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Frontispiece ,- The Rim Rock country. North end of Horse

shoe Mesa capped by Bracks Rhyolite in background, Weston

Ranch in foreground. Southeastward view from Weston Ranch

Headquarters,



CENOZOIC STRATIGRAPHY OF RIM ROCK COUNTRY,

TRANS-PECOS TEXAS

by

JOHN THEODORE SCHULENBERG

ABSTRACT

The Rim Rock country, on the western edge of a vast trans-Pecos

Texas lava field, received thousands of feet of volcanic material dur

ing the Tertiary Period, Although pyroclastic rocks predominate, sev

eral flow rocks form the most distinctive stratigraphic markers. Dikes,

sills, and laccoliths were emplaced following the cessation of extru

sive igneous activity.

The Vieja Group, comprising the oldest volcanic strata, has been

tentatively assigned to the Chadronian Stage (lower Oligocene),

Late Tertiary block-faulting created an intermontane area which

subsequently received thick bolson deposits. Recent climatic fluctua

tions have resulted in the development of gravel-capped terraces along

the Rio Grande,
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INTRODUCTION

PURPOSE

In recent years, the Rim Rock country has been the site of numer

ous special investigations by petrologists, vertebrate paleontologists

and economic geologists. With its varied and fascinating geology and

scenic beauty, the region may continue to be visited with increasing

frequency in the years to come. It is the purpose of this report to

provide a stratigraphic framework for the previous and possible future

investigations, and to prepare a compilation of present knowledge of

the Cenozoic stratigraphy of the Rim Rock country. The thesis is based

in part on observations of the writer and in part is a synthesis of in

formation obtained by other investigators.

LOCATION AND ACCESSIBILITY

The Rim Rock country constitutes a distinctive physiographic prov

ince of trans-Pecos Texas, and Chihuahua, Mexico. The inface of the

Tierra Vieja Mountains, which trend in a south-southeasterly direction,

delineates the eastern margin of this province. The east front of the

Sierra Pilares, Sierra de los Fresnos and Sierra Ventana of Chihuahua

form the western boundary, which is parallel to and nearly coincident

with the International Boundary marked by the Rio Grande. The northern

and southern limits are delineated by passes at Chispa Summit and Pinto

Canyon respectively.

1
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TABLE I - KEY TO MAPPED AREAS SHOWN ON INDEX MAP

NO. AREA MAPPED BY DATE MAPPED

1 Hovey Stevens 1956

2 Barrilla Mts . Eifler 19A7-48

3 Northeastern Davis Mts. Wheeler 1953

4 Gomez Peak Taylor 1951

5 Kent Twenty U. of T. M.A. candidates 1947-53

6 Northern Davis Mts. Rix 1950

7 Wylie Mts. Hay-Roe 1955-56

8 Van Horn Mts. Twiss 1956-57

9 Indio & Eagle Mts. Underwood 1957-

10 Northern Sierra Pi lares Clutterbuck & Ferrell 1957

11 North Rim Four U. of T. M.A. candidates 1957

12 Valentine Wightman & Woodyard 1952

13 Porvenir Six U. of T. M.A. candidates 1956

14 Sierra de los Fresnos Allen & Nichols 1956

15 Candelaria Nine U. of T. M.A. candidates 1954

16 Pinto Canyon Amsbury 1953-5)4-55

17 Chinati Mts. Rix 1951-52

18 Presidio Dietrich 1957-

19 Glass Mts. P. B. King 1925-26-27

20 Cathedral Mts. McAnulty 1949-50-51

21 Marathon & Monument Springs P. B. King 1929-30

22 Jordan Gap Goldich & Seward 1946-47-48

23 Buck Hill Goldich & Elms 1936, 19^0

2* Santiago Peak Eifler 1938,1940

25 Hood Spring Graves 1947-48

26 Tascotal Mesa Erickson 1949-50

27 Agua Fria Moon 19J+7-48

28 Nine Point Mesa Stafford 1940, 1948-49
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The northern boundary is modified in this report to coincide with

the northern limits of the mapped area at 30 34 f N. This parallel

south to 30 19* N constitutes what is herein referred to as the Por

venir area. The southern half of the country, the Candelaria area, ex

tends from 30 06* N to 30 22* N. The United States portions of both

of these areas lie entirely within Presidio County.

Accessibility to the Rim Rock country from the east is limited by

the imposing Tierra Vieja Mountains. Roads across the mountains have

been established in the past, but they are no longer serviceable. One

of these, the old county road from Valentine to Candelaria, crossed the

Capote Rim near Rim triangulation station, one mile northwest of Capote

Falls, and was usable until 1953* A trail marks the site of another

abandoned road which crossed the rim at Split Peak, k*5 miles northwest

of Capote Peak.

Access from the north may be had via a dirt and gravel county road

leading southwestward to the river road from its junction with U. S.

Highway 90 at Chispa, 17 miles north of Valentine. The river road,

very rough and poorly maintained, extends southward near and approxi

mately parallel to the Rio Grande to Ruidosa. Access from the south

may be had via a gravel county road from Marfa to Ruidosa or on Texas

Farm-to-Market-Road 170 from Presidio to Ruidosa.

Ranch roads in the Rim Rock country are not numerous, are poorly

maintained, and transportation other than by jeep is not dependable.
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PREVIOUS WORK

In 1857, W. H. Emory submitted a report to the United States Con

gress on the Mexican - United States Boundary Survey under his command.

Notes by him and scientists attached to that survey constitute the

first contribution to the geology of the Rim Rock country. Except for

a brief reconnaissance by Streeruwitz (1891) in 1886, no additional in

formation was forthcoming until the 1890*s. Then, under the impetus of

what was believed to be an economic deposit of coal in the vicinity of

San Carlos, the area was investigated by Dumble (1895) and Vaughan

(1900). Fifteen to twenty years later, the southern Rim Rock country

near Candelaria was the locus of investigations by Phillips (1911) and

Robinson (Mansfield and Boardman, 1932), both of whom were interested

in alleged nitrate deposits in that vicinity.

In 1922, C. L. Baker (1927) mapped and described the entire Rim

Rock country in one magnificent geologic endeavor. This and subsequent

investigations by Baker (1928; 1930; 1935; 1941) stand out as major

contributions to the geology of the region. Nine years after Baker* s

first exploratory venture, Adkins (1931) studied and described the

Upper Cretaceous fauna in the vicinities of Chispa Summit and San

Carlos.

In 1938 and 1940 Stovall (1948) and Don Savage collected vertebrate

remains in the Porvenir area. Subsequently, vertebrate collections were

made by Brown (1941), James H. Quinn and Bryan Patterson of the Chicago
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Natural History Museum, and John A. Wilson and S. E. Clabaugh.

Under the supervision of R. K. DeFord, detailed investigations of

the southern Rim Rock country were conducted by the following graduate

students from The University of Texas: Amsbury (1957), Buongiorno

(1955), Carlisle (1955), Duchin (1955), Mankin (1955), McGrew (1955),

Moran (1955), Peterson (1955), Sewell (1955) and Smith (1956).

GEOLOGIC SETTING

The surface geology of the Rim Rock country is primarily the re

sult of inclusion in three important geologic provinces: the area oc

cupies the eastern edge of the Laramide orogenic belt at that latitude;

the western edge of the Davis Mountains lava field; and a portion of an

extensive zone of late Tertiary basin-and-range type block-faulting.

The Sierra de los Fresnos, Sierra Ventana, and Sierra Pilares,

which abut the Rim Rock country on the west, and the Sierra del Carmen,

and Santiago and Del Norte Mountains a hundred miles to the southeast

were formed during the Laramide orogeny. The orogeny was manifested in

the Rim Rock country by thrust-faulting and some folding.

The vast intermontane region became the depositional site of the

Tertiary lava field which covered a large portion of trans-Pecos Texas

and extended southward into Mexico. The thick accumulation of volcanic

material in the Rim Rock country comprises the western edge of this

province.

During later Tertiary time, basin-and-range type block-faulting
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Figure 2.- The imposing Vieja Rim capped by Bracks Rhyolite.
Eastward view from 30 26*0' N, 104 42.4* W,
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near and along the western edge of the lava field resulted in the forma

tion of the rugged fault blocks within the Rim Rock country and the

Tierra Vieja Mountains, which now mark the boundary between the Rim

Rock country and the remainder of the Tertiary lava field.

PROCEDURE

In the summer of 1956, six graduate students from The University of

Texas mapped an area of approximately 160 square miles in the Porvenir

area. The area was divided into three smaller areas and surveyed by

parties of two as shown in the inset of Plate I. Allen (1957) and

Nichols (1958) mapped an adjoining area in the Sierra de los Fresnos,

Chihuahua, Mexico.

Field mapping was based on aerial photographs flown for the U. S.

Geological Survey in December, 1950. Contacts, measurements and notes

were plotted directly on the photographs in the field and verified with

the stereoscope. A compilation map was maintained in the field to in

sure complete coverage of the map area and to provide a more comprehen

sive picture.

A Brunton compass was used in the measurement of striJke and dip of

beds, and fault and joint planes. Stratigraphic sections were measured

with steel tape, hand level and Brunton compass. Described units were

sampled for further description and study upon return from the field.

The base map was constructed by superimposing a latitude and lon

gitude grid on controlled aerial photograph mosaics. The grid was based
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on the plotted locations of U. S. Coast and Geodetic Survey triangula

tion stations. Information was transferred to the base map from the

aerial photos by utilizing only the central and least distorted portions

of the photographs. Inaccuracies in the resultant map caused by inabil

ity to correct for all distortion are acknowledged.

Upon returning from the field the following were selected as thesis

topics by the mapping party:

D. G. Bilbrey........... Economic Geology of Rim Rock Country

C. R. Colton Igneous Geology of Rim Rock Country

J. D. Ferguson.......... Structure of Porvenir Area

R. G. McKinney.... Petrology of Eruptive Rocks, Porvenir Area

W. D. Miller Pre-Cenozoic Stratigraphy of Porvenir Area

J. T. Schulenberg....... Cenozoic Stratigraphy of Rim Rock Country
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STRUCTURAL GEOLOGY

Structural features exposed in the Rim Rock country are the result

of Laramide orogenic movements and late Tertiary block-faulting.

Laramide tectonism is manifested by the Loma Plata anticline in the

extreme southeastern part of the area, and by a series of thrust faults

in the western part. The trace of the westernmost thrust fault lies

along the eastern base of the Sierra de los Fresnos beneath a cover of

Quaternary alluvium. There, the Ghispa Summit Formation has been thrust

over the shale member of the San Carlos Formation (Allen, 1957, p. 31).

The extent of this fault north and south of the Sierra de los Fresnos

is not known.

A second thrust fault with Chispa Susmiit thrust over San Carlos

shale extends from south of the Sierra de los Fresnos, north and north

west along the Rio Grande at least as far north as 30 24* N. This

fault is also concealed beneath Quaternary deposits throughout most of

its length. Numerous small drag folds which are related to the thrust

sheet are visible in the Chispa Summit Format-ion 0.3 miles east of

Grande triangulation station (Plate I).

A fault zone composed of at least three separate thrust faults is

well displayed in the southwestern Porvenir area and northwestern Cande

laria area. The sandy member of the San Carlos has been repeated sev=

era! times along this zone and dips steeply to the west. This member

is thrust over the variegated member along the easternmost fault in the

11
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zone. The zone is displaced progressively eastward towards the south by

contemporaneous strike slip faults. This fault zone extends from 30

17* N to 30 26* N before passing beneath a cover of Tertiary strata.

Moran (1955, PI. I) and Duchin mapped several other small thrust faults

to the east of this zone in the northern Candelaria area.

The other prominent Laramide feature is the Loma Plata anticline in

the extreme southeastern part of the area. This fold has an axial trend

of N 10 W (Moran, 1955, p. 48), which is parallel to the prominent

thrust zone in the western Rim Rock country.

The effects of late Tertiary block-faulting are a striking aspect

of the region because fault scarps have been preserved by resistant cap

rocks. The dominant fault trend is slightly west of north although

northwest trending transverse faults are common. The largest faults

and most of the smaller ones are downthrown to the west with both fault

blocks gently tilted to the east. Thus, despite the eastward dip of the

strata, the western half of the Rim Rock country is several thousand

feet lower structurally than the eastern half.

The largest of these faults, the Rim Rock fault, can be traced for

more than 55 miles (Baker, 1934, p. 187) along the western base of the

Tierra Vieja Mountains. In the southern part of the area it is a single

fault but branches at 30 20* N, one mile south of the Chambers Ranch,

and from there northward is more properly described as a fault zone

which ranges up to four miles wide. Vertical displacement along the

fault zone ranges from a minimum of 900 feet in the southern part of
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the area to 2800 feet at 30 13.5* N (Moran, 1955, p. 32) and 3000 feet

near San Carlos (Baker, 1934, p. 192). Other prominent faults with a

vertical displacement of greater than 1000 feet are the Candelaria Fault

in the central Candelaria area and an unnamed fault one-half mile west

of Soldier Valley in the central Porvenir area.

There is little evidence of any folding associated with the block-

faulting. Baker (1934, p. 192) believed that a domical uplift was pres

ent in the vicinity of San Carlos and that the site of Van Horn Creek

occupied a synclinal trough. These features are more readily explained

by variations in the direction of tilting of fault blocks.

In the southern Candelaria area, intrusion of the Nixon Falls,

Candelaria and Loma Plata laccoliths has resulted in some doming and up-

arching of the overlying strata.

For a more complete discussion of the structure of the Rim Rock

country, the reader is referred to theses by Ferguson (in preparation)

and lioran (1955).
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TABLE II PRE-CENOZOIC SURFACE ROCKS AND POSSIBLE SUBSURFACE ROCKS

OF RIM ROCK COUNTRY (From Bilbrey, 1957)

1

B

AGE

fe

GULF1
u

h-co

COMANCHE

COAHUILA

ROCK UNITS

variegated member

sandy member

shale member

Chispa Summit Formation

upper member

lower member

Lujan

NEAREST OUTCROP

RIM ROCK COUNTRY

Guante Formation

Benigno Formation

Yucca

Torcer

SIERRA DE

LOS FRESNOS

SIERRA PILARES

QUITMAN MOUNTAINS

to

1

to

CO

UPPER JURASSIC

GUADALUPE

Malone Formation

Mina Grande

MALONE MOUNTAINS

Ross Mine

LEONARD Cibolo

WOLFCAMP Alta CHINATI MOUNTAINS

VIRGIL (CISCO)

MISSOURI (CANYON)

des moines (strawn)

"atok/T

MORROW

CHESTER

Cieneguita Formation

Shale

Limestone

VAN HORN UPLIFT

Helms Formation HUECO MOUNTAINS

o
H

>

MERAMEC Rancheria Formation

DEVONIAN "Devonian"

SILURIAN Fusselman Dolomite

UPPER Montoya Dolomite

MIDDLE Simpson Group

LOWER El Paso Formation VAN HORN UPLIFT

UPPER CAMBRIAN

PRECAMBRIAN

Bliss Sandstone

Van Horn Sandstone

Hazel Sandstone

Allamore Limestone

Carrizo Mt. Schists



STRATIGRAPHIC GEOLOGY

PRE-VIEJA FORMATIONS

Information concerning pre-Cenozoic strata in the Rim Rock country

is largely speculative, because no wells in the area have drilled

through the Lower Cretaceous Series. Nevertheless, outcrops of older

beds and test wells from nearby areas afford an opportunity for the

extrapolation of information into the Rim Rock country. A summary of

this data is presented in Table II.

The oldest formation cropping out in the Rim Rock country is the

Loma Plata Limestone, which is exposed at the northern end of the Loma

Plata anticline. The Loma Plata is correlative with the Lower Creta

ceous Georgetown Formation of central Texas (Amsbury, 1957, p. 59). It

is conformably overlain by the Del Rio Formation, which consists of

interbedded silty marl and marly, nodular limestone (Duchin, 1955, P

29). In the extreme southeastern Candelaria area the Del Rio is over

lain by a 5-foot section of Buda Limestone. The original Buda thick

ness is presumed to have been greater, since it is disconformably over

lain by Tertiary strata at this locality.

The oldest Gulfian formation, the Chispa Summit, crops out along

the Rio Grande in the west central Porvenir area. The outcrop there

consists of interbedded shale, sandstone and flaggy limestone. This

formation was included in the lower San Carlos formation as the "Chispa

Summit equivalent" by workers in the Candelaria area.

15
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The Chispa Summit is conformably overlain by the San Carlos Forma

tion. Miller (1957, p. 26) subdivided the San Carlos into the shale,

sandy (upper and lower lentils) and variegated members. The San Carlos

was subdivided by Duchin (1955, p. 36) into the hashy, conglomeratic

and variegated members; the Chispa Summit equivalent was also mapped

and described with the San Carlos. An approximate correlation of these

two subdivisions is as follows:

Miller (1957) Duchin (1955)

10

1
o

s
CO

variegated

o

A
cb*
O

CO

variegated

CO

upper lentil conglomeratic

lower lentil
hashy

shale

Chispa Summit equivalentChispa Summit

Using Miller* s nomenclature, the shale member of the San Carlos

consists of yellow and gray marine clay and marl. The lower lentil of

the sandy member consists of interbedded yellow to brown sandstone and

shale. Many of the sandstone ledges are extremely fossiliferous; a fact

which led Duchin (1955, p. 42) to employ the term "hashy member" to

these beds in the Candelaria area. The ammonites collected by Duchin

(1955, P* 46) from his vertebrate fossiliferous locality no. 1 were

taken from a sandy marl within the hashy member. This ammonite zone

is stratigraphically equivalent to beds which occur slightly more
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than 100 feet above the shale - sandy member contact, and approximately

equivalent to the lowermost beds of Mi 1 1 er* s (1955) MS-8. The upper

lentil of the sandy member consists of yellow, non-marine sandstone and

shale characterized by an abundance of coal seams, petrified wood and

vertebrate remains. The variegated member is composed of varicolored

non-marine clay with interbeds of yellow sandstone. This member, too,

contains many vertebrate remains. Its mineral composition is character

ized by a high percentage of volcanic material, including some bentonite

(Miller, 1957, p. 48).

For a more comprehensive discussion of pre-Cenozoic stratigraphy

of the Rim Rock country, the reader is referred to theses by Duchin

(1955) and Miller (1957).

VIEJA GROUP

The Vieja Group is composed of the Jeff Conglomerate, Gill Breccia,

Colmena Tuff, Buckshot Ignimbrite and Chambers Tuff. Only the latter

three formations are present in the northern Rim Rock country. In the

future it may become necessary to include the Capote Mountain Tuff in

the Vieja Group where the intervening Bracks Rhyolite is absent (DeFord,

oral communication, September, 1957). The Bracks horizon was closely

approximated by workers in the Porvenir area, and it was hoped that cri

teria used for its recognition would be useful in other areas. These

hopes may prove to be unrealistic.
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Jeff Conglomerate

Definition.- The Jeff Conglomerate Member of the Huelster Forma

tion was named by Eifler (1951, P 343) for exposures of a distinctive

sandstone and conglomerate at the base of the Tertiary volcanic sequence

in the Barri 11a Mountains.

The existence of a similar basal Tertiary conglomerate had previ

ously been observed by many writers in other sections of trans-Pecos

Texas (Fig. !+) Barnhill (1950) and Zimmerman (1950) mapped Jeff out

crops across the northern front of the Davis Mountains from the Barri 11a

Mountains to within several miles of the Wylie Mountains. Peterson

(1955> P 20) and his coworkers applied the name to exposures of a basal

Tertiary conglomerate in the Candelaria area. The name was applied be

cause of a close affinity with the type Jeff with respect to lithology

and stratigraphic position and because of a growing conviction that

previously described basal Tertiary conglomerates in other parts of

trans-Pecos Texas were all correlative with the Jeff Conglomerate. It

is arguable that the name Jeff should not have been introduced into the

southern Rim Rock country from the Davis Mountains, because no outcrops

of Jeff were then recognized in the intervening 60 miles.

In the Rim Rock country the Jeff is overlain by the Gill Breccia

or the Colmena Tuff where the localized GUI is absent. North of the

Candelaria area usage of the name Jeff is restricted by the writer to

those exposures at which the basal Tertiary conglomerate is overlain by
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the Gill Breccia. This restriction is deemed advisable because it has

proved impractical to attempt to distinguish the Jeff from the Colmena

where the Gill is absent. Furthermore, in some places the oldest Ter

tiary conglomerate is underlain by tuffaceous sandstone similar to that

of the Colmena, and the arbitrary assignment to the Jeff of the oldest

Tertiary conglomerate encountered in a given section commonly leads to

confusion with lithologically similar beds of stream-channel conglomer

ate within the Colmena Tuff. On the basis of stratigraphic position

and similarity of genesis and lithology, the basal conglomerate of the

Colmena in the northern Rim Rock country is believed by the writer to

be contemporaneous and correlative with the Jeff Conglomerate. It will

be included in the subsequent discussion of the Jeff.

The basal Tertiary conglomerate unconformably overlies successively

younger Cretaceous formations towards the north in the Rim Rock country.

On the north flank of the Loma Plata anticline in the Pinto Ganyon area

the Jeff overlies the Loma Plata, Del Rio, and Buda formations (Amsbury,

1957 9 P 68). In the remainder of the Rim Rock country the underlying

beds are the Chispa Summit and San Carlos formations.

Distribution.- In the southern Rim Rock country the Jeff outcrops

are small isolated patches. Intervening tracts are characteristically

masked by talus and colluvium from the overlying Gill Breccia. The

presence of Jeff-like float or debris was not considered a valid cri

terion for recognition of the formation, because the debris could have

been derived as readily from numerous stream-channel conglomerates of
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the Colmena and Chambers formations, the Tarantula Gravel, and the wide

spread Quaternary terrace gravels.

In the Candelaria area the Jeff ranges from 2 to 71 feet thick

(Peterson, 1955, P 21). This great variation in thickness and the pau

city of exposures lend themselves to the belief (DeFord, oral communica

tion, February, 1957) that the Jeff may have been originally deposited

as a discontinuous body. The outcrop pattern is nonetheless suggestive

of an original distribution which influenced all the Candelaria area.

The only Jeff outcrop recognized in the Porvenir area is in the south

eastern part of the area, a little more than a mile west of the Vieja

rim.

The basal Colmena conglomerate of the northern Rim Rock country is

continuous throughout most of the area. The member can be traced later

ally over wide areas except in the vicinity of the Mammoth Uranium Mine

and along the face of the Vieja rim where debris from the Buckshot

Ignimbrite conceals the underlying beds. The conglomerate thickens

from 25 feet in the southwestern Porvenir area to an estimated thick

ness of nearly 300 feet in the northeastern part.

The surface expression of the Jeff Conglomerate and basal Colmena

conglomerate is characteristically subordinated by the overlying Buck

shot and/or Gill. Locally, as in the west central part of the Porvenir

area where the Buckshot and Gill are absent, the basal conglomerate

forms the moderately resistant cap of several hills.

Description and composition.- The basal Tertiary conglomerate
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Figure 3- Typical basal Tertiary conglomerate. 30 24. 3 1

N, 104 42. 5* W.
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consists of pebble-to-boulder material locally interbedded with thin

tuffaceous sandstone lenses. The average size of the pebbles is quite

variable but tends to coarsen from an average diameter of approximately

2 to 4 inches in the south to 4 to 7 inches in the north. The maximum

boulder size throughout most of the area is probably not in excess of

18 inches. A mile northwest of the McSpaden uranium claim there is an

anomalous area in which some of the boulders are more than 10 feet in

diameter and the mean size is in excess of 18 inches.

Bedding is crude or absent; where present it is manifested by dif

ferences in the size of subjacent beds. The pebbles and cobbles of the

conglomerate are typically subequant and rounded. No significant differ

ences in shape or roundness were observed in the region of anomalous

boulder size. Throughout most of the Rim Rock country the color of the

conglomerate is light gray; the yellowish brown and grayish red, locally

predominant in parts of the Porvenir area, are due to limonite and hema

tite stains. The material is cemented with calcite, which forms a bond

of widely variable strength.

Pebble and cobble composition in the conglomerate is as follows:

sandstone: 50 to 70 percent; fine to medium sand; mostly ortho-

quartzite; siliceous cement; commonly contains yellowish-

brown limonite stains.

limestone: 30 to 50 percent; gray to black; commonly contains

silicified fossils.

chert: less than 5 percent; occurs as pebbles and cobbles in
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Candelaria area; present only as sand grains in matrix in

northern Rim Rock country.

conglomerate: less than 2 percent; variable color; chert and

quartz pebbles cemented with silica.

petrified wood: less than 2 percent; found only in southern Rim

Rock country.

igneous material: trace; absent or undetected in most areas;

boulders of weathered andesite porphyry present in basal

Colmena conglomerate..

The matrix consists primarily of silt-size and sand-size quartz

grains with some chert. Calcareous cement is characteristic, although

siliceous and ferruginous cements are present locally.

Genesis.- The composition of the basal Tertiary conglomerate of

trans-Pecos Texas is remarkably uniform: in nearly all localities it

consists chiefly of limestone and orthoquartzite detritus. Most of the

limestone is derived from Lower Cretaceous beds, as evidenced by the

silicified fossils in the cobbles and boulders. Thin sections of repre

sentative orthoquartzite pebbles from the Jeff indicate a close affinity

to Lower Cretaceous orthoquartzites with which they were compared. The

relative abundance of volumetrical 1 y minor constituents is more vari

able, i.e., chert and petrified wood are rare in the Porvenir area but

comparatively common in the Candelaria area (Peterson, 1955, p. 21).

These constituents also are most probably derived from Lower Cretaceous

formations. Twiss (oral communication, April, 1957) and Nichols (oral
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communication, April, 1957) have stated that petrified wood is present

in the Lower Cretaceous formations of the Van Horn Mountains and Sierra

de los Fresnos respectively. The pebbles composed of chert-and-quartz

conglomerate are identical in megascopic appearance with the conglomer

ate of the Lower Cretaceous Yucca Formation. Because of variations in

composition, which the Jeff exhibits from place to place in trans-Pecos

Texas, other locally important source beds are indicated and have been

suggested. These includes Permian strata of the Glass Mountains as a

source of chert pebbles in the Barri 11a Mountains (Eifler, 1951, p.

343); Devils River and ,fGlen RoseM strata of the Solitario dome as a

source of limestone in the Agua Fria Quadrangle (Moon, 1950, p. 70) ;

Paleozoic rocks of the Marathon Basin as a source of chert and lime

stone in the Barri 11a Mountains (Eifler, 1951, P 343 and Jones, 193S,

p 1433-4); and the Carrizo Mountain Formation in the Van Horn uplift

as a source of quartzite in the northern Davis Mountains (Barnhi 11,

1950, p. 43 and Zimmerman, 1950, p. 49) Because of remoteness, lack

of lithologic affinity or an absence of Jeff in the intervening areas,

the above beds are not considered likely sources of the basal conglom

erate in the Rim Rock country.

It is evident from the foregoing that one must look to areas in

which Lower Cretaceous beds were uplifted and exposed in order to deter

mine the source of most of the material. The Sierra de los Fresnos,

Sierra Ventana and Sierra Pilares (all in Mexico), and the Van Horn up

lift, including the Van Horn and Wylie Mountains, fulfill these
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qualifications. All are considered as probable source areas of the

basal conglomerate. The coarsening and thickening of the conglomerate

northward provides the best evidence for postulating a source area in

the Van Horn uplift. Consideration of the Mexican ranges is based pri

marily on their proximity coupled with the belief that the huge boulders

present in the central Porvenir area must have been locally derived.

The Indio and Eagle Mountains also constitute possible source areas of

Lower Cretaceous material, particularly the fragments of Yucca-like con

glomerate.

The basal conglomerate of the Tertiary sequence is believed by the

writer to have been deposited as a gravel sheet along the courses of

coalescing streams. The master stream probably flowed southwards through

the Rim Rock country from the Van Horn uplift, and was joined by steep

tributaries from the Mexican ranges to the west.

Gill Breccia

Definition.- The Gill Breccia was named by DeFord (1957), who desig

nated the type locality as exposures in Colmena Canyon 5 miles north of

the town of Candelaria. The name Gill is derived from Gill Canyon, the

name by which Colmena Canyon is designated on the topographic sheet of

the San Carlos area (1895). The formation has not been described and

sampled at the type locality.

The Gill overlies the Jeff Conglomerate or Cretaceous formations

where the Jeff is absent. Successively younger Cretaceous formations
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are overlain by the Gill towards the north. In most places the contact

with the underlying beds is obscured by colluvium. The Gill is dis

cordantly overlain by the Colmena Tuff.

Distribution . - The Gill is a localized and discontinuous body of

flow rock, which crops out in scattered patches throughout the southern

Rim Rock country. Known outcrops extend as far north as 30 23f N in

isolated exposures half a mile west of Horseshoe Mesa. Huge boulders

of Gill were observed as far north as 30 26* N in tributaries which

descend the steep western face of the Tierra Vieja Mountains. It is be

lieved that the Gill is present that far north despite the fact that no

in-place exposures were found. It is unlikely that the boulder debris

could have reached its present position by any means other than breaking

loose from overlying parent material. The southernmost extent of the

Gill is approximately 30 10* N.

The thickness of the Gill is extremely variable. Sewell (1955, p.

22) has stated that

At many places it is as thin as 5 feet and within a few

hundred yards as thick as 350 feet.

The latter thickness probably represents the maximum for the area. The

average thickness
of the Gill is approximately 80 feet (Sewell, 1955, p

21).

Weathering of the Gill is distinctive in that a jagged surface is

characteristically produced. Typically, huge boulders break loose from

the parent rock and cover the lower slopes with rubble and debris.
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Description and composition.- Sewell (1955 , p 22-23) has resolved

the megascopic appearance of the Gill Breccia into three types as fol

lows: (1) medium gray fragments in a grayish red matrix, (2) mottled

fragments (pink, green, yellow, gray and brown) in a dark greenish gray

to orange pink matrix, (3) brecciated to massive, light olive green to

dark greenish gray rock. All exposures in the Porvenir area are of

Sewell* s type 2. The distribution and relative abundance of these rock

types in the Candelaria area is not known by the writer. The size of

the included fragments is greatly variable with a probable mean in the

cobble-size range. Despite the extreme variation in color and texture

of the fragments, their composition is remarkably uniform throughout

most of the area.

Thin sections examined by McGrew (1955) and McKinney (1957) indi

cate that the rock is predominantly a trachybasalt porphyry with a com

positional range of from trachyandesite to basalt. The Gill contains

some limestone boulders and some tuff boulder xenoliths which were prob

ably picked up from the underlying Jeff Conglomerate.

Large blocks of massive limestone (Fig. 5), some as large as a

three-story building, are intimately associated with the Gill Breccia

at ten known localities. The locations of the nine outcrops which occur

in the Candelaria area have been described by Sewell (1955, p. 24). A

tenth outcrop is in the southeastern Porvenir area at the base of a Buck

shot bench near the Vieja Rim (30 22.5* N, 104 41.6* ). The blocks

consist of massive, gray, badly fractured limestone which contains black
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41.6* .
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chert nodules and numerous partly silicified fossils. The age of the

limestone is believed to be Lower Cretaceous, but the fossils are poorly

preserved and an accurate age determination is not feasible.

Various theories concerning the possible origin of these limestone

blocks have been reviewed by Moran (1955, p 56-60). The problem was

discussed in some detail by Messrs. Clabaugh, DeFord, Moran and Sewell;

the consensus of opinion being that the blocks were probably brought up

by and with the magma. This hypothesis remains to be proved, for no

limestone blocks have thus far been clearly demonstrated to be actually

emplaced in the Gill despite the close association.

Genesis.- Sewell (1955, p. 26-31) suggested that the Gill may be

both extrusive and intrusive. There is, however, no conclusive evidence

in support of an intrusive origin. On the contrary, the demonstration

of Colmena Tuff overlapping a hill of Gill Breccia (Sewell, 1955, p. 29),

the absence of any discernible zone of metamorphism at either the upper

or lower Gill contacts, the presence of the large limestone blocks, the

extreme variation in thickness and the brecciation itself all may be

considered as evidence of an extrusive origin.

The source of the Gill Breccia is still not known. It is possible

that some of the high hills of breccia in the Candelaria area may repre

sent the site of volcanic vents. Sewell (1955, p* 27) stated that some

of these hills have cores which are less brecciated than the surrounding

rock; a phenomenon which strongly suggests that they actually are asso

ciated with vents. The brecciation may be the result of fracturing and
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subsequent inclusion of solidified material by later pulses of lava.

Colton (1957, p. 62) advanced the theory that the brecciation may be

the result of internal explosive forces created by the escape of tempo

rarily trapped volatile constituents from a partially solidified magma.

Colmena Tuff

Definition.- The Colmena Tuff was formally named by DeFord (1957)

who designated the type locality (30 8.3* N, 104 372* W) as an ex

posed section 4 miles east of Candelaria. The name Colmena was first

used informally by Peterson (1955, p. 24) who took the name from that

of Colmena Canyon 5 miles north of Candelaria. The section at the type

locality was measured and described by C. J. Mankin and . J. McGrew

(McGrew, 1955, MS-4, p. 100-102).

The Colmena Tuff is widely distributed throughout the Rim Rock

country.' In the Candelaria area and the southeastern Porvenir area it

discordantly overlies the Gill Breccia. Where the Gill is absent it

unconformably overlies the Jeff Conglomerate or Upper Cretaceous forma

tions. In the remainder of the Rim Rock country it unconformably over

lies the Upper Cretaceous Chispa Summit and San Carlos formations.

Except in the extreme northern and western sections of the Porvenir

area, the Colmena is overlain by the Buckshot Ignimbrite. In these

areas the Bockshot is absent and the Colmena is overlain by the Chambers

Tuff.

Distribution.- In the Candelaria area the Colmena Tuff ranges in
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thickness from 0 feet to a measured thickness of 424 feet at the type

locality. This extreme variation is the result of deposition of the

Colmena upon the hilly and irregular surface created by the emplacement

and incomplete dissection of the Gill. The tuffaceous sandstone that

characterizes the Colmena in the Candelaria area gives way in the north

ern Rim Rock country to a predominance of conglomerate. The conglomer

ate ranges in thickness from approximately 25 feet in the southwestern

Porvenir area to 300 feet in the northeastern part.

The tuffaceous beds of the Colmena have less resistance to erosion.

Where these beds predominate, the Colmena weathers to form steep barren

slopes beneath the overlying Buckshot, or a badlands topography in the

absence of the latter. Where conglomerate predominates and the Buckshot

is absent, as in the extreme western part of the Porvenir area, the Col

mena forms the resistant cap of several small hills.

Description and composition.- The conglomerate that comprises most

of the Colmena section in the northern Rim Rock country has been described

in conjunction with the Jeff Conglomerate. Most of the conglomerate beds

pinch out towards the south, the remainder interfingering with the finer

tuffaceous rock which predominates in the Candelaria area.

The fine material may be characterized as consisting of tuffaceous

sand with interbedded lenses of impure non-marine limestone. The tuffa

ceous sandstone exhibits a wide variety of colors, predominantly pale

red, moderate red, grayish pink and white. The Colmena is typically a I

fine grained, angular, very poorly sorted, thin bedded tuffaceous I
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sandstone.

Thin sections examined by McGrew (1955, p. 44) indicate a dominance

of crystal and lithic fragments whereas those examined by McKinney (1957,

p. 50) consist primarily of vitric fragments. As only six thin sections

have been examined, it is uncertain which of these interpretations is

more representative of the formation. Megascopically, most of the speci

mens show a high percentage of clay-like material similar to that formed

by the alteration of vitric tuff. The most abundant crystal fragments

are quartz and feldspar. The overall composition of the crystal frag

ments is that of a rhyolite (McGrew, 1955, p. 44).

Buckshot Ignimbrite

Definition.- The Buckshot Ignimbrite was named by DeFord (1957) who

designated the type locality as an exposed section 4 miles east of Cande

laria. The name Buckshot was first used as a field term by The Univer

sity of Texas students working in the Candelaria area. It takes its

name from the Buckshot Rim (Buongiorno, 1955), which, in turn, was named

from the dark buckshot-like amygdules that are typical of its caprock.

The type section was measured and described by Mankin and McGrew in

August, 1954 (Peterson, 1955, MS-4, p. 65-68).

The Buckshot conformably overlies the Colmena Tuff throughout the

Rim Rock country with the exception of a small strip beneath the rim in

the Candelaria area; here the Colmena is absent and the Buckshot rests

upon the Gill. The Buckshot forms a sharp conformable contact with the
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overlying Chambers Tuff.

Distribution.- The original extent of the Buckshot Ignimbrite in

cluded ail the Rim Rock country with the exception of the extreme north

eastern part and a narrow belt on the western edge of the area extending

from 30 28* N to the northern boundary of the area (Colton, 1957, PI.

VI). A rock similar in appearance crops out just north of Dunagan*s

Smokey Ranch Headquarters eight miles north of the Porvenir area, but

it is not known whether it is an extension of the Buckshot or not.

The thickness of the Buckshot is remarkably uniform in the northern

Rim Rock country. Sewell (1955, p. 38) stated that the thickness is

more variable in the Candelaria area. The average thickness of the Buck

shot is close to 45 feet excepting along its outer extremities where it

pinches out rapidly.

The Buckshot is a resistant rock that forms prominent ridges and

cuestas. A series of north-south cuestas (Buckshot Rim) occupies a con

siderable part of the western Candelaria area from 30 11* N to 30 19*

N and in the central Porvenir area from 30 26* N to 30 32* N.

Description and composition.- Megascopically the Buckshot is a

grayish red porphyritic rock with axi aphanitic groundmass. Weathered

surfaces are commonly grayish red or moderate yellowish brown. For the

most part the Buckshot is very hard and breaks with a subconchoidal

fracture. Locally, and particularly near the base, the Buckshot is po

rous and vesicular. Most of the vesicles are filled with chalcedony or

an iron-bearing carbonate (McGrew, 1955, p. 46), but calcite and jasper
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are more abundant in some zones. The most distinguishing characteristic

of the Buckshot is the widespread occurrence of round very dark red to 1

blackish red spots, most of which are from 2-10 mm in diameter. Some

of the spots have grayish red centers identical in appearance with the

surrounding matrix.

Thin sections examined by McGrew (1955) and McKinney (1957) indi

cate that the Buckshot is a porphyritic rhyolite ignimbrite. The matrix

consists primarily of glass shards and other pyroclastic material. Most

of the phenocrysts are sanidine although those of orthoclase and quartz

are also present. Xenoliths up to 50 feet in diameter have been observed

in the Buckshot in the southern Rim Rock country (Sewell, 1955, p. 38).

Small discontinuous flows are closely associated with the Buckshot

at many localities. A 50-foot olivine-basalt porphyry of small areal

extent underlies the Buckshot at the north end of the Loma Plata anti

cline in the southeastern part of the area. In the northern Rim Rock

country an olivine-diabase sill underlies the Buckshot just north of

Vieja Pass. At several localities the Buckshot is underlain by small

patches of a glassy flow rock similar in megascopic appearance to per-

lite. In thin section it proves to be a porphyritic igniabrite with a

glassy matrix.

Genesis.- The upper surface of the Buckshot is characterized in

many places by the presence of fold and trough-like structures and

blister cones. Some of the blister cones (Fig. 6) are as much as 5 feet

high and 50 feet in diameter. The folds, which have only been reported



Figure 6.- Blister cone on surface of Buckshot Ignimbrite.

Northward view from 30 26. 9f N, 104 48.8* W.
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as being present in the Candelaria area, average about 100 feet long, 6

feet high and 5 feet across. Shallow troughs of unknown length were ob

served on the Buckshot in the northern Rim Rock country by Colton and

McKinney. Sewell (1955, p. 34-36) and Colton (1957, p. 64-65) include

discussions concerning the possible origin of these features.

The location of the vent that supplied the Buckshot is not known.

No significant differences in thickness or composition were observed

which might be suggestive of proximity to the source of the material.

The nature of ignimbrite flow permits the material to be spread evenly

over a wide area and it may be that whatever anomalous thicknesses may

exist at the vent could have escaped detection. It seems more probable,

however, that the vent was east of the Rim Rock country beneath the pres

ent site of the Tierra Vieja Mountains.

Chambers Tuff

Definition.- The uppermost formation of the Vieja Group has been

named the Chambers Tuff by DeFord (1957), who designated the type local

ity as a measured section at 30 20* N, 104 40* W, 12 miles north of \

Candelaria. The name is derived from the Chambers Ranch on which the \

type locality is situated. The section was measured and sampled by R.

C. Duchin and S. S. Moran in the summer of 1954 (Peterson, 1955, MS-15,

p. 90-96).

Throughout much of the Rim Rock country the Chambers lies in sharp

conformable contact with the underlying Buckshot Ignimbrite and the
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overlying Bracks Rhyolite. In the northern Rim Rock country wherever

the Buckshot is absent the Chambers concordantly overlies the Colmena

Tuff. This horizon has thus far proved to be easily recognized because

of the abrupt change in lithology from Colmena conglomerate to Chambers

tuff in the areas affected. Where the overlying Bracks is absent, the

problem of identifying the horizon of the Bracks within a continuous

Chambers - Capote Mountain sequence is more difficult because of the

lithologic similarity of the two formations. This horizon can now be

approximated to within 10 or 15 feet and it is believed that with more

detailed work, a quite accurate determination could be achieved. Work

ers in the Candelaria area in 1954 included the Chambers in the lower

Capote Mountain Tuff where the Bracks is absent.

Distribution . - The Chambers Tuff is present throughout the Rim Rock

country. There is a progressive increase in thickness of the Chambers

from 100 to 200 feet in the southern part of the area to more than 600

feet in the northern part. The average thickness is probably in excess

of 450 feet.

In the southern part of the area a resistant 5-to-6-foot tuff bed

approximately 100 feet above the top of the Buckshot forms the caprock

of many hogbacks and cuestas. This bed was informally designated the

"Chambers Tuff Lentil" by Peterson (1955, p. 31); a name which must now

be abandoned in consideration of the name of the parent formation. A

20-foot, highly resistant, grayish red unnamed tuff member approximately

100 feet below the base of the Bracks is present throughout the northern
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Rim Rock country and forms the cap rock of many benches and cuestas.

With the exception of the above beds, the Chambers is non-resistant in

comparison with the overlying Bracks and underlying Buckshot. This )

(
factor is reflected in the physiographic expression of the Chambers as !

steep, barren convex slopes between these more resistant formations.

Description and composition.- Outcrops of the Chambers Tuff are

picturesque because of the wide range of colors: the most common are

white, pale red and grayish pink, but thin beds of grayish green, pale

purple, and grayish orange pink are interspersed throughout the section.

Clastic dikes give rise to vertical ribbons of varicolored tuff travers

ing the already colorful outcrops. Many of the dikes, which are from 3

to 18 inches wide, can be traced for several hundreds of feet. Most of

the beds are from 2 to 6 inches thick, but unbedded lenses of conglomer

ate locally attain thicknesses in excess of 20 feet.

Typically, the Chambers Tuff is a fine-to-very fine-grained, angu

lar, very poorly sorted tuffaceous sandstone. Crystal and vitric frag

ments predominate and occur in approximately equal abundance. Identi

fication of vitric tuff in hand samples is made difficult because most

of the vitric constituents have been devitrified and altered to clay

minerals (McKinney, 1957, p. 56). The outline of arcuate glass shards

is distinct in thin section but is not apparent in hand samples. The

presence of soft, well compacted clayey masses in Chambers samples may

be considered as a criterion for the recognition of vitric content since

clay minerals are not otherwise common to the Chambers. Altered vitric



Figure 7.- Outcrop of Chambers Tuff at Big Cliff. Sierra

Pilares of Mexico in background. Westward view from 30
28.5* N, 104 48.5* .
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constituents are present in varying amounts in nearly every sample of

Chambers examined. Crystal fragments, which are present in every sam

ple, include quartz, sanidine and plagioclase with lesser amounts of

biotite, hornblende, chlorite and other minerals. On the basis of the

average composition of crystal fragments, McKinney (1957, p. 51-54) has

subdivided the Chambers into four generalized zones ranging from dacite

tuff near the base, through rhyodacite, and finally rhyolite tuff near

the top. The average composition is rhyodacitic. Lithic tuff fragments

dominate in only a few samples, but are present in minor amounts in near

ly every sample. Lithic constituents include fragments of tuffaceous

sandstone, limestone, rhyolite and trachyandesite.

Calcite and ferruginous volcanic dust provide the matrix and ce

menting material for the tuffaceous sandstones. A few beds are composed

almost entirely of calcite and are properly referred to as tuffaceous

limestone.

The stream-channel conglomerates within the Chambers Tuff consist

of subangular-to-subrounded pebble-to-cobble material. The coarse mate

rial consists of fragments of tuffaceous sandstone and igneous rock as

well as the limestone, orthoquartzite, and chert-and-quartz pebble con

glomerate characteristic of the conglomerates in the Jeff and Colmena.

It is evident that the sources postulated for the Jeff and Colmena were

still contributing material during the time of Chambers deposition.

Two small outcrops of perlite occur near the base of the Chambers

in the southern Porvenir area. At MS-14 one of these flow rocks is 25
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feet above the top of the Buckshot. The other flow rock is approximate

ly 20 feet above the top of the Colmena Tuff at 30 25.8* N, 104 49.4*

, where the Buckshot is locally absent.

Paleontology.- The Chambers Tuff is the only Tertiary formation in

the Rim Rock country from which any significant or diagnostic faunal as

semblage has been collected. Most of the material has been found in

stream-channel conglomerates near the base of the formation at Big Cliff

and near Grande triangulation station (Plate I). The vertebrate fauna

has been of great value in determining the age of the Vieja Group and

other volcanic rocks of trans-Pecos Texas with which this group has been

correlated. The following faunal list, although incomplete, is repre

sentative and includes part of The University of Texas collection, and

published material from the Chicago Natural History Museum (McGrew) and

University of Oklahoma (Stovall) collections.

Reptilia

Turtle0

Lacertilia*

Mammalia

Hyaenodontidae

Ischnognathus sayagei*

Creodontia

Hemipsalodon sp.

Equidae



Haplohippus texanus*

Mesohippus cf . bairdi"""

Mesohippus sp."""

Tapiridae

Protapirus sp."^

Hyracodontidae

Hyracodon sp."""

Hyracodon petersoni""

Brontotheridae

Menodus bakeri"

Merycoidodontidae

Merycoidodon culbertsonii"""

Merycoidodon gracilis*""

Hypertragulidae

Leptomeryx5'"0

Entelodontidae*""

Rodentia

Rodent similar to Yoderimys (Wood

The University of Texas

*
The University of Oklahoma

+
Chicago Natural History Museum
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POST-VIEJA FORMATIONS

Bracks Rhyolite

Definition.- The most distinctive formation in the Rim Rock country /

from the standpoint of its importance as a stratigraphic marker and its (,

dominant role in the evolution of the physiography of the region is the

Bracks Rhyolite. The formation was named by DeFord (1957) who took the

name from that of Bracks Canyon, a narrow gorge which cuts through the

Bracks just west of the abandoned coal mining town of San Carlos. A

type section has not been formally designated. In consideration of its

original description by Vaughn (1900, p. 77) and Lord (1900, p. 90) a

type section would most properly be designated as the outcrop on the

Vieja rim due east of San Carlos. This consideration is negated by the

fact that the Vieja rim is but poorly accessible and sampling of the high

vertical cliff comprising the outcrop is not feasible.

The Bracks Rhyolite conformably overlies the Chambers Tuff and con

formably underlies the Capote Mountain Tuff. Both upper and lower con

tacts are sharp and well defined.

Distribution.- The areal extent of the Bracks is from 30 40* N on

the north, 30 9* N on the south and 104 47* on the west. The east

ernmost extent of the formation is not known. A reconstruction of the

presumed original extent of the Bracks is given by Colton (1957, PI. VI).

The maximum thickness of the Bracks is estimated at 350 feet on the

Vieja rim directly east of San Carlos. The formation thins gradually to
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the north, south and west from this point and appears to terminate ab

ruptly when a minimum thickness of about 20 feet is attained.

The outcrop of the Bracks Rhyolite is the cap rock of a large part I

i

of the Tierra Vieja Mountains which form the eastern boundary of the

Rim Rock country. The imposing west face of these mountains is the dom

inant geomorphic feature of the region and is known locally as the Rim.

The Bracks itself is locally known as the rim rock. West of the rim,

downfaulted blocks of Bracks form the cap rock of many prominent mesas

and cuestas.

Description and composition.- The Bracks appears to be composed of

two distinct flow units which are similar in composition and approximate

ly equal in thickness. Sewell (1955, p. 41) reported that the lower unit

was more hackly and platy than the upper, whereas Colton (1957, p. 29)

stated that the distinction in the northern Porvenir area is manifested

by a change in weathering characteristics from a fairly even flat sur

face developed on the lower flow unit to a convex surface on the upper.

V in megascopic appearance the Bracks is a dark reddish brown to

grayish olive porphyritic rock with an aphanitic groundmass. Weathered

surfaces are greenish or brownish black. Some zones, particularly near

the top are vesicular and are filled with chalcedony or jasper. Locally

the vesicles are filled with a nitrate mineral (McGrew, 1955, p. 57).

Thin sections examined by McGrew (1955) and McKinney (1957) indi

cate that the composition of the Bracks is approximately on the boundary

between a rhyolite and a trachyte. The matrix consists mostly of
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microlites of alkali feldspar, micrographic intergrowths of quartz and

feldspar and an altered ferromagnesian mineral. Most of the phenocrysts

are anorthoclase although those of sanidine and quartz are also present

in lesser amounts.

Genesis.- The upper surface of the Bracks on the large mesa west

of the Weston Ranch Headquarters and south of Bracks Canyon is dotted

with numerous domical structural features. The domes range up to eight

feet high and are 30 to 40 feet in diameter. In outward appearance they

are similar to the cones which characterize the surface of the Buckshot.

The cones on the Bracks may have been formed by buckling of a solidified

crust by hydrostatic pressure of a still fluid underlying magma; a theory

originally advanced by Daly (1914, p. 135) to explain the existence of

similar domical features on Hawaiian Island flows.

Along the west face of Horseshoe Mesa at 30 25* N, 104 42* W,

large folds of Chambers Tuff have been buckled upwards into the over

lying Bracks. The folds are approximately 40 feet high and 100 to 200

feet across (Fig. 8). Two of the folds are symmetrical but the other

has been overturned to the north. The underlying tuff beds were prob

ably squeezed up into or between advancing tongues of lava by the pres

sure of the surrounding lava overburden.

The fact that the Bracks pinches out to the north, south and west j

within the Rim Rock country indicates that the vent or vents from which j

the lava emanated lay to the east of the area. McAnulty (1955, p. 546)

and Goldich and Elms (1949, P* 1151) believed that the Crossen Trachyte,



Figure 8.- Large fold of Chambers Tuff (a) in base of Bracks

Rhyolite on Horseshoe Mesa. Faulted Buckshot Ignimbrite (b)
at base of picture. Eastward view from 30 24.3* N, 104
42.5* W.
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with which the Bracks has been correlated, poured forth from vents to

the north and northwest of their respective areas. If the Bracks and

Crossen Trachyte originally formed a continuous body as suggested by

Colton (1957, p. 48) a source of the flow in the Davis Mountains is

indicated.

Capote Mountain Tuff

Definition.- The Capote Mountain Tuff was named by DeFord (1957)

for exposures on Capote Mountain. The type locality (30 17* N, 104

34* W) on the west face of the mountain is a section measured and sam

pled by Peterson (1955, MS-16, p. 97-105) in the summer of 1954.

At the type locality the Capote Mountain lies in sharp conformable

contact between the underlying Bracks Rhyolite and the overlying Brite

Ignimbrite. Where the Bracks rhyolite is absent, as in the western and

extreme northern and southern parts of the area, the Capote Mountain con-

cordantly overlies the Chambers Tuff. The Chambers - Capote Mountain

contact, i.e., the horizon of the Bracks, has been approximated by work

ers in the Porvenir area by mapping the upper contact of a moderate red

sandstone which immediately underlies the Bracks where the latter is

present. The Capote Mountain Tuff is the youngest formation composed of

volcanic material present in the northern Rim Rock country.

Distribution.- The Capote Mountain Tuff is present throughout the

Rim Rock country. The thickness at the type locality is 1875 feet.

The formation thins considerably towards the Loma Plata anticline in the
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southern part of the area. Five miles east of Candelaria near Nixon

Falls, the combined thickness of the undifferentiated Chambers and

Capote Mountain is only slightly more than 1,300 feet (McGrew, 1955, MS-

5, p. 103-105). The original thickness of the Capote Mountain in the

northern Rim Rock country is unknown because the upper contact is either

an unconformable or erosional surface. Colton and McKinney measured a

thickness of 774 feet at MS-2.

The topographic expression of the Capote Mountain is similar to

that of the Colmena and Chambers.

Description and composition.- The Capote Mountain Tuff consists of

medium-bedded tuffaceous siltstone and sandstone with a few interbeds of

tuffaceous limestone and pebble-to-boulder conglomerate. The predom

inant colors exhibited by the formation are white, very light gray, pale

red and grayish red. The white and very light gray beds predominate in

the upper half of the formation in the Candelaria area. The formation

is traversed by numerous varicolored clastic dikes.

Peterson (1955, p. 35) defined a 40-to-50 foot resistant siltstone

marker bed in the Capote Mountain as the Ford Ranch Saltstone Member.

This member occurs about 200 feet above the upper contact of the Bracks

Rhyolite or its horizon. It consists of a pale red purple to dark yel

lowish orange arkosic siltstone to sandstone. The member forms prominent

benches and cuestas in the southern part of the area. Colton and McKinney

recognized a similar bed in the northern Porvenir area and believed it to

be correlative with the Ford Ranch Siltstone. The member has not been
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mapped or traced continuously north of the Candelaria area.

Most of the Capote Mountain may be characterized as a fine-to-very-

fine grained, poorly sorted, angular tuffaceous sandstone. There is a

tendency towards increased angularity of the material towards the top

of the formation,. Crystal and vitric fragments dominate, with vitric

material being volumetrically most important The vitric tuffs are

frequently manifested megascopically by a very light gray or white color

and by a well compacted, clayey texture- The most abundant crystal frag

ments are quartz and alkali feldspar, The overall composition of the

crystal fragments is that of a rhyolite (McKinney, 1957, p* 64)

Lithic fragments are present in all samples , They seldom comprise

more than 10 percent of a given sample, but in the stream-channel con

glomerate and in the coarser sandstone they are the primary constituent*

Tuffaceous sandstone and andesite fragments comprise the majority of the

lithic fragments. At MS-15 Bilbrey and the writer found a conglomerate

bed composed almost entirely of boulders of andesite similar in appear

ance and texture to the Bracks Rhyolite, Limestone and orthoquartzite

fragments are common to other conglomerate beds attesting to the fact

that the source areas of the basal Tertiary conglomerate continued to

supply material to the Rim Rock country throughout the deposition of the

volcanic sequence.

Calcite cement is present in varying amounts in nearly all samples.

Some of the beds consist primarily of calcite and may therefore be re

ferred to as tuffaceour limestones.
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According to McKinney (1957, p. 66) the Capote Mountain Tuff is

characterized in thin section by

(1) Predominance of vitric tuff, and consequent white

and pink colors in outcrop.

(2) Abundance of micrograined calcite.

(3) Abundance of micrographic intergrowths of quartz
and feldspar.

(4) Andesite-rich zone at base.

(5) Mafic materials abundant near top.

Brite Ignimbrite

Definition.- The Brite Ignimbrite was named by DeFord (1957) who

designated the type locality as the cap rock of Capote Mountain. The

name was derived from that of the Brite Ranch, the headquarters of which

are situated near the base of Capote Mountain. The Brite has not been

measured or sampled at the type locality.

The Brite IgniJiibrite overlies the Capote Mountain Tuff and is over

lain by the Petan Basalt.

Distribution.- From Capote Mountain southward to Pinto Canyon the

Brite caps the north trending part of the Cuesto del Burro and the prom

inent Moonstone Rim (Buongiorno, 1955, p. 30) which forms the eastern

boundary of the Rim Rock country in the Candelaria area. Outcrops of

the Brite, which form steep cliffs similar to those of the Bracks, are

restricted to the extreme southern and southeastern parts of the Rim

Rock country. The Brite is approximately 100 feet thick at the type
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locality. The average thickness from Capote Mountain southward for sev

eral miles is about 80 feet (Sewell, 1955, p. 52), but it thickens rap

idly to an average of 250 feet further south in the Pinto Canyon area

(Amsbury, 1957, p. 80).

Description and composition.- The Brite is a very light gray to

brownish gray, aphanitic porphyry which weathers to a rusty brown. The

rock resembles a rhyolite porphyry, but thin section study by McGrew

(1955) revealed that the matrix contains glass shards and other pyro

clastic material. Amsbury (1957, p. 81) stated that the pyroclastic ma

terial characteristic of ignimbrite flows is not present in the Brite

in the Pinto Canyon area. Phenocrysts consisting primarily of sanidine

comprise from 30 to 50 percent of the rock. The sanidine crystals are

somewhat opalescent; this phenomenon gave rise to the term "Moonstone

Rim" for the large cliff capped by the Brite. Rock fragments and glass

inclusions, some of which are as much as 3 feet in length, are present

throughout the Brite (McGrew, 1955, p. 66).

Petan Basalt

Definition.- The Petan Basalt (DeFord, 1957) is the youngest Ter

tiary igneous rock cropping out in the Rim Rock country. The name Petan

is taken from the Petan Ranch. The term *Basalt* is a field term for

the dark colored, fine-grained appearance of the Petan and is not in

tended to imply composition precisely. The name Petan was first applied

by Amsbury (1957, p. 82) who designated the type locality as a section
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exposed on the large hill surmounted by Cleveland triangulation station

(30 05.1* N, 104 30.9 W).

Distribution*- The Petan Basalt concordantly overlies the Brite

Ignimbrite. It crops out on the backslope of the Moonstone (Capote)

Rim from 30 5* N nearly to Capote Mountain and on the backslope of the

Cuesta del Burro.

The maximum thickness of the Petan in the Rim Rock country is ap

proximately 300 feet (Peterson, 1955, p. 37), but it thickens to nearly

500 feet in the Pinto Canyon area. Owing to its poor and differential

resistance to erosion, the Petan presents a very irregular surface^ its

typical outcrops are steep dark hills up to 300 feet in height.

Description - and composition.- The Petan Basalt is a dark gray or

dark brownish gray fine grained vesicular rock that weathers dark gray

or dark brown. As suggested by the name, it resembles a basalt mega

scopically. According to Amsbury (1957, p. 82), thin sections reveal

that it is actually a porphyritic plagioclase trachyte.

Tarantula Gravel

Definition.- Tarantula is a field term chosen by Colton and

McKinney to describe a deposit of Tertiary gravel that was laid down

subsequently to the volcanic outbursts but prior to much of the block-

faulting in the northern Rim Rock country. The name is derived from

that of the low rounded Tarantula Hills, which, in turn, were named by

Colton and McKinney in recognition of the abundance of tarantulas in
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the northern Porvenir area. In the Candelaria area an unnamed gravel

bearing similar stratigraphic relations has been mapped by Mankin and

McGrew and described by Peterson (1955, p. 38).

Distribution.- The Tarantula crops out throughout the northwestern

part of the Porvenir area and forms the cap of a cuesta just east of the

Rio Grande from 30 23. 3* N to 30 24.9* N. The thickness of the Taran

tula at MS-16 is approximately 100 feet and is in excess of this figure

in many places in the northern Rim Rock country. The lower contact of

the gravel is unconformable, and the upper contact is either an uncon

formable or erosional surface:, consequently the original thickness is

indeterminate.

The Tarantula, more resistant to erosion than the tuffaceous sand

stone which it commonly overlies, forms rounded caps of hills.

Description and composition.- The Tarantula is a poorly sorted con

glomerate composed of rounded, subequant, pebble-to-boulder size materi

al. The average diameter of the fragments is from 3 to 5 inches with a

maximum diameter of 18 to 24 inches.

From a distance the overall color of the Tarantula is medium gray.

On closer examination, the coarse material is seen to exhibit a wide

variety of colors set in a pinkish gray matrix. Bedding is crude or ab

sent.

The composition and relative abundance of the coarse material in

the conglomerate at MS-16 is as follows:

Tuffaceous sandstones 40 - 70 percent; most abundant in



Figure 10.- Light colored Capote Mountain Tuff in foreground.

Discordant Capote Mountain Tuff - Tarantula Gravel contact in

center background. Northward view from 30 29. 9 f N, 104

51.5* W.
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granule-to-pebble size range; fine-to-medium-grained;

siliceous cement, much of it stained yellowish brown by

limonite.

Orthoquartzite sandstone: 10 - 15 percent; yellowish brown;

very hard.

Limestone: 10 - 15 percent; gray to black; contains some

silicified fossils.

Igneous rock fragments: 5-10 percent; abundance varies

greatly with location; mostly fragments of Bracks (?).

Miscellaneous: less than 5 percent; mostly chert and chert-and-

quartz pebble conglomerate.

The matrix consists of silt-size and sand-size orthoquartzite gran

ules, tuffaceous sandstone fragments and quartz grains loosely cemented

with calcite and caliche.

The unnamed gravel in the Candelaria area is composed almost en

tirely of cobbles of Brite Ignimbrite and Petan Basalt. Small amounts

of Cretaceous rock fragments are also present (Peterson, 1955, p. 39).

Genesis.- During the time of deposition of the Tarantula Gravel,

the Rim Rock country was beginning to assume the structural features

which characterize it today; that is, an elongate intermontane depres

sion bounded on the west by Mexican ranges and on the east by uplifted

fault blocks. It is not surprising then, that the composition of the

Tarantula reflects the lithology of the bordering high areas.

The ubiquitous fragments of Cretaceous limestone and orthoquartzite
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which make up approximately one third of the gravel were derived from

the Mexican ranges to the west, although some of it may have been re

worked from the basal Tertiary conglomerate. The remainder of the Ta

rantula was derived from Tertiary formations which were being uplifted

in the eastern part of the area.

The change in composition of the Tarantula southwards from an

abundance of Bracks fragments to the predominance of Brite cobbles co

incident with the accompanying pinch-out of the Bracks and Brite to the

south and north respectively, suggests that there was very little com

ponent of transportation of material to the north or south. Instead,

the Tarantula was most likely deposited by commingling streams descend

ing the immediately adjacent slopes to the east and west.

GENESIS OF TUFF

Determination of the source and origin of the vast quantities of

tuffaceous material in the Colmena, Chambers, and Gopote Mountain forma

tions in the Rim Rock country represents a problem beyond the scope of

this report. Its solution would require a proper evaluation of varia

tions in composition of ejected material with respect to space and time,

and the effects of wind and water on sorting and transportation. Be

cause of the possibility of transportation over great distances, the

problem requires consideration not only of the Rim Rock country depos

its, but of the entire Tertiary lava field.

AH the tuffaceous rock samples studied bear such evidences of



60

transportation as interbeds of stream-channel conglomerates, the slight

rounding of many sand grains, and the presence of lithic fragments in

all samples. Fossil non-marine gastropods and interbeds of non-marine

limestone indicate that some of the material was deposited in lakes and

ponds within the Rim Rock country.

Some of the vitric and crystal fragments reveal no evidence of

water transportation and may have been permanently deposited in lakes

or on land at the point where they settled out of the air. The prob

ability, then, that a given sample may contain material derived from

several sources makes the classification of tuffs as dacite, rhyolite,

etc., somewhat tenuous unless compensation is made for correctly evalu

ated effects of transportation and sorting. As yet this has not been

done.

Given enough samples, however, broad trends in tuff composition

can be established with respect to time of origin and site of deposi

tion. McKinney (1957 ) has made a start towards this end through his

studies of tuffs in the Porvenir area. Even these broad trends possess

a minimum value until further studies are made in other areas of trans-

Pecos Texas. When this is accomplished, regional trends, accurate cor

relations, and source determinations may ultimately become possible.

INTRUSIVE IGNEOUS ROCKS

Igneous intrusive rocks are present in the extreme northern and

southern parts of the Rim Rock country. Those in the southern Candelaria



TABLE IV CONCORDANT IGNEOUS INTRUSIONS IN RIM ROCK COUNTHT

INTRUSION LOCATION COMPOSITION INTRUDED INTO

OR BETWEEN

SURFACE

AREA
THICKNESS REMARKS

Candelaria

Laccolith

30 9-5' N,

104 ^0.5' W

Porphyritic

trachyte

Chambers and/or 0.6 sq. mi.

Capote Mountain Tuff
200 +

small dikes radiate

from intrusion

Nixon Falls

Laccolith

30 7' N,

104 37' W

Porphyritic

trachyte

Chambers and/or 1.5 sq. mi.

Capote Mountain Tuff 250* +

Loma Plata

Laccolith

30 8' N,

104 3V W

Porphyritic

trachyte

Chambers and/or 1*0 sq. mi.

Capote Mountain Tuff
1

Unnamed Sill
30 33.1' ,

104 52.2'W

Olivine

diabase

Capote Mountain

Tuff
0.2 sq. mi. ?

green, brittle, poorly

resistant; crops out in

discontinuous patches

Unnamed Sill
30 33.5' N,

104 42.5' w

Analcime

trachydiabase
Chambers Tuff ? 20'

grayish black; poorly

resistant; discordant

for short intervals

Unnamed Sill
30 33.2' N,

104 42.3
'

W

Olivine

diabase

Between Colmena

Tuff and Buckshot

Ignimbrite

< 0.1 sq. mj

10(?) greenish black

Unnamed Sills
30 33.1

f

N,

104 43.3' W

Analcime

lamprophyre

San Carlos

Formation

0.4 sq. mi.

(total)
?

bluish black; resistant;

discordant for

short intervals
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area are mostly in the form of laccoliths, although a few small dikes

are also present. Sills and dike swarms are characteristic of the

northern Porvenir area. General information pertaining to the sills

and laccoliths is shown in Table IV. For a more detailed description

of these intrusive bodies the reader is referred to McKinney (1957, p.

26-48) and Sewell (1955, p. 58-59, 63-68). Numerous smaller intrusive

bodies are present in the southern Candelaria area but their composition

and field relations have not been determined.

The dike swarms present in the northern Porvenir area have a com

positional range of from trachydiabase to lamprophyre (McKinney, 1957).

The dike rock is typically a hard, black, non-resistant, fine grained

porphyry. The dikes themselves are from 1 to 15 feet thick and from

several hundred feet to a mile or more long.

BOLSON DEPOSITS

Definition.- Late Tertiary block-faulting in the Rim Rock country

resulted in the formation of intermontane basins with interior drainage.

Material derived from the surrounding mountainous areas and deposited

in these basins comprise the bolson deposits. The deposits have not

been formally named and no type locality has been designated.

The lower contact of the bolson deposits is not exposed in the Rim

Rock country. The upper surface is either one of erosion or is discon-

formably overlain by Quaternary deposits.

Distribution.- Bolson deposits crop out in the west central Porvenir
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t

Figure 11.- Typical bolson deposits.
Northeastward view from 30 26.4f N, 104

51.2 .



64

area, southwestern Candelaria area and, in Mexico, two miles south of

the confluence of the Rio Grande and Arroyo Benigno. At MS-13 a thick

ness of 210 feet was measured by Miller and Ferguson. Neither the base

nor top of the formation was exposed so the true original thickness was

indeterminate. The same factors obtain in the Candelaria area where in

complete sections of 536 feet (Peterson, 1955, MS-3, p. 61-65) and 596

(Amsbury, 1957, MS-17, p. 184-189) have been measured.

Description and composition.- The most striking aspect of the \

bolson deposits is the development of a columnar or pillared appearance (

of weathered outcrops (see Fig. 11). Similar weathering features are

common to dissected loess and floodplain deposits. The formation is

composed of interbeds of grayish orange pink silt, sand and gravel-size

material. Individual beds are poorly- to-very poorly-sorted. Sandstone

and siltstone predominate in all of the outcrops, but a gravel facies

was undoubtedly originally present along the margins of the basin.

The deposits are loosely cemented with calcite and contain numer

ous caliche nodules up to 1/2 inch in diameter. The composition of the

deposits is approximately as follows: 60-75% subrounded, tuffaceous

rock fragments; 15-20$ subangular to subrounded feldspar; 10-15$ angular

or rounded quartz grains; 1% heavy minerals, chert and other minerals.

P0ST-B0LS0N DEPOSITS

Post-bolson deposits consist primarily of terrace gravel and allu

vium deposited by the Rio Grande and its tributaries. No formal names
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or type localities have been designated for these deposits. Terrace de

posits in the Rim Rock country have been numbered according to a system

suggested by DeFord and long in use by students under his supervision.

The youngest formation, the current floodplain and stream-channel depos

its, is designated CJLOO. Older terrace-capping deposits were assigned

successively lower numbers |fr; increments of ten.

Most sof these formations cannot be distinguished on the basis of

lithology. Dietrich (1954, p. 52) correctly observed that

Along any traverse normal to the course of the Rio Grande

the gravels of different age exhibit less variation in

composition than is present along a traverse parallel to

the Rio Grande, even though the latter traverse is confined

to gravel deposits of the same age.

The deposits can be distinguished satisfactorily on the basis of the age

of the underlying terrace surface since older terraces occupy successive

ly higher topographic positions.

The terraces slope towards the Rio Grande at an average one degree

dip.

040 Gravel

A few small outcrops in the southeastern Candelaria area are all

that remain of the oldest and topographically highest terrace deposits,

the Q40 gravel. The thickness of these remnants ranges from 10 to 15

feet. According to Peterson (1955, p. 48) most of the gravel is composed

of calichified pebbles and cobbles of Brite Ignimbrite, Petan Basalt and

Cretaceous rocks.
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Q50 Gravel

The Q50 gravel crops out at 30 06 N, 104 37f W and 30 24* N,

104 48.3f W. A narrow gravel-capped hill at the latter locality con

stitutes the only terrace remnant in the Porvenir area. The maximum

thickness of the deposits is 60 feet in the Candelaria area and 15 feet

at the Porvenir area exposure. The Porvenir area deposits are composed

of pebbles, cobbles and boulders of Cretaceous limestone and ortho

quartzite, and Tertiary tuff and flow rock fragments. Brite and Petan

fragments predominate in the Candelaria area outcrops.

Q60 Gravel

One of the most widespread terrace deposits, the Q60 gravel, crops

out extensively in the northwestern and west central Rim Rock country.

The average thickness of the deposits ranges from 8 to 12 feet, but

thicknesses of 50 feet or more are not uncommon near the mountain slopes

in the eastern part of the area. The deposits consist of subangular to

subrounded pebble-to-boulder size material. In many places the surface

gravel is pebble size or finer and forms a smooth, tightly packed sur

face. Bedding is crudely manifested by the presence of sand and pebble

lenses interbedded with coarser material.

Although the relative amounts vary considerably from place to

place, the deposits consist of material derived from Cretaceous and Ter

tiary strata in the area. Boulders of orthoquartzite and resistant tuff
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are the predominant rock types throughout most of the area. Much of the

surface gravel is blackened by desert varnish. The deposits are loosely

cemented with calcite, with the upper 2 to 5 feet commonly well cemented

and encrusted with caliche.

Q70 Gravel

The Q70 terrace gravel crops out in many portions of the Porvenir

area and, in Mexico, covers almost all of the large area between the

Sierra de los Fresnos and the Rio Grande. It is the best preserved and

most widespread Quaternary deposit cropping out in the Rim Rock country.

The thickness ranges from 8 to 10 feet, except near the mountains where

the deposits thicken. The description and composition are similar to

that of the Q60 gravel.

Q80 Gravel

Outcrops of Q80 gravel are most abundant along the margins of the

larger present day streams. Scattered patches crop out throughout the

area, but the deposits form an extensive terrace cover only along Walker

Creek in the eastern Candelaria area. The thickness averages 6 to 8

feet with a maximum of 15 feet. The restriction of Q80 gravel to the

vicinity of large streams and the thickness indicate that the formation

represents a shorter time interval than the older deposits. The de

scription and lithology are similar to that of the Q60 gravel.



Figure 12.- Q70 terrace gravel discordantly overlying varie

gated member of San Carlos Formation. Eastward view from

30 25.1* N, 104 43.8* W.



69

Q90 Alluvium

Deposits capping the Q90 terrace level crop out on either side of

all the major streams in the area. Near the Rio Grande, the deposits

flare out and cover wide valley flats. The largest continuous exposure

crops out along the river road from 30 21.5f N to 30 25* N. The aver

age thickness of the deposits is not known although deposits up to 20

feet thick were observed in gullies near the Rio Grande. Most of the

material is unstratified, but pebble and heavy mineral stringers locally

provide crude bedding. The deposits consist of dusky yellow to grayish

yellow clay, silt and sand with subangular pebble-to-boulder size mate

rial interspersed. The silt and sand is composed of quartz grains, with

lesser amounts of tuffaceous sandstone, heavy minerals, gypsum, and re

worked Cretaceous foraminifera. The pebble-to-boulder material is sim

ilar in composition to that of the older terrace deposits.

Eolian and Residual Deposits

Certain deposits in the southwestern Porvenir area directly across

the Rio Grande from the Mexican town of Fresnos are difficult to clas

sify. They consist largely of dune sand and residual material weathered

from the bedrock, and range in thickness from 2 to 12 feet; the dune

sand is thicker than the residual material. Approximately 90$ of the

material is quartz and 10$ heavy minerals and igneous rock fragments.

The residual deposits are similar in lithology to the Q90 alluvium with
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two exceptions; there is less coarse material and a higher percentage of

foraminifera in the residual deposits.

0100 Alluvium

Deposits of Q100 alluvium crop out sporadically along the course of

the Rio Grande. These floodplain deposits are best developed from 30

06* N to 30 10* N and from 30 20* N to 30 26* N. The total thickness

of the alluvium is not known. It is similar in appearance and composi

tion to the Q90 alluvium.

Terrace Development

Terrace development along the course of the Rio Grande and many

other major streams in the southwest is generally conceded to be a re

sponse to climatic cycles; more specifically, the alternation of arid

and moist or less arid time-intervals. There is, however, little agree

ment as to the manner in which the response is effected. Huntington

(1914, p. 23-36) presented strong evidence for his contention that suc

cessive terrace levels along the Santa Cruz River near Tucson were form

ed by deposition of material during arid times and stream incision dur

ing less arid times. On the basis of studies in the Davis Mountains

Albritton and Bryan (1939, p. 1466-1^67) advanced equally convincing

evidence in support of the opposite argument; that deposition occurs

during less arid times and incision occurs during the arid portion of

the cycle. The latter interpretation appears to be better received at
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the present time.

The writer believes that the Rio Grande terraces in the Rim Rock

country were developed by incision during dry periods and deposition

during moist periods. During the arid portion of the cycle the follow

ing conditions obtain:

(1) The Rio Grande maintains essentially continuous flow.

(2) Mountain slopes are comparatively barren.

(3) Tributary streams are intermittent.

Lack of adequate soil and vegetable cover permits the rapid removal of

debris from the mountain slopes and deposition at their bases. The

small volume of stream flow coupled with the high porosity of the accum

ulating debris prevents the transportation of coarse material for any

great distance. Therefore, the Rio Grande receives only fine-grained

material while traversing the Rim Rock country. The small volume of the

Rio Grande and the paucity of material requiring transport result in the

confinement and gradual incision of the Rio Grande channel. In an effort

to maintain graded profiles, the tributary streams also become incised

and begin to dissect the terrain which they traverse.

Whenever the region returns to the moist or less arid phase of the

cycle the following conditions obtain:

(1) The Rio Grande has an increased volume.

(2) The mountain slopes regain a denser vegetable cover.

(3) Some of the tributary streams maintain continuous flow.

The increased competency of tributary streams now permits the



72

retransportation of material from the base of the mountain slopes to the

Rio Grande. The additional transport load imposed upon the Rio Grande

minimizes degradation so that a temporary base level for the tributaries

is established. With the tributary streams essentially at grade, much

of their energy is expended in lateral corrasion and planation. The

tributaries coalesce and diverge again until a wide flat terrace surface

is developed coincident with the deposition of a gravel veneer over the

surface.

The time available for this process will determine the areal extent

and, in part, the thickness of each terrace deposit. The duration of

the arid phase of the cycle determines the difference in elevation be

tween successive terrace levels.

The development of sand and silt deposits on the Q90 terrace sur

face, as opposed to the gravel deposits which cap the older terraces,

may be explained by this method of terrace development. During the arid

phase, only fine material is transported any great distance from the

mountain slopes. Wherever incision and valley widening processes result

in the development of flats, it is to be expected that fine material

will be deposited as a lateral facies of the gravel accumulations at the

base of the mountain slopes. Thus, during the arid cycle which the Rim

Rock country is now experiencing, a recent sand-capped terrace-level

will be formed. With the resumption of the moist cycle, the sand and

silt deposits will be most susceptible to erosion. The material will

be washed out and replaced by gravel by the lateral planation of
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tributaries, by winnowing or by rapid gullying. The sand and silt de

posits which cap the Q90 terrace level are believed to be a transitional

stage in the development of a future gravel capped Q90 terrace level.

AGE AND CORRELATION

The age of the Tertiary volcanic sequence in trans-Pecos Texas is

not accurately known. The age of the Vieja Group is believed to be

earliest Chadronian (Lower Oligocene), but the Vieja fauna also bears

a close resemblance to the Duchesnean (upper Eocene). The tuffaceous

sandstones of the Vieja Group and other Tertiary formations in trans-

Pecos Texas contain abundant vertebrate and invertebrate fossils, but

the collection, preparation and identification of representative verte

brate remains is a long and arduous process and at best only a start has

been made towards this end.

One of the earliest age assignments of the Tertiary volcanic se

quence was that made by E. W. Berry on the basis of plant remains from

the basal tuff of the Huelster Formation in the Barri 11a Mountains.

Berry (1919, p. 4) believed the basal tuff to be equivalent in age to

the Raton and Denver formations (lower Eocene),, but because of the few

species available to him he preferred not to attempt to assign them to

an exact zone in the Eocene. D. I. Axelrod (oral communication, March;

1957) informed the writer that an age assignment more specific than

"lower Tertiary" was not justified on the basis of the meager amount of

information available to Berry.
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Several collections of invertebrate fossils have been made from

the tuffs and interbedded non-marine limestones of trans-Pecos Texas.

Goldich and Elms (1949, P- H44) assigned the Pruett Tuff in Buck Hill

Quadrangle to the Eocene on the basis of the land gastropod Goniobasis ,

a similar species of which had been described from the lower Eocene of

western Wyoming, western Colorado, and northern New Mexico (Henderson,

1935, p. 227). The Duff Tuff of the same area was assigned

... to the Oligocene on the basis of a smaller gastro

pod associated with "Helix1* hesperarche at Church Mountain

and also found in other places in the Jordan Gap Quadrangle.

The utilization of Tertiary non-marine land gastropods for age assign

ment has not proved satisfactory, however, because of the typically

great stratigraphic range. Vertebrate remains are, therefore, consider

ed to be the most valuable and reliable means of age determination at

the present time.

The first important discovery in this respect was that of a

Hyracadon tooth, collected by Baker (1934, p. 151) near the base of the

Huelster Formation in the northeastern Davis Mountains, and subsequently

identified by R. A. Stirton as being of lower or middle Oligocene in age.

In 1941 Barnum Brown (1941) collected vertebrate remains from the

Chambers Tuff on the Quinn Ranch in the Porvenir area and identified

several lower Tertiary forms. J. Willis Stovall and Don Savage visited

Big Cliff (Plate I) in the Porvenir area in 1940 and made a collection

from the Chambers Tuff; on the basis of which Stovall (1948, p. 85) as

signed a Chadronian (lower Oligocene) age to the assemblage. In I946
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Bryan Patterson and James H. Quinn of the Chicago Natural History Museum

made a large collection from the same formation and in the same general

area. After examining some of the material Patterson concluded that it

was of Chadronian age (Goldich and Elms, 1949, P H44). On further ex

amination of the collection Patterson apparently modified his original

interpretation for John A. Wilson stated in 1954 (McAnulty, 1955, p.

557) that

This fauna was identified as Duschesnean (oral communica

tion) by Patterson. There has been controversy as to the

age of the Duschesnean, but at a meeting of the stratig

raphic committee in Boston, 1952, it was placed in the

upper Eocene.

On the basis of further identifications by Patterson, collections

made by University of Texas students working in the Candelaria area in

1954 and a collection made by Wilson and S. E. Clabaugh in the Porvenir

area in 1956, the age of the Chambers is again assigned to the Chadron

ian. One of the most significant discoveries from the 1956 collection

is the skull of a large dog identified by Wilson as a species of

Hemipsalodon, an animal whose only close relative has been described

from the Cypress Hills (middle Chadronian) Formation of Saskatchewan.

The fauna of the Chambers bears a close resemblance to that of the

Yoder Formation of Colorado (Wood, 1955, p. 524). The Yoder is probably

earliest Chadronian in age, but is still considered by some to be late

Duschesnean.

Collections from the Colmena Tuff are not as extensive as those of

the Chambers, but thus far no significant differences between the faunas
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of the two formations has been detected. Although no fossil material

has been collected from the basal Tertiary conglomerate, its close asso

ciation and interfingering relationship with the Colmena of the Cande

laria area leads the writer to conclude that it is of the same age and

at least in part contemporaneous with the tuffaceous facies of the Col

mena. The entire Vieja Group is, therefore, tentatively assigned to the

Chadronian.

Obviously the age of the Tertiary volcanic sequence overlying the

Vieja Group must be Chadronian or post-Chadronian. The meager collec

tion of vertebrate remains from the Capote Mountain Tuff has thus far

proved to be of no great stratigraphic value. A turtle identified as

Stylemys cf . nebrascensis and tentatively assigned to the Oligocene by

Wilson was collected by Amsbury from the Capote Mountain in the Pinto

Canyon area (Amsbury, 1957, p. 72).

A start has just recently been made towards determining the age of

the bolson deposits in trans-Pecos Texas. In 1956 W. S. Strain collected

a fossil turtle and some rodent remains from bolson deposits near McNary,

Texas. On the basis of these remains, Strain (oral communication, May,

1957) tentatively assigned the bone-bearing beds to the Blancan. Some

controversy exists as to whether the Blancan fauna should be considered

late Pliocene or early Pleistocene. There is, as yet, no agreement upon

a definition of the Pliocene - Pleistocene boundary. Until these prob

lems are resolved, the systemic assignment of these deposits must remain

in question.
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Moreover the Blancan deposits studied by Strain are underlain by

a vast accumulation of bolson fill of thus far undetermined age, al

though it is obvious that it must be Blancan or older. At this writing

Strain believes that most of the material was deposited during known

Pliocene (pre-Blancan) time. Accurate dating and possible correlation

of the Rim Rock country bolson deposits with those studied by Strain

await further discoveries, collections, and studies of vertebrate fos

sils.

The Tarantula Gravel may be correlative with the post-Brite gravel

(Sewell, 1955, p. 57) in the southern Rim Rock country. Both units were

deposited after the cessation of extrusive igneous activity and prior

to the peak intensity of late Tertiary block-faulting. The Tarantula

and post-Brite are both composed of Lower Cretaceous rock fragments and

locally derived igneous material. The percentage of Cretaceous fragments

in the Tarantula is considerably greater than that in the post-Brite.

A thick extensive gravel sheet crops out west of the Rim Rock coun

try from Cuesta del Burro westward towards Alamito Creek (DeFord, oral

communication, April, 1957). No detailed studies of this gravel have

been made, but like the Tarantula and post-Brite Gravel, it postdates

the Tertiary volcanic sequence. This gravel may be contemporaneous with

the Tarantula, but it is highly unlikely that it was ever a continuous

part of the same gravel sheet.

No correlation of post-bolson deposits with those outside of the

Rim Rock country is proposed at this time. There is undoubtedly a close
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relationship among terrace deposits in the Rim Rock country and those

found along other stretches of the Rio Grande. Their correlation and

contemporaneity, however, remain to be demonstrated.

Correlation of the Tertiary volcanic sequence in trans-Pecos Texas

is as shown on Plate II. The reader is referred to Colton (1957, p. 40-

52) for a discussion of the evidence pertinent to these correlations.

THICKNESS RELATIONS

The Killam deep test well, drilled one mile northeast of Valentine
.

in 1951, penetrated more than 6000 feet of Tertiary volcanic material.

The existence of a basin containing so thick a volcanic rock sequence

had not previously been suspected. The isopachous maps in Figures 13

and 14 outline a western part of this basin and clarify some of the re

lationships of the volcanic rock sequence.

The isopachous map of the present thickness of the Tertiary vol

canic sequence includes only intermontane regions. Thicknesses in moun

tainous areas are dependent upon present topography and bear little re

lation to original thickness trends. The maps of presumed original

thicknesses are necessarily generalized. In their construction it was

assumed that (a) the present extent of flow rock is nearly as great as

its original extent and (b) tuffaceous material is less variable in

thickness and apt to be more widespread than flow rock.

The maps clearly show that the source of most of the volcanic ma-'

terial was near or east of the Valentine area. Notwithstanding this
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fact, some of the material in the western part of the area, and most of

the flow rock in and near the Wylie Mountains issued from local vents.

As the location of the vents from which most of the flows emanated is

not known, it is not feasible to show more than regional trends in thick

ness without imparting an erroneous impression as to the degree of ac

curacy of the maps.

The original volume of volcanic material present in the region was

estimated to be 650 cubic miles. This figure represents an average

thickness of 2200 feet of material over the region. Volume and percent

age figures for the various types of volcanic material present are shown

in Table V.

Perhaps the most remarkable aspect of these figures is the prepon

derance of pyroclastic material. It is even more remarkable in view of

the distribution of tuff and flow rock. As shown in Figure 14, most of

the flow rock is restricted to the northeastern quarter of the region

whereas tuff predominates in the western and southeastern quarters.

The flow rock can be subdivided into three petrographic provinces

as shown in Figure 14 The volcanic material in the Wylie Mountains is

approximately 70$ trachyte and 20$ andesite (Hay-Roe, 1958). The rocks

of this province are anomalous and probably unrelated to those in the

remainder of the region. The Rim Rock country and the Tierra Vieja

Mountains comprise a second province in which the flow rock is pre

dominantly rhyolitic. These rocks may be genetically related to the

rhyolite flow rock which occupies the lower half of the section in the
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TABLE V - COMPOSITION OF VOLCANIC ROCK IN RIM ROCK

COUNTRT AND VICINITY

Type Rock
Volume in

Cubic Miles
% Class % Total

Tuff 420 100 65

rhyolitic 189 45 29

rhyodacitic 63 15 10

dacitic 42 10 6

andesitic 63 15 10

non-igneous* 63 15 10

Flow rock 230 100 35

rhyolite 87 38 14

trachyte 62 27 9

andesite and

trachyandesite 21 9 3

basalt and

trachybasalt 60 26 9

-# Mostly limestone, and conglomerate composed of Cretaceous rock frag
ments. Lithic tuff composed of clastic fragments of igneous rock is

classified as volcanic.
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Killam well, part of the third province. This latter province is dis

tinguished by more than 2000 feet of basalt in the upper half of the

section. The overall composition of this province, then, is approxi

mately 50$ rhyolite and 50$ basalt.

The lateral distribution of the different types of tuff is not

known. Percentage composition values were estimated from the vertical

distribution of Rim Rock country deposits.



CENOZOIC HISTORY

The Cenozoic Era was ushered into the Rim Rock country by the Lara

mide orogeny. Although an accurate dating of the orogeny remains to be

demonstrated, it can clearly be shown to have commenced locally after

Campanian and closed prior to Oligocene time. These limits are estab

lished by the respective ages of the youngest beds affected and oldest

beds unaffected by Laramide tectonism in the Rim Rock country. Although

the area occupies the extreme eastern edge of the Laramide orogenic belt,

the effects are clearly manifested by a series of northward-trending

thrust faults in the west central part of the area and by the formation

of the Loma Plata anticline in the southeastern part. The Sierra Pilares,

Sierra Ventana, and Sierra de los Fresnos, which form the western bound

ary of the area, also came into existence at this time as a result of

Laramide thrust-faulting and folding.

During and subsequent to the Laramide orogeny the Rim Rock country

was eroded down to an intermontane region of little relief and low eleva

tion. Stream deposits derived from more mountainous areas to the north

and west formed a thick gravel cover discordantly overlying the truncated

Cretaceous strata. A brief erosional interval may have then ensued in

parts of the Candelaria area for the Jeff Conglomerate is extremely vari

able in thickness and absent in many places. No evidence for any corre

sponding period of erosion was observed in the Porvenir area.

The Gill Breccia, which heralds the beginning of volcanic activity

85
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within the Rim Rock country, was contemporaneous with part of the con

glomeratic facies of the Colmena Tuff in the northern part of the area.

Deposition of the basal conglomerate continued to the north while the

Gill was being eroded and dissected into an irregular, hilly surface up

on which the conglomerate and tuffaceous sandstone of the Colmena were

deposited. From whatever source the pyroclastic material of the Col

mena may have been derived, some of it was transported by wind, water,

or both to the Porvenir area where it was deposited as interbeds in the

basal conglomerate.

This initial phase of pyroclastic expulsion culminated in the ad

vance of an incandescent cloud of vitric and crystal fragments which

blanketed the entire Rim Rock country excepting the extreme northern and

northwestern parts. This mass cooled into the Buckshot Ignimbrite.

There is no evidence of any erosional interval between the time of em

placement of the Buckshot and renewal of the pyroclastic expulsions re

sulting in deposition of the Chambers Tuff. Unlike the Gill - Colmena

contact, the original surface of Chambers deposition exhibits little re

lief and the resultant accumulation of material is more uniform in

thickness. The presence of interbeds of conglomerate in the Chambers ^

bears testimony to the fact that Laramide fold-mountains to the north )

and west retained sufficient relief to supply coarse material to the /)

intermontane depressions. These conglomerate beds were most likely de

posited during periods of volcanic quiescence since they contain rela

tively small amounts of tuffaceous material.
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The time immediately following deposition of the Chambers was mark

ed by the quiet lava outpourings which cooled into the Bracks Rhyolite.

The preservation of domical structural features and a vesiculated zone

near the upper contact indicate that little time elapsed before the re

sumption of explosive volcanic activity. Where the Bracks is absent, \

the Chambers - Capote Mountain contact reveals no evidence of any inter-/

vening erosional interval. The Capote Mountain Tuff, like the older

tuffaceous formations shows evidence of transportation of material by

water and deposition in shallow, non-marine lakes and ponds. The emana

tion of pyroclastic ejeeta culminated in another nuel ardente eruption (

which gave rise to the Brite Ignimbrite. The succeeding quiet outpour- v

i

ings of Petan Basalt brought the recorded interval of Tertiary extrusive j

igneous activity to a close in the Rim Rock country.

Up to this time the Rim Rock country had been well suited for re

ceiving great thicknesses of pyroclastic material. Further east, as

shown in Figure 14, thousands of feet of flow rock had been or were being

accumulated. The effect of these eastern flow rocks was to create a

basin in the Rim Rock country bounded on the west by Laramide fold moun

tains and on the east by the newly formed mountains of flow rock. Tuffa

ceous material was transported from the surrounding high areas and de

posited within the basin until it was filled. The absence of tuff or

flow rock overlying the Petan Basalt suggests that the basin may have

become filled about this time.

Colton (1957, Pl VI) has demonstrated a progressive eastward
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displacement of younger flow rocks in the Rim Rock country. This phe

nomenon is postulated (Colton, 1957, p. 73) as being the result of

gradual subsidence of the then intermontane area comprising the central

Davis Mountains, coincident with the deposition of tuffaceous material

in basins of the western Rim Rock country. Further evidence that sub-

V,

sidence was contemporaneous with deposition is the fact that a thick se-,

quence of tuffaceous material containing interbeds of non-marine lime- \

stone occurs high in the section of the Killam well. It seems unlikely

that the area could have acted as a catch-basin for all of this material

unless there had been considerable subsidence of this previously high

area.

Following the cessation of igneous activity, the region was sub

jected to a period of erosion of considerable duration. It is probable

that the original thickness of the Capote Mountain Tuff in the Porvenir

area was much greater than that which is now present. The loss of sec

tion is primarily the result of pre-Tarantula erosion, facilitated by

the absence of the resistive and protective cap of Brite Ignimbrite

which overlies the Capote Mountain in the Candelaria area. At some

time during this erosional interval, the area was differentially uplifted

and faulted with a resultant 4 - 7 inclination of the fault blocks.

The areal extent and magnitude of the uplift is not known, but the evi

dence is clearly recorded in the angular discordance with the underlying

strata wherever the Tarantula Gravel is present. The newly created high

area in the eastern part of the area provided sufficient relief and
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gradient for the transportation of the coarse material comprising the

Tarantula.

Igneous intrusive activity in the Rim Rock country began before

the faulting had reached its peak intensity. Sills and laccoliths, ac

companied by slight doming of the overlying strata were intruded into

Tertiary rocks in the Candelaria area. Dikes and si 11 s were intruded

into the strata of the northern Rim Rock country. Many of these intru

sive rock bodies were subsequently faulted.

Tectonic activity was soon greatly intensified by widespread up

lift, tilting and block-faulting throughout the entire Rim Rock country.

The dominant fault trend is 10 to 1 west of north, or essentially
-

parallel to fault and fold trends of the Larami.de orogeny. It is prob

able that the late Tertiary normal faults occupy zones of weakness

created by the relaxation of compressional forces attendant to Laramide

tectonism. At present there is no direct evidence to indicate when

faulting began in the Rim Rock country. By analogy and extrapolation

to similar mountain ranges in New Mexico and western trans-Pecos Texas,

Baker (1934, P 151-155) believed that faulting began in late Miocene ~~*

or early Pliocene time.

Although the peak intensity has long since passed, normal faulting

is still going on. Bolson deposits in the west central part of the

Porvenir area have been extensively faulted, indicating the possibility

of considerable activity as late as early Pleistocene (?). Amsbury

(1957, PI. I) has reported small faults in deposits as recent as the



90

Q80 terrace gravel. Finally, on August 16, 1931 the Valentine - Lobo

area was shocked by an earthquake of VIII intensity (Rossi-Forel scale).

On the basis of all available seismic data Professor Byerly of the Uni

versity of California (Sellards, 1933, p. 116), determined the epicenter

to be at 30 53f N, 104 lit W, 28 miles northeast of Valentine. The

remarkable parallelism between the dike and fracture patterns in the

Porvenir area (Colton, 1957, Pl V) suggests that the two phenomena are

related.

Block-faulting, coupled with the rejuvenating uplift of the Mexican

ranges to the west, resulted in the creation of an intermontane basin

with interior drainage. During Pliocene and earliest Pleistocene time \

this basin was filled with bolson deposits derived from the containing j

mountains. A similar process was enacted in other basins both north and

south of the Rim Rock country. Eventually an integrated drainage system

developed having the Gulf of Mexico as its ultimate base level and out

let. Headward erosion, stream piracy, drainage control by fractures,

and other factors resulted in the connection of individual basins and

control of the regional drainage pattern by a single master stream, the

Rio Grande.

s/ During Quaternary time, a series of successively lower pediment

surfaces was developed along the course of the Rio Grande coincident

with the deposition of a gravel veneer over these surfaces by the Rio

Grande and its tributaries. Each surface represents a change in base

level of the river reflecting the climatic fluctuations which persisted
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throughout Pleistocene time. This process has continued up to the

present.



APPENDIX

MEASURED SECTIONS

The thickness of all measured units is given in feet.

MS - 1

Formation; Chambers Tuff

Buckshot Ignimbrite
Colmena Tuff

Location; Western face of Vieja Rim; 30 33.2* N, 104 42.2 W.

Measured by; C. R. Colton and R. G. McKinney

Start; Cretaceous - Colmena Tuff contact

End; Chambers Tuff - Bracks Rhyolite contact

Unit Description Thickness

Chambers Tuff

19 Tuffaceous siltstone; alternating beds of pink,
buff and white; little resistance to erosion... 216

18 Tuffaceous sandstone; alternating gray, reddish

brown, and orange pink; thin-to-medium-bedded;
indurated. I84

17 Tuffaceous sandstone; white to greenish white;
medium-bedded. 44

16 Tuffaceous siltstone; grayish red; massive; hard;
forms prominent ledge. .....o. ......... 2

15 Interbedded tuffaceous sandstone and conglomerate;
lenticular; yellowish brown and reddish brown;
hard. ..o......... 22

92
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Unit Description Thickness

Chambers Tuff (continued)

14 Tuffaceous siltstone; reddish brown.. 23

13 Conglomerate; light brown; massive; forms ledge......... 4

12 Tuffaceous siltstone; alternating reddish brown,
greenish white and pale purple; medium-bedded. 51

11 Conglomerate; gray; massive; pebble-to-cobble
size material. 23

10 Tuffaceous sandstone; alternating pale red and

white beds; medium-bedded; indurated. ................... 99

Measured thickness of Chambers Tuff................ 668

Buckshot Ignimbrite

9 Not described.............. 27

Colmena Tuff

8 Tuffaceous siltstone; white, light gray and

pale red; thin-bedded................................... 47

7 Conglomerate; reddish gray; massive..................... 20

6 Tuffaceous siltstone; reddish gray.... ...... ............ 18

5 Conglomerate; reddish brown; massive.................... 3

4 Tuffaceous siltstone; alternating light gray
and pale red; thin-bedded. .. 6

3 Conglomerate; reddish gray; massive 19

2 Tuffaceous siltstone; pale red; very hard... 9

1 Conglomerate; reddish brown; pebble-to-boulder size

material; mostly limestone and orthoquartzite. .......... 16

Measured thickness of Colmena Tuff....... 138
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Unit Description Thickness

Total thickness of MS - 1 823

MS - 2

Formation:

Location;

Measured by;

Start:

End:

Capote Mountain Tuff

Begins on west bank of Van Horn Creek;
30 32* N, 104 48.1* w

C. R. Colton and R. G. McKinney

Chambers Tuff - Capote Mountain Tuff contact;
contact assumed as top of prominent moderate

orange tuffaceous siltstone

Capote Mountain Tuff - Tarantula Gravel

fault contact

Unit

Capote Mountain Tuff

Description Thickness

20

19

18

Tuffaceous sandstone; interbedded grayish orange

pink (10R8/2) and grayish pink (5R8/2); massive;
very fine-grained; slightly calcareous; indurated,

i) very light gray (N/8); speckled; medium-

bedded; very fine-grained; non-calcareous;
indurated

b) pinkish gray (5YR8/1); massive; fine-grained;
calcareous; indurated

c) very pale orange (10YR8/2); thin-bedded; very
fine-grained; non-calcareous; indurated..

Interbedded:

a) tuffaceous siltstone; white (N9); thin-bedded;
cross-bedded; non-calcareous; indurated

b) tuffaceous sandstone; pinkish gray (5YR8/1);
massive; very fine-grained; calcareous; hard..

67.5

98

58
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2l Description Thickness

Capote Mountain Tuff (continued)

17 Tuffaceous sandstone; pinkish gray (5YR8/1);
massive; very fine-grained; calcareous; hard............ 69

16 Interbedded:

a) tuffaceous siltstone; white (N9); medium-

bedded; calcareous; indurated

b) tuffaceous sandstone; pale yellowish brown

(10YR7/2); massive; very fine-grained;
calcareous; very hard....... 57.5

15 Tuffaceous siltstone; moderate red (5R6/4);
massive; very calcareous; hard... 18

14 Tuffaceous sandstone; yellowish gray (5Y9/1);
medium-bedded; fine-grained; calcareous; indurated...... 23

13 Tuffaceous sandstone; pinkish gray (5YR8/1);
massive; very fine-grained; very calcareous;
indurated. 103

12 Tuffaceous siltstone; white (N9); thin-bedded;
slightly calcareous; indurated 46

11 Tuffaceous limestone; moderate orange pink

(10R7/4); massive; indurated... 11.5

10 Tuffaceous sandstone; grayish orange pink

(10R8/2); massive; very fine-grained; slightly
calcareous; very hard................ 17

9 Tuffaceous sandstone; grayish orange pink

(5YR7/2); medium-bedded; fine-grained; slightly
calcareous ; naro.e.o.....oe.o.....o... ........... ....... 17

8 Tuffaceous sandstone; grayish orange pink

(5YR7/2); medium-bedded; very fine-grained;
very calcareous; indurated. ,. 14

7 Conglomerate; lenticular; pale red (5R6/2);
massive; subrounded pebbles and cobbles of tuff,
limestone and orthoquartzite; calcareous cement,
very hard. 4
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tfaifr Description Thickness

Capote Mountain Tuff (continued)

6 Tuffaceous limestone; pale red purple (5RP6/2);
massive; very hard...... 23

-"

5 Tuffaceous sandstone; very pale orange (10YR8/2)
to yellowish gray (5Y7/2); medium-bedded; coarse

grained; calcareous cement; indurated; friable 50
f

4 Tuffaceous siltstone; white (N9); speckled;
massive; non-calcareous; hard.............. 51

s

3 Tuffaceous sandstone; pinkish gray (5YR8/1);
thin bedded; cross-bedded; fine-grained;
slightly calcareous; friable 18

2 Tuffaceous sandstone; grayish orange pink
(5YR7/2); medium-bedded; medium-grained;
calcareous cement; hard; friable............. 17

1 Tuffaceous sandstone; grayish pink (5R8/2);
thin-^bedded; very fine-grained; non-calcareous;
very hard..... 12

Total thickness of MS - 2...... 774.5

MS - 5

Formation: Chambers Tuff

Location: 1.2 miles northwest of Big Cliff; 30 29.4* N,
104 49* W

Measured by;

Start;

End:

J. D. Ferguson and W. D. Miller

Top of MS - 6

Base of MS - 5a
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Unit Description Thickness

Chambers Tuff

7 Tuffaceous siltstone; grayish red (5R4/2);
massive; slightly calcareous; very hard. ...... 3*5

6 Tuffaceous siltstone; alternating beds of very

pale orange (10YR8/2), pale red (5R6/2), and
pale yellowish brown (10YR6/2); medium-bedded;

calcareous; hard................... 37

5 Tuffaceous sandstone; alternating beds of pale
red (5R5/2) and pale orange (10YR7/2); very fine

grained; slightly calcareous; forms ledges.............. 61

4 Tuffaceous sandstone; grayish orange pink (5YR7/2);
medium-bedded; fine-grained; slightly calcareous;
hard 12.5

3 Tuffaceous sandstone; grayish orange pink (10YIff/4);
fine-grained; slightly calcareous; hard.... ............. 6

2 Tuffaceous siltstone; alternating beds of pinkish

gray (5YR8/1) and pale greenish yellow (10Y8/2);
indurated. 1.5

1 Tuffaceous siltstone; pale greenish yellow (10Y8/2);
forms prominent marker bed.. 18.5

Total thickness of MS - 5 140

MS - 5a

Formation: Chambers Tuff

Location; 1 mile northwest of Big Cliff; 30 29.1* N,
104 49* W

Measured by; J. D. Ferguson and W. D. Miller

Start: Top of MS - 5



End: Base of MS - 7

Unit Description Thickness

Chambers Tuff

6 Tuffaceous siltstone; pale red (10R6/2);
massive; non-calcareous; very hard; forms

prominent ridges and benches throughout area... 3

5 Tuffaceous siltstone; grayish orange pink
(10R8/2) and pale red (10R6/2); non-calcareous 30

4 Tuffaceous siltstone; grayish pink (5R8/2) to

grayish orange pink (10R8/2); non-calcareous;
naro., x orms xeuge.......... .................. ........ 21

3 Tuffaceous sandstone; grayish orange pink

(5YR7/2); thin-bedded; very fine-grained;

non-calcareous; indurated..... 8

2 Tuffaceous siltstone; alternating beds of pale
red (5R6/2), pinkish gray (5YR8/1), and grayish

orange pink (5YR7/2); medium-bedded; non-

caJLcareous ; naro........*......*.... op

1 Tuffaceous silty limestone; pale yellowish
brown (10YR6/2); massive; very hard. ....... ,........... 12

lotai tnic&ness ox jxud pa. ............ ........ ....... ......... 139

MS - 6

Formation: Chambers Tuff

Location: East face of Big Cliff; 30 28.4* N,
104 48.6* W

Measured by: J. D. Ferguson and W. D. Miller

Start: Buckshot Ignimbrite
- Chambers Tuff contact
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Snd: Base of IIS - 5

Unit Description Thickness

Chambers Tuff

10 Tuffaceous siltstone; moderate red (5?-5/4);
massive; non-calcareous; hard; foms ledge.. 27

9 Tuffaceous siltstone; grayish red (5H4/2);
non-calcareous. 9

8 Conglomerate; lenticular; pale yellowish brown

(10YR6/2); massive; pebble-to-cobble size mate

rial; calcareous cement; contains vertebrate
fossil remains; hard........... . 14

7 Tuffaceous siltstone; grayish orange pink

(5YR7/2); massive; very calcareous; very hard;
forms ledge. 25

6 Tuffaceous siltstone; grayish orange pink

(5YR7/2); medium-bedded; calcareous; hard 8

5 Tuffaceous siltstone; alternating beds of pale
red (5R6/2), grayish pinl: (5R8/2), grayish
orange pink (5YR7/2); slightly calcareous;
indurated. 54

4 Tuffaceous siltstone; very pale orange (10YR8/2)
to grayish orange pink (5YR7/2); nedium-bedded;

calcareous; indurated 31

3 Tuffaceous siltstone; alternating beds of pale
red (5R6/2), pale red purple (5RP6/2) and pale

yellowish brown (10YR6/2); medium-bedded; cal

careous; indurated 19

2 Tuffaceous sandstone; grayish red (5R4/2); fine

grained; calcareous; indurated 15

1 Conglomerate; pale red (5E5/2); granule-to-
cobble size material; boulders up to 1 foot

in diameter; sandy matrix; calcareous cement;
contains vertebrate fossil remains; hard. 6
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Unit Description Thickness

Total thickness of MS 6. ...... ...o....... ........ ............ loo

MS - 7

Formation: Chambers Tuff

Locations 2 miles northwest of Mammoth Mine;

30 28.5* N, 104 49.3* W

Measured by: J. D. Ferguson and W. D. Miller

Start: Top of MS - 5a
>

End: Chambers Tuff - Capote Mountain Tuff contact

(assumed)

Unit Description Thickness

Chambers Tuff

18 Tuffaceous siltstone; grayish red (5R5/2);
massive; non-calcareous; very hard..... 3

17 Tuffaceous sandstone; pale red (10R6/2);
medium-bedded; non-calcareous, medium-

grained; hard. ......o....... . . ....... ....... ....... o

16 Tuffaceous siltstone; pale red (5R6/2); medium-

bedded; slightly calcareous; indurated.. ................ 16

15 Tuffaceous sandstone; alternating pale red (10R6/2)
and grayish orange pink (10R8/2); massive; non-

calcareous; very fine-grained; indurated...... 16

14 Tuffaceous sandstone; pale red (5R7/2); very fine

grained; noncalcareous; hard......... 7

13 Tuffaceous siltstone; pale red (10R6/2); massive;
calcareous; very hard; forms ledge. .... a
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Unit Description Thickness

Chambers Tuff (continued)

12 Tuffaceous sandstone; pale red (5R7/2); very
fine-grained; non-calcareous. 4

11 Tuffaceous sandstone; yellowish gray (5Y8/1);
massive; medium-grained; calcareous. 10

10 Tuffaceous sandstone; alternating beds of pale
red (5R7/2) and grayish pink (5R8/2); medium-

bedded; very fine-grained; non-calcareous; hard;
forms small ledges. 19

9 Tuffaceous siltstone; grayish orange pink (5YR7/2);
medium-bedded; non-calcareous; very hard; forms

ledge... . 8

8 Tuffaceous siltstone; yellowish gray (5Y9/1); thin-

bedded; slightly calcareous.... 6

7 Tuffaceous siltstone; pale red (10R7/2); massive;
non-calcareous; very hard.... 19

6 Tuffaceous sandstone; grayish orange pink (10R8/2);
medium-bedded; slightly calcareous; fine-grained;
indurated . 8

5 Tuffaceous siltstone; light red (5R6/5); thin-

bedded; non-calcareous; very fine-grained; friable 5

4 Tuffaceous sandstone; pale reddish brown (10R6/4);
medium-bedded; fine-to-very fine-grained; very hard 12

3 Tuffaceous sandstone; pale reddish brown (10R5/4);
medium-bedded; fine-grained; non-calcareous; friable.... 13

2 Tuffaceous siltstone; light brown (5YR7/3); very
calcareous; soft; crumbles readily...................... 2

1 Tuffaceous sandstone; pale reddish brown (10R6/4);
medium-bedded; very fine-grained; slightly cal

careous; friable ...... ........o.... ........... .......... 57

Total thickness of MS 7*. ...... ...... 215
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MS - 11

Formation: Chambers Tuff

Location: South face of Gettysburg Peak;

30 28.4* N, 104 44.2W

Measured by; J. D. Ferguson and W. D. Miller

Start: Buckshot Ignimbrite - Chambers Tuff contact

End: Chambers Tuff - Bracks Rhyolite contact

Unit Description Thickness

Chambers Tuff

34 Tuffaceous siltstone; grayish red (5R4/2);
medium-bedded; non-calcareous; hard. . 8

33 Tuffaceous sandstone; olive gray (5Y5/1);
medium-grained; calcareous; indurated. * 10

32 Tuffaceous siltstone; light olive gray (5Y7/1);
massive; non-calcareous; hard; forms ledge.............. 2

31 Tuffaceous siltstone; pale red (5R6/2);
massive; noncalcareous; hard.oo ................ ....... 1

30 Tuffaceous sandstone; pale yellowish brown

(10YR6/2); very fine-grained; non-calcareous;
friable........... ............. .......... /

29 Tuffaceous sandstone; alternating pale red

(5R6/2) and pale reddish brown (10R5/4); very

fine-grained; slightly calcareous; friable. ...... ....... 66

28 Tuffaceous sandstone; grayish red (5R5/2);

fine-grained; calcareous; friable; forms ledge 4

27 Tuffaceous siltstone; pale reddish brown

(10R5/4); fine-grained; slightly calcareous;

indurated; friable. ...... ...o.... ........... .......... 9

26 Tuffaceous siltstone; alternating beds of
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Unit Description Thickness

Chambers Tuff (continued)

moderate orange pink (10R7/4) and reddish

brown (10R5/6); calcareous; hard, upper two

feet forms prominent ledge. .. 31

25 Tuffaceous siltstone; grayish red (5R5/2);
very calcareous; friable..... .......... 13

24 Tuffaceous siltstone; pale reddish brown

(10R6/4); non-calcareous; hard; forms ledge 4.5

23 Tuffaceous siltstone; pinkish gray (5YR8/1);
massive; slightly calcareous; indurated... 1.5

22 Tuffaceous siltstone; pale red (5R6/2) and

grayish orange pink (5YR7/2); medium-bedded;

non-calcareous; hard........... 39

21 Tuffaceous siltstone; grayish orange pink

(5YR7/2) with a few interbeds of grayish red

(5R5/2); massive; non-calcareous; hard..... 32

20 Tuffaceous siltstone; alternating beds of pale
red (5R5/2) and light greenish gray (5GY8/1);
massive; slightly calcareous; very hard.. 27

19 Tuffaceous siltstone; light greenish gray

(5GY8/1); thin-bedded; slightly calcareous;

indurated. 21

18 Tuffaceous siltstone; pale red (5R6/2); medium-

bedded; slightly calcareous; hard.. 48

17 Tuffaceous siltstone; pale yellowish brown

(10YR7/2); thin-bedded; non-calcareous; hard.. .......... 16

16 Tuffaceous siltstone; yellowish gray (5Y7/2);
medium-bedded; calcareous; hard . 17

15 Conglomerate; lenticular; pale red (10R6/2);

pebble-to-cobble size material; calcareous;

indurated...... ........... 5

14 Tuffaceous siltstone; yellowish gray (5Y7/2);
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Unit Description Thickness

Chambers Tuff (continued)

medium-bedded; calcareous; very hard..... ...... ....... 4

13 Tuffaceous siltstone; light brownish gray

(5YR6/1); medium-bedded; highly calcareous;

very hard; forms ledge...... 39

12 Tuffaceous siltstone; alternating beds of gray

ish olive (10Y4/2) and light brownish gray

(5YR6/1); thin-bedded; non-calcareous; hard. 2

11 Tuffaceous siltstone; moderate orange pink

(5YR8/4); mottled appearance; thin-bedded;

non-calcareous; indurated. 9

10 Tuffaceous siltstone; pale red (5R6/2); thin-

Deomeo.; calcareous; naro.. .s................. ....*.... i. ?

9 Tuffaceous sandstone; greenish gray (5GY6/1);
fine-grained; slightly calcareous; hard................. 20

8 Tuffaceous sandstone; olive gray (5Y5/1); fine

grained; calcareous; hard........... 25*5

7 Tuffaceous siltstone; grayish orange pink

(10R7/2); medium-bedded; calcareous; indurated..... 11

6 Tuffaceous siltstone; pinkish gray (5YR8/1);
has speckled appearance from dark minerals;

thin-bedded; calcareous; very hard; forms ledge 15

5 Conglomerate; lenticular; light brownish gray

(5YR6/1); pebble-to-cobble size material; cal

careous cement................. .................... 17

4 Tuffaceous sandstone; grayish orange pink

(5YR7/2); massive; fine-grained; slightly
calcareous; very hard; forms ledge 29

3 Tuffaceous siltstone; pale red purple (5RP7/2);
medium-bedded; fine-grained; calcareous; friable........ 2.5

2 Tuffaceous siltstone; pinkish gray (5YR8/1);
medium-bedded; calcareous; friable....... 16
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Unit Description Thickness

Chambers Tuff (continued)

1 Tuffaceous siltstone; grayish red (5R4/2);
massive; non-calcareous; very hard.. 21

Total thickness of MS - 11 574.5

MS - 12

Formation: Chambers Tuff

Buckshot Ignimbrite
Colmena Tuff

Location: West face of Vieja rim escarpment;
30 28.4* N, 104 41.9* W

Measured by: J. D. Ferguson and W. D. Miller

Measured units not described

Start: Cretaceous - Colmena Tuff contact

End: Chambers Tuff - Bracks Rhyolite contact

Unit Thickness

Colmena Tuxx. ...e.. ........... 157

Buckshot Ignimbrite... 32

Chambers Tuff....o.... ....... ..o.... ........ ................ 682

Total thickness of MS 12..................... 871
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MS - 13

Formation:

Location:

Measured by;

Start:

End:

Bolson deposits

East side of river road;
30 27.2* N, 104 51.5* W

J. D. Ferguson and W. D. Miller

Measured units not described

Bed of unnamed creek

Bolson - Q60 Gravel contact

Unit Thickness

Bolson deposits . ..... ...... 2iu

MS - 14

Formation:

Location:

Measured by;

Start:

End:

Chambers Tuff

East face of cuesta, near confluence of

Rio Grande and Arroyo Benigno;

30 23.1* N, 104 50.8* W

D. G. Bilbrey and J. T. Schulenberg

Buckshot Ignimbrite - Chambers Tuff contact

Base of MS - 15

Unit

Chambers Tuff

Description

33 Tuffaceous siltstone; pale reddish brown

(10R5/4); massive; 4.5 pni; angular particles;

predominantly quartz and feldspar; ferruginous

cement; slightly calcareous; very hard;

Thickness
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Unit Description Thickness

Chambers Tuff (continued)

prominent cuesta and bench former. 19

32 Tuffaceous sandstone; pinkish gray (5YR8/1);
3.6 phi; poorly sorted; mostly devitrified

tuff; non-calcareous; indurated. ...... 11

31 Tuffaceous sandstone; light brownish gray

(5YR6/1); medium-^bedded; 2.5 phi; angular

grains of quartz and tuff; poorly sorted;

slightly calcareous; indurated; friable........ 2

30 Covered interval . 14

29 Tuffaceous sandstone; pale red (5R7/2); medium-

bedded; 3.2 phi; non-calcareous; hard; forms ledge 9

28 Tuffaceous sandstone; yellowish gray (5Y8/1);
medium-bedded; 3.5 phi; slightly calcareous; hard....... 9

27 Tuffaceous sandy limestone; pinkish gray

(5YR8/1); massive; 2.4 phi; indurated.......... 5

26 Tuffaceous sandstone; yellowish gray (5Y8/1);
medium-bedded; 3.4 phi; calcareous; hard.. 8

25 Tuffaceous sandy limestone; pinkish gray

(5YR8/1); massive; hard 7

24 Tuffaceous limestone; grayish red (5R4/2);
medium-bedded; microcrystalline limestone and

tuff; very hard; forms ledge. 4

23 Interbedded:

a) Tuffaceous limestone; light brownish gray

(5YR6/1); medium-bedded; very hard

b) Tuffaceous sandstone; pale red (5R7/2);
medium-bedded; 3.2 phi; calcareous; hard.... 40

22 Tuffaceous sandstone; pale red (5R7/2); massive;
3.2 phi; angular grains; non-calcareous; very

hard; forms ledge 10

21 Tuffaceous sandstone; pinkish gray (5YR8/1);
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Unit Description Thickness

Chambers Tuff (continued)

medium bedded; 3.3 phi; poorly sorted; non-

calcareous; indurated.. 60

20 Tuffaceous siltstone; white (N9); thin-bedded;
cross-bedded; composed of vitric material; non-

calcareous; very hard.. . 23

19 Tuffaceous sandstone; greenish gray (5GY5/1);
massive; 2.3 phi; angular fragments; poorly

sorted; calcareous; very hard; forms ledge... 5

18 Tuffaceous sandstone; yellowish gray (5Y8/1);
medium-bedded; 3.5 phi; slightly calcareous;
indurated..... 4

17 Tuffaceous siltstone; pinkish gray (5YR8/1);
massive; slightly calcareous; indurated... 3

16 Tuffaceous siltstone; reddish brown (10R4/4);
non-calcareous; indurated.. 5

15 Tuffaceous siltstone; pinkish gray (5YR8/1);
massive; calcareous; indurated.........* 3

14 Tuffaceous sandstone; brownish gray (5YR5/1);
massive; 3.1 phi; poorly sorted; slightly

calcareous; hard.... . 13

13 Tuffaceous limestone; light brownish gray

(5YR6/1); medium-bedded; extremely hard; forms

prominent ledge.........a... ..... ....... 1

12 Tuffaceous siltstone; pinkish gray (5YR8/1);
massive; slightly calcareous; hard....... 4

11 Tuffaceous sandstone; pale red (5R5/2); thin-

bedded; 3.6 phi; very poorly sorted; very hard;
forms ledge..o................. x.5

10 Tuffaceous sandstone; light olive gray (5Y6/1);
massive except for four feet of thin-bedded sand

stone near middle of unit; 2.1 phi; angular; poorly

sorted; calcareous; hard; spalls into spheroidal
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Unit Description Thickness

Chambers Tuff (continued)

boulders. 33

9 Interbedded:

a) Conglomerate; lenticular; yellowish gray

(5Y8/1); rounded cobbles and boulders of

limestone, orthoquartzite and tuff; cal

careous; contains vertebrate fossil remains

b) Tuffaceous sandstone; dusky yellowish green

(10GY3/2) to yellowish gray (5Y8/1); 1.5
phi; calcareous; indurated...... 28

8 Tuffaceous sandstone; light olive gray (5Y6/1)
and very light gray (N8); thin-to-medium-bedded;
2.2 - 34 phi; poorly sorted; calcareous.... 55

7 Tuffaceous sandstone; light gray (N7); thin-bedded;
cross-bedded; 2.3 phi; calcareous cement; indurated;
friable 12

6 Conglomerate; lenticular; brownish gray (5YR5/1);
pebble-to-cobble size material; rounded fragments;

very poorly sorted; mostly limestone and ortho

quartzite; calcareous; hard; forms ledge. 3

5 Tuffaceous sandstone; very light gray (N8); medium-

bedded; 3.2 phi; poorly sorted; calcareous; hard........ 7

4 Tuffaceous siltstone; pale red (10R6/2) to gray

ish red (10R4/2); thin- to-medium-bedded; calcareous;
friable 15

3 Perlite; lenticular; dark gray (N3); glassy tex

ture; vitreous; amygdaloidal; crumbles readily..... 4

2 Tuffaceous sandstone; pale red (10R6/2); medium-

bedded; calcareous; indurated; friable. 5

1 Conglomerate; lenticular; grayish red (10R4/2);
pebble-tocobble size material; mostly limestone,
and orthoquartzite; subrounded; massive; siliceous

cement; contains vertebrate fossil remains; very
hard. 20
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Unit Description Thickness

Total thickness of MS - 14, 456

MS - 15

Formation:

Location:

Measured by:

Start;

End:

Capote Mountain Tuff

Chambers Tuff

East face of unnamed cuesta;

30 23.4* N, 104 51.0* W

D. G. Bilbrey and J. T. Schulenberg

Top of MS - 14

Base of MS - 16

Unit

Capote Mountain Tuff

Description Thickness

12

11

10

Tuffaceous sandstone; pale red (10R6/2);

massive; 2.8 phi; angular; poorly sorted;

noncalcareous; hard. .........................

Tuffaceous siltstone; pale reddish brown

(10R5/4); massive; slightly calcareous;

very hard; forms prominent ledge.....

4

Tuffaceous sandstone; pale red (5R7/2) and

very light gray (N8); thin-bedded; 2.0 phi;

angular; poorly sorted; non-calcareous;

indurated .......a........

Conglomerate; lenticular; reddish brown

(10R4/4); massive; subrounded granules and

pebbles of quartz and tuff; friable; contains

boulders of weathered andesite containing

numerous calcite filled anygdules; boulder

zone not continuous; this zone is assumed as

Chambers Tuff - Capote Mountain Tuff contact.,

14
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Unit Description Thickness

Capote Mountain Tuff (continued)

Measured thickness of Capote Mountain Tuff......... 21

Chambers Tuff

8 Tuffaceous sandstone; very light gray (N8);
thin-bedded; 2.6 phi; poorly sorted; non-

calcareous; mostly devitrified tuff; indurated 10

7 Tuffaceous limestone; light gray (N8); thin-

bedded; has flaky texture; indurated...... 0.5

6 Tuffaceous sandstone; pale red (10R6/2); massive;
2.8 phi; non-calcareous; hard; forms ledge.. 4

5 Tuffaceous sandstone; pale greenish yellow

(10Y8/2) and very light gray (N8); medium-

bedded; 1.3 - 30 phi; non-calcareous; hard;
friable 19

4 Tuffaceous sandstone; grayish orange pink

(5YR7/2); medium-bedded; 3.2 phi; calcareous;
friable. 12

3 Interbedded:

a) Tuffaceous sandstone; pale greenish yellow

(10Y8/2); medium-bedded; non-calcareous;
hard

b) Tuffaceous sandstone; grayish orange pink

(5YR7/2); medium-bedded; 3.2 phi; calcareous;
hard..... 9

2 Tuffaceous sandstone; pale red (10R6/2); massive;
2.8 phi; poorly sorted; angular; non-calcareous;
hard; spalls into spheroidal shapes; forms prom

inent ledge .o 5

1 Tuffaceous sandstone; pale red (10R6/2), pale
greenish yellow (10Y8/2) and very light gray

(N8); medium-bedded; 1.3
- 3.0 phi; non-

calcareous; hard; friable 22

Measured thickness of Chambers Tuff 81.5
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Unit Description Thickness

Total thickness of MS - 15

MS-16

102.5

Formation:

Location:

Measured by:

Start:

End:

Tarantula Gravel

Capote Mountain Tuff

Southeast face of cuesta, 0.5 miles east

of Rio Grande; 30 24.1* N, 104 50.8* W

D. G. Bilbrey and J. T. Schulenberg

Top of MS - 15

Top of hill capped by Tarantula Gravel

Unit

Tarantula Gravel

Description Thickness

Conglomerate; varicolored; bedding poorly defined;
contains boulders up to 2 feet in diameter; mostly

cobble size material; subrounded material; con

sists of limestone, orthoquartzite, and tuff frag

ments; sandy matrix; calcareous cement; indurated.,

Capote Mountain Tuff

6 Covered interval....

5 Tuffaceous sandstone; massive; 3.4 phi; very

poorly sorted; slightly calcareous; friable

4 Tuffaceous sandstone; pale red (5R6/2); thin-

bedded; 3.9 phi; poorly sorted; calcareous;
indurated... ..o*....... ........

3 Tuffaceous siltstone; alternating beds of very

pale orange (10YR8/2) and grayish pink (5R8/2);
medium-bedded; slightly calcareous; indurated..

106

15

5

34

20
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UHife Description Thickness

Capote Mountain Tuff (continued)

2 Tuffaceous siltstone; pale purple (5P5/2) and

pale red (10R6/2); massive; slightly calcareous;
contains concretionary boulders of calcareous

tuffaceous siltstone; top 5 feet forms ledge 52

1 Tuffaceous siltstone; grayish orange pink
(10R8/2) and very pale orange (10YR8/2);
thin-bedded; has speckled appearance from

dark minerals; slightly calcareous; hard;
forms ledge 12

Measured thickness of Capote Mountain Tuff... 138

Total thickness of MS - 16 244

MS - 17

Formation: Colmena Tuff

Location:

Measured by:

Start:

End:

Creek bottom at base of Buckshot bench south

of Horseshoe Mesa; 30 23.5* N, 104 42.0* W

D. G. Bilbrey and J. T. Schulenberg

Cretaceous - Colmena Tuff contact

Colmena Tuff - Buckshot Ignimbrite contact

Unit

Colmena Tuff

Description Thickness

10 Covered interval,

Perlite; lenticular; dark gray (N3); massive;
glassy texture; badly fractured; crumbles

readily..

4
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Unit Description Thickness

Colmena Tuff (continued)

8 Tuffaceous siltstone; alternating beds of pale
red (10R6/2 and 5B6/2), grayish red (5R4/2) and

light brownish gray (5YR6/1); thin-bedded; cal

careous; indurated to very hard; forms thin ledges 58

7 Covered interval..... H

6 Conglomerate; lenticular; pale red (5R6/2); mostly
cobble size material; bedding indistinct; mostly

limestone and orthoquartzite; calcareous; hard;
forms ledge 7

5 Covered interval ... 51

4 Interbedded:

a) Conglomerate; lenticular; pale red (10R6/2);
granule-to-pebble size material; calcareous;

' indurated

b) Tuffaceous sandstone; lenticular; pale red

(5R6/2); fine grained; calcareous; indurated....... 46

3 Tuffaceous siltstone; white (N9); medium-bedded;

calcareous; very hard; forms ledge 4

2 Tuffaceous sandstone; pale red (10R6/2); medium-

bedded; 3.6 phi; poorly sorted; calcareous; very

hard 6

1 Conglomerate; persistent; light gray (N7); massive;
consists of rounded and sub-rounded pebbles and

cobbles of limestone and orthoquartzite; calcareous

cement; indurated.. . 34

Total thickness of MS 17. 22j?
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