930 = Wedekindellina
communis Schellwien, Fusulina alpina var.,1898 — Schwagerina
compacta Lee, Schellwienia longissima var.,1927 = Quasifusnlina
compacta White, Triticites, 1932 = Schwagerina
complicata Schellwien,Fusulina, 1898 = ?Parafusulina
compressa Deprat,Doliolina, 1915
compressa Ozawa,Fusulinella,1927
confusa Lee & Chen, Sta£fella, 1930
consobrinus Galloway & Ryniker, Triticites,1932 (in White)
constricta Chen, Parafusulina, 1934
constricta Deprat,Fusulina japonica var., 1914 = ?Parafusulina
contracta Schellwien,Fusulina, 1909 = Triticites
convolutaLee & Chen, Neofusulinella parva var., 1930 = Fusulinella
convoluta Meyer, Schellwienia,1914 = ?Parafusulina
crassa Deprat,Fusulina, 1913 = Schwagerina
crassa Moller,Fusulinella, 1880 = Staffella
crassiseptata Deprat, Fusulina, 1915 = Schwagerina
crassiseptata Silvestri,Fusulina uralicavar., 1934 (nomen nudum)
crassispiraLee, Sphaerulina, 1933
crassistectoria Dunbar & Skinner, Schwagerina, nov.
craticulifera Schwager, Schwagerina, 1883 = Neoschwagerina
cullomensisDunbar & Condra, Triticites, 1928
cushmani Chen, Pseudofusulina, 1934 = Schwagerina
cylindrica Chen, Boultonia, 1934
cylindrica Fischer, Fusulina, 1829

dagmarae Doutkevitch, Staffella, 1934
dakotensis Thompson, Fusulinella, 1936
delawarensis Dunbar & Skinner, Ozawainella, nov.
delicatus Chen, Triticites, 1934
deliciasensisDunbar & Skinner, Parafusulina, 1936
densimedius Chen, Triticites, 1934
deprati Beede & Kniker,Fusulina, 1924 = Fusulinella prisca (Deprat)
deprati Ozawa, Schellwienia, 1925 = Schwagerina douvillei Deprat
deprati Yabe, Verbeekina, 1924
depressa Fischer, Fusulina, 1829
diabloensis Dunbar & Skinner, Parafusulina, nov.
diminutiva Thompson, Fusulinella, 1936
disca Lee, Grabauina, 1924 =Triticites
discoides Lee, Staffella, 1931 = Nankingella
distentaRoth & Skinner, Fusulina, 1930
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diversiformis Dunbar & Skinner, Schwagerina, nov.
dongvanensis Colani, Fusulina, 1924 = Schwagerina
douvilleiColani,Fusulina, 1924 = Schwagerina
douvilleiDeprat, Schwagerina, 1912 = Verbeekina
douvilleiGubler, Doliolina,1936
douvillei Ozawa,Neoschwagerina, 1925
dunbari Gubler,Doliolina,1936
dussaultiDeprat,Fusulina, 1912 = Parafusulina

elegans Stache, Fusulina, 1874 (nomen nudum)
ellipsoidalis Chen, Pseudofusulina tschernyschewi var., 1934 == Schwagerina
ellipsoidalis Schwager, Doliolina lepida var., 1883
ellipsoidalis Staff, Fusulina, 1912 (not recognizable)
ellipsoides Lee& Chen, Neofusulinella chuanshanensis var.,1930 = Fusulinella
elongata Deprat,Neofusulinella, 1915 = Fusulinella
elongata Gubler, Neoschwagerina, 1936
elongata Shumard, Fusulina, 1858 (not recognizable)
emaciata Beede,Fusulina, 1916 = Schwagerina
erucaria Schwager, Fusulina, 1887 = ?Schwagerina
euryteines Thompson, Fusulina, 1934
euthyseptaHenbest, Fusulinella, 1928 = Wedekindellina
evoluta Chen, Gallowaiinameitienensis var., 1934 = Gallowainella
excentrica Roth & Skinner, Wedekindia, 1930 = Wedekindellina
excessaLee,Pisolina, 1933
exigua Schellwien, Fusulina vulgaris var., 1909 = ?Schwagerina
exigua Staff, Fusulina, 1912 = Triticites nebraskensis Thompson
exilis Chen, Schwagerina fusulinoides var., 1934 = Pseudoschwagerina
exilis Schwager, Fusulina, 1883 == ?Schwagerina
eximia Thompson, Fusulina, 1934
expansa Lee, Schellwienia,1927 = Schwagerina
extensa Staff, Fusulina, 1912 (nomennudum)

fava Lee & Chen, Girtyina, 1930 = Fusulina
fittsi Thompson, Fusulinella, 1935
fluxa Lee & Chen, Neofusulinella, 1930 = Fusulinella
forakerensis Skinner, Fusulina, 1931 = Schwagerina
fosteri Thompson & Miller, Schwagerina, 1935 = Paraschwagerina
fountaini Dunbar & Skinner, Staffella, nov.
fountainiDunbar & Skinner, Parafusulina, nov.
fragilis Chen, Pseudofusulina chihsiaensis var., 1934 = Schwagerina
fragilis Colani,Fusulina, 1924 = Schwagerina
fragilis Dunbar & Skinner, Leella,nov.
fragilis Rauser-Cernoussova,Pseudofusulina lutugini var., 1935 = Schwagerina
fragilis Schellwien, Fusulina alpina var., 1898 = Schwagerina
franklinensis Dunbar & Skinner, Schwagerina, nov.
furnishi Thompson, Fusulinella, 1936
fusiformis Chen,Pseudofusulina tschernyschewi var., 1934 =: Schwagerina
fusiformis Krotow, Schwagerina, 1898 =Pseudoschwagerina
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fusiformis Schellwien, Fusulina vulgaris var.,1909 = ? Schwagerina
fusulinoides Schellwien, Schwagerina, 1898 = Pseudoschwagerina

gallowayi Chen, Pseudofusulina,1934 = Schwagerina
gallowayi Skinner, Schubertella, 1931 = Eoschubertella
gemmellaroi Silvestri, Sumatrina, 1933
gerontica Dunbar & Skinner, Pseudoschwagerina, nov.
gigantea Deprat,Fusulina, 1913 = ?Parafusulina
gigantea. Gubler, Neoschwageona megasphaerica var., 1935
gigantea White, Schwagerina, 1932 = Paraschwagerina
gigas Mansuy, Fusulinella, 1912 = ?Nankingella
giraudi Deprat, Neafusulinella,1915' = Schubertella
girtyi Dunbar & Condra, Fusulinella, 1928 = Fusulina
girtyi Thompson,Fusulina, 1934
globosaDeprat,Fusulina, 1912 = Schwagerina
globosa Fujimoto, Pseudofusulina tschernyschewi var., 1936 == Schwagerina
globosa Schellwien, Fusulina vulgaris var.,1909 = Schwagerina
globosa Stache, Fusulina, 1874 (nomen nudum)
globosa Yabe, Neoschwagerina, 1906 = Yabeina
globularis Gubler,Pseudofusulina, 1936 = Schwagerina
glomerosa Schwager, Schwagerina princeps var.,1883 = Pseudoschwagerina
grabaui Thompson & Foster, Verbeekina, 1937
gracilis Chen, Parafusulina, 1934
gracilis Meek, Fusulina, 1864 = ?Schwagerina
gracilis Ozawa, Schellwienia,1927 = ?Codonofusiella
gracilitatis Dunbar & Skinner, Schwagerina, nov.
grandis Deprat,Neoschwagerina craticulifera var., 1912
granum-avenae Roemer, Fusulina, 1880 = Schwagerina
granum-oryzae Doutkevitch,Fusiella, 1934
gregaria Lee, Schellwienia,1931 = ?Schwagerina
giimbeliDunbar & Skinner, Schwagerina, nov.
giimbeli Stache, Fusulina, 1874 (nomen nudum)

hawkinsi Dunbar & Skinner, Schwagerina, nov.
haworthi Beede, Fusulina, 1916
hayasakai Lee, Schellwieniajaponica var.,1927 = ?Parafusulina
hayasakai Ozawa,Neoschwagerina, 1922 =Neoschwagerina multiseptata Deprat
haydeni Doutkevitch, Neoschwagerina craticulifera var.,1934
haydeni Ozawa,Schellwienia, 1925 = Schwagerina
heimi Thompson& Foster, Verbeekina, 1937
henbesti Skinner, Wedekindia, 1931 = Wedekindellina euthysepta Henbest
hessensisDunbar & Skinner, Schwagerina, nov.
hoeferi Stache, Fusulina, 1874 (nomen nudum)
hollingsworthi Thompson, Staffella, 1935
huanglienhsiaensis Chen, Triticites, 1934
huecoensis Dunbar & Skinner, Pseudofusulina,1931 = Schwagerina
huecoensis Dunbar & Skinner, Ozawainella, nov.
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hutienensis Chen, Pseudofusulina, 1934 = Schwagerina
hyperborea Salter, Fusulina, 1855 = Schwagerina

implicata Schellwien., Fusulina moellerivar., 1908 = ?Schwagerina
incisa Schellwien,Fusulina, 1898 = Schwagerina
inconspicua Girty, Fusulina, 1915
Inflata Colani,Fusulinella, 1924 = ?Nankingella
inflataDoutkevitch,Fusulinella uralica var.,1934 = Wedekindellina
inflatus Galloway & Ryniker, Triticites ventricosus var., 1932 (in White)
iniquaLee, Yangchienia, 1933
inouyeiDeprat, Yabeina,1914 = Y. globosa Yabe
intermedia Lee, Eoverbeekina,1933
intermedia Rauser-Chern., B. & R., Pseudofusulina, 1936 = Schwagerina
irregularis Staff, Fusulina centralis var., 1912 = Triticites irregularis
irumensis Fujimoto, Fusulinella, 1936
itoi Ozawa,Fusulinella, 1925
ivanovi Doutkevitch, Staffella, 1934 = Ozawainella

japonica Fujimoto, Sumatrina, 1936
japonica Giimbel,Fusulina, 1874 = Parafusulina
kaerimizensis Ozawa, Schellwienia, 1925 = Parafusulina
kagaharensis Fujimoto, Triticites,1936
kagemoriensis Fujimoto, Pseudofusulina, 1936 = Schwagerina
kaizensis Fujimoto, Yabeina, 1936
kansasensis Beede & Kniker, Schwagerina, 1924 = Paraschwagerina
katoi Ozawa,Neoschwagerina,1927 = Yabeina
kattaensis Schwager, Fusulina, 1885 — Parafusulina
kayiThompson,Fusulina, 1934
kiangsuensis Chen, Pseudofusulina, 1934 = Schwagerina
kingi Dunbar & Skinner, Schubertella, nov.
kingorum Dunbar & Skinner, Parafusulina, 1936
kiuyaoshanensis Chen, Triticites, 1934
knighti Dunbar & Skinner, Schwagerina, nov.
kobayashii Thompson, Nagatoella, 1936 = Schwagerina
konnoi Ozawa,Fusulinella, 1925
koschmanni Skinner, Triticites, 1931
kozui Deprat, Fusulina, 1914 = Schwagerina
kraffti Schellwien,Fusulina, 1908 = Schwagerina
krotowi Schellwien,Fusulina, 1908 = Schwagerina
kuanshanensis Chen, Triticites, 1934
kueichihensis Chen, Orobias, 1934 = Ozawainella
kueichihensis Chen, Triticites, 1934
kwangsiana Lee, Colania, 1933

lacunosa Dunbar & Skinner, Staffella, nov;

laevis Schellwien, Fusulinella, 1898 = Staffella
lanceolataLee & Chen, Girtyina, 1930 == Fusulina
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lantenoisi Deprat,Fusulina, 1912 = Schwagerina
lantenoisi Deprat,Neofusulinella, 1913
laosensis Deprat, Fusulina, 1913 = ?Schwagerina
lata Lee & Chen, Schubertella, 1930 = Eoschubertella
laxa Lee, Schellwienianathorsti var., 1927 = ?Schwagerina
laxissima Dunbar & Skinner, Schwagerina, nov.
leeiDoutkevitch, Staffella, 1934
leei Skinner, Fusulina, 1931
lepidaDeprat,Fusulina, 1914 = Schwagerina
lepida Schwager, Schwagerina, 1883 = Doliolina
lettensis Schubert, Doliolinalepida var., 1914
levidensis Lee, Schellwienia verneuili var., 1927 = ?Parafusulina
librovitchi Doutkevitch, Fusulinella, 1934
linearis Dunbar & Skinner, Schwagerina, nov.
lineata Dunbar & Skinner, Parafusulina, nov.
liuchowensis Chen, Triticites, 1934
llanoensis Thomas, Fusulina, 1931 = Fusulinella
longa Doutkevitch, Fusulinella uralicavar., 1934 = Wedekindellina
longissima Deprat, Sumatrina, 1914
longissima Moller, Fusulina, 1878 = Quasifusulina
longissimoidea Beede, Fusulina, 1916 = Schwagerina
lucasensis Thompson,Fusulina, 1934
lungtanensis Chen, Parafusulina, 1934
lutugini Staff, Fusulina, 1908 = ? Schwagerina

maccoyensis Thompson,Staffella keytei var., 1935
magna Lee & Chen, Schubertella,1930
magna Roth& Skinner, Wedekindiaexcentrica var., 1930 = Wedekindellina
magnae sphaeraeColani, Schwagerina princepsvar., 1924 =Pseudoschwagerina
magnini Deprat, Fusulina, 1913 = Schwagerina
major Deprat,Doliolina,1914 =Pseudodoliolina
maleyi Dunbar & Skinner, Parafusulina, nov.
mansuyi Deprat, Fusulina, 1912 = Schwagerina
maoshanensis Chen, Pseudofusulina, 1934 = Schwagerina
margaritaeDeprat,Neoschwagerina, 1913
margheritii Deprat,Fusulina, 1912 = Schwagerina
mathildaeDoutkevitch, Staffella, 1934 = Ozawainella
medialis Staff, Fusulina secalis var.,1912 = Triticites
meeki Dunbar & Condra,Fusulinella, 1928 = Fusulina euryteines Thompson
meeki Moller,Fusulina ventricosa var., 1879 — Triticites
megaspherica Deprat,Neoschwagerina, 1913
megista Thompson, Fusulina, 1934
meitienensis Chen, Gallowaiina,1934 = Gallowainella
melonica Dunbar & Skinner, Schubertella, nov.
milleriThompson, Triticites, 1936 == Triticites cullomensisDunbar & Condra
minima Deprat, Neofusulinella,1915 = Fusulinella
minima Lange, Doliolina,1925
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,ima Schellwien,Fusiilina, 1908
rainoensis Deprat,Neoschwagerina craticulifera var., 1914
minor Chen, Verbeekina, 1934
* linor Lee,Schellwienia vulgaris var., 1927 = Schwagerina
ininoris Lee, Fusulina elongata var., 1923= ?Parafusulina
minuta Henbest, Fusulinella, 1928 = Wedekindellina
minuta Lee,Schellwieniasimplex var.,1927 = Triticites
moellerana Thompson, Staffella, 1935
molleri Ozawa, Staffella, 1925
moelleri Schellwien,Fusulina, 1908 = ?Schwagerina
molengraaffi Schubert, Fusulina, 1915 = ?Schwagerina
montipara Ehrenberg, Alveolina, 1854 = Schwagerina
moorei Dunbar & Condra, Triticites, 1928
multicircumvoluta Deprat,Neoschwagerina craticulifera var., 1912
multiseptata Deprat, Neoschwagerina, 1912 = Lepidolina
multiseptata Schellwien,Fusulina, 1898 = ? Schwagerina
muongthensis Deprat,Fusulina, 1915 = Pseudoschwagerina
mutabilis Chen, Pseudofusulina, 1934 = Schwagerina
mysticensis Thompson,Fusulina, 1934

nakaoensis Fujimoto, Pseudofusulina krotowi var., 1936 = Schwagerina
nana Likharew, Paleofusulina, 1926
nebraskensis Thompson, Triticites, 1934
neglectus Newell, Triticites, 1934
nelsoni Dunbar & Skinner, Schwagerina, nov.
neoschwagerinoides Deprat,Doliolina, 1913' = Cancellina
nipponica Ozawa, Cancellina, 1927
nobilis Lee, Schellwienia, 1927 = Schwagerina

obesa Beede, Fusulina, 1916 = Triticites
oblonga Ozawa,Schellwienia, 1925 = ?Schwagerina
obscuraLee & Chen, Schubertella, 1930 = Eoschubertella
obsoleta Schellwien, Fusulina, 1908 = Triticites
obtusa Lee, Schellwienia verneuili var., 1927 = ?Parafusulina
ohioensis Thompson, Triticites, 1936
oklahomaensis Galloway & Harlton, Orobias, 1928 = Ozawainella
okuboensis Ozawa,Schellwienia subobsoleta var.,1927 = Parafusulina
oliviformis Thompson, Fusulinella, 1935
ominensis Ozawa, Schellwienia,1925 = ?Triticites
orbicularis Lee, Nankinella, 1933
orbicularis Gregorio, Schwagerina verbeeki var., 1930
orbulinopsis Gregorio, Schwagerina verbeeki var.,1930 (not recognizable)
ordinatus Chen, Triticites, 1934
orientis Ozawa, Schellwieniaellipsoidalis var., 1925 = Schwagerinaorientis
oryziformis Newell, Triticites secalicus var., 1935
osagensis Newell, Triticites, 1935
otakiensis Fujimoto, Pseudodoliolina,1936
otukai Fujimoto, Pseudofusulina, 1936 = Schwagerina
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ovalis Deprat, Doliolina,1915
ovoideus Chen, Triticites, 1934
ozawai lisaka, Schellwienia,1932 = ?Parafusulina
ozawai Lee & Chen, Staffella, 1930
ozawai Yabe & Hanzawa, Pseudodoliolina, 1932

padangensis Lange, Nummulostegina, 1925
padangensis Lange, Schellwienia,1925 = Schwagerina
pailensisWaagen, Fusulina, 1887 = ?Parafusulina
pamirensis Doutkevitch,Doliolina termieri var., 1934
pankouensis Lee, Girtyina, 1927 = Fusulina
paradoxaDoutkevitch, Staffella, 1934
paradoxaLee & Chen, Fusiella,1930
paradoxicaDunbar & Skinner, Codonofusiella,nov.
parapriscaChen, Pseudofusulina, 1934 = Schwagerina
pararegularis Chen, Triticites, 1934
pararhomboidesRauser-Chern., B. & R., Profusulinella, 1936
parasphaeroideaLee & Chen, Staffella, 1930
parumvolutaDeprat,Fusulina, 1913 = ?Schwagerina
parva Beljaev, Pseudofusulina uralica var.,1936 = Schwagerina
parva Colani, Neoschwagerina,1924
parva Lange, Nummulostegina?, 1925
parva Lee & Chen, Neofusulinella,1930 = Fusulinella
parvicostata Deprat, Doliolina,1915
parvula Schellwien, Fusulina prisca var., 1908 = Schwagerina
parvus Chen, Triticites, 1934
pauciseptata Rauser-Chern., B. & R., Fusulinella bocki var.,1936
perforata Roth & Skinner, Wedekindia coloradoensis var., 1930 Wede

kindellina
persica Kahler, Polydiexodina, 1933
peruana Meyer, Schellwienia, 1914 = ?Triticites
pesuliensis Ozawa & Tobler, Sumatrina, 1929
petschoricus Rauser-Chern., B. & R., Triticites, 1936
phairayensis Cblani, Neofusulinella,1924 = Schubertella
phaselusLee, Schelhvienia longissima var., 1927 = Quasifusulina
pinguis Dunbar & Skinner, Triticites, nov.
plana Lange, Schubertella, 1925
plattensis Thompson,Fusulina, 1936
plicata Lee, Schellwienia,1927 = Parafusulina
plummeri Dunbar & Condra, Triticites, 1928
powwowensis Dunbar & Skinner, Triticites, nov.
praecursor Deprat,Neofusulinella,1913 = ?Fusulinella
praesimplex Lee,Neofusulinella, 1927 = Fusulinella
preobrajenskyi Doutkevitch, Staffella, 1934
primaeva Skinner, Fusiella, 1931
primigena Hayden, Neoschwagerina, 1909 = Cancellina
primigenius Rauser-Chern., B. & R., Triticites, 1936
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princeps Ehrenberg, Borelis,1842 (1854) = Schwagerina
princeps Moller, Schwagerina, 1878 == Pseudoschwagerina
prisca Deprat, Paleofusulina, 1913
prisca Deprat, Schwagerina, 1912 == Fusulinella or Schubertella
problematica Thompson, Fusulina?, 1934
prolifica Thompson,Fusulinella,1935
prolongada Berry, Fusulina, 1933 = ?Schwagerina
propinquaDeprat, Fusulina, 1914 = Schwagerina
protensa Thompson, Fusulinella velmae var., 1936
pseudobockiLee & Chen, Neofusulinella, 1930 = Fusulinella
pseudobreviculaDeprat,Fusulina, 1913 = Schwagerina
pseudochihsiaensis Chen, Pseudofusulina, 1934 = Schwagerina
pseudoexilisChen, Pseudofusulina, 1934 = Schwagerina
pseudolepida Deprat,D'oliolina, 1912; = Pseudodoliolina
pseudoobscuraChen, Schubertella, 1934
pseudoprisca Colani, Fusulina, 1924 — Paleofusulina prisca Deprat
pseudoregularis Dunbar & Skinner, Schwagerina giimbeli var., nov.
pseudosimplex Chen, Triticites, 1934
pseudosphaeroideaDoutkevitch, Staffella, 1934
pseudostruvei Rauser-Chern., B. & R., Staffella, 1936
pseudo-verbeekiDeprat, Schwagerina, 1913' == Verbeekina
pulchra Rauser-Chern. & Beljaev, Fusulinella, 1936
pulla Lange, Schellwienia, 1925 = Schwagerina
pumila Thompson, Fusulina, 1934
pursatensis Gubler,Pseudofusulina ambigua var.,1936 = Schwagerina
pusilla Colani, Neofusulina praecursor var., 1924 = Fusulinella
pusilla Schellwien,Fusulina, 1898 = Schwagerina
pygmaeus Dunbar & Condra, Triticites cullomensis var.,1928 = T. pygmaeus

quadrata Deprat,Fusulinella, 1913 = Staffella
quasicylindrica Lee, Girtyina, 1927 = Fusulina

radiata Brady, Involutina, 1869 = Ozawainella
rawi Lee, Boultonia, 1927 = Wedekindellina
refertaDunbar & Skinner, Parafusulina maleyi var., nov.
regularis Chen, Pseudofusulina chihsiaensis var., 1934 := Schwagerina
regularis Chen, Schubertella, 1934
regularis Schellwien,Fusulina, 1898 = Schwagerina
rhombica Stache, Fusulina, 1874 (nomen nudum)
rhomboidesLee & Chen, Neofusulinella, 1930 = Fusulinella
richthofeni Schwager, Fusulina, 1883 = ?Schwagerina
robusta Chen, Pseudofusulina, 1934 = Schwagerina
robusta Dunbar & Condra, Fusulinella meeki var.,1928 = Fusulina
robusta Meek,Fusulina, 1864 = Pseudoschwagerina
robusta Silvestri, Fusulina uralica var., 1935 = Schwagerina
robustaRauser-Chern., B. & R., Profusulinella parva var., 1936
robustata Chen, Triticites chui var.,1934
rockymontana Roth & Skinner, Fusulina, 1930
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rossica Schellwien, Fusulina alpinavar., 1908 = ?Triticites
rothi Dunbar & Skinner, Parafusulina, 1936
rothi Skinner, Triticites,1931
rotkyana Stache, Fusulina, 1874 (nomen nudum)
rotunda Deprat, Neoschwagerina craticulifera var.. 1914
rotundata Dunbar & Skinner, Pblydiexodina, nov.
rouxiDeprat,Fusulina, 1913 = Triticites

samenkiangensis Chen, Triticites, 1934
santyuensis Fujimoto, Pseudofusulina, 1936 = Schwagerina
sapperiStaff, Fusulina verneuili var., 1912 = Parafusulina
satoi Ozawa, Schellwienia,1925 == Schwagerina
schellwieniDeprat,Doliolina,1913 = ?Cancellina
schellwieni Staff, Girtyina, 1912 = ?Fusulina girtyi
schuberti Lange, Nummulostegina, 1925
schuberti Lange, Schellwienia, 1925 == Schwagerina
schucherti Dunbar & Skinner, Parafusulina, nov.
schwageriniformis Rauser-Chern., B. & R., Pseudofusulina,1936 = Schwagerina
schwagerinoides Deprat, Neofusulinella, 1913'
secalicus Say, Miliolites,1823 = Triticites
secalis Staff, Fusulina, 1912; = Triticites ventricosus
sellardsi Dunbar & Skinner, Parafusulina, nov.
seronita Thompson, Fusulinella, 1936
setum Dunbar & Skinner, Schwagerina, nov.
shiraiwensis Ozawa, Yabeina,1925 = Lepidolinamultiseptata Deprat
shumardi Dunbar & Skinner, Polydiexodina, 1931
similis Galloway & White, Fusulina meeki var., 1932 (in White)
simplex Lange, Schubertella,1925
simplex Ozawa, Neoschwagerina, 1927
simplex Schellwien,Fusulina, 1908 = Triticites
sinensis Chen, Triticites, 1934
skinneri Thompson, Triticites, 1936
solida Colani,Fusulina, 1924 = Schwagerina
solida Schellwien, Fusulina verneuili var., 1908 = Schwagerina
speciosa Lee, Schellwieniarichthofeni var., 1927 = ?Parafusulina
sphaera Ozawa, Verbeekina verbeeki var., 1925

—
V. sphaera

sphaerica Abich, Fusulina, 1858 = Staffella
splendens Dunbar & Skinner, Parafusulina, nov.
staffi Lange, Neoschwagerina, 1925
stafE Ozawa, Schellwienia,.1925 = ?Schwagerina
stookei Thompson,Fusulina, 1934
stouti Thompson, Fusulinella iowaensis var.,1936
stricta Deprat, Neoschwagerina anna var., 1912 = Sumatrina
struvii Moller,Fusulinella, 1880 = Staffella
subcylindrica Deprat, Fusulina, 1913 = ?Schwagerina
subextensa Chen, Parafusulina, 1934
submucronata Thompson, Triticites, 1936
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subnathorstiLee, Schellwienia, 1927 = ?Schwagerina
subobsoleta Ozawa, Schellwienia,1925 = Triticites
subrhomboides Chen, Triticites, 1934
subrhomboidesLee & Chen, Neofusulinella,1930 =Fusulinella
subtilis Schellwien, Fusulina, 1908 = ?Schwagerina
subventricosus Dunbar & Skinner, Triticites, nov.
suessi Stache, Fusulina, 1874 (nomen nudum)
sumatrensis Lange,Neoschwagerina, 1925
sumatrinaeformis Gubler, Neoschwagerina, 1936
suzukii Ozawa, Schellwienia,1925 = ?Triticites

tanoensis Fujimoto, Pseudofusulina, 1936 = Schwagerina
tchengkiangensis Deprat,Fusulina, 1912 = Schwagerina
tchussovensis Rauser-Cernoussova, Pseudofusulina, 1935 = Schwagerina
teilhardti Lee, Girtyina, 1927 = Fusulina
tenuis Chen, Pseudofusulina, 1934 = Schwagerina
tenuis Deprat, Neoschwagerina craticulifera var., 1912
tenuis Lee,Schellwienia longissima var., 1928 = Quasifusulina
tenuissima Schellwien,Fusulina, 1898 = ? Quasifusulina
tenuithecus Chen, Triticites, 1934
terebra Lange, Fusulinella, 1925 = Ozawainella
termieri Deprat,Doliolina, 1915
texana Dunbar & Skinner, Pseudoschwagerina, nov.
tietzei Stache, Fusulina, 1874 (nomen nudum)
tinvenkiangi Lee, Schwagerina, 1927 = ?Paraschwagerina
tobleri Lange, Neoschwagerina, 1925
tobleri Thompson, Yangchienia, 1935
transitoria Staff & Wedekind, Schubertella,1910
triangulaRauser-Chern., B. & R., Fusulina, 1936
trisulcataThompson, Fusulinella, 1935
truncata Ozawa, Schellwienia japonica var., 1927 = Parafusulina
truncatus Chen, Triticites, 1934
tschernyschewi Schellwien, Fusulina, 1908 = Schwagerina
tudai Fujimoto, Fusulinella, 1936
tumidus Skinner, Triticites,1931
turki Skinner, Fusulina, 1931 = Schwagerina
typica Lee & Chen, Fusiella, 1930

uddeni Beede & Kniker, Schwagerina, 1924 = Pseudoschwagerina
uddeni Dunbar & Skinner, Triticites, nov.
ultima Dunbar & Skinner, Pseudoschwagerina texana var., nov.
umbilicataColani, Fusulinella, 1924 = Staffella
undulata Chen, Parafusulina, 1934
uralica Doutkevitch, Fusulinella, 1934 = Wedekindellina
uralica Krotow,Fusulina, 1888 = ?Schwagerina
usvae Doutkevitch, Fusulinella, 1932
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valida Lee, Schellwienia, 1927 = Schwagerina fusiformis
variata Lee,Fusulina, 1923 = Schwagerina
velebitana Schubert, Nummulostegina, 1908
velmae Thompson, Fusulinella, 1936
ventricosa Meek & Hayden, Fusulina cylindrica var., 1858 = Triticites ventri-

cosus
verbeekiGeinitz, Fusulina, 1876 = Verbeekina
verneuili Moller,Fusulina, 1878 = Schwagerina
vetusta Schellwien,Fusulina alpina var.,1908 == ?Triticites
victorioensis Dunbar & Skinner, Triticites, nov.
volzi Staff, Verbeekina verbeeki var.,1909
vulgaris Schellwien,Fusulina, 1909 = Schwagerina

waageni Schwager, Fusulinella, 1887 = Ozawainella or Nankingella
wanneri Schubert, Fusulina, 1915 = Schwagerina
watanabei Ozawa (Lee),Fusulina, 1923 = Schwagerina
weberiSchubert, Fusulina, 1915 = ?Schwagerina
whitei Rauser-Chern., B. & R., Triticites, 1936
willsi Lee,Boultonia, 1927
wongwenhaoiLee, Schwagerina, 1927 = Pseudoschwagerina
wordensisDunbar & Skinner, Parafusulina, 1931

yabei Staff, Schwagerina, 1909 = Paraschwagerina
yangchenensis Lee, Schubertella, 1924 (nomen nudum)
yarkhunensisReed,Fusulina (Schellwienia) verneuili var.,1924 =Parafusulina
yobarensis Ozawa, Schellwienia, 1925 = ?Triticites
yobarensis Ozawa, Staffella, 1925



Catalogueof localities

In the following catalogue the localities are grouped by natural
regions.

Under each locality are listed all the species identified. In the
several instances where only generic identifications are given, the
lack of specific determinations is due either to poor preservation
or to inadequate sections. Many of the authors' Leonard and Word
collections are silicified and in such material the cutting of sec-
tions is an extremely laborious task. Some of the last collections
received, especially those from the Delaware Mountains, are well
preserved but have been incompletely studied. Special attention
has been given, however, to all collections believed to have critical
significance. Collectors' names and the locality numbers of their
field labels are given in parentheses.

Following a recent decision of the U. S. Geographical Board the
term Guadalupe Peak, instead of the familiar name El Capitan or
Signal Peak, has been used for the highest point in the Guadalupe
Mountains.

Glass Mountains
Gaptank Formation

1. West end of Leonard Mountain. Gaptank formation (considered Wolf-
camp by King). (R. E. King Loc. 77.) Triticites pygmaeus.

2. About 2% miles west of Gap Tank. Gaptank formation, middle part,
overlain directly by Leonard conglomerate (originally assigned to
Wolfcamp by King). (R. E. King Loc. 202.) Triticites pygmaeus.

3. Low ridges at south foot of Cretaceous limestone mesa, 3% miles east
of Allison and Gilbert ranch, and 6% miles east of Gap Tank. Gap-
tank formation. (A. G. Nance and P. B.King.) Triticites irregularis.

Wolfcamp Formation
4. About 1% miles northeast of Wolf Camp. Wolfcamp formation, basal

limestone. (R. E. King Loc. 200.) Triticites sp.
5. Hills north of Wolf Camp. Wolfcamp formation, bed 4 of P. B. King

section. (R. E. King Loc. 89.) Triticites pinguis, T. uddeni, Para-
schwagerina kansasensis.

6. Hills north of Wolf Camp. Wolfcamp formation, bed 4 of P. B. King
section. (C. Schuchert.) Triticites pinguis, T. subventricosus, T.
uddeni, Paraschwagerina kansasensis.
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Hills north of Wolf Camp. Wolfcamp formation, bed 9 of P. B. King
section. (R. E. King Loc. 93.) Schubertella kingi, Triticites sub-
ventricosus, T. uddeni, Paraschwagerina kansasensis, Schwagerina
emaciata, S. diversiformis, S. franklinensis, S. compacta.

7.

3. Hills north of Wolf Camp. Wolfcamp formation, bed 9 of P. B. King
section. (C. Schuchert.) Triticites pinguis, T. uddeni, T. subventri-
cosus, Paraschwagerina kansasensis.

Hills about 1mile west-northwest of Wolf Camp. Wolfcamp forma-
tion, bed 12 of P. B. King's Wolfcamp section. (R. E. King Loc.
91.) (A rich fusuline horizon but not represented in the authors'
collections.)

9.

10 About 1mile west-northwest of Wolf Camp. Wolfcamp formation, bed
13 of P.B. King's Wolfcamp section. (R. E. King Loc. 87.) Para-
schwagerina kansasensis.

Hills north of Wolf Camp. Wolfcamp formation, bed 14 of P. B. King
section. (R. E.King Loc. 92.) Pseudoschwagerina uddeni,P. texana,
Schwagerina diversiformis, S. franklinensis.

11.

12. At Gap Tank. Wolfcamp formation. (C. Schuchert.) Pseudoschwa-
gerina texana, Schwagerina diversiformis, S. franklinensis.

13 Northeast of Gap Tank. Wolfcamp formation, just below Hess con-
glomerate. (R. E. King Loc. 190.) Paraschwagerina kansasensis,
Schwagerina gracilitatis.

14 On east slope of hill 5816, 3% miles northeast of Hess ranch. Wolf-
camp formation. (R. E. King Loc. 86.) Pseudoschwagerina uddeni,
Schwagerina compacta, S. diversiformis, S. huecoensis.

15, About 2% miles north-northeast of Hess ranch, and one-half mile north
of hill 5305. Wolfcamp formation, upper part. (R. E. King Loc.
196.) Pseudoschwagerina uddeni, P. texana, Schwagerina nelsoni,
S. compacta.

16, About 1% miles N. 35° E. of Hess ranch. Wolfcamp formation. (R.
E. King Loc. 85.) Schwagerina linearis, S. nelsoni.

About 2% miles northeast of Hess ranch, in graben on southeast side
of hill 5816. Wolfcamp formation, upper part. (R. E. King Loc.
198.) Schubertella kingi, Schwagerina compacta, S. huecoensis,
Pseudoschwagerina uddeni.

17,

18. Western edge of Leonard Mountain. Wolfcamp formation, upper part.
(R. E. King Loc. 76.) Schubertella kingi, Schwagerina linearis,
Ozawainella huecoensis.

19. About 2 miles northeast of Lenox. Wolfcamp formation, upper part
(originally assigned to Leonard by King). (R. E. King Loc. 39.)
Schwagerina linearis.

Leonard Formation

20, Top of Dugout Mountain. Leonard formation, conglomeratic limestone
beds resting unconformably on the Wolfcamp. (In the eastern Glass
Mountains these fossils occur in a zone 450 to 500 feet above the
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base of the formation. Their occurrence nearer the base here is
probably due to overlapping out of the lower beds.) (Robert Roth
Loc. 263-B.) Schwagerina hessensis, S. hawkinsi.

21. West end of Dugout Mountain. Leonard formation, basal limestone
member. (R. E. King Loc. 100.) Parafusulina bakeri, P. sp.

22. East end of Dugout Mountain. Leonard formation, basal limestone
member. (R. E. King Loc. 99.)

23. About 2% miles northeast of Hess ranch, and three-fourths mile north-
northeast of hill 5305. Leonard formation, basal part. (R. E. King
Loc. 211.) Schwagerina gumbeli, S. hessensis.

24. South tip of hill west of Iron Mountain. ?Leonard formation, basal
part (originally supposed by King to be upper Wolfcamp). (R. E.
King Loc. 2.) Parafusulina bakeri.

25. Base of escarpment north of Wolf Camp. Leonard formation, basal
part. (P,B. King?) Schwagerina crassitectoria.

26. Base of escarpment north of Wolf Camp. Leonard formation, basal
part. (C. Schuchert.) Schwagerina gumbeli, S. gumbeli var. pseudo-
regularis.

27. Scarp north of Wolf Camp. Leonard formation, 326 feet above base.
(R.E. King Loc.110.) Staffella sp., Parafusulina.

28. Saddle 1% miles northwest of Wolf Camp, just east of hill 5725.
Leonard formation, float collected on zone of Perrinites compressus
but probably derived from somewhat higher. (R. E. King Loc. 109.)

29. About 1% miles northwest of Wolf Camp, on south slope of hill 5725.
Leonard formation, upper part, just below zone of Perrinites com-
pressus. (R. E. King Loc. 107.) Parafusulina sp. (small).

30. About 2 miles northwest of Wolf Camp, and 0.6 miles west-southwest
of hill 5725. Leonard formation, 1800 feet above base, in Perrinites
compressus horizon. (R. E. King Loc. 212.)

31. About 6% miles northeast of Wolf Camp, and 4 miles northwest of
Montgomery ranch. Leonard formation, about 800 feet above base.
(R. E.* King Loc. 217.) Schwagerina gumbeli, S. gumbeli var. pseu-
doregularis.

32. About 1% miles west and a little north of Gap Tank. Leonard forma-
tion, about 450^ feet above its base. (R. Roth Loc. 260'-F.) Staffella
lacunosa, Schwagerina gumbeli, S. gumbeli var. pseudoregularis.

32a.Same as above but 60 feet lower. (R. Roth Loc. 260-D.) Schwagerina
crassitectoria.

33. About 1 mile west-southwest of old Word ranch. Leonard formation,
about 250 feet below top and a little above zone of Perrinites com-
pressus. (R. E. King, Loc. 223.) Schubertella melonica.

34. About 3 miles east of Gap Tank, one-half mile east of Allison and Gil-
bert ranch, on north side of road. Leonard formation, several hun-
dred feet above base, in interbedded limestone and marl. (A. G.
Nance and P. B. King.) Schwagerina crassitectoria.
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35. South of Sullivan Peak. Lower part of the Leonard formation, in the
200-foot interval between the basal conglomerate and the first lime-
stone member of P. B.King. (Skinner Loc. T-218.) Parafusulina sp.

36. Same locality but lower, being just at top of basal conglomerate of
Leonard. (Skinner Loc. T-217.) Parafusulina sp.

37. Hillside north of Wolf Camp. Leonard formation, about 840 feet above
its base= top of bed 11 of the "Hess" in P. B. King's section 24.
(Skinner Loc. T-138.) Parafusulina sp. Nov.

38. Same locality. Leonard formation, bed 6 of the "Hess" in P. B. King's
section 24, which is about 550 feet above the base of the formation.
(Skinner.) Schwagerina crassitectoria.

39. Sierra Madera, near summit. Leonard formation. (R. E. King Loc.
258.)

Word Formation

40. South slope of Sullivan Peak, Glass Mountains, in lower part of the
Word formation, in a 2-foot gray limestone 77 feet above the mas-
sive limestones that comprise the lower member of the Word at this
locality. The bed is about 410 feet above the base of the Word for-
mation. (Roth Loc 264-F.) Parafusulina splendens, P. bosei, P.
bosei var. attenuata.

41. Same locality, about 100 feet higher in the Word formation. (Roth Loc.
264-G.) Parafusulina bosei.

42. About one-half mile southeast of Sullivan Peak. Word formation, lower
limestone member. (R. E. King Loc. 46.) Parafusulina bosei.

43. Northeast of clay slide onwest slope of hill 4910, about 2% miles east
of Sullivan Peak. Word formation, lower limestone member. (R. E.
King Loc. 51.) Parafusulina sp.

44. Near top of clay slide 2% miles slightly southeast from Sullivan Peak.
Word formation, lower limestone member. (R. E. King Locs. 6 and
141.) Parafusulina splendens, P. bosei var. attenuata.

45. Northwest of Dugout Mountain. Word formation, thick limestone mem-
ber 700 feet below top. (R. E. King Loc. 170.) Parafusulina sp.

46. About 2% miles northwest of Dugout Mountain and one-half mile west
of cross roads at old Payne ranch. Word formation, lower limestone
member. (R. E. King Loc. 171.) Parafusulina bosei.

47. Southeast corner of Altuda Mountain, just northeast of the old James
ranch house. Lower part of Word formation, about 125 feet above
foot of hill. (R. Roth Loc. 333-E.) Parafusulina bosei.

48. About 2% miles north of Leonard Mountain, on southeast slope of hill
5801. Word formation, lower limestone member. (R. E. King Loc.
241.) Parafusulina sp.

49. About 2% miles due north of Skinner ranch, on east line of Altuda
quadrangle. Word formation, lower limestone member. (R. E. King
Locs. 132 and 133.) Parafusulina sp.
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50. About 1% miles north of old Word ranch, on east and west sides of
Cretaceous outlier. Word formation, upper limestone member. (R.
E.King Loc. 253.) Parafusulina kingorum.

51. About 1% miles northeast of old Word ranch, on north slope of hill
5461. Word formation, upper limestone member. (R. E. King Loc.
149.) Parafusulina deliciasensis(?).

52. About 2 miles west-northwest of old Word ranch, 0.5 mile north of hill
5611 in western branch of Hess Canyon. Word formation, third lime-
stone member. (R. E. King Loc. 144.) Parafusulina rothi (?).

53. About 1% miles west-southwest of old Word ranch, one-half mile east of
hill 5611, high on slope of Hess Canyon. Word formation, second
limestone member. (R. E. King Loc. 264.) Parafusulina bb'sei.

54. About 1% miles northeast of old Word ranch, on slope east of stream
east of hill 5461. Word formation, upper limestone member. (R. E.
King Loc. 156.) Parafusulina rothi.

55. About 1% miles west-southwest of old Word ranch, on southeast slope
of hill 5611. Word formation, basal limestone. (R. E. King Loc.
153.) Parafusulina sp.

56. Ridge between hills 5360 and 5410, about 2% to 3 miles northeast of
■ old Word ranch. Word formation, upper limestonemember. (R. E.

King Locs. 152 and 154.) Parafusulina kingorum.
57. About 5% miles northeast of old Word ranch, on east side of large

fault. Word formation, upper limestone member. (R. E. King Loc.
157.)

58. South side of Road Canyon, about 3% miles north and slightly west of
Skinner ranch, three-eighths mile west of east border of Altuda quad-
rangle. Word formation, third limestone member. (R. E. King Loc.
239.)

59. Southeast of junction of Gilliland and Road canyons. Word formation,
third limestonemember. (C. Schuchert.)

60. Top of hill south of junction of Road and Gilliland canyons. Word
formation, third limestone member. (R. E. King Loc. 138.) Para-
fusulina wordensis.

61. Same locality. (Skinner Loc. T-216.) Parafusulina sellardsi.
62. Ridge between Road Canyon and Leonard Mountain. In interbedded

limestone and shale near the middle of the Word formation. The
horizon is about 555 feet above the base of the Word formationand
is in the third limestone member of P. B. King. This zone includes
Waagenoceras. (R. Roth Loc. 265-M.) Parafusulina sellardsi.

Capitan Formation

63. About 3^ miles east of Easterwood ranch, south of Gilliland Canyon,
0.8 mile east of hill 4870. Capitan formation, Gilliam member. (R.
E. King Loc. 60.) Polydiexodina shumardi, P. capitanensis.

64. West of Gilliland Canyon, about 2 miles north-northeast of Old Blue
Mountain, 2.1 miles east-southeast of Easterwood ranch, on top of
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65,

55

57.

58,

55.

70,

71

72,

78,

74,

75

76,

77.

ridge near north end. Capitan formation, Gilliam member. (R. E.
King Loc. 179.)

About 3% miles north-northwest of Sullivan Peak, 0.4 mile northeast
of hill 5492. Capitan formation, Gilliam member. (R. E. King Loc.
166.)

About 4 miles north-northeast of Sullivan Peak, and one-half mile south
of Beatty place. Capitan formation, Gilliam member? (R. E. King
Loc. 184.)

Northeast corner of Altuda Mountain, about 20 feet above base of
Altuda member of Capitan formation. (Skinner Loc. T-211.) Lee'lla
bellula, Codonofusiella paradoxica, Polydiexodina shumardi.

Southeast corner of Altuda Mountain. Altuda member of Capitan for-
mation, about 350 feet below the massive limestone member. (R. Roth
Loc. 333-F.) Polydiexodina shumardi.

South side of Altuda Mountain. Altuda member of Capitan, lowerpart.
About 360 feet below base of cliff-making beds of Capitan ("upper
massive beds" of King). (R. Roth Loc. 333-F.) Polydiexodina
shumardi.

Hueco Mountains

North side of Powwow Canyon, one-half mile west of air beacon. Hueco
formation, basal part. (J. B. Knight.) Pseudoschwagerina beedei,
Staffella sp.

Spur north of entrance to Powwow Canyon. Hueco formation, just above
Powwow conglomerate member. (R. E. King Loc. 405.) Pseudo-
schwagerina beedei, Triticites powwowensis, Schwagerina bellula.

Spur north of entrance to Powwow Canyon. Hueco formation, basal
part, in marls just above Powwow conglomerate. (J. B. Knight.)
Triticites powwowensis, Pseudoschwagerina beedei.

Saddle on spur north of entrance to Powwow Canyon. Hueco forma-
tion, basal part, just above Powwow conglomerate. (J. B. Knight.)
Triticites powwowensis, Pseudoschwagerina beedei, Schwagerina
bellula.

About 1% miles southwest of Hueco Tanks, west slope of hill 5345.
Hueco formation, lower member. (R. E. King Loc. 395.) Pseudo-
schwagerina uddeni, P. texana, Schwagerina huecoensis.

About 2 miles south-southwest of Hueco Tanks, and IXA1 XA miles south-
southwest of hill 5345. Hueco formation, lower member. (R. E.
King Loc. 401.) Pseudoschwagerina uddeni, P. texana, Schwagerina
huecoensis.

Due east of Hueco Tanks, 0.7 mile north of hill 5345, in outlier on
igneous sill. Hueco formation, lower member. (R. E. King Loc.
393.) Schwagerina emaciata, Pseudoschwagerina beedei.

Hills 4 miles southwest of Hueco Tanks, on east slope near their north
end, south of old Hueco Tanks road. Hueco formation, lower mem-
ber. (R. E. King Loc. 383.) Pseudoschwagerina texana.



Geology of Texas, Volume 111, Fusulinids 721

78. Southeast of Hueco Tanks about 2 miles. Hueco formation, lower mem-
ber. (R. E. King Loc. 397.) Pseudoschwagerina uddeni, P. texana,
Schwagerina diversiformis.

79. West slope of Juan. Peak, about 4 miles northeast of Hueco Tanks.
Hueco' formation, lowermember. (R. E. King Loc. 386.) Schubertella
kingi, Schwagerina emaciata.

80. About 5% miles west-southwest of Hueco Tanks, near hill 5021, north
of old Hueco Tanks road. Hueco formation, uppermost bed of lower
member. (R. E. King Loc. 380.) Ozawainella huecoensis, Schwa-
gerina hessensis. [Fauna suggests middle rather than lower Hueco
age.]

81. About four-fifths mile north of hill 5345, east-northeast of Hueco Tanks,
directly above igneous sill. Hueco formation, lower member. (R. E.
King Loc. 394.) Pseudoschwagerina uddeni, P. beedei.

82. Hills 6 miles west-northwest of Helms west well and 9 miles south-
southwest of Hueco Tanks. Hueco formation, lower member. (R. E.
King Loc. 378.) Pseudoschwagerina gerontica, P. uddeni, P. texana,

83. Ridge east of Juan Peak, 4 miles northeast of Hueco Tanks. Hueco
formation, near base of middle member. (R. E. King Loc. 389.)
Ozawainella huecoensis, Staffella sp., Schwagerina hawkinsi, S.
hessensis.

84. About 2 miles northwest of hill 5700, 3 miles east-southeast of Hueco
Tanks. Hueco formation, lower part of middle member. (R. E. King
Loc. 425.) Schwagerina linearis, S. diversiformis. [Fauna suggests
lower rather than middle Hueco age.]

Franklin Mountains
85. Outlier seven-eighths mile west of the west edge of the mountains and

4 miles east and 1mile north of Montoya siding. On the geologic
map of El Paso folio this outcrop is marked by a dip symbol 10°
W. Hueco limestone. (L. A. Nelson.) Pseudoschwagerina uddeni,
P. gerontica, P. texana, Schwagerina diversiformis, S. nelsoni, S.
huecoensis, S. franklinensis.

86. Outlier west of the main range and 4% miles east and 1 mile north
of Canutillo, Texas. On the geologic map of El Paso folio the local-
ity is marked by the dip symbol 15°. Hueco limestone, same zone
as above. (L. A. Nelson.) Pseudoschwagerina gerontica.

87. Near south end of ridge 1 mile west of the main range and 4 miles
east and about 1% miles north of Vinton, Texas. Hueco limestone,
about 700 feet above the base of the section exposed in this outlier.
(L. A. Nelson.) Schwagerina diversiformis, S. linearis.

88. About one-fourth mile northof the last locality and at the same horizon.
(L. A. Nelson.) Pseudoschwagerina uddeni, Schwagerina linearis.

89. At the crest of the same outlier at the Texas-New Mexico boundary
line. Probably at least 100 feet higher in the Hueco limestone than
the previous collection. (L. A. Nelson.) Schwagerina laxissima.
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Sierra Diablo and Vicinity

Hueco Formation

90. Three Mile Mountain, 2% miles northeast of Van Horn. Hueco forma-
tion, basal part. (J. B. Knight.) Schwagerina bellula.

91. About 4 miles west of Melton (Bounds) ranch. Hueco formation, about
75 feet above base. (J. B. Knight Loc. 9A.)

92. Same as above. Hueco formation, about 100 feet above base. (J. B.
Knight Loc. 98.)

.93. Same as above. Hueco formation, about 100 feet above base and 180
feet above Cambrian-Permian contact. (J. B. Knight Loc. 9 C.)

94. Butte 2% miles south of Melton (Bounds) ranch. Hueco formation, 15
feet above base. (J. B. Knight.) Schubertella kingi, Schwagerina
emaciata.

95. Wash at end of second salient northwest of Melton (Bounds) ranch.
Hueco formation, about 100 feet above pre-Cambrian-Permian contact.
(J. B. Knight Loc. 10 A.) Schwagerina linearis, S. emaciata.

96. Same as above. Hueco formation, about 170 feet above pre-Cambrian-
Permian contact. (J. B. Knight Loc. 10B.) Schwagerina linearis.

97. Same as above. Hueco formation, about 230 feet above pre-Cambrian-
Permian contact. (J. B. Knight Loc. 10 C.)

98. Same as above. Hueco formation, about 250 feet above pre-Cambrian-
Permian contact. (J. B. Knight Loc. 10D.)

99. About 1% miles south of Victorio Peak, above Millican. Hueco forma-
tion, basal marls. (R. E. King Loc. 460.) Schwagerina linearis.

100. East slope, due east of summit of Victorio Peak. Hueco formation,
cliff-making member about 210 feet above base of exposure. (R. E.
King Loc. 472.) Triticites victorioensis, Schwagerina laxissima.

101. Mouth of Victorio Canyon, south wall of the canyon. Hueco formation,
in sandy shale between two ledge-making limestone beds in the cov-
ered slope, about 100 feet above the canyon floor and 35 feet below
the base of the cliff-forming limestone. (Skinner Loc. T-125.)
Schwagerina linearis.

102. Same locality. Hueco formation, in basal beds of the cliff-forming lime-
stone about 40 feet above the last collection. (Skinner Loc. T-124.)
Pseudoschwagerina sp., Schwagerina sp.

103. South wall of entrance to Victorio Canyon. Hueco formation, top of
basal marls. (R. E. King Loc. 459.) Schwagerina linearis.

104. About 4 miles southwest of Figure 2 ranch, 1% miles south of porphyry
intrusive at hill 5039. Hueco formation, about 90 feet above basal
contact with Pennsylvanian limestone. (J. B. Knight Loc. 21A.)
Schwagerina emaciata, Staffella sp.

105. Same as above. Hueco formation, 100 feet above base. (J. B. Knight
Loc. 21 B.) Schwag/erina emaciata, Schubertella kingi.

106. Same as above. Hueco formation, about 165 feet above base. (J. B.
Knight Loc. 21D.) Schubertella kingi, Schwagerina emaciata,
Triticitespowwowensis.
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107, Same as above. Hueco formation, 170 feet above base. (J. B. Knight
Loc. 21 E.) Schubertella kingi, Schwagerina emaciata.

108, Same as above. Hueco formation, 180 feet above base. (J. B. Knight
Loc. 21F.) Schubertella kingi, Schwagerina emaciata.

Same as above. Hueco formation, 240 feet above base. (J. B. Knight
Loc. 21G.) Schubertella kingi, Schwagerina emaciata.

109,

110. Same as above. Hueco? formation, about 570 feet above base of Per-
mian. (J. B. Knight Loc. 21H.) Poorly preserved.

11l Same as above. Hueco? formation, about 630 feet above base of Per-
mian. (J. B. Knight Loc. 211.) Poorly preserved.

112, About 1 mile east-southeast of Marble Quarry, and 3% miles southwest
of Figure 2 ranch. Hueco formation, upper part. (R. E. King Loc.
469.) Poorly preserved.

113. North bank of Marble Canyon at mouth, southeast of porphyry intru-
sive, 3 miles southwest of Figure 2 ranch. Hueco formation, basal
marly beds. (R. E. King Loc. 456.) Schubertella kingi, Pseudo-
schwagerina uddeni, P. texana, Schwagerina huecoensis.

Marble Canyon, south of porphyry intrusive. Hueco formation. (Skin-
ner and V. C. Maley Loc. T-182.) Schwagerina knighti.

114.

115. About 2 miles west-southwest of Figure 2 ranch, 1mile northeast of
porphyry intrusive at hill 5039. Hueco formation, about 160 feet
above basal contact with Pennsylvanian shale. (J. B. Knight Loc.
13 AA.) Schubertella kingi, Schwagerina huecoensis, S. emaciata,
S. nelsoni, Pseudoschwagerina beedei.

116. Same as above. Hueco formation, 180 feet above base. (J. B. Knight
Loc. 13 A.) Schwagerina huecoensis, S. emaciata, Schubertella kingi.

117. Same as above. Hueco formation, 210 feet above base. (J. B. Knight
Loc 13B.)

118. Same as above. Hueco formation; 235 feet above base. (J. B. Knight
Loc. 13 C.)

Same as above. Hueco formation, 300 feet above base. (J. B. Knight
Loc. 13D.) Schubertella kingi, Schwagerina emaciata, Pseudo-
schwagerina sp.

119.

120. Same as above. Hueco formation, uppermost bed, 320 feet above base
of formation. (J. B. Knight Loc. 13- E|.) Schubertella kingi,
Schwagerina emaciata, S. huecoensis.

121. Same as above. Hueco formation, about 435 feet above base of Per-
mian. (J. B. Knight Loc. 13F.) Triticites powwowensis, Pseudo-
schwagerina beedei, Schwagerina emaciata, Schubertella kingi.

122. About 2% miles northwest of Figure 2 ranch, on spur projecting north
into Black John Canyon. Hueco formation, about 230 feet above the
Silurian-Permian contact. (J. B. Knight Loc. 16A.) Pseudoschwa-
gerina uddeni, P. texana, Schwagerina huecoensis.

123. Same as above. Hueco formation, below cliffs, about 200 feet above
base. (J. B. Knight Loc. 16 B.)
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Same as above. Hueco formation, about 190 feet above the Silurian-124.
Permian contact. (J. B. Knight Loc. 16 C.)

125 South wall of Apache Canyon, just west of 105th meridian. Hueco for-
mation, 120 feet above base of exposure.l7 (J. B. Knight Loc. 29.)
Tritidtes powwowensis.

Bone Spring Formation

126, About 1% miles south of Victorio Peak, and 1% miles east of bench
mark 6140. Bone Spring formation, lower part. (R. E. King Loc.
478.) Parafusulina schucherti.

127. About 1% miles south of Victorio Peak, and 1mile due east of bench
mark 6140. Bone Spring formation, shale in lower part. (R. E.
King Loc. 485.) Parafusulina schucherti, P. sp.

128. Ridge in Victorio Canyon 3 miles southwest of Victorio Peak and three-
fourths mile southwest of bench mark 6140. Bone Spring formation,
pebbly dolomite near base. (R. E. King Loc. 489.) Parafusulina sp.

129. East slope of Victorio Peak. Bone Spring formation, lower part, about
340 feet above base of exposure. (R. E. King Loc. 475.) Para-
fusulina diabloensis, Parafusulina n. sp. (slender).

130. East slope, due east of summit of Victorio Peak. Bone Spring forma-
tion, lower part, about 530 feet above base of exposure. (R. E. King
Loc. 476.) Parafusulina diabloensis.

131. East slope of Victorio Peak. Bone Spring formation, lower part, about
700 feet above base of exposure. (R. E. King Loc. 477.) Para-
fusulina schucherti, P. sp.

132. East of summit of Victorio Peak, about 150 feet above the base of the
upper cliff-forming limestones of the Bone Spring formation. (R. E.
King Loc. 500.) Schwagerina setum.

About 4 miles southwest of Figure 2 ranch, 1% miles south of porphyry
intrusive at hill 5039. Bone Spring formation, middle part. (J. B.
Knight Loc. 21J.) Poorly preserved.

133

134, Same as above. Bone Spring formation, 810 feet above base of Per-
mian. (J. B. Knight Loc. 21K.) Parafusulina n. sp. (large).

135. About 3 miles west by north of Figure 2 ranch, and 1% miles southeast
of Apache Peak, just above lower cliffs. Bone Spring formation,
basal part, in association with spectacular molluscan fauna. (J. B.
Knight Loc. 20.) Parafusulina diabloensis.

136, About 3 miles west-southwest of Figure 2 ranch, and 0.6 mile northeast
of bench mark 6630. Bone Spring formation, Victorio Peak member.
(R. E. King Loc. 497.) Parafusulina schucherti.

I'Note1 'Note by P.B. King:These beds seemed in the field to be the equivalentof the middle part of
the Bone Spring limestone farther east down the canyon. However, the Victorio Peak limestone
rests on them with a coarse conglomerate at the base. Since the fossil indicates a position low
in the Hueco formation there must be an unconformity and overlap at this place.
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137, About 11.5 miles south of Dos Alamos. Upper part of Victorio Peak
member of Bone Spring formation. (R. E. King Loc. 493.) Schwa-
gerina setum?

138. North end, 8% miles south of Dos Alamos. Bone Spring limestone,
shaly member at top, 30 feet above top of Victorio Peak member.
(R. E. King Loc. 505.)

Delaware Mountain Formation

139 North end, about 6 miles south of Dos Alamos, on east slope of hill, 1
mile west of road. Delaware Mountain formation, middle division as
developed in Delaware Mountains. (R. E. King Loc. 504.)

140 South of Dos Alamos. Cherty beds in basal part of Delaware Moun-
tain sandstone a few feet above the Bone Spring formation. (Skin-
ner.) Parafusulina rothi.

Wylie Mountains
141 West side of Wylie Mountains, near top, one-fourth mile east of hill

5031. Hueco formation, about 700 feet above base. (R. E. King Loc.
508.) Pseudoschwagerina texana, Staffella sp.

142. Approximately the same horizon and locality as 508 above. Hueco for-
mation. (J. B. Knight.) Pseudoschwagerina texana.

West side, 5 miles southeast of Van Horn, about three-fourths mile
south of hill 4420. Bone Spring formation, lower part. (R. E. King
Loc. 507.) Parafusulina diabloensis.

143,

144. Bass Canyon in Carrizo Mountains, southeast of Van Horn and 3 miles
east of Dalberg. Hueco formation. (R. E. King Loc. 510.)

Shafter Area
145. Near divide east of Ross mine. Alta formation. (R. E. King Loc. 515.)

Near Ross mine. Alta formation. (R. E. King Loc. 514.)
Second limestone outcrop northwest of Shafter mine. Alta formation.

146
147.

(R. E. King Loc. 517.)
North of Shafter silver mine. Alta formation. (R. E. King Loc. 518.)148.

Finlay Mountains
149, Fossil Hill. Beds of Leonard age. (R. E. King Locs. 512 and 513.)

Parafusulina sp.

Apache Mountains

150 Top of ridge three-fourths mile due west of Jones ranch house, west
flank of Apache Mountains, Culberson County, Texas. Limestones,
probably of pre-Capitan age. (V. C. Maley and J. W. Skinner; Skin-
ner Loc. T-127.) Polydiexodina rotundata, Parafusulina sp.

Apache Mountains, due south of Foster ranch house. Capitan limestone.151.
(Skinner Loc. T-165.) Polydiexodina capitanensis.
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152,

153.

154,

155

156

157,

158

159

160

Delaware Mountains
Bone Spring Limestone

About 6% miles south-southeast of Guadalupe Peak, on north side of
Brushy Canyon, 2% miles S. 10° E. of Signal Peak filling station.
Bone Spring formation, uppermost beds transitional to Delaware
Mountain formation. (H. C. Fountain, U. S. Geol. Surv. Loc. 7932.)
Parafusulina sp.

Point of Delaware Mountains, north of the north edge of Van Horn
quadrangle. Bone Spring formation. (R. E. King Loc. 491.)
Parafusulina sp.

About 1mile west of Signal Peak filling station, 21/£ miles south-south-
east of Guadalupe Peak. Bone Spring limestone, uppermost beds
transitional into Delaware Mountain formation and about 10 feet
above typical black limestone. (H. C. Fountain, U. S. Geol. Surv.
Loc. 7718.) Parafusulina.

Delaware Mountain Formation

Lower Division

About 5% miles southeast of Guadalupe Peak, on projecting spur on
escarpment west of Airways radio beacon. Delaware Mountain for-
mation, massive sandstone, upper part of lower division. (P. B. King,
U. S. Geol. Surv. Loc. 7920.) Parafusulina rothi.

Top of Brushy Mesa south of Brushy Canyon. Delaware Mountain for-
mation, massive sandstone in lower division about 600 feet above top
of Bone Spring limestone. (P. B. King, U. S. Geol. Surv. Loc. 7926.)
Parafusulina sellardsi?,P. rothi.

Low hill just southeast of intersection of Pasotex pipe line and road to
Adolf Williams' ranch, about one-half mile west of U. S. Highway
62 and 4 miles south-southeast of Guadalupe Point. Lower division
of Delaware Mountain formation. (Skinner Loc. T-171.) Parafusu-
lini rothi, P. maleyi, P. lineata.

East wall of Guadalupe Canyon. Lower division of Delaware Mountain
formation. (Skinner Loc. T-173.) Parafusulina rothi, P. maleyi.

About 1% miles south of the mouth of Guadalupe Canyon, 4 miles
south-southeast of Guadalupe Peak, 1% miles west of the Airways
radio' beacon. Near base of lower division of Delaware Mountain
formation. (R. Roth Loc. 340-B.) Parafusulina rothi.

Middle Division

About one-fourth mile northwest of Airways radio beacon at rim of
Delaware Mountains escarpment, about 5% miles southeast of Guada-
lupe Peak. Delaware Mountain formation, near top of limestone in
lower part of middle division., (H. C. Fountain, U. S. Geol. Surv.
Loc. 7463.) Parafusulina sp.
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161

162,

163,

164,

165

166

167,

168,

169,

Southeast of Guadalupe Peak 6% miles, on north rim of canyon one-
fourth to one-half mile east of west end of Getaway Gap. Delaware
Mountain formation, limestone in lower part of middle division. (P.
B. King and H. C. Fountain, U. S. Geol. Surv.- Loc. 7621.) Para-
fusulina rothi.

Summit of Lone Cone about 1% miles northwest of Chinaman's Hat.
Delaware Mountain formation, limestone in lower part of middle
division. (H. C. Fountain, U. S. Geol. Surv. Loc. 7667.) Para-
fusulina.

About V-/-2 miles S. 40° E. of Pine Spring Camp, one-half mile north
of Western Gas pipe line, east of Getaway fault. Delaware Mountain
formation, limestone in lower part of middle division. (H. C. Foun-
tain and P. B. King, U. S. Geol. Surv. Loc. 7462.) Parafusulina
maleyi.

Southeast of Guadalupe Peak 2% to 3 miles, and three-fourths mile
southeast of summit of hill 6288. Delaware Mountain formation, lime-
stone in lower part of middle division. (H. C. Fountain, U. S. Geol.
Surv. Loc. 7422.) Parafusulina maleyi var. referta.

About 3 6/10 miles S. 75° E. of Guadalupe Peak, on north side of
small canyon, 1.6 miles S. 25° E. of Pine Spring Camp. Delaware
Mountain formation, limestone in lower part of middle division. (H.
C. Fountain, U. S. Geol. Surv. Loc. 7476.) Parafusulina rothi, P.
sellardsi?

About 3 1/10 miles S. 40° E. of Guadalupe Peak, on top of first high
hill on rim of Delaware Mountains, south of U. S. Highway 62.
Delaware Mountain formation, limestone in lower part of middle
division. (H. C. Fountain, U. S. Geol. Surv. Loc. 7475.) Parafusulina
maleyi var. referta.

West of Signal Peak filling station 13/10 miles, in down-faultedblock
northwest of pipe line, 4% miles a little east of south from Guada-
lupe Peak. Delaware Mountain formation, limestone member in lower
part of middle division. (P. B. King, U. S. Geol. Surv. Loc. 7919.)
Parafusulina maleyi.

About 1% miles N. 85° E. of the Rim triangulation station at south-
east corner of Guadalupe Peak quadrangle, in ledges on flat bench
near old road on south side of creek, on east line of quadrangle, in
southern Pinon hills. Delaware Mountain formation, limestone in
middle of middle division. (H. C. Fountain, U. S. Geol. Surv. Loc.
7665.) Lee'lla fragilis, Parafusulina maleyi var. referta.

Upper Division

Northeast of junction of Lamar and Cherry canyons one-half mile, in
ravine on north side of Lamar Canyon. Delaware Mountain forma-
tion, limestone bed that is equivalent to upper dark limestone of
Guadalupe Mountains. (P. B. King, U. S. Geol. Surv. Loc. 7643.)
Polydiexodina capitanensis.
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170,

171

172

173

174,

175

176,

177

About one-half mile northeast of junction of Lamar and Cherry canyons,
in ravine on north side of Lamar Canyon. Delaware Mountain for-
mation, limestone in upper division about 100 feet above Loc. 7643.
(P. B. King andH. C. Fountain, U. S. Geol. Surv. Loc. 7921.) Poly-
diexodinashumardi.

Southern Delaware Mountains

About 3 miles north of the north end of the Apache Mountains, in a
west-facing scarp in the southwest corner of Sec. 25, Block 94, P.
S. L., about one-half mile north of the old Carlsbad-Van Horn road
and 1% miles south-southwest of bench mark 5073. Near top of mid-
dle member of the Delaware Mountain formation, about 250 feet above
the valley floor and 70 feet below the zone of Polydiexodina shumardi.
(Skinner Loc. 156.) Parafusulina maleyi var. referta.

About 1% miles east-southeast of the last locality, in Sec. 31, Block
94, P. S. L., beside the old Carlsbad-Van Horn road. Basal beds of
upper member of Delaware Mountain formation. (R. Roth Loc. 272.)
Polydiexodina shumardi.

Guadalupe Mountains
Bone Spring Limestone

About one-half mile north-northeast of Bone Spring, on ridge between
middle and south forks of canyon north of Bone Spring Canyon.
Bone Spring formation, Victorio Peak member, a few feet below con-
glomerates at the base of the overlapping Delaware Mountain forma-
tion. (H. C. Fountain, U. S. Geol. Surv. Loc. 7717.) Schwagerina
setum.

West of summit of Cutoff Mt. 1% miles, near north edge of Guadalupe
Peak quadrangle. Bone Spring limestone, Victorio Peak member
(collected from float on an alluvial fan below outcrops of Victorio
Peak limestone). (H. C. Fountain, U. S. Geol. Surv. Loc. 7931.)
Parafusulina fountaini.

About 1mile south of Bone Spring Canyon. Bone Spring black lime-
stone, near base of exposure. (H. C. Fountain, U. S. Geol. Surv.
Loc. 7923.) Schwagerina setum.

About 1 mile northwest of Bush Mountain. Bone Spring limestone,
near top of Victorio Peak member. (P. B. King, U. S. Geol. Surv.
Loc. 7929.) Parafusulina fountaini.

Delaware Mountain Formation

Lower Division

About three-fourths mile west-southwest of Guadalupe Peak. Delaware
Mountain formation, at base of great sandstone ledge at top of lower
division of formation. (P. B. King, U. S. Geol. Surv. Loc. 7935.)
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178

179

180.

181

182,

183

184,

185

186

187,

188,

Middle Division

About 2% miles east of Guadalupe Peak, on ridges south of highway
and south of Pine Spring Camp. Delaware Mountain formation, dark
limestone in lower part of middle division. (P. B. King, U. S. GeoL
Surv. Loc. 7402, same as U. S. Geol. Surv. Loc. 7470.) Parafusulina;
maleyi var. referta.

Along slope within three-fourths mile south of Pine Spring Camp. Dela-
ware Mountain formation, limestone in lower part of middle division.
(H. C. Fountain, U. S. Geol, Surv. Loc. 7470.)

About 2 3/10 miles N. 20° W. of Guadalupe Peak, three-fifths mile
south of Bush Mountain, near head of Pine Spring Canyon, onnorth
side of hill 8613, at elevation of 8250 feet. Dog Canyon limestone
(reef faciesof middleDelawareMountain), upper part. (H. C. Foun-
tain and P. B. King, U. S. Geol. Surv. Loc. 7404.)

Upper Division

South side of Pine Spring Canyon, at sharp bend in canyon, 1mile
northeast of Guadalupe Peak, halfway up slope of Pine Spring Can-
yon and near base of Capitan limestone. Delaware Mountain forma-
tion, upper dark limestone. (H. C. Fountain, U. S. Geol. Surv. Loc.
7698.) Polydiexodina, Leella bellula.

Hillside above Pine Spring. Delaware Mountain formation, lower part
of upper dark limestone. (P. B. King, U. S. Geol. Surv. Loc. 7703.)
Leella bellula, Polydiexodina shumardi, Codonofusiella paradoxica.

Same as above. Delaware Mountain formation, upper dark limestone.
(P. B. King, U. S. Geol. Surv. Loc. 7917.) Polydiexodina shumardi.

West of Pratt Lodge 200 feet, near junction of north and south forks
of McKittrick Canyon, at base of foot trail. Delaware Mountain for-
mation, bedded limestone just below massive Capitan limestone, prob-
ably equivalent to upper dark limestone. (H. C. Fountain, U. S.
Geol. Surv. Loc. 7695.)

Southeast of Guadalupe Peak 1% miles and three-fourths mile north-
east of Guadalupe Spring. Delaware Mountain formation, upper dark
limestone. (H. C. Fountain, U. S. Geol. Surv. Loc. 7706.) Poly-
diexodina shumardi.

Southeast of Guadalupe Peak 2 miles, on summit of hill 6288. Dela-
ware Mountain formation, limestone at base of upper division. (H.
C. Fountain, U. S. Geol. Surv. Loc. 7625.)

About 1% miles southeast of Guadalupe Peak and one-half mile north-
west of summit of hill 6288 on spur on north side of valley. Dela-
ware Mountain formation, upper dark limestone. (P. B. King and
H. C. Fountain, U. S. Geol. Surv. Loc. 7645.) Polydiexodina shumardi.

In small range east of Patterson Hills, 3 miles S. 60° W. of Signal Peak
filling station, and three-fifths mile west of crossing of Williams ranch
road over creek. Delaware Mountain formation, upper dark lime-
stone. (H. C. Fountain, U. S. Geol. Surv. Loc. 7626.) Polydiexodina
shumardi.
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189,

190

191

192

193

194.

195,

196,

197.

198,

Near small quarry on west side of south fork of McKittrick Canyon,
one-half mile south-southwest of Pratt Lodge. Delaware Mountain
formation, white bedded limestone probably equivalent to upper dark
limestone. (H. C. Fountain, P. B. King, and G.H. Girty, U. S. Geol.
Surv. Loc. 7622.) Polydiexodina shumardi.

South fork of McKittrick Canyon between two-fifths mile south and 1
mile south-southwest of Grisham-Hunter Lodge. Delaware Mountain
formation, well-bedded white limestone beneath the Capitan (i. c.,
equivalent to the "upper dark limestone"). (H. C. Fountain, U. S.
Geol. Surv..Loc. 7709.)

Head of Radier Ridge, 1% miles N. 20° E. of Frijole post office, above
upper dark limestone in zone of transition from Delaware Mountain
sandstone to Capitan limestone. (P. B. King, U. S. Geol. Surv. Loc.
7360.) Polydiexodina shumardi, Ozawainella delawarensis.

North side of Bell Canyon northeast of Radier Ridge. 1mile northeast
of Hegler ranch and three-fourths mile south of McComb's ranch.
Delaware Mountain formation, upper division, bed of massive lime-
stone similar to Capitan about 200 feet above base of the division.
(H. C. Fountain, U. S. Geol. Surv. Loc. 7480.) Polydiexodina capi-
tanensis.

Capitan Limestone

About two-fifths mile north-northeast of Guadalupe Peak, onnorth-north-
east spur of peak at elevation of about 7850 feet. Capitan formation.
(P. B. King, Q. S. Geol. Surv. Loc. 7914.) Polydiexodina shumardi.

North point of Patterson Hills 1.1 miles S. 80° W. of Williams ranch,
at sharp bend in Williams ranch road, on eastern hill north of creek.
Capitan formation. (H. C. Fountain, U. S. Geol. Surv. Loc. 7648.)
Polydiexodina shumardi.

About 2 miles southwest of mouth of McKittrick Canyon on southeast
face of mountains, at elevation of about 6500 feet, on northeast scarp
of the mountain. Capitan formation, near top. (P. B. King, U. S.
Geol. Surv. Loc. 7358.) Polydiexodina capitanensis.

West side of south fork of McKittrick Canyon, on Grisham-Hunter trail,
at elevation of 6750 feet. Capitan formation, several hundred feet
below Carlsbad formation. (P.B. King, U. S. Geol. Surv. Loc. 7419.)
Polydiexodina.

Ridge southwest of north fork of McKittrick Canyon, about 1mile
northwest of Pratt Lodge, at elevation of 5750-6500 feet. Capitan
formation. (H. C. Fountain and P. B. King, U. S. Geol. Surv. Loc.
7418.) Polydiexodina capitanensis.

About 4% miles north-northeast of Guadalupe Peak in headwaters of
south fork of McKittrick Canyon for distance of one-half mile below
Grisham-Hunter Camp, and 160! feet or less above floor of canyon.
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199,

200.

201

202.

203,

204,

205

206

207,

208

Capitan formation. (H. C. Fountain, U. S. Geol. Surv. Loc. 7417.)
Polydiexodina capitanensis.

Carlsbad' Limestone

Summit of Guadalupe Peak. Carlsbad formation, highest bed exposed
on peak. (Walter Small; also R. Roth Loc. 273-L.) Polydiexodina
capitanensis.

Top of Guadalupe Peak and for about 50 feet below it. Carlsbad for-
mation. (P. B. King, U. S. Geol. Surv. Loc. 7913.) Polydiexodina
shumardi.

About 2 miles N. 30° E. of Guadalupe Peak, at elevation of about 6700
feet, at top of trail leading up north wall of Pine Spring Canyon.
Carlsbad formation. (P. B. King, U. S. Geol. Surv. Loc. 7915.)
Polydiexodina shumardi.

North of Guadalupe Peak 21% miles, on north wall of Pine Spring.
Canyon, halfway from Bush Mountain to head of trail leading down
into canyon. Carlsbad formation. (P. B. King, U. S. Geol. Surv.
Loc. 7916.) Codonofusiella paradoxica, Leella bellula, Staffella foun-
taini, Polydiexodina shumardi.

About 2 3/10 miles N. 5° W. of summit of Guadalupe Peak, onnorth
rim of Pine Spring Canyon, between third and fourth hills northwest
of trail leading down into canyon. Carlsbad formation. (H. C. Foun-
tain, U. S. Geol. Surv. Loc. 7415.) Leella bellula, Codonofusiella
paradoxica, Polydiexodina shumardi.

North-northeast of Guadalupe Peak 3% miles, and four-fifths mile S.
20° E. of Grisham-Hunter Camp on trail on south slope of hill.
Carlsbad formation. (H. C. Fountain, U. S. Geol. Surv. Loc. 7427.)
Polydiexodina shumardi, Leella bellula.

South side of McKittrick Canyon, about one-fourth mile S. 60° E. of
Grisham-Hunter Camp. Carlsbad formation (near base). (H. C.
Fountain, U. S. Geol. Surv.. Loc. 7609.) Polydiexodina capitanensis.

North-northeast of Guadalupe Peak 4% miles, on west slope of hill
8839, 1.1 miles S. 80° W. of Grisham-Hunter Camp. Carlsbad for-
mation. (P. B. King, U. S. Geol. Surv. Loc. 7918.) Polydiexodina
capitanensis, Leella bellula.

Miscellaneous Collections Outside the Trans-Pecos Region

Near Coleman Junction, north-central Texas, at a point 4.3 miles west
and 1.8 miles north of Santa Anna, Texas. Coleman Junction lime-
stone. (Skinner Loc. T-99.) Schwagerina emaciata, Schubertella
kingi.

Osage County, Oklahoma, in northwest XA Sec. 29, T 26 N, R 6 E.
Neva limestone. (J. W. Skinner Loc. 0-12.) Paraschwagerina kan-
sasensis, P. acuminata, Triticites tumidus.
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209

210

About 2 7/10 miles west of Dothan, Callahan County, Texas, about 200
yards south of Highway No. 1and railroad, in marl at base of bluff.
Horse Creek limestone member of Moran formation. (Henry Morgan,
Jr.) Pseudoschwagerina texana, Schwagerina n. sp. (near S. diver-
siformis).

About1mile east and 2 miles north of Silverdale, Kansas. Fort Riley
limestone, basal part. (Skinner Loc. K-l.) Pseudoschwagerina
uddeni, P. texana.
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PLATE 42

Septal Characters
(all figures X 10)

Figures—
1,2. Triticites ventricosus (Meek and Hayden). Adult and juvenile

specimens showing the antetheca nearly plane across the middle
and feebly fluted toward the poles. Note that a straight line
(white) may cross and recross a slightly crooked septum.

3. Triticites secalicus (Say). A rather abnormal specimen in which
the spirotheca does not cover the umbilical areas at the ends
of the shell. The antetheca is very feebly fluted.

4. Schwagerina huecoensis (Dunbar and Skinner). A tangential pol-
ished slice showing the septal fluting, in plan, in the last two
volutions. The spirotheca of the penultimate whorl appears as
an ellipse (s) and the tunnel as an open space (t). The slice
is near the floor of the volution at a but rises gradually to the
roof at b.

5. Polydiexodina shumardi Dunbar and Skinner. A tangential slice
in the outer whorl, showing the basal sutures of the septa to run
around the shell instead of paralleling the axis defining a series
of spiral cuniculi. To be compared with figure 11.

6. Fusulina n.sp., showing strong but irregular fluting of the an-
tetheca.

7. Triticites ventricosus (Meek and Hayden). A tangential slice
showing the septa in plan. The feeble fluting seen here is to be
compared with the strong fluting in figure 4.

,8. Triticites moorei Dunbar and Condra, showing strong vesicular
fluting of the antetheca in the polar regions.

9. Schwagerina diversiformis, n.sp. An immature specimen with
strong, regular fluting of the antetheca.

10. Parafusulina kattaensis (Schwager)?. The antetheca shows strong,
regular fluting and the spirotheca fails to cover the umbilical
areas.

11. Parafusulina wordensis Dunbar and Skinner. Part of an etched,
silicified specimen. The outer wall is preserved at w but has
been removed below and at the right, revealing the septa in
plan,fluted to form cell-like chamberlets. At the left and below,
the septa have been broken away, leaving only their basal mar-
gins which run around the shell between the spiral cuniculi, C.
The upper margins of the septa run from left to right, as at s,
parallel to the axis of the shell.
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PLATE 43

Wall Structure

Figures— ■

1 A bit of the four-layered wall (X 160) of the penultimate whorl of
Fusulinella llanoensis Thomas, a cotype from the Marble Falls lime-
stone in the bluffs of Llano River at the mouth of Big Saline
Creek, Mason County, Texas. Showing inner tectorium (i), diaph-
anotheca (d),tectum (t),and outer tectorium (o), and a part of
a septum (5) which happens to lie in the plane of the slice. The
tectum is rather obscure here.

A bit of the wall ( X 160) of a sagittal section of Schwagerina
crassitectoria, n. sp., showing the typical two-layered, schwagerinid
wall. The tectum (t) is not sharply separatedfrom the keriotheca
(k). The tectum is not homogeneous; the dark lamellae of the
keriotheca pass up through it and similar but short lamellae are
intercalated between these.

2.

Part of the wall (X 230) in two volutions of an axial section of
Schwagerinagradlitatis, n.sp. (fig. 6 of PL 62), showing an excep-
tionally coarse texture. At a the lamellae can be seen to pass
through the tectum.

3.

4. Enlargement ( X 250) of a bit of the wallof Yabeinaglobosa (Yabe),
from Akasaka, Japan, showing the thin tectum (t) to be formed
of the thickened outer ends of the lamellae of the keriotheca, and
not to be a distinct or compact layer. The constricted outer ends
of the alveoli continue as pores through the tectum.

5. A bit of the wall and a section of one of the chomata ( X 160) of
a finely preserved specimen of Fusulina rockymontana Roth and
Skinner, from the McCoy formation at McCoy, Colorado. Inner
tectorium (i), diaphanotheca (d), tectum (t), and outer tec-
torium (o). The dark lines radiating through the chomata are the
pores stained with some dark filling.

6. Part of an axial section ( X 160) of Fusulina cylindrica Fischer from
the white limestoneat Mjatschkowa,Russia. Very fine, faint, dark
lines representing pores cross the wall locally as near X, passing
through all the layers.

7, Bit of an axial section ( X 160) of Fusiella primaeva Skinner from
the Marble Falls limestone 4.7 miles south of Brady, Texas. This
is a three-layered wall showing inner tectorium (i), tectum (t),
and outer tectorium (0). One of the chomata appears above the
outer tectorium.

Part of a sagittal section of Fusulina rockymontana Roth and Skin-
ner (X 160), showing the incomplete development of the tectoria
in the outer volution. Note that the outer tectorium (ot) is thick
in the penultimate, whorl but lacking in the last where the diaph-
anotheca (d) lies near the surface.

S.

S. Tangential slice across the wall ( X 230) of a specimen of Schwager-
ina gradlitatis, n.sp. (fig. 7 of PL 62). The alveoli appear as holes
in a sieve-like meshwork of shell substance. The finely granular
texture of the latter is evident. These alveoli average 15 microns
in diameter. The tectum is crossed obliquely at t and here the
pores appear as minute holes (p) 3 or 4 microns in diameter.
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PLATE 44

Shell Structure

Figures
1,2. Identical views of a bit of a slice of the wall of Schwagerina

gracilitatis, n.sp. (fig. 6 of PL 62) greatly enlarged (X 160),
that at the right taken with crossed nicols. The dark area in the
latter is a crystal of calcite oriented so as to show total extinc-
tion under the polarized light. The arrow, marked X, indicates
the same alveolus in each figure. It is obvious that its filling is
a part of the large crystal lying in the chamber beneath the
wall. The growth of this crystal into the several adjacent
alveoli indicates that the latter were open spaces.

3. A bit of an axial slice (X 160) of Triticites ventricosus (Meek
and Hayden), from the Hughes Creek shale in southern Ne-
braska (V.P.M. 11098). This shows a bit of a septum between
the roof and floor of a volution. The large holes are septal
pores. Where the slice cuts the septum very thin the granular
texture of the shelly material is evident. The finest clear spots
may be holes like the pores in the tectum.

4. One of the chomata and a bit of the wall ( X 160) in an axial
section of Triticites ventricosus (Meek and Hayden), from the
Cottonwood limestone in Lyons County, Kansas. The layered
nature of the chomata and the granular texture of the shell
material are clearly shown.

5. Part of a tangential slice ( X 160) of a silicified specimen of
Fusulinella llanoensis Thomas, from the Marble Falls limestone
near Brady, Texas. In this entire shell the wall appears fibrous,
closely spaced dark lines crossing all the layers of the wall and
the chomata, as at a, where the section cuts steeply across the
wallof the penultimate volution. In the lower half of the picture
the wall of the next volution is seen in tangential section (as at
b) and here the dark lines appear as dots, showing that these
objects have a rod-like form and are imbeddedin the shell sub-
stance. They are the mural pores filled with a stained matrix.

6. Sagittal section of a specimen ( X 10) of Schwagerina sp., from
the Bird Spring limestone in Las Vegas Quadrangle, Nevada,
collectedby C. R. Longwell. The specimen was strongly squeezed
by the compaction of the sediment before fossilization.

7. An enlargement (X 45) of the area outlined in figure 6, showing
the appearance of the chomata where stretched by flattening, as
at a, and where compressed by close bending of the wall, as
at b. In the former the alveoli appear wideand plain but in the
latter the lamellaeare crowded closely together on account of the
closing of the alveoli.
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PLATE 45

Page
Codonofusiella paradoxicaDunbar and Skinner, n. sp 607
Figures—

1. External view of four cotypes ( X 10). That at the upper right
shows a nearly perfect antetheca.

2. The latter specimen,enlarged about 22 diameters.
3. Tangential section cut parallel to the antetheca, showing the

intense septal fluting in the outer volution ( X 22).
4. Axial section, slightly oblique, not cutting the flaring last whorl

(X 22). This section supplements that of figure 3.
5. Axial section of a cotype ( X 50), showing the juvenarium

coiled at right angles to the later whorls.
6. Sagittal section of an immature specimen (X 22).

7,8. A nearly perfect sagittal section and another, slightly oblique,
of adult shells showing the flare of the last volution (X 22).

9. Bit of a tangential slice, showing the plan of septal fluting
(X 50).

All from the Carlsbad member of the Capitan limestone at a
locality 2.2 miles north of Guadalupe Peak. U.S.G.S. Coll.
7196 (Loc. 202).

Schubertella kingi Dunbar and Skinner, n.sp 610
Figures—

10. A group of cotypes (X 10). The septa show through the trans-
lucent wall.

11,12. Axial sections of two cotypes, showing the endothyroid juve-
narium coiled at right angles to the later whorl and parallel
to the slice (X 50). V.P.M. 15079, 15080.

13. A similar section in which the juvenarium is coiled nearly at
right angles to the axis of the later whorls and at a Irish angle
to the plane of the slice (X 50). V.P.M. 15082.

14. A sagittal section, showing the juvenarium coiled at right angles
to the slice (X 50). V.P.M. 15081.

15. Slice of rock, showing three specimens of this species with part
of a specimen of Schwagerina emaciata (below at left). The
tangential slice shows the simplicity of the septa and the
prominence of the chomata (X 50). V.P.M.15083.

Specimens of figure 10 from the Hueco limestone 2 miles west-
southwest of Figure 2 ranch, Sierra Diablo (Loc. 115);all the
rest from the Hueco limestone at a horizon about 150 feet
above its base in the slope of Juan Peak, Hueco Mountains
(Loc. 79).

Ozawainella huecoensis Dunbar and Skinner, n.sp .... 601
Figures—

16. Group of cotypes at natural size.
17-21. Five of the same enlarged (X 10). Upper Hueco limestone

ridge east of Juan Peak, Hueco Mountains (Loc. 83). V.P.M.
15006.

22-24. Axial sections (X 10) from the same locality. V.P.M. 15008,
15009, 15010.

25. Sagittal section from the uppermost Wolfcamp beds on Leonard
Mountain, Glass Mountains (Loc. 18). V.P.M. 15015.
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Leella bellula Dunbar and Skinner, n.sp 604
Figures-

l-4i. Four cotypes, the last in end view (X 10). Carlsbad limestone,
2.2 miles north of Guadalupe Peak (Loc. 202).

5,8. Axial sections from the Altuda member of the Capitan forma-
tion on Altuda Mountain in the Glass Mountains (X 10).
Collectedby Skinner (Loc. 67). V.P.M. 15003.

6,7,9. Axial sections from the same locality as figure 1 (X 10).
10. Tangential section from the same locality, showing the simplicity

of the septa.
11,12. Sagittal sections from the same locality (X 10).

13. Sagittal section (X 25) from same locality as No. 5. V.P.M.
15002.

14. Same as figure 5, enlarged (X 25). Septal pores are wellshown
in the penepenultimate whorl.

15. Same as figure 7, enlarged ( X 50)

Staffella fountaini Dunbar and Skinner, n.sp 597
Figures-

16,17. Lateral and antethecal views of cotypes (X 10)
18,19. Sagittal and axial sections of cotypes ( X 10).

20. Enlargement of part of figure 18 ( X 180), to show the wall
structure.

Carlsbad member of the Capitan limestone, 2.2 miles north of
Guadalupe Peak, Guadalupe Mountains, Texas. Collected by
P. B. King (Loc. 202).

Ozawainella delawarensis Dunbar and Skinner, n. sp 602
Figures—

21-23. Axial sections of cotypes ( X 10).
24,25. Sagittal sections of cotypes (X 10).

26. Enlargement of part of the wall of figure 23, to show the wall
structure.

Transition beds between Delaware Mountain sandstone and
Capitan facies at the head of Radier Ridge, Guadalupe Moun-
tains, Texas (Loc. 191).
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Tritidtes uddeni Dunbar and Skinner, n.sp. 616
Figures

1. Cotypes, natural size. V.P.M. 15087.
2-4. Three of the same enlarged (X 5).
5-8. Axial sections of cotypes (X 10). V.P.M. 15088, 15091, 15088,

15091. Number 8 is somewhat oblique and appears fore-
shortened.

9,10. Axial sections of cotypes (X 5). V.P.M. 15090.
11. Sagittal section of a cotype (X 10). V.P.M. 15088.

Bed 9 of King's section of the Wolfcamp formation at Wolf
Camp, Glass Mountains, Texas. Collected by R. E. King
(Loc. 7).

Tritidtespinguis Dunbar and Skinner, n.sp. 620
Figures—

12. Cotypes, natural size. V.P.M. 15093, 15094.
13,14. Two of the same enlarged (X 5).

15. Another of the same (X 5), broken to show the tunnel, the
chomata, and the septa.

16,17. Axial sections of cotypes (X 10). V.P.M. 15095, 15099.
18,19. Sagittal sections of cotypes ( X 10). V.P.M. 15097, 15098.

Number 17 from bed 9 and the others probably from bed 4 of
King's section of the Wolfcamp formation at Wolf Camp,
Glass Mountains, Texas (Locs. 7 and 5).
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Triticites powwowensis Dunbar and Skinner, n. sp 617
Figures-

1. Group of cotypes, natural size. V.P.M. 15043.
2-4. Three of the same enlarged ( X 5).

5-7,12. Axial sections of cotypes (X 10). V.P.M. 13918.
8. Tangential slice (X 10) of a cotype. It is evident here that

the upper part of each septum is but slightly fluted and the
basal part strongly and regularly fluted. V.P.M. 13918.

9,10. Sagittal sections of cotypes ( X 10). V.P.M. 15044.
11. Slice showing an axial and a tangential section (X 10).

All except 11 from the basal part of the Hueco limestone in a
saddle on the spur north of Powwow Canyon, Hueco Moun-
tains, Texas (Loc. 72). Specimens shown by figure 11 from
the lower Wolfcamp formation, bed 9 of King's Wolfcamp
section at Wolf Camp, Glass Mountains, Texas (Loc. 7).

Triticites pygmaews Dunbar and Condra 614

Figures-
13. Group of specimens, natural size. V.P.M. 15101

14-16. Three of the same enlarged (X 5).
17, 18. Cotypes ( X 10) from the Lane shale at Louisville, Nebraska.

V.P.M. 9064.
19-21. Axial sections (X 5).
22-24. Axial sections (X 10).
25,26. Sagittal sections (X 10).

Figures 17 and 18 from the original types in the Kansas City
formation in the Platte Valley,Nebraska, introduced here for
comparison. All the rest from the Gaptank formation just
below the basal conglomerate of the Leonard, 2% miles west
of Gap Tank, Glass Mountains, Texas (Loc. 2).
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PLATE 49

Pseudoschwagerina beedei Dunbar and Skinner, n.sp 656
Figures—

1. Type specimens, natural size.
2-6. Five cotypes (X 5). Nos. 2 and 6, V.P.M.14901; 3-5, U.S.G.S.

Coll.
7,9,10. Axial sections (X 5). No. 7, U.S.G.S. Coll.; 9, 10, V.P.M.

14902.
8,14. Axial sections (X 10). U.S.G.S. Coll.

11,12. Sagittal sections (X 10). No. 11, U.S.G.S. Coll; 12, V.P.M.
14902.

13. Tangential slice, showing simplicity of the septa ( X 10)
U.S.G.S. Coll.

Basal beds of the Hueco limestone on a high spur north of the
entrance to Powwow Canyon and about 1mile north-northeast
of Powwow Tanks, Hueco Mountains, Texas (Locs. 71 and
73).

Triticites subventricosus Dunbar and Skinner, n.sp :619
Figures—

15. Cotypes, natural size. V.P.M. 15112.
16-18. Three of the same cotypes enlarged (X 5), No. 17 having its

wall destroyed so that the simple septa, the chomata, and
the tunnel are visible.

19-21. Three cotypes in axial section (X 10). V.P.M. 15108-15110.
22,23. Two cotypes in sagittal section (X 10). V.P.M. 15111, 15110.

Basal Wolfcamp (bed 4 of King's section) at Wolf Camp, Glass
Mountains, Texas (Loc. 6).
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.__ 658Pseudoschwagerina uddeni (Beede and Kniker)_.

Figures—
1. Group of typical specimens (X 1). Wolfcamp formation (bed 14

of King's Wolfcamp section),Wolfcamp Hills, Glass Mountains,
Texas (Loc. 9). V.P.M. 14914.

2. Group of typical specimens ( X 1) from the Hueco limestone in
Vinton Canyon in the Franklin Range, near Vinton, Texas (Loc.
88). Collected by L. A. Nelson. V.P.M. 14915.

3,4. Typical adult shells (X 5). These are from the group shown in
figure 2.

5,9. Sagittal and axial sections (X 10) of typical specimens from the
lower Hueco limestone 2 miles southeast of Hueco Tanks, Hueco
Mountains, Texas (Loc. 78). V.P.M. 14917.

6. Axial section (X 10) from the Hueco limestone near Marble
Canyon, Sierra Diablo, Texas. Collectedby RobertRoth. V.P.M.
14918.

7. Axial section (X 5), slightly oblique, from the middle Wolfcamp
near Gap Tank, Glass Mountains, Texas (Loc. 12). Collected
by Charles Schuchert. V.P.M. 11140.

8. Axial section ( X 10) of young specimen from the lower Hueco
limestone 1% miles southwest of Hueco Tanks, Hueco Moun-
tains, Texas (Loc. 74). V.P.M. 14916.

10. A bit of the wall, greatly enlarged (X 160).
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Pseudoschwagerina gerontica Dunbar and Skinner, n.sp
Figures—

660

1. Group of types (X 1).
2,5. Holotype, exterior view (X 5) and axialsection (X 10). One of

the group shown in figure 1. V.P.M. 14926.
3,6. Sagittal and axial sections of paratypes in the collection of

L. A. Nelson.
4. Submature shell that has not yet developed the polar elongations

(X 5). V.P.M. 14927.
Figures 2, 3, 5, and 6 are of specimens from the Hueco limestone

east of Montoya, Franklin Mountains, Texas (Loc. 85), and
figure 4 is from the same horizon southeast of Vinton, Texas
(Loc. 88). All were collected by L.A. Nelson.
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Pseudoschwagerina texana Dunbar and Skinner, n.sp 662
Figures—

1. Cotypes, natural size. V.P.M. 16168.
2,3. Two of the same (X 5).
4-6. Axial sections of cotypes (X 10). V.P.M. 15169, 15169, and

15170.
7,8. Sagittal sections of cotypes (X 10). V.P.M. 14922 and 14926.

Specimens represented by figures 1, 2, 3, and 6 are from the
middle Wolfcamp (bed 14 of King's section) at Wolf Camp
(Loc. 11); those representedby figures 4, 5, and 7 are from
the Hueco limestone about 5% miles southwest of Hueco
Tanks (Loc. 74), Hueco Mountains; and that shown as figure
8 is from the Wolfcamp formation near Gap Tank (Loc. 12).

Staffella lacunosa Dunbar and Skinner, n.sp . 598
Figures-

9,10. Cotypes ( X 10) in end view. V.P.M. 15156.
11. Sagittal section of a cotype (X 10). V.P.M. 15158.

12,13. Axial sections of cotypes (X 10). V.P.M. 15159.
Collected by Robert Roth from the Leonard formation, about

450 feet above its base, 2 or 3 miles northwest of Gap Tank,
Glass Mountains, Texas (Loc. 32).
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Tritidtes victorioensis Dunbar and Skinner, n.sp 622
Figures—

1-4. Axial sections of cotypes (X 10). V.P.M. 15209, 15211, and
15212.

5. Sagittal section of a cotype (X 10). V.P.M. 15211.
Cliff-formingmember of the Hueco formation, about 210 feet above

the base of the exposure on the east slope,due east of the sum-
mit, of Victorio Peak, Sierra Diablo,Texas (Loc.100).

Pseudoschwagerina texana var. ultima Dunbar and Skinner, n.var 665
Figures—

6,7. Axial and sagittal sections of cotypes ( X 10). Hueco limestone,
1% miles southwest of Hueco Tanks, Hueco Mountains, Texas
(Loc. 74). V.P.M. 14923.

10. Cotype, natural size. Wolfcamp formation (bed 14 of King's sec-
tion) at Wolf Camp, Glass Mountains, Texas (Loc. 11). V.P.M.
15171.

Pseudoschwagerina uddeni (Beede and Kniker) 658
Figure—

8. Axial section of a specimen from the base of the Florence flint,
2 miles north and 1mile east of Silverdale, Kansas (Loc. 210).

Pseudoschwagerina texana Dunbar and Skinner, n.sp 662
Figure—

9. Young specimen ( X 10) from the Wolfcamp formation (bed 14
of King's section), at Wolf Camp, Glass Mountains, Texas
(Loc. 11).



Plate 53The University of Texas Bulletin 3701



768 The University of Texas Bulletin No. 3701

PLATE 54

Page
Paraschwagerina acuminata Dunbar and Skinner, n.sp 671

Figures-
1. Type specimens, natural size, of P. acuminata (upper 3) and

P. kansasensis (lower 2).
2. Holotype (X 5). V.P.M. 14905.

3,4. Axial sections of paratypes (X 5). V.P.M. 14906 and 14908.
5. Axial section of another paratype ( X 10). V.P.M.14907.

6,7. Sagittal sections of paratypes (X 10). V.P.M. 14907 and 14906.
Collected by Skinner in the Neva limestone in Osage County,

Oklahoma (Loc. 208).
Paraschwagerina kansasensis (Beede and Kniker) 668
Figures-

8. Tangential slice, to show intensity of septal fluting ( X 10)
V.P.M. 15022.

9. A typical specimen (X 5). V.P.M. 14910.
10,11. Sagittal and axial sections (X 10). V.P.M. 14903.
12,13. Axial sections (X 5). V.P.M. 14909 and 14904.

Specimens 8 to 12 collected by Skinner in the Neva limestone
of Osage County, Oklahoma, the first four in the northwest
quarter of Sec. 29, and the last in the northeast quarter of
Sec. 28, T 26 N, R 6 E. Specimen 13 collectedby R. E. King
in the Wolfcamp formation (bed 9 of P. B. King's Wolfcamp
section), Wolfcamp Hills, Glass Mountains, Texas (Loc. 7).
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PLATE 55

Page_ 666Paraschwagerina gigantea (White)..
Figures—

1. Typical specimens, natural size. V.P.M. 14996.
2,6. Two of the same enlarged (X 5).
3,5. Sagittal and axial sections of original cotypes figured by White.

Texas Bureau of Economic Geology 12510, 12512.
4. Enlarged detail of the wall ( X 160).
7. Axial section of abnormally blunt specimen (X 5). V.P.M. 14998.

8,9. Axial and sagittal sections of plesiotypes (X 10). V.P.M. 14997.
10. Tangential surface cutting into the penultimate whorl ( X 10) to

show the septal fluting. This is a plesiotype.
All but figures 3 and 5 represent specimens collected by Robert

King from bed 14 of P. B. King's section of the Wolfcamp
at Wolf Camp, Glass Mountains, Texas (Loc. 11). The original
types came from the same locality and very probably from the
same bed.
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Schwagerina emaciata (Beede) 633
Figures—

1. Typical specimens, natural size. Cottonwood limestone, Eiss
Hill south of Humbaldt, Nebraska.

2-4. Three of the same (X 5).
5,6,7,12. Axial sections (X 10). Cottonwood limestone, 3 miles east

and 1 mile south of Douglas, Nebraska. Fig. 5, V.P.M.
11058. Figs. 6, 7, V.P.M. 15173.

8-10. Sagittal sections (X 10) from the same locality. Figs. 8, 9,
V.P.M. 15172. Fig. 10, V.P.M. 11058.

11. Tangential slice (X 10), showing the septa in plan. Same
locality. V.P.M. 15084.

Orobias antiquior (Rouillier and Vosinsky) 600
Figures—

13,14. Copies of the original figures (69 and 77, respectively), show-
ing the young types (X 10), for comparison with speci-
mens of Ozawainella.

Schwagerina hawkinsi Dunbar and Skinner, n.sp 632
15,16. Enlarged details of a sagittal section (left) and an axial

section (right) showing the thin false wall (W). V.P.M.
14957 and 14955, respectively.
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Schwagerina huecoensis (Dunbar and Skinner) 627
Figures—

1. Cotypes, natural size. V.P.M. 9919,

2-4. Threeof the same enlarged ( X 5),
5,9. Axial sections of cotypes (X 10). V.P.M. 15085 and 9919.

6. Tangential slice, showing the plan of septal fluting in the penul-
timate whorl. The tunnel is conspicuous.

7,8. Sagittal sections of cotypes ( X 10). V.P.M. 15086 and 9919.
Lower Hueco limestone 2 miles southeast of Hueco Tanks,

Hueco Mountains, Texas (Loc. 74). Collected by R. E. King.
Schubertella melonicaDunbar and Skinner, n.sp 611
Figures—

10. Oblique axial section (X 25).
11. Cotypes (X 10). V.P.M. 15197.

12,14. Axial sections of cotypes (X 25), the former a microspheric in-
dividual and the latter megalospheric. V.P.M. 15198 and
15199.

13. Sagittal section (X 25), slightly oblique. V.P.M. 15200.
Horizon a little above the zone of Perrinites compressus and

about 250 feet below the top of the Leonard formation, 1mile
west-southwest of old Word ranch house, Glass Mountains,
Texas (Loc. 33).
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PLATE 58

Schwagerina hessensis Dunbar and Skinner, n.sp.

Figures—
1. Group of cotypes, natural size. V.P.M. 14947.

2-4. Three of above types enlarged (X 5).
5. Tangential slice, showingplan of septal fluting in the penultimate

whorl ( X 10). This is the specimen shown above at the right
in figure 1. V.P.M. 14952.

6-8. Sagittal sections of three cotypes (X 10). V.P.M. 14949, 14950,
and 14948, respectively.

9-11. Axial sections of three cotypes (X 10). V.P.M. 14951, 14950,
and 14948, respectively.

Base of the Leonard limestone on Dugout Mountain, Glass Moun-
tains, Texas (Loc. 20). Collectedby Robert Roth.
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Schwagerina hawkinsi, n. sp..
Figures—

__ 632

1. Group of cotypes,natural size. V.P.M. 14954.
2,3. Two of above types enlarged (X 5).

4,5,9. Axial sections of three cotypes (X 10). V.P.M. 14955, 14956,
and 14957, respectively.

6. Sagittal section (X 10). This shows a thin false wall a little
distance below the spirotheca. V.P.M. 14957. (See also PI.
56, fig. 15.)

7. A specimen showing repair after the right end of volutions 5
and 6 had been brokenoff ( X 5). V.P.M. 14958.

8. A tangential cut, showing the septal fluting in plan ( X 10).
This is the specimen shown at the left, middle, in figure 1.

Base of the Leonard limestone onDugout Mountain, Glass Moun-
tains, Texas (Loc. 20). Collected by Robert Roth.
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Schwagerina diversiformis Dunbar and Skinner, n.sp 647
Figures—

1. A group of cotypes, natural size. V.P.M. 14972.
2,3. Two of the same (X 5), the latter immature. V.P.M. 14973 and

14978.
4. Axial section of adult cotype (X 10). V.P.M.14975,

5,6. Axial sections of adult cotypes (X 5). V.P.M. 14977 and 14976.
7. Sagittal section of a cotype (X 10). V.P.M. 14977.

Hueco limestone, east of Montoya, Franklin Mountains, Texas.
Collected by L. A. Nelson (Loc. 85).

Parafusulina diabloensis Dunbar and Skinner, n.sp. 674
Figures

8. Cotypes, about 4/5 natural size. V.P.M. 15204.
9. Sagittal section of a cotype (X 10). V.P.M. 15206.

10,11. Axial sections of cotypes (X 10). V.P.M. 15206, 15205.
Near the base of the Bone Spring formation, Victorio Peak,

Sierra Diablo, Texas. This is about130 feet above the horizon
of Tnticites victorioensis and Schwagerina laxissima, which is
near the top of the Hueco limestone (Loc. 129).



Plate 60The University of Texas Bulletin 3701



782 The University of Texas Bulletin No. 3701

PLATE 61

Page_ 639Schwagerina guembeli Dunbar and Skinner, n.sp.
Figures—

1. Group of cotypes, natural size. V.P.M. 14928.
2-4. Three of above types enlarged (X 5).

5,6,8. Sagittal sections of three cotypes (X 10). V.P.M. 14929,
14930, 14931, respectively.

7,10,11,12. Axial sections of four cotypes (X 10). V.P.M. 14929,
14933, 14931, and 14930, respectively.

9. Tangential polished surface of a cotype, showing the septa
in plan in the penultimate whorl ( X 10). The tunnel
accounts for' the break in the septa at the mid-zone.
V.P.M. 14928.

13. A bit of the wall, enlarged (X 150).
Leonard limestone about 450 feet above the basal con-

glomerate at a locality 1% miles west of Gap Tank,
Glass Mountains, Texas (Loc. 32). Collectedby Robert
Roth.

Schwagerina guembeli var. pseudoregularis Dunbar and Skinner, n.var 640
Figures—

14. Group of cotypes, natural size. V.P.M. 14934.
15,16. Two of above types (X 5). The former shows well the

regular fluting of the antetheca.
17. Tangential slice in one of the types shown in figure 15,

showing the septa in plan in the penultimate whorl.
18,19,23. Sagittal sections of three cotypes (X 10). V.P.M. 14935,

14936, 14937, respectively.
20,21,22,24. Axial sections of four cotypes (X 10). V.P.M. 14936,

14938, 14935, and 14937, respectively.
All except specimen shown in figure 21 from a zone about.

450 feet above the basal conglomerate of the Leonard
limestone, at a locality 1% miles west of Gap Tank,
Glass Mountains, Texas (Loc. 32). Figure 21 from the
uppermost beds of the Wolfcamp formation on Leonard
Mountain, where it is associated with S. linearis
(Loc. 18).
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Schwagerina gracilitatis Dunbar and Skinner, n.sp . ; 635
Figures—

1. Cotypes, natural size. V.P.M. 14989.
2-4. Three of the cotypes, enlarged (X 5).

5,11. Sagittal sections, the former slightly excentric (X 10). V.P.M.
14990.

6,8,9. Axial sections (X 10). V.P.M. 14993, 14992, 14991.
7. Tangential section, showing the septal fluting in plan (X 10).

V.P.M. 14991.
10. Enlarged detail of figure 6, to show wall structure (X 230).

Upper part of Wolfcamp formation northeast of Gap Tank, Glass
Mountains, Texas (Loc. 13).

Schwagerina linearis Dunbar and Skinner, n. sp 637
Figures

12. Two immature cotypes, natural size. V.P.M. 14959.
13,14. Same enlarged (X 5). Hueco limestone in the south wall of

Victorio Canyon, Sierra Diablo (Loc. 101).
15. Axial section of adult cotype, showing the typical axial filling

(X 10). V.P.M. 14967. Upper part of Wolfcamp formation,
westernmost outcrop on Leonard Mountain, Glass Mountains,
Texas (Loc. 18).
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Schwagerina linearis Dunbar and Skinner, n.sp 637
Figures—

1,4,5. Axial sections of cotypes (X 10). V.P.M. 14960, 14965, and
14965.

2,3. Sagittal sections (X 10). The outer whorls appear opaque
because filled withmuddy matrix. V.P.M. 14966.

6. Juvenile, axial section, showing the beginning of axial depo-
sition at an early stage.

7. A tangential slice, showing the septal fluting in plan. Near
the middle, the slice cuts close to the base of the whorl
where the tips of opposed septal folds meet to form
rounded chamberlets; farther to the right and left the sec-
tion rises toward the roof of the whorl, and here the septa
appear widely spaced and nearly straight. V.P.M. 14964.

Specimens 1 and 4 from the Hueco limestone in the south
wall of Victorio Canyon, Sierra Diablo (Loc. 101);2, 3,
and 8 are from the upper Wolfcamp 2% miles N. 35° E. of
Hess ranch (Loc. 16);and 5, 6, and 7 are from the upper
Wolfcamp in the westernmost outcrop on Leonard Moun-
tain, Glass Mountains, Texas (Loc. 18).

Schwagerina bellula Dunbar and Skinner, n. sp. 643
Figures—

8. Cotypes, natural size.
9-11. Three of the same, enlarged ( X 5)

12-14. Axial sections of three cotypes (X 10). Nos. 12 and 13 in
U.S.G.S. Coll.; No. 14, V.P.M. 15106.

15,17,18. Sagittal sections of cotypes (X 10), the latter being slightly
excentric. U.S.G.S. Coll.

16. Sagittal section referred doubtfully to this species.
Base of the Hueco limestone, just above the red shale on the

spur north of Powwow Canyon, Hueco Mountains, Texas
(Locs. 71 and 73). Specimens14 and 16 collectedby R. E.
andP.B.King, the others by J. B. Knight and P. B. King.
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Schwagerina compacta (White) 645

Figures—
1. Cotypes (X 1) originally figured by White. From an ant hill

near Gap Tank, Texas. The horizon was mistakenly assumed
to be upper Gaptank but is undoubtedly Wolfcamp. Texas
Bureau of Economic Geology 12583.

2-4. Three of the same, enlarged (X 5).
5. Axial section of cotype originally figured by White. Same local-

ity as figure 1. Texas Bureau of Economic Geology 12502.
6. Axial section of a short variety figured by White. Same locality

as above. Texas Bureau of Economic Geology 12499.
7. Axial section from the Wolfcamp formation (bed 9 of P. B.

King's section) at Wolf Camp, Glass Mountains, Texas (Loc.
7). V.P.M. 15113.

8. Sagittal section of a cotype originally figured by White, from the
same locality as figure 1. Texas Bureau of Economic Geology
12503.

Parafusulina schucherti Dunbar and Skinner, n. sp 672
Figures—

9. Cotypes, a little less than natural size. V.P.M. 15203.
10-12. Sagittal and two axial sections of cotypes (X 10). V.P.M.

15201, 15202, and 15201.
Shaly zone in the lower part of the Bone Spring formation, 1%

miles south of Victorio Peak, Sierra Diablo, Texas (Loc. 127).
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Schwagerina crassitectoria Dunbar and Skinner, n. sp 641
Figures—

1. Group of cotypes, natural size. V.P.M. 14939.
2-4. Three of the above, enlarged (X 5).

5. Axial section of a cotype (X 5). V.P.M. 14946.
6. Tangential slice, showing the septa in plan in the penultimate

whorl (X 10). This is one of the types shown in figure 1.
7,9, 10. Axial sections of three cotypes ( X 10). V.P.M. 14944, 14943,

and 14945, respectively.
8. A bit of the wall, enlarged (X 160). Note that both the

lamellae and the alveoli of the keriotheca can be traced
through the tectum.

11. Excentric section (X 10), showing the distribution of the sec-
ondary deposit in the end zone. V.P.M. 14946.

12-15. Sagittal sections of four cotypes ( X 10). V.P.M. 14945, 14946,
14944, and 14940, respectively.

Leonard formation at a locality 1% miles west of Gap Tank,
Glass Mountains, Texas (Loc. 32a). Collected by Robert
Roth, who states that the horizon is about 400 feet above
the base of the Permian in this section where the basal con-
glomerate of the Leonard rests unconformably on the Gap-
tank, the Wolfcamp being out.

Schwagerina compacta (White) 645
Figure—

16. Axial section (X 10) from the upper part of the Wolfcamp
formation about 4 miles west-northwest of Wolf Camp, Glass
Mountains, Texas (Loc. 15). V.P.M. 15114.
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Schwagerina franklinensis Dunbar and Skinner, n. sp.
Figures—

628

1. Cotypes, natural size. V.P.M. 14982
2,3. Two of the same, enlarged (X 5).

4. Another cotype (X 10).
5,9. Sagittal sections of cotypes (X 10). V.P.M. 14984.

6,10,11. Axial sections of cotypes (X 10). V.P.M. 14984 and 14983,
and the last in the private collection of L. A. Nelson.

7. Axial section of a cotype (X 5). V.P.M. 14984.
8. Tangential slice, showing the plan of septal fluting in the

penultimate whorl.
Hueco limestone on the south side of White Sulphur spur,

north of El Paso, in the Franklin Mountains, Texas (Loc.
85). Collected by L. A. Nelson.
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... 650Schwagerina nelsoni-Dunbar and Skinner, n. sp..

Figures—
1. Group of cotypes, natural size. V.P.M. 14986 and 14979. Show-

ing juvenile specimens above and adults below.
2,3. Juvenile specimens from above group ( X 5).
4,5. Adult cotypes from above group ( X 5).
6-9. Axial section of types in various stages of growth. Figure 8,

X 5; others, X 10. V.P.M. 14987, 14988, 14980, and 14981.
10. Bit of the wall, enlarged (X 160), showing the alveolar struc-

ture.

11. Tangential slice, showing the strong and high septal fluting.
12-14. Sagittal sections of cotypes (X 10).

Collected by L. A. Nelson from the Hueco limestone in the
Franklin Mountains, north of El Paso, Texas. The four adult
specimens in figure 1, also those of figures 4, 5, 8, 9, and 13,
are from locality 86; the juvenile specimens in figure 1, also
those of figures 2, 3, 6, 7, 11, 12, and 14, are from locality 85.
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Schwagerina laxissima Dunbar and Skinner, n.sp.
Figures—

652

1. Cotypes, natural size. V.P.M. 15017
2-4. Three of the above (X 5).

5. Axial section of a cotype (X 5). V.P.M. 15019.
6. Detail of wall of figure 11, enlarged (X 150).

7,8. Sagittal sections of cotypes (X 10). V.P.M. 15020.
9. Tangential slice, showing the plan of septal fluting in the

penultimate whorl. The break in the septa is due to the tun-
nel. This is one of the specimens shown in figure 1.

10,11. Axial section of cotypes (X 10). V.P.M. 15019, 15018.
Hueco limestone, in an outlier in the slope facing Anthony, in

the Franklin Mountains, about 12 miles north of El Paso,
Texas (Loc. 89). Collected by L. A. Nelson.
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Page_ 654Schwagerina setum Dunbar and Skinner, n. sp..
Figures—

1. Cotypes, natural size.
2,3. Two of the same, enlarged ( X 5)

4. Axial section (X 5) of a cotype.

5,6. Sagittal sections (X 10) of two cotypes.

7. Excentric section (X 10).
8. Tangential polished surface near the base of the penultimate

whorl, showing the septal fluting (X 10).
9. Axial section of a cotype (X 5).

10,11. Axial sections of cotypes (X 10).
Victorio Peak member of the Bone Spring limestone about 0.5

mile north-northwest of Bone Springs, Guadalupe Mountains,
Texas (Loc. 173). Collected by H. C. Fountain.
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Parafusulina fountaini Dunbar and Skinner, n. sp..
Figures— 675

1. Cotypes, natural size.
2,3. Two of the same, enlarged (X 5).
4,5. Axial sections of cotypes (X 5).
6,7. Sagittal sections of cotypes (X 10)

8. Tangential slice, showing the septa in plan. Because of the curva-
ture of the shell, only a small area near the center of the slice
is near enough to the floor to cut the arches and expose the
cuniculi.

9,10. Axial sections of cotypes (X 10).
Loose block of light gray limestone collected by H. C. Fountain

on an alluvial fan below the outcrop of the white member of
the Bone Spring limestone, west face of the Guadalupe Moun-
tains, about one-half mile south of the north edge of Guada-
lupe Quadrangle (Loc. 174). The rock is undoubtedly from
the superjacent outcrops.
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._ 677Parafusulina bakeriDunbar and Skinner, n.sp.

Figures— ■

1. Cotypes, all somewhat immature (X 1). V.P.M. 15182.
2-4. Three of the cotypes, enlarged (X 5).
5,6. Sagittal sections (X 10). V.P.M. 15184.

7. Tangential slice, showing the presence of the cuniculi in the outer
whorl.

8-10. Three cotypes in axial section ( X 10), the last slightly off center.
The last is a fully grown normal adult, the first two being im-
mature. V.P.M. 15184, 15184, 15185.

Face of the Glass Mountains about midway between Iron Moun-
tain and Hess Canyon (Loc. 21). The horizon was thought by
King to be uppermost Wolfcamp or lower Leonard. The
authors believe it to be the latter.
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Parafusulina wordensis Dunbar and Skinner.-.
Figures— 69G

1. Cotypes, natural size.
2. Sagittal section of the inner whorls of a cotype (X 10).
3. Cotypes in the matrix (X 5). These specimens are silicified and

the calcareous matrix has been etched away, leaving the cham-
bers empty.

4. Axial section of half a cotype (X 5).
5. Axial section of a cotype (X 5).

6,7. Axial sections of immature cotypes (X 10).
8. Portion of the center of a normal mature shell (X 10), to show

the relative immaturity of the last two specimens.
Limestone member 3 of the Word formation near the hilltop about

1 mile south of the junction of Road and Gilliland canyons,
Glass Mountains, Texas (Loc. 60). All catalogued as V.P.M.
9922.
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Parafusulina bosei Dunbar and Skinner, n. sp 679
Figures—

1. Group of cotypes, natural size. V.P.M. 15127.
2,3. Two of the same, enlarged (X 5).

4,6,7,8. Axial sections of cotypes (X 10). V.P.M. 15128 and 15129.
5,9. Sagittal sections of cotypes (X 10).

Collectedby Robert Roth from near the middle of the Word
formation (about 410 feet above its base) on the south slope
of Sullivan Peak, Glass Mountains, Texas (Loc. 40).

Parafusulina splendens Dunbar and Skinner, n.sp 682
Figure—

10. Tangential polished surface near the floor of the outer whorl.
Along the middle the septal arches over the basal foramina
are cut. Compare with figure 4 of Plate 75 (Loc. 40).

Leella fragilis Dunbar and Skinner, n. sp 605
Figures— ■

11-14. Four cotypes ( X 10). Only number 11 is fully mature. Num
ber 13 is tangential to the inner whorl.

15. Sagittal section (X 10), somewhat oblique.
Collected by H. C. Fountain from a limestone in the middle

division of the Delaware Mountain formation,near the south-
east corner of Guadalupe Quadrangle (Loc. 168). U.S.G.S.
Coll. 7665.
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Parafusulina lineata Dunbar and Skinner, n. sp 681
Figures—

■

1. Holotype (X 5). V.P.M. 15123.
2. Paratype (X 5). V.P.M.15124.
3. Axial section of the holotype ( X 10).
4. Sagittal section of a paratype. V.P.M. 15181. Collectedby Skin-

ner from the lower part of the Delaware Mountain sandstone
on a low hill just southeast of the intersection of the Pasotex
pipeline and the trail to Adolf Williams ranch, Guadalupe
Mountains, Texas (Loc. 157).

Parafusulina bosei var. attenuata Dunbar and Skinner, n.var 680
Figures—

5. Group of cotypes, natural size. V.P.M. 15127.
6,7. Sagittal sections (X 10). V.P.M. 15128 and 15129.

8-10. Three of the cotypes, enlarged ( X 5).
11. A tangential polished surface, showing the plan of the septa

and the cuniculi.
12,13. Axial sections of cotypes (X 10). V.P.M. 15128 and 15129.

Horizon about 410 feet above the base of the Word formation
on the south slope of Sullivan Peak, Glass Mountains, Texas
(Loc. 40).
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Parafusulina splendens Dunbar and Skinner, n.sp._.
Figures—

682

1. Group of cotypes, natural size. V.P.M. 15131.
2,3. Two of the same, enlarged (X 5).

4. Upper specimen in figure 1, enlarged (X 10), showing the mid-
portion of an etched, silicified shell with the spirotheca removed
to show the septa. Where the septa are broken away near the
middle the basal sutures of the septa can be seen running
around the shell, separating the cuniculi.

5-8. Sagittal sections of cotypes (X 10). V.P.M. 15132, 15140, 15138,
15139.

9-11. Axial sections of cotypes (X 10). V.P.M. 15133, 15134, 15132.
Collectedby RobertRoth from near the middle of the Word for-

mation (about 410 feet above the base) on the south slope of
Sullivan Peak, Glass Mountains, Texas (Loc. 40).
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Parafusulina rothi Dunbar and Skinner__.

Figures—
684

1,2. Cotypes, megalospheric and microspheric, respectively (X 1)
3,4. Young and adult cotypes ( X 5).
5,6. Microspheric individual,external view and axialsection (X 5)

7. Megalospheric axial section (X 5).
8, 9. Axial sections of cotypes ( X 10).
10. Exceptionally large individual (X 10) referred with some un-

certainty to this species.
11. Central part of a microspheric specimen ( X 50),showing the

endothyroid juvenarium coiled in the plane of the section.
12. Polished axial surface ( X 10.) of part of a microspheric indi-

vidual that was broken in two within 4 mm. of the proloculum
after 12 volutions had formed. The last two volutions have
grown over the wound and healed the break.

13, 14. Sagittal sections ( X 10) of a megalospheric and a young micro-
spheric shell.

15. Bit of a polished tangential surface, showing the septa in plan
and revealing the cuniculi.

All specimens but the one in figure 11 collected by J. W. Skinner
and by Robert Roth from the sandstones of the lower third of
the Delaware Mountain formation near the junction of the
Pasotex pipeline and the trail to Adolf Williams ranch, about
3 miles south-southeast of Guadalupe Peak (Loc. 157).
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Parafusulina maleyi Dunbar and Skinner, n.sp. .._ 686
Figures-

1. A group of cotypes at natural size, the lower specimen being a
microspheric individual. The upper left specimen (V.P.M.
15126) is from locality 157; the others are from locality 158.

2,3. Microspheric individual (X 1and X 5) from locality 158.
4. The individual shown above at the left in figure 1, enlarged

(X 5).
5. The individual shown above at the right in figure 1, enlarged

(X 5).
6. Axial section ( X 5) of another microspheric individual from a

limestone in the upper middle part of the Delaware Mountain
formation about one-half mile east of the west end of Getaway
Gap (Loc. 161).

7,8. Sagittal section (X 10) of specimens from locality 158. V.P.M.
15152 and 15164.

9-11. Axial sections (X 10), the first from locality 157 and the last
two from locality 158. V.P.M. 15125, 15155, and 15151, re-
spectively.

12. Axial section ( X 5) of a specimen from locality 171, which is
about 1 mile north of a point on the old Carlsbad-Van Horn
road which is 2% miles above where the latter emerges from
a canyon in the Delaware Plateau to the Salt Plain.

Parafusulina maleyi var. referta Dunbar and Skinner, n.var 687
Figures

13. Axial section (X 5) from locality 171.
14,15. Axial sections of cotypes (X 10) from a dark gray limestone in

the middle part of the Delaware Mountain formation about
3 miles south of Guadalupe Peak (Loc. 164).

16. Tangential slice, showing the plan of the septa (X 10), from
the same horizon as the last, but a locality about one-fourth
mile east of the west end of Getaway Gap (Loc. 161).

17. Sagittal section from a horizon about 200 feet lower than the
last at a locality about one-half mile north of the Airways
beacon west of Getaway Gap (X 10).

18. Sagittal section ( X 10) of a cotype from the same lot as figures
14 and 15.
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Parafusulina sellardsi Dunbar and Skinner, n. sp..
Figures—

688

1. Group of cotypes, natural size. V.P.M. 15117 and 15118.
2, 3. Two cotypes, enlarged ( X 5). V.P.M. 15117.

4. Excentric section (X 10). The pendent septal loops indicate
where the section cuts the arches over the basal foramina.

5. A tangential polished surface. At the right, the longitudinal
chambers show near the roof of the penultimate whorl; near
the left end, the cut is deeper and the septal folds give the
appearance of cell-like chamberlets; at the left of the center,
the slice is near the floor of the whorl and the arches over
the cuniculi are cut, the basal margins of the septa running
around instead of along the axis. V.P.M. 15117.

6,9,10. Axial sections of three cotypes (X 10). V.P.M. 15121. 15120,
and 15122.

7,8,11. Sagittal sections of three cotypes (X 10). V.P.M. 15122, 15121,
15120.

Collected by J. W. Skinner from King's limestonemember 3 of
the Word formation at the summit of the hill about 1 mile
south of the junction of Road and Gilliland canyons, Glass
Mountains, Texas (Loc. 61).
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PLATE 79

Parafusulina kingorum Dunbar and Skinner_.

Figures—
1. A large microspheric individual with both ends incomplete (X 1).
2. Piece of stone with another microspheric individual and numerous

megalospheric shells, slightly enlarged. This microspheric shell
was sectioned and is shown (X 5) as.figure 6.

3. Pieces of chert with immature megalospheric shells (X 1).
4. Piece of chert with another microspheric shell partly exposed (X 1).
5. Sagittal section ( X 10).
6. Axial section of a microspheric shell ( X 5). The clear spot at the

center is not the proloculum but a spot of transparent quartz.

7. Axial section of a young megalospheric shell ( X 10).
8. Axial section of a normal adult megalospheric shell of which only a

little over one-half is shown.
These are cotypes collected by R. E. and P. B. King from the upper

limestone of the Word formation on the ridge between 2.7 and 4.7
miles northeast of the old Word ranch, Glass Mountains, Texas
(Loc. 56).
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PLATE 80

Polydiexodina capitanensis Dunbar and Skinner.
Figures—

1. Young and adult cotypes, natural size. V.P.M. 9923.
2-5. Sagittal sections ( X 10). V.P.M. 9923.
6,7. Tangential and axial slices of the middle of a single individual.

This specimen was split to secure the two sections. The sup-
plementary tunnels are evident in both.

8,9. Cotypes in axial section (X 10). These sections were left thick
in order to show better the supplementary tunnels, ti, t2,etc.
V.P.M. 9924 and 9923.

10,11. Axial sections of the center of associated microspheric indi-
viduals.

Carlsbad member.of the Capitan limestone near the summit of
Guadalupe Peak, except figures 6 and 7 which represent a
specimen from about 650 feet lower in the Capitan limestone
(Loc. 199).
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Polydiexodina rotundataDunbar and Skinner, n. sp 697
Figures-

1,2. Whole specimen and axial section (X 10). The latter is con-
sidered the holotype and the former a paratype. The sectioned
specimen appears abnormally short and blunt because of some
injury to the polar extremities in the sixthwhorl.

Collected by V. C. Maley from the "Apache" limestone on a
hilltop about three-fourths mile due west of the Jones ranch
house on the western flank of the Apache Mountains, Van
Horn Quadrangle, Texas (Loc. 150).

Polydiexodina shumardi Dunbar and Skinner_ 695
Figures-

3. Specimens of natural size on a piece of weathered limestone.
The segmented appearance is due to weathering along cracks.
Because of such fractures it is almost impossible to free entire
specimens of this large, slender species.

4. Polished surface of stone, showing a specimen of mature size
(X 1).

5. Tangential surface, polished, showing the septa in plan. The
cuniculi and three of the supplementary tunnels are well
shown (X 10).

6. Axial section of a portion of the center of a cotype (X 10).
7-9. Axial sections (X 10) of three specimens.
10. Sagittal section of a cotype (X 10).

Figures 3, 4, 7, and 8 show individuals from beds at the transi-
tion between the Delaware Mountain sandstone and the Capi-
tan limestone at locality 191. Figure 9 represents a specimen
from a limestone layer slightly lower in the upper part of the
Delaware Mountain formation at locality 181. Figures 5, 6,
and 10 represent specimens from the type locality for this
species in the upper part of the Delaware Mountain forma-
tion at a locality on the old Carlsbad-Van Horn road about 3
miles east of the point where it emerges from the canyon '
at the edge of Salt Flat.

Schwagerina knighti Dunbar and Skinner, n.sp _ 648
Figures

11. Cotypes, natural size. .V.P.M. 15189.
12. One of the same ( X 5).

13,14. Axial and sagittal sections of cotypes (X 10).
Hueco limestone below the cliff-forming Bone Spring limestone

just north of the intrusion in Marble Canyon, Sierra Diablo
Plateau, Texas (Loc. 114). V.P.M. 15190.
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described; figures in italics refer to plate descriptions opposite plates bearing
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702-714.
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alveoli: 555, 556, 557
Altuda member:587
Apache Mountains, localities in: 725
Awerinzew : 549
axial filling: 539-540
Beede, J. W.:590, 593, 670
Beedeina: 562, 700
Bird Spring limestone : 552
Bone Spring formation: 579, 581, 583,

588, 589, 592, 594
localities in: 724-725, 726, 728

Boultonia: 568
rawi: 568

Cancellina: 575
Capitan formation: 579, 581, 582, 583,

587, 594, 596
localities in: 719-720, 730

Capitan reef: 583
Carlsbad limestone:594

localities in: 731
Carpenter, W. B.:544
check list, genera: 700-701

species: 702-714
Chen, S.:570, 571, 572
ehomata:538-539
Codonofusiella:568, 581, 596, SO6

" paradoxica: 587, 594, 607, 750
Colani, M.:569, 578
Colania:576

kwangsiana: 576
Condra, G. E.:525
c-jniculi:535
Dachblatt: 545
Delaware Mountain formation:581, 582,

583, 588, 590, 593-596
localities in: 725, 726-728, 728-730

Delaware Mountains: 579, 581, 592-596
localities in:726-728

Deprat, J.:564, 565, 566, 569, 577, 578
Depratella: 566, 609, 700
DeWaele : 548
Diablo Plateau: 579
diameter, measurement of:530-531
diaphanotheca: 543, 554
dimorphism: 560, 570, 573
distribution _of species :594—595
Doliolina : 574
Douville, H.:545, 549
Dyhrenfurth, G.:545
Ehrenberg, C. G.:625, 626
Eoschubertella:563, 610
Eoverbeekina: 573
facies, influence of, on distribution:581
faunal zones:579
filet cloissone:533
Finlay Mountains, localities in:725
Fischer de Waldheim :562
form ratio:540Fountain, H. C.:526, 592
Franklin Mountains:579, 594

localities in: 721
Promaget, J.:583

Fusiella: 544, 567
primaeva: 7U6

Fusulina: 533, 562, 7U
cylindrical 554, 555, 562, 563, 71,6
roekymontana.: 7US

Fusulininae: 533, 543, 559-570
Fusulinella: 533, 543, 550, 561, 562, 564,.. 565, 626

bocki:564
Uanoensis:554, 555, 7U6, 7UB

Gallowaiina: 571, 572, 700
Gallowaiinella: 571
Galloway,J. J.:539, 554, 555, 565, 599
Gaptank formation, localities in: 715
genera, check list of: 700-701

synopsis of: 558-578
Gilliam member:587
Girty, G. H.:524, 544, 545, 596-
Giriyina: 562, 613, 700
Glass Mountains: 579, 581, 582, 584-587,

594
localities in: 715-720

Grabauina: 613, 700
Guadalupe Mountains:579, 581, 592-596

localities in: 728-731
Gubler, J.: 548, 558, 583

prismatic hypothesis of :548-553
Hanzawa, S.:574
Harlton, B. H.: 599
Hayden. H.H.:545, 550
Hemifusulina:626, 700
Henbest, L. G.:526, 530, 537, 540, 554,

562
Hess formation, see Leonard formation.
;'Hess reef": 583
Hofker, J.:541
Hueco formation:524, 579, 581, 582, 587-

-589, 590-592, 594
localities in: 722-724

Hueco Mountains: 579, 582, 590-592,
594

localities in: 720-721
keriotheea: 545, 546

perforate: 546
King,P. B.:524, 525, 587, 588, 590, 592,

593, 596
King, R. E.:524, 525, 587, 590
Knight, J. B.:526, 591
Kniker, Hedwig T.:670
lame spirals:545
Lee, J. S.:544, 545, 554, 555, 560, 565,

568, 577, 578, 599
LeSlla: 560, 581, 596, 603

bellula: 587, 594, 604, 750
fra<nlis: 593. 594. QO5, 806

Leeina: 539, 624, 627, 700
length, measurement of:531—532
Leonard formation: 581, 583, 585-586,

594
localities in:716-718

Lepidolina:578
Lienau, D.: 554
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Likharev, B.:569
localities, catalogue of:715—732
Longwell, C. R.: 552
macula:545
Magdalena formation: 587, 591
measurements:528-543

diameter: 530-531
length: 531-532
proloculum:528-529
radius vector:530-531
septal fluting: 532-536

Meek, F. B.:544
Moller, Valerian yon: 543, 544, 554, 562,

563, 564, 624, 626
Mollerina: 574, 700
Nagatoella: 624, 627, 700
Nankingella:560
Needham, C. E.: 699
Nelson, L. A.: 524
Neofusulinella:564

lantenoisi:565, 566
Neoschwagerina:576
Neoschwagerininae:533, 544, 550, 676—

578
Nummulostegina:559, 600
Orobias:599

antiquior:772
bassleri: 602

outcrops, areal distribution of: 579
Ozawa, V.:554, 564, 565, 566, 574
Ozawaina: 599, 701
Ozawainella: 533, 559, 599

delawarensis: 594, 602, 750
huecoensis: 594, 601, 750

Paleofusulina:533, 569
Parafusulina:535, 536, 539, 583, 585,

586, 593, 672
bakeri: 595, 677, 802
bosei: 586, 595, 679, 806
bosei attenuate: 586, 595, 680, 808
diabloensis: 589, 595, 674, 780
dunbari: 699
fountaini: 595, 675, 800
kattaensis:744
kingorum: 586, 595, 691, 818
lineata: 595, 681, 808
maleyi: 595, 686, 814
maleyireferta: 595, 687, 814
rothi: 583, 586, 590, 595, 684, 812, 699
schucherti: 589, 595, 672, 788
sellardsi: 586, 595, 688, 816
splendens: 586, 595, 682, 806, 810
wcrdensis: 586, 595, 690, 744, 804

Parafusulina, zone of:581, 586
Paraschwagerina: 589, 581, 584, 666

acuminate: 595, 671, 768
gigantea: 595, 666, 770
kansasensis : 585, 595, 668, 768

Pisolina: 561
Polydiexodina: 535, 536, 539, 583, 594,

596, 693
capitenensis: 540, 582, 587, 595, 596,

693, 820
guadalupensis:699
rotundata: 593, 595, 697, 822
shumardi: 582, 587, 595, 596, 695, 744,

822, 699
Polydiexodina, zone of:581, 587
polymorphism:541
powwow conglomerate: 591
Profusulinella:568
proloculi, unequal,effects of:541
proloculum, measurement of: 528—529
Pseudodoliolina:574, 575
Pseudofusulina: 533, 539, 624, 701

Pseudoschwagerina: 539, 581, 584, 590,
592, 656

beedei: 591, 595, 656, 758
gerontica:595, 660, 762
texana: 584, 588, 595, 662, 764, 766
texana ultima: 595, 665, 766
uddeni: 582, 584, 588, 589, 590, 591,

594, 658, 760, 766
Pseudoschwagerina, zone of: 581, 584,

585
Quasifusulina:570
radius vector: 530—531
Rauser-Chernoussova, Dagmar:525, 563,

625
reef facies:581
reseau alveolaire:545
Roth, Robert: 524, 525
Ryniker, C.: 554, 555, 592
Schellwien, E.:544, 555, 562, 563, 564
Scheliwienia: 562, 701
Schubertella Staff & Wedekind:544, 563,

564, 609
kingi:582, 585, 589, 591, 594, 610, 750
melonica: 586, 594, 611, 774

Schubertella of authors: 563
Schwager, C.:544, 624
Schwagerina: 533, 539, 544, 581, 584,

585, 613, 623-627, 748
bellula: 591, 594, 643, 786, 699
compacta: 584, 595, 645, 7SB, 790
crassitectoria:547, 586, 594, 641, 746,

790
diversiformis:584, 595, 647, 744, 780
emaciata: 582, 585, 588, 589, 591, 594,

633, 772
franklinensis:594, 628, 792
gracilitatis: 546, 551, 594, 635, 746,

748, 78k
giimbeli: 540, 594, 639, 782
gumbeli pseudoregularis:594, 640, 78S
hawkinsi: 586, 590, 594, 632, 772, 778
hessensis: 586, 590, 594, 630, 776
huecoensis: 584, 588, 594, 627, 744, 774
knighti: 595, 648, 822
laxissima: 595, 652, 796
linearis: 537, 540, 585, 589, 594, 637,

784, 786
nelsoni: 595, 650, 794
rutschi:547
setum: 589, 592, 595, 654, 798
thompsoni:699

Schwagerininae:533, 544, 550, 570-572
Sellards, E.H.:524
septal fluting: 532-536, 744
Shafter area, localities in:725
Shumard, B. F.:596
Sierra Diablo: 579, 581, 587-590, 594

localities in: 722-725
Silvestri, A.: 562
Small, Walter: 525
species, check list of: 702-714

distribution of: 594-595
Sphaerulina: 539, 560, 603
Staff, H. yon: 539, 545, 549, 564, 574
Staffella: 533, 559, 564, 591, 597

fountaini: 594, 597, 750
lacunosa: 594, 598, 764

stratigraphic summary: 579—596
Sumatrina:545, 577
Tan Sin Hok:574
tectoria: 543, 554
tectum: 543, 545

perforate:545
Thompson, M. L.:547, 563, 564, 566,

599, 600, 610
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Triticites: 533, 539, 581, 582, 584, 592,
613

cullomensis pygmaeus, see pygmaeus.
mcorei: 744
pinguis: 585, 594, 620, 754
plummeri:546, 547
powwowensis: 589, 591, 594, 617, 756
pygmaeus:614, 756
secalicus:744
simplex: 562
subventricosus:585, 594, 619, 758
uddeni: 585, 594, 616, 75h
ventricosus:744, 74-8
victorioensis:594, 622, 766

tunnel: 536-538
angle: 537

types, disposition of:526
illustration of: 528
selection of:527

Uddenites, zone of:524
Verbeekina: 573
Verbeekininae: 533, 539, 544, 572-575
vesicular fluting:533
Victorio Peak member: 588, 589
Volz, W.:545
Wabenwerk: 545

wall, morphology of: 543, 746, 7AB
fusulinellid:553-558
schwagerinid:544—553, 555, 557

Warren, P. S.:608
Wedekind: 564
Wedekindella: 567, 701
Wedekindellina:533, 539, 567
Wedekindia: 567, 701
White, M. P.: 537, 546, 547, 554, 555,

556, 55.8, 584, 646
Wolfcamp formation:581, 582, 584-585,

594
localities in:715-716

Word formation: 581, 586, 594
localities in: 718-719

Wylie Mountains, localities in:725
Yabe, H.: 545, 574
Yabeina:577

globosa:' 746
Yangchienia:569
zone of Parafusulina:581, 586

of Polydiexodina:581, 587
of Pseudoschwagerina: 581, 584, 585
of Uddenites: 524
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