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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
Unrirep STAaTES GEOLOGICAL SURVEY,
Washington, D. C., Moy 14, 1899.

Sir: I submit herewith for publication a manusecript by Mr. T.
Wayland Vaughan, entitled Reconnaissance in the Rio Grande Coal
Fields of Texas. This paper treats of two areas, both of which, in
addition to the economic considerations, are of scientific interest, inas-
much as they give interesting types of the geology of the localities
studied.

The first of the areas embraces that portion of the Lower Rio Grande
region lying between Del Rio and Laredo, and treats of a section of the
Cretaceous and Tertiary formations and of the relations of the one to
the other. This section has been an object of interest for many years,
and, as shown in the literature cited by Mr. Vaughan, has been visited
by many geologists. As the region is a transition ground between the
phases of these formations hitherto considered peculiar to the Rocky
Mountain and the Atlantic Coastal plains, respectively, such a section
must necessarily throw some light upon the relations of the for-
mations, including the age position of those hitherto ascribed to the
Laramie epoch. Mr. Vaughan could hardly be expected to solve com-
pletely all the problems of the region in the short period of time during
which he was permitted to examine it, but his paper will be a valuable
contribution to a progressive series of researches which have been
made in that territory.

The second paper treats of the San Carlos coal field in Trans-Pecos
Texas. This paper, too, is of great scientific interest, inasmuch as it
gives a detailed section of the Cretaceous beds of the Vieja Mountains
of the Trans-Pecos region, and also throws light upon the occurrence
of interesting volcanic rocks.

Mr. Vaughan has treated the economic features more briefly than
he would have done if the determination of the stratigraphic position
of these coals had not been the principal object of these preliminary
reconnaissances.

Very respectfully, Romr., T. Hmi,
‘ Geologrst.
Hon. Cragres D. Warcorr,
Director United States Geological Survey.



REGONNAISSANCE IN THE RI0 GRANDE COAL FIELDS OF TEXAS.

By THOMAS WAYLAND VAUGHAN.

INTRODUCTION.

One of the most important economic questions with which Texas
has to deal is that of coal supply. Although it embraces 250,000
square miles of territory, and is by far the largest State in the Union,
in 1897 it stood nineteenth in the scale of coal producers. For manu-
facturing enterprises and railroads coal is one of the first requisites;
therefore in the following paper an attempt has been made to state all,
that is known of the coal fields of the Rio Grande region. Two recon-
naissance trips made jointly with Mr. T. W, Stanton, under instruc-
tions received from Mr. R. T. Hill, during the field season of 1895; a
reconnaissance made.in 1898 in company with Prof. William L. Bmy,
of the University of Texas, who was studying the flora of western'
Texas; and a certain portion of the notes accumulated while mapping
the geology of the Brackett quadrangle, as assistant to Mr. R. T. Hill,
and later while mapping the geology of the Uvalde quadrangle, serve as
a basis for this report, but all available information has been utilized.
The fact that this report is, as a whole, the result- of reconnaissance
work and that it is not based upon a detailed study of the coal fields -
herein treated, should be emphasized.

Mpr. Stanton has determined all of the Cretaceous fossils discovered,
except a few Foraminifera, and has contributed his conclusions cc.
cerning the age of the beds. The Eocene fossils were determined by
'the writer. ]

The general plan of the discussion followed is: (1) The general
geology of the coal fields and adjoining areas; (2) the distribution of:
'the coal and the present condition of mining; and (3) the physical and
chemical characters of the coal.

Several coal-bearing areas have been recognized in the region adja-
cent to the valley of the Rio Grande in New Mexico and Texas.! The

1 Coal fields of Colorado, by R. C. Hills: Mineral Resources U, 8. 1892, pp. 819 et seq.
New Mexico, Its Resources, etc., New Mexico Bureau of Immigration, Santa Fé, 1884,
The Cerillos coal field, by John J.Stevenson: Trans. New York Avad. Sei., Jan., 1890, pp. 105-122.

Mr.T.W.Stanton has made an examination of the White Oaks ‘mineg.. n,ngunforms the writer that
the coal thepe is probably Laramie.



RIO GRANDE COAL FIELDS OF TEXAS. [BULL. 164.

first of these includes a number of isolated or limited districts in New
Mexico, to which belong the Cerillos, Bernalillos, and Fort Bayard
fields, which are probably of the same age as the so-called ¢ Laramie”
coals of Colorado, viz, uppermost Cretaceous and transitional Cre-
taceo-Tertiary. The second area is situated in the Vieja Mountains,

‘the vicinity of San Carlos, Texas. These coal beds are of Pierre sige.
,‘ﬂle third area occupies the interior portion of the Rio Grande Plain, and
extends from the Santa Rosa Mountains of Mexico to heyond Engle
{Pass, Texas. Mines are worked in it near Eagle Pass, Texas, and wear
San Felipe, Sabinas, Fuente, and Porfirio Diaz, in Mexico. The coal
»f this area is of Fox Hills age. Associated with it is a fossil
plant, Geonomites tenwirachis Lix., which also occurs in the ¢ Laramie”
coal of New Mexico. The marine fauna is equivalent to that of the
Ripley and Navarro beds of the Gulf region and to that of the Fo
Hills beds of the Rocky Mountain section. The fourth area is t.
coal field adjacent to Santo Tomas, Texas. These coals are usua |
lignites of Eocene age.

In addition to the districts mentioned adjacent to the valley of thd}
Rio Grande, allied beds are found in the Trinidad-Raton district o,
Colorado and Néw Mexico and in the White Oaks district of th
|Sacramento Mountain region of New Mexico.
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L.—EAGLE PASS AND EOCENE COAL FIELDS OF THE MIDDLE
RIO GRANDE REGION OF TEXAS.

DEFINITION OF THE AREA.

This part of this report is based upon a reconnaissance, made in
1895, of the Rio Grande region from Del Rio, in Valverde County, to
Santo Tomas, in Webb County, thence to Uvalde, in Uvalde County;
and upon a second reconnaissance, made in 1898, from Cline, Uvalde
County, to Eagle Pass, thence up the Rio Grande to Upson, across
to Paloma, back to Eagle Pass, and from the last-mentioned place to
Carrizo Springs, thence to the Rio Grande at the Webb-Maverick
county line. After returning to Carrizo Springs the return journey
to Uvalde County was made along the Nueces River. Besides the data
accumulated on these reconnaissance trips some data obtained while
studying the geology of the Brackett and Uvalde quadrangles have
been utilized.

The area is approximately a right-angled triangle, the apex being at
Santo Tomas; the uypothenuse, the Rio Grande; the base, a line from
Del Rio to Uvalde, and the third side a line from Uvalde to Santo
Tomas. It embraces portions of Kinney, Valverde, Maverick, Webb,
Zavalla, and Uvalde counties. (PL 1.)

GENERAL PHYSICAL FEATURES.

These coal fields lie within the geographic province of the Texas
region denominated the Rio Grande Plain.” This plain is a local modi-
fication of the southwestern attenuation of the coastal plain of the
Gulf and Atlantic States, comprising a western prolongation of the
same up the Rio Grande, included in the angle formed by the con-
vergence of the Balcones escarpment line and the eastern front of the
Cordilleran region in Coahuila.

The Texas side of the region is a vast plain, slightly inclined to the
southeast, sloping from an elevation of 1,082 feet at Johnstone, Val-
verde County, to about 600 feet opposite Santo Tomas, or at the rate
of about 3 feet toa mile. The streams have cut their beds in this plain
and now lie considerably below its former level. The larger of these
stream valleys are accompanied by series of terraces. The structure
of the Texas portion of the plain throughout the greater part of its
extent is that of a gently southeasterly dipping monocline. In the

1Hill and Vaughan, Eighteenth Ann. Rept. U. 8. Geol. Survey, Part II, 1898, p. 202.
13



14 RIO GRANDE COAL FIELDS OF TEXAS, [BULL. 164.

vicinity of Santo Tomas there is a local exception to the usually uni-,
form direction of dip of the strata. Here the dip, instead of heing to
the southeast, is to the northeast, according to information furnished
by Mr. D. D. Davis, superintendent of the Cannel Coal Company’s
mine. This disturbance is, without doubt, genetically connected with
the uplift of the Sierra Santa Rosa of Mexico.

The northern limit of this plain is a great southward-facing escarp-
ment, several hundred feet in height, which has been described® under
the name ‘‘Balcones escarpment.” Along its foot is a strip of country

[Ciad 03" 5 [ £ 57* S

Fi¢. 1.—Map showing the general position of the Rio Grande coal fields.

from 6 to 15 miles wide, which is broken by faults and in which there
has been considerable voleanic disturbance. This scarp is the south-
ern edge of the vast Edwards Plateau. It is composed of practically
horizontal limestone strata, and attains an altitude of some 2,500 feet.*

The vegetation consists of grasses, which at the time of our visit
were mostly dead and dry, and of a variety of prickly plants belong-

1R.T. Hill: Am, Geologist,Vol.V,No.1,Jan., 1880, pp. 17-18; Am. Jour. Sci., 3d series, 1887, Vol, XX X1V,
pp- 291 et seq.

2The geographic features of the region are more fully described in a paper by Mr, Hill and the
writer entitled The Geology of the Edwards Plateau and Rio Grande Plain: Eighteenth Ann. Rept.
U. 8. Geol, Survey, Part II, 1898, pp. 193-323.
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ing to the Leguminosswe, Rhamnacase, and Cactace, constituting the
chaparral of the Mexicans. There are enormous orchards of Opuntia
rafinesquet, the common prickly pear or nopal of the Mexicans, and
tasajillo, Opuntia leptocanlis, is often extremely abundant. Of the
Leguminos®, the mesquite and several species of acaciz are the most
common. Lignum vite also is a common and characteristic plant.
Except along the creeks, where occasionally live oaks grow, there are
no trees, unless the mesquite reaches a size sufficient to entitle it to
that name. Professor Bray, of the University of Texas, is making a
careful study of the flora of western Texas with reference to climatic
and other natural conditions. Rains are very infrequent, and the
country is not capable of supporting a dense population.

The following table gives the average annual rainfall at some of the
more important places,’ as determined by observations extending
through several years:

Inches,

Fort Clark (Brackett) .. ... aiiiioii... 24.02

Fort Inge {Uvalde) ..o ciaa i 25.385

Eagle Pass. oot 25.01

I3 5 0 19. 58

The mean annual temperature iy as follows:

Degrees (F)

Fort Clark - - oo iill.. 68.8

FOTt TD0. o - oo e e e e e oo e e e e e 68.7
Eagle Pass ... oo oo il 72.

Laredo - o e e 72.9

January is the coldest month, but the average temperature for that
month at any place is rarely as low as 45°.  August and July are the
hottest months, but the average for these months is rarely as high as
90°. In the summer, in the middle of the day the heat is intense, but
at night there is always a refreshing breeze.

DESCRIPTIVE GEOLOGY.

The region as a whole is underlain by a series of rock sheets
belonging to the Cretaceous and Tertiary periods, which are covered
to-a considerable extent by surficial deposits of silt and gravel. The
beds will now be described in ascending order.

CRETACEOUS.
RIC GRANDE SECTION.

The Cretaceous strata of the Texas region have been divided into
two great subgroups or series, an upper and a lower. These series
have been further divided into formations, which are still further sub-
divisible into individual strata; but for purposes of general discussion
the formations are the units of the system of classification.

1Climatic conditions of Texas, by Gen, A. W. Greely : Senate Ex. Doe. No. 5, Fifty-second Congress,
first session,
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LOWER CRETACEOUS (COMANCHE SERIES).
EDWARDS LIMESTONE.

At Del Rio the lowest rocks exposed belong to the Fort Worth lime-
stone, but a short distance above Del Rio, before reaching the mouth
of Devils River, exposures of the Edwards (Caprina) limestone are
seen. The canyons of the Rio Grande and Devils rivers in this vicinity
are cut through it. It isa whitish limestone and occurs in thick ledges.

FORT WORTH LIMESTONE.

Within the breaks® of the Rio Grande, on both sides of the railroad
where it erosses San Felipe Creek and in the valley of the creek to the
north of the railroad, are good exposures of this limestone. Macro-
scopically it is rather soft, chalky, and argillaceous, and possesses a
minutely granular or subflocculent texture. Its color when freshly
broken is white or whitish, with a yellowish tinge, due to the presence
of ferruginous matter. It weathers to a grayish or yellowish color.
The fossils which it contains are frequently ferruginous replacements.
Microscopically the limestone is composed of minutely crystalline cal-
cite and much flocculent (argillaceous) material. Foraminifera helong-
ing to the Globigerina and Nodosaria types are present in very great
numbers.

Exposures aggregating a thickness of about 40 feet were seen. In
its upper part the limestone becomes very argillaceous and passes into
a whitish clay which lies at the base of the Del Rio (Zrogyre arictina)
clay.

The Valverde County court-house and jail are built of this limestone.
Through it the San Felipe Springs burst forth, the water coming up
along a system of joint planes.

The following fossils were obtained near the San Felipe Springs
(locality No. 269):

Enallaster texana (Roemer).

Kingena wacoensis (Roemer).

Rhynconella ? sp.

Ostrea (Alectryonia) sp.

Lima, two species, probably undeseribed.
Neithea occidentalis Conrad.

Inoceramus sp., small fragmentary specimens.
Nemodon, two distinct species, undescribed.
Cardium sp.

Thracia sp.

IMr. W J McGee defines break as follows: *‘The ‘break’ 18 the head of a small retrogressive
ravine, a minor water course gradually eating 1ts way back into the upland.” Twelfth Ann. Rept.
U. 8. Geol. Survey, p. 434,

What is here called *‘ the breaks’ is a much-indented escarpment that constitutes the outer bound-
ary of the Rio Grande Valley, in a restricted sense, and up to which the general level of the Rio
Grande Plain extends. The indentation of the cscarpment is due to the head-water erosion of numer-
ous small streams which are cutting it away,
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Scaphites ? sp., several small distorted specimens that may be Olcostephanus
or some other ammonoid genus.
Turrilites brazoensis Roemer.
Nautilus texanus Shumard.
DEL RIO CLAYS.

The top of the breaks of the Rio GGrande to the northeast, east, and
southeast of Del Rio is formed of the Buda limestone, to be dis-
cussed later. The slope is composed of the Del Rio clays. Within
ithe breaks near Del Rio, to the southeast, is a conical-shaped butte,
ccalled Lone Hill, also composed of these clays, and they are exposed
20 miles west of Brackett, on the road to Del Rio, where they are over-
lain by the Buda limestone.

The following is a section exposed at the old dcher mine 2 miles
north of east of the Del Rio court-house:

Section at ocher mine 2 miles north of east of Del Rio court-house.

7. Buda limestone capping. Feet
6. Slope to the edge of the bluff covered with Exogyra arietina, a few feet.

5. Yellowish clay - .. i 15
4. Red elay. oo eiiieiaaaa. 5
3. Thin indurated sandy layer .. ... L .... 3
2. Red clay. .o il 10
1. Greenish clays o ..o i icieeiieaaaaae aaaan 30

In the lowest stratum are thin, sandy flags containing Equisetum ?
and: Nodosaria texana. rogyra arieting is very abundant throughout
the section. No. 4 is the bed from which the red ocher has been
mined. This ocher is usually a vermilion-colored clay.

The section above described illustrates the lithologic characters of
the beds, At the base, along the contact with the Fort Worth lime-
stone, there is a white calcareous clay. Above this bed the clays are
usually greenish before weathering. When subjected to atmospheric
action they become yellowish. Beds of red clay occur near the top.
Frequently the Hzogyre uricting is cemented into slabs by a sandy
ferruginous matrix. The thickness, as determined by the aneroid
barometer, is 100 feet.

Although fossils are numerous in these clays, there are but few
~pecies. The following are the species collected and the localities
w hence they were obtained:

Fossils from 20 wiles west of Brackelt.

Nodosaria texana Conrad.
Pecten, a small undescribed species.

Fossils from old ocher mine on blugf’ 2 miles north of east of Del Rio court-house.

Nodosaria texana Conrad.
Exogyra arietina Roemer.
Plicatula incongrua Conrad.
Neithea sp., fragments.
Esquisetum ?

Bull. 164——2
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BUDA LIMESTONE.!

Above the Del Rio clays occurs a limestone, which both in its
stratigraphic position and its lithologic characters corresponds to the
Buda limestone of the Colorado River section at Austin. Macro-
scopically this limestone is hard, and whitish or yellowish in color
when freshly fracturad. The fracture is conchoidal or splintery. It
is frequently traversed by minute veins of calcite. Upon weathering
it becomes yellowish or pinkish; occasionally, on account of the great
amount of iron contained, weathered spécimens may be incrusted by
hematite. Numerous small red or pink blotches characterize the lime-
( stone. Microscopically it consists of minute veins and patches of
| transparent calcite, between which are patches of minutely crystalline
| granular calcite of dark-gray or brownish color, in which angular
! transparent pieces of calcite are embedded. The calcite veins are
sometimes clouded in appearance, but are lighter in color than the
: bulk of the rock. No well-preserved Foraminifera were observed,

but there are grayish masses of minutely crystalline calcite that show
i the structure of Foraminifera of the Globigerina type.

Outcrops of this limestone are to be seen northeast, east, and south-
east of Del Rio, where it occurs above the Del Rio clays. It is also
exposed at numerous places on the road from Brackett to Del Rio,
between Sycamore Creek and the latter place.

Measurements of the thickness of the limestone at Del Rio were not
obtained, but near Brackett it is about 100 feet thick—a little more
than twice the thickness at Austin.

UPPER CRETACEOUS.

DAKOTA DIVISION.

(Absent.)

EAGLE FORD FORMATION.

The Buda limestone is overlain by a series of flaggy, argillaceous lime-
stones, between the beds of which calcareous shaly layers are frequently
found. These beds occupy precisely the same stratigraphic position
with reference to the Buda limestone below and the Austin chalk
above as do the Eagle Ford shales in central and northeastern Texas.
The stratigraphic continuity of the beds has been traced from Del Rio,
by way of San Antonio and Austin, to Red River, east of Sherman.?

As has been shown, these beds thin from Waco southward toward
the Rio Grande; the more unctuous and darker-colored shales of tV
lower portion of the north Texas section disappear, and only t

11n accordance with a suggestion of Mr. R, T, Hill, the name Shoal Creek limestone is here chang
to Buda limestone, as the former name is preoccupied.

1Robt. T. Hill: Am. Jour., Scl., Vol. XXXIV, Oct., 1887, pp. 291 et seq.; Bull. No. 4 Geol Burve;
Texas, Austin, 1889, p. xxvii; Artesian and other underground waters in Texas, New Mexico, ¢ ,
Indian Territory, Final Rept. of the artesian and underflow investigation of the U. B. Dept. Agri
ture, 1892, p, 124
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upper or more calcareous, sometimes arenaceous, horizons (called
‘“fish beds” by Shumard, H111 and others) persist, becoming more
accentuated.

The local name *‘ Valverde flags”* has been proposed for these beds
along the Rio Grande, but there is not sufficient lithologic difference
to warrant the use of a separate designation, and the equivalence of
the Valverde flags and the Eagle Ford beds has, as stated, been estab-
lished by actually tracing the beds across the area intervening between
the areas to which the two names were originally applied.

Outeroppings of the Eagle Ford flags were seen along the road from
Del Rio to Eagle Pass, from a point 8 miles southeast of the former
place until the valley of Sycamore Creek was reached, where they
were obscured by the débris in the valley. The distance across the
area of exposures is about 8 miles,

No estimate was obtained of the thickness of this formation in the
vicinity of Del Rio. Dumble has estimated that it is 600 feet thick.*
Near Brackett it is about 250 feet thick, by actual measurement, so
that it would seem that the foregoing estimate is probably too great.

AUSTIN CHALK.?

This formation is a soft, chalky, argillaceous, white limestone, con-
taining a little ferruginous matter in the shape of pyritiferous lumps
or nodules of marcasite. Sometimes there are alternations of chalky
layers and calcareous clays. It presents exactly the same ___ij;hnlqgic
and paleontol logic characters in the middle Rio Grande region that it _
does in the Colora.do R}y_eﬂrwreglon A microscopic examination of a
specimen of the chalk collected 15 miles from Del Rio, on the road to
Eagle Pass, showed its foraminiferal nature; Globigerina, Textularia,
and Orbulina were present in very great numbers.

The first exposure was seen about 15 miles from Del Rio, on the
road to Eagle Pass. Other exposures were seen as far ag Tulio Creek
(Las Moras Creek), about 33 miles from Del Rio. Pinto, Cow, and
Tulio (Las Moras) creeks flow over the chalk where the Eagle Pass-
Del Rio road crosses the streams. On the road from Brackett to Del
Rio exposures were seen as far as the first crossing over the Southern
Pacific Railroad.

At the crossing over Cow Creek there is an excellent exposure in a
bluff, about 25 feet high, composed of layers of chalk, 1 foot or more
in thickness, alternating with beds of yellow clay. From this place
the following fossils were obtained (locality No. 271):

Cidaris ? sp., a detached plate.
Grypheea aucella Roemer. -

1E, T. Dumble: Bull, Geol,8oc. America, Vol. I11, 1892, p. 221,

20p. cit., p. 229,

8 Dumble has used the name ‘* Pinto”’ for these beds in thisregion (Bull. Geol. Soe. America, Vol. III
1892, p. 222), but, as is here shown, there is no occasion for applying a new designation to them.
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Avicula sp. Cf. A. linguiformis E. and 8.

Inoceramus digitatus Sowerby = 1. undulato-plicatus Roemer.
Inoceramus deformis Meek.

Nautilus sp.

Baculites anceps Lam., the form so identified by Roemer.
Pachydiscus flaccidicosta (Roemer).

Mortoniceras texanum (Roemer).

Schloenbachia dentato-carinata (Roemer).

*“This is a typical Austin chalk fauna. The species of Inoceramus
and Baculitessoceur also in the contemporaneous Niobrara limestone of
the Western interior I'egion ” .« (Stanton.)

From an exposure in Tuho (Lias Morasg) Creek Jnoceramas digitatus
Sowerby was collected.

No estimate of the thickness of these beds was made. Unfortu-
nately, for some distance below Tulio Creek no exposures of the bed
rock were seen, the road being on the wide alluvial terrace-flanking
the Rio Grande. Dumble estimates that the beds are 1,500 feet thick,*
basing hig estimate upon a dip of 100 feet to the mile,

UPBON CLAYS.

As shown by Dumble,® the Austin chalk is overlain by a series of
stiff clays, which he calls the Upson clays. The actual contact between
the two formations was not observed. The following is Dumbles
orlglnal characterization of the formation:

The basgl member consists of yellow clay eontaining calcareous nodules of septa-
rian character, the crevices or sept [sic] of which are filled wit with dog-tooth spar.
These nodules occur in large geodic form scattered through the clays, and contain

« Exogyra ponderosa Roemer. Numbers of specimens of these fossils are found in

, geodes as well ag on the hillsides, where they have been left by the disintegration of
their matrix. The nodules or geodes seem to occupy pretty definite horizons and
sometimes form benches on the hillsides. The uppermost member of this series, as
I observed it, is a clay shale.?

About 24 miles above Lehmann’s house (Upson post-office), near
the water level on the Texas side of the Rio Grande, is an exposure
only a few feet in thickness.

'

Section 2 1-2 miles above Upson post-office.

2. Clays that weather grayish yellow or greenish yellow.
1. Clays that are white and chalky on exposure, and seem very like a transition

from the Austin chalk to the Taylor marls.

The bluffs on the Mexican side of the river, as could he seen with
field glasses, are composed of dark greenish-yellow clays. In places
there appear to be indurated layers, but no limestones reminding one
of the Anacacho beds.

Lehmann states that a well, bored to a depth of 45 feet, near a slough
just south of his house, has its bottom in a stiff, dark-blue clay which

1 Bull. Geol. Soc, America, Vol, I1T,1892, p. 229. 20p. cit., p. 224,
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contains many fossils. Unfortunately none of the fossils were pre-
served.

An examination of the bluffs of the escarpment bounding the Rio
Grande Valley east of Upson was made, but no exposure of the strata
beneath the gravel was found. Along the draws was stiff clay, indi-
cating that the gravels rest on a clay foundation.

These observations show that there is no Anacacho limestone along
the Rio Grande, bat that the equivalent beds have again assumed the
character of the Taylor marls of central Texas.

Assuming the dip of these clays to be 100 feet to the mile (the dip
of the heds in the vicinity of Eagle Pass) the thickness would be
about 700 feet—the estimate made by Dumble (op. cit.).

EAGLE PASS FORMATION.

The name “‘ Eagle Pass beds” was first proposed by Dr. C. A. White,
in 1891, in discussing the Cretaceoms of the Texas region.! Dr. White
does_ not define the formation, but considers it equivalent to the
“Rlpley » (Navarro of Hill) of eastern Texas, and places it above
the Taylor (Frogyra ponderosa) marls. Therefore, according to
White, the base of the Eagle Pass formation would rest on the top of
the Taylor marls, and the equivalent to these marls, the Upson clays,
would be excluded from it. Dumble (op. cit.) amplifies the name
#Eagle Pass beds” by the substitution of the word series, and assigng
to this series all of the beds from the Austin to the base of the Eocene.
1t 15 better, in the opinion of the writer, to use the name as White first
employed it, viz, for those beds extending from the Taylor (Upson)
marls or clays to the Eocene. The three subdivisions of Dumble are,
however, recognized, but with the reservation that future study may
very much modify the nomenclature. As yet no detailed study of the
area as a whole has heen made, and the present attempt is only to give
an idea of the section along the Rio Grande proper, with approxi-
mate estimates of the thickness of the formation and a general idea of
its variations in the area under discussion.

San Miguel beds.—The following is Dumble’s original description of
these beds:

Resting on the clay shales which form the upper member of the Upson clays, there
is a deposit of sandstone, thin to heavy bedded, separated by bandsof clay, and con-
taining seams of glanconitic material with many fossils, as well as oceasional heavy
beds of clay, especially toward the top. * * * In the Rio Grande section it first
occurs in the hills north of Carter’s ranch, where the hills show exposures of it from
75 to 100 feet in height. The exposures are excellent for several miles south of this
point, and a very rich fauna which is now being studied was secured. In the upper
portion I found Exogyra ponderosa and great numbers of other shells not yet deter-
mined. Above this the sandstone becomes more calcareous, and in places is com-
pacted and contains calcareous nodules. Three miles south of the Carter ranch we

1Bull, U, 8. Geol. Survey No, 82, 1891, pp 116 et. seq.
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found the teeth and bones of a saurian in the concretions. The materials overlying
this become more clayey, as will be seen by the following section made some 10 miles
north of Eagle Pass: ’ .

Section near _Egglg_ﬁqa&.__

Feet.
Sand and silt. .. ... iiiiiiiiiiiiiea 8
Bandstone - . ... ieiieeiiiacins 2
Clays, displaying cone-in-cone structure.... ... ... . ... .. . ... ... ... [
Sandstone, with laming and nodules of caleite. ;.o ts¥ [ {J. AL
Clay, to base. ... ..o i iiiiiiaiaenaaas s 8

‘Above this there are sands, with lime and greensand, containing many casts of
fossils—Inoceramus and other bivalves, together with numerous gastropods. This
continues to & point about 8 miles north of Eagle Pags, below which these strata are
goon covered by the next newer series of deposits. !

Coming up from the creek valley, about halfway between the ranches
of Messrs. Lehmann and Burr, 14 miles north of Paloma siding, on
the Southern Pacific Railroad, one finds sandstone, underlain by clay,
exposed in the eastern bluff. The section is similar to that next de-
scribed, which is seen in coming up from the Rio Grande flat, on the
way from the Lehmann ranch to Eagle Pass.

Twelve and a half miles from Eagle Pass, as the road from Upson
passes from the silt terrace of the Rio Grande to the plain above the
breaks of the river, the following section was observed:

Section 12 1-2 miles from Eagle Pass.

' F;eet.
3. Sand and gravel (Uvalde formation).

2. Soft yellow, grayish, or white calcareous sandstone
1. Yellow clay.

Fossils obtained from No. 2.

Ostrea tecticosta Gabb.

Exogyra costata Say?, upper valve enly.
Pecten quinquenarius Conrad.

Cucullsea antrosa Morton.

Crassatella sp.

Cardium carolinense Conrad.

Cardium (Pachycardium) spillmani Conrad.
Legumen planulatum Conrad.

Turritella trilira Conrad.

Anchura rostrata Gabb.

‘“ The above species all oceur in the typical Ripley fauna of Missis-
sippi and Alabama. Thehorizon is about the same as that of the lower
marl bed (Navesink formation) of New Jersey.” (Stanton.)

Coal series.—This name has been utilized by Dumble (op. cit.) to
designate that portion of the Eagle Pass formation which contains the
coal beds in the vicinity of Eagle Pass. The following sections will
aive an idea of the character of the beds.

1 Dumble, Bull. Geol. Soc. America, Vol. ITI, 1892, pp. 224, 225.
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Section tn the Maverick County Coal Company’s mine, near Eagle Pass, as given by Mr.
George Bregg, former manager of the mine.

Feet.
7. Bandstone . ..o ieeicceecaeciccccccaceececccasseasancesasscamcnnsaannaesn 50
6. Clay oo iiieicteimeiisecesessceecacencceascanas 60
5. Sandstone . ... ieiiiaecccecacmeecccccmaee—ana—n- 4
R 0 Y SRR 2
B QY - ce e it eeeemeeemeeceiaeaee-cmmeecanaa-- 94
2. Coal (worked Seam) _ ... ... e iiiiiiieiciiiieracaceaceniacceareeeeanan 6
1. Sandstone . ..o .o ciieeeccceneccecmcaaccmrecoec cecacaannaaacaen 14

About 1 mile.
Fia. 2.—Section of hill on east side of Elm Creek, 1 mile above the bridge at the crossing of the ‘
Del Rio and Eagle Pass road.

Section o7 aill on east side of Elm Creek, 1 mile above the bridge at the crossing of the Del Rio

and Eagle Pass road.
Feet.
7. Soft, fine-grained, irregularly bedded sandstone, containing curious elongate
tube-like bodies, which stand with their long axes vertlcal to the stratifica-
ton planes . oo e thaceaeaaciicaaeeaaane 30
6. Unexposed gravel-covered slope, the gravel in yellowmh sand............. 14
5. Coarse brown or yellowish sandstone, sometimes with white blotches and
containing fossil wood. . .. .. il 5-6
4. Sandy slope, a little gravel.on thesurface .. ... .. .. ... . ... .. 45
3. Altuvial terrace of creek, lower rocks unexposed, alluvium probably under-
lain by sandstone . .. . iicaiiaiacecacaae 15
2. Creek bank, soft, cross-bedded sandstone, with ferruginous concretions . ... b
1. Yellow clay to bed of creek. . o oo ooo oo ciaan 2
Total - o e iacccestneaenaenrenaanaaas 117

"~ Above the clay apparently the whole section is composed of sand-
stone like that at the surface in the shaft of the Maverick County Coal
Company’s mine.

Along Elm Creek, above the bridge, irregularly stratified sandstones
and clays containing ferruginous concretions and silicified wood are
exposed. There is no constancy in the small beds of sand and clay;
they are simply interlocking lenses.

At the old Hartz mine the coal is about 6 feet thick and is both
overlain and underlain by clays. From the clays above the cosal a
specimen of the palm Geonomites tenwirachis Lix.—determined by Prof.
F. H. Knowlton to be a Laramie species, as it occurs in the coal-bearing
Laramie of New Mexico—was collected.
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Section at mine No. 1 of the Fuente, Mexico, coal mines onthe north bank of the Rio Fscon-
dido, 5 or 6 miles west of Eagle Pass.

Feet.

6. Gravel interstratified with sandy clay resting uncomformably on(5)...... 15-20
5. Bluish or yellowish carbonaceouselay ... ... . ... ......... 5
4, Bhaly coal i ietiemiaa e 4
3. Reddishand bluish elay. ... ... i i 2
2. Coal {worked seam) ... ... i 4-5
1. Clay.

07 Y N 30-36

Near this mine a conglomerate, composed of calcareous pebhles and
calcareous cement, covers the surface between the arroyos.

Prospect shaft No. 8 of L. F. Dolch & Co., near coal shaft for mine.

Depth. Material. Thickness.
Feet. Ft. in
064 | Clay oo i e 64 0
. 64-74 | Bandstone - ... ...l 10 0
7491 | Black elay. ..o 17 0
91-93 | Septaria in clay._ ... ... .. ... ... o..o.o.. 20
93-96 | Hard bluesandstone. _. ... ... ....._......._... 3 0
96-100 | Very hard brownish clay, with some sand ........ 4 0
100-104 | Blue argillaceous sandstone, with some clay seams _ 4 0
104-120 | Dark bluish-black slate ... .. ... .. ... ... ... 16 0
120-126 | Hard sandstone . ... ... ... ... ..iooio.. 6 0
126-132 | Darkslate - o ... iiaiiieioan 6 0
132-146 | Blackelay - oo e 13 0
145-148 | Sandstone ..o ..l i 30
148-151 | Brown clay, rather hard (had to be blasted).__._. 30
151 | Coal ot 0 2
 151-176 | Very hard white sandstone .._........ .......... 25 0
176-176% | Bonycoal.......... .. . .. .. ....._. 0 6
1763181 | ClAY o oo oo et 46
181-182 | Brownsslate. - .. ... ...l 10
182-183 | Bonycoal. . oo oo 10
183-1834 | Coal 8e8IN « oot e 0 8
1834-195 | Clay oo e 1 6
195-198 | Slate andsandstone...... ... . .. __..._...._.. 30
198-199 | Bonyslate ... ... i oiiiiiiiiiaiiia.. 10
199-201 | Sandstone - .o i ieeiiiiaaa.- 2 0
201-208 | BODE ¢ e e e e 20
208-210 | Coal. e 70
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Section of ariesian well bored on the lop of the hill 2 miles northeast of Eagle Pass, between

- .

F16. 3.—Section
of Eagle Pass
artesian well.

the Talde and Carrizo Springs road.}

Feet

24. Soil andsubsoil . ... .. ... 14
23. Yellow clay ... oo e 26
22, Bluish elay. ... ... . il 50
21. Band, with some gravel .. .. .. ... .. ... . 110
20. Black shale, with 6 inches of coal. ... ........._.... 60
19. Clayey sand. ... ..o 70
18. Graysand.......... e e 30
17. Sand, small gravel ... .. .. ... .. ... ...... 60
16, Sand. ..o mreiaecaaaaaaaa 20
18, Grayslate. ... ...l 30
14, Dark shale. ... il 55
18, Coal - il 6
12, Darkshales .. .. .. . . io.... 9
11. White sand (€a8) <. .o oo ve i iciiaaes 40
10. Black shale .. . L. iiil... 150
9. Sandandshale .. ... L . __....._... 15

8. Blackshale - L .ll.. 135

7. Sand and shale (gas) .. ... .o iiiililll 15

6. Dark soft sand andshale .. ... . ... ... ... ... 75

5. Hard gray sand (salt water) . ... ... .. ........ 10

+ Grayshale .. ...l 50

3. Graysand. e ciaiciiaaaann 10

2. Caleareous clay._ .. ... ...l 370

1. Dark elay oo oo e iaiaaa 102

Total .ol 1,512

Nos. 24 to 8 represent the whole thickness of the Coal series;
Nos. 8 to 1 belong to the San Miguel beds.

About 100 feet north of Burr’s ranch, 14 miles north-
west of Paloma siding, is an exposure of brownish or
greenish-yellow fossiliferous sandstone underlain by
clays. The section is of somewhat doubtful strati-
graphic position, but it would seem to belong in the
Coal series, and probably below the coal horizon.
The following fossils have heen determined by Mr.
Stanton from the collection made here:

Trigonia gp., single cast of a young individual.

Arca? gp., single cast of a young individual.

Cardinm eufalense Con.?

Tellina sp.

Cytherea? sp.

Veleda lintea Con.? Common at Corsicana.

Mactra sp.

Corbula sp.

Dentalium sp.

Lunatia obliquata M. and H. Common Ripley species.

1Raport on artesian waters, etc., for Texas west of ninety-seventh degree of longitude, by Frank E.
Roessler, 1890, Scnate Ex. Doc. No. 222, Fifty-first Congress, first session, p. 266.
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Lunatis sp.

Natica sp. Oocurs at Kaufmsam, Texas.
Fusus sp. Occars at Corsicana, Texas
Fusus sp. -

Tritonium ?sp. Occurs at Gorsmsma, Texas.
Trophon 2 sp. Occurs at Corsicana, ‘Texas.
Olivella sp.

This fauna seems very closely related to that found 2 miles north of
Eagle Pass on the Uvalde road,*but Sphenodiscus pleurisepta, which
ugyally characterizes- the upper beds, is absent. The stratigraphic
position of the exposure near the Burr ranch has not been definitely
determined, but it would seem to be'considerably below the fossiliferous
horizons in the bluffs east of Eagle Pass.

From Paloma to Thomson’s siding sands and clays outg¢rop in the
draws, and gravel usually caps the hills.

e Hscondido beds.——Dumble (op. eit.) has proposed the name ‘“ Escon-
dido beds” for the sandstones and clays occurring above the Coal series.
The following sections and notes describe them. (Pl-11.)

Just east of the railroad, on the eastern side of Eagle Pass, is an escarp-
ment about 90 feet high, the rocks having a strike due northi~south mag-
netic, and a dip 3° E.  This escarpment is composed at the top of a few
feet of soft, yellowish sandstone, underlain by ledges of hard, brownish,
ripple-marked sandstone, which is followed by a slope composed of
some clays, but chiefly of soft, yellowish sandstone. The fossils col-

“lected on the Uvalde-Eagle Pass road, 2 miles above Eagle Pass, belong
in the lower part of the slope of this section (see p. 80). The detail of
the section is as follows:

Section on slope near railroad on the east side of Eagle Pass,

Feet.

B. Boft BANABLONE. .« v e oottt eieeeecricea e eeicamaana e 10

4. Hard brown or yellowish sandstone. .......cocivmmininiiiaai loaaoaios 3

3. Boft yellowish sandstone . ... .. .. . iiiiiiiiieein... lor 2

2. Ledges of hard sandstone, with some soft sandstone. ... .. .. ... ... 15
1. Bandy clay and soft, greenish-yellow sandstone to base of escarpment, clays

preponderating . ... i iiiiiiceccieitccacacanna- 60

B X N 90

From No. 2 the following fossils were obtained (locality No. 273):
Ostrea, two species.
Anomia sp., a minutely costate species.
Inoceramus cripsi var. barabini Morton.
Cardium sp.
Pholadomya n. sp.
Turritella sp. Cf. T. saffordi Gabb.
““The only species identified in this lot is widely distributed in the
Ripley and Montana formations.” (Stanton.)
This bed contains an oyster ledge and is the base of Dumble s Escon-
dido beds.!

T 1Bull. Geol. Soc. America, Vol. III, 1892, p. 228,




U. 8. GEOLOGICAL SURYEY BULLETIN NO. 164 PL. Il

25

Pl ¢

THE RIO GRANDE, FROM MEXICAN SIDE OF THE RIVER, OPPOSITE EAGLE PASS



A N \

s

vAvGHEA.] UPPER ‘CRETAUEOUS WORMATIONS, 27

' Fossils collected 1 1-# miles squtheast of Eagle Pass, on the road to Laredo
(locality No. 274).
Anomia sp.

Camptonectes sp. ' g
Lima sp.
Trigonarca cuneata Gabb.
Cardium sp. Cf. C. eufalense Conrad.
Tellina sp.
Corbula sp.
Dentalium sp. .
Sphenodiscus pleurisepta (Conrad), a variety in which the abdomen becomes
rounded at an early stage. X
According to Mr. Stanton, there is in the National Museum a small
collection of fossils obtained in the neighborhood of Eagle Pass by Mr.
J. Owen. He collected Hrogyra costata at localities 1 mile southeast
and 4 miles east of Eagle Pass. At the first locality he also collecteﬂ
a species of Volutomorpha and other Ripley forms. <
Beds composed of brownish sandstone, with occasional beds of foefs
sils, were found along the road to Laredo until about 80 miles fromi .
Eagle Pass (about 26 miles in a straight line). The following is a llst ;ﬁ
- of the fossils collected, with their localities:

[

Fossils collected &5 miles southedst of Eagle Pass (locality No. 275). a_f:i;
Ostrea cortex Conrad?, immature specimens. ‘;
Arca sp. . .

Fossils collecied 14 1-2 miles southeast of Eagle Pass (locality No. £76). 1
Ostrea cortex Conrad.

Fossils collected 18 1-2 miles southeast of Eagle Pass (locality No. 277).

Ostrea cortex Conrad.

Anomia sp., same as species from locality No. 273.

Cardium sp. Cf. C. eufalense Conrad.

Magctra sp. Cf. M. warreneana M. and H.
-Pholadomya n. sp.

Turritella sp., small casts.

Nautilys dekayi Morton.

Sphenodiscus pleurigepta (Conrad). Typical and abundant.

“The collection evidently belongs to the same subfauna which is
more closely related to the Ripley than to any other. The facts that
it is in beds that overlie those containing typical Ripley fossils, and
that a considerable proportion of the species are peculiar to these beds,
are strong indications that we may have here more recent Cretaceous
beds than the latest Ripley beds of Mississippi, Alabama, and other
portions of the Gulf Coast region.” This idea has already been
advanced by Mr. Dumble.? (Stanton.)

1Bull. Geol. Soc. An'xerles., ‘Vol. 111, 1892, pp. 219-280.
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Résumé of characters and thickness of tke Eagle Pass formation.

Feet.

Escondido beds, composed of sandstones and clays, with ma.uy fossiliferous

horizons, exposed for 26 miles below Eagle Pass_ ... ... ._:........... 2, 60v
Coal series, ag determined by artesian well bore, which begins in the upper-
MO8t bed e itaienemeameiaeeaeaa—an 900

San Miguel beds, the lower 600 feet of the artesian well bore and the thick-
néss of sandstone exposed in the hills north of the Carter ranch, 15 miles
above Eagle Pass (2007) __ . e ceiiiaa.s 800

Total thickness of Eagle Pass formation. ... .. .. ... . ... ... . ..., 4,300

RECONNAISSANCE FROM CLINE, UVALDE COUNTY, TO EAGLE PASBS,

The road from Cline leads across the Anacacho Mountains to the
Beasley ranch, some 10 miles to the south; thence southward to the
crossing of the main Eagle Pass-Uvalde road over Chacon Creek.
From this point the journey was made along the main public road to
Eagle Pass.

The Anacacho formation will receive detailed consideration later.
It suffices to say here that in. the creek just south of Beasley’s house
this limestone has dipped beneath clays which initiate the Eagle Pass
series, .

The whole distance from the first crossing over Mula Creek,.sou‘t:h of
the Beasley ranch, to the third crossing over the same stream is a silt
and gravel flat, with absolutely no bed-rock exposure. The gravel is
chiefly flints. The vegetation consists of low, scraggly mesquite
bushes, lignum vitee, and some cats-claw, occasional junco, and some
tasajillo (Opzmtm leptocanlis), with very little grass. The surface of
the ground is glazed and checkered by small cracks.

From this crossing over Mula Creek to Chacon Creek the surface is
composed entirely of silt and gravel. At the crossing over Chacon
Creek the main Uvalde-Eagle Pass road is reached. On the south-
west side of the road there is an outcrop, from beneath the silt and
gravel, of brownish sandstone, in which is an agglomerate of Ostrea
cortex Conrad.

Between Chacon Creek and Salado Creek the surface is covered by
gravel and silt. About one-fourth of a mile north of Salado Creek is
an outcrop of coarse-grained brown sandstone. The following section
was observed on the north side of the creek at the ford:

Section at ford on north side of Salado Creek.

3. Thinly laminated, pinkish, purplish, and brown cross-bedded sands

2. YelloW Clay - .o r e iiiicaiiaaia. 3-5

1. Hard, yellowish sandstone, containing many fossils, which are difficult to
free from their matrix.
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*  There is an oyster, probably . corfex, besides which Mr. Stanton
_J identified the following’ fossils from the collection made at this
f;lace:
Limopsis? sp .
Gyrodes petrosa Morton.
Strepsidura ripleyana Conrad.
- Pyropsis sp.

These indicate, according to Stanton, the fuuna of the Ripley and
Navarro beds.

For about a mile after passing Salado Creek the surface is composed
of residual sands, with oceasional outerops of yellowish sandstones.
For the next half mile there are sands with some gravel embedded in
them. For the next 5 miles the soil is usually argillaceous, or a mix-
ture of sand and clay, and there is a considerable amount of gravel
scattered over the surface. In ascending a small hill 5% miles
beyond the Salado crossing many fossils were found in a hard layer
of greenish sands, which overlies soft yellowish and greenish sands
and clays. Mr. Stanton identified the following species from a col-
lection made at this locality:

Trigonia sp., a small imperfect specimen related to T. eufalensis Gabb.
Cardium sp., a form that is abundant in the Navarro beds at Corsicana, Texas:
Veleda lintea Con.? This also oceurs at Corsicana.

Turritella trilira Con. variety.
Baculites ? sp., a crushed fragment.

Mr. Stanton remarks: ‘“The fossils from this locality and those
from 11} miles north of Eagle Pass, near Burr’s ranch, and 2 miles
north of Eagle Pass are nearly all cither identical with or closely
related to species that occur in the Ripley fauna of Mississippi and
Alabama and in the uppermost Cretaceous beds of Navarro and Kauf-
man counties, Texas. This fauna has a vertical range of several hun-
dred feet in Alabama.”

Six and a half miles below the Salado crossing the foundation of the
soil is a yellowish-brown clay. Gravel is scattered over the surface.
It is chiefly flint, but there is also a considerable admixture of por-
phyry, showing that the gravel has been brought down by the Rio
Grande. -

Although there is not a continuous coating of gravel over the hills
from this point (17 miles from the Eagle Pass court-house) to
Eagle Pass, gravel occurs, in more or less disconnected patches, the
whole distance. The rocks consist of alternations of yellowish flaggy
sandstones and clays. From about 11} to 11 miles north of Eagle
Pass Erogyra costata was found in considerable abundance in yel-
lowish clays. These clays are both overlain and underlain by soft
yellox sandstone. This clay bed. by aneroid barometer measure-
ment, is 50 feet thick. The road runs approximately along the strike
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of the rocks, and the stratigraphic position of the Fxogyra costata
clays and their associated sand beds seen® to coincide with that of thes
sands and clays forming the top of the escarpment overlooking the Rio
Grande Valley, 64 miles north of Eagle Pass, i. e., the base of the
Escondido formation. These beds occur considerably above the coal-
bearing horizons. About 2 miles from the court-house is a fossilifer-
ous horizon in clays, a section of which gives the following :

Section 2 miles north of Eagle Pass court-house.

4. Hard brownish sandstone ledge, forming top of the escarpment.

8. Slope of soft yellowish sandstone, about. ... ____ . .. . ... ....... 20
2. Indurated fossiliferous layer. ... ... . oLl 1
1. Yellowish clay.

Mr. Stanton has determined the following from a collection of fossils

made at this locality:
Cardium eufalense Conrad?
Mactra sp.  Cf. Mactra formosa M. and H.
Dentalium sp.
Natica sp. Occurs at Kaufman, Texas.
Tuarritella winchelli Shumard. Occurs at Corsicana, Texas.

* Strepsidura ripleyana Conrad.

Undetermined volutoid? Cf. Ancilla cretacensis Conrad.
Volutomorpha sp. Cf. V. gabbi Whitefield.
Sphenodiscus pleurisepta (Conrad).

The conclusion to be drawn from these notes is that the whole of
the rocks exposed from the crossing over Chacon Creek to Eagle Pass
belong above the Eagle Pass coal and correspond approximately to the
base of the Escondido formation.

RECONNAISSANCE FROM EAGLE PASS TO CARRIZO SFPRINGS.

From Eagle Pass to Robert Thomson’s house, 20 miles east of the city,
the bed rock presents the same character that it exhibited in going
down the Rio Grande to Santo Tomas. It consists of sandstone and
clays; for the last 8 miles before reaching Thomson’s ranch clays pre-
vail. The tops of the hills are generally capped by gravels, the sand-
stone and clays being exposed in the creek valleys and along the
slopes. .

Four miles east of Thomson’s, on the road to Carrizo Springs, a
specimen of Sphenodiscus pleurisepta was found in yellow clays.

To within 9 miles east of the Thomson place dirty, dark ocher-colored
clays form for the most part the surface of the ground; there is some
sand in the draws, and gravels occur on the high ridges. No sharp line
between the Cretaceous and Eocene was discovered, and no fossils were

. found in the transition beds.

At about 9 miles east of Thomson’s ranch and 16 miles west of Carrizo

Springs, a change of geological formation was noticed. The claysabove
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described are here succeeded by fine-grained sandstones containing
some mica. There are bands &f red iron ore and many bits of hematite.
The flora consists mostly of Opuntia, lignum vite, some guajillo, some
rhamnaceous shrubs, and mesquite. There was no grass, the ground
- between the cactus and the shrubs being barren.

Although it can not be affirmed with certainty, it is quite probable
that this ch#nge in the eharacter of the rocks marks the boundary
between the Cretaceous and the Eocene.

STUDIES ALONG. TURKEY CREEK AND THE NUECES RIVER, THE FRIO
AND SABINAL RIVERS, BRACKETT AND UVALDE QUADRANGLES (EAST—
ERN KINNEY COUNTY AND UVALDE COUNTY).

The sections along these streams are'deseribed in the discussions of
the formations.
ANACACHO FORMATION.

This formation was defined by Hill and Vaughan in the Geology of
the Edwards Plateau and Rio Grande Plain, ete.! It is the strati-
graphic equivalent of the Upson clays of the Rio Grande section, and
of the Taylor (Zzogyra ponderosa) marls of central Texas. It overlies
the Austin chalk, and is in turn overlain by sandy limestones, sand-
stones, and clays. Its component rocks are either hard or soft yel-
lowish limestones or yellow marls, the calcareous constituents being
in excess of the argillaceous.

The following section is taken from the report cited above:

Section of the Anacacho Mountains, Kinney County.

II. Anacacho formation: Feet.

8. Scarp-making rock, forming the top of the hill. It isa hard, yellow,

guberystalline limestone. In the top a species of Alectryonia was found.

About 30 feet below the top, great numbers of Gryphaza vesicularis oceur,
firmly embedded ... i 60

7. Softer limestone: b, Soft, yellow, marly limestone, containing a large

species of Cardium, 50 feet; a, Boft, white, chalky limestone, containing

a species of Turritella with three prominent revolving strim on each
whorl (T. trilira Con.?), 30 feet; total ... . . .o............ 80

6. Hard limestone ledges. The upper 30 feet is brownish, and contains

great numbers of Exogyra ponderose firmly embedded near the top. The

next lower 20 feet is a yellowish granular limestone with glauconitic
specks. This bed forms a platform on the east end of the Anacacho.. 70

5. Ledges of yellow, ferruginous, not very hard, subcrystalline limestone,
forming the lower scarp on the eastend of the hill ... ... .. ....._.. 30

4. Blope composed of marly limestone in the upper part, the lower portion

yellow marls with fragments of a very large and coarsely corrugated
INOCETBINUS «vavereienneesutcreneaeerrncnnneccaranncenscancaennnn 20

3. Yellowish limestone, weathering into nodular chunks, iron-stained along

the weathering cracks. Contains some poorly preserved fossils—Tri-
gonia (?), Mactra, and a ﬁnely-rlbbed 5 S 10

1Eighteenth Ann. cht U. S Geol, Survey, Part I, 1898, pp. 240, 241.
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1I. Anacacho f(;rmation—Continued.
2. Soft material containing fragments of a very large Inoceramus
1. Thin, very hard, brown, siliceous ledge

Total Anacacho beds

I. Austin chalk:

3. Hard brownish limestone, containing many Gryphza aucelle

2. Hard chalky limestone

Total Austin chalk exposed
Total Anacacho beds

Total here exposed

1. Unexposed—to bottom of arroyo

{1V LL, 164,

314

The measurements were made with an aneroid barometer and must be regarded

as only approximately correct.

The deposit of asphalt at the Lithocarbon Rubber Company’s mine is in the
Anacacho limestone. The asphalt-bearing horizon corresponds with the upper part

of No. 6, above.

The following is a compilation from a large number of sections
made along Turkey Creek, beginning at Cline Mountain, in the Brack-
ett quadrangle, and extending to
Wagon Top Butte, in the Uvalde
quadrangle.

A ectryonsa,
%
Z

g 2
Y

Grypinmoa vesicularns.

Fia. 4.—Section of the Anacacho Mountains, Kin.

ney County.

Compilation of sections along Turkey

20.

19,

18.

17.

16.

Creek.

Hard graylimestone. Thislime-
stone is coarsely granular, loose
textured, and possesses a very
rough, honeycombed, weath-
ered surface. It containg an
undetermined species of Radi-
olites or Spheerulites _.......

Thinly laminated, hard or marly
limestone. ... ._..._._....._.

Ledges of gray limestone, with
honeycombed surface, but not
go hard as the uppermost lime-
stone. This bed is not well
exposed, sothat itsdetail conld
not be determined ... ..._.

Hard, dark-brown, granular
limestone. ..._....___._..._.

Light-colored, yellowish, granu-
lar limestone in hard, thick
ledges. This bed contains
specimens of a large Exogyra
and a Radiolite; also some
pebbles of white and yellow

15. Thinly bedded limestone, becoming athinly lJaminated, firm, calcareous shale.

14. Laminated yellow calcareous narl

Feet,
i

10

20
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Feet.

13. Coarsely crystalline limestone, in thick ledges, containing a species of Radio-
U 15

12. Hard limestone ledge, containing small scattered calcite crystals and shell
fragments in a brown matrix .. ..o iaiioi i iiiiiaaa .. 10
11. Coarsely crystalline yellowish-gray limestone._ ... .. . . ... ..o..c....... 15
10. Soft limestone - . ..o e eeeeaeaas 20

9. Scarp-forming limestone, several alternations of harder and softer beds about
the base. - oo eieimeneieeaaicaaas 30
8. Hard limestone with small Grypheea . . ... ... o .. ... 10
7. Soft limestone . .. i ccicceeeiiaiaaaaaa. 20
6. Soft limestone containing Trigoniasp. . _......__.._... A 10
5. Thick ledge of yellow limestone . ... oo oo iiaiiiiaanan 10
4. Softer, more shaly limestone ... . . . il <. 20
3. Thick ledge of granular, argillaceous, ferruginous limestone........_...... 5
2. Softer, rather marly material . ... ..o ii i 15
1. Ledge of limestone resembling No. 3. ___ .. oiiiiiiiiiaciao... 5
Total thickness..coeeveeeaieeiiiniiiaiiaiiicc e eicccacaes s 320

Base of Anacacho formation and top of the Austin chalk.

The foregoing section must be regarded as only an approximation.
Evidently ther® is considerable variation in the lithologic characters
of the sections, frequently making it difficult to correlate from one
section to another. The sections were, for the most part, measured
with an aneroid barometer, and although it was attempted to check
them’ by the height of the hills as given on the topographic maps,
absolute exactness could not be expected.

A carefully measured section along the Sabinal River was not
obtained, but from a study from several bluffs, and from several well
borings, the general characters of the equivalent beds were discovered,
and an estimate of thickness was made. The beds here are inter-
mediate in character between the typically developed Anacacho forma-
tion and the Taylor marls. There are beds of limestone showing the
same characters as the typical Anacacho, and also rather thick beds of
yellow clay of the same character as the Taylor marls. There is more
clay than in the vicinity of the Anacacho Mountains, and more lime-
stone than in the central Texas region. These beds near Sabinal are
considerably over 300 feet in thickness, probably 400 or more feet.

EAGLE PASS FORMATION IN BRACKETT AND UVALDE QUADRANGLES.

In the Uvalde quadrangle, between Turkey Creek and the Nueces
River, the Anacacho limestone is overlain by a brown arenaceous lime-
stone which grades into brown sandstones.

Bull. 164——3
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Section at Asphalt Falls, Nueces River.

Fest.
10. Flint gravel, lower rocks not exposed - ... ilo.L 8
9. Coarse-grained, laminated, and cross-bedded yellow sandstone.._......... 2
8. Soft yellow sandstoneand elay ... ... il 25
7. Osirea corlex embedded in clay and consolidated to form a firm ledge...... 2
6. Laminated, sandy, yellow clays_. ... .. . ... . ....... 33
5. Soft ledge, composed largely of fragments of oyster shells ._._._....._.... 1
4. Soft, laminated, sandy, yellow clays . ..cooomiiiianns (oo aiiiiL 3
3. Soft, fine-grained sandstone, frequently beautifully cross-bedded and con-
taining some asphalt .. ... ...l 10
2. Aspbalt-bearing sandstone ...l 5
1. Bluish clays to water's edge ... ... o i iiiieciaacaaan 2

10, Pleistocene.
8-9, Eocene?
1-7, Cretaceous.

The area occupied by these sandstones and clays up to the supposed
base of the Eocene is very small, being only a mile or two wide, and
the writer doubts that their maximum thickness exceeds 100 feet.
Along the Frio River they are exposed from place to place from
1 to 2 miles below Engelmann’s ranch. About 2 miles, measured in a

straight line, below that ranch they dip beneath the Eocene sandstones
and clays. :

VARTATIONS IN CHARACTER OF THE FORMATIONS IN THE DIFFERENT
SECTIONS.

" There is very little variation in the formation below the Upson
clays—Anacacho formation. The Lower Cretaceous is practically the
same in the Uvalde and Brackett quadrangles and westward to Del
Rio. This is also true of the Eagle Ford formation and the Austin
chalk, but above the latter the variation is great.

Anacacho formation and Upson clays.—The equivalent of these for-
mations in centrdl Texas is, as already stated, the Taylor marls. Inthe
vicinity of Austin these marls are calcareous clays, blue when fresh,
but oxidizing yellow, and are about 540 feet thick.' In the vicinity of
Sabinal clays resembling the Taylor marls and containing the same
fossils are exposed along Sabinal River above the town, and have been
penetrated by well borings. Here there are numerous thick beds of
yellowish limestone interstratified with the clays. When the Anacacho
Mountains in the Brackett quadrangle are reached, the clay beds have
either entirely disappeared or become very insignificant. Along the
Rio Grande the equivalent Upson clays contain, so far as known, no
limestone beds, but are composed entirely of greenish or bluish clays
which oxidize yellow. These data show that the Anacacho limestone
is a purely local development. It is principally an organic limestone,
produced by a great luxuriance of testaceous organisms, chiefly mol-

1 Hill and Vaughan : Eighteenth Anu. Rept. U. 8. Geol. Survey, Part II, 1898, p, 240,
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lugsks. The causes that have brought about the conditions favorable
for their growth are not known to the writer.

Eagle Pass formation.—These beds have been shown to possess a
total thickness of over 4,000 feet along the Rio Grande. They thin
very rapidly to the north, so that the total thickness exposed along
the Nueces River, in'the Uvalde quadrangle, is only 100 or 200 feet.
How much of the formation is buried by the Eocene overlap can not
at present be determined, but the decrease in thickness is enormous,
as is shown by the fact that the thickness below the lowest Ostren
cortex horizon, near Eagle Pass, is some 1,700 feet, while below the
same horizon on the Nueces it is probably not more than 100 feet.

These beds are known to be thicker farther to the north than they
are along the Nueces River, but how much they are influenced by the
Eocene overlap is unknown. These facts reveal an extremely inter-
esting problem—the effect of the Eocene overlap, in regard to which
much more data are needed before the problem can be satisfactorily
solved.

RELATION OF THE CRETACEOUS TO THE EOCENE.

In order to avoid repetition the details of the basal Eocene will not
be described here. They are discussed further on, in the description
of the Eocene sections.

Here general statements only will be made.

Rio Grande section.—As has been pointed out by White, Penrose,
and Dumble, there is no sharp lithologic line between the Creta-
ceous and the Eocene. The contact betieveen the  two_series has not
Been discovered. The principal result of the writer’s work on the Rio
Grande was in proving the existence of Eocene fossils some 8 or 4
miles above the Webb-Maverick county line, 6 or 7 miles above
where Penrose and Dumble first found such fossils. The fossils
obtained here are typical Lower Eocene, and there has been discovered -
in this region no greater indication of the commingling of faunas than.
has been found in Alabama or other States, where it has been dis-
tinctly shown that an erosion interval occurred between the two series.’
Because of these faunal relations, it is the writer’s opinion that the
Cretaceous and Eocene series here were separated by an erosion inter-
val, as is known to be the case elsewhere, and it is quite probable that
more extended investigations will subsequently establish the exact
contact, though this may not be possible because of the limited num-
ber of fossils obtainable and the lack of good exposures.

Between Eagle Pass and Carrizo Springs.—The probable contact
between the KEagle Pass formation and the Eocene has already been
described {see p. 30). No actual contact was observed. The probable
contact is 9 miles east of the Robert Thomson ranch, where the Upper

° 1Harris: Bull. Am. Pal,, No. 4, 1896, p. 28.
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Cretaceous clays end and sandstones of the Carrizo Springs type are
first initiated. .

Along the Nueces River.—Here, again, there is indefiniteness, due to
the similar lithologic character of the rocks and the dearth of fossils.
A detailed section across the contact is given on p. 84 in the discussion
of the Hagle Pass formation. The base of the Eocene is placed pro-
visionally at the top of the Ostres cortex ledge, because, (1) on the
Frio River, 19 miles farther east, a ledge of these oysters is undoubt-
edly the summit of the Cretaceous; (2) a short distance below the

“exposure of this ledge on the river, and stratigraphically above it, a few
plant remains were found which Professor Knowlton considers prob-
ably Eocene; (8) the strata above this oyster ledge on the Nueces are
very similar to strata on the Frio River, known with certainty to be
Eocene, or are lithologically identical with those strata. The proof
that the writer has located exactly the Eocene-Cretaceous contact on
the Nueces is not absolute, but the evidence in favor of the location is
strong, and it is doubtful whether the contact will be determined with
greater exactness, unless it subsequently becomes possible to make
more extended use of the plant remains, which are few and imper-
fectly preserved.

Along the Frio River.—About 2 miles, in a straight line, below the
Engelmann ranch and about a half mile above Myrick’s lower apiary,
a definite clear-cut contact is revealed. The section exposed is described
in defail on p. 51. Evidence of erosion exists in the pebbles of the
basal Eocene, but this evidence is not very_strong, because of the gen-
eral lithologic constitution of the rocks (shallow-water sandstones and
clays), and because local erosion unconformities or pebble beds might
exist almost anywhere. The faunal break is as sharp as a knife’s edge.
As the Eocene rests on a ledge of the Cretaceous Ostrea cortex, to be
sure some Eocene fossils are mixed with the oysters along the basal con-
tact, but no Eocene species was found below that ledge, and no Creta-
ceous species was found above the basal contact. These data prove
absolutely that there must have been a break in the sequence of sedi-
mentation long enough to permit a complete faunal revolution.

Although fragmentary, these data sustain the conclusion that there
are in the Rio Grande region of, Texas no transition beds between the
Cretaceous and the Eocene. The respective faunas are absolutely dis-
tinct, ; Wlth a8 complete a br eak between them as is known anywhere
The difficulty in differéntidting Cretaceous and Eocene rocks lies in the
similar lithologic constitution of the two series.
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TERTIARY.

EOCENE.

Near India ranch, about 26 miles, in a straight line, below Eagle Pass,
the lithologic character of the rocks changes to a coarsely crystalline
sandstone of a yellowish or brownish color. The best exposures of this
sandstone are seen near Moro ranch well, at Chupadero ranch, and 12§
miles south of -Uvalde on the road to Batesville. The grains are small
quartz crystals, which are often cemented together by iron oxide.

RIO GRANDE SECTION.

In the arroyo immediately east of India ranch is a clay containing
calcareous concretions. This clay lies below the sandstone to be next
described.

From India ranch to San Ambrosia Creek the road to Laredo passes
over numerous exposures of ripple-marked brown sandstone, which
disintegrates rapidly and forms very poor roads. Between Sanm Am-
brosia and San Lorenzo creeks, as there is no covering of more recent
deposits, loose sands, derived from the disintegration of the sandstone,
constitute the surface. The best exposures of this sandstone are at
Chupadero ranch. Here it contains numerous fantastically shaped
concretions, and peculiar sandstone pillars are formed by erosion and
weathering. When unweathered the sandstone is gray, but upon dis-
integration it forms coarse, loose, brown crystalline sands. Its thick-
ness, so far as ascertained, is 150 feet. (See fig. 5, p. 53.) It is under-
lain by clays, and is a well-defined lithologic horizon, apparently what
Owen designated the Carrizo sands.!

At Chupadero ranch a well sunk into this sandstone yields a perma-
nent supply of water, which is, however, never more than a few feet
Jn depth.

Between Chupadero Creek and San Ambrosia Creek flint gravel forms
the capping of the divide.

West of San Ambrosia Creek, going down to the Rio Grande from
the divide, dirty, dark-brownish or yellow clays are seen. These pass
beneath the sandstone exposed around Chupadero ranch. The bluft
on Rio Grande 1 mile above the mouth of San Ambrosia Creek is 40
to 50 feet high and is capped by sandstone; the base is of laminated
sands and clay. Three and one-half miles above the mouth of this
creek the banks of the river are composed of sandstone and thinly
bedded lignitic sands. Specimens of Venericardia planicosta Lam.
were found in a piece of sandstone from this locality, and a specimen
of Ostrew crenulimarginata Gabb was picked up near by. These would
indicate that the horizon of the beds here exposed is Midwayan Eocene.

1 First Rept. of Progress of Texas Geol, Survey, 1889, pp. 70-73.
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Four and one-half miles above the mouth of San Ambrosia Creek
the following section was observed:

Section 4 1-2 miles above mouth of Sun Ambrosia Creek.

5. Fluvial silt, forming the top of the bluff.
4. Ledges of soft, yellowish or whitish sandstone..... .. ... ._.......... 7to8
3. Laminated sandy clays, streaks of sand and streaks of clay. The colors are
brown, yellow, and purple; the last being caused by carbonaceous matter. 3
2. Soft sand bed of a light, grayish-purple color, with darkish sulphur-yellow
PAtChER. e i i e ieeaiaaaaaan 3
1. Irregularly laminated soft sands, light grayish-green in color and containing
much carbonaceous matter. .. .ol 4
07 3 R 18

There is a considerable amount of soft, very pure sand rock along
this part of the river. In No. 4 of the foregoing section the ledges
sometimes change to thinly laminated sands along the face of a single
exposure, as was observed in one instance.

No. 1 of the section is quite thick, changing toward the base into
clays of purplish color, due to the presence of carbonaceous matter.
These bHeds are identical, in external appearance, with the lignitiferous
Claiborne beds of Louisiana. They are probably 100 feet thick.

It is at about the point where the foregoing section was made that
the southern fence of the India ranch pasture is reached. This fence is,
according to the statements of a colored cowboy, between three-fourths
of amile and amileabove the Webb-Maverick countyline. Just beyond
this fence, within the India ranch pasture, hematitic concretions don-
taining Venericardia alticostata Conrad and a species of Glycymeris
(Pectunculus) of the type of . staminea (Conrad), were found in the
clays. A little farther up the river was a large mass of sandstone rest-
ing on the clays and containing beautiful specimens of Zwrritella mor-
toni. The sandstone was so hard that no attempt was made to get the
shells out.

From 1% to 2 miles above the fence referred to the thinly bedded
sands and clays are seen to be underlain by thinly bedded sands, pass-
ing downward into thin ledges of soft sandstone.

This has carried the Eocene to a point at least 2 to 3 miles above the
‘Webb-Maverick county line. The horizon of the Eocene is Midwayan.
The following five species of fossils were collected:

Turritella mortoni Conrad.

Ostrea crenulimarginata Gabb.,
Glycymeris (Pectunculus) sp. indet.
Venericardia planicosta Lam.
Venericardia alticostata Conrad.

Harris has identified, from the Dumble-Penrose collection made 3
miles below the Webb-Mayverick county line, fossils that are probably
Midwayan, Lower Eocene,' but the writer has been unable to obtain a

1Dumble: Jour. of Geol., Vol. IT, No, 6, 1894, p. 550; Harris: Bull. Am. Pal., Vol. I, 189, p. 127
(No. 4, 13).
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list of the species found there. Harris (op. cit., loc. cit.) says: * * *
““we should note the peculiar fauna, Midway, in part, at least, found
by Dr. White 18 miles southeast of Eagle Pass. It consists of Cucul-
lwe macrodonta (perhaps sqffordi), Pectunculus, Venericardia [pl. 5,
fig. 8]. ‘The shelly matter of these species is completely crystallized.’
‘The matrix was evidently a calcareous light sand or sandstone.’
Harris, Ann. Rept. Geol. Surv. Ark., 1892, Vol. I1.”

The actual Cretaceous-Eocene contact has not been located along the
Rio Grande.

It has been reported that many fossil oysters occur on the high
divide between the Chupadero and India ranches, west of San Ambrosia
Creek. The writer was unable to make a search for the locality, and
did not learn of anyone who had collected specimens from there. He
is of the opinion that the section referred to is a bed of Ostrea crenuli-
marginata Gabb, as this species occurs at several places in the basal
Eocene of Texas

The following section® of Webb bluff, on the Rio Grande, 3 miles
below the north line of Webb County and southeast of India ranch,
is from Penrose:

Section of Webb bluff, on Rio Grande.

. Feet.
3. Fine, white, indurated, sandy clay, with dark streaks and specks of lignitic
¥ 1117 -7 R R 30

2. Greensand marl, with many Tertiary fossils, nodules of carbonate of lime
containing glauconitic Specks. ... ... ool 7-8
1. Stiff, plastic, bluish-black clay, jointed, containing specks of mica.......... 10
Dip of strata, 3° SE.

Dumble subsequently published the same section® and stated that it
is capped by gravel. Beds Nos. 2 and 38 are the same as the Webb
bluff beds of the section by Dumble.

The coarse-grained sandstone seen around Chupadero ranch is over-
lain near there by a finer-grained laminated sandstone. At Guajolote
ranch the coarse-grained sandstone has disappeared, and we have the
following section:

Section at Guajolote ranch.

6. Gravel capping (Plelstocene) o
5. Micaceousshale. .. ...iziunne it cciicaaa e 10 0
4. Ledge of browm.sh-green micaceous sandstone._ ... ... . ... 20
8. Laminated micaceous sandstone ............. e e eaaan- .. 80
2. Seam of ferruginous concretions. ... .. e L iiiiiiiieaia.a 0 3
1. Massive yellow micaceous sandstone, thickness unknown.

1 First Ann, Rept. Geol. Survey of Texas, 1890, p, 41.
2Bull, Geol. Soc. America, Vol III, 1892, p. 228; also, Dumble’s Report on brown coal and lignite of

Texag, Geol. Survey of Texas, 1892, p. 137. In the latter report it is stased that the lowest atratum
is Cretaceous.
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On the hilltops to the southeast of the Guajolote ranch clays occur
above the micaceous sandstones. Ten miles, by road, southeast of
this ranch, the following section was observed:

Section 10 miles southeast of Guagolote ranch.

Feet,
2. Shaly sandstone, fine grained, laminated, ripple marked in the upper part, and
containing obscure or poorly-preserved leaf impressions. ..ceeecececaeanaen

1. Thinly laminated sandy clay shale. ... ccoiiiiimimiaminiicicaaceanians 15

From No. 2 several specimens of leaf impressions were obtained and
submitted to Professor Knowlton for determination. He makes the
following notes on them:

There is one fine leaf in this lot, but it unfortunately appears to be new. Itis a
fine, narrow, toothed Celastrus, There is also a small fragment of a palm leaf, but it
lacks both apex and point of attachment, and is thus deprived of all characters.
There are two or three other fragments of leaves and a large number of stems, possi-
bly of monocotyledons.

The new species of Celastrus appears to resemble most closely a species (C. recti-
. nervis Ward) from the Fort Union (Eocene) of Montana. Theypalm hassome resem-
blance to a Denver species, but ag it lacks the essential characters it is impossible to
identify it.

One and an eighth mile from the foregoing locality the first outerop
of the Eocene lignite was seen. The rocks in the vicinity consist of
micaceous sandstones and clay shales. The dip is about 1° south of
east.

From the last-mentioned locality to Santo Tomas the lithologic char-
acters of the rocks are about the same, i. e., they consist of interbedded
micaceous sandstones, which vary much in hardness and in" color. and
of clays or clay shales.

About 8 miles before reaching Palafox poor remairs of marine fossils
were collected in a micaceous sandstone.

Section of butte 4 miles north of Palafox.
-

4. Gravel capping (Uvalde formation). Feet.
3. Red or brown sandstone - .. ...ecccaucercoccaacacacecccccacancaanaacananaan 45
2. Flaggy sandstone..cceoceeeeeaccaoeaneenccaccssccnacanscaannananananas 3
1. Crombling Bhales. «ceeeoeocerecearacecrrresrasacscesncaconsesesamssnannnnn 27

Two-and a half miles northeast of Palafox there is an exposure of
lignite.

The following are records of two prospect drills kindly furnished
by Mr. D. D. Davis, superintendent of the Cannel Coal Company,
which has its mines near Santo Tomas.
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Prospect drill No. 2, by Cannel Coal Company, rortheast of Carbon, aboul 8 miles southeast
of Santo Tomas.

Depth. Material. Thickness.

Ft.  in, Ft.  in. Ft.  in.
0 0- 5 0] Gravel «.cuuuenein i ceaeeeaamaeacaaan 5 0
5 0- 9 0| Clayand sandstone. .......cccceconcacaann-- 4 0
9 0-70 6| Brownsghale ..ocoo e neacancanannan 1 6
10 6-19 0| Yellowsandstone _.__........ocococueacunn-n 8 6
19 0-21 0| Impure coal (Santo Tomas seam)............. 2 0
21 0-44 0| Grayshale...ooeoonn. oo 23 0
4 0-45 4| Brownshale.. ... ... .. . .ociiiiiaao. 1 4
45 446 0| Coalieie e e aeceeeaieaenana. 0 8
46 0-56 O | Whitesandstone ... ... .cocuceemenucnn-n. 0 0
56 0-63 O |Grayshale . .......ceoeeoemeaeeoaaaaanan 7 0
63 0-72 O |Sandstone ...........ooceoiiiaaaiaanas g9 0
72 0-7 0| Fireelay -.ooooooii il 3 0
76 0-83 O Sandstone ....... . ioeiiieeeeeiaaaaan 8§ 0
83 0-90 0| Mixed shale and sandstone, marine mollusks..| 7 0
90 0-91 0 | Limestone (fossil shells)........ocoeeeeenn... 1 0
91 0-95 0| Slate oounnt i caceaaearanan 4 0
9  0-109 6 | Sandstone ......... . iiiiieaieanann- 14 8
109 6-110 11 | Slate ..o i i iiiiireiea e aaaaan 1 5
110 11-112 10 | Coal ....... 1 1
112 10-114 10 | Clay shale .. (San Pedro coal seam_.._..._.... 2 0
114 10-116 5 | Coal........ 1 7
116 5-130 0| Sandstone .eo.uecoeoee o ir oo e eincaaanns 13 7
130 0185 0 | Slate o .coen i e eamaaaa 5 0
135 0-139 0 | SandStone «ooooonneenee i e e aeeenns 4 0
139 0-141 O | Blate - cceaeieame i iec e cecececacacacaaaas 2 0
141 0-166 0 | Sandstone - ccveeeeeoeee e i o aaanaaana. 15 0
156 0-160 O | Slate oo n et en i e eeaaanas 4 0
160 0-164 O | SandStone « .o oo aae e aenannns 4 0
164 0-167 0 | Slate - oo et ticeearacanenaaan 3 0
167 0-206 O | SandStone - eoieine e cceciceeamaenaa 39 0
206 0-209 O | S1ate oo iecmeceemeenaaes 5 .
209 0-2256 O | Sandstone ..ceeeeeeecaooooo. Gemecacaanannnan 16 0
225 0-227 0 | ClAY acncmececeeeie e ieceeeeeecmemneeonas 2 0
227 0230 0| Slate «cacncmmee e eee e cceccmecennenaes 3 0
230 0-240 O} SANASONE «ueeeenn o eeoiceaccennnaaas 10 0
240 0-269 O | Shale. . ioieeuciniicenceereeececoneeaae 29 0
269 0-271 O Sandstone ....eecueeeeoceeecoaneoomcenoaaan 2 0
271 0-281 0 | Shale. i cie e ceeemcoeoaanns 10 0
281 0-320 O | Tough shale ...eeeee oo ciceiccecmaanaaaan. 39 0
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Prospect drill No. 2, by Cannel Coal Company, northeast of Carbon, about 3 miles south-
east of Santo Tomas—Continued.

Depth. Material, Thickifess,
Ft. in. Ft. in Ft. in.
320 0-322 0| Sandstone - .cceecciienecnnvcneeccccaana- 2 0

" 822 0328 0| Shale...oooooiiiioieiieeiiiceicmeaeaenas 6 0
328 0-340 O | Sandstone ...cceveccececcccenvccecaaacaanann 12 0
340 0356 O | Shale. ... icoueoccaniiameeiciaicaaa.. 6 0
356 0400 O | SandstOne ....cocveeeecccamaccacccmccacaaan- 4 0
400 0404 O | Shale. ..o omeiocicaccccrecmccmmmmcaaas 4 0
404 0-418 0| Sandstone ..oocooceicaiiiiicececececcoann- 14 0
418 0424 0| Blate cceeerenennecccccanceccacommcmcnmanaa- 6 0
424 0-435 0| Sandstone ....ceoeeevceeroecocacacaccaaaanan 1 0
435 0446 O | Shale.. .o cieaceceenaaaan- 11 0
446 0447 0| Limestone cvcceevcrcveceacaaarvoconaaccmann- 1 0
447 0456 O | Shale.... o oo ieoicacceiicccimemaaaaaaaaann 9 0
456 0461 O | Sandstone .....cecoceccaccccccceccanancnannn 5 0
461 0464 O | Shale.oceocccreernccencccancnecesconeomnacan 3 0
464 0476 0| Sandstone .......cccceoccncccccaccaaaccaacan 12 0
476 0482 O | Shale..ceennceeccecencenceaeacosocacrccnnnn- 6 0
482 0485 O | Sandstone .....ccoceeccimccceccccmecaaaan- 3 0
485 0490 O | Shale.....ococoioaceciiacaaccccraceaccarann. 5 0
490 O0-B00 O | Sandstone ..ccoieveeerooomrmocncccccenennaen 10 0

Mr. Davis states that the lower sandstones were not very coarse nor

were they crystalline. The elevation at the surface, where this drill
was sunk, is about 530 feet.

Prospect drill No. 6, at Pilot ranch, 25 miles west of north from Santo Tomas, and 3 1-2
miles from the Rio Grande.

Depth, Material, Thickness.

Ft. in. Ft. in Ft. in.
B L e [ | B . i s 10 0
MO 012 0| Gravel ooe.nio oo eeeeaeanns 2 0
12 028 0| Yellowshaleclay - ccccmvmeooimmmnaaanas 16 0
28 044 O | Blueshaleclay ..o iieiiaiiaaian. 16 0
‘44 (48 0 | Clayey 9andStone -ceeeeceecceccmccnccnanann- 2 0
46 0-68 0 | Blueshaleclay ..coceccaaanuracccacaaaian. 22 0
68 0-74 0| Blueshaleclay .-eececmonoercimemncamancea 6 0
74 0-74 8 | Bony coal ..o 0 8
74 875 0| Brownshaleclay -ccoceemcavncmaemamacanns 0 4
75 0-80 0| Blueshaleclay. ..c.oocomocmoinaas 5 0
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Progpect drill No. 6, atPilot ranch, 25 miles west of north from Santo Tomas, and 3 1-2
miles from the Rio Grande—Continued.

Depth. Material, Thickness.

F., in. B in. Ft. in.

80 0-84 O | Brownshaleclay......_oocooorcucueanacnan.. 4 0

8¢ 0-84 10| Coal ..o 0 10

84 10-8 2| Brownsandstone... . . . ...occcoeocaooo... 0 4

8 2-90 0| Whitesandstone .....c.o.o oo onannnn. 4 10

90 0- 981 11 | Coalo ... e 1 1

91 T1-92 8 ] BONe oot e e 0 4

92 8-94 O Light-brownshale. .. ..co..coceemenommeen.. 1 9

94 0-107 O | Toughshale ...... oo i minanannnnns 13 0
107 0117 0| ShaleClay .o e 10 0
117 0-117 6 | BOD® e o i cn e e e oo (U ]
117 6-118 0 | BONY Clay .o e e eeeeeeanns 0 6
118  0-119 0 | BONe - coiaee et reeee—enaas 1 0
119 0-126 0 | Shale elay -uuunn oo ceeeecmannnnns 6 0
125 0-131 O | Sandstone ... ... eeeeenns 6 0
131 0-145 O | Toughshale .. ... e, 114 0
145 0-149 O | Sandstone .. ....eeeooooe oo ccaaannn 4 0
149 0-153 0 | Clayey sandstone. .. ...eeeoceconenocenen.. 4 0
153 0-156 O ClaY .o 3 0
156 0-168 O | Shale Clay - r e oo e eeeae. 12 90
168 0-174 0 ; Clayeysandstone.. ... . eemnereeenaacomaaanae 6 0
174 0-176 0 | Shale Clay «uuceoemc o eieae e 2 0
176 0-184 O | Sandstone ... .o .oeeeoonee i 8 0
184 0-208 0| Toughshale ... ......................... 24 0
208 0-208 G | BONY COAl -nenmeneeceam e o aeaees 0 6
208  B8-210 0 Clay - oo et 1 6
210 0-215 O | Brownsandstone..... . ... .. o.oceeeeennennn. 5§ 0
215 0-218 3 | Bony €oal coccncmi i ceeeaaenes 1 3
216 8-220 O | Brownshaleclay..o.ccocavuiceaenaaaonooos 3 9
220 0-220 9 | Brown clayey sandstone -............ e 0 9
220 9221 0 | C0alen i eecee e 0 3
221 0-227 2 | Brown sandstone......eeneeeeeenocanaaoannns 6 2
227 2228 10 | 008l ce e eee e eem—eeeann 1 8
228 10-229 0| BOMe . ccmeeieacmeamme e e aacm—an 0 2
229  0-230 8 | Striped brown sandstone ......... ..o 1 8
230 8-232 0| Bony €08l oo eeeeeeceneae—aeaans 1 4
232 0-232 6 | BONE e i e 0 6
232 6236 6| Blueshaleclay........ et eaa s 4 0
236 6-236 8 | BODEB ..o ceceeeeeionanoncnanan 0 2
236 8287 B | Coalo .- 0 9
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Prospect drill No. 6, at Pilot ranch, 26 miles west of north from Sanio Tomas, and 8 1-2
miles from the Rio Grande—Continued.

Depth. Material. Thickness,

Ft. in. B in N Ft.  in.
287 5-238 0 Bone. . .o iecaeacncanas 0 7
238 0244 O | Sandstone ......oco.ooiiiiiiiiaiaaiiaaaaaan 6 0
244 0246 O | Brownshale. .. .. .. . . oo.c... 2 0
246 0-254 O | Brownsandstone............coocicieaanaaann 8 0
254 0-256 O | Blueshaleelay. ... .. . _......... 1 0
266 0-262 O Sandstone .....coeeeeoicieiincnicaciaaaan 7 0
262 0-268 O | Blueshaleelay. .. ..o . . ... 6 0

Section at the Santo Tomas coal mine (Rio Grande Coal and Irrigation Company) .t

Ft. in.
7. Carbonaceous shale roof; shale soft and requires considerable timbering.
6. GoOod €OAl. . .. et 0 14
B, BOMe . e emem——————— 0 4
4, Good oAl o e e meem e eeemeeem——————— 0 14
S T £ T3 TN 0 6
2. Clay...... O e e e e e eeeeeaneeamasaeeesanmoenenemesanenananneaan T 0

1. Sandstone.

(See fig. 6, p. 54.)

The Cannel Coal Company’s mine is about 3 miles below Santo Tomas.
Through the courtesy of Mr. D. D. Davis, the manager, the writer
was enabled to make the following section:

Section at mine of Cannel Coal Company, 8 miles below Santo Tomas.

t. in

8. Clay slate or sandstone. .. ... i iiiiiiiiiiiiiaiieeeeccacenanaa 0 14

7. Carbonaceous shale . ... i iiiiciicieieacracccacasencanncannns 0 3

6. GOOd COAl. . e iieiaeeciececcescaaccccemann————- 2 0

L = 14 1T TN 0 15

L ) - 2 0
3. Lower bench:

€ Good coal e eeeeeeeeeece—a—————- 0 6

b, BOMe i aeeeeeceterececceaanecneneceacnanan 0 2

A, Good Ol e eimeeeeaeeeeeaaaas 0 11

2. Carbonaceous shale .. ... ieeeeeccemaneaa- 0 3

1, SAndEtONe. . oo e cemeeeeenmeeem—en——————— 14 0

In this mine there is a small fault, and along the plane of the fault-
ing there is a small sandstone dike.

From prospect drill No. 2, between 83 and 90 feet, Mr. D. D. Dayvis
had obtained and preserved some fossil mollusks, which he presented
to the Survey. They were referred to Prof. G. D. Harris for deter-
mination. He says they belong to an undescribed fuana, and has not
yet furnished any identifications.

1Mr. D. J. Roy, manager of this mine, rendered much assistance and showed us many courtesies
while we were in Santo Tomas. It was through his kindness that we were enabled to examine the
mine.
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Dr. C. A. White has collected some fossils near Santo Tomas, but
they have not been determined. These specimens, also those from the
coal shaft, are poorly preserved.

The dip at Santo Tomas, according to information furnished by Mr.
‘Davis and based upon mine workings, is 2° N, 40° E.

From the sandstone which immediately overlies the coal Mr. Davis
had collected several fossil leaves, which he presented to us. Professor
Knowlton has examined them, and finds a new species of Juglans, and
another species which could not be determined.

From the clays just above the coal (locality No. 280) Mr. Stanton
collected some leavesand a Unio. The leaves were too poor for identi-
fication. Professor Knowlton states that one looks like a Ficus; he is
also of the opinion that the plants from Santo Tomas have a Laramie
facies, but does not feel justified in expressing an opinion as to whether
they are from the upper or the lower Laramie.

The following is a résumé of the section of the Eocene based on
observations and the data accumulated:

Résumé of section of Eocene.

. Feet.
The coal beds and the clays and sandstone immediately overlying them were

the highest beds seen. Between the two coal seams is a bed of fossils not

yet determined. ... ...t iiiiiiceiaeaaaas 190
. Below the coal beds is a series of alternations of cla.y, shales, and sandstones

of a thickness of at least . ... .. i il 400

A geries of fine-grained micaceous sandstone. ... .. .. ool 300
The coarsely crystalline Carrizo sandstone, with a thickness of at least _..___ 150
. Bluish clays—ascertained by a well boring, below which are more sandstones
and clays.
The fossils reported by Penrose'® from Webb bluff probably oceur
below the Carrizo sandstone.

It is evident that the coarse sandstone seen at and near Chupadero
ranch has not been reached in the prospect drill at Carbon, near
Santo Tomas. It is difficult to correlate the records of the drill at
Pilot ranch with the Santo Tomas section. Lithologically the section
resembles very much the coal-bearing portion of the Santo Tomas
section. In the Pilot ranch drill hole the lower sandstone has not
been reached.

The disturbance in the dip at Santo Tomas, together with the
extreme similarity in lithologic character of the beds, introduces such
complications that reliable estimates of the thickness of the beds and
the determination of the number and relative position of the coal
seams can not be made until the area has been studied in detail.

The following is taken from Penrose’s description of the section
along the Rio Grande from Webb bluff to Laredo.” The section of'
Webb bluff has already been given.

&

'

Ll S

1 First Ann. Rept. Geol. Survey of Texas, 1890, p. 41.

2 First Ann, Rept. Geol. Survey of Texas, pp. 42 and 43; see also Dumble’s Report on the brown
coal and Lignite of Texas: Geol. Surv. of Texas, 1892, pp. 137-139.
.
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A quarter of a mile below (i. e., Webb bluff) is & bluff 50 feet high of indurated
sandy clay, containing mica and ferruginous scales between the strata. Dip 1°
south. One mile and a hali below are seen similar deposits, but with no fossils, and
containing numerous gray calcareous concretions, with veins of browr crystalline
calcite. Two miles beyond this, on the Mexican side, is a bluff a quarter of a mile
long and 75 feet high, ‘of interlaminated gray sands and chocolate clays, with sulphur
and gypsnm in places, and occasional ferruginous spots. Hard gray clay-ironstones
with leaf impressions are also found. The sand beds are from 1 to 5 feet thick, and
the clay is in thin laminz. Dip undulating from 1 to 5° southeast. The mica and
black specks in the sand, the Jaminge of chocolate clay, the presence of sulphur and
gypsum crystals, all show a strong resemblance to the Tertiary of east Texas. From
here to Hardin Ferry, and thence to the mouth of Cavezeras River, are seen gimilar
strata, frequently causing rapids where they cross the Rio Grande. Inone placethe
indurated bluffs encroach on the river until it narrows down to 30 yards. Here the
waters have cuta deep channel and rush through at a great velocity. Frequently
interbedded glassy ferruginous layers, 1 or 2inches thick, are found in the sandstone.
Three miles below ‘‘the Hardin” is a bluff 60 feet high composed of friable sand-
stones, the harder and softer layers blending into each otherand occasionally show-
ing ferruginous patches. Dip1° south. For 19 miles below this point we pass over '
identically similar strata, frequently containing calcareous concretions 1 to 8 inches
in diameter. These contain seams of crystalline calcite and are of a gray color,
weathering brown or red in concentric layers.

Similar strata=are seen from here to the 8an Tomas coal mines. These are sit-
nated on the Texas side of the river and at the mouth of S8an Tomas Creek, about 25

, miles by river above Laredo.

For 3 miles below this are seen indurated greenish clays with leaf impressions,
broken stems, and specks of lignite. Occasionally seams of chocolate clay and cal-
careous nodules are found. As usual, the bluffs are capped with pebbles or sand, and
dip 2° southeast. Fifteen miles above Laredo is a bluff reaching a maximum height
of 40 feet and about 1 mile long. It is composed of interbedded coarse sand, with
calcareous nodules, and sandy clay with gypsum and sulphur. The sand grains are
red, yellow, white, and gray, and the whole bluff has a greenish appearance, spotted
in places by ferruginous matter. Many similar outcrops are seen for 7 miles below,
and as the dip is often horizontal, or nearly so, the exposures show gimply different
parts of the same bed. Eight miles above Laredo is a bluff about 80 feet high and
half a mile long, composed of semi-indurated buff sands, with an undulating dip.
Similar exposures are seen down the river to Laredo, and in fact that town is built
partly on the same beds, which are here succeeded by those of the next division of
the Eocene.

This section appears to be qu{te different from that observed a few

miles inland from the river. The very sharply defined Carrizo sandstone
appears to be absent, at least its presence was not noted.

RECONNAISSANCE BETWEEN EAGLE PASS AND CARRIZO SPRINGS AND SOUTHWEST OF CAR-
RIZO BPRINGS. -

The change from the Upper Cretaceous clays to what is probably
the basal Eocene has already been described on page 30.

About 15 miles from Carrizo, Springs the sandstone is rather fine
grained, of a brown ocher color, and the grains are distinctly crystal-
line.
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.Fourteen miles from Carrizo the surface of the ground is formed
of deep red sands derived from the disintegration of a hard sandstone.
At this locality a very few poorly preserved oysters were found firmly
embedded in the sandstone. No specimens good enough for specific
determination were obtained.

From here to Carrizo Springs deep, red- sands extend the whole dis-
tance; the deepest sands are about 8 miles west of the town. There
are occasionally more argillaceous beds. The rock whence the sands
are derived is, before disintegration, a soft whitish or yellowish sand-
stone with occasional harderledges. Theseare Owen’s ‘‘Carrizo sands.”

They are the northward continuation of the sand seam around Chupa-~

dero ranch, and are the source whence the water of the artesian wells
of the Carrizo Springs vicinity is obtained.

RECONNAISSANCE FROM CARRIZO SPRINGS TO SAN LORENZO CREEK.

-

From Carrizo Springs to the Richardson ranch, 6 miles east of south
of the town, the deep sands are continuous. About opposite the house
on the ranch the soil becomes firmer, apparently containing clay
enough to make it compact. The tank in Ainsworth’s pasture, on
the southwest side of the Richardson ranch, has been excavated in
clays. Gravel occurs on the summit of the hill near the tank. From
this ranch to San Lorenzo Creek clays and compact sandstone are found
along the draws, and gravel cappings usually occur on the hills.

NUECES RIVER SECTION.

On the east side of the river, above the coal shaft and just below the
Pulliam ranch, at the northern line of Zavalla County, there is ex-
posed a soft, friable sandstone, bluish when fresh, oxidizing yellow,
very often possessing a shaly appearance and containing black specks.
This sandstone resembles very closely the basal Eocene along the Frio
River. A half mile below the Pulliam ranch it passes below the coal
seam and possesses a thickness of some 40 feet.

Section through coal seam.

Ft. in.

5. Bilt and gravel, fluvial. ... iiiiiiiieiiaaaaas 3% 0
4. Laminated, brownish, shaly sandstone; contains many carbonaceous specks

and a few fossil leaves . - ... 2 3

3. Laminated, blue carbonaceous elay. .. .. ....oc.cooiemeonmaaenan.. 5 0

2. Laminated black elay._ e 16

1. Coal, bony at toP. - oo e eeaan 2 4

) . P 445 9

Eo0cene eXPOBUTe. ..ot e 10 9

Professor Knowlton remarks that the leaves from No 4 are prob-
ably Eocene,
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Section down high point west side of Nueces River, just below coal shaft.

Feet. -
6. Soft, yellow, friable sandstone; not much soil, vegetation mostly guajillo,
very little grams_ . L iiiiiiiiiiiiiiiiieeieiaea. 20
5. Soft sandstone, oxidizing yellow, in ledges, but has a strong tendency to form
irregular flags - .. ciicmaieeeas 6
4. Soft white sands, not consolidated, stratification irregular ... ... . ... 4
3. Soft laminated sand, containing some clay, about.. .. .. .. .. .. ....... 20
2. Ledge of moderately hard yellow sandstone ...eceeeeannnnniiiiiinanaaan.. 13
1. Shaly sandstone to water’s edge in river...cecemecioeiieraneriicioacnnnn. 8%
B2 ) 60

No. 1 of this section is probably No. 4 of the preceding section.

Section down bluff' above the Habey ranch, west side of Nueces River. Foct

eet.
2. Coarse-grained, red, ferruginous sands; vegetation Opuntia rafinesqueti, O. lep-
tocaulis, gusjillo, black chaparral, Leucophyllum, Lippia, Yucca (large

BPeCien), 8bC. oo e e cieieine e 30
1. Soft, coarse-grained, grayish sandstone, oxidizing to deeper colors, in places
showing seams of bluish elay. ... oceeeooo L. 20
otal . v neeeemee i e e icneacccacaiciiacaccecacaaceecnanan 50
Section of bluff below the Habey ranch, west side of Nueces River. oot
ee
5. Soft yellow sandstone ledges with argillaceous partings, about............. 15
4. Soft yellowish sgndstone, finegrained, laminated, and argillaceous, with
layers of coarse-grained sandstone at the top._ . ... .. . ... ... 10
3. Clay, dark colored at the base. .. ... .. . .. .. . . oo 6
2. Coarse-grained, laminated, grayish or yellowish sandstone (top of preceding
121707 ) PR SO 20
1. The same as No. 2 of the preceding seetion... ..o oo oo 20

Both 1 and 2 contain occasional streaks of carbonaceous cla.y

Section of north end of bluff, east side of Nueces River, just above the McDaniel ranch.

Feet
Yellowish shales (contains several coal 8eams) ... cccieeecinennenecencnnannan 40
Laminated soft yellow sandstone . . ... . i ireiimaraenen. 10
Grayish clay 8haled. e e e oo oo i cinceiereacacee e 10

MOt . . e e e e e e e ciececcaceceacaaas E
Section of south end of foregoing bluff.

Feet.

3. Coarse-grained gray sandstone, in ledges, in places very ferruginous, and in_
other places containing sandy coneretions ... .. ... ... . ........ 40

2. Laminated clays and sands, with purple or chocolate-colored streaks, caused

by the presence of carbonaceous matter ......coeomeaaaool. feemeecane 20
1. Coarse sandstone to water's edge...cccccecaaaanas e ameececcmeeecemeenanan 10
b SR %

Below No. 1 are at least 75 feet of laminated sands and clays with streaks of =

purple and chocolate.
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Section through coal seam.

Ft. in
12. Flaggy clay and sandstone . ... ..o iiiiiceiicrniiacaaana. 250r30 0
11. Chocolate clays. .. .o aeceiceaccon e 6 0
10. Coal .o eeeeceeeeaaeaaaeas lor2 0
9. Chocolate elays. . iiiciecamaeaeaaas 3 0
8. Coal L e ieeeeeeaaeenn 20
7. Chocolate clays. . i iecieeeeeem—aaaan 6or7 0
6. Coarse sand ... .. eiciiccaaae. 10
5. Chocolate clayand sand. .. .. ... iiiiiiii i 30
4. Coal, weathered specimens firm but apparently not very pure; con-
taing considerable sulphur. . ... . i iiiiiireiiriiacecaaa- 8
S R - T - SRS 3
2. Chocolate clays - .. i ieiacaceea- 6 0
L. ClBYS oo e et e e ciaeccecceacaceaaccaccanamccmeneennca—annn 20 0
Total (AboUt) « oo uen oo i i i iia it ica et cdeaaaceaeaa 80 0

Section of north end of bluff just below the McDaniel ranch, west side of Nueces River

Feet
b I C 5 -0 ISP 60
2. Thinly lamirfated sandy clays and argillaceous sands, and a layer of ironstone;
otherwise the beds arewhitish. ... .. .o caeae. 10
1. Soft whitish sands, some elay ... ... ieeaaio. 10
Total - e et eecececcmreean——.- 80
Section of lower (southern) end of foregoing bluff. Foet
eetl.
3. Gravel capping.
2. Soft sands and clays, usually laminated, bluish white in color, with some-
times a chocolate tinge . . ..o L. 30
1. Hard brownigh-yellow or grayish sandstone. ... ... ..o oo .. Tor8
Total L e e eeaa—————————- 38

The estimated total thickness exposed in the above-described sections
is between 370 and 400 feet, giving a dip of about 100 feet to the mile
to the southeast. Supposing this dip to be continuous to the southern
boundary of the quadrangle, there would be a thickness of about 700
feet of Eocene sands and clays within the Uvalde quadrangle along the
Nueces River.

There are very few exposures along the Nueces River from the
southern margin of the Uvalde quadrangle, about 1 mile south of the
“Old 7 D” (Bucklew ranch), to the crossing of the Carrizo Springs-
Batesville road over the river. The road is for almost the whole dis-
tance on the wide silt flat adjoining the river.

At the S ranch the western bluff and bed of the river are formed of
greenish clays, with ocecasional carbonaceous seams. These clays make
an extremely sticky mud, as the writer learned from the sad experience
of having the camp wagon bog in it.

Five miles above S 7 ranch and about 7 miles above the crossing of
the Carrizo Springs—Batesville road over the river, in a washout leading

Bull. 164——+4
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down to the river, is an exposure of yellow gypseous clays about
20 feet in thlckpeee___ Two or 3 feet below the top of this exposure

are nodules which upon chemical examination were found to contain
s}nslll qusntities. of lime phospha.te

RECBNNA[SSANCE FROM- UV.ALDE- TO- -C.A.RRIZO -SPRINGS,- -AND- FROM . CARRIZO. .SPRINGS TO
L BANTO TOMAS. .. ....

* Twelve and .three-fourths:fniles south of Uvalde, on’ the road to
Batesville, crystalline sands, iwhich in all of their characters resemble

the Carrizo-sandstone; are- e‘xposed Sands of this type nuxed “with
' ravel weré ‘séen about 71} miiles south of Uvalde, but no exposures of
o sands themselves were observed. Around Loma Vista there are

exposures of red a.ngular or arystalhne sands One and a half mlles
hguse,*some poorly preserved ‘Eocene -fossils were found ﬁrmly eln—
bédded in the sandstone. One'speeles is Cornuling armigera (Conzad).
This species- ocours-above the Midwayan, and from it and-the faeies?of
game of the other fossils it would seem that the’horizon of Loma’ Vlsta
rs,CIalbornlan the “*Lower Claiborne” of Harris. -

With the above exception, from Batesville to Loma Vista and from
the later place to the crossing over the Nueces River on the way to
Carrizo Springs, few or no undoubted exposures below the surficial
gravel or creek and river terraces were seen.

At the crossing over the Nueces River there is an exposure, 25 or 80
feet in. thickness, of laminated sands and clays, with a seam of peor
hgmte leomtlc concretions are abunda,nt
very accurate records of the bormgs were obtainable. The wells vary
in.depth 1 *from 60 to 330 feet. APL IV, B.)

Myl T W Campbell, of Cdrrizo Sprmgs furnished the following
notes on 4 Well that he had bored 3 miles north of the town.

Section of well 8 m*ttes north of  Carrizo Springs.

Sandstone .. ... L liieciiiiiiiaciaanaans femeemeea——— 30 or 40
Hardpan and’ élay (about) ..... ... e emeceeceseeean. (P 260
Very oarse whlte sand rock to Bottom of the well .......z..... PO "8or 16

The Well was not quite comp]!eted wheén the writer was-at Carrizo
Sprmgs in 1898. "It'had been -bored to.a depth of 306 feet, and an
abundant and excellent flow of water had been obtained in the COATse
white eandbtone at the bottom ofwthe bore. Judge George C. Herman,
of Batesvﬂle, suﬁseqﬂently sta,ted that the boring extended to 380, feet.

Mr:. G. G. Ca.vender ?urmshes:-the followmg record .of a well bored

on 1 the S. Gobbett ; suryey., easterﬁ bank of the Nueces Rlver 15 mi,les
fvrom Calrlzo Sprmgs o 3 :

......
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4 CRETACEQUS-EOCENE CONTACT ON THE FRIO RIVER, 2 MILES BELOW.
ENGELMANN'S RANCH SOUTHERN UVALDE COUNTY

The sandstone floor at the base of the bluff 1s Cretaceous, the middle and upper portions of the bluff are
Eocene

B. BASALL EOCENE, PORTION OF SAME BLUFF, BUT FARTHER DOWNSTREAM
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v Section of well on 8. Gobbett survey.

Feet.

B00] 1 e e e me e ececcecceceseceeeesicccsacamna- 1
Yellowandred elay. ... . . ... . ....- meemmccemeciecensmcasees 5
Red sandstone, with occasional layers of hard rocK.ecceeeemmecaencanan. 39
Clay (the local “soapstone’™ ) .. ciiciamemacicemcnecceamaenes .- 20
Hard roCK. .o cecaaeeecaaaacceaercaacacceacccmnmrasemmmnnccnvaennns 28
Soft clay and thin layers of sandstone....o o ccmmonomaoonioiiianaaas 16
Sandstone . . oo caccaiceaaccesecieranecanns 20
Clay and sand mixed_..._...___.___ e cmcccceancecceencseecneeennnn 20
Water-bearing sand. .. ... o iiiiiiieeeieeireeccananaa 10 or 11
b0 X ORI PR 147 or 148

The water rises to. within 17 feet of the surface of the ground.

The sandstone around Carrizo Springs is reddish in color, rather
coarse-grained, crystalline, and slightly micaceous.

Alternations of sandstone and clay outcrop along the road from Car-
rizo Springs to Encinal for about 114 miles from the former village.
Here they pass below clays containing calcareous and hematitic concre-
tions. From this locality to Santo Tomas the exposures consist of
alternations of sandstones and clays, which often contain calcareous
concretions. The sandstones are usually soft and micaceous.

FRIO RIVER SBECTION.
(PL. 111, 4 and B; PL IV, 4.)

Section across Eocene-Crelaceous contact, 2 miles below the Engelmann ranch and about

5 miles due north ‘of the southern boundary of Uvalde County. ;
Ft. in.
7. Rather soft yellow sandstone . . .coeccaoceaacacnemececiccmrccacacnan. 22 6

An interesting lithologic feature of this sandstone is the occurrence in
it of large, oval, sandy nodules, which stand with their long axes verti-
cal. Theyare from 1 foot to 1 foot 8 inches in length, and vary in dia-
meter from 3 to 7 inches. Sometimes these nodules, when broken across,
form sandstone digsks. Some of them are more nearly globular.

6. Soft, yellow, sandy clay, with bluigh streaks; some small pebbles in the

5. Nodules of glauconitic sandstone, nsually 6 inches thiek; contain a considera-
ble number of small pebbles. In the lower few inches of this layer con-
giderable numbers of Ostrea cortex are found. It isin this layer that Nau-
tilus n. sp. is found in so great abundance. ... .. ooieoiooaio. 6
4. Soft, yellow, very argillaceous sands, quite glauconitic. There is a ledge of
Ostrea cortex just about the top of thislayer. A Turritella, probably T. trilira
Conrad, was also found in it. This bed is the uppermost Cretaceous.
. Harder, sandy claystone, whitish blue and yellow in color ... ........ 1 4
. Soft, yellow, sandy clay .. oo oii i ieiciciii i ceaans 8 8
1. SBandstone, originally bluish, oxidizes brown and contains fucoidal impres-
sions. In its upper part this stratum becomes softer and more yellowish
and is in rather thin ledges. oo on oo oo cccecceeceneaen. 11 9

There are about 25 feet of Eocene strata exposed in the bluff.

Above the oyster (Ostrea cortex) ledge are 25 feet of soft sandstone
ledges. Farther along downstream, at a still higher horizon, are 30
feet of rather soft sandstone, very massive, and somewhat though not

[\ Ir]
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greatly consolidated. Above this sandstone are € to 8 feet of soft
sandstone ledges. The top is some 40 to 50 feet below the bottom of
the section opposite Myrick’s lower apiary.

Section of bluff at the Mywick apiary.

) Pt in.
13. Cross-bedded and irregularly stratified sandstone or soft unconsolidated
sands, white in color but containing streaksof both yellow and red ocher. 20 0
12. Bandstone. ... .o 10
11 Bluesandy elay - . ooe o 9 0
10. Thinly laminated sandy shale .. _____ . .. L ... ... 10
9. Hard, fine-grained, gray sand ledge......... s teecaaaae 10
8. Fine soft bluish sands. .o e i e i i ae i ccceaicccccraccacanamaaa———a 43 0
7. Sandy Seam . ... iiiieeimcmaeeaiaa—aaa . 0 4
6. Soft sandy shale, originally blue, weathers yellow...... ... ........... 5 0
5. Fine-grained, hard blue sandstone, fossiliferous . .. ...........o_....... 0 6
4. Blue sandy shale . .. ... 10
3. Fine-grained bluish sandstone .. ... .o oo iiiiiiiiiiiiaiciiaeaaa 10
2. Sandy shale layer.. ..o oo 20
1. Soft, whitish or greenish, rather ﬁne-gra,med sandstone (about) - ......_.. 2°0
Total (about) - i eiiiieiccceiaan. 48 0

A considerable collection of fossils was made from beds Nos. 4 and 5.
The species are characteristic of the Midwayan Eocene.

About a half mile farther downstream an abundant and rich Mid-
wayan Eocene fauna was found. The matrix was a yellow, somewhat
argillaceous, and slightly glauconitic sandstone The commonest species
of fossilsare:

Venerieardia alticostata Conrad.
Cucullzea saffordi Gabb.
Turritella mortoni Conrad.
Turritella humerosa Conrad.

The dip of the rocks is steadily downstream 2° or 3°.

- Seetion of bluff on the Frio River, about 1 mile below the Lewis ranch.
) Feet.
3. Fluvial silt of variable thickness, depending upon the amount of erosion of
the rock floor.
2. Soft white or grayish sandstone, oxidizing brown or yellow, in ledges or
laminated; some of it is ripple-marked.

1. Blue-black clay at base. ..o or oot aii e eeaciemeeaneceeacmmm—a—aaan 60
;S'e;:tion qf hill below Mexican ranch, on the Frio River below the Lewis ranch.

. Feet.
Capping of flint gravel.
Coarse-grained ‘gray sandstone, exposed beneath the flint gravel <5
Flaggy sandStOne . .. co e coceeremeee o iceeeaeemaanaae J TS -
Boft shaly sandstone, about. . . . ... ..o iiiiiac... 10
Flaggy brown sandsbome. ... ... .o ooiioiiiiiiiiiiiLn M 5
Soft sandy shales. ... .o o o i ceeiicciaccaian. 20
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4. LOWER EOCENE SANDSTONE, MYRICK'S APIARY, FRIO RIVER, SOUTHERN UVALDE
COUNTY.

B ARTESIAN WELL, DINMAN'S, NEAR CARRIZO SPRINGS
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£

Section of bluff next lower down on the west side of the Frio River.

Feet.
6. Coarse-grained brown ferruginous sandstone. .. ..e. .. . . . . ...__.. 20
5. Boft white or yellowish Band. . caeon oo iiiieaiaaaa. 8
4. Clay seam, with thin streak of lignite ... ..o eoan i aiiaiaaaaaas 7
3. Soft white sands, gandy clay at base.. ..o oo iiiii i iiciiieeaaa.a 20
2. Bandy shale_ .. T ledeiiacecea. 2
1. Whitesandy elay.___......._..._.__ e e e em e eceme——————- 3

Total . o et eicaeaeeaea 60

The total thickness of the Eocene in the Uvalde quadrangle is prob-

ably about 850 feet.

CONCLUSIONS REGARDING THE EOCENE.

From the foregoing discussion of the Eocene-Cretaceous contact,
and from the sections of the Eocene, it has already been made evident

1, kY \%x P
7/ ., y{b/(/ #// //, by /

// f
///4// o / i ‘

_ e
m'\ {' . ,‘/‘f/, -

¥ie, b—Weanthering of the Carrizo sandstone at Chupadero ranch,

that there is not yet sufficient data to trace accurately the boundary
between the Cretaceous and the Eocene. This boundary crosses the
Rio Grande some miles, at least 4 or 5, above the north line of Webb
County; it runs northeastward 1 or 2 miles northwest of India ranch,
and passes some 16 miles west of Carrizo Springs. From here the
boundary continues northeastward, and crosses the Nueces River about
the north line of Zavalla County. It continues north of east to the
Frio River, crossing that stream 2 miles below the Engelmann ranch,
and 5 miles, in a straight line, north of the south line of Uvalde County.
The last-mentioned point is the only absolutely determined econtact.
The others are supposed or inferred from the data at hand.

The whole Eocene strata are sandstones, varying in hardness, coarse-
ness of grain, and amount of contained argillaceous material, and clays,
varying in the amount of contained arenaceous material and often con-
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taining lignite beds. The actual base of the series in the positively
known and inferred localities is sandstone. The immediately succeed-
ing beds may be mostly sandstones; as along the Frio, or there may
be much-clay, as along'the Rio G-rande. The variations of the sections
The coarse-grained Carrizo sandstone seems a falrly persistent mem-
ber. It outcrops around the Chupadero ranch, between India ranch-
and San Lorenzo Creek, and éxtends northward on the wést side of
Carrizo Springs. A very similar- sandstone outcrops in the hills
around the Turk ranch, in the northwestern corner of Zavalla County,

Fi¢. 6.—8andstone and cfays above coal horizon (Santo Tomsas seam) at Santo Tomas.

and near the Habey’ ranch on the Nueces. It is seen 124 miles south
of Uvalde between the Leona and Nueces rivers, along the road to
Bategvﬂle and apparently extends southward to Loma Vista. It also
occuts on the divide in southern Uvalde County, between the Leona
and Frioe rivers.

Above this sandstone are alternations of finer-grained sandstones
and clays, and it is in these sandstones and clays that most of the lig-
nite beds oceur. )

NEOCENE AND PLEISTOCENE,

The formations of these ages have received so much attention in the .
paper entitled Geology of the Edwards Plateau and Rio Grande Plain,
etc.,! that it does not appear necessary to say a great deal here.

1 Eighteenth Ann. Rept. U. 8. Geol. Burvey, Pt. IL
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NEOCENE.

In the area that is the subject of this paper the summits and high
divides are the remnants of a plain the general features of which have
been previously described. This plain was once entirely covered with
a surface coating of gravel to which Hill has given the name ‘“Uvalde
formation.” These deposits form the top of the bluff along the Rio
Grande from Del Rio to beyond Santo Tomas, occupying a position 150
to 200 feet above the river and extending eastward far beyond the
limits of the area discussed.

PLEISTOCENE.

Below the level of the Uvalde formation several terraces have been
developed along the principal stream. The uppermost of this series
of terraces usually occurs about 120 feet below the Uvalde formation,

F1e. 7.—Section of bluffs and terraces at Palafox.

at the foot of the bluff forming the walls of the Rio Grande Valley.
This terrace is generally several miles wide, and is composed of
fine gray calcareous silt. Beneath it are several narrower silt ter-
races. Terraces occur on all of the other streams, but they will not
be described here.

-] z 1l

MILE

Fig. 8.—Generalized diagram of Rio Grande terraces.

ECONOMIC GEOLOGY.

EAGLE PASS COAL FIELD.
EXTENT.

As stated in the introduction, this coal field lies partly in Texas and
partly in Mexico. It extends from Sabinas, Mexico, northeastward to
Eagle Pass, crossing the Rio Grande some 5 or 6 milesabove the latter
town. It continues for more than 8 miles to the north of this town.
In the vicinity of Eagle Pass the coal horizon dips at a rather steep
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angle, and soon plunges beneath the overlying sandstones and clays to a
depth too great for profitable working. Concerning the extent of this
field in the Santa Rosa district of Mexico, Hill says:*

This coal field (the Santa Rosa) is the foundation of the whole valley or plain, and

except where covered by remnants of the later volcanic and conglomerate terrace,
it is everywhere exposed. Next to the Sierra Chiquita, or Hog Backs, the coalis

N
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Fi¢. 9.—Sketch map showing coal mines and prospeets near Eagle Pass; furnished by Louis Doleh,

turned up in vertical stratification and is worked within a quarter of a mile of the
entries of several mines. The coal beds extend {rom the foot of the Santa Rosasnorth-
ward over the entire valley of the Sabinag, and at San Felipe, some 28 miles northeast
of the concession, the coals are extensively mined and the product shipped to Texas,
New Mexico, and Mexico in enormous quantities. These coals are not to be compared
with the imperfect fibrous lignites of eastern Texas or the impure Carboniferous coals
of that State, but they are the true Rocky Mountain Cretaceous coals, of anthracite
luster, and by far the best fuel in America except the true anthracites of Pennsyl-
vania, ranking higher than the bituminous of the Appalachian region.

1Report to the Ministro de Fomento upon the geology of the Santa Rosa mining district.
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Owen measured sections of the coal bed at three places in the Hartz
coal mine, 5 miles northwest of Eagle Pass. At one place there were
4 feet and 6 inches of good coal, without any division of slate; at
another place there were 5 feet and 4 inches of coal, with three divi-
sions of slate aggregating 14 inches, leaving 4 feet and 11 inches of
coal; at a third place the stratum was 7 feet and 3 inches thick, with
five divisions of slate aggregating 14 inches. This gives a coal stratum
with an average thickness of over 5 feet.!

The seam mined in the shaft of the Maverick County Coal Com-
pany is, according to Mr. George Bregg, the manager, 6 feet thick.
He did not state whether there are any divisions of slate or bone. The
coal is overlain by clay and underlain by sandstone. The seam in the
Fuente mines (Mexico), opposite Eagle Pass, is 4 to 5 feet thick, and
is both overlain and underlain by clay. Six feet of coal were passed
through in boring the artesian well near Eagle Pass.

Mzr. Louis Dolch, of Eagle Pass, furnished the accompanying sketch
map (p. 56) showing the location of the prospect shafts sunk for coal.

The following are the detailed sections through the coal seams,
given by Mr. Dolch: :

Prospect shaft No. 1. -
Ft. in.

Depth t0 €08l oo e iiciciceaeacaaaananaeaan. 90 o0
(7 | PN 0 29
Sl et ieeeicieeceicrasaccmeccceccccccemececccciananennneaaan 0°6
008) e i ieeieteaameccieemaceceesecnemcaciacaaeraoaan 0 16
11 7 PP 0 4
LY Sy 0 34
1 Y RSP 0 4
L8 Y PP 0 4
Total coal and slate. . coue oo cia i aciianas Fat 0 97
There are 83 inches of coal, with three divisions of slate.

Prospect shaft No. 2 -

Depth 0 COAY cucennent it i i s e e cceceacecee e e eacaa 3¢ 0
[0 ) I 0 32
BONe e e amee et eiieiiiectesesaceenascnaeacaiaaemme—an 0 13
(00 1 A ARSI 0 8
5703 1 e SN 0 2
[00 ) ERRP 0 24
Total coal and bone. .. ... . i iiiiicicaiaceaea 0 79

A total of 64 inches of coal, with two divisions of bone.

1 First Rept. of Progress of Texas Geol. Survey, 1889, p. 70,
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Prospect shaft No. 3 (worked seam).

Inches

(7Y T 28
BoOme .. o e 6
L0 1 N 16
Reddish elay._ .. .. e 3
L1557 Y O 10
White clay . o e 2
[0 ) S 18
1 7 1 RPN 83

This gives a total thickness of 72 inches of coal, with three divisions
of slate. Whether all of this coal is marketable is not known.

Mr. Peter W. Thomson furnishes the following information:

Prosgpect shaft sunk 6 1-2 miles north of Eagle Pass.

Ft. in,

Gravel, sandstone, ete ... i i i iie it ccicecnacecanccaan 446 0
(703 ) PP 0 7
] 1 0 2
[0 ) SN 0 32
1Y = U 0 2
L5 ) U 0 7
3 8 7 U SR 0 2
(07 Y 0 7
S % - SRR 0 3
10747 ) R e e emeemeceae——an 0 4
Fire Clay oot et meaetceaa e 0 10
008l . e e iaieaeaa 0 17
Bl .« e o e e e ccanas 0 4
L1057 LRI 0o 7
Total coal,slate,and clay - ... ... il 0 104

There are 81 inches of coal, with six divisions of slate or clay.

Prospect shaft sunk in Olmos Creek bottom, 7 miles north of Fagle Pass.

Ft. in
Gravel, sandstone, et .. i ciciiicemaaaan 3% 0
L0 ) PR RPN [ 0 26
] F: R 7 - YN 0 6
L0 ) RPN 0 11
Fire Clay . oo e e em e 0 6
£08) . et e ceie e iieaaeccearaaema o m e mmemmmmmmme e eaamoaa- 0 6
Fire Clay c e e e et et cmmm e maaaan 0 16
L Y U 0 20

Total eoal, slate,and clay ... oo e 0 91

Giving a total of 63 inches of coal, with three divisions of slate and
clay.
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Prospect shaft & miles north of Eagle Pass, on the Southern Pacific Railroad.

Ft. in

Soil, gravel, sandstone, etc. ... i 45 0
(150 SR 0 39
Bl © e ireieidiccceeccrercccecasecccenacccmnaro—mcaanan 0 9
67 Y I 0 15
Blate — i iicdciieccececccreccemmeneceannn 0o 2
118 Y U 0 2
5] 27 S 0 7
L0707 Y P 0 13
Blate i ieieeicectcmcccciccccicicemecrcccctancacaaann—a- 0 1
008l o e i iceeccececccmercmesecceeeeceer eemeeeneanaan 0 10
Total coal and glate. . ..o ieiiieiccicrcecncccececananan 0 98

Here there are 79 inches of coal, with four divisions of slate. The
aggregate thickness of the slate, including the valueless 2 inches of
coal, is 21 inches.

The writer possesses no data on the ehemical properties of the coal
obtained in these prospects, and can give no information regarding
its quality. It is very evident that the Eagle Pass coal extends farther
to the north than any exploitations yet made. ‘‘ At Thompson’s ranch
(Olmos siding) the same bed was’struck at 150 feet, the level at the
surface being a little lower at Breckenridge shaft upon the same prop-
erty, and the dip balancing the gain. At McKenzie’s, farther east, at a
lower level topographically, the combined effect of dip and erosion has
brought the surface within 20 feet of the coal.”?

Besides making such observations as were possible, inquiries were
made of ranchmen, county surveyors, and other persons who would
likely know of the existence of coal beds. Mr. O. P. Hector, county
surveyor of Maverick County, states that in a well on his place, 2%
miles below Eagle Pass, coal was struck at a depth of 65 feet, and that
the seam is 6 or 7 feet thick. .

Mr. Hector was asked whether he knew of any outcrops of coal
along Salado, Chacon, Palo Blanco, or Mula creeks. He replied:
“No outcroppings of coal along any of the above streams.” The
Eagle Pass coal extends some distance north of Eagle Pass, at least
beyond the Thomson ranch, but because of dearth of exposures and a
lack of any records, the actual distance could not be determined. It
would seem worth Whlle to prospect farther north. Mr. 8. D. Frazier,
of Carrizo Springs, in boring a well on the ranch of Simpson and
Mangum, in Zavalla County, on Mula Creek 2 or 3 miles above where
it empties into Palo Blanco Creek, struck coal at a depth of 120 feet;
but the coal is worthless. This coal is probably in the Cretaceous area.

It is certain, however, that the Eagle Pass coal field does not extend
to the Nueces River. All of the coal around Eagle Pass occurs below
the Ostrea cortex horizons, while along the Nueces there is no coal

1T, B. Comstock : Second Rept. of Progress of Texas Geol. Survey, Austin, Tex., 1892, p. 53.
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below the Ostrea cortex ledge. All of the coal (or lignite) along this
stream occurs above the oyster ledge and in all probability is Eocene.
This coal is discussed under the Eocene coals or lignites (pp. 61 and 62).

One other occurrence of coal is reported in the Eagle Pass forma-
tion. Mr. Robert Thomson states that a 4-foot seam of coal was
penetrated in a well bored by him on the line between Maverick and
Zavalla counties, about 4 miles north of the northern line of Dimmit
County. The writer has no further information in regard to this
occurrence.

MINES.

Two mines are at present being worked in the Eagle Pass coal bed,
in the vicinity of Eagle Pass. One is that of the Maverick County
Coal Company, situated on the east side of Elm Creek, 4 miles north
of Hagle Pass. A section of this mine is given on page 25. It was
opened in 1895. The other mime was opened by L. F. Dolch & Co. in
1898, and is about a mile south of the mine of the Maverick County Coal
Company. The shipping of coal from the Dolch mine was begun in
January, 1899. It is now owned by the Rio Bravo Coal Company.
A section in this mine is given on page 24. The old Hartz mine,
about 5 miles above Eagle Pass, on the Rio Grande, was worked on
a slope, and is now abandoned. ’

CHARACTER OF COAL.

Specimens of the Eagle Pass coal were collected, and on them the
following notes are based:

The coal is dark, does not air slack, is lustrous or brownish black
in color, has a brown streak and subcubical cleavage. Usually no
woody structure is apparent.

Two analyses, made by Dr. Peter Fireman, of Columbian University,
showed a rather low percentage of water, a ratio of fixed carbon to
volatile hydrocarbon of 1.11 and 1.05. The percentage of ash was high.

The following is one of the analyses:

Analysis of Eagle Pass coal.

Moisture ..... eeamemmeeeescceeeanceeeaaaaaaneaeanaa. 2.50
Volatile hydrocarbon. ... . ccoiiencaneaanai oo 40. 60
Fixed carbon .. ..o e ieeaaaaaa 42,72
Ratio §ggy Jr-eeeeeeeeseeransessnennaes e 1.05
- ¥+ W 14.18
Color of ash......... e Light brown.
(070 Y Coherent, hard.
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Penrose gives the following analysis of the Eagle Pass coal:*

Analysis of Eagle Pass coal.

Per cent.
7 ) AR 3.675
Volatile matter ..o . iiiiiaiiiiiiiaieaaas 39.42
Fixed carbon - o ao i 41.7
X o YR 15. 205
BUlPhUr . i 0.81

The following data concerning some of the coal of the Santa Rosa
region are extracted from a paper by Hill,* in which he states that,
according to Professor Rock, the following is an analysis of that coal:

Analysis of coal from Santa Rosa region.

MoIStUTe - oo et ec e cc e e caaana—an 5.75
C0Ke o i ietcciicciccanaaae- 77.147
X+ PP PP 3.53
Specific gravity - .. oL iiaaiieaan. 1.41
By computation this coal ghould have—

Fixed carbon .. c oo cicncceca e caeaas 73.617

Volatile hydrocarbon (approximately) . ... ........_. 17.108

. F.C.
Ratio m} ..................................... 4.3

In the ash, silica and iron predominate. No coal so good as the
Mexican article has yet been discovered in Texas.

EOCENE COAL FIELDS.

EXTENT OF THE EQCENE COAL FIELDS, INCLUDING THE SANTO TOMAS
FIELD.

The most northern exposure of lignite observed in this region is that
in the east bank of the Nueces River at the north line of Zavalla
County, about a half mile below the Pulliam ranch. When this local-
ity was visited about 2 feet of coal were exposed. Owen makes the
following note on this outecrop:

Fourteen miles southwest of Uvalde, on the line between Uvalde and Zavalla
counties, there is an outcrop of coal in the north bank of the Nueces River. At

this place the stratum is 4 feet 10 inches thick, with a 3-inch division of slate in
the center.?

1 Firgt Ann. Rept. Geol. Survey of Texag, 1890, p. 98.

2Report to Ministro de Fomento upon the geology of the S8anta Rosa mining district.
3 First Rept. of Progress of Texas Geol. Survey, 1889, p. 69.
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Dumble states that ‘‘the coal has been used by blacksmiths at the
fort [Fort Inge] and found to be of good quality.”*

Going down the Nueces, the next outcrop of coal is in the east bank
of the river, just above the McDaniel ranch. The following is a section
through the coal seam:

Section through coal seam above the MceDawiel ranch.

Chocolate-colored clays. Feet.  Inches.
Coal, not clearly exposed . oo ..o oo o e lor2 0
Chocolate-colored elay ... ool 3 0
[0 ) P 1 10orll
Chocolate-colored clay oo oo oo on e iiialan 6or?7 0
Coarse Sand . - - - - -t 0 11
Chocolate-colored clay and sand - - ... ... ... ... 3 4
LY AU 0 8
Bomne .. 0 3
Choecolate-colored €lays . .. oou i iaaaaaas 6 0

This exposure is in a weathered bluff, the bottom being about 20
feet above the water in the river, at the time of the inspection. As
appliances for digging and obtaining good samples were not at the
writer’s disposal, no opinion regarding the value of the coal can be
expressed.

Mr. M. C. Ott furnished Mr. Hill with the following data: *‘Ina well
8 miles east of the Nueces River, in Uvalde County, on the road from
Uvalde to Carrizo Springs, coal was struck in three places; one seam,
at a depth of 150 feet, was 5 feet thick.”
~ The writer can not locate this well on any map, and can give no
further information concerning the coal than to suggest that it may be
the same seam exposed just below the Pulliam ranch.

Coal is reported from the following other localities north of Carrizo
Springs: There is, as already noted, an outcrop at the bridge, where
the Carrizo Springs—Batesville road crosses the Nueces. There is coal
‘at the mouth of Espantosa Slough, but nothing definite is known con-
cerning it. Mr. S. D. Frazier informs the writer that he struck a 7-foot
seam of coal at a depth of 80 feet, in a well bored for Mr. Coleman on
Penya Creek.

Santo Tomas coal field.—Probably the foregoing outerops of coal
should be included in the Santo Tomas coal field, but in order to
avoid attempts at correlations or suggestions as to equivalence in age,
they have been discussed separately. The Santo Tomas coal series
will, therefore, be assumed to begin 11 miles below the Guajolote
ranch.

Eleven miles by road, southeast of the Guajolote ranch, is an out-
crop of coal or lignite. The associated rocks are micaceous sandstones
and clay shales. The record of prospect drill No. 6, bored by Mr.

1Brown Coal and Lignite, p. 188,
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D. D. Davis at Pilot ranch, 25 miles west of north from Santo Tomas,
and 3% miles from Rio Grande, is given on pages 42 to 44. There is
another outcrop of coal 2 miles north of Palafox.

At Santo Tomas there are two mines, that of the Rio Grande Coal
and Irrigation Company, which is in the village, and that of the Can-
nel Coal Company, which is 8 miles southeast of it. The record of
the prospect drill bored at the latter mine has been given on pages
41 to42. Inthe Cannel Coal Company’s mine there are two seams, the
upper one being called the Santo Tomas seam (Rio Grande Coal and
Irrigation Company), and the lower one, known as the San Pedro
seam, being worked by the Cannel Coal Company.

Section of the Santo Tomas seam.

Carbonaceous shale roof, soft, requires considerable timbering. Ft.

7. in.
L o | R 0 14
L5 T £ oY £ - SRR 0 4
0 RPN 0 14
3. BONe oot e e 0 6
b (1 Y o 7 0
1. Sandstone.
Section. of the San Pedro seam.
Fi. in.
8. Clay slate or sandstone. . . oo i 0 14
7. Carbonaceous shale_ . .. iiiiiiciiaciaiiaan 0 3
6. Coal, upper bench. e eeiiiciiiiae... 2 0
B, BONe e acemceeececmememema—————- 0 15
B OlBY oo oot oo e e e —————— e 2 0
3. Lower hench :
€ Good Coal. .. et ———as 0 6
B BODO o e e e e 0 2
a. Good eoal . . L iieiaaaan 01
2. Carbonaceous shale. ... . . . eeeeceooa- 0 3
1 Bandstone. ... ... i iiieicieecrecceccecenctcaaeam————an 14 0

The following is extracted from Dumble’s Brown Coal and Lignite,
page 189.

The most northern exposure of this coal observed in Webb County was about 25
miles northwest of Santo Tomas, where a seam of pitch coal was found which was
black, wassive, dense, and so firm that it does not give a greasy streak with finger
nail. No trace of wood structure, subconchoidal fracture.

About 8 miles west of Santo Tomas, at Espada Creek, we find three seams of brown
coal.

The upper seam is 12 inches thick, and is a massive pitch coal with conchoidal
fracture, very similar to the body of the S8anto Tomas coal. It is underlaid by 4 feet
of ghale, and this by the Santo Tomas seam of coal, which is here 34 inches thick with
a 2-inch division of slate. This coal is underlaid by 30 feet of shale, below which is
2 third seam of brown coal, varying in color from light to dark brown, with many
traces of woody structure, impressions of leaves, etc.
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MINES.

There are only two mines in the Santo Tomas coal field. They have
been mentioned already, and are the Santo Tomas (Rio Grande Coal
and Irrigation Company) mine at Santo Tomas, and the mine of the
Cannel Coal Company, 3 miles southeast of Santo Tomas. The
coal in the Santo Tomas is mined on a slope (tunnel). Work was
begun at 81 feet above the level of the Rio Grande, and has been pros-
ecuted through 2,400 feet, to the level of the river. The dip is 2° N.,
40° E. The mine has been in operation about fourteen years (1895).
The output is from 90 to 100 tons daily, and most of it is sold to the
International and Great Northern Railroad.

The Cannel Coal Company take their coal from a shaft. At the
time of the writer’s visit to the mine (1895) the shaft had been com-
pleted, entries driven, and everything was ready for actual mining to
begin, but up to that time no coal had been shipped.

CHARACTER OF COAL.

The coal of the Santo Tomas field is hard, lustrous black, with a
brown streak and a conchoidal fracture. No woody structure was
apparent.

The following analyses were made for the writer by Dr. Peter
Fireman:

Analysis of coal from mine of Rio Grande Coal and Irrigation Company.

Upper bench. Lower bench.
Moisture ............. 2,26 2.63
Vol. hydrocarbon ..... 48. 64 45.67
Fixed carbon .__.._... 36.15 39.96
. F.C.
Ratio N N .74 .87
ASh oiciiiiiiinaanas 12.95 11.74
Colorofash......_.._. Yellowish brown. Brown.
Coke vevnaaana.. Coherent, lustrous. Coherent.
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Analysis of coal from mine of Cannel Coal Company.

Upper bench. Tper Bonen: | Yower Bene:
Moisture ......._._ 2.70 2.01 2.33
Vol. hydroearbon .. 49. 99 48.33 49.35
Fixed carbon ..__.. 37.55 33.15 38.08

. F C. }
Ratlom I .75 .68 .77
Ash._ ... ... ... ... 9.76 16. 51 10.24
Colorofash........ Yellowish gray. Light brown. | Light brown,
Coke.....oo....... Coherent, hard, Partly sooty. Coherent.
partly lustrous.
I

Dumble * gives the two following analyses of coals from the Santo
Tomas coal field (specimens collected by J. Owen):

Analysis of pitch coal from oulcrop 25 miles northwest of Santo Tomas, thoroughly air

dried.

Per cent.

B 0T 10 o 2.35
Volatile matter. - . ... eieiicceeccemeeaas 42. 67
Fixed carbon . . eeceeaaaa- 37.57
- -] R PN 16.55
Sulphur i .86

Analysis of coal from Santo Tomas coal mine

Per cent.

Moisture. ... ....... T e emeceeeeaem e 2.59
Volatile matter - ...t 51. 05
Fixed carbom - ... oo e e eemem———a 39.01
A e eieiciaeaaceaeaaan. 7.35
Total .. dmeaecaaan 100. 00

L1V RN o)+ NV U 1.50

1 Brown Coal and Lignite, p. 190.

Bull. 164——>5
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Penrose says:! ‘“The San Tomas coal is so vastly superior to any of
the east Texas lignites that it can not fairly be classed with them.”
He gives the following analyses of the east Texas lignites and of the
Laredo and Eagle Pass coals. They are presented here for purposes
of comparison.

Analyses of Texas lignites.

Volatile | Fixed
Water. | ;o otier. carbon. Ash. Sulphur.

Per cent. | Per cent. | Per cent. | Per cent. | Per cent.

Rockdale, Milam County ...... 19.925 | 52.425 | 22.000 | 5.650 | 1.235
Atascosa County .............. 13.285 | 59.865 | 18.525 | 8.325 | 2.360
Athens, Henderson County....| 9.100 | 42.200 | 7.875 | 41.325 | 0.625
Rusk. County ... ........... 16.825 | 46.325 | 31.475 | 5.375 | 1.090
Calvert bluff, Robertson County | 16.475 | 58.400 | 18.675 | 6.450 | 1.330
Shelby County................ 18.260 | 43.510 | 29.530 | 8.700 | 2. 460
Leon County -.oooeooioooo. 14.670 | 87.320 | 41.070 | 6.690 | 0.250
Rockdale, Milam County -..... 13.800 | 43.5560 | 36.830 | 5.320 | 1.350

Analyses of Laredo and Eagle Pass coals.

N

Water, | volatile | Tixed Ash. | Sulphur.

matter, | carbon.

Per cent. | Per cent. | Per cent. | Per cent. | Per cent.

Laredo coal........ocoainnnan 2.5 §1.05 39.11 7.35 1.5
Eagle Passcoal ............ ... 3.675 ) 39.42 41.7 | 15.205 | 0.81

CONCLUSIONS REGARDING THE RIO GEKANDE EOCENE COALS.

These coal (or more properly lignite) fields are simply the westward
continuation of the great lignitiferous Eocene belt of eastern Texas and
the Gulf States as far east as Alabama. The coal beds of the Rio
Grande region range in position from Midwayan to Chickasawan.
The beds on the Neuces, in northern Zavalla County, are Midwayan,
while those around Carrizo Springs and Santo Tomas are Chickasawan.

Although the Eocene contains many lignite beds, most of them are
not of economic value for various reasons. They are often thin and
impure, and, because of a large content of moisture or because of an
unconsolidated mechanical condition, must undergo mechanical treat-
ment by being pressed into briquettes. These questions are discussed
by Dumble in Brown Coal and Lignite.?

The only place where these Eocene coals are being worked is in the
vieinity of Santo Tomas. The coal there is sufficiently hard to need no
treatment. In such an investigation as this it is not possible to make

1First Ann, Rept. Geol. Survey of Texas, 1890, p. 97,
2Geol. Survey of Texas, 1892,
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~
special examination of particular localities. All that can be done is to—
indicate places and give such data as may be collected under the con-
ditions of the work, as a guide for future detailed examinations.

LITERATURE.

The following annotated bibliography may be of assistance to those
interested in the history of geologic investigation in this region:

1857. Scmorr (Arthur). Substance of the sketch of the geology of the Lower Rio
Bravo del Norte: Reports of the Mexican Boundary Survey, Vol. I, Pt. II, pp.
2848,

This article is a preliminary reconnaissance and contains no detailed
stratigraphic work. Schott’s observations, taken in connection with
the determination of the fossils by Conrad, showed the existence of
large areas of *Cretaceous rocks in the region covered by his reconnais-
sance, 1. e., from the mouth of the Pecos River to & point between
Eagle Pass and Laredo. After personally studying the region, some
of the beds in Schott’s description will be recognized as those which
have since been specifically named. Between the Pecos and Del Rio
Schott observed the peculiar buttes formed from the Zzogyra arietina
(Del Rio) clays. He made observations on the coal-bearing beds in the
vieinity of Fagle Pass, and noted outerops of coal near Palafox.

1882. Apams (W. H.). Coals in Mexico, Santa Rosa district: Am. Inst. Mining
Engineers, Vol. X, pp. 270-273.

The paper of Mr. Adams is one of the first and best descriptions
of the Lower Rio Grande coal fields as a whole, although he made
erroneous deductions concerning their exact age. From lithological
characters he referred the Santa Rosa coal to the Trias, and for similar
reasons he referred the Eagle Pass coal to the Permian.

1884. Loucmringe (R.H.). Report on the cotton production ot the State of Texas:
Tenth Census of the United States, Vol. V.

This publication contains several notes on the general geology of the
region of the Rio Grande Plain.

1884. Corr (E. D.). A note on the geology of the vicinity of Laredo: Proc. Am.
Philos. Soc., Vol. XXI, p. 615.

Cope considered the lignite-bearing beds (the Santo Tomas coals)
above Laredo as Laramie, and stated that they are immediately over-
lain by the Claiborne.

1885. MoGEE (W J). Geological map of the United States: Fifth Ann. Rept.U. 8.
Geol. Survey.

McGee represents the northern boundary of the Eocene as reaching
almost to the twenty-ninth parallel on the Rio Grande, and the southern
boundary as crossing that river south of the twenty-eighth parallel and
a little east of the ninety-ninth meridian.

1886. Hrrcucock (C. H.). Geological map of the United States: Trans. Am. Inst.
Mining Engineers, Vol. XV.



68 RIO GRANDE COAL FIELDS OF TEXAS. {BULL. 164,

Hitchcock’s map is based on McGee’s.

1887.. WaITe (C. A.). On the age of the coal found in the region traversed by the
Rio Grande: Am. Jour. Sci., 3d series, Vol. XXXIII, January, 1887, p. 18.

After examining the coal in the vicinities of Eagle Pass and Santo
Tomas, and after studying collections of fossils, White concluded that
the coal beds were of late Cretaceous age, i. e., Laramie or Fox Hills.
1887. Hiwr (R. T.). Topography and geology of the cross timbers and surrounding

regions in northern Texas: Am. Jour. Sei., Vol. XXXIII, pp. 291-303.

A preliminary map of The Salient Topographic Features of the
State of Texas accompanies this article.

1887. Hiwwn (R.T.). The Texas section of the American Cretaceous: Am, Jour. Sei.,
Vol. XXXIV, pp. 287-309.

On page 290 a map is given which represents, according to then
existing knowledge, the areal distribution of the various geologic
formations in Texas east of the one hundredth meridian. The Balcones
fault is described, and its influence on the topography stated. On page
294 it is stated that the Navarro beds of Texas and the Fox Hills beds
,of the Northwest meet in the Rio Grande region. On page 302 Hill
states that he has good authority for asserting the occurrence of strata
of the Washita division ‘‘westward to the Rio Grande, beyond Eagle
Pags.” :

1883. Wane (C. A.). On the relations of the Laramie group to the earlier and
later formations: Am. Jour. 8ci., Vol. XXXV, pp. 432-438.

This article contains a brief account of a journey from Eagle Pass
to Laredo. According to White, the coal-bearing beds at Eagle Pass
represent the Fox Hills group of the western section and the Ripley
group of the eastern section. The beds containing the Eagle Pass coal
pass below the beds containing the Santo Tomas coal. The latter beds
are considered of undoubted Laramie age. This so-called Laramie is
immediately overlain, in the vicinity of Laredo, by beds containing
Claiborne fossils. The upper part of the Laramie is considered of
Eocene age.

1888. Hirr (R. T.). The Neozoic geology of southwestern Arkansas: Ann. Rept.
Geol. Burvey of Arkansas, 1888,

On page 101 Hill mentions that the ¢ Rocky Comfort” (Austin) chalk
extends from Arkansas to Maverick County, Texas. On the same page
it is stated that evidence is found that the Gulf and interior provinces
of the Cretaceous unite in the region of Eagle Pass. It is also stated
(p. 47) that the Rio Grande is an example of ‘‘an old Quaternary
valley, filled with sediments cut through by the more recent streams.”
1889. Owsen (J.). Report in First Report of Progress of the Texas Geological Sur-

vey, pp. 69-74.

Although Owen did not apply names to the different beds which he
examined, he has given so clear descriptions of them that every bed
from the Edwards limestone to the Eocene can be identified. He
recognized the relative stratigraphic positions of the Eagle Pass and the
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Santo Tomas coal beds, and noted the existence of the sands (Carrizo)
which come above the Eagle Pass beds and carry the water supplying
the artesian wells at Carrizo Springs.

1889. Hiwv (R. T.). A preliminary annotated check list of the Cretaceous inverte-
brate fossils of Texas: Bull. No. 4, Geol. Survey of Texas, Austin, 1889, pp.
xii-xxxi, 1-57.

Contains some notes applicable to the Rio Grande region and gives
. localities for some of the fossils.

1890. Pewnrose (R. A. F.). A preliminary report on the geology of the Gulf Tertiary
of Texas from Red River to the Rio Grande: First Ann. Rept Geol. Survey of
Texas, pp. 3-101.

On pages 38 to 47 a description is given of a section along the Rio
Grande from Eagle Pass to the mouth of the river. The three points
of special interest in this paper are:

(1) The description of the plain character of the country.

(2) The ammonites hitherto found at Eagle Pass are shown to oceur
along the river to near the Webb County line.

(8) The section (page 41) of Webb bluff 3 miles below the north line
of Webb County Here Eocene mollusks were found.

On page 60, in discussing the upland gravel, Penrose states that the
gravel along the Rio Grande is frequently cemented, by a calcareous
matrix, into a conglomerate. The pebbles of the gravel, or conglom-
erate,are of ‘‘limestone, flint, quartz, chalcedony, agate, black obsidian,
red pitchstone, jasper, and porphyry.”

On page 62 is a description of the Rio Grande silt. On page 63 the
name Keynosa limestone is proposed for a hard, white, post-Tertiary
rock occurring in the town of Reynosa, 250 miles below Eagle Pass,
State of Tamaulipas, Mexico, at an elevation some 50 feet above the
Rio Grande.

1890. Hirn (R. T.). OClassification and origin of the chief geographic features of the
Texas region: Am. Geologist, Vol. V, Nos. 1 and 2.

In No. 1 there is an Approximate Map of the Topography and Geol-
ogy of the Texas Region.

1891. Hiun (R.T.). The Comanche series of the Texas-Arkansas region: Bull. Geol.
Soc. America, Vol. II, May, 1891, pp. 503-528.

In this paper several allusions are made to the geology of the vicin-
ity of Del Rio. On page 517 the presence of the Fort Worth lime-
stone and the Ezogyra arictina clays is announced, and on page 519 the
occurrence there of an Equisetum and a Nodosaria is made known.
1891. Hiun (R.T.). Notes to the geology of the Southwest: Am. Geologist, Vol.

VII, pp. 366-370.

On page 366 Hill states that Nodosaria tewana Conrad, a fossil of the
Denison beds, and their southern continuation, the Exogyra arietina
clays, forms great masses of limestone at Del Rio. On pages 367 and
368 the Tertiary basin of the Lower Rio Grande is descr ibed, and the
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name Uwalde formation is proposed for the extensive upland gravel

sheet blanketing that region.

1891. Hiwrt (R.T.). Preliminary notes on the topography and geology of northern
Mexico and southwest Texas and New Mexico: Am. Geologist, Vol. VIIL

On page 135 *‘ the westward embayment of the Rio Grande from the
coast” is described.

1891. Ware (C. A.). Correlation papers—Cretaceous: Bull. U. 8. Geol. Survey
No. 82. ‘

On pages 116 and 117 reference is made to the region between Eagle
Pass and Laredo. Thesame opinion that was expressed in the American
Journal of Science, Vol. XXV, concerning the presence of Laramie
along the Rio Grande below Eagle Pass is reiterated here. Laramie is
stated to occur in the valley of the Nueces also. The name Zagle Pass
beds is used for the beds containing the coal at Eagle Pass.

1891. Hnuw (R. T.). Notes on the Texag-New Mexican region: Bull. Geol. Soc.
America, Vol. III (proceedings of the Washington meeting), pp. 85-100.

Pages 93 to 95 contain a description of the Rio Grande embayment.

1892. DumsLi (E. T.). Notes onthe geology of the valley of the Middle Rio Grande:
Bull. Geol. Soc. America, Vol., ITI, April, 1892, pp. 219-230.

Dumble describes and discusses the section from Del Rio, Valverde
County, to Webb bluff, in the northern part of Webb County, and
correlates the Rio Grande and the Colorado River section.

1892. Hiuw (R. T.). On the occurrence of artesian and other underground waters

in Texas, New Mexico, Indian Territory, ete.: Final Reports of the Artesian
and Underflow Investigations of the U. 8. Department of Agriculture.

Accompanying this report is a map showing the general geologic
and topographic features of the State. In the text there is a descrip-
tion of the topography of the region. The southern extension of the
Edwards Plateau and its termination by the Balcones fault escarpment,
which runs east and west, a little north of a line joining San Antonio
and Del Rio, is also described. At the foot of this escarpment is the
vast level plain which Hill designated the ‘‘Rio Grande embayment.”
Hill states that this plain is covered to a very great extent by surface
gravel. The following pages contain statements concerning the Mid-
dle Rio Grande region: 58, 63, 65, 66, 67, 68, T4, 76, 88, 91, 92, 119,
and 123 to 125.

1892. Dumsre (E. T.). Reporton the brown coal and lignite of Texas: Geol. Survey
of Texas.

On the map accompanying this report several outerops of coal in the
Rio Grande region are indicated. Pages 137 to 139 contain a descrip-
tion of the section of the Eocene from a point on the Rio Grande 8
miles below the northern boundary of Webb County to Laredo.

1892. MoGEe (W J). The Lafayette formation: Twelfth Ann. Rept. U, 8. Geol.
Survey,,
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Reference is several times made in the text to the Rio Grande
region. Pl XXXVIII shows the areal distribution of the Lafayette
and Columbian formations of southeastern United States, and repre-
sents the upland gravel of the Rio Grande region as Lafayette.

1892. Dumsire (E. T.). See Second Rept. of Progress Texas Geol. Survey, pp. 7-19.
Contains some general notes.

1892. Cowmsrock (Theo. B.). See Second Rept. of Progress Texas Geol. Survey,
pp. 43-54.

Contains notes on the region.

1892. Tarr (J. A.). See Second Rept. of Progress Texas Geol. Survey, pp. 70-77.
1893. Hirr (R. T.). The Cretaceous formations of Mexico and their relations to
North American geographic development: Am. Jour. Sci., 3d series, Vol. XLV.
““Opposite Del Rio, Texas, the Frogyra aricting zone of the Deni-
son beds of the Washita division extends far into Mexico.” Pages
320 to 323 give a discussion of the relations existing between the Upper
Cretaceous and the Eocene deposits in the Texas-Mexico region from

Eagle Pass to Laredo, and the areal distribution of the formations.

On page 321 is the following statement: ‘‘The Montana-Laramie

Eocene portion of the formation occupies the vast synclinal basin of

the Rio Grande, east of the great bend, which I have termed the Rio

Grande embayment, outcropping beneath the detrital deposits of late

Tertiary and Pleistocene age.”

Two maps accompany this paper. The first, fig. 2, gives the distri-
bution of known Cretaceous outcrops in Mexico and adjoining portions
of Texas. The second is a ‘‘Geologic outline of northern Mexico,
showing relations of Atlantic Coastal Plain, Cordilleran and Great
Plains region.” The topography of this map is modified from the
map of the Mexican International Railway. It shows the vast distri-
bution of the Tertiary gravel.

1894. Hiwr (R. T.). Geology of parts of Texas, Indian Territory, and Arkansas
adjacent to Red River: Bull. Geol. Soc. America, Vol. V, March, 1894, pp.
297-338.

On Plate XII a columnar section of the Cretaceous at Del Rio is
given. The presence of Caprina limestone, Fort Worth limestone,
and Hxogyra arietina clays is represented.

1894. Harris (G. D.). Tertiary geology of southern Arkansas; Ann. Rept. Geol.
Survey Arkansas, 1892, Vol. II.

Page 34 contains notes on Eocene fossils along the Rio Grande.

1894. Duwmsre (E. T.). The Cenozoic depbsits of Texas: Jour. of Geology, Vol. I,
Pp. H49-567.
On page 550 the occurrence of Midwayan Eocene fossils on the Rio
Grande, near the Webb-Maverick county line, is mentioned. Pages
560 to 562 are devoted to a description of the Reynosa division, which
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Dumble correlates with the upland gravel deposit of the Rio Grande
embayment, previously mentioned by Hill and Penrose.

-1895. Dumsre (E. T.). Cretaceous of western Texas and Coahuila, Mexico: Bull.
Geol. Boc. America, Vol. VI, April, 1895, pp. 375-388.

Pages 383 and 884 contain references to the geology of the region
of the Rio Grande Plain.

1895. DumsLE (E. T.). The soils of Texas; a preliminary statement and classifica-
tion: Texas Acad. Sci., pp. 256-60.

Several allusions are made to the geology of the Rio Grande region,
and data on the soils is given.

1896. Harris (G. D.). The Midway stage: Bulletins American Paleontology,
Vol. I, No. 4.

Pages 13 and 14 contain a discussion of the basal Eocene along the
Rio Grande.

1897. Hagris (G. D.). The Lignitic stage; Part I, stratigraphy apd pelecypoda:
Bulletins American Paleontology, Vol. 11, No. 9, pp. 198, 199 (6, 7).

In this paper Harris discusses the probable occurrence of the ngmtlc
Eocene (Chickasawan) along the Rio Grande.

1897. VauvgeAN (T. Wayland). The asphalt deposits of western Texas: Eighteenth
Ann. Rept. U. 8. Geol. Survey, Pt. V (continued); Mineral Resources of the
United States, 1896, Nonmetallic products, except coal, pp. 930-935.

This paper describes the occurrence of asphalt in the Brackett quad-

rangle and along the Nueces River in southern Uvalde County (Uvalde
quadrangle).

1898. Hiuw (R. T.) and VaverAN (T. Wayland). Geology of the Edwards Platean
and Rio Grande Plain adjacent to Austin and San Antonio, Texas, with reference
to the occurrence of underground waters: Eighteenth Ann. Rept. U. 8. Geol.
Survey, Pt. II, pp. 199-321.

Contains numerous references to the geology of the Rio Grande
region below Del Rio.



II. THE SAN CARLOS COAL FIELD OF TRANS-PECOS TEXAS AND
ADJACENT PORTIONS OF THE VIEJA MOUNTAINS,

INTRODUCTORY NOTE.

In August, 1895, the writer was requested by Mr. Robert T. Hill,
geologist in charge of the Texas division of the United States Geolog-
ical Survey, to go to the newly opened coal mines in the vicinity of
San Carlos, Presidio County, Texas, in order to ascertain tl&eologic
position of the coal, and if possible obtain samples of it for the Atlanta
Exposition. Mr. T. W. Stanton accompanied the writer, for the pur-
pose of studying the,paleontology, and to a large extent the field work .
was carried on jointly. Mr. Stanton furnished the determinations of
the fossils collected and his conclusions regarding the horizonsto which
they belong. Dr. E. C. E. Lord kindly made a careful study of all the
lithologic material collected, and the results of his investigations are
given in his report on the igneous rocks from the vicinity of San Carlos
and Chispa, Texas, which is a part of this bulletin (pp. 88 to 95).

While at San Carlos numerous courtesies were received from the
following officers of the San Carlos Coal Company: Mr. S. A. Jobn-
son, president; Mr. Charles Seibert, general manager, and Mr. John
J. Maloney, mine syperintendent; also from Mr. G. N. Marshall, chiéf
engineer of the Rio Grande Northern Railroad, and Mr. J. E. van
Riper, civil engineer. To these gentlemen our thanks are extended. -

GEOGRAPHI ! POSITION OF LOCALITIES STUDIED.
(PL VL)

Chispa and San Carlos, the places near which our studies were made,
are situated in Jeff Davis and Presidio counties, respectively, almost
in the heart of the mountainous region of Trans-Pecos Texas. Chispa
is on the Southern Pacific Railroad, about 150 miles south®at of Kl
Paso. San Carlos is 26 miles, by rail, almost due south of Chispa, at
the terminus of the Rio Grande Northern Railroad, a short road
branching from the Southern Pacific Railroad at the latter place. The
work on this branch road, which was far advanced at the time the
region was visited, has been completed.

Most attention was given to the Vieja Mountains, which are a por-
tidn of a range with a trend from west of north to south of east.
Béginning at the southern end of this range and going north, it com-

(]
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prises the following mountains: The Chinati, Vieja, Van Horn, Car-,
rito, Diablo, Prieta, and Cornuda. Eagle Mountain lies a short
distance west of the axis of the. chain, opposite Bass Canyon. The
Sierra Blanca are isolated peaks northwest of Eagle Mountain. West'
of Sierra Blanca is the Quitman system, with a NW.-SE. trend.’
Beginning at its southeast end and going northwest, it is composed of
the Quitman, Malone, Finlay, and Hueco mountains. Still farther
west are the Organ Mountains, whose axis extends from north to
south. East of the Vieja Mountains are the higher ranges, known as
the Guadalupe, Davis, and Chisos groups, which constitute the eastern
front of the whole Trans-Peeos mountain region.

The exact localities studied were: (1), The isolated peak, belonging
to the Vieja Mountains, 6 miles west of south from Chispa; (2) the
vicinity of San Carlos; (3) the western side of the railroad from
Chispa 1‘yumnit (the pass between the Van Horn and Vieja mountains)
to a point 13 miles from Chispa, going southward toward San Carlos.

LITERATURE.

Very little has been written concerning this area. W. H. von Stree-

, Tuwitz has published a few remarks in the reports of the Geological

"Survey of Texas. In the fourth annual report of that survey, A.

Osann makes some interesting notes on the igneous rocks. On pages

386 and 387, Vol. VI of the bulletins of the the Geological Society of

" America, E. T. Dumble gives a general section of the Vieja Mountains
at San Carlos.

) TOPOGRAPHY AND STRUCTURE.

For the details of the topography the Chispa and San Carlos topo-
graphic sheets of the United States Geological Survey must be consulted.
_ Many geologists have noted in Trans-Pecos Texas the peculiar
desert valleys or basins, filled with detritus, lying between the moun-
tains of the region, and the abrupt manner in which the mountains
rise from them. (PL. VL) Chispa, at an altitude of 4,082 feet, is
situated in such a basin valley, which is bounded on the south and west
by the Vieja and Van Horn mountains, respectively, and on the north
and east by outlying westward members of the Davis ranges.

About 6 miles southwest of Chispa there is a saddle or pass, known
as Chispa Summit, which separates the Vieja Mountains on the south-
east from the Van Horn Mountains on the northwest. The altitude
"of this saddle is a little less than 4,250 feet. On its southern slope
Van Horn Creek rises. This creek flows through a valley, some 5 or
6 miles wide, in a general southerly direction, into the Rio Grande. Its
elevation where it paéses from the Chispa quadrangle is less than 8,300

- feet. On its east side, and subparallel to it, are the Vieja Mountains,
the altitude of whose crest varies from 5,250 to a little over 6,000 feet;
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“af it wes!ern s}de s )pdmllf;l to it, is a lower e{f'ange of unnamed
x*runtmn‘ whos¢ aluis. e raif ly excdeds 4,250 fe

For a comsiderabie vortion) lof its length the 10cks on the east side
og this stream dip tovard. the Vieja Mountains] and on the west side
tioward the range Ln ti.e west| Therefore this cteek frequently flows
a'ony the Very swnmit »f an nticline, of which the Sierra Vieja rep-
reacnts tbe‘eastn an linii. and the unnamed range to the west the west-
ern limb. YOn 3he southern sifle of Chispa Summit the dip is south-
erly. Aboht & wmiles southwest of the summit, and subparallel to
the Rio Grpncde Nortlorn Rauli'oad there iz & narrow ridge with an
altitude of gpproximaicly 4,500 feet or some 500 feet above the val-
ley ifs itdgo i3 co lposcd of LOWGI Cretaceous limestone. Along
1@ eastem rgnt ther: is a m*ﬂt with a north-south strike and an
mwterh downthrow. vy which the Benton shales have been brought
ddwn about §(1) feet L low the top of the Edwards (Caprina) limestone,
50 that now fhle shales wre t,\poqq\d from the foot of t\he Ildge toa line

-east of the ryilroad.

San Curlod, with an altitude of\ about 3,988 feet is sn'uated in the
hasin valley Jf San Curlgs arroyojand is almost entlrely enclosed by
mountning belonging (o the Viejg system. The highest point of the
Viejs Mountains, about 7 miles epst of ithe town, is 6,470 feet. (Pls.
\’II VIII, and IX.) The summit 'of the mountain is a little more than

(OO feot abdve the vulley of San Carlos arroyo.  The basinis almost
comphetely sutrounded by what tlie inhabitants call rim rock—quartz-

;puntellerite—which ocoups east, South, west, and north of the town.
hound the bjrder of :his bagsin the rocks dip away from the center,
those along the easte n side dipping toward the east, those on the
southern sidle Gipping woward the south, and those on the western and
northern sides dipping west and north, respectively. The geologic

“structure is, therefor, that of a quaquaversal fold or an anticlinal
dome. Sam Carlos s oyo has cul out the top of the dome and made
its bod across the go. ‘hwestern corner, flowing in a southerly direction
into thi Rio Grandr  Just west of San Carlos there is a great fault,
pointéd out by Dur e, striking north and south, with a westerly
downthrow of cver . D00 feet, and bringing the rim rock *“nearly to »
Jthe 1¢\u of the walley.”

Al the foot of the mounitains on the west ,gide of San Carlos .
ar )lg, and with.n » -:istance of three-fourths of a mﬂe, are five springs,

kuowtias Nowmin's springs.  The largest has been gaged, and acéord-
in: to Mr. 3. AL I lwsun furiishes a supply of 15,000 mllons of

witer o day. M- -on stated that be believed when all the springs
©oare cfeuned out t ut they will supply 490,000 to 50,000 gallon: a day.

'l‘he ﬁater iy nf . \Lbl] ntgunli h .

Y

i deol. sov America, V). \*1 p. 37
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SECTIONS STUDIED AND NOTES THEREOIN.
PEAK NEAR CHISPA.

il

Section of peak belongir 7 to the Viejn Mowntains & wiles west of south j of Chispd.

(PL VIL: P1. XL fig. 1)

123. Massive reddish porphvrmc rhyolite, w 1th gome [ragmental mateffial . ___,.

22, Clay e Dy S ‘

F('vt.
40

21. Red sandstone........ IR ISR

20. Grayish: rock (probably pyroclastic rhyolite) overlain by clays .|

19. Conglomerate and elays_ ... ..........i ..o ... Teeeneannn b

118. Rhyolite breccia, white, gray, green, or pmlnsh ineolor .. ... | . ... 90
117. Thick ledges of hard whitish or gray wc'k, greemih in upper porfion (rhyo-.
lite breccia) . ..o oo LolllLLL .
16. Conglomeratic sandstone and clays. ... ....._. A REETRTERREEES SETTERTTT I,
15. Whitish rock, probably rhyolitic ......_.__.... R ETTTTERY FOP 2]
4. Clay 7. [ O o
§ 113. Rhyolite; reccw,, groundmass altered to caleite ... ... D s
LTt 12. I’Lhy(ﬂlf/e ccia . gray in color, containing considerable basalti: nmtcru\l e 2
i} 1137, Amygdal il faces of 11, contains mgny « avilies infiltrated weth (hlomhe, .
. calcite, zeolites, ete ... ... .. ... L. 10
~ From 11/ 'small stringers run ints 12, and there are both nects and umﬂl ‘
’ masses of the amygdaloid in 12. The rhyolite breccia at the contact ie
i very much mdurated while at a short dlstanoe above the co?l,tact it has'a
; much looser texture. i
'11. Dense, almost black, basalt with feldspar nhenoctvst,s N 04
— '10. Fine-graifed pink rhyolite breccin, containing considerable basgitic materisl. 6
" 9. Fine-gra‘ned material (pyroclastic ?) ... -[.- e eeeaaas ﬁ.-_. ceceeae. G0
8. Conglonferate, underlain by clay.._.._... T T S Li.. 20
7. Sandstoje pebbles at base, grading into dark vermilion- co]or}d clays, (bll-
glomqrate again above the clay . ...__. ... t ....................... leaannn 60
6.. Very ccprse eonglon: erate, (,onuzmng pebblts b slate, red quartzite, ;,Feen-
" ish q(artzite, cherty limestone, and ref u’upl,we rocL ................. a0
(Just below 6 afnuch -decOwposed greemsh eruptive rock was seerl, but
! it ma;} not have Been in place.) .
15. Massive Yeddish rhyolite, containing in a portion of the bed vesicles that ‘
have been filled with chalcedony, Sesedeneas |, ...................... el 20
4. Sandsand clays ....ooe ool ... b e te e e e e e e di.. 40 ‘
' 3. Bands and clays, with occasional lenncular maskes of congl(nmrabe. ... .i; .. 80
: ~  2.-Lenges of conglomerate. ... ..o ocoiiion o -5
R 1 Laminated sandstone and clnvs clays very sandy. The col of the rock is ‘
greenish, due to the presence of cons:dera.ble quantities ¢f chlorite.. k.. 10

A smalt dike, sg:nkmg east and west and cutting ’the lower fiart of
the above sef‘fes was ohserved, Thm dike is pxo})ablv of bg.saluh

matel'ml

7 The dip where the above section wexs mude is 4 s A) R
This section can be simplitied and desevibed ax ¢
mg beds of sedimentaiv roc ks 'm{ lva ﬂmm. or heds \"-:' "h}'

7
1 Determined frun m\udv O ko rione e br, L nl '

v .

Lty ol unen{.i
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V:&UL;»‘HAN-] SECTIONS IN VICINITY OF SAN CARLOS.. 7

pyrovlastic material. Tae basalt occurs at about the center of the
section, and apparently is intrusive into the bed immediately over-
lying it. The reasons for this . .aclusion are given in the discussion
of No. 11’ of the preceding section.

In the sediments interbedded with the lavas and pyroclastics no
fossils were found, and we could not determine the precise age of the
series. ; For these interbedded lavas, pyroclastics, and sediments
the name~Vigia series is proposed, from the Vieja Mountains, where
they are well exposed and where they were studied.™)

.y,

SECTIONS IN THE VICINITY OF SAN CARLOS.

Section of the Vieju Mountains from the San Carlos arroyo, 1 mile below San Carlos, to
the top of the mountain east of the lown.
(PL. VIII; 1. X1, fig. 2.)

Feet.
22. Rim rock, a greenish-yellow rock, containing large phenocrysts of anor-

thoclage feldspar, determined by Dr. Lord to be quartz-pantellerite. . 400-600
21. Variegated sandstones and clays, and probably rhyolite breccias . ... .. 500
(It was not possible to examine this part of the section carefully, so
the notes are very meager.)

20. Grayish and purplish clays, etc., approximately.. ... ... ... ....... 500

19. Yellow clays, or soft yellow sandstone, with ocecasional carbonaceous
LT 33 R 150
18. Carbonaceous BEAI - . ..o oo cr o i oo aeem e ee e eeas 20

17. Yellow or purplish clays, with ledges of soft yellow sandsione and
occasional carbonaceous SeaMB. - oo ..o iii i, 250
16. Coarse, soft, yellow, cross-bedded sandstone......_. .. ... _......... 25
15. Yellow clay, with two or three carbonaceous seams .._........... ... 20.
14. Coarse, soft, yellow, laminated sandstone in ledges ... .. ... .... 30
13. Yellow clay, carbonaceous at basc. ... . .o.oooio oL oL 6
12, Coal oo A 1
11, Impure coal. ... it 3
10. Carbonaceous shale - ... ... ... ii...... 1-
9. Purple clays. .. ...l 4.
8. Coal L 1
7. Purplish elays. i iiiiiiiaiaa.. 4
6. Soft yellow sandstone and argillaceoussandstone. ... ... ... _.._.... 119

d. Yellow or brown sandstone; 40 feet above base limestone concretions;
a few poor fossils, mostly Exogyra fragments._..... ... .......... 90

4. Ledge of brown sandstone, containing well-preserved specimens of a
large Tnoceramus (1. oblongus Meek) in great abundance..._........ 4o0r5H

3. Laminated brown or yellowish fosgiliferous sandstone; about 20 feet
below the top there is an indurated ledge containing many oysters. . 250

__2)‘ Clay, with calcareous concretions which contain many well-preserved
N 088118, - . e tma——————n 40

1. Thinly laminated clays weathering yellowish, capped by soft, yellow,
laminated sandstone. . ... e 20

The total thickness examined, a Fittle less than. . ... . .. ....... 2, 700
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The following is Dumble’s section pubhshed in the Bulletin of« the
Geological Society of Ametica, and prevmusiy alluded to: ’

General section of V'w}a Mous.. ma near San Carlos.

1. Lava flow, rim rock of mountain .......cocromee i iiiaaeaaaa. 200-300
2. Sandstones of various colors, interbedded with calcareous clays and vol-
CAIC A8 . - oo e 580
3. Conglomerate, resting unconformably on No. 4. ... ... cceo..... i 1-16
4. Lava flow, apparently conformable on No. 5. ... ... ... .. ..... 50
5. Interbedded brown and red sands, purple shales, and yellow quartzitic -
TR 410 300 o P 500
6. Gray and purple shales, with thin strata of sandstone.......___....____ 200
7. Coal shales, with heds of laminated sands and two seams of coal, highly
fosgiliferous between and below the coal seams._ ... _ .. ... . ... 800
8. Interbedded sands and sandstones, some highly calcareous; fossiliferous.. 250
9. Shales with concretions of clayey limestone containing fossils...._...... 175
This gives a total thickness of over.. ... o iiiiioiiiiiaaaa. 2,800

The general character of the writer’s section from San Carlos arroyo
to the top of the mountain is almost the same as Dumble’s. No. 22 of
the writer’s section equals No. 1 of Dumble’s; No. 21 of the writer’s
section equals No. 2 of Dumble’s.

The conglomerate bed and lava flow, 3 and 4 of Dumble’s section,
were not seen in going up the mountain at San Carlos. A conglomelate
occupying the ¥ame stratigraphic position as Dumble’s No. 8 was found
near the bage of Gettysburg Peak, a section of which will be described
later. Huge bowlders, evidently derived from the disintegration of a
conglomerate, are very abundant on the low hills in the valley of the
San Carlos arroyo.

No. 20 of the writer’s section equals for the greater part Nos. 5 and
6 of Dumble’s; Nog. 19 to 15 equals No. 7 of Dpmble’s; Nos. 4 and 3
equals No. 8 of Dunihle’s; Nos. 2 and 1 equals the upper part of No.
9 of Dumble’s. The aggregate thickness of’the two sections is prac-
tically the same. As definite lines of demarcation between the sedi-
mentary beds could not be found, of course the exact details could not be
expected to agree. No fossils were found between the coal seams.
The minimum thickness given for the rim rock was determined,
instrumentally, by Mr. C. C. Bassett, who made the San Carlos topo-
graphic map.

o - 3

Fossils from section of Viejo Moundains from | Carlos arroyo, 1 mile below San Carlos,
to top of mountaineast of town.
Fosail frem No. | ( No. s01).1

Inoceramus oblongus Meek, paseibly {dentical with I. cumminsi Cragin, but

these specimens do not have the characteristic posterior plication on
which that species was founded ’

1 The field numbers are tiiose used by Mr. Stanton.
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” yavgnan] SECTIONS IN VICINITY OF SAN CARLOS. 19
Fossils from No. 3 (fleld No. 298).
Pecten sp.
Veniella sp.

Cardium carolinese Conrad?
Cardium sp. Cf. tenuistriatum Whitfield.
Cyprimeria sp., same a8 that in No. 2.
Mactra sp., related to M. warreneana M. & H.
Mactra sp.
_ Corbula sp.
Dentalium sp.
Gyrodes petrosa (Morton).
Anchura sp., large species related to A. abrupta Conrad.
Pugnellus sp.
Volutomorpha sp.
Rostellites sp.
Pyropsis trochiformis Tuomey?, apparently identical with the New Jersey
form doubtfully referred to this species by Whitfield.
Placenticeras guadalupe (Roemer). Rare.

Fossils from No. 2 (field No. 297).

Exogyra costata Say, a variety intermediate between this species and E.
ponderosa Roemer.

Pecten sp.

Avicula linguiformis E. & 8.

Inoceramus cripsi var. barabini Morton.

Inoceramus proximus Tuomey.

Inoceramus vanuxemi M. & H.

Pinna sp. Of. P. laqueata Conrad.

Cucullza sp.

Veniella sp.

Cyprimeria sp., related to C. alta Conrad.

Pholadomya sp.

Turritella trilira Conrad var.

Anchurs sp.

Gyrodes sp.

Strepsidura ? sp.

Nautilus dekayi Morton.

Placenticeras guadalupze (Roemer). Abundant.

Schloenbachia delawarensis (Morton).

Baculites asper Morton.

Baculites ovatus Say ?

Hamites ?, fragments of two species.

Scaphites sp., related to 8. nodosus, but a distinct species.

-

Detailed section through coal seams at tunnel of mine No. 4 of San Carlos Coal Company,

B oTe N B

on west slope of the Vieja Mouniains, about 2 miles east of San Corlos.

(Pl. XI, fig. 20.)
In. Ft.
. Clay, thickness variable......coovee i oiiiiiai . 13t0 3
. Upper coal seam (¢oal noncoking) .. ........ueeeeeeomennoeeeeeennnaaann 10to 3
Clay, thickness variable. ... ..o iiciiiaiaaaaaans 6to2

Sandstone, thickness variable. ... .o .o il iriieririieracreaan 2t0 7

. Clay, sometimes present.
. Lower coal seam, thickness variable - ... .o oo rmiaiaraocnaaamcaaanns 2t03
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The lower limit in thickness occurs over a very small area; the average thickness
is about 2 feet. In this seam a binder occurs. The binder consists of two thin
peams of sand, and varies in thickness from half an ineh to 2 inches. Betwesn
the seams of sand is a thin coal seam about half an inch thick. Of this coal seam
where examined:

a. Upper 9-inch does not coke.
b. Nine inches just above binder coking.

¢. Binder.
- d. Below binder, 9 inches, coal all coking.!
3. Carbonaceous shale. .. ... i iiiiiiieceinnnaas 1to 3in.
2 Fire elay - oo 2 ft.*
1. Sandstone.

This section of the coal corresponds to Nos. 13 to 6, inclusive, of the
general section of the mountain.

Along the side of the mountain the usual dip is 5° to 7° (though it
may sometimes be more or less), and the strike is N. 35° to 50° E.

Sectiorein arroyo northeast of shaft of San Carlos Coal Company, 2 miles east of south of

San Carlos.
(PL. XI, fig. 2b.)
Feet.

11. Boft yellow sandstone. ... ..c.oeoeo oo e 10
10. Yelow clays.ceeueeemeaoanon a0 S 10
9. Ledge of soft yellow sandstone.. ... .. . .. . ... ... . 15
8. Clay. -
7., Coal, upper seam.
8. Clay.
5. Coal, lower seam. .
4. Soft yellow sandstone_ ... . ..o eiiiei... 6
8. Bluish clay, with fessils, Cyprimeria, Inoceramus, Exogyra, etc............ 35
2.- Layer of-clay containing many limestone nodules and fossils............ ... 1
1. Olay. ’

Above the soft sandstone (No. 11) are two other prominent sand-
stone ledges; about 30 feet apart, the upper of which is conglomeritic.

The strike of the rocks at the foregoing exposure is southwest and
northeast, dip 20° to 80° SE.

Fossils from No. 8 (field No. 299).
QOstrea sp.

Exogyra costata Say var.

Inoceramus sp., fragments of a large form.

Trigonia sp. N

Cyprimeria sp., the same as for field Nos. 297 and 298.

_ OVYERTURNED FOLD NORTH OF SHAFT OF SAN CARLOS COAL COMPANY.

A short distance north of the shaft of the San Carlos Coal Company -

there is a small overturned fold accompanied by an overthrust fault. On
the overthrust side o1 the fault a fossiliferous horizon is exposed, but it

* 1The information concerning what part of the coal seam would coke was furnished by Mr. Maloney,
mine superintendent. Samples of the coke were furnished by the mine officials.
20r more.
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ivas not determined which of the horizons it represents, i. e., whether
he one just below the coal or the one at the base of the section of the
thountain.

C

Fossils from foull north of shaft of San Carlos Coal Company (field No. 300).
Ostrea elegantuls, Newberry.
Exogyra costata Say var.
Inoceramus proximus Tuomey.
Cyprimeria sp.
Cardium alabamense Gabh.
Rostellites sp.
Gyrodes sp. !
Gyrodes crenata Conrad?
Schloenbachia delawarensis (Morton).
Placenticeras guadalupz (Roemer).

SANDS AND CLAYS.

From observations in the entries at the shaft of the San/ Carlos Coal
Company and in mine No. 4, it was ascertained that the clays and
sapdstones, which are yellowish on the surface, are of bluish color
bx:;;ore exposure to the influence of weathering.

y 4

SAN CARLOS AND ARROYO ABOVE.

Near the store at San Carlos (field No. 296) were collected Placent:-
ceras guadalupe (Roemer) and Schoenbachia delowarensis (Morton). Vo
, Along the San Carlos arroyo, above San' Carlos, in the sandstone |\
and clays above the coal, a few fragmentary vertebrate remains were |
collected, which have been examined by Mr. F. A. Lucas. He states
that they include a fresh-water turtle and several dinosaurian bones of |
Cretaceous type. o

"

Section of Getlysburg Peak, 1 mile north of San Carlos.

(Pl IX; PL XI, fig. 2¢.) )
Feet. '

3. Quartz-pantellerite ... ... i ieidicieneeeaaaas 180
2. Ledges of variegated rock resembling sandstone, but probably composed Y
largely of pyroclactic rhyolite - .. coceereemare e cecrranaas 300 ‘

1. Conglomerate ed.
‘ Y

T g Résumé of San Carlos section. N
Quartz-pantellerite. -
Vieja series:

5. Ledges of variegated rock, probably largely pyroclastic.
-—4. Conglomerate bed.. ~
San Carlos formation: !

3. Sandstone and clays above coal, containing Cretaceous vertebrates.

2. Coal horizon.

1. Sandstone and clays below the coal, containing three or four horizons of °

invertebrate fossils.

For the sandstones and clays containing the coal, below the Vieja
series to the base of the San Carlos section, the name San Carlos for-
mation is proposed.

Bull. 164——6

v
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AGE OF FOSSILS BELOW THE COAL.

Stanton makes the following notes regarding the fossils from the
San Carlos region¢

The invertebrate fossils from the neighborhood of S8an Carlos (Nos. 296-307) come
from several different horizons ranging through a considerable thickness of strata, but
they all clearly belong to one fauna. Essentially the same list of species was iden-
tified in 1894 for Mr. E. T. Dumble, who had visited the region with Mr. Cummins.
The list, with a note on the relationship of the fauna, was published by the former.!
There seems to be no reason for changing the opinion there expressed, that the horizon
is beneath the Ripley and above the Austin chalk—that is, it is equivalent toa part
of the Taylor (Exogyra ponderosa) marls of central Texas and of the Pierre of the
western interior reglon. Tt is not now possible to fix the horizon more definitely.

The same fauna occurs near Presidio, Texas, on the Mexican side of the river,
where its relations to the underlying bedsare more clearly shown. There itisunder-
lain by a series of Upper Cretaceous shales with an estimated thickness of 3,000 or

4,000 feet, in the lower part of which Inoceramus labiatus, the characteristic fossil of
the Benton, was found.

The age of the coal is thus definitely determined to be Upper Cre-
taceous, hecause Upper Cretaceous fossils were found hoth above and
below the seams. The Pierre fauna occurs almost in contact with the

'lower seam, from which it would seem that the coal should be réferred

]‘ to the Pierre beds.

| A.point of special interest is that by means of the fossils here col-
lectéd a part at least of the Taylor (Exogyra ponderosz) marls are

referable to the lower member of the Montana division of the north-

Ci?stern interior Cretaceous region.® '

-,
f

BRACKS CANYON.

Vo (Pl X9

\ About a half mile west of San Carlos is the eastern end of a narrow
gorge, xnown locally as Bracks Canyon, which cuts across a mass of
the quartz-pantellerite. This gorge is about one-fourth of a mile long,
frdm 15 to 20 feet wide at the bottom, 250 feet deep, with nearly per-
pendicular walls, and extends in an east-west direction. It is one of
the drainage chanmels from the San Carlos Basin, the divide between it
ang San Carlos arroyo being within the San Carlos Basin. It is a
question whether this canyon has been cut by crosion or is simply a
cleft in the rock, but it is apparently the bed of a stream whose head
waters have been captured by San Carlos arroyo.

In the middle portion of this canyon a large mass of rhyolite breteia
was found included in the pantellerite. Just beyond the westérn end of
the canyon a mass of baked clay was found, but owing to the limited time
at our disposal it was impossible to decide whether the clay was or was
not included in the pantellerite. "It did not appear to be an inclusion.

! Bull, Geol. Soc. America, Vol. VI, April, 1895, pp. 386-887.
*Dr. C. A. Whitr, in Bull. 82 of the U. 8. Geotogical Survey, p. 160, although he does not state it

expiieitly, cvidontly intends to include the Taylor (Ezogyra pondercse) marls in the Montana.. Mr,
E. T. Dumble, in his paper already frequently quoted, refers these beds to the Montana.
»
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;:.;_' aw, SOC A VOTY ﬂm‘k \hu‘ of rock abovel‘ll‘ i whi /

‘ oing south along Van Horn arroyo, thls sheet can o
wd v 1th\he eye, and is seen to form the top of the mountain the
stance to San Carlos. Messrs. Bassett and Chapmin. who
. fhe field season of 1895 made the San Carlos topographic
. . ticed this peculiar rock, and have furnished additiona’ obser-
i p regerd to its distribution. It extends south and east of San
bt many miles. (PlL. VIIL.) As the area covered by tne pan-
has not been mapped geologieally, it is not possible ty state
- ent of territory was originally covered by that enormou Mwet,
. present knowledge it was certainly many hundred, pssibly

+ * thousand, square miles.

"0 1+ ELATION OF THE CHISPA AND SAN CARLOS SECTIONS.

w13t a variety of voleanic products as was observed souat

w4 vas not seen at San Carlos, but taking the pantellerite and tl e
[N medlately underlying it as starting points for a comparisor.,
- van be no douht that all of the section studied in the peaksouth
{inispa is above the coal horizon. The beds at Gettyshurg Pealk,
«r San Carlos, from and including the conglomerate bed to the base
the pantellerite, certainly represent, in part at least, the Vle]a feries,
[he bblatlg‘l‘aph]c‘ relations existing between the Vieja series and the
derlying San Carlos beds were not discovered. Whether two serics
heds are comformable or are separated by an unconformity was not
ertained.

TIME OF THE VOLCANIC OUTBURSTS.

Jumble,! in his paper on the Cretaccous of Western Texas and ¢ -

da, Mexico, states: ““Since no erosion was observed in the
nodntely undel lying the first lava flow, this lava of the Vieja M
1 i ¥ * scemingly of Ponderosa age.” It may be true
- vutharsts oceurred during the time in which the Taylor {Zx
adernsa) marls were deposited, but neither Dumble’s nor ow
wrvations were sufficiently extensive to solve the problem. It
stated that the interbedded fragmental rhyolites and sediment
‘n ~ubjected to orogenic movements, showing that the fault
ding have taken place since voleanic activity ceased. '

DIKES.

wo systems of dikes were noted, as pointed out hy Dumble.
*lection of the dike rocks wus made, this subject is passed witk.
Ty remarks

T, Vol VI, p. 387.



A OUAL FIELDS OF TEXAS.
L .  BELOW THE SAN CARLOS FORMATION. ’ ,.'

A tlout; 64 ml]f‘s from Chispa, along the Rio Grande Northev. Raii-

T, ch*l(, ix an exposure of thinly laminated bluish calearecu- <hrle,

{

cortainipg Trnoceramus labintus, Placenticera~ sp., and Ptychodins
These shules represent the Eagle Ford shales and the Valverde flags
of eaftérn and central Texas, and the Benton shales of the western
interior region.

Running subparallel to the railroad, on its west side, is a rldge 300 or
100 feet above the roadbed. Along the castern foot of this ridge the
Beuton shales are exposed; they have a dip of 7° or 8° 8. Three
hundred feet above the railroad, near the summit of the ridge, a lime-
:-at.on‘(:}; vith a rather steep westerly dip, and containing a fauna appar-
entlyicf Washita age, is exposed. The Benton shales have been faulted®
severa, hundred feet below the Washita.

A gection up the side of this ridge was as follows:

Section of ridge about 6 1-2 miles from Clispa, or Rio Grande Northern Railrowwl. .‘
(Pl XI, fig. 3.)

\

Feot,

e

. Alternating ledges of hard nodular or soft nodular limestone, the nodules con-
taining numerous fossils. "~

Flaggy brown sandstone.

¢ Ledges of massive limestone, hard, bluish, weathering brown, much jointed,

weathered surface very rough, fossiliferous. Contains silicious or cherty

noflules in which were found Radiolites, Requienia, Monopleura, and Pho-

PRL T

i
!

?‘.

s aY 12 S 25

’[ Nodhlar, argillaceous limestone, fossiliferous, resembling in lithologic aspect

Ul the Comanche Peak limestone of central Texas. '
| The following fossils were collected from the foregoing section :

‘\ Fossils from No. 4 (field No. 303).

i Enallaster texanus Roemer.

" Holectypus planatus Roemer?
Kingena wacoensis (Roemer).
Neithea texana Roemer.
Cypricardia texana Roemer?
Cinulia sp.

Chemnitzia ? sp.
Ammonites sp.

Apparently this fauna is of Washita age.  Aingena wacoensis is usu-
v » Washita species, though it also occurs in the Edwards limestone.
Fossil from No. 2 (field No. 303a).

Ichthyosarcolithes anguis Roemer?
‘I vig bed is referred to the Edwards limestone.

Fossils from No. 1 ( field No. 303b).
Gryphea sp.
Neithea texana Roemer.
Pleuromya knowltoni Hill?
Purritella seriatim-granulata Roemer?
t'l‘ylostoma pedernalis Roemer.

3
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COLUMNAR SECTIONS IN THE VICINITY OF CHISPA AND SAN CARLOS.

Fig 1 Section of peak 6 miles west of south from Chispa  Scale, 32 feet to 1 inch. (See p. 76)

Fig 2 Section of Vigja Mountains in vicinity of San Carios  Scale, 32 feetto 1 inch. (Seep 77)

Fig 2a Section through coal seam at Tunnel Mine No 4 Scale, 53 feetto 1 inch. (Seep 79)

Fig. 2h. Section through coal seam 2 miles east of south from San Carlos  Scale, 53 feet to 1 inch. (See p. 80.)

Fig. 2¢. Section of Gettysburg Peak. Scale, 32 feet to 1 inch  (See p. 81.)

Fig 3. Section of beds below the San Carlos formation, as exposed on the south side of Chispa Summit. (See p 84.)




vienx] STRJMPA BELOW THE SAN OAELOS WoRMATION, | B/

From the presence of such a\fm-m as Iylosﬁmz b his bed%
is referred to fhe Fredericksbusg division of the Comanche ﬁ&les,‘ba
no attempt is made to correlate it with any definite horizon. _

Along the raitroad, where it begins to climb Chispa Summit| a hardr‘
blue limegtone, in thick ledges, is %&equenﬂy exposed beneath the Ben-,
ton shales. This limestong contains fossils, but no identifiable speci-r
mens were secured, except in ene place, on a weathered slope, a specl- :
men of Aleotryonw carinata Lam. was found. This limestone is
apparently conformably overlain by the Benton shales, and occupies,
with reference thereto, the same stratigraphic position as thé Buda
limestone of central Texas, but no distinctive Buda fossils were col-
lected. Neither was it discovered what underlies this limestome~
Therefore, in spite of presumptive evidence in favor of it, any definite
correlation with the Buda limestone would be premature. (Pl XI,
fig. 3, Nos. 5 and 6.)

The following summary of the generax characters of the sectwn,
below the San Carlos formation is given:

1. No exposures from the lowest outcrop of the San Carlos beds to
near the base of the Benton shales were seen, but according to Stan-
ton’s observations in the vicinity of Presidio, Mexico, the intervening
beds consist of shales. )

2. The Benton shales overlie, apparently conformably, a hard blue
limestone, probably the equivalent of the Buda limestone of central
Texas.

3. What immediately underlies No. 2 was not seen. . A limestone
containing species of fossils characteristic of the Washita division, and
representing a lower horizon than No. 2, was found. Below this

limestone there is a stratum of brown sandstone probably 30 to 50 feet

thick.

-4. Below the sandstone mentioned were found ledges of limestone
containing cherty nodules and a fauna characteristic of the Fredericks-
burg division.

EXTENT OF SAN CARLOS AND OTHER TRANS-PECOS
TEXAS COAL FIELDS, AND CONDITION OF MINING.

The San Carlos coal basin is situated in the basin valley of the Saﬁf":

Carlos arroyo, described in preceding pages. At the time of the visit
to San Carlos, work was being prosecuted at two places. The first
working was in a shaft 2 miles, in a straight line, south of southeast
from San Carlos. This shaft was unfortunately sunk near a fault, and
at that time the coal seam had not been found in the drift to catch it.
Mr. Bassett, who was engaged during the summer of 1895 in making

1 Alectryonia carinate occurs in the Buda limestone and in the lower horizons of the Washita
division.
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the SBan Carlos topographic sheet for the United States Geological
Survey, states that work in this shaft has been abandonefl. Thesecond
‘working was along a slope on the side of the mountan, a little less
than a fmile and a half shghtly south of east from San Carlos. It has
been reported that the mine here ha‘s been abandoned. There are other
outcrops of coal on the side of the mountain and along the courses of
gsome of the arroyos in the basin.

Mr. G. N. Marshall, chief engineer of the Rio Grande Northern
Railroad, informed the writer that cocdl also outerops on the western
slope bf the Vieja Mountains, in tbe valley of Van Horn Creek, but
that it had not been found in commercial quantities. The inference is
that. coal will be found here, as lower geologic horizons are exposed
along that creek and between it and the mountain.

Coal has been reported front several other localities in Trans-Pecos
Texas, but so far as ascertained they have been neither prospected nor
1nvest1gated These localities are: El Paso County,’ Eagle Springs,®
bet,wéen Sierra Barda and the Rio Grande,® and between Alpine and
Paisano Pass.* Mr. R. T. Hill, who has 1ecently made an expedition
into the Great Bend country of the Rio Grande, furnishes the follow-
ing note: *‘On the east and south side of the Chisos Mountains there
are extensive areas of the Montana formation in which there are
coal beds of unknown value.”

Although the coal fields of western Texas have been little explored,
there are indications that there are several occurrences of poor coal in
the region.

The Cretaceous coalsof Colorado are, according to Hills,® practically
all of Laramie age, i. e., they belong to a horizon above the Pierre or
Fox Hills. The Texas Creta.ceous coals are geologically older _than

_the Colorado coals.

1C. A. Ashburner, Mineral Resources U. 8, 1885, p. 68.

2W. M, Chandler, Mineral Resources U. 8. 1886, p. 850.

#W. H. von Streeruwitz; Fourth Ann. Rept. of Geol. Burvey of Texas, Austin, Texas, July, 1893, p. 175.
4W. H. von Streeruwitz; loc. cit.

5 Mineral Resources U, 8. 1892, pp. 319-324,
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SAN CARLOS COAL FIELD.

CHARACTER OF SAN CAFLOS COAL.

The San Carlos coal is lustrous black in color, compact, and bas a
dark-brown streak and a subcubical cleavage.

-

were made by Dr. Peter Fireman:

The following analyses

{ Analysis of San Carlos conl from mine No. 4, lower seam.

|

—
Upper part of Just above Below bind In ¢k b
soamabove | - binder © | 0ccking). | lower seam.
Moisture .......... 1.09 1.17 1.19 1.68
Vol. hydrocarhon . 39.61 39.93 39.73 60. 37
Fixed carbon ...... 35.29 35,39 40, 30 24. 89
F. C.
i0 s .89 . 1.01 .
Ratio 341 ¢ 886 4
Ash ... . ...... ... 24.01 23.51 18.78 13.06
Colorofash........ Brownish Gray. | Grayish | Reddish
gray. . brown. brown.
Coke..._.._..... ..| Coherent, | Coherent, | Coherent, | Coherent,
hard, lus- hard, lus- hard, lus- lustrous.
trous. trous. trous.

Analysiz of Sen Carlos coal from mine No. 4, lower seam.

Coal (shait). Coke,
Moisture . .coereoi o .97 1.24
Vol. hydrocarbon ... _._.._____.... 40. 95 4.96
Fixed carbon ......... cocoooiiool 43.77 66. 93
.o 1.06
Ratio V.H G S R L LEEEE TR
1 ASh il 14.31 26. 87
Colorofash_ ... ... ..cienvaiiaian. Yellowish gray. |- ..o .......____.
Coke ..ot aaceamaecccm e Coherent, hard,
lustrous.
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‘

Tl;e Mg data were furnished by Mr. R. E. Russell, former
general mhnager of the Ban Carlos (leal Company:*

| Amalysis of coal from Presidio County, Texas.

No. 1. No. 2.
Per cent. Per cent.
MOISEIFE .« oo o e et e e e e e aaaaas 1. 0.94
Volatile matter . .. .. ... 39.05 34.48
Fixed caroon .... _; ................................ 49, 05 58, 96
ABD o 10, 5.62
Sulphur oot iemaeeaneaaa Trace. .64

This analysis was undoubtedly made from picked samples.

A test of the coal for steaming purposes was made on the Southern Pacific Rail-
road. The coal tested had been subjected to exposure for five or six months on the
various dumps, and was practically crop coal, yet the average mileage for a ton of
coal was 52.21 on passenger trains of five or six coaches.

Tests of the coking qualities of the coal were made at Connellsville, Pennsylvania,
with good results. Forty-eight hour coke, burned in the oven at the mine, quite
recently gave the following results:

Analysis of coke from Presidio County, Texas, coal.

Per cent.
Combustible matter - . . aaeaaa. 93.7
N ¢ P 6.2

REPORT ON IGNEOUS ROCKS FROM THE VICINITY OF
SAN CARLOS AND CHISPA, TEXAS.

By E. C. E. Lorb.

The material submitted to me by Mr. T. Wayland Vaughan for
petrographic examination was taken from a series of late Cretaceous or
early Tertiary lava flows, constituting a large part of the Vieja
Mopuntains, Texas.

The geologic relationship and distribution of these igneous rocks
is explained by Mr. Vaughan in the foregoing text.

The only literature bearing directly upon the petrography of the
region is a short report by A. Osann® on a specimen of nepheline-
tephrite and a series of syenite-porphyries or quartzless porphyries
from the Vieja Mountains. The description of the latter rock corre-
sponds somewhat with that of the quartz-pantellerite given below,
but no reference is made by the author to triclinic feldspar, sgirine-
augite, or porphyritic quartz.

1 Mineral resources U. 8. 1893, p. 385.

2A. Osann, Report on the rocks of Trans-Pecos Texas: Fourth Ann. Rept, Geol. Survey of Texas,
1892, p. 34,
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The specimens submitted represent three distinct rock types, which
may be classified as follows :

(1) Rhyolite breccia, cemposed chiefly of fragmental rhyolitic
. material.

(2) Quartz-pantellerite, containing quartz, anorthoclase, and mono-
clinic pyroxene, as principal mineral constituents.

(3) Basalt, having olivine, augite, and plagioclase as essential
minerals.

RHYOLITE BRECCIA. - e

-

Under this heading are considered aseries of yellowish, or purplish-
grey, very fine-grained, vesicular breccias, and a series of browaish-
red more massive rhyolites (5, 23),' containing little fragmental material.
The specimens are considerably weathered. They adhere to the tongue,
and have a strong clayey odor when breathed upon.

C\Kzth the aid of the microscope congiderable variation in the minera-
logical composition of these pyroclastics is discernible. Angular parti-
cles of quartz, orthoclase, plagioclase, biotite, muscovite, hornblende,
magnetite, and occasionally titanite, augite, and zircon, together with
fragments of rhyolite, sandstone, limestome, and basalt, are seen
cemented together by rhyolite glass decomposing into argillaceous
material. [This groundmass, although greatly altered to quartz and
chalcedony and impregnated with calcite, chlorite, and limonite, showed,
with two exceptions (Nos. 12 and 13),? fluidal phenomena.

Microscopic cavities are very abundant in these rocks. They are in
many cases elongated, approximately in the direction of flow, and are
more or less completely filled with silica, either in the form of radi-
ating quartz (17), chalcedony (5), or opal (18). This secondary silica
is stained reddish or yellowish brown by infiltrated iron ore.

In one instance (No. 13) the siliceous cement of the rock was almost
completely replaced by calcite.

On comparing the relative amount of fragmental material occurring
in the different members of the series, {t was found that Nos. 10, 12,
13, 17, and 18 contain all the clastic constituents enumerated above,
whereas Nos. 5 and 23, representing the more massive flows, were
characterized by the scarcity of foreign material and by the abun-
dance of corroded quartz, orthoclase, and biotite phenocrysts. These
latter specimens are much decomposed, and owe their peculiar brown-
ish-red color to the presence of limonite and iron oxide in the ground-
mass of the rock. The feldspar phenocrysts are, in many cases, found
completely altered to an aggregate of éryptocrystalline quart2. In
gome instances the rock from flow No. 5 is much fractured, and near

1The numbers used in referring to the rock specimens are the same as those used by Mr. Vaughan
in describing the section 6 miles west of south of Chispa, p. 76. -
2These specimens were nof vesicular, and may perhaps be more properly designated tuffs.
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the surface very vesicular. The fissures and amygdaloidal cavities
are filled with quartz and chalcedony.

Nos. 10 and 12 differ from the other specimens described in the
predominance of augite, plagioclase, magnetite, and fragments of
basalt over the débris of more acid rocks.

QUARTZ-PANTELLERITE.

This rock type is characterized macroscopically by the presence of
large feldspar phenocrysts embedded in a dense, aphanitic ground-
mass. The prevailing color of the rock is grayish green, with a slight
yellowish tint.

The altered specimens are either spotted brown or have a brownish-
red color similar to much-altered varieties of the fragmental rhyolites
Nos. 5 and 23. On exposed surfaces the pantellerite weathers yellow-
ish brown and the feldspars are completely decomposed and leached
out. Under the microscope e porphyrltlc character of the lava is
more pronounced by the identification, besides feldspar, of porphy-
ritic quartz, augite, magnetite, and apatite. These minerals are strewn
in a fine-grained, holocrystalline groundmass composed of mgirine-
augite, brown hornblende, feldspar, quartz, and magnetite.

The feldspar phenocrysts are thick tabular, formed after M (010).
The planes M (010), P (001), y(201), T(110), and 1 (110) were identified.
The crystals are large, measuring about one-third em, in thickness,
one-half cm. in width, and two-thirds c¢m. in length, and cleave readily
| M and P.

On cleavage plates parallel to the latter face a small extinction angle
of not over 3° was observed, whereas on the plates parallel to the
brachypinacoid the angle from & to & was circa 10°. These triclinic
feldspar crystals are apparently single individuals, but occasionally
show a wavy extinction, owing, presumably, to polysynthetic twinning.
The specific gravity of the feldspar was determined with great care
from selected material, by means of the Thoulet solution, and found to
be 2.59, or that characteristic of anorthoclase.

Thegse crystals contain inclusions of magnetite, augite, and apatite,
and are frequently considerably altered either to calcite or natrolite
and kaolin.

The augite of 1ntrate11ur15 origin is of a light-green color, and
slightly pleochroic: || & palejolive green, || & and || ¥ yellowish green.
It has an extinction angle ofi about 42°, and occurs in long prismatic
form, with imperfect terminal faces. On basal sections the crystals
are sten bounded by o P (110), o P (010), and o P35 (100) in about
equal development. f

Considerable variation in the relative amount of augite was noticed
in the different specimens of pantellerite. In the slides contaiming

“least quértz the pyroxene was found to be most abundant. ‘
!
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The quartz phenocrysts are small and much rounded by msgmphtic
corrosion. They are quite free from inclusions dnd ressonably
dant in rocks poor in augite.

Magnetite and apatite ocour in the form usually met with in rhyo-
litic rocks. Phenocrysts of the former mineral are frequently covered
with a coating of limonite, which discolors the surrounding rock for
some distance and produces the brown spots referred to above. -

In the groundmass of the pantellerite the presence of sgirine-augite
and hornblende is of special interest. The former mineral occurs in
the form of minute, irregularly bounded crystals of a rude prismatic
habit.

The miecrolites are of a grass-green color, and in polarized light show
characteristic pleochroism: | & grass green, | % sap green, and | £ pale
yellowish green. The absorption is 8>%>g. On prismatic sections
the axis of greatest elasticity (%) was found to lie nearest c, the
extinction angle not exceeding 25°. Twins after oo Po (100) are occa-
sionally observed.

The hornblende is not so abundant in the groundmass of this rock
type as is the pyroxene. It occurs in thin sections, in irregular
wedge-shaped patches, showing distinet prismatic cleavage, and is
often intimately associated, although never intergrown, with the
@girine-augite. It is dark brown and exceedingly pleochroic: | £ dark
brown, | % purplish brown, and | & brownish yellow. Absorption is
strong: £>b>u. .

The extinction iz considerable, & forming on sections in the prism
zone a maximum angle of 15° with the trace of the prismatic cleavage.

From the optical properties mentioned it is probable that this
amphibole is closely related to barkevicite.

Both the brown hornblende and the sgirine-augite are in many cases
altered to chlorite and limonite. The fibrous mineral is regularly dis- -
tributed through the rock; it occasionally occurs associated with
serpentine as the probable alteration product of preexisting olivine
crystals.

Feldspar and quartz of the effusive period are of microgranitic
development and constitute the greater part of the pantellerite ground-
mass. The former mineral is of prismatic form, and occasionally quite
idiomorphie. The microlites are elongated parallel &, but in no instance
could twinning be identified. As prismatic sections they show extine-
tion angles not exceeding 10°, and may properly be regarded as a
second generation of anorthoclase. The interstices of the rock are
filled with allotriomorphous quartz.

The following analysis of the quartz-pantellerite from Presidio
County, Texas, was made by Mr. Geo. Steiger, of the United States
Geological Survey. Before making the nalys1s the calcium carbo-

1H, Rosenbusch: Mikros. Physiographie, Vol I, 3d %d.lﬁon, Stuttgart, 1892, p. 561.

!
|
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nate present was removed by treating the rock powder on the water
bath for ten minutes with diluted. hydrochloric acid (1-10). The result
of the analysis is found under Table 1.

For comparison, the average of five analyses of pantellerite from
Pantelleria® is placed under Table II, and under Table III is placed
the average of paisanite from Mosquez Canyon.*

1. Analysis of quariz-pantellerite from Presidio County, Texas.

Constituent. Per cent.
1S L 68.71
O RN .21
ALy e 13. 45
FeyOg oo e e e iamaaaaan 5.381
FeO . o .75
MnO ool e emeameeaaeu- .14
Ca0. - oo s .98
Ba . e eeeeaaaann None.
1) O None.
D - O .19
KO oo iiiiacaeaan 5.51
NagO .ol 4.63
L0 i icinai e None.
Water 100°— . icainaea. .13
Water 100°4 - .o .36 .
B0s - i .05
O P .04
0 T N None.
JLSY ) 100. 44

1H. Foerstner: Zeitsch. fiir Krystallog., Vol, VIII, 1884, p. 125,
2 A. Osann, Beitriige zur Geologie und Petrographie der Apache (Davis) Mountains, Westtexas: Min.
und Petrogr. Mitth., Vol. XV, 1895, p. 439, -
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II. Awerage of five analyses of pantellerite from Pantelleria.

Conétituent. Per cent.
Si0y- - ... . e e e 68.78
ALO,....... e e s 8. 59
) 0 U 5.12
FeO oo e 3.78
[T 1.44
Mg oo e .53
o o R 3.50
NaO e eaaas 7.16
L0210 .16
& X0 T .36

III. Analysis of paisanite from Mosquez Canyon, Texas.

Constituent. Per cent.

L 73.35

X O 14.38

O P 1.96
FeO...... P .34

MgO e .09

Ca0 . e eieeeeieaaan .26

- Na, O i 4.33
RO e e 5.66

Total . .. eieioan 100. 37

It will be seen that while the silica, iron oxide, and some of the
alkalies are essentially the same in the first two tables, the amount of
FeO and Na,O is smaller, and of AIQO and K,O is larger, in Analysis I
than in Analysis I1.

This discrepancy in the chemical constltutlon of the two rock types
is caused by the chemical dissimilarity of their amphibole constituents,
all other silicates being alike in both rocks. The barkevicitic horn-
blende (rich in ALQO, and comparatively poor in FeO and Na,O) of
the pantellerite from Presidio County is represented in the lava
from Pantelleria by cossyrite, poor in ALQ, and very rich in FeO and
Na,O.*

The relatively large amount of potash in Analysis T would indicate’
also a predominance of the potash feldspar molecule in the composition
of the anorthoclasé in the Texas pantellerite.

Comparing the analysis of this lava (Table I) with that of the paisa-

1 ¥, Foerstner, Ueber Cosayrite: Zeitsch. fiir Krystallog., Vol. V, 1881, p. 854,
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nite (Table III) it will be noticed that the latter rock differs essentially,
containing a larger amount of silica and a smaller amount of iron. This
chemical variation is manifested mineralogically by a greater develop-
ment of free gilica and by a total absence of ferromagnesian constit-
nents in the groundmass of the rock.!

The geological occurrence of the paisanite® in the characteristic dike
form i in marked contrast to the typical effusive character of the
panteﬂerite.

The distribution of pantellerite outside of Texas is limited to the
island of Pantelleria, although similar lava types are found on some
of the volcanic islands off the coast of Africa, as well as on the
mainland itself. '

Pantelleria is situated about 70 miles southwest of Sicily, nearly
midway between that island and Africa. It was visited in 1829 by
Gemmellaro, who deseribed from there a peculiar, greenish-gray
rock type as ‘“lave trachitichi moderne.”

In 1881 Foerstner named this lava pantellerite, and characterized it
as a youhg, effusive rock, rich in iron, and containing a hornblendic
mineral, called by him cossyrite.* In a later paper® he says that the
rock shows sometimes a trachytic, often a vitreous obsidian, habit,
and that it covers an area of 40 to 60 square kilometers, or the major
part of the island. Forty-five volcanic centers and fifty flows sur-
round an andesite core. Besides the latter rock, the pantellerite was
associated with phonolite, feldspar, basalt, and rhyolite.

It has already been shown that in the Vieja Mountains the two lat-
ter rock types accompany the pantellerite. Phonolite and andesite
from the Davis Mountains, 30 to 70 miles east of the Vieja Range, have '
been described by Osann.® This similarity in the mineral composition,
as well as the geological associations of these younger rocks with the
lavas from Pantelleria, renders the discoveryin Texas of a similar cir-
cumscribed area of eruption a matter of great interest.

The following are some of the more important occurrences of
younger rock types resembling pantellerlte in their mineral composi-
tion:

(1) Acmite-trachyte from the islands of San Miguel and Fayal, of
the Azores, and from the island of Terceira;” also from the neighbor-
hood of Naiwaseha Lake and from the Kaiwangaine Valley, northeast
of Kilimandscharo Massif, East Africa.®

‘

! 10sanm, op. cit., p. 438.
27bid., pp. 404, 405.
8C. Gemmellaro, Sopra 1’ isola vulcanica di Pantelleria: Atti dell’ Accad. Gioenia, Vol. V, 1829,

4H. Foerstner, Nota preliminare sulls, geologia dell’ isola di Pantelleria; Roma, Tipogr. Barbea,
1881, p. 15.

8Ueber Cossyrite: Zeitsch. fiir Krystallog., Vol. V, 1881, pp. 246-349.
$ Osann, op. cit., p. 126.

70, Miigge, Petrog. Untersuchung. an Gesteinen von den Azoren: Neues Jahrb. fiir Min, Vol. II,
1883, pp. 212-218.

80, Miigge, Uebcr einige Gesteine d?s Massai-Landes: Neues Jahrb, fiir Min,, Vol. IV, 1886, p 591.

-
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(2) Dacitic rhyolite from Iceland, in Oexnadalr.! .+ | '
(8) Trachyte from Sierra Madre;, on southwest flank, mear !

of Tulancingo, Mexico.” / ‘
(5) Volcanite from the island bf Volcano, of the Liparian m”

BASALT.

Qis rock varies in color from grayish black to dark brown, and
ommacroscopical examination presents a decided porphyritic charac-
ter, owing to the development of large olivine and plagioclase pheno-
crysts. t
It appears i the form of an intruded sheet between rhyohte brec-
cias Nos. 10 and 12. Near its upper surface the rock is a typical
- amygdaloid.
ith the aid of the microscope the basalt was found to pass from a
é:e holoerystalline porphyritic rock to a vesicular, hypocrystalhx\{a
rphyritic variety.

The first-mentioned type (11) is composed of large, tabular-formed
labradorites, irregularly bounded olivine and magnetite arystals of
intratelluric origin, and light-brown augite, plagioclase, and magnetite
of the effusive period. The augite is rarely of idiomorphic form, and
contains abundant plagioclase inclusions. In many cases this pyrox-’
ene was the last mineral constituent of the groundmass to crystallize,
and in taking the part of a mesostasis produced a characteristic ophitic
structure common to.many types of diabase. In some cases the olivine
is xeplaced by the questionable mineral iddingsite.

;ﬁhe vitreous and porous variety of basalt (11’) differs from the holo-

alline rock in the development of a dark-brown granulated glass
base in the groundmass. ihls rock type is, however, very much decom-
posed, olivine and augite being often completely altered to limonite,
chlorite, and serpentine. These secondary minerals, together with

either calcite, natrolite, or opal, are concentrated in the amygdaloidal
cavities of the rock.

1P. Schirlitz, Islandische Gesteine: Min. u. Petrographische Miith., Vol. IV, 1882, p. 428.
2C. A. Tenne, Ueber Gesteine des Cerro de las Vajos (Messerberg) in Mexico; Zeitschr. Deutsch
geol. Gesell., Vol. XXXII, 1885, pp. 612-613.

3W. H. Hobbs Ueber den Volcanit, ein Anorthoklas-Augit-Gestein von der chemischen Zusammen-
setzung der Dacite: Zeitschr. Deutsch. geol. Gesell., 1893, p. 578,

.



INDEX.

"Page.
Acmite-trachyte, occurrence of............. 94
Adams, W. H., workof ..................... 67
Analyses,coal ................ 60, 61, 64, 65, 66, 87, 88
[ 88
lignites  ...ociiiiiii i 66
pantellerite. .. 93
quartz-pantellerite . .. 92
Anacacho formation, sectionof ............ 31-32
stratagraphic positionof ............... 31
variations in characterof .............. 34
Anacacho Mountains, Kinney County, fig-
ure showing section of.............. 32
sectionof ... ...l 31-32
Ashburner, C. A., c¢ited on coal at E] Paso . 86
Asphalt Falls, sectionat. ........__......... 34
Atascosa County, analysis of lignite from.. 66
Athens, analysis of lignite from............ 66
Austin, thickness and character of Taylor
marls Near ......cocoiiiennrunnn... 3
Austin chalk, fossils foundin,............. 19-20
section of, Anacacho Mountains........
occurrence and characterof ........... 19-20
Balcones escarpment, altitude of........... 14
Basalt, description of.......ovveiueienoa... 95
Bassett, C. C.,83A BY.eunurrennnennenenn .. 78,83, 84
Brackett, fossils found 20 miles west of ..... 17
thickness of Eagle Ford formation at... 19
thickness of Buda limestone near...... 18
Bracks Canyon, description of .............. 82
plate showing view of.................. 82
Bray, W, L., work of .... 15
wark with 11
Bregg, G., information furnished by........ 57
section furnished by................._.. 23
Budalimestone, oceurrenceand characterof 18
Burr's ranch, fossils found near ............ 25-26
Calvert bluff, analysis of lignite from....... 66
Campbell, J. W., section furnished by....... 50
Cannel Coal Company, analysis of coal from
65
record of prospect drill by...... bieeieas 4142
sectionatmineof .............. ..ol 4
Caprina limestone, Sec Edwards limestone.
Carbon, record of prospect drill near....... 4142
Carrizo sandstone, oceurrence of............ 54
Carrizo Springs, plate showing artesian well
5L 52
reconnaissance between Santo Tomas,
Uvalde,and ........covvveeinnnan... 50-51

reconnaissance from Eagle Pass to. .80-31, 46-47
reconnaissance from San Lorenzo Creek

2o 47
relation of Cretaceous to Eocene be-

tween Eagle Passand _............. 35-36
section of wellmear .................... 50

Bull, 164—7

|
|
|
:
|
|
!

Page.
Cavender, G. G., information furnished by. . 50
Chacon Creek, character of surface near . .. 28

Chandler, W. M., cited on coal at Eagle

Bprings .......ooiiii 86
Chapman, R. H,,aid by.......... 8
Chispa, fossils found near 84

location of ...l 73
plate showing view of Vieja Mountains

from ...l 76

report on igneous rocks from vicinity of

San Carlosand ..................... 88-95

sectionsnear _............. .. 76,84
topography near........... 74
Chupadero ranch, sandstoneat . __......... 37

Cline, reconnaissance from Eagle Pass to .. 25-30

Coal, age of Cretaceous of Colorado ........ 86
analysesof .............. 60,61, 64, 85, 66, 87,88
character of 6061
importance of, in Texas 11
oceurrence of 62,86
thickness of cvaeean a7

Coal fields in New Mexico and Texas. . 1112

Coal series, fossils foundin................. 25-26
occurrence, character, and thickness

Of i V. 22-96,28

Coke, analyses Of.......oceooeiveneeanan .. 88

Comanche series, consideration of .. 16-18

Comstock, T.B., work of........... . 71

Cope,E.D.,, work of ........................ 67
Cow Creek, exposure of Austin chalk on... 19
fogsils foundon.................oooll.l. 19-20
Cretaceous, course of boundary between
Eoceneand......................... 33
plate showing contact of Eocene and.. 50
relation of Eocene to .......c..vveeun... 35-36
Cretaceous rocks of the Eagle Pass coal
field ...
Davis, D. D,, acknowledgmentsto. .
aldbY e
reference t0 ....eecei it
statement by ..............

Del Rio, Del Rio clays near. ...
Edwards limestone at

sections furnished by..... e
Dolch, L. F., & Co., prospect shaft of
Dumble, E. T., cited on age of Escondido

DOAS e iiaees 27
cited on analysisof coal................ 65
cited on designation of Eagle Ford form-

ation. ... ...l 19



98

INDEX.

Page Page,
Dumble, E. T,, cited on Eocene fossils ..... 38 | Foerstner, H., cited on pantelierite......... 92,94
cited on fault near San Carlos.......... 75 | Fort Clark, rainfall and temperature at . ... 15
cited on quality of coal found near Fort Inge, rainfall and temperature at ... .. 15
Uvalde coovoevnoinn.... . 62 | Fort Worth limestone, fossils found in._.... 16-17
cited on section at Webb bluff.......... 39 oceurrence and character of. ... .. ____. 16
cited on thickness of Austin chalk Frazier, 8. D., information furnished by.... 62
DeAS -t 20 referenceto. .. ....ceieiiiiiiiieoono.,. 59
cited on thickness of Eagle Ford form- Frio River, fossils found on................. 52

ation ... i, 19 plates showing Focene and Cretaceous
cited on time of voleanic outbursts .... 83 Lo < 1 50, 52
cited on value of lignite......... . 66 relation of Cretaceous to Eocene along. 36
formations described by. . 26 sections of Eoceneon................... 51-53
quoted on Upson clays .. . 20 | Fuente mines, Mex., section at ..__........ 24
quoted on San Miguel beds ... 2122 thickness of coal seam in....__......._. 57
reference to ........... . 19 21,22,35,82 | Gemmellaro, C., cited on pantellerite ... ... 94
section given by....ooovieiee oL 78 | Gettysburg Peak, plate showing view of.... 80
works of..... Ceermateraaneaaana. 70,'71-72,74 sections of........ e etneianennenanan 81,84
Eagle Ford formation, oceurrence and char- Gobbett survey, section ‘of well on 51

Eagle Pass, character and constitution of
coal from .......o..ooiiiiiiaiao.... 60
fossils found near.. . 22,26,27,30

plate showing bluff of Rio Grande at... 54
plate showing view of Rio Grande op-

26

15

214 L S 30-31,46-47
reconnalssanee from Cline to. ... 28-30

relation of Cretaceous to Eocene he-
tween Carrizo Springs and
section of artesian well near ..
sectionsnear ...............
thickness of coal bed near ._......._...
Eagle Pass coal fields, consideration of
climatic conditionsof ...... ...

descriptive geology of . . 1555
extentof ................ . 55
limits of ...l .13
map of... . 13
minesin..._....._........ . 60
physical features of ...... . 13-15
vegetation in........... eeriasraiaacna, 14-16
Eagle Pass formation, fossils found in. 22, 25-26,27
section Of....ooiiiuiiiiiii L, 34

thickness, oceurrence, and character of. 21-28

variations in thickness of....... . 35
Edwards limestone, exposures of. . 18
fossils found in .- 84
Elm Creek, figure showing section of hillon. 23
Engelmann ranch,section near............ 51
Xocene, course of boundary hetween Cre-
taceousand......oooovaeaoon 53
conclusions regarding.................. 53-54
plate showing contact of Cretaceous
and..

plates showing exposures of..
relation of Cretaceous to...
résumé of section of.........
thickness in Uvalde quadrangle.
Eocene coal fields, extent of......
Focene rocks, consideration of.
ZEscondido beds, description of.
fossils found in........
Fireman,P., analyse8 bY ceeevvacsen.. 60,64,65,87

Of TeXa8. 1 euiienamenenaiiinnnnnn.. 15
Guajolote ranch, sections at and near...... 39,40
Habey ranch, sections near................ 48
Harris G. D., cited on Eocene fossils........ 88

cited on relation of Cretaceous to Eo-

cene in Rio Grande section......... 85

quoted on fossils found near Eagle Pass. 89
TEference t0 voouueemii e niainaaaann.. 44
WOTK Ofoeeiiii i, 71,72
Hartz mine, thicknessof coalat........_... 28,57
Hector, O. P., information furnished by.... 59
Herman, G. C., information furnished by.. 50
Hill, BR. T, cited on *Balcones escarp-
1213 4L 1
cited on coal in Chisos Mountains...._. 86
cited on constitution of coal in Santa

Rosaregion..............oooo . ... 61

cited on Eagle Ford formation......... 18

cited on Santa Rosa coal field .......... 66

letter of transmittalby............_.... 9

reference to ....o..oeoiiiaiiill. 11,62,78

workof. ..ol 68,69-70,71
Hill, R. T., and Vaughan, T. W., cited on

Anacacho formation....._.......... 81

cited on geology of Edwards Plateau and

Rio Grande Plain._.......__........ b4

cited on Rio Grande Plain...___...... .. 13,14

cited on Taylormarls................... 34

WOTK Of e cniei i 72
Hills, R.C..cited on coal from Colorado .... 11,86
Hitcheoek, C.H.,work of ..._._............_. 67
Hobbs, W, H., cited on oceurrence of vol-

eanite ... ...l 95
Igneous rocks, report ON . oveeeeivnnnnruncn.n 88-95
India ranch, fossils found near......_...... 88
Johnson, 8. A,, acknowledgmentsto........ 73

information farnished by............... 7%
Johnstone, elevation at..................... 13

Knowlton, F. H., fossils determined by .. 23,45,47
NOLeS DY - oo 40
referenceto......ooeovernmianiiiL.. 36

Laredo, analysis of coal from ............... 66
rainfall and temperature at............. 15
section along Rio Grande from Webb

bluffto. ceeeninennei i 46

Lasg Moros Creek. See Tulio Creek.
referenceto........ooeeoiiiiiieanoae... 21,22

Leon County, analysis of lignite from ...... 66



INDEX.

Lord, E. C. E., report on igneous rocks from
vicinity of San Carlos and Chispa.. 88-95
WOEK Of e oo 73

Loughridge, R. H., work of..............._. 67

Lucas, F. A., fossils examined by .. .-- 81

Maloney,J.J., acknowledgments to.___.... 73

Marshall, G. N., acknowledgments to....... 73

information furnished by .............. 86
Maverlek County Coal Company,section in
mine of................ll....

thickness of coal seam mined by
MecDaniel ranch, sections near ..
McGee, W J, definition by ...

workof.......... e ea e 67,70-71
Mexican ranch, section of hill near......... 52
Mosquez Canyon, analysis of paisanite from 93
Miigge, O., cited on occurrence of acmite-

trachyte co oo i,

Mula Creek, character of surface and vege-
tationmear .........oo.iiiiiiiiai.. 28
Myrick apiary, section of bluff at -- 52
Neocene rocks,extent of............o.oo.. 56
Nueces River, occurrence of coal near...... 62
relation of Cretaceous to Eocene along. . 36
sections of Eocene on -.- 34,47-50,62

thickness of Eagle Pass formation on .. 35

New Mexico, coal field in Texasand....... 11-12
Olmos Creek, sectionon.................... 58
Osann, A., cited on igneous rocks . 88
cited on paisanite ............. . 92,94
work of....... ...l .. 4
Ott, M. C., information furnished by....... 62
Owen, J., analysis of specimens collected by. 65
cited on Carrizosands.................. 37

Paisanite from Mosquez Canyon, analysis of 93
Palafox, figure showing section of bluffs
and terracesat. ..........o.oiia.... 55

section of buttenear .......__..._..._.. 40
Palomas siding, fossils found near.._........ 25-26
Pantelleria, analysis of pantellerite from .. 93
Pantellerite from Pantelleria, analysis of . 93
Penrose, R. A, F.,analyses by .............. 61,66

cited on fossils from Webb bluff........ 45

cited on Santo Tomas coal.............. 66

cited on section at Webb bluff...__.... 39

quoted on section along Rio Grande 39

from Webb bluff to Laredo ......... 45

reference t0 .. voiieeemiiiiiiaiiaae. .. 35

work of. . ...l cane 69
Pilot ranch, record of prospect drill at. ... 4244
Pleistocene terraces, ocecurrence of.........
Presidio County, analyses of coal and coke

from

Quartz-pantellerite from Presidio County,
analysis of
description of

88
analysis of quariz-pantellerite from.... 92
92

99

Page.

Rhyolite, dacitie, occurrence of ............ 95

Rio Escondido, section on.................. 24
Rio Grande, conclusion regarding coal fields

of the ... ...
Eocene rocks near................_..
generalized diagram of terraces on
plate showing bluff at Eagle Pass ......
plate showing view of..................
relation of Cretaceous to Eocene along.. 35
section from Webb bluff to Laredo
along....... Ceermemaetenimaeiaaaanas 46
gection on
thickness of Eagle Pass formation on .. 35
Rio Grande coal fields, map showing gen-

eral positionof ..................... 14
Rio Grande Coal and Irrigation Company,
analysis of coal from mine of ...... 64

section atmineof ...................
Rio Grande Plains, topography of

vegetationon ...l
Riper, J. E. van, acknowledgments to ..... 73
Rock—, analysis by.............. ... ... . 61
Rockdale, analysis of lignite from ......... 66

Roessler, F. E., cited on section near Eagle
Pass e 25
Roy, D. J., acknowledgments to ........... 44
Rusk County, analysis of lignite from...... 66
Russell, R. E., analyses furnished by...._... 83

Sabinal, thickness of Anacacho formation
1 1S T 33
Sabinal River, exposureson ................ 34
Salado Creek, character of surface near .... 29
fossils found on and near .._........ cee 29
section at ford on north side of.... 28
San Ambrosia Creek, exposures near .. 37
sectionmnear ... ... ....c.ioa.a. . 38
San Carlos,altitnde of .............coe..... 75
character of coal from 87

fossils from Vieja Mountains near.. 78-79,80
location of . ...ooiiiiiiiii i 73
map showing topographic features in
vieinity of ....iinuiiiiii i
plates showing views from
report on igneous rocks from vicinity

of Chispaand....................... 88-95
sectionsnear ............... 77-78,79-80,81, 84
topography mear. .. ......cc.coeea...... 75

San Carlos Coal Company, fossils from fanlt

nearshaftof. ... ... ... ... ... 81

sections in coal seam aud shaft of ...._. ~79-80

Ban Carlos coal field consideration of ......
San Carlos formation, strata below
fosgils found below................
section of beds below............

San Felipe Creek, Fort Worth limestone on. 16

San Felipe Springs, fossils found near ...... 16-17
San Lorenzo Creek reconnsissance from
Carrizo Springsto.................. 47
San Miguel beds, fossils found in........... 22
occurrence and character of. ........ 2]1-22,28
San Pedro seam, section of ................. 63
Santa Rosa region, analysis of coal from ... 61
Santo Tomas, Aip &b .....vuveeeniiiinnns, 45
elevationat ... olLL 13

figure showing sandstone and clays
above coal horizon at .............. 54



100

INDEX,
Page.
Santo Tomas, reconnaissance between Trachyte, occurrence of .........
Uvalde, Carrizo Springsand ....... 50-51 | Tulio Creek, fossil found at
record of prospect drill near............ 41-42 | Turkey Creek, compilations of secnons

Santo Tomas coal field, character of coal in 64-66

exXtent Of uveniinenaiiiii i 62-63
1ines in 84
Santo Tomas mine, sectionat .............. 44
Santo Tomas seam, section of............... 63

Schirlitz, P., cited on occurrence of dacitic

rhyolite. . .ooooeoe el 95

Sehott, A., work of ... .iiiioiiiiios 67

Seibert, C., acknowledgments to ........... 78

Shelby County, analysis of lignite from .... 66

Shoal Creek limestone. See Buda lime-

stone.

Stanton, T.W., aid by ... ii.e, 11
fossils collected by «.ovooimianinanaao. 45
fossils determined by. 19-20,22, 25,26, 27,29, 30
notes on age of fossils by ............... 82
quoted on fossils from Salado Creek.... 29
statement by 27
work of ... 73

Steeruwitz, W. H. von, cited on coal in

Trang-Pecos Texas. ................. 86

work of....o.oceeoill 74
Steiger, G., analysis by 92
Stevenson, J. J., cited on Cerillos coal field.. 11

Taff, J.A.,, workof ...l 71

Taylor marls, character and thicknessof ... 34
Tenne, C. A, cited on occurrence of tra-
chyte oo 95
Tertiary rocks, consideration of ... .. 87-55
Texas, coal fields in New Mexico and ...... 11-12
Thompson, P, W.,information furnished by 58
Thowmpson, R., statement by ..........oeaeen 60

210163 17 S 32-33
Upson, section near 20
TUpson clays, occurrence and character ot .. 20-21
variations in characterof.............. 34
Uvalde, reconnaissance between Carrizo
Springs, Santo Tomas,and.......... 50-51
Valverde flags. See Eagle Ford formation.
Van Horn Creek,course of . ....couveennnnnn 74
Vaughan, T. W.,reference to......coeenuunn. 88
work of 72
Vaughan, T. W., and Hill, R. T, cited on
Anaceacho formation................ 31
cited on geology of Edwards Plateauand
Rio Grande Plain........coouaae... 54
cited on Rio Grande Plain.............. 13,14
cited on Taylor marls .................. 34

workof. ...
Vieja Mountains, coal in
fossils from

mountains composing .................. 74
plates showing viewsof ................. 76,78
sectionsof . .oveviiiiiiie et 76-78, 79-80
Structure Of . oee i iiiiii i 75
Volcanic outbursts,timeof ................. 83
Webb bluff, section along Rio Grande from
E:3 L1610 R 7 46
sectionof ... e 39
‘Well, artesian, at Eagle Pa.ss sectmn of . 25
White, C. A, formation named by .......... 21
fossils collected |5} 2 45
reference to

68,70



	Bulletin of the United States Geological Survey No. 164.
	Bulletin of the United States Geolgoical Survey No. 164.
	Bulletin of the United States Geological Survey No. 164. 
	Reconnaissance in the Rio Grande Coal Fields of Texas

	Contents.
	Illustrations.
	Letter of Transmittal
	Reconnaissance in the Rio Grande Coal Fields of Texas.
	Introduction.
	I. Eagle Pass and the Eocene Coal Fields of the Middle Rio Grande Region of Texas.
	Definition of the Area.
	General Physical Features.
	Descriptive Geology.
	Cretaceous.
	Rio Grande Section.
	Lower Cretaceous (Comanche Series).
	Edwards Limeston.
	Fort Worth Limestone.
	Del Rio Clays.
	Fossils from 20 miles west of Brackett.
	Fossils from old ocher mine on bluffs miles north of east of Del Rio court-house.

	Buda Limestone.

	Upper Cretaceous.
	Dakota Division.
	Eagle Ford Formation.
	Austin Chalk.
	Upson Clays.
	Section 2 1-2 miles above Upson post-office.

	Eagle Pass Formation.
	San Miguel beds.
	Coal series.
	Escondido beds.
	Resume of characters and thickness of tne Eagle Pass formation.



	Reconnaissance from Cline, Uvalde County, to Eagle Pass.
	Reconnaissance from Eagle Pass to Carrizo Springs.
	Studies along Turkey Creek and the Nueces River, the Frio and Sabinal rivers, Brackett and Uvalde Quadrangles.
	Anacacho Formation.
	Eagle Pass Formation in Brackett and Uvalde Quadrangles.

	Variations in Character of the Formations in the Different Sections.
	Anacacho Formation and Upson Clays.
	Eagle Pass Formation.

	Relation of the Cretaceous to the Eocene.
	Rio Grande section.
	Between Eagle Pass and Carrizo Springs.
	Along the Nueces River.
	Along the Frio River.


	Tertiary.
	Eocene.
	Rio Grande Section.
	Reconnaissance between Eagle Pass and Carrizo Springs and Southwest of Carrizo Springs. 
	Reconnaissance from Carrizo Springs to San Lorenzo Creek.
	Nueces River Section.
	Reconnaissance from Uvalde to Carrizo Springs and from Carrizo Springs to Santo Tomas.
	Frio River Section.
	Conclusions regarding the Eocene.

	Neocene and Pleistocene.
	Neocene.
	Pleistocene.



	Economic Geology.
	Eagle Pass Coal Field.
	Extent.
	Mines.
	Character of Coal.

	Eocene Coal Fields.
	Extent of the Eocene Coal Fields, Including the Santo Tomas Field.
	Mines.
	Character of Coal.
	Conclusions Regarding the Rio Grande Eocene Coals.


	Literature.

	II. The San Carlos Coal Field of Trans-Pecos Texas and Adjacent Portions of the Vieja Mountains.
	Introductory Note.
	Geographicl Position of Localities Studied.
	Literature.
	Topography and Structure.
	Sections Studied and Notes Thereon.
	Peak Near Chispa.
	Sections in the vicinity of San Carlos.
	Section of the Vieja Mountains from the San Carlos arroyo, 1 mile below San Carlos, to the top of the mountain east of the town.
	Fossils from section of Vieja Mountains from San Carlos arroyo, 1 mile below San Carlos, to top of mountain east of town.
	Fossils from No. 3 (field No. 298).
	Fossils from No. 2 (field No. 297).

	Detailed section through coal seams at tunnel of mine No. 4 of San Carlos Coal Company, on vjest slope of the Vieja Mountains, about 2 miles east of San Carlos.

	Section in arroyo northeast of shaft of San Carlos Coal Company, 2 miles east of south of San Carlos.
	Fossils from No. 3 (field No. 299).

	Overturned Fold North of Shaft of San Carlos Coal Company.
	Fossils from fault north of shaft of San Carlos Coal Company (field No. 300).

	Sands and Clays.
	San Carlos and Arroyo Above.
	Section of Gettysburg Peak, 1 mile north of San Carlos.
	Resume of San Carlos section.
	Age of Fossils Below the Coal.
	Bracks Canyon.
	Correlation of the Chispa and San Carlos Sections.
	Time of the Volcanic outbursts.
	Dikes.

	Below the San Carlos Formation.
	Fossils from No. 4 (field No. 303)
	Fossil from No. 2 (field No. 303 a).
	Fossils from No. 1 (field No. 303b).



	Extent of San Carlos and Other Trans-Pecos Texas Coal Fields and Condition of Mining. 
	Character of San Carlos Coal.

	Report on Igneous Rocks from the Vicinity of San Carlos and Chispa, Texas.
	Rhyolite Breccia.
	Quartz-Pantellerite.
	Basalt.



	Index.


	Illustrations
	Department of the Interior.
	Seal.
	Plate 1: Map showing Localities where Coal is Found in the Middle Lower Rio Grande Region.
	Fig. 1.—Map showing the general position of the Rio Grande coal fields.
	Fig. 2.—Section of hill on east side of Elm Creek, 1 mile above the bridge at the crossing of the  Del Rio and Eagle Pass road.
	Fig. 3.—Section of Eagle Pass artesian well.
	Plate 2: The Rio Grande, From Mexican Side of the River, Opposite Eagle Pass.
	Fig. 4.—Section of the Anacacho Mountains, Kinney County.
	Plate III: A. Cretaceous-Eocene Contact on the Frio River. 
	Plate III: B. Basal Eocene, Portion of the same bluff, but farther downstream.
	Plate IV: A. Lower Eocene Sandstone, Myrick's Apiary, Frio River, SOuthern Uvalde County.
	Plate IV: B. Artesian Well, Dinman's Near Carrizo Springs.
	Fig. 5. --Weathering of the Carrizo sandstone at Chupadero ranch.
	Fig. 6.—Sandstone and clays above coal horizon (Santo Tomas seam) at Santo Tomas.
	Plate V: Bluff of Rio Grande at Eagle Pass, showing the upper plain (Uvalde formation level) and the wide silt terrace (Columbia formation level)
	Fig. 7.—Section of bluffs and terraces at Palafox.
	Fig. 8.--Generalized Diagram of Rio Grande Terraces.
	Fig. 9.—Sketch map showing coal mines and prospects near Eagle Pass; furnished by Louis Dolch.
	Plate VI: Topography of the San Carlos Regions Showing Locations Described.
	Plate VII: View of Vieja Mountains, Looking South from Chispa.
	Plate VIII: View of the Vieja Mountains looking East from San Carlos.
	Plate IX: View of Gettysburg Peak from San Carlos.
	Plate X: Bracks Canyon, entrance to eastern end, San Carlos.
	Plate XI: Comumnar Sections.

	Tables
	The following table gives the average annual rainfall at some of the more important places, as determined by observations extending through several years.
	The mean annual temperature is as follows:
	Section at ocher mine 2 miles north of east of Del Rio courthouse.
	Section near Eagle Pass.
	Section 12 1/2 miles from Eagle Pass.
	Fossils obtained from No. 2
	Section in the Maverick County Coal Company's mine, near Eagle Pass, as given by Mr. Georqe Breqq, former manager of the mine.
	Section of hill on east side of Elm Creek, 1 mile above the bridge at the crossing of the Del Rio and Eagle Pass road.
	Section at mine No. 1 of the Fuente, Mexico, coal mines on the north bank of the Rio Escondido, 5 or 6 miles west of Eagle Pass.
	Prospect shaft No. 3 of L.F. Dolch and Co., near coal shaft for mine.
	Section of artesian well bored on the top of the hill 2 miles northeast of Eagle Pass, between the Uvalde and Carrizo Springs road.
	Section on slope near railroad on the east aide of Eagle Pass.
	Fossils collected 1 1/2 miles southeast of Eagle Pass, on the road to Laredo (locality No. 274).
	Fossils collected 5 miles southeast of Eagle Pass (locality No. 275).
	Fossils collected 14 1/2 mies southeast of Eagle Pass.
	Fossils collected 18 1/2 miles southeast of Eagle Pass.
	Resume of characters and thickness of the Eagle Pass Formation.
	Section at ford on north side of Salado Creek.
	Section 2 miles north of Eagle Pass court-house.
	Section of the Anacacho Mountains, Kinney County.
	Anachacho formation--Continued.
	Compilation, of sections along Turkey Creek.
	Continued.
	Continued.
	Section at Asphalt Falls, Nueces River.
	Section 4 1-2 miles above mouth of San Ambrosia Creek.
	Section of Webb bluff, on Rio Grande.
	Section through coal seam.
	Section down high point west side of Nueces River, just below coal shaft.
	Section down bluff above the Habey ranch, west side of Nueces River.
	Section of bluff below the Habey ranch, west side of Nueces River.
	Section of north end of bluff, east side of Nueces River, just above the McDaniel ranch.
	Section of south end of foregoing bluff.
	Section through coal seam. 
	Section of north end of bluff just below the McDaniel ranch, west side of Nueces River.
	Section of lower (southern) end of foregoing bluff.
	Section of well 3 miles north of Carrizo Springs.
	Section of well on S. Gobbett survey.
	Section across Eocene-Cretaceous contact, 2 miles below the Engelmann ranch and about 5 miles due north of the southern boundary of Uvalde County.
	Section of bluff at the Myrick apiary.
	Section of bluff on the Frio River, about 1 mile below the Lewis ranch. 
	Section of hill below Mexican ranch, on the Frio River below the Lewis ranch.
	Section of bluff next lower down on the west side of the Frio River.
	Section at Guajolote ranch.
	Section 10 miles southeast of Guajolote ranch.
	Section of butte 4 miles north of Palafox.
	Prospect drill No. 2, by Cannel Coal Company, northeast of Carbon, about 3 miles southeast of Santo Tomas.
	Prospect drill No. 2, by Cannel Coal Company, northeast of Carbon, about 3 miles southeast of Santo Tomas—Continued.
	Prospect drill No. 6, at Pilot ranch, 25 miles west of north from Santo Tomas, and 3 1-2 miles from the Rio Orande.
	Prospect drill No. 6, at Pilot ranch, 25 miles west of north from Santo Tomas, and 3 1-2 miles from the Rio Grande—Continued.
	Prospect drill No. 6, at Pilot ranch, 25 miles west of north from Santo Tomas, and 3 1-2 miles from the Rio Grande—Continued.
	Section at the Santo Tomas coal mine (Rio Grande Coal and Irrigation Company). 
	Section at mine of Cannel Coal Company, 3 miles below Santo Tomas.
	Resume of section of Eocene.
	Prospect shaft No. 1.
	Prospect shaft No. 2
	Prospect shaft No. 3 (worked seam)
	Prospect shaft sunk 6 1-2 miles north of Eagle Pass.
	Prospect shaft sunk in Olmos Creek bottom, 7 miles north of Eagle Pass.
	Prospect shaft 8 miles north of Eagle Pass, on the Southern Pacific Railroad.
	Analysis of Eagle Pass coal.
	Analysis of Eagle Pass coal.
	Analysis of coal from Santa Rosa region.
	Section through coal seam above the McDaniel ranch.
	Section of the Santo Tomas seam.
	Section of the San Pedro seam.
	Analysis of coal from mine of Rio Grande Coal and Irrigation Company.
	Analysis of coal, from mine of Cannel Coal Company.
	Analysis of pitch coal from outcrop 25 miles northwest of Santo Tomas, thoroughly air dried.
	Analysis of coal from Santo Tomas coal mine.
	Analyses of Texas lignites.
	Analyses of Laredo and Eagle Pass coals.
	Section of peak belonging to the Vieja Mountains 6 miles west of south of Chispa.
	Continued.
	General section of Vieja Mountians near San Carlos.
	Detailed section through coal seams at tunner of mine No. 4.
	Section in arroyo northeast of shaft of San Carlos Company, 2 miles east of south of San Carlos.
	Section of Gettysburg Peak, 1 Mile North of San Carlos.
	Section of ridge about 6 1/2 miles from Chispa, on Rio Grande Northern Railroad.
	Analysis of San Carlos coal from mine No. 4, lower seam.
	Analysis of San Carlos coal from mine No. 4, lower seam.
	Analysis of coal from Presidio County, Texas.
	Analysis of coke from Presidio County, Texas, coal.
	I. Analysis of quartz-pantellerile from Presidio County, Texas.
	11. Average of five analyses of pantellerite from Pantelleria.
	111. Analysis of paimnite from Mosquez 'Canyon, Texas.


