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ABSTRACT

Pinto Canyon area includes the southern Tierra Vieja Moun-

tains and the northern Chinati Mountains. Lower and middle Permian

siltstone, limestone, and chert underlie Comanche limestone and sand-

stone; Gulf rocks were deposited in the area but were eroded from the

crest of a north-trending Laramide anticline. Normal faults that

trend N3OE cut the anticline before burial by silicic middle Tertiary

volcanic strata from several sources. Emplacement of silicic intru-

sions that range from 1-inch dikes to a 27-square-mile granite-syenite

complex followed. Large-scale Basin-and-Range normal faults that

trend NSW and NBSE displaced the volcanic strata to form the Tierra

Vieja, Cuesta del Burro, and Presidio bolson. Gravel, sand, and clay

deposited in the bolson are being dissected by tributaries to the Rio

Grande.

In ascending order the lithostratigraphic sequence comprises

the Wolfcamp(?) Alta formation and the Leonard and lower Guadalupe

Pinto Canyon formation (new name), both in the Permian system; the

Yucca formation, Bluff formation (lower Albian), Cox formation, Finlay

formation, Bienevides formation (middle Albian; new name), Loma Plata

limestone (upper Albian; new name), Del Rio formation, and Buda
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formation (Cenomanian?), all in the Comanche series of the Cretaceous

system; and the Jeff conglomerate, Vieja formation (basal Oligocene),

Shely group (Oligocene?; new name), Moonstone rhyolite (new name),

Petan trachyte (new name), and Chinati Mountain group (emended), all

in the Tertiary system. Six terrace gravels were mapped in the

dissected Presidio bolson, plus alluvium in present arroyos and the

Rio Grande floodplain.
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INTRODUCTION

The Pinto Canyon area covers the junction of the Tierra

Vieja and Chinati Mountains in southwestern Presidio County, Texas.

Permian and Comanche strata are exposed in a faulted Laramide anti-

cline, which is buried by three distinct groups of Tertiary volcanic

strata; all are cut by Tertiary intrusions. Block-faulting developed

the Presidio bolson, which was filled with Tertiary-Quaternary sedi-

ments. In the northeastern corner of the area mapped gentle dip

slopes of the Tertiary strata pass northeastward into the Marfa basin;

but throughout most of the area, tributaries to the Rio Grande have

developed a rugged, mature topography.

Study of the Pinto Canyon area was undertaken as part of the

west Texas project of the Bureau of Economic Geology of The University

of Texas. Baker, Rigby, Cress, and others had done reconnaissance

work in Pinto Canyon, and Rix's investigation (1953) of "the adjoining

Chinati Mountain Quadrangle raised many questions about the geology of

the southern Tierra Vieja; some have been answered. A total of eight

months was spent in the field during 1953 and 1954. Field camps were

abandoned ranch houses in Pinto Canyon, and cabins at Hot Springs.

All mapping was done on U.S. Department of Agriculture aerial photo-

graphs that have an approximate scale of 4 inches to 1 mile. Trips

were made to the Sierra Blanca, Solitario, Cuesta del Burro, Shatter,

Candelaria, and San Carlos areas to study stratigraphy.
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The area mapped is an irregular triangle including about 260

square miles. It covers portions of the Marfa, San Carlos, Ruidosa,

and Shafter 30-minute quadrangles. Pinto Canyon can be reached by

automobile from Marfa via the graded county road to Ruidosa, or from

Presidio via the less scenic "river road", 30 miles of which is paved.

It is 40 miles from Marfa to Pinto Canyon, and 40 miles from Presidio

to Ruidosa. The "river road" extends one mile beyond the northern

limits of the Pinto Canyon area to end at Candelaria. A four-wheel-

drive vehicle must be used for travel off these few graded roads.

Crude light-plane landing strips have been graded at Ruidosa, Candel-

aria, and the Petan Ranch.

PHYSIOGRAPHY

The topography of the Pinto Canyon area is varied, as a re-

sult of complex geomorphic history. The northeastern portion of the

area is part of the drainage system tributary to the Salt Flat bolson.

The remaining area is drained by tributaries of the Rio Grande, which

are rapidly dissecting physiographic forms that remain from several

previous stages. The major stream in the portion of the Pinto Canyon

area with closed-basin drainage is Capote Draw (fig. l). It drains

the backslope of the Tierra Vieja range and the inface of the Cuesta

del Burro. Although the valley of Capote Draw stands 3>500 feet above

the Rio Grande a few miles away, it is broad and gentle, flanked by

high but well-rounded, soil-covered hills. Rainfall on this plateau

is several times that of the Rio Grande valley, due for the most part

to sharp updrafts along the inface of the Tierra Vieja.



Figure I. Index map
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From Capote Rim to the Rio Grande stretch alluvial-fan and

lacustrine deposits, which at one time buried nearly all older rocks.

The present interfluve crests are nearly conformable with pediment

profiles, but arroyos have entrenched to such an extent that no part

of the land lacks rapid, efficient drainage. The hills near the Rim,

1,500 to 2,000 feet above the Rio, have a pleasant climate and in some

years adequate rainfall. The Rio Grande valley itself, though pleas-

ant in winter, is notorious for its extremely unpleasant climate dur-

ing summer months.

The summits of the Chinati Mountains are 3>500 feet above

Pinto Canyon and s>ooo feet above the Rio Grande; Chinati Peak has an

elevation of 7>730 feet. The mountain climate is cool and dry, but

the mountains are high enough to receive more moisture, in the form of

min and snow, than other parts of the area.

Vegetation corresponds closely to rainfall and altitude.

Salt-cedar and mesquite grow along the Rio Grande, where shallow sub-

surface water is present year around. The only agriculture possible

in the area is on the Rio Grande floodplain, where Indians and Mexi-

cans have grown corn, beans, and squash for a thousand years. Cotton

is now the principal crop, introduced by Anglo-Americans. The flood-

plain supports a denser population than the rest of the area, mostly

on the Mexican side of the river.

The principal plants on dissected pediments cut in bolson

fill are creosote bush, ocotillo, sotol, assorted cacti, candelilla,

lechuguilla, and some brush. Higher, on the sedimentary-rock hills,
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bunch-grass and brush such as catclaw, white-thorn, and black-brush

grow with cacti, sotol, candelilla, and ocotillo. Beans on the brush

furnish the main food for sheep and goats, because the plants bear

after every rain. Along the foreslope of the Tierra Vieja, the Cleve-

land Breaks, and the slopes of the Chinati Mountains, volcanic rocks

weather to deep though rocky soil which supports a thick growth of

bunch-grass, brush, and flowering plants. Scrub oak and pinon pine

grow in the mountain valleys. The Petan Ranch, in the valley of

Capote Draw, receives enough rainfall to have green climax grasses for

the two-month rainy season in July and August.

ACKNOWLEDGEMENTS

Professor R. K. DeFord interested me in the problem and set
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Jim Bell, 1953; and Bean L. Callendar, 1954, gave willing

and able assistance in the field. Charles Mankin and Bill J. McGrew

mapped about 25 square miles included in Plate 1, as part of a study

of the Candelaria area. Terry and Fred Shely, ranchers in Pinto Can-

yon, went out of their way to give physical aid and information. Ann

Amsbury helped type the early drafts of the manuscript.

STRATIGRAPHY

PERMIAN STRATA

Permian strata of the Pinto Canyon area are easily divided

into two formations, the Alta (of Wolfcamp? age) and the Pinto Canyon

(of Leonard and Word age). The Alta of Pinto Canyon was called the

lower member of an unnamed Permian unit by Cress (1953; P* 22); it is

Rigby's (1953; P- 78) "Lower unit (Leonard?)". The Pinto Canyon form-

ation includes Cress' "middle and upper members" of the Permian unit

and is Rigby s "Upper unit (correlated with Word)". The formations

are described separately. Their regional relations are discussed

under the heading Correlations. Measured sections that are described

at the end of the report, are denoted by the letters MS followed by

the number of the section.

Alta Formation

The Alta formation contains the oldest sedimentary rocks ex-

posed in the Pinto Canyon area. It crops out in the lower part of

Pinto Canyon, over an area of two square miles at the junction of the
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Pinto Canyon and Loma Plata anticlines (PI. l). Dark gray, thin-

bedded mudstone is interbedded with dark gray, calcareous, fine sand-

stone grading laterally into very sandy, fine-grained limestone.

Siltstone forms about 80 per cent of the 610 feet exposed (MS l);

talus-covered siltstone slopes are broken every few feet by 6- to 12-

inch ledges of rust-colored, weathered sandstone.

The typical, section (MS l) of the Alta formation in Pinto

Canyon starts at locality 1, and extends up the side of the hill near-

est to the junction of the Loma Plata and Pinto Canyon anticlines.

The base of the section is the lowest bed exposed on the crest of the

flexure, about 150 yards downstream from the fourth crossing of the

Marfa-Ruidosa road in Pinto Canyon. The top at any place is beneath

the lowest dark gray, ledge-forming chert, micrograined limestone, or

clayey chert of the Finto Canyon formation.

Fusulinids were found in one concretion in a slump block

(locality 2), but they were too crumbly for identification. Most

bedding surfaces of the siltstone are covered with irregular black de-

pressed marks about 3/16 of an inch wide and a few inches long. Prob-

ably the marks are "worm11

trails, or perhaps seaweed impressions.

Cyclic deposition predominated in the upper part of the

formation. In the bed of Pinto Creek downstream from locality 3at

least five cycles are exposed. These range from 16 to 30 feet thick,

and are composed of massive, 3-f
,°°'t sandstone beds grading upward into

thin beds of sandstone alternating with siltstone, in turn grading

upward into laminated silty shale. The thick lower strata of each
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cycle rest abruptly on the shale of the cycle below. In MS 1, shorter

cycles occur; the same type occur in member 1 of the Pinto Canyon

formation. These range from 10 feet thick to a few inches, with the

pattern reversed: non-resistant siltstone, resistant siltstone, sand-

stone, and non-resistant siltstone of the next cycle. These features

are not due to graded bedding, for the sandstone is in discrete, homo-

geneous beds between equally distinct beds of finer material.

Pre-solidification structures, the result of submarine

slides, are abundant. The most spectacular is at locality 2, where a

slump block about 100 yards across and at least 30 feet thick is ex-

posed (PI. 2). Thrust faults, overturned folds, and Z folds are prom-

inent. Adjacent thrust faults show movement in opposite directions;

therefore, the direction of movement of the block is not evident.

Rigby (1953> P- 79) stated that close study of several of the fold

areas showed that the direction of gliding was toward the northwest.

There are angular unconformities in many places along Pinto Creek,

with angles up to 20 degrees between the beds involved. The uncon-

formities seem to be local, and may be the result of erosion of, and

deposition on, small slump blocks.

In most good exposures of the Alta-Pinto Canyon contact, the

upper few feet of the Alta is oxidized from dark gray to yellow, blue,

green, and in places to red. This may indicate weathering before

deposition of the upper unit.

In 1904 Udden divided the Paleozoic rocks of the Shafter

area into eight members of three formations. The oldest was called



Plate 2 - Submarine slide structure in the Alta forma-

tion, locality 2. The man at lower right is 5*5 feet

tall.



Plate 3 - View to the west from road into the Prieto

Ranch, showing the Alta-Pinto Canyon contact, and the

contact between Member 1 and Member 2 of the Pinto Can-

yon formation. MS 1 starts at the base of the left

side of the hill in the middle distance, and extends

to the ledge at the base of Member 1.
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the Cieneguita formation; members 2 and 3 comprised the Alta forma-

tion. Member 2, near the Cibolo Ranch near Shafter, is mostly dark

shale, whereas member 3is "yellow sand". Baker (1929) recognized

that equivalent beds in the Upper Cibolo Basin are somewhat different.

He stated that only Udden's yellow sand crops out there, and that the

lower, "dirty greenish" part is "sandy and muscovitic, consolidated,

nodular-bedded mudstone and sandstone" (p. 77); overlain by medium-

bedded quartzite which weathers rusty-brown. The portion of the Alta

formation that crops out in Pinto Canyon has the same composition as

this lower subunit, with interbedded sandstone. It may be laterally

equivalent to the brown-weathering sedimentary quartzite of the Upper

Cibolo Basin.

Petrographic study of the two rock types in the Alta of

Pinto Canyon showed:

1. Siltstone (Bed 1, MS l) - very sandy clayey fine silt-

stone : calcareous submature felspathic orthoquartzite♦ The sediment

had a mixed source: medium grade metaquartzite; phyllite, slate, or

shale; two types of igneous rocks; limestone, and sandstone.

2. Sandstone (Bed 13, MS l) - very fine sandy siltstone:

calcareous submature felspathic orthoquartzite (mature feldspathic

graywacke type). Slightly more than 50 per cent of the rock is com-

posed of fine irregular calcite grains, considered cement because they

wrap around the sand grains. Source rocks of the terriginous grains

were probably metamorphic and igneous rocks of intermediate composi-

tion. Primary vein quartz is absent. Sedimentary rocks were present

in the source area but did not contribute much.
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Pinto Canyon Formation

The Pinto Canyon formation is composed of medium-bedded,

dark, micrograined limestone; chert; clayey limestone; cherty lime-

stone; and clayey chert; with lenses of very fossiliferous, fine-

grained limestone. Part of the formation has large limestone concre-

tions. Four members are easily distinguished (PI. 1, fig. 2).

The formation crops out in the Pinto Canyon area along the

crests of the Pinto Creek and Loma Plata anticlines, in an exposure

covering about half a square mile in the gently plunging syncline to

the northeast of the junction of these anticlines, and in a fault

block northwest of the Fred Shely Ranch headquarters (PI. 1, fig. 5)-

It is also exposed east of the Dipper Ranch headquarters, in the Upper

Cibolo Basin, where the Ojo Bonito laccolith has domed up Permian,

Comanche, and Tertiary strata.

Dark, rounded, talus-covered hills with cliffs and ledges

characterize outcrops of the Pinto Canyon formation (PI. PI- *0 •

The formation is easily distinguished from the Alta formation by a

sharp steepening in slope and a change in slope color from the dark

gray of the Alta to the dark reddish-brown of the Pinto Canyon, above

which the basal Cretaceous conglomerate is light-colored.

The unit here designated Pinto Canyon formation is not lith-

ologically correlative with any validly named mappable unit in the

surrounding region. It has the same age as the Cibolo (Leonard) and

Ross Mine (early Guadalupe) formations at Shafter (named and res-

tricted by Rix, 1953)* It has the same age and composition as the



FIGURE 2. MEASURED SECTIONS OF THE PINTO CANYON FORMATION
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beds which Rix called Ross Mine and Cibolo in the Upper Cibolo Basin,

but these are so different from type Cibolo and Ross Mine formations

that I feel they should have a separate name. Permian rocks of the

Upper Cibolo Basin are very similar to those of Pinto Canyon; the

"Cibolo formation" there is close, lithologically and stratigraphi-

cally, to the lower three members of the Pinto Canyon formation, as

the "Ross Mine" formation is to member 4.

The type locality of the Pinto Canyon formation is in the

bed of Pinto Creek, as designated in MS 2 (appendix; PI. l). The base

of the formation is the base of medium-bedded black chert that forms

the first small waterfall upstream from the third crossing of the

Marfa-Ruidosa road in Pinto Canyon. On hillsides, the base of the

formation is the lowest resistant chert, cherty siltstone, or cherty

limestone bed. It invariably forms a ledge or cliff unless completely

covered with soil and debris (PI. 3)* The top of the formation in the

area mapped and on the northwest flank of the Ojo Bonito laccolith is

unconformably overlain by the basal conglomerate of the Cretaceous.

On the northeast flank of the Ojo Bonito mass, Rix (1953) reported

that the "Ross Mine" is conformably overlain by 25 feet of limestone

of Capitan age. This was probably the normal succession throughout

before widespread pre-Cretaceous erosion.

Fusulinids from the Pinto Canyon formation range in age from

lower(?) Leonard to Cherry Canyon. Detailed analysis of the age

determinations is given for each member. The fusulinids were identi-

fied by R. V. Hollingsworth. Quoted remarks about fusulinid
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assemblages are from his letters of September 15, 1954, and July 19,

1955; numbers refer to the collection of fusulinid material at the

Paleontological Laboratory, Midland, Texas. Macrofossils are abundant

in some limestone lenses. They are not silicified, but can be etched

from the rock by rainwater, acetic acid, or formic acid. Small faunas

were obtained from several beds by etching in dilute formic acid.

Between the Pinto Canyon formation and the underlying Alta

formation, there are local, lenticular deposits of coarse calcite sand

These occur near locality 4, about l/4 mile down Pinto Creek from the

fifth crossing on the Marfa-Ruidosa road. They are bodies of massive

light-colored calcarenite up to 10 feet thick and 100 feet long, com-

posed of calcite grains, crinoid columnals, and shell debris. Grain

size ranges from l/8 to l/2 inch.

The presence of these bodies probably indicates shoals dur-

ing the time between deposition of the Alta and Pinto Canyon forma-

tions. King (1942) mentioned similar deposits in the lower Bone

Spring limestone in the Sierra Diablo, the Getaway member of the

Cherry Canyon formation in the Delaware Basin, and several members of

the Bell Canyon formation near the margin of the Delaware Basin.

Newell et al (1953; PP* xv and xviii) stated that

light colored bank deposits (Victorio Peak, Getaway) of bio-

clastic calcarenite occur instead of reefs at some horizons

around the basin rim...

At times, shoals of bioclastic lime sand were formed at

the basin rim by rapid accumulation of the calcium car-

bonate skeletons of invertebrates, chiefly crinoids. These
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bank deposits are stratified and otherwise not similar to

reefs. They were not wave resistant, and they lack the

frame-building fossils of reefs.

Fossils from crinoid banks at the Alta-Pinto Canyon contact, locality

4:

Fusulinidae

Parafusulina sp. - "Leonard, lower(?)", PL No. 6323

Schwagerina sp. - "Leonard, lower(?)", PL No. 6323

Porifera

Anthozoa (Rugosa)

Bryozoa

Brachiopoda

Hustedia mormoni (Marcou)

Marginifera reticulata King

Meekella difficilis Girty

Productus sp.

Rhipidomella transversa King

Ammonoidea, small, globose, rare

Crinoidea (columnals, abundant, several varieties).

Crinoidea (calices, rare, unidentified).

Member 1.Member 1. - Member 1 is the lowest mappable subdivision of

the Pinto Canyon formation. It is characterized by medium-bedded dark

gray chert, micrograined limestone, and very clayey chert; with inter-

bedded less resistant, laminated, ferruginous siltstone similar to

Alta siltstone. The base is well marked on hillsides by an abrupt

steepening of slope (PI. 3) and by reddish talus, and in creek beds by
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the sudden appearance of medium-bedded, ledge-forming, black chert.

Locally the contact is marked by crinoid banks. The thickness of the

member increases from 95 feet at the type locality to 170 feet in MS 5,

about four miles to the west (fig. 2).

The upper part of Member 1 is interbedded with the irregu-

larly bedded submarine slide blocks of Member 2. Since the blocks

appear to occur only above a fairly distinct stratigraphic level (PI.

3), the upper contact of the member at any place is the base of the

lowest block.

No fossils were found in Member 1 above the crinoid beds,

but because the crinoid banks at the base have lower(?) Leonard fusu-

linids, and Member 2 has Leonard fusulinids in the middle, the age of

Member 1 is Leonard, probably lower and middle Leonard.

Member 2.Member 2. - Member 2 is a zone of prominent cliff-forming

submarine-slide blocks. The blocks crop out nearly continuously

around the exposure of the Pinto Canyon formation along Pinto Creek;

to the north along the crest of the Loma Plata anticline; and locally

in the Permian beds faulted up northwest of the Fred Shely Ranch house

(PI. l). The cliffs are from 10 to 50 feet high, making excellent ex-

posures of irregular beds of various types of chert, cherty limestone,

micrograined limestone, calcareous sandstone, and cherty sandstone.

The thickness of the zone ranges from 110 to 170 feet.

The unit grades laterally into both Member 1 and Member 3*

Blocks pass into regularly medium-bedded chert and limestone within a

few feet laterally and vertically. Though the bedding seems



uninterrupted in the rare places where slump blocks are absent, the

bases of the blocks form a regular line when viewed from a mile away

across Pinto Creek (PI. 3)* Perhaps conditions favoring submarine

sliding were initiated suddenly in this area.

Beds caught in the slumped blocks are much more lenticular

than beds surrounding them, with much more rapid lateral, changes. The

lenticularity is probably due to squeezing while the soft beds were in

motion. Many different types of chert, cherty limestone, and cherty

sandstone form the blocks, with relatively few beds of non-silicious

limestone and sandstone. Most chert clearly replaced micrograined

limestone.

The base of Member 2 is the base of the lowest ledge- or

cliff-forming slide block in any place. The top is at the base of the

lowest fossiliferous ledge-forming limestone bed of Member 3 at any

place, which seems always to be above the highest slide block. Both

these contacts are easy to find and map.

In the area southwest, west, and northwest of locality 5,

the top of the slide zone is marked by medium-bedded bluish gray chert,

from 3 to 6 feet thick. This unit is easy to follow for some dis-

tance, and caps many hills where the overlying limestone beds of Mem-

ber 3 have been eroded away. In TS A-30, the bluish gray chert is

slightly sandy and spicular. Most of the individual beds are ripple-

marked, with a crest-to-crest distance of about an inch, and crestal

trend ranging from N3SE to N6SE.

14
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From the type locality of the formation in Pinto Creek,

around the outcrop for at least a quarter of a mile, a massive, non-

resistant, chert-cemented sandstone (Bed 10, MS 2) crops out in creek

beds and gullies at the base of the lowest slide blocks. In places it

has been squeezed up into cracks in chert beds to form clastic dikes.

Fusulinids in a chert bed near the top of the highest slide

block of Member 2 near MS 4 are "Leonard, nondescript types" (PL No.

6337)• The basal beds of Member 3 in MS 2 and MS 4 contain Brushy

Canyon fossils (PL Nos. 6324, 6327, 6330). Basal beds of Member 3at

locality 6, where Member 2 is thin, contain "Leonard, cf. Middle

Leonard" fusulinids (PL Nos. 6334, 6335> 6336)- Basal beds of Member

3 at locality 7 contain "Upper Leonard" fusulinids (PL No. 6338).

Therefore, the age of Member 2 ranges from probable middle Leonard to

probable early Guadalupe (fig. 2).

One small lens of dark gray, fossiliferous limestone in Mem-

ber 2 (Bed 20, MS 5) has a fauna of brachiopods, sponges, bryozoans,

gastropods, rare pelecypods, and ammonites. Animals did not live in

environments favorable to the deposition of the bituminous, pyritifer-

ous ooze which made up most of the member before silicification. The

fossiliferous limestone is probably a result of a pre-slide turbidity

flow of fossil debris.

Fossils from Member 2; Bed 20, MS 5, a lenticular limestone lens.

Porifera

Bryozoa, abundant.



16

Brachiopoda

Avonia? sp.

Hustedia meekana (Shumard)

Leptodus? sp.

Linoproductus girtyi King

Meekella sp. cf. M. skenoides

Prorichtofenia King or Schacchinella Gemmellaro

Squamularia guadalupensis (Shumard), abundant

Waagenoconcha sp.

brachiopod fragments, other spp. than above.

Gastropoda, small, several types.

Pelecypoda (small clam)

Ammonoidea, small, globose, rare.

Crinoidea (stems, several types).

Shark tooth, small, single point, root broken.

Member 3.Member 3. - Member 3 is characterized by very fossiliferous,

dark gray, internally structureless, bituminous, micrograined lime-

stone. This type of limestone crops out in fairly lenticular beds up

to 3 feet thick, which fora about 25 per cent of the member. The

limestone is interbedded with dark gray, internally laminated, pyriti-

ferous, bituminous chert, micrograined limestone, and very clayey

chert. The distinctive limestone crops out as light-colored ledges in

dark-colored talus- and soil-covered slopes. The base of the unit is

the base of the lowest fusulinid-bearing limestone ledge above the

highest slump block at any place, and the top is the top of the
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highest fusulinid-bearing ledge at any place. Member 3 is 170 feet

thick at the type locality.

The fossiliferous limestone beds are structureless, and

probably are a result of submarine turbidity flows of fossiliferous

ooze. The contacts with laminated, unfossiliferous limestone show

clearly that underlying laminae were squeezed up between fossils when

the mass of debris came to rest.

Basal Beds of Member 3 have a middle Leonard age in western

outcrops, and an early Guadalupe age in eastern outcrops near the type

locality (fig. 2). Several fossiliferous beds near MS 5; in the lower

30 feet of the member, have Parafusulina dated as "Leonard, cf. middle

Leonard" (28 specimens, PL Nos. 6335; 6336). The basal bed at

locality 7 das Parafusulina dated as "Upper Leonard, close to the

Schwagerina setum zone in age" (13 specimens, PL No. 6338). In the

general area represented by these samples, higher beds of the member

have been eroded away.

In MS 4, about one mile east of MS 5; Parafusulina in the

basal beds of Member 3 are Guadalupe, Brushy Canyon, close to, but

not the same as, our 545 types, which are from the lower Brushy Can-

yon in the Delaware Mountains" (7 specimens, PL No. 6330)* At the

type locality in Pinto Creek, Parafusulina from the basal bed are

"Guadalupe, Brushy Canyon, slightly older than our 485 types, which

are from the upper Brushy Canyon in the Delaware Mountains" (16 speci-

mens, PL Nos. 6324, 6327). Fossils from a bed on the hillside 50

yards north of the base of Member 3 at the type locality have an age
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of "Guadalupe, Brushy Canyon, close to, but not the same as, our

types" (Parafusulina, 17 specimens, PL No. 6329).

The body of the member at the type locality contains Para'

fusulina described as "Guadalupe, Brushy Canyon, nondescript types"

(22 specimens, PL Nos. 6325, 6326, 6328). The higher beds in MS 4

contain Parafusulina which are "Guadalupe, Cherry Canyon, Getaway.

Close to our 551 types, which are from the Getaway limestone in the

Delaware Mountains" (28 specimens, PL Nos 6332, 6333)-

Fossils from Member 3; locality 6.

Fusulinidae

Parafusulina sp. - ’’Leonard, cf. Middle Leonard" (PL No.

6335)

Bryozoa, abundant.

Anthozoa (Rugosa)

Brachiopoda

Avonia? sp.

Leptodus sp.

Meekella skenoides Girty

Gastropoda, small, several types.

Crinoidea (stems)

Locality 9> about the middle of Member 3*

Fusulinidae - unidentified.

Bryozoa

Anthozoa (Rugosa)
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Brachiopoda

Avonia? sp.

Chonetes sp.

Hustedia sp. cf. H. pusilia Girty

productid fragment

Gastropoda, large

Crinoidea (stems)

Locality 10, at the first good outcrop of Member 3 south of the north

fork of the Shely fault, about 50 feet west of the Prieto Ranch road;

about the middle of the member.

Fusulinidae

Parafusulina - 7 specimens, "Brushy Canyon".

Porifera

Anthozoa (Rugosa)

Duplophyllum cf. D. septarugosum Moore and Jeffords.

Bryozoa, abundant.

Brachiopoda

Avonia subhorrida regulata (Girty)

Chonetes sp.

Dalmanellid, apparently undescribed.

Hustedia pusilia (Girty)

Leptodus sp., between L. nobilis (Waagen) and L.? diabloen-

sis Stehli. The posterior part of the pedicle valve is

modified into a cone, as in L.? diabloensis Stehli, but it



is rough, with several projecting ridges which aided in at-

tachment, as in L. nobilis (Waagen).

Meekella skenoides Girty

productid, evidently injured or diseased.

Rhipidomella sp., apparently undescribed.

Streptorhynchus King?

Strophalosia histricula Girty

brachiopod fragments, abundant, other species than above.

Gastropoda, very small.

Ammonoidea, small and globose, perhaps Agathiceras sp.

Locality 9; about the middle of the member.

Ammonoidea

Agathiceras sp. cf. A. girtyi Bose, abundant.

Member 4.Member 4. - Member 4 is the youngest mappable unit of the

Pinto Canyon formation. It is characterized by thin- to medium-bedded,

dark-colored, bituminous, pyritiferous, fine-grained, cherty, dolo-

mitic siltstone with dark gray, micrograined limestone concretions up

to 2 feet by 4 feet (PI. 5); and medium gray chert concretions about

one inch in diameter. These rocks weather to a distinctive reddish-

brown, shown by no other unit in the area. Also, talus from Msmber 4

is composed of rhombohedral fragments bounded by the thin bedding and

two prominent joint systems which intersect at 60 degrees and 120 de-

grees. Below its eroded top 93 feet of the unit remains at the type

locality.

20.
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The member grades laterally and vertically into Member 3.

For convenience in mapping, the lower boundary of Member k was set at

the top of the highest fossiliferous limestone ledge at any place. In

several places, including the type locality, the upper part of Member

3 contains up to 50 feet of rock similar to Member 4. This was

ignored in mapping. Member 4is overlain disconformably by the basal

conglomerate of the Cretaceous in all outcrops except those on the

north and northeast flanks of the Ojo Bonito laccolith. Rix (1953)

reported that the Ross Mine formation there is overlain unconformably

by thick-bedded yellow limestone of Capitan age.

Rix (1953) reported a unit in the Upper Cibolo Basin with

the lithology of Member 4. It is 150 feet thick, underlain by a ledge

of limestone of Leonard age, and overlain by thick-bedded limestone of

Capitan age. A limestone bed in the middle of this unit on the north

flank of the Ojo Bonito mass contains Waagenoceras and Pseudogastrio-

ceras; it is therefore of Guadalupe age. Rather than name another

formation, he called this the Ross Mine formation, noting that its

composition is different from that of the typical Ross Mine near Shat-

ter. Designation of this unit as Member 4of the Pinto Canyon forma-

tion expresses its stratigraphic relations more clearly.

Petrography.Petrography. - On the outcrop, the major rock types of the

Pinto Canyon formation look alike, though the compositions differ

■widely. The rocks are dark-colored, hituminous, pyritiferous, and

micrograined, they include chert, limestone, claystone, and perhaps

dolomite.



Sandstone beds are rare in the Pinto Canyon formation, al-

though several are present in Member 1 at MS 5, with a prominent sand-

stone unit at the base of Member 2. These have not been studied

petrographically. The one sandstone bed in the type section (Bed 10,

MS 2) is at the base of Member 2.

This bed is composed of dark gray, massive, chert-cemented,

fine-grained, quartz sandstone. It crops out in a four-foot ledge for

at least half a mile from the type locality. The rock (TS A-l6) is

silty fine sandstone: cherty submature glauconite- and collophane-

bearing orthoquartzite (mature graywacke type). Its source rocks were

predominantly metamorphic, with some sedimentary rocks and an appre-

ciable amount of vein quartz. The type I quartz (table I) is probably

from recrystallized and injected rocks. This rock contains little or

no plagioclase, in contrast to Alta sandstone.

The most common variety of limestone is medium-bedded, dark,

internally laminated, pyritiferous, bituminous, and micrograined. It

occurs throughout the formation, ranking equal to chert in abundance.

TS A-39, A-49, and A-51 (Member 3) show the characteristics of the

rock. Laminae are from 0.01 to 0.1 mm thick, formed by concentrations

of finely disseminated, dark brown, bituminous clay. Calcite crystals

range from 0.001 to 0.01 mm in diameter; the larger ones may be the

result of recrystallization. Ovoid bodies of micrograined calcite, up

to 0.1 mm diameter, are the first part of the rock to be replaced by

chert.

22
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Three thin-sections from a large slide block in the type

section (Bed 14, MS 2) give information about silicification as well

as source area. The rock types range from sandy limestone to sandy

chert. TS A-34 is very sandy, fine-grained limestone from an irregu-

lar bed interbedded with chert. About 70 per cent of the rock is cal'

cite; the rest is fine quartz sand and silt. Calcite crystals are

0.05 mm in diameter, unrounded, and interlocking. Extinction is in

groups of a half-dozen. TS A- 38 is homogeneously intergrading sandy,

fine-grained limestone and sandy chert from an irregular lens about

three feet thick, surrounded by chert. The calcite is in irregular

subequant patches, with individual crystals up to 0.5 mm in diameter.

Chert is in irregular patches interstitial to the calcite, obviously

replacing the carbonate along grain boundaries. TS A-33 is sandy

chert with irregular zones or beds of chalcedony and dark brown, bitu-

minous clay. The Chalcedony zones have more spicules and less sand

than the chert, and contain dolomite rhombs up to 0.08 mm across.

The history of these rocks was probably as follows: deposi-

tion of micrograined calcite and silt; partial consolidation; sub-

marine sliding; growth of interlocking calcite crystals; replacement

of calcite by chert along grain boundaries; growth of dolomite rhombs

Medium-bedded, dark gray to black, internally laminated

chert is the most common variety of siliceous rock. TS A-37 (Member

2), A-44, and A-46 (Member 3) are this laminated, dark brown, bitumi-

nous, spicular chert. A-46 shows the contact between dark, laminated

material and a turbidity deposit. The dark, micrograined material is

silicified, whereas the fusulinid microbreccia is not.
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Dark gray, laminated, fissile, micaceous, bituminous, spicu-

lar chert is very abundant in Member 1 (TS A- 36), and common in Member

2 and Member 3. Weathered surfaces, cracks, and spaces between

laminae are covered with yellow-green iron sulfate stains.

Very porous, buff, silty chert, with lenses of coarser,

spicular, chalcedonic chert, is rare. The majority of the rock (TS

A- 31) is very fine-grained brown chert, with 10 per cent well-sorted

very fine sand and coarse silt. From 10 per cent to 30 per cent of

the rock is pore spaces, about 0.02 mm in diameter.

Member 4 is the only one with appreciable dolomite, accord-

ing to present information. The rock type of TS A-35 and A- is

medium-bedded, dark gray, irregularly internally laminated, cherty,

bituminous, dolomitic siltstone. The distinctive large concretions

are composed of dark gray, laminated, very fossiliferous, pyritiferous,

micrograined limestone (TS A-kl). Fossils include spicules (central

channel, cross-shaped with pointed ends), broken brachiopods, and

broken protozoans. There are a few dark brown glass shards.

Correlations

The Alta formation is part of a thick, widespread body of

clastic rocks; the Pinto Canyon formation is thinner than similar beds

of the same age in other parts of the Permian basin, and probably is

part of a local unit.

Sandstone and shale of Wolfcamp age are about 6,000 feet

thick at the site of the Gulf Oil Corporation’s Mitchell Brothers -

State No. 1, about 50 miles east of Pinto Canyon. The Alta formation,



Figure 3. Permian Correlations



Figure 4

Permian outcrops and type sections

in southern Presidio County,Texas
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with Wolfcamp fossils near the top, is feet thick six miles

north of Shafter, about 19 miles ESE of Pinto Canyon. The lower part

of the Alta formation at the type locality is shale; the upper part is

sandstone interbedded with shale. In the Upper Cibolo Basin, the

upper part of the Alta formation crops out. The lower part of this

remnant has the same composition as the Alta of the Pinto Canyon area;

the upper part is mostly sandstone like that of the type section. The

assignment of most of the Alta formation to the Wolfcamp series is in-

ferred at present. The type Alta overlies Upper Pennsylvanian beds,

and underlies beds of Leonard age. Its upper few feet contain upper

Wolfcamp fossils. The Alta of the Upper Cibolo Basin and Pinto Canyon

area underlies beds of Leonard age; its base is not exposed. The

Pinto Canyon Alta is clearly part of a very thick clastic unit that

was deposited in a rapidly sinking trough between the Marathon uplift

and the Diablo Platform.

Rocks of the Pinto Canyon formation were deposited in quiet,

stagnant water. Most were originally calcilutite, with bituminous

clay, spicules, and pyrite concentrated in fine laminae. Some were

fusulinid- and brachiopod-breccia, with a calcilutite groundmass.

Fusulinids from the base of the Pinto Canyon formation have a lower

Leonard age, and some from the top of Member 3 have a middle Guadalupe

(Cherry Canyon, upper Word) age; the formation was deposited during

most of the Leonard and early Guadalupe (Word) epochs of the Permian

period. The formation is 535/ feet thick at the type locality, and
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330 feet thick in the upper Cibolo Basin. In contrast, the type

Cibolo (Leonard) and Ross Mine (Word) formations of the Shafter area

total 1,195 feet, and rocks of Leonard and early Guadalupe age total

7,000 feet in the Delaware Basin.

Thus, rock type and thickness of the Pinto Canyon formation

indicate deposition in an isolated basin, separated from the Delaware

Basin and Hovey Channel by positive areas which were not sources of

detritus. One was the Diablo Platform; the other was a narrow exten-

sion of the Diablo Platform that curved through Shafter (fig. s)*

There was no close source of sand, and the arches deflected currents

like those which carried sand to the deeper parts of the Delaware

Basin.

Rocks of the Pinto Canyon formation show many features in

common with those of the Delaware Mountain group and Bone Spring lime-

stone, as described by King and Newell et al (1953)• limestone

is medium-bedded, in general wavy-bedded; internally laminated; bitu-

minous; pyritiferous; clayey; unfossiliferous; replaced by chert and

dolomite without loss of bituminous clay and pyrite; and contains many

penecontemporaneous structural features. Fossiliferous limestone

stringers are probably the result of turbidity flow of fossil debris

mixed with calcilutite and clay.

Submarine slides probably came from the direction of Shafter

Rigby (1953> P* 79) stated that

The direction of gliding was to the northwest as deter-
mined by a close study of the fold areas. This direction of

sedimentary slope agrees with that indicated by current

ripple marks.



Figure 5

Middle Permian Structural

Elements of Trans-Pecos Texas
Modified from R B. King ,

19 42, f ig. 18
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Ripple marks on light bluish gray chert beds in the upper part of Mem

ber 2 trend N3SE to N6SE, which indicates southeastward or northwest-

ward currents.

Rix (1953, p. 54) redefined Udden's (1904) Cibolo formation

to include all the rocks near Shatter in which fossils of Leonard age

have been found. To accomplish this,

The lower boundary is to be chosen at the base of the lime-

stone conglomerate in the middle portion of Udden’s

"brecciated zone". The upper boundary is to be taken at the

top of the reef exposed in the typical section.

Part of the type Cibolo closely resembles parts of the Pinto Canyon

formation, but most of the Cibolo is more calcareous. From bottom to

top it contains these rock types: a thick-bedded limestone conglomer-

ate or breccia unit 35 feet thick; an 85-foot unit of thinly-bedded

limestone, shale, and sandstone with chert, all profusely spicular; a

unit of thin-bedded lenticular limestone and shale; and, at the typi-

cal locality, 190 feet of dense reef limestone.

In some respects, Rix's type Ross Mine formation closely

resembles Member 3 of the Pinto Canyon formation. The Ross Mine form-

ation contains the same lenticular, ledge-forming, fusulinid-bearing

limestone strata which characterize Member 3* On the other hand, his

type section (MS 6, pp. 170-17*0 shows that 60 per cent of the forma-

tion is

shaly sandstone, hard, blue-green to gray, laminated, fine-

to medium-grained, interbedded with thin lenses of dark

brown to black chert (and) sandy shale, indurated, brownish

gray, laminated.
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The upper part of the Pinto Canyon formation contains little,

if any, sandstone and sandy shale. Furthermore, Rix correlated the

unit in the Upper Cibolo Basin containing fusulinid limestone ledges

with the Cibolo, not the Ross Mine. He correlated the unit of the

Upper Cibolo Basin that has large limestone concretions with the Ross

Mine, because it is presumably of Word age. This unit is identical

with Member 4 of the Pinto Canyon formation. Rix (p. 77) stated that:

Lithologically, the section resembles neither the Ross

Mine nor the Mina Grande formation, typically exposed in the

southern part of the Quadrangle. Because it is overlain by
a ledge of massive dolomitic limestone which contains Upper
Guadalupe (Mina Grande) fossils, this siliceous shale sec-

tion is believed by the writer to be a shoreward facies of

the Ross Mine formation.

Pinto Canyon formation as here defined is a better expression for the

rocks in question than Cibolo and Ross Mine; these are different bod-

ies of rock, of about the same age as the Pinto Canyon formation.

CRETACEOUS STRATA

Comanche strata fall naturally into eight formations and ten

members, with an aggregate thickness of feet (fig. 6). No Gulf

beds are exposed within the Pinto Canyon area, because they were

eroded away before Tertiary volcanic strata were deposited.

Comanche beds crop out in a rough quarter-circle, bounded by

Tertiary lava flows at the circumference, by underlying Permian rocks

at the center, by downfaulted lava flows along the south side, and by

overlying bolson fill along the west side (PI. l). The Comanche

deposits disconformably overlie thin-bedded dolomite of early Guadalupe

(Word) age, and are overlain with about 10 degrees angular unconform-

ity by lower to middle Tertiary lava and tuff.



Plate k - View to northwest from the Prieto Ranch house,

showing typical topography developed on the Permian

rocks, and the Yucca-Bluff contact on the east face of

Big Red Hill.



Figure 6. Comanche Nomenclature in Southern Presidio

County
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Correlations were made with named rock units closely resemb-

ling these beds; two new formation names are proposed. Few formations

in the area mapped are the same as those of north-central Texas, so

the group names Trinity, Fredericksburg, and Washita do not apply.

The rock units most similar to those of Pinto Canyon are the formations

which crop out within about 10 miles of Sierra Blanca, i.e., those

deposited between the sites of the Mexican geosyncline and the Texas

shelf.

Yucca Formation

The lowest Cretaceous formation in the Pinto Canyon area,

the Yucca formation, is a sequence of interbedded clastic rocks. The

basal member is light-gray limestone conglomerate, about 100 feet

thick. The upper member is interbedded red clastic limestone, mottled

gray limestone and limestone conglomerate, non-resistant sandstone,

red and gray shale, and dark brown, ledge-forming sandstone. The out-

crop is reddish, even on covered slopes. The member is about 500 feet

thick in most of its outcrop area. Typical exposures of the formation

can be seen north of Pinto Creek on the south face of Big Red, a promi'

nent range of hills between Pinto Creek and Hot Spring Creek (PI. 4).

Yucca formation as used in this report differs from the

"Yucca formation" of Cress (1953; P* 23); who mapped the basal con-

glomerate as a separate formation (fig. 6). The massive limestone

beds at the top of Cress' Yucca are the lower member of the Bluff

formation of the present report. They have the same composition and

stratigraphic position as the Bluff limestone on Bluff Mesa near



30

Sierra Blanca, and the Yucca at its type locality contains no similar

beds.

The unit here designated Yucca formation is equivalent to

the basal part of the Presidio formation at Shafter. The Presidio has

a basal conglomerate like the lower member of the Yucca formation, but

the overlying beds are different. The lower part of the Presidio form-

ation, above the basal conglomerate, is gray limestone with sandstone;

furthermore, the diagnostic red color of the Yucca formation is absent

in all exposures near Shafter.

Near the Dipper Ranch in the Upper Cibolo Basin, the lower

part of the Cretaceous section is very thin. One bed of yellow lime-

stone is present, with a thin basal conglomerate, but it is probably

best correlated with the lower member of the Bluff formation.

Lover member.Lover member. - The earliest known Cretaceous deposits in

the Pinto Canyon area, Shatter area, and Upper Cibolo Basin are lime-

stone conglomerate. The well-rounded pebbles and cobbles are composed

of light gray and light yellow-gray limestone, with scattered black,

white, and green chert pebbles. The matrix is limestone sand, cemented

by fine-grained, light gray limestone.

In MS 6 on Big Red Hill, a basal conglomerate 106 feet thick

rests disconformably on Member b of the Pinto Canyon formation. Two

and one-fourth miles ESE, in MS 7, the basal conglomerate is 77 feet

thick. The conglomerate is less than 30 feet thick in the vicinity of

locality 15, three miles ME of MS 6, where the upper 20 to 30 feet of

the member is gray calcarenite. The entire Yucca-lower Bluff (or



FIGURE 7. SECTIONS OF THE YUCCA FORMATION



Plate 5 - View to the north, at locality 14, of the

contact between Member k of the Pinto Canyon formation

and the lower member of the Yucca formation. Hammer

at contact.



Plate 6 - Close view of the contact in PI. 5, showing

the discontinuity between flagstones of the Pinto Can-

yon formation and well-rounded cobbles of the lower

member of the Yucca formation.
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Presidio) section is extremely thin in the Upper Cibolo Basin. Rix's

section 7-1/4 miles ESE of MS 6 contains a 6-foot basal conglomerate

(Rix, 1953; MS 1, p. 158)- Rix measured 20 feet of the conglomerate

overlying limestone of Capitan age on the north flank of the Ojo

Bonito intrusion (MS 2, p. 162). In all exposures in the Pinto Canyon

area and most exposures in the Upper Cibolo Basin, the limestone con-

glomerate rests disconformably on Member h of the Pinto Canyon forma-

tion.

The top of the basal conglomerate grades into the base of

the upper member of the Yucca. In the Pinto Canyon area the conglomer-

ate typically crops out in a vertical cliff up to 100 feet high, at the

top of which less resistant finer conglomerate beds are interbedded

with and grade, into nodular, fine-grained limestone with marl. The

first red beds are several feet above the top of the cliff. Basal

conglomerate in the Upper Cibolo Basin crops out as small, linear

hills, with a soil-covered strike valley at the approximate top of the

member.

There are three facies of the lower member: conglomerate,

calcarenite, and yellow-gray limestone. About 100 yards SE of MS 7.>

up the tributary creek leading to MS 8, thick-bedded, hard, yellow-

gray, pebbly, fine-grained, clastic limestone is interbedded with

typical limestone-conglomerate. About half the lower member is lime-

stone, though none was found in MS 7•

The calcarenite facies forms the upper half of the member

near locality 15; in MS 6 only one 8-foot zone of calcarenite is
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present, near the middle of the member. The facies is local, for it

crops out only in these two exposures, with an outcrop area of approxi

mately half a square mile. At locality 15 (TS A-52) the material is

thin- to thick-bedded, cross-bedded, light gray, fine-grained calcaren

ite. The sand grains are pieces of micrograined limestone with an

average diameter of 0.4 mm, cemented by fine- to medium-grained cal-

cite. One per cent of the rock is quartz silt.

Although the rock of the calcarenite lenses in MS 6 yields

similar hand specimens, the composition differs significantly from

that of locality 15. In MS 6 (TS A-50) the rock is medium- to thick-

bedded, medium gray, internally laminated, quartz sandy, fine-grained

calcarenite. Subrounded grains worn from large calcite crystals form

50 to 80 per cent of the detritus. Quartz grains form c. 15 per cent

of the detritus, and grains of micrograined limestone are merely

plentiful.

Rix (1953) suggested that the Permian was eroded into a

mesa-butte topography at the time the Cretaceous sea advanced into

southern Presidio County. Outcrops of the basal conglomerate in the

Pinto Canyon area show no evidence in conflict with this hypothesis.

The bedding of the Permian and Cretaceous strata are essentially

parallel; the lack of a soil zone in the top of the Permian suggests

considerable wave erosion; the basal conglomerate is homogeneous, and

its bedding planes are parallel, suggesting a marine origin; and the

pebbles are well-rounded, suggesting rapid abrasion. The angularity

of the quartz sand in TS A-52 indicates little beach abrasion.
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The age of the lower member of the Yucca formation is post-

Capitan, pre-Glen Rose. It is certainly not exactly synchronous

everywhere, and probably differs in age considerably from margin to

shelf. No fossils from the conglomerate have been identified, al-

though Rix (1953, p. 158) reported Polydiexodina from pebbles in the

bed on the west flank of the Ojo Bonito intrusion

Upper member.Upper member. - The upper member of the Yucca formation is

characterized by red limestone., red and purple shale, and reddish-

brown sandstone. Though red rocks form only a fourth of the member,

their weathering products and talus give a distinctive reddish hue to

outcrops of the unit. Roughly, the bulk composition of the member is:

25 per cent red, clastic limestone and conglomerate; 20 per cent light

brownish-gray, calcareous, fine-grained quartz sandstone; 15 per cent

gray, yellow-gray, and purplish-gray shale; 15 per cent cross-bedded,

quartzose, medium-grained quartz sandstone which weathers dark brown;

5 per cent shale; and 20 per cent mottled gray, clastic limestone and

conglomerate.

Light gray, coarse conglomerate of the lower member is inter

bedded with, and passes laterally and vertically into, mottled gray

limestone, marl, and fine conglomerate of the upper member. The top

of the member is at the base of the lowest light-gray limestone ledge

or cliff of the Bluff formation. The member is about 500 to 550 feet

thick throughout most of its outcrop area.

Several individual beds of the upper member are useful

markers in mapping typical exposures, such as those on Big Red Hill.

The lower 200 feet crops out in a series of cliffs up to four feet
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high, formed by fine-grained clastic limestone and conglomerate, which

alternate with slopes up to 10 feet high, formed on shale, calcareous

sandstone, and nodular clastic limestone. The next 200 feet is char-

acterized by two or three cliffs up to 40 feet high, formed by gray

and red clastic limestone, separated by slopes and cliffs similar to

those of the lower part of the member. The 100 feet of the member

above this section is characterized by prominent 6-foot cliffs formed

on cross-bedded, medium-grained quartz sandstone which weathers dark

brown, separated by slopes formed on calcareous sandstone. The upper

part of the member crops out in a covered slope 50 feet high, cut in

shale and calcareous sandstone, with one 2-foot cliff formed by yellow-

orange, fine-grained limestone. This bed is a good marker over much

of the Yucca outcrop area.

A few limestone beds in the member are fossiliferous but, as

the fossils are embedded in hard limestone, none was identified. They

look like broken pelecypods and gastropods. The age of the member is

pre-Glen Rose.

The rocks of the upper member of the Yucca are similar to

those exposed on the south face of Big Red Hill, in all outcrops ex-

cept those near locality 16, where the upper member is only feet

thick (MS 7). The lower 250 feet there closely resembles the lower

200 feet on the south face of Big Red Hill (MS 6), but in MS 7 the

unit of limestone cliffs and the unit of prominent dark brown sand-

stone ledges are missing. Instead, the upper 110 feet of the member

is mostly red shale, with one bed of ledge-forming brown sandstone
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which has a maximum thickness of four feet. The closest outcrop of

the upper part of the member with typical lithology is a mile and a

quarter northwest.

Near the Dipper Ranch, on the west flank of the Ojo Bonito

pluton, the upper member of the Yucca formation is absent. One bed of

yellow limestone occurs above the basal conglomerate, but it is best

correlated with the Bluff. The basal conglomerate in the Upper Cibolo

Basin may have been deposited at the same time as the lower member of

the Bluff formation in Pinto Canyon.

The upper member of the Yucca formation in the Pinto Canyon

area has the same composition as the Yucca formation at its type local

ity on Yucca Mesa, near Sierra Blanca (fig. 7)* The Yucca formation

was named, by Taff (1891)., and redescribed as follows by Smith (19^-0,

p. 604), for beds exposed at the northwest of Devil Ridge:

Limestone forms more than half the formation, grades from

pure limestone to arenaceous types, and varies in color from

black to red... Beds of limestone pebble conglomerate, with

well-rounded to subangular pebbles l/8 to 1-1/2 inches in

diameter are scattered through the formation... Light- to

dark-brown sandstone and quartzite strata, in places calcar-

eous, are found in the Yucca. Some of these beds grade up-

ward into conglomerate with a matrix more arenaceous than

calcareous... Red and purple shale beds, in places highly

calcareous, are characteristic of the Yucca. The combina-

tion of red and purple shale and red limestone gives the

Yucca formation a distinctive red color.

The Yucca formation in the Red Hills and the Indio Mountains has more

red beds, plus quartz- and chert-pebble conglomerate. In figure J, it

may be seen that the type Yucca and that of Pinto Canyon are similar,

and that the Indio Mountain Yucca was deposited at a site nearer to

the axis of the Mexican geosyncline.
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Limestone of the Yucca formation in Pinto Canyon has the

following compositional characteristics:

(l) It is clastic, composed of fine limestone sand cemented

by calcite, with up to 30 per cent fine quartz sand in the beds

sampled.

(2) It grades laterally and vertically into limestone con-

glomerate .

(3) Pebbles and cobbles in the beds are well-rounded; lime-

stone sand and silt grains are subrounded; and quartz sand and

silt are subrounded to angular.

(4) Detritus and cement are fine- to medium-grained.

(5) Red limestone contains a great deal of finely divided

hematite; gray and mottled limestone is bituminous.

Sandstone of the Yucca formation has these compositional

characteristics:

(l) Obvious pressure-metamorphosed quartz is abundant, with

rare schist and mica flakes.

(2) Type V quartz (Table II) is abundant, though there are

more type I quartz grains.

(3) Limestone sand is abundant.

(4) Chert grains are rare.

(5) Feldspar is absent.

(6) The major cement in slope-forming sandstone is calcite;

the cement in ledge-forming sandstone is quartz. Most quartz

grains in both types have secondary overgrowth.
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Because clastic limestone predominates in the lower part of

the member, and sandstone predominates in the upper part, rocks in the

source area may have been metamorphic, covered by several types of

fine-grained limestone.

Bluff Formation

The Bluff formation, the approximate Glen Rose equivalent in

the Pinto Canyon area, has 200 feet of very light gray, thick-bedded

limestone, overlain by feet of dark gray, nodular, Qrbitolina-

bearing limestone interbedded with light-colored, cross-bedded sand-

stone. It has the largest outcrop area of any pre-Tertiary formation.

The Bluff is the equivalent of the upper part of the Presidio forma-

tion and the lower part of the Shafter formation. In Cress' terminol-

ogy (1953PP* 23-24), this unit includes the "white to gray massive

limestone beds" in the upper part of the "Yucca formation", all the

"Cuchillo formation", and the "lower gray limestone member" of the

"Glen Rose formation".

A sequence of beds in the lower part of the upper member

forms an excellent key horizon throughout the Pinto Canyon area, the

Shafter area, and the Upper Cibolo Basin. Two ammonites from this

sequence date it as lower Glen Rose (Central Texas), and upper

"Cuchillo" of Scott's Quitman Mountain section.

Lower member.Lower member. - The lower member of the Bluff formation in

the Pinto Canyon area is a series of cliff-forming beds of white lime-

stone, and slope-forming interbeds of shale and nodular limestone. On



FIGURE 8. SECTIONS OF THE BLUFF AND COX FORMATIONS
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the south face of Big Red (MS 6), there are five units of very light

gray and light yellowish gray, thick-bedded, fine-grained limestone,

which form white cliffs from 15 to 20 feet high. There are also three

layers of thick-bedded, cross-bedded, quartz-cemented, medium-grained

sandstone which form dark brown cliffs Bto 20 feet high. They could

easily be mistaken for the resistant sandstone in the Yucca or Cox

formation, but can be distinguished by associated thick, light-colored

limestone strata. The thickness of the member is about 200 feet in

all outcrops in the Pinto Canyon area.

The base of the member is at the base of the lowermost

cliff-forming, very light-colored limestone bed. The color contrast

between the lower Bluff and the reddish Yucca formation is striking.

The top of the member is at the top of the highest cliff-forming,

light-colored limestone bed, which is at the base of the lowest dark

gray, nodular, caprinid- or Orbitolina-bearing limestone bed of the

upper member of the Bluff formation. The color contrast at the top

shows up well on aerial photographs.

The unit here designated "lower member of the Bluff forma-

tion” is Cress' "white to gray massive limestone beds" P- 23),

which he placed in the Yucca formation. The Yucca at its type local-

ity, on Yucca Mesa near Sierra Blanca, contains no light-colored,

massive limestone beds. The Bluff formation at its type locality, on

Bluff Mesa near Sierra Blanca, is composed primarily of thick-bedded,

light-colored, sandy, fine-grained limestone. If Sierra Blanca names

are used, this unit is clearly part of the Bluff formation.
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The lower member extends into the Shatter area and Upper

Cibolo Basin as one or two light-colored, ledge-forming limestone beds

below the dark gray Orbitolina-bearing beds in the upper part of the

Presidio formation. Beds 21-24 of Rix's (1953) MS 1, and beds 29-30

(possibly bed 27) of Rix’s MS 9, closely resemble beds in the lower

member of the Bluff formation. The lower part of the Presidio forma-

tion may be equivalent to the upper member of the Yucca formation.

The lower and upper members of the Bluff formation probably

merge laterally. Dark gray, nodular limestone beds occur between and

below the ’'white", massive limestone beds in the Presidio formation

near Shatter; a few dark gray, nodular limestone beds occur in the

lower member of the Bluff in Pinto Canyon. Tnese contain no Orbito-

lina. A cross-bedded, quartz-sandy calcarenite similar to the "cap-

rock" of the upper member crops out about 150 feet below the top of

the lower member, in the Bienevides fault zone just north of the

Marfa-Ruidosa road. On Yucca Mesa, where the lower member forms most

of the formation, Smith (1940, p. 6l0) found Orbitolina 80 feet above

the base as well as near the top.

The age of the lower member is unknown. A hard, dark gray,

fine-grained limestone bed, below the uppermost light-colored cliff,

locally contains small, high-spired gastropods. None of these was

identified. The lower member underlies beds containing Orbitolina,

Douvilleiceras, large clams, large gastropods, and other fossils found

in the Glen Rose formation of central Texas.



40

Upper member.Upper member. - The upper member of the Bluff formation is

dark gray limestone alternating with light brown and pink sandstone.

In the area mapped, there are four major limestone units, up to 100

feet thick. The four cuesta-forming sandstone beds are about 20 feet

thick. Typically, the lower part of a limestone unit is composed of

resistant, medium- to thick-bedded, very hard, caprinid- and Toucasia-

bearing or unfossiliferous, medium gray, fine-grained limestone, which

forms the top and backslope of a cuesta. The valley up-dip from this

cuesta, and the fore-slope of the next, are cut on dark gray, nodular,

Orbitolina-bearing limestone and marl, alternating with dark shale;

this is overlain by sandstone. The resistant, cross-bedded, light

brown, medium-grained, quartz-cemented sandstone grades laterally and

vertically into less resistant, calcareous sandstone. These subunits

had to be mapped in the field to Interpret complex normal faulting,

but the scale of PI. 1 is too small to show them.

The base of the upper member is at the base of the lowest

medium gray, Orbitolina- or caprinid-bearing limestone bed; or, at the

top of the highest white limestone ledge of the lower member at any

place. The top of the upper member is at the top of the uppermost

Orbitolina-bearing, nodular limestone bed, which is about 10 feet

thick. In the Pinto Canyon area, abundant Orbitolina sp. occurs in

medium- to dark-gray, nodular limestone and marl, a definite rock

type, which is easily recognized and mapped, and shows well on aerial

photographs.
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The lowest limestone unit is different from the rest in sev-

eral respects, and is easily recognized in the Pinto Canyon area, the

Upper Cibolo Basin, and the Shatter area (fig. 8). In fact, indivi-

dual beds of this unit, hereinafter called the caprock sequence, can

be recognized in all outcrops (MS 8,9, 10, 11). Over most of the

Pinto Canyon area (typified by MS 11), the basal part is a 40-foot

section of medium- to thick-bedded, resistant, massive to nodular,

caprinid- or Orbitolina-bearing or unfossiliferous, medium gray, fine-

grained limestone. Above this is about 10 feet of light-colored, cal-

careous, fine- to medium-grained sandstone. Next comes a bed of large

Ostrea sp., about 10 feet thick. Above the oyster bed is a variable

section 50 feet thick containing shale, with sandstone, limestone

breccia, and usually siltstone. This section forms a slope below the

caprock.

The basal part of the caprock is thick-bedded, calcareous,

non-resistant sandstone. The middle beds are resistant, tough, cross-

bedded, calcareous sandstone which pass laterally and vertically into

hard, cross-bedded, medium-grained, quartz-sandy calcarenite. The

calcarenite, Udden's (l90U) mortar rock, weathers brownish gray, with

dark brown streaks of sand along the cross-bedding surfaces. The

upper part of the caprock is resistant, hard limestone of the next

limestone unit. The whole caprock sequence is typically 180 to 190

feet thick.

In outcrops south of the Marfa-Ruidosa road, near locality-

-18 (PI. 7i MS 9)> the caprock sequence is 2JO feet thick, with the



Plate 7 - View southwest from the Marfa-Ruidosa road as

it leaves Pinto Canyon,, showing normal faults in the

caprock sequence of the upper member of the Bluff forma-

tion. MS 9 runs up the exposed face to the caprock,

then down Pinto Creek.
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sequence are thicker, the overlying sandstone bed is missing, the oys-

ters are scattered through 10 feet of hard limestone and shale, and

the variable section at the top is mostly dark shale. The caprock,

145 feet thick, is primarily calcarenite with subordinate underlying

sandstone. Despite the differences, the beds obviously belong to the

caprock sequence. This locality may have been closer to the axis of

the Mexican geosyncline than the rest, or it may have been an area of

locally thick deposits.

In the Upper Cibolo Basin, the caprock and dark gray,

Orbitolina-bearing beds are present, but the oyster beds and shale

unit are absent. The upper 120 or so feet of the Presidio formation *

(Beds 31-34, MS 9- MS 8; Rix, 1953) is equivalent to the caprock

sequence; the rock types are the same, and their relative position is

the same (fig. 8). For some reason, this part of the stratigraphic

column is the same over a wide area, though beds below and above dif-

fer greatly over the area.

The caprock sequence correlates with the lower part of the

Albian, dated by Cheloniceras adkinsi Scott, a Douvilleiceras near

D. mammillatum baylori Spath, Trigonia stolleyi Hill, and T. mearnsi

Stoyanow. Bart of the lower Glen Rose formation of Central Texas con-

tains Douvilleiceras sp.j the caprock sequence is therefore correla-

tive with that portion of the Central Texas strata.

Cress (1953, pp. 23-24) called the caprock sequence the

Cuchillo formation, presumably because it has the same fossils as, and

42
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composition similar to, part of Scott's Cuchillo formation in

the southern Quitman Mountains. The term Cuchillo was first applied to

a 2,000-foot series of gypsum, salt, and some limestone, in the Concho

River valley near Cuchillo Barado, 25 miles west of Ojinaga, Chihuahua,

by Burrows (1910). Scott applied the term to a sequence of dark gray

shale, gray to brown sandstone, sandy limestone, and other types of

limestone in the southern Quitman Mountains. He found the Dufrenoya

zone near the base of the unit, the Sonneratia zone near the middle,

and the Douvilleiceras zone near the base of the upper third.

The caprock sequence is correlative with only part of the

Cuchillo formation of the Quitman Mountains, though it is lithologi-

cally similar to that portion; and the rocks called Cuchillo in the

Quitman Mountains may belong to a different lithologic unit from the

type Cuchillo. For these reasons, Cuchillo has not been used in this

paper.

Fossils from the caprock sequence of the upper member of the Bluff

formation.

MS 11

Bed 1

Foraminifera

OrMtolina sp. - Up to l/2-inch diameter; plain annular

ridges.

Gastropoda

Nerinea sp. cf. N. incisa Giebel
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Purpuroidea(?) sp.

Pelecypoda

Homomya sp.

Bed 4

Gastropoda

Nerinea sp. cf. N. incisa Giebel

Nerinea sp. cf. N. aquilina Stanton

Tylostoma sp.

Pelecypoda

Anatina(?) sp.

Cucullaea sp.

Qstrea sp. - up to 6 inches long.

Trigonia sp. cf. T. mearnsi Stoyanow

Trigonia stolleyi Hill

MS 9

Bed 14

Foraminifera

Orbitolina sp.

Pelecypoda

Qstrea sp. - up to 7 inches long, fairly deep.

Pecten sp.

Trigonia sp. - poorly preserved; not T.

mearnsi or T. stolleyi.

Echinoidea - abundant, embedded in hard limestone.
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Bed 19

Foraminifera

Qrbitolina sp.

Pelecypoda

Ostrea sp. - more than 5 inches wide, 6 inches long.

Bed 23

Petrified wood

Pelecypoda

Astarte adkinsi Stoyanow - One well-preserved right

valve; one poorly preserved half with both valves;

UT 10453. - (Stoyanow, 1949, pp. 93-94, PI. 15,

figs. 12-14; Perilla member, division 2b, Lowell forma-

tion. )

Idonearca sp. - One well-preserved right valve:

UT 10438; higher, with more central beaks than I.

stephensoni Stoyanow.

Ostrea sp. - About 2 inches in diameter, subcircular,

flat, encrusts other fossils.

Trigonia mearnsi Stoyanow - 11 specimens, mostly well-

preserved single valves: UT 10424, 10432, 10434, 10444,

10445, 10446, 10447, 10456. - (Stoyanow, 1949, pp- 78-

79, PI. 12, figs. 5-6, PI. 13, figs 1-4; Perilla member,

division 2b, Lowell formation; Mayfield Canyon with

Trinitoceras below the Qrbitolina zone; Glen Rose of

Bluff Mesa.)
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Trigonia stolleyi Hill - 15 well-preserved specimens,

four show both valves: UT 10427, 10429, 10431, 10433,

10437, 10440, 10441, 10448, 10449, 10450, 10454, 10455.

(Stoyanow, 1949, pp. 88-89, PI. 15, figs. 9-11; "Abun-

dant in the Perilla member of the Lowell formation...

with Trigonia mearnsi. Varietal forms are known as low

as the Saarvedra member.")

Ammonitida

Douvilleiceras sp., group of "Douvilleiceras aff.

inaequinodum (Quenstedt), transitional to D. mammilla-

tum var. baylori" (Spath, 1921, explanation of PI. 5,

fig. 5). - One specimen, crushed, original shell pres-

ent without a good internal mold, so suture is not

visible. - Lower Gault, Folkstone, bed la. (D. mammil-

latum zone).

Locality 19

Fossils are internal molds surrounded by shell material, in a bed of

very hard, yellow brown limestone which weathers brown. The bed may

be the same as bed 23 of MS 9, but it crops out in an area of complex

faulting and may be as low in the section as the lower member of the

Bluff formation.

Gastropoda - small, several types.

Pelecypoda - small clams; abundant, several types.

Cephalopoda

belemnoids(?) - abundant; internal molds up to l/2 inch

wide.
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Cheloniceras adkinsi Scott - One specimen, half well-

preserved, with original shell exterior and suture on

the internal mold; suture, size, and ornamentation

agree perfectly with Scott's figures (1940, pp. 1005-7,

PI. figs. 8-9; "A nodular limestone ledge in the

blue marls of the Cuchillo formation. The ledge is

about 12 feet thick and crops out 20 to 00 feet above

the base of the southeast wall of Mayfield Canyon...

locality Ml 1').

The age designation of most of the upper member depends on

identification of poorly preserved material, and most of these Creta-

ceous fossils are undescribed. The fossils in the upper member, which

are internal molds of pelecypods and gastropods, plus Orbitolina, are

present in "Glen Rose beds" throughout their outcrop area.

Fossils from the upper member of the Bluff formation.

MS 11

Bed Ik

Gastropoda - embedded in hard limestone; up to l/2 inch long

and 3/16 wide, with an apical angle of about 25 degrees.

Bed 19

Foraminifera

Orbitollna sp.

Pelecypoda

Arctica sp.

Liopistha(?) sp. - two specimens, up to 6 inches long.
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Toucasia sp.

Trigonia sp. cf. T. emoryi Conrad.

Locality 20

Middle of the member

Foraminifera

Qrbitolina sp.

Porifera

Porocystis globularis (Giebel)

Gastropoda

Nerinea(?) sp.

Tylostoma sp.

Caprinidae - internal mold.

Echinoidea

Enallaster sp.

Herniaster sp.

The upper member is the "lowest gray limestone member of the

Glen Rose" in the terminology of Cress (1953; P* 24). Use of the name

Glen Rose for this member alone could have been defended on the basis

of lithology, since the member resembles parts of the Glen Rose forma-

tion in central Texas. Unfortunately, the Cox formation was included

in Cress' Glen Rose. To be consistent, Cress' "upper sandstone member

should be called Palmy: or Sierra Blanca names used throughout.

Cress' Glen Rose has the same upper and lower boundaries as the Shat-

ter formation, so that Shatter could be used in Pinto Canyon. It is

not used in this report, because more than one unit is needed to map
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faults in these beds, and because the upper part of the Shafter forma-

tion is sufficiently different from the equivalent strata in Pinto

Canyon to justify another name.

The lower part of the Shafter formation in the vicinity of

Shafter is Orbitolina-bearing, nodular limestone, though there are

differences between this and equivalent Pinto Canyon strata. The

lower Shafter is lighter, has less sandstone, and the sandstone is

less resistant (cf. Rix, 1953, Beds 1-20 of MS 7; and this paper, Beds

9-23; MS 11). These are only quantitative differences, well within

typical lateral variations of a formation. The Shafter as originally

defined is a good mappable unit at Shafter, but is correlative with

two good mappable units in the Pinto Canyon area.

Cox Formation

The Cox formation, about 450 feet thick in the Pinto Canyon

area, is characterized by resistant beds of quartzose sandstone which

weather to dark reddish-brown ledges. These alternate with calcareous

sandstone, shale, light gray limestone, and marl. The formation crops

out on steep slopes under cliffs formed by the upper member of the

Finlay formation (PI. 8), and forms steep hills or a series of small

cuestas where the Finlay has been eroded away. The outcrop pattern is

a rough quarter-circle around the north, northeast, and east flank of

the central Pinto Canyon uplift (PI. l); it also crops out in the Upper

Cibolo Basin on the Dipper Ranch.

Two members were mapped. The lower is gradational with the

Bluff formation; it contains a few relatively thin beds of hard,



Plate 8 - View to north of a prominent Finlay mesa,

locality 21, showing the upper member of the Bluff

formation, the Cox formation, and the Finlay formation.

MS 11 runs up the gully in the center.
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medium gray limestone near the base. The bulk of the member is hard,

resistant, thick-bedded, cross-bedded, quartz-cemented, fine- to

medium-grained sandstone which weathers dark reddish-brown, interbed-

ded with fairly soft, less resistant, medium- to thick-bedded, cross-

bedded, light-colored, calcite- and quartz-cemented, fine- to medium-

grained sandstone, which weathers light brown, yellowish, or reddish.

Gray, red, and purple shale beds rank next in total thickness. Some

of the rare limestone beds contain gastropods, oysters, clams, and

shell fragments. None contains even scattered Qrbitolina, and Exogyra

texana is rare.

Fossils from the lower member of the Cox formation.

MS 11

Bed 32

Pelecypoda

Exogrya sp.

Ostrea sp.

Locality 22

limestone bed near the base

Pelecypoda

Exogyra texana (Roemer) - UT 104-18

Exogyra sp. - UT 10418

Inoceramus sp.

Lima sp.

Ostrea sp.
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Trigonia sp. cf. T. emoryi Conrad

Clam - unidentified internal mold.

About a third of the upper member is hard, nodular, medium-

to thick-bedded, light gray limestone, containing abundant Exogyra

texana. The rest of the member is shale or marl, and sandstone as in

the lower member. The major E. texana limestone (Bed 39, MS ll) is a

good marker bed throughout the area. It is also the basis for tenta-

tive, detailed correlation with the Cox formation of the Finlay Moun-

tains and Devil Ridge. Acteonella dolium, an easily recognized large

gastropod, is abundant at the top of the member in MS 11, and in a

limestone bed in the upper part of the member where exposed on the

Marfa-Ruidosa road at locality 23. Many of the sandstone beds contain

abundant silicified wood.

Fossils from the upper member of the Cox formation.

MS 11

Bed 39

Pelecypoda

Exogyra texana (Roemer) - abundant.

Ostrea sp.

Bed 45

Pelecypoda

Exogyra texana (Roemer)

Clams - small.
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Bed 53

Pelecypoda

Gryphaea sp. cf. G. navia Hall

Lima sp.

Echinoidea

Rhymosoma texana (Roemer)

Locality 23

upper part of the member

Gastropoda

Acteonella dolium Roemer

Except for the basal 150 feet, the stratigraphic unit in the

Pinto Canyon area here called Cox formation closely resembles the type

Cox of the Sierra Blanca area (Brunson, 1954 and Wade, 195*0> which

overlies thick-bedded, massive limestone of the Campagrande formation

(fig. 7)* The Cox of Pinto Canyon was termed ’’Upper sandstone member

of the Glen Rose” by Cress (1953> P- 24). In my opinion, Glen Rose is

not an appropriate name in Trans-Pecos Texas, but if it were used, the

Cox probably should be called Paluxy. Most of the Cox is younger than

the upper part of the Glen Rose; it is probably correlative with most

of the Walnut.

The upper boundary of the Cox in the Pinto Canyon area was

placed at the top of the uppermost ledge-forming sandstone bed. In

Pinto Canyon, the lower part of the Finlay marl is sandy, but there

are no sandstone beds in the unit or above it within the Comanche

strata.
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The Shafter formation is defined to include all beds between

the caprock of the Presidio formation and the base of the marl member

of the Finlay formation (Rix, 1953; P- 104). Therefore, the upper

part is equivalent to the Cox formation (fig. 8). The upper part of

the Shafter is interbedded nodular limestone, marl, and sandstone.

Some of the limestone beds contain Exogyra texana, but none above Bed

20 of Rix's MS 7 (pp* 175-178) contain Orbitolina. Only one sandstone

bed resembles the prominent ledge-forming sedimentary quartzite of

typical Cox outcrops. The upper part of the Shafter formation is more

calcareous than the Cox formation, and probably is not readily mappable

as a separate unit except on the basis of presence or absence of Orbi-

tolina; it does not form a separate topographic or slope-color unit.

Finlay Formation

The Finlay formation is thick-bedded limestone, underlain by

marl. Typical outcrops are cliffs jutting from the face of the north-

ern Cleveland Breaks (PI. 8), along the outside of the edge of the

central uplift (PI. l). Total thickness is about 300 feet within the

area mapped.

A two-fold division of the Finlay formation is practical

where the lower (marl) member is well-developed, as in the Pinto Can-

yon and Shafter areas. The upper member is thick-bedded, cliff form-

ing, hard, fine-grained limestone, with beds containing abundant Tou-

casia and caprinids. It is not cherty in MS 11, but contains many

zones of nodular chert near locality 28. The lower member is marl,
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sandy at the base. The contact between the two members is gradational;

the contact was placed at the base of the prominent cliff.

The upper contact of the Finlay formation is lithologically

and topographically abrupt where the Bienevides formation crops out;

the yellow Bienevides contrasts sharply with the nearly white Finlay

bench.

Brunson proposed the Flat Mesa section (northern Fin-

lay Mountains) as a type section for the Finlay formation. No type

section was given by Richardson (1904); the formation was named for

the outer rim of the Finlay Mlountains. At the type locality, thick,

massive beds alternate with

thin- to medium-bedded, nodular, gray limestone with thin

interbeds of shale and marl... (Wade, P< 51*)

The Pinto Canyon Finlay is more massive, and probably represents the

same environment as the Central Texas Edwards formation. Cress (1953)

used Edwards and Walnut for the upper and lower members of the Finlay

in Pinto Canyon. These names may express the rock relationships more

clearly than Finlay, but until detailed, comprehensive stratigraphic

work is done and published, these relationships will remain in doubt.

Pending further work, Finlay is held to be a better name for the Pinto

Canyon rocks, because it is a name for similar, correlative strata in

the same basin of deposition.

Bienevides Formation

The Bienevides formation is easily recognized by its yellow-

ish outcrop. The lower portion of the formation is dark gray shale,
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weathering to yellowish slopes. It is overlain by yellow-brown cal-

carenite which forms a prominent caprock. The lower contact is at the

top of the underlying Finlay limestone; the upper contact is at the

top of the caprock. The thickness of the formation ranges from 75 to

150 feet within the Pinto Canyon area. This unit is perhaps the most

easily mapped within the Pinto Canyon area; because of its color con-

trast with gray limestone above and below.

The Bienevides contains a large fauna of gastropods; clams;

oysters, corals; echinoids; and ammonites. Qxytropidoceras bravoense

(Bose); an "Upper Fredericksburg and Kiamichi" fossil (Adkins; 1928;

p. 227); occurs throughout the formation. The fossil has been found

in place from about 15 feet above the base to within 15 feet of the

top.

The Bienevides formation is here named for the Bienevides

Ranch headquarters (PI. l); no closer geographic name to the type

locality exists. The type section is MS 12, Beds 1 through 21.

Fossils from the Bienevides formation.

MS 11

Bed 55; in place about 15 feet above the base.

Ammonitida

Qxytropidoceras bravoense (Bose) - UT 10*4-59; identified

by K. P. Young, May 16, 1955-
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Locality 24

About the middle of the formation.

Ammonitida

Oxytropidoceras bravoense (Bose) - Identified by K. P.

Young, May 16, 1955-

Locality 25

Float from the lower slope.

Ammonitida

Qxytropidoceras bravoense (Bose) - UT 10552 (two

specimens); identified by K. P. Young, May 16, 1955*

Qxytropidoceras sp. cf. 0. multifidum Steinman -

UT 10552; identified by K. P. Young, May 16, 1955*

Locality 26

About 10 feet above the base.

Gastropoda

Amauropsis pecosense Adkins - UT 10477; 10478; (Adkins,

1928, pp. 179. 180, PI. 11, figs. 8-9).

Float from the lower slope.

Gastropoda

"Aporrhais" sp.

Gyrodes? sp. cf. G. biangulata (Shumard)

Fholadomya sp. - UT 10437 *

Turritella sp. - Internal mold.

Tylostoma sp. - UT 10470.



Pelecypoda

Caprinid

Exogyra sp. - right valve.

Exogyra texana (Roemer) - UT 10474, 10475.

Gryphaea sp.

Neithea irregularis Bose - UT 10476.

Protocardia texana (Conrad) - UT 10480.

Echinoidea

Holectypus planatus Roemer

Enallaster texanus (Roemer)

Float in the 20 feet below the caprock.

Gastropoda

Turritella sp. - UT 10551-

Tylostoma sp. - Two specimens; resembles several of the

spp. illustrated by Stanton, 1947.

Pelecypoda

Nuculana (Sacella) sp.

Tapes sp.

Ammonitida

"Eopervinquieria” n. sp. - (McCarthy, 1953> PP- 39-4l;

PI. IX, figs. 3-4); UT 10551; identified by K. P. Young,

May 16, 1955*

Echinoidea

Enallaster texanus (Roemer) - UT 10468.

57
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Locality 27

Float from the lower 15 feet.

fucoid on sandstone - horsetail rush?

Gastropoda

Amauropsis sp. cf. A. bulbiformis (Sowerby)

Pelecypoda

Gryphaea sp. cf. G. navia Hall

Prococardia texana (Conrad)

Ammonitida

Oxytropidoceras sp. aff. 0. belknapi (Marcou) - Identi-

fied by K. P. Young, May 16, 1955-

27 feet above the base, in place.

Gastropoda

Tylostoma sp.

Pelecypoda

Gryphaea sp.

Protocardia sp.

Ammonitida

Oxytropidoceras bravoense (Bose) - Identified by K. P.

Young, May 16, 1955-

As can be seen from the faunal lists, the Bienevides forma-

tion contains fossils which are found in the Kiamichi formation of

north Texas. The name Kiamichi has been widely used in West Texas for

any slope break between limestone of Fredericksburg age and limestone
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of Washita age. This slope break may be cut on shale, as in the Pinto

Canyon area, or marl, or nodular limestone, or massive limestone that

contains more clay than those above and below, as in the Solitario.

The age of these beds ranges at least from Kiamichi to Duck Creek.

Adkins (1933) used the term Kiamichi for any beds- containing Kiamichi

index fossils, such as those from the Bienevides formation; this usage

refers to Kiamichi age, not Kiamichi formation. Detailed stratigraphic

work has not been done on beds of approximate Kiamichi age in Trans-

Pecos Texas. There are probably several lithofacies of these beds;

one is the shale, capped by calcarenite, which crops out in Pinto Can-

yon and is here designated the Bienevides formation.

Loma Plata Limestone

The Loma Plata limestone in the Pinto Canyon area is easily

divided into a lower light gray, nodular, slope-forming limestone mem-

ber, and an upper light brownish gray, thick-bedded, massive, cherty,

cliff-forming limestone member. The two are dominant facies of beds

in Trans-Pecos Texas which have an approximate Georgetown age.

The composition of the lower member resembles that of the

Georgetown formation near Austin, but stratigraphy of beds in Trans-

Pecos Texas which are approximately the same age as the Georgetown

formation of Central Texas has not been adequately studied. The

strata cannot be traced from north-central Texas to West Texas, be-

cause there is a wide gap in outcrops; and because there is a linear

area of facies change from west of Del Rio at least to Lancaster



Plate 9 - View of Loma Plata limestone near Loma Plata

Mine; Tsl tuff of Shely group in the Ford Ranch basin

in middle distance; Rio Grande valley and Mexico in

background. View westward near Cleveland triangulation

station.
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Hill, separating the two outcrop areas. There were two basins of

deposition, and the similarity of two units so widely separated is not

enough to justify identity of names.

The upper member does not resemble the Georgetown formation

of central Texas, but resembles the Devils River formation. Devils

River is a term much abused, and upper member of the Loma Plata forma-

tion is used in this paper, pending further work.

The Loma Plata limestone is here named for the Loma Plata

(Silver Dome) mine of the Marfa Mining Company (PI. l). The type sec-

tion is MS 12, beds 22 through 64. MS 12 does not reach the top of the

formation, but bed 64 is the same as bed 1 of MS 13; the uppermost beds

and the overlying Del Rio formation are exposed only at the Loma Plata

mine. The total thickness is 720 feet.

Lover member.Lover member. - The lower member of the Loma Plata limestone

is light gray, nodular limestone that crops out in a steep slope below

cliffs of the upper member (PI. 9)- The thickness of the member is

340 feet in the type section (MS 12, beds 22 through 33)- Much of the

basal portion of the member is everywhere covered, but there are scat-

tered outcrops of silty, buff-colored shale with thin beds of nodular

limestone. The lower 80 feet of the member in the type section is

predominantly shale; this grades upward through about 25 feet into

hard, nodular, very light gray, aphanitic limestone which comprises

the remainder of the member. In the upper half of the member at most

outcrops, there is a prominent cliff formed on siliceous, aphanitic
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limestone that weathers rough and brown. The cliff-forming limestone

grades vertically and laterally from nodular limestone; bedding planes

within the unit do not parallel the top and bottom of the cliff.

The lower member in the Pinto Canyon area has the same com-

position as the Espy formation near Sierra Blanca (Huffington,

Smith, 1940). The type Espy includes recognizable Del Rio and Buda

strata at the top, and the base is covered. A name for the nodular

facies of the Loma Plata is desirable, but Espy cannot be used without

redefinition.

A small fauna was found in the lower 125 feet of the member

at several places. Craginites seratescens (Cragin) and Gryphaea sp.

cf. G. washitaensis Hill and Vaughan are abundant in a few beds at

some localities. C. seratescens is a zone fossil in the top of the

"Kiamichi" near Shatter (McCarthy, 1953; P- 23); it occurs in the

basal Duck Creek in north-central Texas.

Fossils from the lower member of the Loma Plata formation.

Locality 28, MS 12

upper Bed 9 or lower Bed 10

Pelecypoda

Gryphaea sp. cf. G. hiHi Cragin

Nucula sp.

Pecten (Neithea) sp.

Cephalopoda

Craginites seratescens (Cragin) - UT 10558 (l adult,

1 juvenile); identified by K. P. Young, May 16, 1955-
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hamitid

Echinoidea

Enallaster texanus (Roemer)

Locality 29

20 to 30 feet above the Bienevides caprock, in a fault zone.

Gastropoda - internal mold

Pelecypoda

Pecten (Neithea) irregularis Bose; UT 10556, 10557.

Cephalopoda

Craginites seratescens (Cragin) - UT 10554 (2 adult,

2 juvenile), UT 10556 (7 adult, 2 juvenile), UT 10558

(2 adult, 7 juvenile); identified by K. P. Young,

May 16, 1955-

Prohysteroceras sp. - UT 10558, mold and cast; identi-

fied by K. P. Young, May 16, 1955*

40 feet above the Bienevides caprock, in a fault zone.

Pelecypoda

Gryphaea sp. cf. G. hilli Cragin or G. washitaensis

Hill and Vaughan

Lima sp. cf. L. wacoensis Roemer

Pecten (Neithea) texanus Roemer

Ammonitida

Metengonoceras sp.

Echinoidea
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Locality 25

lower 30 feet of the member

Pelecypoda

Gryphaea sp.

Pecten (Neithea) sp.

Cephalopoda

Nautiloid(?)

Craginites seratescens (Cragin) - 5 adult; identified

by K. P. Young, May 1 6, 1955*

Idiohamites sp. aff. fremonti (Marcou) - UT 10555> 7

specimens; identified by K. P. Young, May 16, 1955.

Echinoidea

Loriola sp. cf. L. texana (Clark)

Riymosoma texanum (Roemer)

Upper member.Upper member. - The upper member of the Loma Plata formation

is thick-bedded, massive, light brownish gray, cherty, caprinid-bearing,

fine to medium-grained limestone. The base was picked at the base of

a prominent cliff-forming limestone bed (PI. 9> bed MS 12). The

upper contact is gradational with the overlying Del Rio formation

within an interval of 40 feet; the top was picked at the top of a

ledge formed on hard, Toucasia-bearing limestone (bed 2, MS 13). The

upper member crops out only on the north end of the Loma Plata anti-

cline, for the most part between the Loma Plata fault and the Cleve-

land fault (PI. l). It was removed by pre-Shely erosion east and
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southeast of the Cleveland fault, and is buried under bolson fill on

the west side of the Loma Plata fault.

Fossils from the upper member of the Loma Plata formation.

Locality 30 >
Loma Plata mine.

About 40 feet below the top of the formation, east of the main

mine tunnel in the canyon wall along the old railway.

Gastropoda

Acteonella dolium Roemer

Nerinea sp. close to N. riograndensis Stanton

Pelecypoda

Caprinidae

Toucasia sp.

Prospect pit debris, from sinkholes in the upper beds of the

formation, about 200 yards ESE of the main tunnel.

Pelecypoda

Caprinidae

Chondrodonta munsoni (Hill)

Locality 31

Base of the upper third of the member.

Anthozoa (Scleractinia)

Monastrea sp. cf. M. roemerica (Wells)

Bed 62, MS 12

Pelecypoda

Gryphaea sp. cf. G. washitaensis Hill and Vaughan
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Del Rio and Buda Formations

The Del Rio and Buda formations crop out on the extreme

north end of the Loma Plata anticline, across a small canyon from the

Loma Plata Mine (PI. l). The outcrop is about 200 yards wide and 200

feet across. The Del Rio is composed of light gray, nodular, argilla-

ceous limestone interbedded with light gray to light yellow gray marl.

The formation is 87 feet thick (MS 13, bed 3)- Upper beds of the Del

Rio become more solid as the Buda contact is approached, but are less

resistant to weathering than the Buda. The Buda formation is light

gray, resistant, nodular limestone, 5 feet thick. It is unconformably

overlain by the Jeff conglomerate. Exogyra arietina and "Budaiceras"

sp. indicate an upper Washita age for the units. Del Rio is used here

as a provisional name for upper Washita marl in the Pinto Canyon area.

Fossils from the Del Rio formation.

Locality 30> Loma Plata; MS 13) bed 3*

Lower 15 feet, float

Gastropoda

Turritella sp.

Tylostoma spp.

Pelecypoda

Cypraea(?) sp.

Pecten (Neithea) sp. cf. N. budaensis Khiker

Pecten (Neithea) irregularis Bose

Protocardia sp.

l;

Venericardian (?) sp.
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Float from the middle of the formation.

Pelecypoda

Exogyra arietina Eoemer

Valvata sp. cf. V. scabrida Meek and Hayden

Fossils, probably from the Buda formation (float).

Locality 30, Loma Plata; MS 13, bed 3.

Upper part of the Del Rio slope.

Ammonitida

"Budaiceras" sp. - Identified by K. P. Young, Novem-

ber 29; 195^.

Echinoidea

Enallaster bravoense Bose

Hemiaster calvini Clark

General Relations

The Pinto Canyon area lies between the Mexican geosyncline

and the Texas shelf. No recognizable Coahuila beds were deposited;

Comanche deposition began later than in the geosyncline but earlier

than in the Shatter area and Upper Cibolo Basin. As the sea came into

eastern Presidio County, waves broke up massive limestone of Capitan

age to form a basal conglomerate. The shore line, and stratigraphic

strike, during the time of Yucca deposition ran north-south from a few

miles southeast of Shatter, through the eastern edge of the Pinto Can-

yon area, and east of San Carlos; at Sierra Blanca it ran east-west.



Figure 9. Idealized Diagram of Tertiary Strata in the Southern Tierra Vieja
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The area of subsidence widened to allow deposition of the

Bluff, Presidio, and Shafter formations. The shore line at Sierra

Blanca was nearly stable, though clastic limestone, sandstone and

shale were formed over most of the Big Bend region. The Cox shows an

increase in deposition of sand and shale, as the shore line moved

rapidly onto the shelf. After the Cox was deposited, limestone and

marl were laid down over most of West Texas until the close of the

Comanche. The Pinto Canyon area remained between the geosyncline and

the shelf; limestone units are thinner than those of the geosjmcline,

but thicker and more massive than those farther onto the shelf.

TERTIARY STRATA

Tertiary strata, predominantly volcanic, form the Tierra

Vieja, Cuesta del Burro, end most of the Chinati Mountains. In

ascending order, they are here grouped into the Jeff conglomerate,

Vieja formation, Shely group, Moonstone rhyolite, Petan trachyte, and

Chinati Mountain group. The oldest strata crop out north of the Pinto

Canyon area, with progressively younger beds overlapping the pre-

Tertiary uplift southward (fig. 9) • The total thickness is about

8,000 feet, though in most places less than 2,000 feet of the beds re-

main. The basal strata contain Duchesnian fossils (basal Oligocene);

the age of the Tertiary volcanic rocks is Oligocene and perhaps Mio-

cene.

Characteristic Tertiary rock types in the Pinto Canyon area

are conglomeratic tuff, plagioclase-bearing trachyte, and quartz-poor

rhyolite. Many 6f the rhyolite rocks are ignimbrite, at least in part.



Plate 10 - View northward from the crest of the Loma

Plata anticline near locality 31> showing the Southern

Tierra Vieja. Vieja ignimbrite caps mesas in middle

distance, Vieja rhyolite caps those in the left back-

ground, and Moonstone rhyolite and Petan trachyandesite

cap the scarp in right middle distance.
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Jeff Conglomerate

The Jeff conglomerate crops out at Loma Plata, overlying the

Georgetown, Del Rio, and Buda formations with 5 to 15 degrees uncon-

formity, and underlying the lower tuff member of the Vieja formation

(Bed 5, MS 13). It is composed of sedimentary quartzite and limestone

pebbles and cobbles in a sand and caliche matrix. The thickness var-

ies from oto 60 feet. This conglomerate crops out at many places in

the Candelaria area (Sewell, 1955) f resting on Gulf strata. Jeff con-

glomerate was applied to a basal Tertiary, non-volcanic conglomerate

in the Barilla Mountains by Eifler (1951)- The tern is useful for

parts of a discontinuous gravel sheet which covered most of Trans-

Pecos Texas before late Eocene vulcanism, after the Laramide orogeny.

Vieja Formation

The Vieja formation in the Pinto Canyon area is composed of

dingy tuff and conglomerate, capped by remnants of vesicular ignim-

brite (MS 13, MS 14). The thickness ranges from oto 500 feet. The

Vieja thins southward onto the Loma Plata anticline, and pinches out

south of Cleveland triangulation station (PI. 1, fig. 9)- It could be

called a group from about Chispa Summit southward to latitude 30 10'N,

and a formation from latitude 30* 10'N to Cleveland triangulation sta-

tion.

North of this parallel, the Vieja formation was divided into

several map units by University of Texas Master's candidates in the

summer of (Buongiorno, 1955; Peterson, 1955; Sewell, 1955* P* 21)

(l) trachybasalt porphyry flow breccia with limestone blocks, 0 to 200
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feet thick; (2) dusky tuff, igneous-pebble and -cobble conglomerate,

and non-marine limestone, with Randlette (basal Duchesnian) vertebrate

fossils, 440 feet thick; rhyolitic, porphyrytic ignimbrite, 47 feet

thick; drab, evenly thin-bedded tuff, 440 feet thick; and greenish

black to light olive gray, aphanitic, porphyrytic rhyolite.

The upper boundary is marked by the top of the rhyolite

along the Tierra Vieja Rim (fig. 9)* The rhyolite dips under the

Capote Mountain rim at Capote Canyon, and pinches out a short distance

to the south. It is also missing in the wide belt of Vieja outcrops

near the Rio Grande north of Candelaria. The upper tuff either

pinches out or changes color near this point, because it is not recog-

nizable in the Ford Basin (MS 14). In the Pinto Canyon area, there-

fore, the top of the Vieja formation is the top of the ignimbrite.

The lower tuff is basal Duchesnian, i.e., basal Oligocene or

uppermost Eocene (Mankin, 1955)- It is roughly the same age as the

lower Pruett tuff of the Buck Hill volcanic series and the lower Huel-

ster formation of the McCutcheon volcanic series (McAnulty, 1955> P*

557). No strictly diagnostic fossils were found above this horizon in

the Pinto Canyon-Candelaria area.

The igninibrite member is typically pale brown, light gray,

or grayish red, porphyritic, vesicular, rhyolite ignimbrite with many

xenoliths. Peculiar dark red to black rims around many vesicles make

the rock look as though a charge of buckshot had been fired into it.

Fhenocrysts of sanidine, with some orthoclase and up to 5 per cent

quartz, occur with rock fragments in a matrix of glass shards, partly
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altered and dusty cryptocrystalline material, magnetite-ilmenite, aug-

ite, and biotite. Some shards are bent around crystals, resembling

flow structure. (Sewell, 1955, PP* 36-38; McGrew, 1955, pp. 44-49.)

A lava flow that crops out south of Cleveland triangulation

station, in a pre-Vieja canyon in the Finlay formation, was mapped as

the same member. The unit is 20 feet thick, overlying about 40 feet

of calcareous white tuff, and underlying red and white tuff of unit 1

of the Shely group. The rock is pale yellowish gray, faintly banded,

finely porphyritic, amygdaloidal lava (TS A-24). Amygdules range from

1 mm to 5 cm, are rimmed with coarse brown ferruginous material, and

are filled with coarsely crystalline calcite.

Several local flows occur in the Vieja formation near Loma

Plata. A wedge of grayish yellow green, glassy breccia, with angular

fragments of medium grayish red, white, and pale green glass, replaces

Beds 6-9 of MS 13 east along the strike. This unit also crops out in

the bottom of an exhumed canyon in the Georgetown formation at local-

ity 52 (TS A-67). North of Loma Plata, 50 feet of olivine basalt

porphyry crops out under the Buckshot ignimbrite. The rock is dusky

yellowish gray, weathering brownish gray, composed of olivine pheno-

crysts in an aphanitic groundmass of labradorite and clinopyroX’

ene laths.

Shely Group

The Shely group (new name) consists of tuff, trachyte,

rhyolite and rhyolite ignimbrite, and conglomerate; it crops



Plate 11 - Tertiary strata below Cleveland triangulation

station; type locality of lower portion of the Shely

group, Moonstone rhyolite porphyry, and Petan trachyte.
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out in a narrow belt from Capote Mountain southward to the Fred Shely

ranch house at the foot of Chinati Peak. At Capote Peak, the Shely

group overlies the rhyolite member of the Vieja formation; from Loma

Plata Mine to Pinto Creek it rests on progressively older Comanche

strata; and along the Shely Rim on Member 4 of the Pinto Canyon forma-

tion (fig. 9)* It is overlain by the Moonstone rhyolite.

The type locality of the lower portion of the Shely group is

here designated as the canyon west of Cleveland triangulation station

(MS 15); the lower part of Tsl tuff, including the Ford Ranch silt-

stone, is best exposed just north of the Pinto Canyon area near Nixon

Falls (MS 14). Typical exposures of the upper portion, including Tss

and Ts6, occur along the east side of Pinto Canyon north of the Terry

Shely ranch house; good exposures of Ts 7 and TsB are at locality 32.

The Shely volcanic series is named for the Shely Ranch (pronounced

shee'ly), which contains a large part of the total outcrop.

The lower part of the Shely group contains Tsl tuff, Ts 2

plagioclase trachyte, and Ts 3 rhyolite and rhyolite ignimbrite. It is

overlain by the Moonstone rhyolite north of Pinto Creek, and by the

upper part of the Shely group south of Finto Creek. Ts 3 rhyolite was

folded steeply downward near the Terry Shely ranch house, and the

upper part of the Shely group filled the hole. The upper part of the

Shely group crops out east of Pinto Creek, west of the Upper Cibolo

Basin, and north of the Fred Shely ranch house. It contains Tss tuff,

conglomerate, and vitrophyre; Ts 6 rhyolite ignimbrite; Ts 7 rhyolite

ignimbrite; and Tsß spherulitic rhyolite. Ts 4 breccia crops out near
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the Government trapper’s house on Pinto Creek; its relations with

other Tertiary beds are obscure.

Tsl tuff.Tsl tuff. - Unit Tsl is fine- to coarse-grained crystal tuff

with conglomerate lenses. It is white and red, thin- to thick-bedded,

and even-bedded to cross-bedded. The unit crops out in the inface of

the southern Tierra Vieja (Capote Mountain Rim) from Capote Peak to

Cleveland triangulation station, and in the bottoms of pre-Shely can-

yons from Cleveland to Pinto Creek. A discontinuous belt of outcrops

runs from north of the Chambers Ranch (lat. 30° 22*W) to the Biene-

vides Ranch headquarters, forming much of the lowland between the

Tierra Vieja and block-fault hills near the Rio Grande. The Ford

Ranch Basin (PI. 9* PI- l) is carved in this unit. Tsl is 1,500 feet

thick, 1-3/4 miles NW of the Ford Ranch (MS 14); the total thickness

from the base of Tsl to the base of the Moonstone rhyolite porphyry at

Cleveland triangulation station is 1,100 feet (MS 15)-

A turtle, identified as Stylemys cf. nebrascensis by J. A.

Wilson, was found about 500 feet below the top of Tsl, at locality 48.

The indicated age is Oligocene? (BEG UT 40190-1).

Near Capote Peak, the base of Tsl is at the top of the rhyo

lite member of the Vieja formation. In the Pinto Canyon area, the

rhyolite is missing and the upper tuff of the Vieja cannot be distin-

guished, so the base of Tsl is at the top of the ignimbrite member of

the Vieja formation. From about one mile SE of I/sma Plata to just

north of Marfa-Ruidosa road, Tsl rests with angular unconformity on
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beds of Comanche Cretaceous age. The upper contact in northern

exposures is at the base of the Moonstone rhyolite porphyry or por-

phyritic rhyolite ignimbrite. A persistent bed of brownish gray sand,

up to 150 feet thick, overlain by as much as 50 feet of reddish brown

silt, crops out below the Moonstone. The lower part of Tsl is harder

than the upper part, with blockier joints. Slopes typically expose

white tuff with red bands below some of the bedding planes, and

igneous-pebble to -boulder conglomerate lenses up to 10 feet thick.

Ts 3 rhyolite and rhyolite ignimbrite, and Ts 2 trachyte, progressively

replace the upper part of Tsl (fig. 9)> so that at Cleveland triangu-

lation station the unit is feet thick (MS 15)*

From the latitude of Capote Peak to the latitude of Lorna

Plata, the Ford Ranch siltstone member separates the upper and lower

parts of Tsl. The Ford Ranch member is pale red purple to dark

yellowish orange, hard, minutely cross-bedded, well-sorted, angular

siltstone (sanidine arkose) with blocky joints. It crops out in a

dark red cliff from two to kO feet high. Locally there are beds of

sandstone containing rare granules. The unit pinches out on the fore-

slope of Capote Peak, thickens to a maximum near the Ford Ranch house,

and pinches out where Sandiguela Creek leaves the Ford Ranch Basin.

The Ford Ranch siltstone is here named for the Ford Ranch; the best

exposures are near Nixon Falls (MS 14-).

Glassy tuff breccia and conglomeratic tuff crop out north-

ward from the Dipper Ranch headquarters for several miles. This under'

lies Ts 2 and may be correlative with Tsl; it was mapped as Tsl.
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Ts 2 trachyte.Ts 2 trachyte. - Unit Ts 2 is medium purplish gray to grayish

red, plagioclase trachyte porphyry and vitrophyre (TS A-7, A-l4). It

has three modes of weathering; irregular cliffs formed on lenticular

lenses of breccia (PI. 11), well-marked platy and tabular jointing in

massive lava, and pink, lavender, and gray soil as much as 50 feet

deep on both breccia and massive lava. The .color, weathered pheno-

crysts up to 3 m long, and modes of weathering are characteristic.

The thickness is about 400 feet (MS 15, Beds 5-6); Ts 2 pinches out

2-1/4 miles KE of Cleveland triangulation station (PI. l). The unit

is composed of a myriad of separate tongues of breccia and massive

lava, all nearly identical in appearance and composition. Ts 2 over-

lies tuff above the Ford Ranch siltstone in the northeastern outcrops,

red and white tuff in MS 15, and various Comanche beds to the south.

It is overlain by Ts 3 rhyolite ignimbrite and by lenses of cobble con-

glomerate up to 50 feet thick. At locality 33 there is a lens of

cobble- and boulder-conglomerate about 100 feet thick in the upper

third of Ts2.

Three or four elliptical vents, filled with fragments of

"black vitrophyre in a matrix of light brownish gray, pumiceous tuff,

occur in the upper part of Ts 2 on the spur that the county road

descends into Pinto Canyon. These may be associated with the eruption

of Ts 2 or with the complex intrusions to the southeast.

Ts 3 rhyolite.Ts 3 rhyolite. - Unit Ts 3 is composed of two separate lava

flows. The lower is pale grayish red, pale brown, or brownish gray,

partly crystalline, slightly porphyritic, dense rhyolite ignimbrite
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with subconchoidal fracture and pronounced flow structure; the upper

is brownish gray to grayish red, partly crystalline, vesicular to

dense, slightly porphyritic, extremely fine-grained rhyolite with un-

even to subconchoidal fracture and pronounced flow structure. Ts 3

crops out below the Moonstone rhyolite porphyry from about the north

boundary of the Pinto Canyon area to the Petan Ranch house; from that

point to the bed of Pinto Creek, it is overlain by Quaternary(?)

gravel; and along upper Pinto Creek Ts 3 is overlain by tuff and con-

glomerate of Tss with from 10 to 30 degrees angular unconformity

(pi. 1, fig. 9).

Typically, the thickness of the unit is about 70 feet. The

ignimbrite and lava spread over a nearly flat surface with small,

gentle hills. One of the buried hills is fairly well exposed one mile

NNW of the Petan Ranch house and one and one-half miles ESE of Cleve-

land triangulation station. Ts 3 is missing for about a half a mile

around the rim; the conglomerate between Ts 3 and the Moonstone in

MS 15 (Beds 10-13) is missing; and the Moonstone is thinner than nor-

mal.

Ts 3 closely resembles Rix’s (1953) Unit T 3 of the Morita

Basin volcanic series, which he correlated with the Mitchell Mesa

rhyolite ignimbrite.

The lover flow (TS A-11, A-96, A-97, A-101, A-102) is com-

posed of parallel shards in a fine- to micrograined matrix, with abun-

dant inclusions and crystalline areas that look like smeared inclusions
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different levels and different localities. The upper flow ranges from

dense lava to vesicular pumiceous glass, but is uniform in composition

from bottom to top and place to place. It has more crystalline areas

which superficially look like smeared xenoliths than the lower flow,

with few shards (TS A-94, A-95, A- 98, A-99, A-100, A-103, A-115, A-116,

A-117). Samples were taken at the base, middle, and top at locality

34. The lower (TS A-115) has well-rounded lava cobbles in lenses, but

is microporphyritic rhyolite with zones of abundant shards; the middle

(TS A-116) is typical vesicular rhyolite; and the upper (TS A-117) is

pumiceous, porphyritic glass. The upper flow of Ts 3 everywhere has a

micrograined groundmass of alkali feldspar (n less than 1-54), with

abundant crystalline areas in long, sweeping curves, and scattered

phenocrysts of sanidine-anorthoclase.

Ts 4 breccia.Ts 4 breccia. - Ts 4 breccia crops out in the NW bank of Pinto

Creek behind the Government trapper's house, and upstream (ENE) along

the tributary that joins Pinto Creek about 25 yards below the house.

Exposures are sporadic over several acres; the aggregate exposed

thickness is less than 30 feet. The grayish brown rock has angular to

subangular fragments of Permian rocks, up to pebble size, in a matrix

of silt also derived from Permian rocks. It contains scattered frag-

ments of white to yellow vitrophyre with phenocrysts of sanidine and

quartz. It is intruded by dikes of similar rock, part of the Ta 2 X

mass.

76
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The base is not exposed, but Ts 4 is probably underlain by

the Yucca and Bluff formations. Relations with the overlying beds are

obscured by numerous intrusions, erosions, and alluvium. Ts 4 is the

result of deposition in the valley of a stream which had cut through

the Cretaceous strata on the crest of the Pinto Canyon anticline. The

anticline was dissected as deeply then as now, by radial streams in-

stead of through-flowing ones. Tsk is pre-upper Shely series in age,

and may be as old as the Jeff conglomerate.

Ts 5 tuff.Tss tuff. - Tss tuff, conglomerate, and vitrophyre crops out

southward from the head of Pinto Creek along the east wall of Pinto

Canyon to the Terry Shely ranch house, and from there along the Shely

Rim to the Fred Shely ranch house. Along Pinto Creek the basal one-

third of Tss is very pale green to very light gray, thin-bedded, con-

glomeratic, calcareous tuff. This is overlain by a wedge of evenly

thick-bedded, ledge-forming conglomerate composed of pebbles, cobbles,

and boulders of igneous rock in a matrix of tuffaceous sand. The

upper one-third is very light gray to white, thin-bedded, conglomeratic

tuff. The conglomerate is thickest along Pinto Creek near MS 16 (375

feet); it wedges out rapidly westward against the underlying, steeply-

dipping Ts 3 rhyolite, and passes southward into thin- to medium-bedded,

light gray, conglomeratic tuff. Northward the conglomerate pinches

out gradually; near the head of Pinto Canyon white to light yellow

vitrophyre occurs in approximately the same position within Tss-

- gray to medium dark gray perlite occurs locally at the top of

Tss; several units of brownish gray perlite, total thickness about 100
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feet, crop out in this stratigraphic position near locality 35. In

MS l 6 a hornito(?) of banded pale red and very light gray, spherulitic,

sanidine-bearing, vitrophyre flow breccia and micrograined lava crops

out. These local glasses are probably closely related to the Allen

intrusive complex (see below).

The conglomerate wedge of Tss probably was an alluvial fan

made up of debris dumped into a structurally and topographically low

area from northern and western sources. Ts 3 rhyolite has a maximum

dip of 30 degrees under the conglomerate; the maximum measured dip of

basal beds of the conglomerate is 20 degrees, while conglomerate beds

200 feet above are nearly horizontal.

The major rock types in cobbles in the conglomerate are:

streaked yellowish gray and light grayish red, glassy, xenolithic,

sanidine rhyolite with excellent flow structure (A-104); medium gray,

coarsely porphyritic, plagioclase trachyte (A-105); light brownish

gray, coarsely porphyrytic monzonite (A-lOo); grayish red purple,

partly crystalline, rhyolite ignimbrite with prominent flow structure

(A-107); medium light gray, dense, finely porphyritic, plagioclase-

bearing rhyolite (A-108); pale red purple, very fine-grained, sanidine

anorthoclase trachyte (A-109); and white and black perlite vitrophyre.

These rocks are similar in composition to lavas in the Pinto Canyon

and Candelaria areas. Many look like Ts 3 rhyolite and ignimbrite, but

the others do not closely resemble igneous rocks in the Pinto Canyon,

Shafter, and Candelaria areas. The source beds for the conglomerate

have been either eroded away or buried, though some may crop out on

the east-trending part of the Cuesta del Burro.
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Ts 6 ignimbrite.Ts 6 ignimbrite. - Ts 6 is medium brownish gray and medium

grayish red rhyolite ignimbrite (Ts A-12, A-23). It is hard, dense,

xenolithic, very fine-grained, porphyritic, and slightly vesicular.

It is easily recognized by abundant angular fragments of very light

gray, very fine-grained trachyte(?), up to one-half inch long. Known

outcrops of Ts 6 are east of Pinto Creek, on the north-trending plateau

between the Fred Shely ranch house and the arroyo through which the

Marfa-Ruidosa road descends the inface of the Cuesta del Burro. The

Shely Rim and the rimrock west of the Dipper Ranch headquarters are

formed by Ts 6 ignimbrite. There are three members in the Shely Rim;

the middle has a brownish matrix, while the lower and upper members

are reddish. The thickness in most places is 200 to 250 feet.

Ts 6 is the same as the lower part of Rix's (1953) Unit T 4 of

the Morita Basin series, which is xenolithic, anorthoclase-bearing

rhyolite.

Ts 7 ignimbrite.Ts 7 ignimbrite. - Ts 7 crops out in six patches along the

southern Shely Rim and the rimrock west of the Dipper Ranch headquar-

ters. It forms slopes and ledges, and is probably composed of several

flow units. The rock is medium brownish gray, pale brown, grayish

orange pink, and pale red, hard, dense, partly crystalline, slightly

porphyritic, very fine-grained, rhyolite ignimbrite (TS A-110, A-120,

A-121). The maximum thickness is approximately 75 feet. Ts 7 closely

resembles Ts 3 and Rix's (1953) Unit T 3 of the Morita Basin volcanic

series.



80

Ts 8 spherulitic rhyolite.TsB spherulitic rhyolite. - TsB crops out on three hills on

the southern Shely Rim and the rimrocks west of the Dipper Ranch head-

quarters. It forms cliffs on the rim faces, and gentle slopes behind.

The rock has excellent flow banding, colored medium bluish gray and

green-speckled yellowish gray; it is dense to pumiceous, slightly por-

phyritic, spherulitic, aegerite-bearing rhyolite (TS A-17, A-111).

The maximum thickness is approximately 250 feet.

Moonstone Rhyolite

The Moonstone rhyolite is the resistant bed that holds up

the southern Tierra Vieja (Capote Mountain Rim) and the north-trending

part of the Cuesta del Burro. It crops out from the north side of

Pinto Creek, nearly to U.S. 90 between Marfa and Valentine (R. K.

DeFord, oral communication). The rock is very light brownish gray,

hard, dense, porphyritic, slightly vesicular, glassy rhyolite with sub-

conchoidal fracture and fair flow structure (TS A-sa, A-13, A-81, A-83)

Phenocrysts are sanidine rhombs up to k mm long with blue opalescence,

and glassy quartz in subequant grains up to 2mm across. The great

majority of inclusions are dark vitrophyre with uneven fracture

(TS A-84, A-85); phenocrysts 3 "to 8 mm long are laths and subequant

crystals of alkali feldspar. The inclusions are pulled out parallel

to flow lines in the lava, and range up to 6 inches long. The thick-

ness of the Moonstone is about 250 feet in most outcrops, though it

thins over a buried hill one mile NNW of the Petan Ranch house and

one and one-half miles ESE of Cleveland triangulation station.
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The Moonstone rhyolite is here named for its abundant sani-

dine phenocrysts with blue opalescence, which give the rock a very

distinctive appearance. The type locality is the east wall of the

canyon west of Cleveland triangulation station (MS 15, Beds 14-15).

The basal part of the Moonstone on the hill northwest of the

Ford Ranch house is flow breccia. The upper part at Cleveland tri-

angulation station weathers like tuff (Bed 15, MS 15), but is not even

a welded tuff; it is micrograined lava (TS A-82). McGrew (1955)

termed the Moonstone an ignimbrite because most thin sections from the

Candelaria area showed abundant welded shards. There are probably

several flow units with the same composition and field appearance but

different microscopic textures. Four thin sections collected from

bottom to top of the unit at the type locality (TS A-13a, A- 83, A-82,

and A-8l in ascending order) showed no ignimbrite intercalation at

this point.

The Moonstone rhyolite porphyry overlies Ts 3 rhyolite., with

local lenses of conglomerate between. It is overlain by the Petan

trachyte with local remnants of other lava flows between. Near Lat.

30
O
o4’, Long. 104°27' )

the unit overlies Ts 3 and is in horizontal,

nearly straight-line contact with Ts 6 ignimbrite; probably the Moon-

stone was deposited in a wide, flat-bottomed valley cut into Ts6. The

Moonstone nowhere overlies Tss tuff and conglomerate, but there are no

pebbles of Moonstone rhyolite in Tss; the Moonstone is probably younger

than all units of the Shely volcanic series.



Petan Trachyte

The Petan trachyte crops out on the backslope of the South-

ern Tierra Vieja (Capote Rim) from about latitude 30°05'N northward

almost to Capote Mountain; and on the backslope of the Cuesta del

Burro for an unknown distance. It forms high, steep, dark hills where

eroded by Capote Draw drainage, and local cliffs on the Rim face

(PI. ll). An exposed thickness of about 500 feet is built up of len-

ticular flow units from two to 150 feet thick. The formation is the

"Brite lava" of unpublished Master's theses on the Candelaria area.

It overlies the Moonstone rhyolite in most places, with occasional

remnants of other flows between.

The Petan is here named for the Petan Ranch, which includes

large outcrops of the unit. The type locality is the steep hill upon

which is Cleveland triangulation station (MS 15)*

Most flow units of the Petan are dark gray or dark brownish

gray, tough, vesicular, porphyritic, fine-grained, plagioclase trachyte

weathering dark brown to dark gray. A flow remnant at locality 36 is

reddish brown, with abundant spheroidal calcite anygdules. The com-

position (TS A-86) is the same as that of typical dark gray rocks.

Several remnants of olive gray, tough, plagioclase trachyte porphyry

with slabby joints (TS A- 87, A-91) and dark gray, olivine trachyande-

site porphyry (TS A-80) occur as buried hills in the base of the Petan

(locality 49). The reddish brown phase of the Petan indicates that

the Petan may have been continuous with the reddish-brown unit of the

Chinati Mountain volcanic series (Tcs trachyandesite). The two have
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Plate 12 - Photomicrograph of "worm-eaten” plagioclase

from the Petan trachyte (W. J. MeGrew, Fall, 195*0-

Note distinct twinning in clear core, and faint albite

twinning in "worm-eaten" rim.
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nearly identical composition, but no clear evidence is available to

definitely equate them.

Typical feldspar phenocrysts of the Petan have clear, un-

altered, twinned, lath-shaped cores, surrounded by wide, sub-

equant, "worn-eaten", obscurely Albite-twinned areas (PI. 17), thinly

armored by alkali feldspar, which also lines the "wormholes". The

well-twinned centers have a composition of the outer plagioclase

has a minimum An content of 30 per cent. "Wormholes" are roughly

aligned with cleavage, and are filled with black, crypto-grained

groundmass material. Many grains have large augite, ore, and apatite

inclusions. Characteristic pyroxenes of the Petan are augite (pale

dark green, in part slightly pleochroic, coarse cleavage, 2nd order

birefringence, ZAc at least 40 degrees, biaxial (/), 2V = 45-60°)

and rare optically negative clinopyroxene (pleochroic pale brown to

pale dark green, fine cleavage, Ist order gray to yellow birefringence,

ZAc to 17 degrees, biaxial (-), 2V moderate). The groundmass is com-

posed of armored calc-alkalic plagioclase laths, in black, crypto-

grained material. Accessories are very abundant.

Chinati Mountain Group

The Chinati Mountain group, composed of plagioclase trachyte,

rhyolite, and tuff, crops out south of the Shely fault, forming the

Chinati Mountains. It was named by Rix (1953)j the type locality is

"at the base of the east scarp of the mountains, 1-1/2 miles west of

the Cibolo Ranch headquarters” (p. 118). In the present paper the
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Chinati Mountain group is expanded to include 1,500 feet of plagio-

clase trachyte and tuff which are probably older than the lowest unit

at the type locality, and a local basal conglomerate unit. The total

thickness is over 3,500 feet. Where the base is exposed, the Chinati

Mountain group overlies Comanche strata; it is in fault contact with

the Shely group.

Dark plagioclase-bearing trachyte comprises about two-

thirds of the Chinati Mountain group; its composition is remarkably

similar from bottom to top. Apatite in fat subphenocrysts is abundant,

as are ores and other accessories. Many plagioclase phenocrysts are

un-twinned and un-zoned, "worm-eaten'1 in a finely reticulate network;

this group averages larger than another type, which is well twinned,

in part zoned, and is not "worm-eaten". All are armored with alkali

feldspar. Plagioclase forms about 3° per cent of the rock, alkali

feldspar 60 per cent, and ores, apatite, and other accessories the

rest.

Tc l conglomerate.Tcl conglomerate. - The conglomerate is exposed along the

north side of a major tributary to Pinto Creek, from the Prieto ranch

house to the base of MS 7 (PI. l). It has boulders, cobbles, and

pebbles of Comanche limestone (mostly from the Bluff formation) in a

matrix of sand, silt, and clay, also derived from Comanche beds. The

exposed thickness is over 100 feet. The conglomerate unconformably

overlies the Yucca formation, and underlies lava Tc-

Tc 2 trachyte.Tc 2 trachyte. - Unit Tc 2 is composed of dark (reddish), por-

phyritic, very hard to easily weathered, amygdaloidal, very fine-
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grained plagioclase trachyte (TS A-112) interbedded with greenish,

fine- to coarse-grained, conglomeratic tuff. It crops out northeast

of the Juan Morales ranch house, dipping eastward under Tc 3 plagio-

clase trachyte. The estimated exposed thickness is 500 feet. Tc 2 may

be the same unit as Rix's (1953) T 5 quartz trachyte, which contains

phenocrysts of plagioclase.

Tc 3 trachyte.Tc 3 trachyte. - Tc 3 crops out north and northeast of West

Chinati Peak, south of the Shely fault. It is composed of lava flows

with associated intrusions (Ti4). The lava is medium to dark gray, x

light to dark olive gray and dark greenish gray, porphyritic, very

hard and tough to deeply weathered, very fine-grained, plagioclase

trachyte and trachyandesite weathering reddish (TS A-128, A-130, A-132,

A-133> A- A-135, A- 136, A-137; A-I38). Individual cliff-forming

units are indicated on Plate 1. Tc 3 is underlain by Tc 2 NNW of West

Chinati Peak; by the upper member of the Bluff formation north of West

Chinati Peak and south of the Prieto ranch house; and by Tel along the

south bank of a tributary to Pinto Creek, from the Prieto ranch house

to the base of MS 7. It is overlain by in several places north of

the saddle between Chinati and West Chinati peaks. The thickness is

about 1,000 feet.

Rocks of Tc 3 have plagioclase phenocrysts 0.2 to 4.0 ram long

in a groundraass of crystals 0.05 to 0.2 ram across. One group of pheno-

crysts are rounded, deeply reticulate and '’worm-eaten", armored by

alkali feldspar, and composed of untwinned, unzoned plagioclase with
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an approximate An content of 40 per cent. Another group, which has a

smaller average size, has euhedral, zones, twinned crystals, not "worm-

eaten", and armored by alkali feldspar. Most alkali feldspar is in

equant, interlocking groundmass grains. Apatite, in fat subphenocrysts,

is abundant. One group of rocks has up to 10 per cent pale dark green

augite, and magnetite-ilmenite only in the groundmass; the other has

no clinopyroxene, and magnetite-ilmenite in both small phenocrysts and

groundmass. A secondary mineral makes up as much as 10 per cent of

the rock; it is fibrous to amorphous, slightly pleochroic olive green,

yellow-brown under XN, with n> and apatite, in spherulitic ag-

gregates and vug fillings.

Rare pebbles and cobbles of milky vein quartz (pre-Cambrian?)

occur in the lowest flow unit south of the Prieto ranch house; other

flow units have veins and amygdules of clear, singly-terminated quartz

crystals up to four inches long.

Tc 4 rhyolite.rhyolite. - Tc 4 forms the lower cliffs of Chinati Peak;

good exposures occur south of the Fred Shely ranch house. It is light

brownish black, irregularly porphyritic, fine-grained rhyolite, with

sanidine-anorthoclase phenocrysts up to 1 cm long, and xenoliths of

reddish felsite porphyry (TS A-6). Tck is the unit Rix (1953) called

Unit Tb soda rhyolite. There are many thick, cliff-forming flows; the

total thickness may be 500 feet. rhyolite overlies Tc 3 plagio-

clase trachyte, and underlies Tcs plagioclase trachyte.



87

Tc 5 trachyte.Tcs trachyte. - Tcs forms most of Chinati Peak; good expos-

ures occur southeast of the Fred Shely ranch house. It is composed of

many thick flow units of reddish brown to grayish black, porphyritic,

dense to slightly vesicular and amygdaloidal, hard, tough, very fine-

grained plagiociase trachyte (TS A-ll4) and vitrophyre (TS A-113)-

Tcs is the unit that Rix (1953) called Unit T 7 olivine augite andesine

trachyte; he gave an approximate thickness of 930 feet. Tc 7 may be

correlative with the Petan trachyandesite, but definite field evidence

is lacking at present.

Feldspar phenocrysts, up to 4 mm long, have slightly "worm-

eaten", finely-Albite-twinned plagioclase centers, surrounded and

placed by finely-reticulate and "worm-eaten" intergrowths of plagio-

clase and alkali feldspar; alkali feldspar also armors the pheno-

crysts. Fhenocrysts of slightly pleochroic, pale dark green clino-

pyroxene are common, as are fat apatite crystals up to Imm long. The

groundmass is alkali feldspar and magnetite-ilmenite; grain size is

0.03 mm.

Tc 6 rhyolite.Tc 6 rhyolite. - Tc 6 does not crop out in the Pinto Canyon

area; it is Rix’s (1953) Unit T 8 soda rhyolite, cropping out only in

the central part of the Chinati Mountains.

INTRUSIONS

The many intrusive bodies in the Pinto Canyon area range in

size from dikes a few inches wide to the 27-square-mile West Chinati

mass, and in composition from granite and rhyolite, through trachyandesite,
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to iddingsite basalt. Mapping of these bodies was concerned mainly

with recognizing different rock types in the field in order to deline-

ate their boundaries. Where fresh rock was obtainable, the more im-

portant or noticeably different ones were thin-sectioned.

West Chinati Intrusion

The West Chinati intrusion is six miles long and six miles

wide, with an area of at least 27 square miles (PI. 1). It is com-

posed of at least two major rock types: an inner core of speckled yel-

lowish gray, porphyritic, fine-grained, plagioclase-bearing granite;

and an outer rim of mottled light olive gray and dark gray, medium- to

coarse-grained, plagioclase-bearing rock. The granite has the larger

volume; it forms the very steep, bare-rock knobs of West Chinati Peak

(el. 13).

The largest mass (c_. 10 square miles) of the dark outer rock

is in San Antonio Canyon, where it gently arches Tc 4 rhyolite and Tcs

trachyte. The lower units of the Chinati Mountain group are not vis-

ible there; presumably they were absorbed by the intrusion. The can-

yon is cut in a phase of the rock that weathers deeply to large spher-

oidal balls composed of coarse feldspar sand. Rix (1953) described

this phase of the intrusion as hornblende-magnetite-gabbro. Radial

and concentric dikes of light-colored granite cut the dark rock through'

out San Antonio Canyon.

On the northern and northeastern sides of West Chinati Peak

the lower members of the Chinati Mountain group are cut sharply by the



Plate 13 - View southward from outcrops of the Pinto

Canyon formation north of Pinto Creek, showing West Chi-

nati Peak, Tc 2 trachyte, and the highest remnant of Qg2

terrace.



89

West Chinati intrusion. There, the dark outer intrusion is thin; it

is composed of medium-grained, plagioclase-bearing quartz syenite.

Dikes of light-colored granite cut the country rock in several places.

Granite of the central mass (TS A-127) is very similar to

granite of the dikes (TS A-126); it is xenomorphic, composed of pheno-

crysts 2-8 mm in diameter, in a groundmass with grains 0.1 to 0.5 mm

in diameter. Phenocrysts are micro-antiperthite and microperthite of

K feldspar and calcic oligoclase groundmass feldspars are

bubbly-altered K feldspar, a small amount of microperthite and micro-

antiperthite (K feldspar and sodic to calcic oligoclase), and a small

amount of oligoclase in unaltered, subhedral,^-kite-twinned grains.

Quartz is abundant; pale green, slightly pleochroic augite is present,

mostly altered to a fibrous, micaceous mineral with second-order

interference colors. Accessories are apatite, ores, and tiny acicular

and subequant, non-opaque grains. The rock is 10-15 per cent quartz,

5-10 per cent oligoclase (ave. An
20 _

70-75 per cent feldspar, and

5 per cent other minerals; it is an alkalic granite porphyry.

The outer rim on the northeastern side of West Chinati Peak

is quartz-syenite, at least near the granite (TS A-129). The rock is

porphyritic, with a hypautomorphic (approaching xenomorphic) texture;

composite phenocrysts range to 8 mm, though most are about 3 mm in

diameter, in a groundmass with grains about 0.15 03111 in diameter.

Phenocrysts consist of Albite-twinned plagioclase some have

very irregular, corroded cores with a more sodic outer zone, and
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resemble perthite. Some are zoned in the usual manner, to

all are armored with K feldspar. Groundmass feldspar is almost en-

tirely K feldspar, deeply bubbly-altered in irregular patches which

are, in general, aligned with cleavage. Pale green, slightly pleo-

chroic augite is 10 per cent of the rock; quartz, in part micrographic,

with a tendency toward skeletal crystals outlined by small grains in

uniform optic orientation, is 5-10 per cent of the rock. Accessories

are apatite, ores, and tiny acicular and subequant non-opaque minerals.

The rock is 5-10 per cent quartz, 10 per cent augite, 15 per cent

plagioclase 6O-65 per cent K feldspar, and 5 per cent access-

ories; it is a calc-alkalic quartz syenite porphyry.

A large dike runs from the northeastern side of West Chinati

Peak, through a high hill capped by Tc 4 rhyolite porphyry, into the

northwestern side of Chinati Peak. It cuts the entire thickness of

Tc 3 plagioclase trachyte, and at least the lower flows of Tc 4 rhyolite.

The rock is quartz-rich rhyolite with a few phenocrysts of plagioclase

and rare pale green augite (A-143); it is probably a late phase of the

West Chinati granite.

Allen Complex

The Allen intrusive complex (new name), composed of rhyolite

porphyries, vitrophyres, perlite, glassy breccias, and some sedimen-

tary breccia (Table i), crops out at several places between Big Red

Hill, the Shely Rim, and Cleveland triangulation station. Most of the

rock types of the complex crop out in the belt of intrusions which
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trends WSW-EKE, south of the Old Allen Place (PI. l). Many contacts

between units of the Allen complex, and contacts with older sediments,

are sharp, nearly vertical surfaces; along many contacts the more

resistant rock stands in a vertical wall. The complex of intrusions

is younger than Tcs tuff, but may be older than Tc 6 ignimbrite.

The Allen intrusive complex is named for the Old Allen Place,

just north of the largest belt of intrusions.

Tal sanidine rhyolite porphyry forms three stocks which rise

1,500 feet above the surrounding sedimentary rocks. These are on a

curved line, nearly parallel to the axis of the Loma Plata anticline

and four and one-half to five miles away (PI. l). A large part of the

northernmost stock is not resistant to erosion, but crops out only in

creek beds which are cut through an extensive alluvial cover; the south

western portion is very resistant. The resistant portion surrounded a

large mass of the Cox formation without disturbing the orientation or

metamorphosing the rocks. The southernmost stock cuts Ts2, Ts3, and

Tss, as well as Comanche strata. Typical Tal rock is pale grayish red

to grayish orange, slightly vesicular, sanidine rhyolite porphyry com-

posed of rounded and embayed phenocrysts of quartz, and euhedral pheno-

crysts of sanidine, up to 4 mm across, in a spherulitic, and granophy-

ric or hypautomorphic, very fine-grained groundmass of alkali feldspar

and quartz (TS A-22, A-lkQ). Two small stocks which cut Tss SE of the

Terry Shely ranch house are provisionally included with Tal; their

rocks are medium gray and brownish gray, sanidine- and quartz-bearing
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cryptograined porphyries. The one at locality 56 is strikingly micro-

spherulitic (TS A-142).

Ta 2 oligoclase rhyolite crops out in a large mass SE of the

government trapper’s house* The mass is composite, formed of many

separate intrusive bodies, both resistant and non-resistant to weather-

ing* A resistant portion of Ta 2 directly across the Marfa-Ruidosa

road from the trapper’s house (Organ Pipe Hill), has excellent verti-

cal jointing and many shallow caves which early Indians used as shel-

ters. Typical Ta 2 rock is very pale red purple to pinkish gray or

light yellowish gray, oligoclase rhyolite porphyry composed of embayed

phenocrysts of quartz and euhedral phenocrysts of Oligoclase jg)

and sanidine, to 4 mm across, in a micrograined to very fine-grained

groundmass of quartz, alkali feldspar (some of which is plagioclase),

and non-opaque accessories (TS A-8, Near the contact with

Ta 2 has fewer phenocrysts, in a micrograined to nearly glassy ground-

mass (TS A-149). Ta 2 cuts Comanche strata and Tc4*

Ta 3 rhyolite crops out at several localities south of the

Marfa-Ruidosa road. Two color phases are evident: very light gray to

light yellowish gray, and pale to moderate red. is easily recog-

nized by the intense flow structure, which gives the rock the appear-

ance of petrified wood or schist, and by the lack of phenocrysts. It

is intrusive in the form of dikes and plugs in most places; near local-

ity 60 it may be in either a sill or a flow. The flow structure is

vertical at most places, though in a high hill at locality 40 the

gross lines seem to roll. The rock is very fine-grained, slightly

vesicular, granophyric intergrowth of alkali feldspar and quartz
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(TS A-9, A-151). Ta 3 cuts the upper member of the Bluff formation

irregularly, though the contact is nearly vertical. The contacts with

Ta 2 porphyry are vertical; Ta 3 rhyolite seems to cut Ta2, though the

relative ages may be the reverse.

The other rocks of the complex are briefly described in

Table I. The several bodies of Ta 4 breccia and Tas breccia shown on

Plate I have varying topographic expressions , though rock types inter-

grade .

Other Intrusions

Many small intrusions, of diverse composition and occurrence,

are exposed in the Pinto Canyon area. These rocks were not studied in

detail because of poor outcrops and because of their diversity; most

were not thin-sectioned.

Dark dikes (Til) follow many of the early Tertiary faults

and joints in Permian and Comanche beds; the common strike is N2OE.

Several are well exposed in Pinto Creek, where they cut the Alta forma-

tion. Two types of dikes were recognized; those easily weathered to

loose, dark greenish material: and those resistant to weathering, which

form low ridges in creek beds. The thickness varies irregularly from

a few inches to several feet; in vertical section most dikes fork and

branch. An irregular dike at the fourth creek crossing of the Marfa-

Ruidosa road is composed of dark gray, hard, tough, slightly porphy-

ritic, fine-grained trachyandesite, which weathers red (TS A-139)«

Some may be more siliceous; soft-weathering dikes at localities 42 and



TABLE I - ALLEN INTRUSIVE ROCKS

Unit Field Appearance Occurrence Age Relations

Tal sanidine

rhyolite por-

phyry

Light yellow, light
gray, or pale gray-

ish red; pheno-
crysts of sanidine
and quartz to 4 mm

in a cryptograined
groundmass.

Resistant stocks
to l/4 mile wide

that stand as

much as 750 feet

above surround-

ing rock.

Cuts Comanche

beds and Ts5
tuff; probably
younger than

most Allen in-

trusions.

Ta2 oligoclase

rhyolite por-

phyry

Very pale red,
pinkish gray, or

light yellowish
gray; phenocrysts
of plagioclase,
doubly-terminated
quartz, and sani-

dine in a crypto-
grained matrix.

Irregular masses

to 1 mile long,
stocks to 1/4
mile wide, and

irregular dikes;
in part resist-

ant, with excel-

lent columnar

joints.

Cuts Comanche

beds and Ts4

breccia.

Ta3 rhyolite Very light yellow-
ish gray, or pale
to moderate red; no

phenocrysts; in-

tense flow struc-

ture gives the

appearance of

schist or petrified
wood.

Irregular, pod-
like dikes, plugs
to 3/5 mile wide,
and sills to 100

feet thick; re-

sistant.

Cuts Comanche

beds; is in

vertical con-

tact with Ta2

porphyry, and

probably cuts

it; cuts Ta9
breccia.

Ta4 breccia White, micrograined Irregular dikes,
matrix enclosing plugs, and masses,

angular fragments both resistant

of pale red, streaked, and non-resist-

cryptograined rock ant.

to 5 cm.

Cuts Tc5 tuff;
some bodies of

Ta4 cut each

other; Ta4 in

part cuts and

in part grades
into Ta5«

Ta5 rhyolite
breccia

Grayish purple to

brown, streaked,
spherulitic,
cryptograined
breccia.

Irregular masses

to 200 yards
across, both re-

sistant and non-

resistant.

Cuts Tc5 tuff;
some bodies of

Ta5 cut each

other; some

masses cut Ta4,
others grade
into Ta4.



TABLE I (cont.)

Unit Field Appearance Occurrence Age Relations

Ta6 vitrophyre Black, porphyritic
pitchstone with flow

lines on weathered

surfaces; sanidine

phenocrysts to 6 mm.

Dikes to 30 feet

across and 200

yards long.

Cuts Ta2 porphyry,
Ta4 breccia, and

Ta9 tuff breccia;
in one place rims

a mass of Tal.

Ta7 perlite Striped brown and

green with zones of

cryptograined rhyo-
lite and black and

white, glassy brec-

cia.

Irregular masses

to 100 yards
across.

Cuts Comanche

beds; may be a

border phase of

Ta3 rhyolite.

Ta8 breccia Angular fragments
of very fine to

micrograined, light
colored igneous rock

in a reddish, micro-

grained matrix; some

fragments are

biotite-rich.

Dike about 100

feet wide and 100

yards long.

Cuts Tc2 trachyte

Ta9 tuff brec-

cia.

Yellowish gray to

greenish, steeply
dipping beds of

sedimentary breccia

composed of frag-
ments of Permian

rocks, Ta2, Ta3,
and chalcedony in

a clay- to sand-

sized matrix.

Crops out within

the belt of in-

trusions south of

the Old Allen

Place, and is en-

closed by Allen

intrusions•

Overlies Ta4

breccia; is cut

by Ta3 rhyolite
and Ta6 vitro-

phyre.
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4-3 have silicified the enclosing Permian and Cretaceous limestones. A

medium dark gray, fine-grained dike at locality 4l contains large,

glassy quartz grains (which may be sand). A dike near the base of MS 1

contains abundant black needles of a pyrobole. The Til dikes may be

closely related to the Chinati Mountain group, and perhaps to the West

Chinati intrusion.

A sill (Ti2) which crops out near locality kk and north of

the Bienevides Ranch headquarters is composed of dark brownish gray to

dusky red, red speckled, porphyritic, xenolithic, vesicular, slightly

amygdaloidal, fine-grained iddingsite basalt (TS A-14-5). Amygdules

are filled with calcite; xenoliths are angular fragments of the Ford

Ranch siltstone, up to 2 feet long. The sill underlies the Moonstone

rhyolite, with a maximum thickness of about 70 feet.

Southeast of the Bienevides Ranch headquarters, a sill,

stock, and several minor bodies of pale red and very light brown, por-

phyritic, sanidine- and quartz-bearing, very fine-grained rhyolite

crop out (TS A-14A). One of the minor bodies, at locality 57; is com-

posed of streaked very pale yellowish brown and yellowish gray, amygda-

loidal, extremely fine-grained sanidine rhyolite porphyry; some 50 per

cent of the groundmass is a brown, spherulitic secondary mineral, n

less than with first order interference colors. The rock is

probably the same as Tal sanidine rhyolite, but because of geographic

separation, color differences, and the fact that the rock in question

weathers spheroidally, it is provisionally called Ti3*
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Intrusive bodies here called Ti 4 are dikes and irregular

pluglike bodies associated with Tc 3 plagioclase trachyte, near the

Shely Fault (PI. l). The rocks are dark olive gray to medium gray,

plagioclase trachyte porphyry (TS A-128, A-132) with good jointing;

they weather to reddish or brownish spheroidal boulders. In the creek

bed east of the Prieto Ranch house rock of this type cuts white tuff,

with a fossil soil at the top, which is overlain by lava of Tc 3 plagiO'

clase trachyte.

East of the Prieto Ranch house, a U-shaped intrusion about

l/3 mile across crops out (Tis). It is composed of resistant, pale

purplish gray to pale red, micrograined rhyolite breccia that looks

like welded tuff. It contains abundant boulders, cobbles, and pebbles

of Bluff limestone, sedimentary quartzite, rhyolite breccia, and other

rocks. In the creek bed east of the Prieto Ranch house the breccia

fills cracks and joints in the previously mentioned mass of Ti 4

plagioclase trachyte. In large cracks, rhyolite and other rock frag-

ments range to boulder size; hairline cracks are filled with tiny

angular chips.

Intrusive rock type Ti 6 occurs in the Nixon Falls and Loma

Plata laccoliths. The Nixon Falls laccolith was named by Sewell (1955,

p. 58) for Nixon Falls, at Lat. 3° 7'N, Long. 10k 37'W. It covers

more than a square mile, and lies east of the Candelaria Fault (PI. l).

The base rests on tuff below the Ford Ranch siltstone; the top is

partly below, partly above the Ford Ranch siltstone. The Loma Plata

laccolith was named for the Loma Plata mine; the mass apparently
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rests on the ignimbrite member of the Vieja formation, uparching the

Ford Ranch siltstone. The rock is light gray trachyte, with pheno-

crysts of bronze biotite, augite, and alkali feldspar in a very fine-

grained groundmass.

Tertiary History

The history of southern Trans-Pecos Texas during the Tertiary

period is complex. In general, volcanic strata were laid down over

deeply eroded older sedimentarjr rocks, then intruded and faulted.

Structural disturbance during the time of volcanic action was local.

Volcanic rocks throughout much of the region can be traced for long

distances in simple sequences. Near centers of volcanic activity the

successions of strata are very complex; units differ widely in compo-

sition and field appearance, and can be traced for only short dis-

tances. The Pinto Canyon area is on the northern flank of the Chinati

Mountains center; tuff and lava strata extend into the area from the

northern Tierra Vieja. Their source is probably buried under the

Marfa Plateau.

The Laramide orogeny was reflected in the Pinto Canyon and

Shafter areas by broad, open folds and normal faults, in sharp con-

trast to the thrust faults and overturned folds across the Rio Grande

in Mexico and some 15 miles to the north in Texas. Upper Cretaceous

beds were eroded from the Loma Plata anticline, presumably to be car-

ried into the Paleocene Gulf of Mexico. The Loma Plata anticline was

further eroded until canyons were cut through the Finlay limestone



Figure 10. Possible Tertiary Correlations
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into the Cox formation. Permian beds may not have been uncovered at

this time; further study of the Jeff conglomerate is necessary to

settle this question. The widespread but thin Jeff conglomerate is

the earliest post-orogenic deposit in the Pinto Canyon area; it con-

tains only Comanche debris.

Volcanism began here at about the Eocene-Oligocene boundary,

with deposition of tuff, conglomerate, and lava of the Vieja forma-

tion. The beds were laid down over a nearly flat surface, except for

the remnants of the Loma Plata anticline. Conglomerate in the Vieja

formation contains volcanic rocks which are not known to crop out in

the Tierra Vieja, as well as Comanche rocks. Bedding planes in the

Vieja are parallel and beds may be traced for long distance where ex-

posures are nearly complete; the ignimbrite member poured out over a

nearly flat surface with a few small hills, and the rhyolite member

overlies a flat surface. Obviously, there were nearby elevated areas

of volcanic rocks, which were being actively eroded.

The basal Vieja tuff contains fossils of the same age as

those in the Pruett tuff of the Buck Hill volcanic series, and the

rhyolite at the top is very similar to the Crossen trachyte. It is

entirely possible that the Buck Hill units are laterally continuous

with these units of the Vieja formation. The Vieja units pinch out

southward against the Loma Plata anticline, but may well extend under

the Marfa Plateau. A rhyolite lava that flowed more than a few miles

is theoretically difficult to explain, yet the Crossen has nearly con-

tinuous exposures over a straight-line distance, of more than 30 miles,
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and the Vieja rhyolite has a continuous outcrop 25 miles long in the

Tierra Vieja.

Most of the eroded remnant of the Loma Plata anticline was

covered by tuff and lava of the lower portion of the Shely group; Tsl

tuff and Ts 2 plagioclase trachyte fill canyons cut in Comanche strata.

Tsl tuff is conformable with the Vieja formation, and its beds are

parallel; again, volcanic rocks that do not crop out in the Pinto Can-

yon area occur in Tsl conglomerates. In the northern part of the Pinto

Canyon area, the lower portion of the Shely group is entirely tuff,

capped by the Moonstone rhyolite and farther north by Moonstone ignim-

brite. These units bear a striking resemblance to the Duff tuff and

Mitchell Mesa ignimbrite of the Buck Hill volcanic series.

Tsl tuff is replaced southward by Ts 2 plagioclase trachyte

and Ts 3 rhyolite, with local beds of conglomerate. These two layers

of lava rock are the earliest assignable to the Chinati Mountain vol-

canic center. The probable source of Ts 2 is immediately north of the

Dipper Ranch headquarters. The source of Ts 3 is unknown; it occurs in

the southeastern part of the Upper Cibolo Basin, and probably spreads

over a wide area. The lower portion of the Shely group is very thin

in some places near the Terry Shely ranch house, and this thinning is

clearly the result of deposition on a hilly surface. From this and

other evidence, it seems certain that the topographically highest part

of the anticlinal uplift was south of Pinto Creek, as was the struc-

turally highest part. Hie present low topographic position of this



99

part of the uplifted area was effected partly by erosion and partly by

faulting.

After deposition of the lower portion of the Shely group, a

deep, local, structural and topographic basin formed near the Terry

Shely ranch house. Into this hole poured debris from erosion of vol-

canic rocks to the northwest, north and northeast. A thick alluvial

fan was formed over the eroded remnants of the lower portion of the

Shely group in the lowest portion of the basin; evenly-bedded tuff

built up around the fan, eventually covering it. of the pebbles,

cobbles, and boulders xn the fan are from Ts 2 and Ts3, but well over

half are from rocks which do not crop out in the Pinto Canyon area or

in the Tierra Vieja.

Emplacement of the Allen intrusive complex may have occurred

prior to deposition of Ts 6 rhyolite ignimbrite. None of the intru-

sions cuts Ts6, though Tss tuff is intruded in many places; Ts 6 over-

lies local flows of black vitrophyre which are probably allied with

the Allen complex. The Allen intrusions strongly suggest a vent area.

Many are cryptograined; glassy breccia is abundant; perlite and pitch-

stone, in part intrusive, are common, and several of the intrusions

are plugs which were probably volcanic necks. On the other hand, no

lavas other than a few vitrophyres can be related to the intrusions.

Probably some of the Allen rock units were emplaced at or near the

surface; others, such as the plugs, were injected into strata which

covered the first group.
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Following deposition of Ts- tuff and conglomerate, and per-

haps emplacement of the Allen complex, the lava flows of the upper

portion of the Shely group were poured out. Ts 6 rhyolite ignimbrite

was widespread; it occurs in the southeastern part of the Upper Cibolo

Basin. A wide, flat-bottomed valley was cut into the upper portion of

the Shely group near the present headwaters of Pinto Creek; this val-

ley was then filled with Moonstone rhyolite and Petan trachyte. The

relationship of these widespread lavas with those of the Tascotal

Mesa-Buck Hill area is uncertain; the Moonstone may be laterally con-

tinuous with the Mitchell Mesa rhyolite ignimbrite, and the Petan may

feather out into the Tascotal tuff to become the Rawls basalt of the

Marfa Plateau.

A large amount of material was eroded off the Loma Plata

anticline prior to deposition of the Chinati Mountain group. The

basal conglomerate, Tel, rests on the Yucca formation; boulders and

cobbles included in the unit are of Comanche rocks, mostly from the

upper member of the Bluff formation. The base of Tc 2is not exposed,

but Tc 3 rests on a surface of considerable relief, with exposures of

the Bluff formation at several places. The Chinati Mountain group

has a total thickness of more than 3;500 feet; the outcrop of the

group is limited to the Chinati Mountains, and individual flow units

are very thick. These facts point to rapid local buildup of the

sequence, perhaps in a large sinking block bounded by faults. The

source for the lava is almost certainly within the Chinati Mountains;
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exposures of feeders to Tc 3 flows are known to occur on the north

flank of the mountains.

Intrusion of the West Chinati Peak quartz syenite and gran-

ite was post-Chinati Mountain group, pre-major faulting. The intru-

sive rocks cut Tc 2 and Tc 3 sharply, but gently arch TcU and Tcs. The

West Chinati Mass has been faulted, and may be involved in major

faulting (the postulated West Chinati fault). Other intrusive rocks

have undetermined ages, though they probably post-date the volcanic

strata and pre-date major late-Tertiary faults. Many of the smaller

dikes follow early Tertiary faults and joints, but none are known that

follow late Tertiary faults.

QUATERNARY FEATURES

Bolson Deposits

Conglomerate, sandstone, siltstone, and clay occupy the Pre-

sidio Bolson, which includes about 150 square miles of the Pinto Can-

yon area. They were laid down as alluvial fans, deltas, and lacus-

trine deposits in a large playa basin some 65 miles long and 15 wide,

which is the present site of the Rio Grande Valley. The basin is pri-

marily a complex graben, though erosion cut deeply into volcanic

deposits in the central portion before deposition of the valley fill.

Thick, lenticular conglomerate "beds, formed of well-rounded

pebbles, cobbles, and boulders of all rock types that crop out in the

Pinto Canyon area, attain a minimum total thickness of 500 feet near

the foothills of the Tierra Vieja. In places, the conglomerate is in
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fault contact with older rocks; in places, the conglomerate lapped

onto a terrain with as much relief as the present one. Toward the

center of the basin, conglomerate beds thin and intertongue with thin-

to medium-bedded sandstone and siltstone. At least 600 feet of the

sandstone facies is exposed (MS 17); excellent outcrops are in the

central Naegele Fault Zone east of Ruidosa (PI. l). Both conglomerate

and sandstone beds are very resistant, and ring when struck; the

cements are calcite, opal, and quartz. Fresh, angular to well-rounded

sanidine and plagioclase are abundant in the sandstone. From Ruidosa

southward to Pinto Creek, light greenish gray and pale brown, gypsi-

ferous, salty, bentonitic clay crops out. The clay beds intertongue

with sandstone and siltstone toward the margin of the basin; a maximum

of 50 feet is exposed, with the base covered. X-ray analysis showed

the green clay to be composed of calcium-montmorillonite, mixed-layer

montmorillonite-illite or weathered illite, and fine-grained quartz

(oral communication, E. C. Jonas, December, 1955)*

No fossils except land snails were found in the bolson fill;

the age is speculative at present. The deposits are younger than all

lava flows in the Pinto Canyon area, and younger than perhaps 80 per

cent of the hasin-and-range fault displacement. They are older than

the pediment surfaces, the youngest of which is forming today. The

bolson fill is here provisionally dated as Plio-Pleistocene.

Plateau Gravels

The trend of the Cuesta del Burro changes from northward to

eastward just northeast of the Pinto Canyon area (Fig. l). A thick
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gravel sheet covers the lavas of both limbs near the bend, extending

about 20 miles to the northeast. The sheet is formed of conglomerate

lenses and interbedded siltstone and caliche; the exposed thickness 17

miles SW of Marfa is at least JOO feet. Well-rounded pebbles, cobbles,

and boulders taken from lenses of conglomerate and from the surface of

the sheet are composed of lava from the Tierra Vieja and Ghinati Moun-

tains, with scattered pebbles of syenite or diorite from West Ghinati

Peak. A dozen samples from various parts of the sheet showed a greater

percentage of Moonstone rhyolite near the crest of the Cues to. del

Burro then elsewhere.

The surface of the gravel deposit slopes northeastward from

the bend in the Cuesta del Burro, with a dip of to 4 degrees. This

plateau was raised a minimum of 700 feet by a northwestward-trending

fault which is buried in the valley of Capote Draw. The gravel

deposit is younger than the Chinati Mountain group and older than this

major fault; it ay be ecuivalent to the lower part of the deposits in

the Presidio Bolson.

Pediment Surfaces

The valley of the Rio Grande has many different pediment

surfaces which extended from cliffs and talus slopes at the rim to

gently-sloping plains near the river* The oldest remain as terraces

on interfluves; the younger ones as interfluve surfaces and terraces

along valley walls; and the youngest are the surfaces of valleys and

alluvial fans of present braided streams (Pi. l). From jroungest to
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oldest, the mapped levels are: Qa2, the floodplain of the Rio Grande;

Qal (one), the valleys and alluvial fans of present braided streams;

og6, Qgs> Qg3.> Qg2, and Qgl (one), surfaces at progressively

higher levels. Qg6 is a general term for several low, irregular

levels between present stream valleys and Qgs, the lowest relatively

smooth, even terrace. Qg2 is present only on the highest interfluves

near the foothills of the Tierra Vieja; Qgl is represented only by a

few remnants near the Ford Ranch.

The highest surfaces occur in the northern two-thirds of the

Pinto Canyon area, and between Adobes and Presidio. In the southern

portion of the Pinto Canyon area, the higher surfaces merge with well-

developed lower ones. From Ruidosa to Candelaria, hills capped by the

Qg4 surface abut Qa2; there is no recognizable Qg6. South of Ruidosa,

several Qg6 levels between the present stream valleys and Qgs can

readily be recognized and mapped, whereas Qg4 occurs only near the

mountains (PI. l). High terraces approach the Rio Grande floodplain

again south of Adobes.

The terrace surfaces are underlain by conglomerate, in many

ways similar to conglomerate of the bolson fill. The terrace conglom-

erates, however, extend from the edge of the basin to the Rio Grande;

Qg4 conglomerate disconformably overlies the sandstone and clay facies

of the fill near Ruidosa. Probably, the surfaces were formed by mech-

anisms visible today: coalescing braided streams. Wide surfaces such

as these can be formed as a result of base-level stability and the
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proper climate. A stable or slowly-sinking base-level will cause

streams to cut laterally in their headwaters and middle reaches, and

to form wide floodplains and alluvial fans near the mouths. In times

of sufficient year-around rainfall, the hills sod over, so that stable

surfaces are formed throughout the area in question from the talus

slopes to stream mouths. Today, torrential seasonal rains cause

streams to cut very rapidly in their headwaters and middle reaches,

yet they form wide surfaces in their lower reaches. Pinto Creek is a

prime example; it flows in canyons almost to the Rio Grande, but has

built a wide fan which has pushed the river aside. Clearly, more

material is being eroded than can be removed by the through-flowing

stream; a change in base level would have little or no effect on most

of Pinto Creek for some time.

The older terraces may have formed in periods of base-level

stability and well-spread rainfall; the younger ones in periods of

base-level stability and seasonal rainfall.

PETROGRAPHY

Detailed petrographic data are presented in Tables 111 and

IV. Standard nomenclature is used for the igneous rocks. The

sedimentary-rock terminology of Folk (1951* is followed, because

the separation of composition from texture is fundamental to under-

standing the history of the rock; Folk's terms make this separation

possible.



TABLE IT SEDIMENTARY PETROGRAPHY
,

QUARTZ TYPES

TYPE EXTINCTION GRAIN SHAPE INCLUSIONS

I
"Common"

Straight to

slightly undulose
Subequant

Few •, may be bubble

trains or acicu 1 ar

mineraIs

n
Volcanic Straight

Euhedral,
deeply embayed

Few

m
Vein

Several nearly
parallel crystals

in each grain, with

slightly undulose

extinct ion

Subequant •, crystals
may be rod-like

Myriad tiny
bu bbles

12
Quartz schist

Straight
Subequant
to tabular

Mica

Y
Strained

Strongly undulose Subequant Bubble trains

m
Metasiltstone

Many independent
crystals; strongly

undulose

Many interlocking
crystals with

surtured boundaries

YR
Meta- vein

Quartz

Strongly undulose Subequant
Sigmoid brown

bubble trains

YRL

Chert
Pepper and salt Subequant

IX
Sandstone

Composite, straight Subequant



TABLE 111 - SEDIMENTARY PETROGRAPHY

Unit Grains Cements

Alta formation

MS 1, bed 1

Siltstone - indistinct-

1y laminated, clayey,
fine-grained; hematitic

calcareous immature

orthoquartzite «

Quartz 90$ of rock* angular to well-rounded, most grains

subangular; l/3 is very fine sand (0,07 to 0,15 mm, aver-

age 0,1 mm), 2/3 is silt in two modes, coarse and very

fine; type V = 70$, type I = 27$» type III = 2$, type VII
= 1$.
Sericite-illite 5$ of rock, with local catches to 50$.
Feldspar 4$ of rock, well-rounded; plagioclase/alkali =

1/3? orthoclase is weathered, and plagioclase and the rare

microcline are fresh,

Shale pellets 3$ of the rock, composed of finely laminated

sericite-illite, with undulose extinction for the whole

grain.
Collophane rare, in fecal(?) pellets.

Quartz 5$ of rock, as

overgrowths on most

quartz grains.
Calcite occurs in scat-

tered patches.
Hematite is present in

weathered portions,
Pyrite euhedra are scat-

tered.

MS 1, bed 13
Siltstone - indistict-

ly laminated, very
fine sandy; cherty
mature orthoquartzite
(matured felspathic
graywacke type).

Quartz 37$ of rock, subangular, 0.04 to 0.12 ram: type I =

40$-, type V = 40$, type VI = 10$, type VII = 10$.
Feldspar 3$ of rock, in subangular cleavage fragments

about 0.12 rnm, fresh; plagioclase/alkali =4/1.
Collophane 3$ of rock, brown, isotropic, fine-grained,
in round to oval pellets which include scattered magnet-
ite-ilmenite grains; rock gives positive phosphate test.

Limestone grains 2$ of rock, well-rounded, micrograined,

internally laminated, stained by bituminous clay.
Muscovite to 0.05 by 0,5 mm present.

Spines to 0,08 by 0.5 am long rare, composed of mosaic

calcite replaced by chalcedony.

Calcite 55$ of rock in

irregular grains to

0,5 mm.

Pinto Canyon formation

Member 2

MS 2, bed 10

Sandstone - silty, very

fine-grained; cherty
submature glauconitic
orthoquartzite (matured

graywacke type).

Quartz 50$ of rock, angular to well-rounded, most grains

subangular; 4/5 is very fine sand, l/5 is silt; type I =

42$, type V = 40$, type. Ill = 8$, type VII = 5$, type VII

= 3$» "type ix = 2$.
Collophane 5$ of rock, brown, isotropic, in subrounded,
equant pellets to 0,5 mm.

Glauconite 5$ of rock in apple to olive green, squashed

pellets to 0.5 mm.

Feldspar rare, fresh. Limonite scattered, 0,005 to 0.15
mm. Spines common, composed of chalcedony.

Chert 30$ of rock.

Calcite 5$ of rock in

irregular patches.
Quartz 2$ of rock, as

overgrowths.
Hematite 1,5$ of rock,

with calcite.
Dolomite scattered in

rhombs to 0.15 mm.



TABLE 111 (cont.)

Pinto Canyon formation (cont.
Member 2 (cont.)

MS 2, bed 10

Dolomite - medium-

grained.

)

Quartz silt 1$ of rock.

Glauconite rare.

Magnetite-ilmenite rare.

Mica rare.

Collophane pellets rare.

Dolomite 99$ of rock, 0.01
to 0.45 mm, average 0.12

mm, with extinction in

groups of half a dozen

crystals.

MS 2, bed 14

Dolomite - medium to

fine-grained, very

sandy.

Quartz 30$ of rock, nearly all subrounded, most grains

subequant, 0.015 to 0.15 mm; type I = 60$, type III = 15$,
type V = 15$, type VI = 5$, type VII = 5$.
Magnetite-ilmenite 1$ of the rock, in small grains.

Collophane rare, in rounded grains 0.05 mm.

Glauconite rare, light olive green.

Spines rare, small.

Plagioclase - one well-rounded, fresh grain.

Dolomite 70$ of rock, in

interlocking grains 0.08
mm with extinction in

groups.
Quartz overgrowths present

where quartz grains touch.

Dolomite and chert -

intergrading sandy,
fine to medium-grained
dolomite and sandy
chert.

Quartz 20$ of rock, angular to well-rounded, well-sorted

silt and very fine sand; type V = 45$, type I = 40$,
type III = 10$, type VII = 5$.
Clay pellets present.

Glauconite present.

Feldspar rare, fresh, subangular.

Dolomite 40$ of rock, to

0.5 mm, anhedral crystals
in irregular subequant
patches with group ex-

tinction, and idiomorphic
crystals.
Chert 40$ of rock in irreg-
ular patches interstitial

to dolomite.

Chert - very sandy. Quartz 30$ of rock. 0.02 to 0.12 mm. with large grains

subrounded, small ones subangular; type I = 50$» type V =

25$, type VII = 10$, types VI, VII, and chalcedony rare.

Shale pellets scattered, sand-sized.

Collophane pellets present
Glauconite rare.

Feldspar rare, fresh, plagioclase and alkali.

Spines common.

Chert 60$ of rock, with

streaks of spicular,

clayey chalcedony.
Dolomite rhombs to 0.08 mm

are common in chalcedony
zones.

Chert - very porous,

silty.

Quartz 10$ of rock, very fine sand and coarse silt.

Shale pellets present.

Spines common, parallel to bedding.

Feldspar scattered, plagioclase and alkali, fresh.

Microcrystalline chert to

80$ of rock, with chalce-

dony streaks.

Calcite rare, very fine-

grained, in scattered,
eroded patches.

MS 2, other beds

Chert - laminated,

fissile, dark brown,
spicular, bituminous.

Spicules to 20$ of rock, 0.005 ram in diameter, composed

of chalcedony.
Bituminous clay to 20$ of rock.

Sericite 2$ of rock, about 0*002 by 0.02 mm.

Chert 60-80$ of rock.
Oil fills pores.



TABLE 111 - (cont.)

Pinto Canyon formation (cont*)
Member 2 (cont*)

MS 2

Chert - bluish gray, Spicules 20$ of rock, 0*03 by 0,6 mm, parallel to bedding

spicular, slightly but not laterally oriented, composed of chalcedony*
silty. Quartz less than 1$ of rock, coarse silt.

Chert 80$ of rock.

Dolomite rhombs scat-

tered, 0.02 to 0.07 mm*

Members 2 and 3
MS 2

Chert - dark brown,

laminated, spicular,
clayey.

Spicules to 50$ of rock, to 0.15 mm long, composed of

chalcedony.
Bituminous clay stains chert deep brown.

Quartz silt less than 1$ of rock.

Sericite scattered in minute flakes.

Chert 50-60$ of rock,
interstitial to spic-
ules.

Pyrite cubes to 1 mm

scattered.

Member 3
MS 2

Limestone - laminated,
micro-grained, bitum-

inous •

Bituminous clay 10-25$ of rock, concentrated in certain

laminae.

Quartz silt 0-5$ of rock.

Ovoid bodies of micrograined calcite and chert common.

Sericite scattered, very fine-grained.

Calcite 75-90$ of rock,

0.001 to 0,01 mm.

Pyrite rare.

Oil present.

Fusulinid micro-

breccia - dark gray,

bituminous, pyrit-
iferous.

Broken fusulinids and other fossils 50-60$ of rock, to

2 mm, composed of calcite mosaic.

Bituminous clay colors the rock*

Calcite 40-50$ of rock,
micrograined.
Pyrite cubes 2-3$ of rock.

Dolomite rhombs rare.

Chalcedony locally re-

places fossils.

Member 4

MS 2

Dolomitic mudstone. Quartz 35$ of rock, 0,025 to 0.3 mm. average 0.03 mm; in

order of abundance, type I, type VI, type III, type VIII.

Bituminous clay 20$ of rock, interstitial to other grains.
Feldspar 5$ of rock, fresh, angular, silt-sized; plagio-
clase/alkali = l/l.
Muscovite 3$, 0.005 by 0.05 mm.

Spines rare, small.

Dolomite 35$ of rock, in

single rhombs 0.015 to

0.1 mm, average 0.03 mm.

Yucca formation

lower member

locality 15
Calcarenite - medium-

grained *

Limestone grains 70$ of rock, subrounded, 0.2 to 0.8 mm,

average 0,4 mm; raicrograined.
Bark brown, silty, cherty limestone grains 10$ of rock.

Dolomite 10$ of rock in fine-grained reworked rhombs.

Quartz silt 1$ of rock.

Calcite cement 10-20$ of

rock, fine-grained.
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Yucca formation (cont.)
lower member (cont„)

MS 6, bed lb

Calcarenite - lami-

nated, quartz-sandy,
medium-grained o

Calcite grains 25-30$ of rock, subrounded, 0.15 to 0.8 mm,

average 0.35 mm; from single crystals.
Limestone grains 25-30$ of rock, subrounded, 0.15 to 0.8 mm,

average 0.35 mm; micrograined.
Quartz 15$ of rock, angular to well-rounded, 0*1 to 0,8 mm.

Silty chert and cherty siltstone 10$ of rock, subangular to

well-rounded, dark brown.

Calcite cement 10-20$ of

rock, in fine crystals.

upper member

MS 6, bed 4

Limestones - inter-

mingled bituminous,
algal(?) limestone

and very fine-grained
silty limestone.

Ovoid bodies 60-80$ of rock, to 0*9 mm, dark brown, micro-

grained, with concentric banding in places; similar material

surrounds most sand grains.
Quartz 10$ of rock, angular, 0.05 to 0.3 mm, average 0.1

mm; type I = 2/3> type V = l/3, chert rare.

Calcite grains scattered; from single crystals.

Dolomite 5$ of rock, in sand-sized rounded rhombs.

Calcite 10$ of rock;

micrograined between

ovoid bodies and very

fine-grained in pores.
Oil present in pores.

Limestone conglomer-
ate - bituminous,
slightly quartz-sandy.

Limestone grains most of rock, ranging from gravely, sandy
silt to fine sand; micrograined. to fine-grained,
Quartz 5$ of rock, angular to well-rounded, to 2 cm, mostly
micrograined chert and chalcedony.
Calcite grains common.

Dolomite sand common.

Limestone 10-20$ of

rock, as dark brown,
micrograined over-

growths.

Calcite, fine-grained,

partly fills pores.

MS 6, bed ?
Calcarenite - hema-

titic, quartz-sandy,
conglomeratic, very

fine-grained.

Limestone grains 30$ of rock, gravely, sandy silt: micro-

grained to fine-grained.
Quartz 20$ of rock, 0.02 to 0.4 mm, average 0.1 mm;

type I = 50$, metaquartz = 50$, chert, chalcedony, and

type III rare.

Calcite grains common.

Calcite 50$ of rock,
micrograined.
Hematite evenly scat-

tered in lumps to 0.2 mm,

MS 6, bed 12

Limestone - silty,
hematitic, micro-

grained.

Limestone grains 20$ of rock. 0.01 to 0.1 mm* average 0.05

mm; micrograined.
Quartz 10$ of rock, angular, 0.01 to 0.1 mm, average 0.05

mm; mostly type I.

Hematite 10$ of rock, in evenly scattered small particles.

Calcite 50$ of rock,

micrograined; some

fine-grained calcite

in reticulating veins.

MS 6, bed 13
Limestone - micro-

grained with fine-

grained patches.

Limestone lumps 80$ of rock, brown, micrograined, separated

by cracks.

Quartz silt scattered.

Limestone grains scattered; micrograined, hematitic. silty.

Calcite 10$ of rock,

fine-grained; fills

reticulating cracks.
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Yucca formation (cont.)

upper member (cont.)
MS 6, bed 15

Limestone conglomer-
ate - quartz-sandy.

Limestone grains 75$ of rock, well-rounded, 0.1 to 30 mm.

average 0,25 mm; micrograined to very fine-grained, in

part silty, in part hematitic.

Quartz 10$ of rock, subrounded, average 0.25 mm; type I

= 2/3, metaquartz = 1/3.

Calcite 15$ of rock,

fine-grained.

MS 6, bed 19
Calcarenite - fine-

grained, grades to

medium conglomerate.

Limestone grains abundant, as well-rounded pebbles 1 to 5
mm, average 2*5 mm; red, hematitic, silty, micrograined.
Limestone grains abundant, average 0.2 mm: gray, micro-

grained.
Quartz 10-15$ of rock, angular to subrounded0 0,07 to

0.5 mm, average 0.1 mm.

Dolomite 10$ of rock in subangular to subrounded rhombs,

average 0.1 mm, and micrograined pebbles about 2.5 mm.

Calcite grains scattered.

Calcite 20$ of rock,
micrograined to very

fine-grained« Some

coarse calcite fills

vugs.

MS 6, bed 26
Calcarenite - fine-

grained, calcareous,
quartz-sandy.

Limestone grains 40$ of rock, subrounded, 0,1 to 0.3 mm*

pale to dark brown, fine-grained to micrograined.
Quartz 20$ of rock, angular to subangular, 0,1 to 0.5 mm*

mostly type I.

Calcite (or dolomite) 20$ of rock in subequant, subang-

ular grains from single crystals.

Calcite 10$ of rock,
medium-grained.
Quartz present as

small overgrowths.

MS 6, bed 2?
Sandstone - fine-

grained; mature cal-

careous subgraywacke.

Quartz 70$ of rock, well-rounded to subrounded, 0.1 to 0.5

mm, average 0,25 type I = 44$, type V = 37$ * type VI

= 16$, type VIII = 4$, type VII = 1$, type IV = 0.7$.
Limestone grains 10$ of rock, well-rounded, average 0.25
mm; brown, micrograined to fine-grained.
Calcite grains scattered.

Muscovite rare, to 0.2 mm long.

Calcite 10$ of rock,

fine-grained.
Quartz 5$ of rock, as

overgrowths on all

quartz grains.
Dolomite 5$ of rock,

in zoned interstitial

rhombs about 0,2 mm.

Bluff formation

lower member

locality 58
Sandstone - fine-

grained; mature silic-

ious hematitic sub-

graywacke.

Quartz 70$ of rock, angular to well-rounded, 0,1 to 0.3

mm, average 0.15 ram; type I = 44$ (some with parallel
sericite inclusions), type V = 33$ » type VI = 16$,
type IV = 5$, type VIII = 0.8$.
Dolomite and probably calcite 10$ of rock, deeply stained

and intermingled with hematite.

Heavy minerals 0,5$ of rock, several types.

Quartz 20$ of rock

as overgrowths.
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Bluff formation (corrt.)
upper member

locality 59
Sandstone - fine-

grained} submature

cherty subgraywacke.

Quartz 80$ of rock, 2/3 sand, average 0.25 to 0.3 mm,

1/3 silt, average 0,25 mm; mostly type I (many grains with

bubble trains) with nietaquartz, type VII, and some types
III and VIII.

Chert 15$ of rock.

Quartz 5$ of rock, as

overgrowths on all

grains,

locality 45
Sandstone - medium-

to fine-grained,
superrnature subgray-
wacke.

Quartz 90$ of rock, well-rounded to subrounded, 0.15 to
0.8 ram, average about 0.35 mm; type 1 =2/3 (many grains
with rutile, zircon, or bubble inclusions), type VI = l/6,
type VII = 1/12, type III = l/l2, type VIII rare.

Orthoclase present, slightly weathered.

Heavy minerals scattered, to 0.2 mm.

Quartz 10$, as over-

growths on all grains.

Bienevides formation

locality 2?
Calcarenite - medium-

grained, poorly-sorted,
fossil-fragmental.

Shell fragments 50$ of rock, 0,1 to 0.8 mm with a few as

large as 1 cm; consisting of pelecypod, gastropod, and

echinoid debris with abundant pellets of raicrograined
calcite.

Quartz silt less than 0,5$ of rock.

Calcite 50$ of rock,
limonitic and micro-

grained 4/5, very

fine-grained to fine-

grained spar l/5*

Loraa Plata formation

lower member

locality 25, clam cast.

Limestone - slightly

fossiliferous, micro-

grained..

Shell fragments scattered; cons jit of small gastropods,
pelecypod shells, and foraminifera, replaced by very fine-

grained to fine-grained spar.

Calcite 95$+ of rock,

micrograined.



TABLE IV ~ IGNEOUS PETROGRAPHY

EXTRUSIVE ROCKS

Unit

(Symbols corre-

spond to PI, 1)

Description

Vieja formation
Tv2 breccia

locality 52

Glassy breccia. Angular fragments to 1 cm of med-

ium grayish red, spherulitic rhyolite and white to

pale green micrograined material with flow lines*
and quartz, orthoclase, and plagioclase in a

matrix of grayish yellow, brecdated, cryptograined
material which comprises 50$ of the rock.

Tv4 ignimbrite
1 mile south

of Cleveland

triangulation
station.

Zeolite porphyry. Pale yellowish gray, faintly

banded, vesicular with calcite amygdules rimmed by
hematite, with phenocrysts of a zeolite to 0,3 mm

and quartz and rare sanidine to 1 mm, in a crypto-
grained matrix. The zeolite is in round glomero-
crysts composed of two to five polysynthetically
twinned crystals, comprising 40$ of the rock.

Shely group

Tsl tuff

MS 14, beds

20
- 35-

Lithic-crystal tuff. Grayish orange pink to pale

olive, very fine-grained to coarse-grained, non-

to very calcareous, laminated tuff with shards

partly devitrified and altered to clay, in part
cemented by calcite. Crystal inclusions are sani-

dine, brown biotite, plagioclase green

augite, and ores. Rock fragments are trachyandesite
(abundant laths in a micrograined groundmass),
micrograined to glassy rhyolite(?), end spheru-
litic rhyolite (?) and glass.

Crystals to 20$, fragments to 25$•

Ts2 trachyte
MS 15, bed 6.

Alkalic trachyte porphyry. Medium purplish gray,

with plagioclase glomerocrysts in a felty ground-
mass, Plagioclase crystals to 4 mm, armored, partly
in "wormeaten", faintly albite-twinned, subequant

grains composed of intergrowth of sodic plagio-
clase and potash feldspar, partly in albite-twinned,
clear, Ano 0

laths. The groundmass is mostly alkali

feldspar laths about 0.07 mm, with scattered ores,

iddingsite(?), and olive green paramorphs after

amphibole(?),
Potash feldspar 50-60, sodic feldspar 35-45, calc-

alkalic feldspar 5» others 1.
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Shely group (cont.)

MS 13. bed 5 Trachyte(?) porphyry. Grayish red. showing flow

structure, with plagioclase phenocrysts as above

without potash feldspar armor, and scattered bio-
tite phenocrysts, in a cryptograined groundmass.
Calcalkalic feldspar 10, groundmass 90, biotite

rare.

Ts3 rhyolite,
lower unit.

several local-

ities.

Rhyolite ignimbrite. Pale red, light brown, and

gray, composed of parallel reddish brown shards in

a fine to micrograined matrix, with inclusions and

elongate crystalline portions. Shards are 0.01 by
0.1 mm, devitrified in the center and composed of

acicular alkali feldspar perpendicular to shard

walls; some are broken bubbles, some bend around

crystals. Recrystallized portions are elongate,
curved bodies composed of fine-grained feldspar
laths and interstitial quartz; some have brown

glass rims, some have central cavities. Embayed
and rounded sanidine crystals to 1.5 mrn and ores

are scattered, and light olive olivine(?) and
reddish brown biotite are rare locally. Inclusions

are Ts2 trachyte, some well-rounded.
Shards visible alkali feldspar 3°» visible

quartz inclusions 10.

upper unit

several local-
ities.

Porphyritic rhyolite and vesicular vitrophyre.
Pale red, light brown, and gray, with elongate crys-

talline portions and scattered phenocrysts in a

micrograined groundmass (locally cryptograined to

glassy). Recrystallized portions as in the lower

unit are abundant, shards are locally abundant, and

flow structure is fair to good. Inclusions are pum-

ice, dark glass, Ts2 trachyte, fine-grained trachyte,
and andesite(?), in part well-rounded. Sanidine

phenocrysts are 1-3$, to 2 mm, and embayed; finely
albite-twinned plagioclase is rare, as is olivine

altered to iddingsite. Ores are scattered.

Alkali feldspar and glass about 90, quartz 5~ 10
»

others 1-20.
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Shely group (cont.)

Ts6 ignimbrite
locality 32

Porohyritic rhyolite ignimbrite. Medium brownish

gray and grayish red with inclusions of pale gray,

felty, micrograined trachyte (?) to 2 cm, sanidine-

anorthoclase phenocrysts to 2 mm, and abundant

elongate recrystallized portions in a micrograined
matrix of partly recrystallized shards. Spherulites
are common; in parts of the rock acicular feldspar
crystals are perpendicular to relict shard bound-
aries. Rhyolite, metaquartzite, andesite, and well-

rounded siliceous limestone occur as scattered in-

clusions. Plagioelase is rare, and ores are scat-

tered.

Trachyte(?) inclusions 5* phenocrysts 2-4, visible

quartz 5-10, alkali feldspar 80-85.

Ts7 ignimbrite
near locality
32.

Porphyritic rhyolite ignimbrite. Medium brownish

gray, pale brown, and grayish orange pink, with

scattered sanidine phenocrysts in a raicrograined
matrix recrystallized from shards, with abundant

elongate recrystallized portions as in Ts3«
Alkali feldspar 80, visible quartz 20.

Ts8 rhyolite
near locality
32.

Aegerine rhyolite. Banded and mottled medium bluish

gray and yellow brown, with excellent flow lines,
with scattered opalescent sanidine phenocrysts to

4 mm in very fine-grained, spherulitic groundmass
material. Spherulites are 0.4 mm, surrounded by

quartz, and composed of alkali feldspar needles

with local radial clusters of aegerine and a reddish

brown pyrobole which replaces it; aegerine is also

scattered throughout in grains and needles.

Alkali feldspar 70, quartz 20, pyroboles 10,

Moonstone rhyo-
lite

typical rock

several local-

ities .

Sanidine rhyolite porphyry. Brownish gray, slightly

vesicular, with sanidine-anorthoclase and embayed

quartz phenocrysts to 4 mm in a micrograined to

microporphyritic groundmass with good flow structure.

The groundmass is locally granophyric, locally

spherulitic, and locally contains abundant shards.

Minute grains and rods of apatite, zircon, basaltic

hornblende(?), ores, and clinopyroxene are scat-

tered.

Alkali feldspar 90-95* visible quartz 5, others 2-5.
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Moonstone rhyolite
flow breccia at

base
MS 14, bed 42.

(cont.)
Sanidine vitrophyre breccia. Dark brownish gray

with phenocrysts as above in a groundmass composed
of reddish brown glass and elongate crystalline
portions composed of alkali feldspar with ores

and rare augite.

common inclu-

sions

MS 15, bed 14.

Sanidine vitrophyre. Dark brown with sanidine-

anorthoclase phenocrysts to 4 mm and rare dull

green augite grains in dark brown glass.
Feldspar phenocrysts 10-40, no visible quartz.

Petan trachyte
typical rock

MS 15, beds 17-

19.

Calc-alkalic pyroxene trachyte porphyry. Brownish

black, vesicular, with phenocrysts and glomero-
crysts to 5 mm in a felty to microporphyritic
groundmass. Plagioclase phenocrysts have clear,
albite-twinned, Anc;o cores widely rimmed by "worm-

eaten" bo feldspar, armored by alkali

feldspar which is partly intergrowry Pale augite
is common (ZA c = 41°), hornblendeiis rare, and

olivine(?) is rare locally. The groundmass is

mostly alkali feldspar laths to 0,1 mm, some with

plagioclase cores; iddingsite in equant grains,
ores, and other accessories are scattered through-
out, with dark cryptograined material to 20$ of

the rock.

Alkali feldspar 50-60, calc-alkalic feldspar 25-30*

pyroxene 5* others 5-20.

MS 15, bed 16. Calc-alkalic trachyte porphyry. Dark olive gray

with phenocrysts to 4 mm in a fine-grained to

dense groundmass. Feldspar is as above, with scat-

tered augite. Groundmass feldspar is 0.01 to 0.03

mm; iddingsite, ores, and other accessories are

scattered throughout,
Alkali feldspar ?0, calc-alkalic feldspar 20,
others 10.

locality 49 Calc-alkalic iddingsite trachyte porphyry. Dark

gray with phenocrysts to 1 cm in a microporphyritic
groundmass, Phenocrysts are "wormeaten" and clear

albite-twinned calc-a3.kalic plagioclase to 2 mm,

dark reddish brown iddingsite after olivine to

2 mm, and pale augite. The groundmass is alkali

feldspar about 0.05 mm, augite, iddingsite, ores,

and other accessories.
Alkali feldspar 55* calc-alkalic feldspar 30*
iddingsite 6, augite 5* others 4.
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Chinati Mountain

group
Tc2 trachyte

1/4 mile NW of

the Morales
ranch house.

Calc-alkalic trachyte porphyry. Dusky red purple
with phenocrysts 0.4 to 4 mm in a groundmass to

0.01 mm. Plagioclase phenocrysts are calc-alkalic,
deeply "wormeaten", armored, faintly twinned, not

zoned, and deeply sericitized along cleavage;
microphenocrysts are fat apatite to 2 mm and ores

to 0.4 mm. The groundmass is alkali feldspar and

minute pseudohexagonal crystals of translucent

reddish brown material along with zircon and other

accessories.
Alkali feldspar 60, calc-alkalic feldspar 20,
others 20.

Tc3 trachyte
several, local-
ities.

Porphyritic calc-alkalic trachyte* Light olive gray

to dark gray, with phenocrysts to 1 cm in a ground-
mass 0.05 to 0.2 mm. Large phenocrysts are unzoned

An4o plagioclase, rarely twinned, deeply "wormeaten"

rounded, embayed, and sericitized along cleavage;
microphenocrysts are calc-alkalic feldspar, zoned,
twinned, euhedral, and armored, as well as fat

apatite. The groundmass is mostly alkali feldspar
with ores and other accessories. Spidote, which

occurs with calcite, forms up to 10$ of the rock,
in fibrous to cryptocrystalline, interstitial,
spherulitic aggregates and vug fillings; it also

replaces plagioclase along cleavage.
Alkali feldspar 60, calc-alkalic feldspar 30,
others 10.

several local-
ities.

Calc-alkalic trachyte porphyry and trachyandesite
porphyry. Similar to the above, but contains pale,
slightly pleochroic augite to 10$, minute scattered

reddish brown biotite flakes, and locally, micro-

phenocrysts of alkali feldspar. Calc-alkalic feld-

spar is locally 40$ of the rock.

Tc4 rhyolite
l/4 mile west

of the Fred

Shely ranch

house.

Rhyolite porphyry. Light brownish black with pheno-

crysts to 1 cm in a groundmass about 0.08 mm.

Phenocrysts are euhedral, zoned sanidine, many with

Carlsbad twins, some with regularly-arranged acces-

sory mineral inclusions, and some with plagioclase
cores. Augite is rare. The groundmass is hypauto-
morphic-granular with alkali feldspar about 70$ and

quartz 30$; ores and other accessories are scattered

Inclusions of red felsite porphyry pebbles are rare.

Alkali feldspar 80, quartz 20, others 1-2.



TABLE IV (cont.)

EXTRUSIVE ROCKS (cont.)

Chinati Mountain

group (cont.)
Tc5 trachyte

1/4 mile west

of the Fred

Shely ranch

house.

Porphyritic calc-alkalic trachyte. Mottled reddish
brown and grayish black, slightly amygdaloidal,
with phenocrysts to 4 mm in a groundmass about 0.03
mm to cryptograined. Phenocrysts have calc-alkalic,
albite-twinned, slightly "wormeaten" plagioclase
cores surrounded and replaced by finely reticulate

"wormeaten" intergrowths of calc-alkalic and al-
kalic feldspar. Augite to 1.5 mm and fat apatite to

1 mm are scattered. The groundmass is alkali feld-

spar with ores and other accessories.
Alkali feldspar 70* calc-alkalic feldspar 20,
others 10.

Allen rocks

Ta9 tuff breccia

Steeply dipping
thick beds.

l/2 mile SE of

the Old Allen

Place.

Lithic tuff. Angular fragments 0.1 mm to 1 cm of

micrograined to microporphyritic rhyolite, silt-

stone, and chalcedony in a micrograined, nearly
isotropic matrix.

Pebble in tuff

same locality*

Oligoclase rhyolite porphyry. Quartz, oligoclase
(A and sanidine phenocrysts to 4 mm in a crypto
grained matrix with good flow structure.

INTRUSIVE ROCKS

West Chinati intrusion

Composite stock,
27 miles ex-

posed.
Outer, earlier Calc-alkalic quartz syenite. Mottled light olive

dark rock gray and dark gray, medium-grained seriate-porphyr-

locality 28. itic* Plagioclase phenocrysts are zoned to

finely albite-twinned, to 4 mm; some are

irregularly rimmed by sodic feldspar to resemble

perthite, some grains are perthite, and most grains
are armored, with abundant accessory mineral in-

clusions. Smaller grains are mostly alkali feld-

spar in interlocking anhedral, deeply altered crys-

tals; quartz is interstitial, to 4 mm, augite is

common, ores 0.05 to 0*3 mm are common, and acic-
ular and rod-like accessories are scattered.

Alkali feldspar 60-65* oligoclase-andesine 20-25*
augite 5* quartz 5»



TABLE IV -
INTRUSIVE ROCKS (cont.)

West Chinati intrusion (cont.)

Inner, later Calc-alkalic granite. Speckled yellowish gray,

light-colored slightly porphyritic, fine-grained, with pheno-
rock crysts to 4 mm in a seriate hypautomorphic matrix.

locality 28. The phenocrysts are calc-alkalic, albite-twinned,
clear, unaltered, embayed plagioclase, irregularly
rimmed by faintly twinned more sodic plagioclase
(in places the resultant texture resembles perthite)
in turn intergrown with deeply altered alkali feld-

spar. Augite is common (ZAc = 30°)* nearly all al-

tered to a fibrous, pleochroic brown mineral. The

groundmass is mostly altered alkali feldspar and

subequant quartz grains with ores, apatite, etc.

Alkali feldspar 60-70, oligoclase 20 maximum,
quartz 10-12, pyroxene 5* others 2-5.

Peripheral dikes, Rhyolite porphyry. Light brownish gray to greenish
radial and con- gray, with alkali feldspar phenocrysts to 3 mm

centric; single, scattered in a raicrograined groundmass which is

to 200 yards mainly alkali feldspar. Phenocrysts are deeply
thick and 2.5 altered, with long sericite flakes parallel to the

miles long, and feldspar cleavage. Aegerine(?) is scattered as

dike swarms with phenocrysts and groundmass grains (pleochroic
individuals to grass green and yellow green, ZAc = ?0°).
50 yards by l/2 Alkali feldspar 75-85* quartz 10-20, pyroxene 5.
mile (PI, 1).

localities 38
and 59.

Allen intrusions Sanidine rhyolite porphyry. Phenocrysts of euhedral

Tal rhyolite sanidine with Carlsbad twins and embayed, rounded

Three subcirc- quartz to 4 ram in a spherulitic, hypautomorphic,
ular stocks to or granophyric intergrowth of alkali feldspar and

1/4 mile wide. quartz about 0.03 mm, with ores and other accessories.

several local- Alkali feldspar 70, quartz 30, others 1-3.
ities.

Ta2 rhyolite Oligoclase rhyolite porphyry. Phenocrysts of eu-

Irregular masses hedral albite-twinned oligoclase, euhedral

to 1 mile long, Carlsbad-twinned sanidine, and embayed quartz, to

stocks to l/2 4 mm, in a cryptograined groundmass about 0.02 mm

mile wide, and which is an intergrowth of alkali feldspar and

dikes. quartz with accessories.

several local-

ities.
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Allen intrusions (cont.)

Ta3 rhyolite
Irregular, pod-
like dikes to

100 feet thick,
plugs to 3/5 mile

wide, and sills

to 50 feet thick*

Rhyolite* Microphenocrysts of quartz to 0.4 mm in

a micrograined felty aggregate of alkali feldspar
and quartz.

Til intrusions

Thirty to forty
dikes to 20 feet

wide and 2 miles

long.
fourth creek

crossing*

Calc-alkalic trachyte. Scattered phenocrysts of

feldspar and pyroxene to 0,8 mm in a felty ground-
mass about 0.2 mm. Sodic oligoclase phenocrysts
are in part zoned and in part armored; relict

pyroxene(?) to 1 mm is altered to sericite and

a green secondary mineral. The groundmass is

deeply altered alkali feldspar with ores and apa-
tite.

Alkali feldspar calc-alkalic feldspar 3^*
others 2-4.

Ti2 basalt

Sill to 70 feet

thick, exposed for

a distance of 1

mile*

locality 44.

Porphyritic olivine basalt. OlivineC?) phenocrysts

to 3 ™ in a slightly araygdaloidal, felty ground-
mass about 0.1 mm. Olivine(?) is replaced by iddings-
ite, carbonate, a black opaque mineral, and a fibrous

green mineral. The groundmass is zoned plagioelase
(with cores) and augite (Z/\c = 51°) with some

interstitial alkali feldspar, ore grains, and small

anhedral iddingsite(?) grains.
Plagioelase 45, augite 35* olivine 3* others 13*

Ti3 rhyolite
Sills to 100 feet

thick, stocks to

1/2 mile wide, and

irregular dikes to

100 yards thick,

locality 37*

Porphyritic rhyolite. Deeply weathered euhedral sani-

dine and rounded embayed quartz phenocrysts to 4 ram

in a micrograined, xenomorphic granular, micropor-
phyritic, or spherulitic araygdaloidal groundmass of

alkali feldspar and quartz.

Ti4 trachyte
Dikes and irreg-
ular plugs to l/4
mile by 1*5 miles,

along faults.

several local-

ities near the

Prieto Place.

Calc-alkalic trachyte porphyry. Plagioelase pheno-

crysts to 4 mm in a groundmass about 0.01 mm. The

plagioelase is deeply reticulate "wormeaten", An30-40,
and rarely albite-twinned• The groundmass is alkali

feldspar, a pale yellow brown mineral, and ores with

iddingsite and other accessories. Epidote(?) occurs

with calcite in fibrous, spherulitic aggregates.
Alkali feldspar 40, plagioelase 20, others 40.
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Table 11, Quartz Types, is not presented as an attempt at

serious classification of varieties of the mineral recognizable in

sediments. It is, rather, a list of the types encountered in this in-

vestigation. Percentages of quartz types were obtained by counting

100 to 150 quartz grains in each thin section.

STRUCTURE

Structurally speaking, the Pinto Canyon area lies between

the post-Cretaceous orogenic belt in the Mexican geosyncline and the

nearly stable Texas shelf; it is also in the southeastern part of the

late Tertiary basin-and-range block-fault region. A gentle anticline

was formed during the time between deposition of the upper part of the

San Carlos formation (Navarro?) and Jeff conglomerate (late Eocene?);

the northern part of the anticline is exposed in the Pinto Canyon area

Steep normal faults, whose common strike is N3OE, followed the folding

Thick, extensive lava flows were poured out, with local, steep doming

during the time between deposition of the lower and upper parts of the

Shely group. Block faulting occurred; it has continued through Recent

time. The general trend of these faults in the Pinto Canyon area is

NIOW and NBSE; displacements range to 1,500 feet.

PRE-VOLCANIC EVENTS

The Loma Plata anticline and the subsidiary Pinto Canyon

anticline are part of a large Laramide fold. The axial strikes are

N3OW to N and N3SE to NBSE, respectively. The Loma Plata anticline
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plunges 15°N under nearly horizontal Vieja beds; the Pinto Canyon

anticline plunges about 10°E under Shely strata. The anticlines are

cut off on the -west and south sides by steep normal faints., which

i o

locally increase dips to 45 •
Most dips due directly to this period

of folding are less than 10°. The southern end of the Loma Plata

anticline may crop out near Shatter, where Permian and Comanche strata

dip southeastward under nearly horizontal Tertiary lava flows. If so,

the total length is more than 27 miles.

The youngest folded bed is the Buda limestone (upper Comanche);

the oldest non-folded bed with identified fossils is the Vieja forma-

tion (lower Buchesnean). Inasmuch as the Loma Plata anticline is a

compressed feature parallel to the Laramide orogenic belt of the Mexi-

can geosyncline, it probably has a similar age. In the northern part

of the Candelaria area, near Porvenir, the San Carlos formation has

been thrust eastward in several sheets. Therefore, the folding was

post-San Carlos, pre-basal Oligocene.

After the folding, and before volcanic rocks were deposited,

normal faulting occurred throughout the area of present Permian and

Cretaceous outcrops. Strikes range from NISE to WfaOE, with an average

of N3OE; dips are nearly vertical. Displacements range from zero in

the abundant joints, to about JOO feet in the Cleveland fault; most

are less than 200 feet. Faults with different strikes are associated

with these in several areas. In general, long eastward trending

faults, or long faults in the NW quadrant, are post-lava; short
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northwestward-trending faults in the Bienevides Fault Zone are post-

lava, but those in other areas are problematical.

POST-VOLCANIC EVENTS

Wo structural events are known for the Pinto Canyon area be-

tween the time of deposition of the Jeff conglomerate and the lower

part of the Shely group. Before deposition of the upper part of the

Shely group, Ts 2 plagioclase trachyte and Ts 3 rhyolite were folded

sharply near the Terry Shely ranch house (PI. l). Along Pinto Creek

north of the house, Ts 3 dips 20-30°SE; on the north side of the east-

ern end of the major belt of Allen Complex intrusions, the dip is

15°S; on the south side, 15°NE; and about a mile and a half north of

the Fred Shely ranch house the dip is about 20°E. Ts 3 was also

faulted before Tss was deposited (locality 45), though the displace-

ment was much less than that of the Permian and Cretaceous beds along

the same fault.

After deposition of all or most of the volcanic strata,,

basin-and-range block-faults formed the Tierra Vieja. The general

trend is NSW and NBSE, though the en echelon faults coalesce and

bifurcate; individual segments strike from N3OW to N3OE and N6OE to

SBSE. Dips are nearly vertical; most of the northward-trending faults

are downthrown to the west, while the longest eastward-trending faults

are downthrown to the south. The Tertiary strata have been tilted

eastward, to form long blocks with the downthrown side dipping into

the faults. The Candelaria fault reverses this trend; strata on the
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downthrown side have a steep dip away from the fault. This fault dis-

places the Moonstone rhyolite several hundred feet, and was rejuven-

ated to displace a Qg2 terrace about 50 feet in the same direction.

Baker’s (193*0 Rim-rock Fault dies out north of the Pinto

Canyon area, and the major displacement near the Loma Plata Mine is

expressed in the Loma Plata fault, which does not cut the bolson fill

covering its southern end. The Naegele fault zone is 25 miles long

and 5 miles wide. Faults cut bolson fill, older terraces, and rarely,

the youngest terraces. The dips are steep, with displacements (up to

100 feet) downward to the west. The Shely fault, which trends east-

ward, is composed of many segments with diverse strikes. Displacement

is southward, bringing the upper member of the Bluff formation against

Member 2 of the Pinto Canyon formation, and lavas of the Chinati Moun-

tain group against those of the Shely group. Joints and faults cut

the West Chinati intrusion; these were not mapped. Rix (1953) postu-

lated a West Chinati fault which may extend into the Pinto Canyon area

to separate the low-lying portion of the West Chinati mass from the

mountainous portion (PI. 1). A long fault with about 1,000 feet of

throw trends northwestward along Capote Draw, north of the Pinto Can-

yon area, to form the Cuesta del Burro. This fault extends into the

Upper Cibolo Basin; it raised the gravel deposits on the Cuesta del

Burro well above the level at which they were deposited.



110

ECONOMIC GEOLOGY

Possibilities for the economic production of oil within the

Pinto Canyon area in the near future are negligible. The Loma Plata

anticline probably arches good reservoir rocks and source beds in the

subsurface, but the exposed rocks have been shattered by numerous

faults and joints. At the most obvious place to drill, based on sur-

face structure, there is a small intrusive body of Ti3, which probably

indicates larger intrusions at depth. Stratigraphic traps were prob-

ably numerous in the northeastern part of the Pinto Canyon area in

Paleozoic and Mesozoic rocks, but complex faulting, numerous intru-

sions, and the necessity of drilling through thick volcanic strata

seem to preclude economic oil fields; finding the reservoirs would re-

quire a prohibitive amount of wildcat drilling.

There are remarkably few mineral deposits, considering the

number of different types of igneous intrusions. Notable mineral

localities are the Loma Plata Mine and the Burny Prospect. Several

prospect pits and tunnels were dug at the Loma Plata Mine in search of

silver, by the Marfa Mining Company. The pits are in the upper part

of the Loma Plata limestone on the crest of the Loma Plata anticline,

near the Loma Plata fault, in an area of abundant red iron stains,

calcite veins, and sinkholes. According to the United States Bureau

of Mines several carloads of ore were shipped during

and a mill was built near Ruidosa. The ore was lead and zinc
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carbonate, with a little silver (Glenn L. Evans, personal communica-

tion) .

The Burny prospect, on the north side of San Antonio Canyon

near its mouth, was mined at various times since 1895 for lead, sil-

ver, and fluorite. The ore body is a vein of fluorite, lead and zinc

sulfides, and other minerals in crushed rock along a fault in the West

Chinati intrusion (j. S. Cullison and A. E. Weissenborn, U. S. Geolo-

gical Survey, personal communication). This ore deposit might be of

commercial value if the complicated ownership question could be

settled.

Native alum occurs in considerable quantity in the Alta

formation at locality 2. It is associated with yellow iron sulfates,

and probably is iron alum.

Layers of perlite crop out -with no overburden south of the

Old Allen Place, 100 to 200 feet above the adjacent Marfa-Ruidosa

road (locality 60). Qparrying and loading would be no problem, though

transportation costs might be too high for economical production. The

nearest railroad is at Marfa; the easiest to reach, at Presidio.

From Ruidosa along the Rio Grande to Pinto Creek, beds of

bentonitic clay (QTbc) crop out. The bentonite is probably not pure

enough to justify the high costs of removing overburden and of trans

portation.

Water is the most valuable resource in the Pinto Canyon area

at present. The Rio Grande floodplain is made of easily farmed, rich
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silt. Though the river flows too sporadically for dependable irriga-

tion, there is abundant shallow and deep groundwater. Springs in the

Pinto Canyon area are small; along with sparse windmills, they barely

support sheep and goat raising. Springs on the inface of the Rim are

probably charged through fractures in the lava flows which comprise

the Tierra Vieja. The first spring west of Cleveland triangulation

station is on a fault, at the base of porous sandstone that overlies

Tc 3 rhyolite; the second occurs in fractured lava near the top of Tc2

plagioclase trachyte. The spring SSW of the Petan ranch house is at

the base of sandy, conglomeratic tuff that overlies Ts2. A spring

about one mile SSE of the Petan ranch house is at the base of Ts3,

which there overlies the lower member of the Loma Plata limestone.

A spring above the Dipper Ranch headquarters is in the

faulted base of Ts2, which there overlies a thin tuff bed. The spring

at the Fred Shely ranch house is in a creek bed; it probably is

charged partly by water from the Shely fault, and partly from the

stream. Springs in the bolson fill occur on or near faults. Notable

ones are at Hot Springs, the Naegele Ranch, locality 46, and locality

4-7. Their water is highly mineralized. At Hot Springs, the water

seeps from conglomerate lenses in QTbg well above creek level, at a

temperature of 140 degrees; the springs are near faults but not on

them. Extensive red iron stains in the conglomerate cliff at the

Bienevides ranch headquarters indicate a large movement of mineralized

water in that area prior to the present canyon.
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MEASURED SECTIONS

MS 1 - ALTA FORMATION

Base of section is the lowest bed exposed on the crest of

the Pinto Creek anticline, 100 yards downstream from the fifth creek

crossing of the Marfa-Ruidosa road, locality 1.

Pinto Canyon formation, Member 1

16. Clayey chert - mediurn-bedded, internally

laminated. 5*5

15. Covered slope 25*5

14. Siltstone and sandstone - fairly resistant,

dark gray*, fine-grained siltstone, inter-

bedded with resistant, dark gray, fine-

grained, calcareous siltstone which weathers

orange brown, forming about 15$ of the unit. 10*4-. 0

13. Sandstone - ledge-forming, very calcareous,

fine-grained sandstone grading laterally in-

to very sandy limestone. TS A-119* *4-.0

12. Siltstone and sandstone - fairly resistant,

dark gray siltstone, weathering medium gray,

interbedded with resistant, dark gray, fine-

grained, calcareous sandstone weathering

orange brown, and forming 15$ of the unit. U.8.5

*Colors are according to National Research Council Rock Color Chart,

Goddard, et al, 19*48.
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11. Siltstone and sandstone - thick-bedded,

internally laminated sandstone and resistant

siltstone. 8.1

10. Siltstone - non-resistant, dark gray, lamin-

ated; with worm or seaweed imprints, in beds

from 1 to 18 inches thick with shaly joints. 14.5

9. Covered slope. 22.2

8. Siltstone - non-resistant; with one 30-inch

resistant bed. 44.5

7. Sandstone and siltstone - ledge of resistant

sandstone, and siltstone beds l/2 to 6 inches

thick. 9*o

6. Siltstone and sandstone - interbedded sand-

stone and non-resistant siltstone, 20$ to 30$

sandstone. Bedding is cyclic: At the cycle

base is 5 feet of non-resistant siltstone, fol-

lowed by 3 feet of resistant siltstone, with a

caprock of resistant sandstone l/2 to 4 inches

thick. Toward the top of the unit, sandstone

benches are only 2 to 3 feet apart. 111.0

5. Siltstone and sandstone - non-resistant silt-

stone and resistant sandstone, in beds 1 to 3

inches thick. The sandstone forms about 10

to 15$ of the unit. 63.2

4. Covered slope. 11.5
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3- Siltstone and sandstone - interbedded non-

resistant siltstone and resistant sandstone,

in beds l/4 to 2 inches thick. The sand-

stone forms about 5$ of the unit. 22.2

2. Covered slope. 29*5

1. Siltstone - non-resistant, internally lamin-

ated; in beds 1 to 18 inches thick with shaly

jointing. TS-AGY (R. L. Folk). 22.2

Total Alta exposed 610.2

MS 2 - PINTO CANYON FORMATION, TYPE SECTION

Base of section is a 4-foot waterfall in the bed of Pinto

Creek, formed by the lowest smooth-weathering chert beds of the Pinto

Canyon formation; locality 3> 3/l6 mile upstream from the fourth creek

crossing of the Marfa-Ruidosa road.

Basal conglomerate of the Cretaceous.

Pinto Canyon formation, Member 4

26. Dolomitic siltstone, chert, clayey chert,

and limestone - dark gray, fine-grained

dolomitic siltstone; dark gray, internally

laminated, pyritiferous, silty chert; thin-

bedded, gray pyritiferous clayey chert; all

weathering reddish brown; with zones of
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large, dark gray, fine-grained limestone con-

cretions at 44, and 65 feet above the

base. Small (less than 1 inch), round chert

concretions are abundant. The thin beds

weather into distinctive rhombs due to the

bedding and prominent joint systems which

intersect at 60° to 75°. TS A-35, A-42 (from

dolomitic siltstone), and A-4l (from lime-

stone concretion). 93-5

Member 3

25. Limestone
, chert, and clayey chert - regu-

larly medium-bedded, grayish brown, medium-

grained, bituminous limestone; dark gray,

fine-grained, internally laminated, pyritif-

erous limestone; dark gray, internally lam-

inated, fine-grained, bituminous, silty

limestone; black pyritiferous chert with con-

choidal fracture; massive, pyritiferous,

clayey chert; and internally laminated, clayey

chert; with irregular beds and large concre-

tions of fusulinid-bearing limestone, and

round, dark chert concretions up to 1 inch in

diameter. PL No. 6326, Parafusulina, "Guada-

lupe, Brushy Canyon, nondescript types" (7

specimens). TS A-44, A-46. 38.5



24. Chert, clayey chert and limestone - regu-

larly thin- to medium-bedded, hard, dark

brownish gray, P2rritif erous, silty chert;

laminated, dark gray, pyritiferous, clayey

chert; and dark gray, micrograined lime-

stone; with large lenticular concretions

of dark gray, fine-grained, bituminous

limestone which average 1/2 by 2 by 5 feet. 42.0

27) • Limestone and chert - irregularly-bedded,

lenticular limestone and regularly-bedded,

dark gray chert and limestone. 98*5

d. Limestone and chert - medium-bedded, dark

gray, micrograined limestone; black chert

with conchoidal fracture; and grayish

brown silty chert; with dark gray, fine-

grained, bituminous limestone in concre-

tions and layers, weathering light gray.

The lower part is predominatly lenticu-

lar and concretionary limestone, while the

upper part is mostly medium-bedded. TS A—47*

c. Limestone - regul rly medium-bedded, dark

gray, internally laminated, pyritiferous,

bituminous, micrograined; contains a 2-foot

ammonite (Awathiceras sp.) bed 15 feet above

the base. TS A-p9, A-51. 25. 0

117
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b. Limestone - regularly medium-bedded, dark

gray, internally laminated, micrograined,

weathers dark gray; with abundant dark gray,

fine-grained limestone in concretions 6 to

18 inches thick, weathering light gray.

TS A-49. 20.5

a. Limestone - massive, dark gray, fusulinid-

bearing. Parafusulina - "Guadalupe, Brushy

Canyon, nondescript types" (PL No. 6327, 7C

8 specimens). 3.Q

Total Member 3 179*0

Member 2

22. Chert - medium- to thick-bedded, dark gray,

internally laminated, fissile, bituminous

chert and dark gray, internally laminated,

bituminous chert with subconchoidal frac-

ture; with some irregular beds near the

middle. Near the top are two lenticular

limestone beds 3 to 6 inches thick.

TS A-36, A-37. 53-5

21. Chert, sandstone, and limestone - wildly

interbedded, medium- to thick-bedded, dark

gray, unfossiliferous, bituminous lime-

stone; dark gray, sandy chert; light gray,
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cherty sandstone; brown, porous chert; and

light brown, fine-grained limestone. Forms

a ledge. TS A-30, A-31, A-32. 19.0

20. Chert, limestone, and claystone - thin- to

medium-bedded, dark gray, medium-grained un-

fossiliferous, bituminous limestone; dark

gray, hackly chert which weathers light brown;

dark gray chert with subconchoidal fracture,

which weathers black; and laminated, sili-

ceous, slightly calcareous, bituminous clay-

stone. Unit thickness varies from 6to 12

feet due to the slide block above. 9*o

19. Chert - irregularly medium-bedded, bluish

gray. 6.0

18. Siltstone - non-resistant, laminated, dark

gray. 6.0

17. Chert - irregularly bedded, like Bed 20. 27*5

16. Siltstone - non-resistant, laminated, dark

gray. 4.5

15. Chert - medium-bedded (2 to 12 inch) wavy

beds of internally laminated black and brown

chert. The brown chert is porous, and mega-

scopically resembles siltstone; it passes

laterally and vertically into smooth, black,

brittle chert which forms c. 80°jo of the bed. 4.5
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14. Chert - irregularly-bedded, like Bed 20.

TS A-33, A-38. 36.9

Total Member 2 168.0

Member 1

13. Chert and sandstone - medi-urn-bedded, black,

internally laminated, silty chert which

weathers smooth, and light brown, laminated,

cherty, fine-grained sandstone. 2.0

12. Covered interval. 4.0

11. Sandstone - deeply weathered, laminated,

light brown, cherty, fine-grained. 2.0

10. Sandstone - massive, ledge-forming, light

brown, cherty, fine-grained; grades locally

into silty black chert. TS A-16. 2.0

9. Siltstone - laminated, dark gray, non-

resistant; and medium-bedded, resistant,

dark gray, clayey chert. Forms a slope. 3*l

8. Chert and siltstone - resistant, very silty

chert and non-resistant, laminated silt-

stone in 3- to 6-inch beds, about 50/50. 11.0

7. Siltstone - paper thin laminae of dark gray

siltstone stained greenish, blue, and yellow

by iron sulfates; interbedded with fairly

resistant clayey chert and cherty limestone
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in 1- to 12-inch beds, which form about 10$ of

the unit. 11.0

6. Chert - medium-bedded (3- to 6-inch), resistant,

black, internally irregularly laminated, pyri-

tiferous, silty; with subconchoidal fracture.

Unit contains few siltstone beds, but becomes

thin-bedded upward. Upper surfaces of the beds

are nodular, and beds are semi-lenticular. 38.0

5- Chert and siltstone - resistant, silty chert in

beds 3 to 4 inches thick, and non-resistant

siltstone in beds 1 to 3 inches thick. 5*5

4. Siltstone and chert - non-resistant siltstone

and resistant chert, in beds 1 to 3 inches

thick. 10.5

3. Chert - medium- to thick-bedded, internally

laminated, black, silty; weathers smooth;

forms a small waterfall in creek bed. 1.0

Total Member 1 89.6

Total Pinto Canyon
formation 529-1

Alta formation

2. Siltstone - dark gray, in l/8-inch laminae;

weathers light gray with yellow iron sul-

fate stains; surface rough. 3«2
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1. Siltstone - hard, dark gray, with bright

yellow iron sulfate coatings and native alum. .9

Total Alta formation
measured 4.1

MS 3 - PINTO CANYON FORMATION

Section runs up the bottom of a steep draw l/2 mile N2OE

from the anticlinal center in Pinto Creek; base is locality 11.

Pinto Canyon formation, Member 2

10. Chert and sandstone - extremely irregularly

interbedded light gray chert, hard, fine-

grained cherty sandstone, and hard, fine-

grained, calcareous sandstone.

Member 1

9. Silt - solid, black; has been squeezed and

compacted under the weight of the slide

block above; spalls off parallel to cliff

face. 10.0

8. Chert and siltstone - thick-bedded, resis-

tant chert and non-resistant siltstone. I+s*o

7. Siltstone - non-resistant, gray, pyriti-

ferous, weathers to rounded rubble, in

places multicolored; some beds of resistant,

dark gray siltstone. 15.0
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6. Chert and limestone - 1- to 6-inch beds of

internally laminated,, black, resistant chert,

limestone, and silty chert. 11.0

5- Chert and siltstone - medium-bedded (2- to

12- inch), resistant, irregularly internally

laminated, pyritiferous chert with some thin

beds of laminated, non-resistant, dark gray,

cherty siltstone. 23.0

4. Covered interval. 20.0

3. Siltstone - gray, laminated, non-resistant,

pyritiferous, cherty. 4.0

2. Chert - thin-bedded, resistant, dark gray, in-

ternally laminated, pyritiferous; weathers

smooth. 6.0

1. Limestone - thick-bedded, internally laminated,

dark gray, silty, pyritiferous. 1,2

Total Member 1 135*2

0. Siltstone - laminated, fairly resistant,

ferruginous.

MS 4 - PINTO CANYON FORMATION

Section starts at locality 12 and runs up a steep draw on

the east side of the ridge east of MS 3.



Top eroc'ed

Pinto Canyon formation, Member J

IJ. Chert - medium bedded, bluish gray. s*o

12. Limestone - dark gray, fusulinid-bearing,

with some chert; bedding irregular* Para-

fupulina? "Guadalupe, Cherry Canyon, Geta-

way” (PL No. &JJJ, 10 specimens). 15*5

11. Chert, chert, and limestone - resis-

tant, medium-bedded, black chert and inter-

nally laminated clayey chert, with very dark

gray, pyritiferous, bituminous, micrograined

limestone in beds up to JO inches thick,

which forms less than 2J% of the unit. 27*5

10. Lime::tone and chert -as above; limestone

beds form fO% of the unit with lenticular

beds up to 6 feet thick. Parafusulina,

”Guadalupe, Cherry Canyon, Getaway; close to

our 551 types from the Delaware limestone in

the Delaware Mountains” (PL No. 6jJ2, 13

specimens). 42. r

9. Chert, claj/'ey chert, and limestone - resis-

tant, medium-bedded, black chert and clayey

chert, with lenticular, gray, bituminous,

micrograined limestone in beds up to JO inches

thick, which forms less than 2J% of the unit. 24.0

124
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8. Chert and limestone - bed of limestone 2 feet

thick, followed by lenticular, medium-bedded,

resistant black chert. "Guadalupe, Brushy

Canyon; close to, but not the same as, our

545", Parafusulina (PL No. 6330, 7 specimens). 22.0

Total Member 3 136. 5

Member 2

7. Chert - internally laminated, dark gray, in

1- to 12-inch beds; with a 1-foot bed of dark

gray, pyritiferous, bituminous, micrograined

limestone at the base. 11.0

6. Chert - resistant, black, pyritiferous, in

beds 3 to l 4 inches thick, with less resistant,

laminated, pyritiferous, silty chert, which

decreases upward. 21-5

5. Chert - regularly medium-bedded, internally

laminated, ferruginous; fairly resistant in

creek, slope-former on hillside. 20.5

k. Chert, limestone, and sandstone - medium- to

thick-bedded, internally laminated, black,

bituminous chert; gray, bituminous, micro-

grained limestone; medium-grained gray lime-

stone; and dark gray, cherty sandstone; bed-

ding is extremely irregular. Near the top is

a bed of shale, irregularly-bedded, with
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round, 1-incn concretions, less than b feet

thick. Locally there is a thin bed of fossil-

iferous chert 10 feet below the top, probably

the same as that at locality 13 - Parafusulina,

"Leonard, nondescript types
1’ (RVH No. 6337, 7

specimens). 42.5

3- Sandstone and chert - massive, thick-bedded

sandstone with a few beds of bluisn gray

chert 1 to 3 inches thick. 11.0

2. Chert and sandstone - irregularly mterbedded

bluish-gray chert and rine-gramed sandstone. s*o

1. Chert - medium-bedded, bluisn gray. 3»Q

Total Member 2 114.5

Total measured 251.0

Member 1

0. Siltstone - gray, non-resistant.

MS 5 - PINTO CANYON FORMATION

Base is locality 8.

Top eroded

Pinto Canyon formation, Member 3

24. Limestone, chert, and siltstone - lenti-

cular and concretionary, very fossiliferous
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limestone in 1-foot ledges, with medium-

bedded chert and non-resistant, laminated

siltstone. Parafusulina, ’’Leonard, cf.

Middle Leonard” (PL No. 6331+, 6335, 6336;

28 specimens from 3 beds). $.O

Total Member 3 s*o

Member 2

23. Siltstone - medium-bedded; cherty in the

middle, with a few limestone ledges near

the top. 33

22. Limestone and siltstone - massive, cherty

limestone and laminated siltstone. 16.5

21. Siltstone - laminated, purplish; weathers

to rectangular fragments. 22.0

20. Siltstone, sandstone, and chert - wildly

interbedded. The lower 5 feet contained

a fossiliferous limestone lens 1 foot thick

and 3 feet wide. The middle section grades

into laminated siltstone and calcareous

sandstone within 30 feet laterally. The

upper part grades laterally to a prominent

5-foot ledge of bluish gray chert. 50.5

19. Limestone, chert, and sandstone - evenly-

bedded, internally laminated, pyritiferous,
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silty, bituminous limestone (6-inch beds),

black chert (l/4 to 3-inch beds), and silt-

stone laminae. Passes laterally and verti-

cally into wildly bedded units. 10.0

18. Sandstone - medi-urn-bedded, calcareous, slope-

forming. 4.0

17. Chert, sandstone, and limestone - inter-

mingled lenticular beds; forms a cliff. 6.0

Total Member 2 142.0

Member 1

16. Sandstone - medium-bedded, hard, sedimen-

tary quartzite. 4.0

15. Covered. s*o

14. Sandstone - massive, coarse-grained. 4.0

13* Shale - black. s*o

12. Sandstone - internally laminated, calcar-

eous, in 18-inch, blocky-jointed beds; with

thin-bedded, calcareous sandstone weather-

ing lumpy. 33.0

11. Sandstone - thin- to thick-bedded, massive,

medium-grained; weathers to purple and yel-

low nodules with liesegang rings; forms a

4-foot ledge. 14.0

10. Covered - probably laminated siltstone. 33. 0
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9- Limestone and sandstone - lenticular lime-

stone, passing laterally into calcareous

sandstone. 1.0

8. Siltstone and chert - silty chert (6- to 12-

inch beds) and non-resistant, laminated silt-

stone (l/2- to 2-inch beds); 50/50 by volume

at the base, 90$ siltstone at the top. Silt-

stone has worm trails as in the Alta forma-

tion, with liesegang rings. 27*5

7. Chert and siltstone - as in bed 8, 50/50;

forms a cliff. 16.5

6. Limestone - black, sandy; forms a continuous

ledge. 3-0

5* Sandstone - dark gray, weathers yellowish. 1.0

4. Siltstone and chert - laminated, non-

resistant, cherty siltstone, the upper part

with resistant, brownish gray, pyritiferous,

internally irregularly laminated, silty

chert. 7.5

3. Limestone - black, silty, internally thin-

bedded; weathers as a ledge. 3.5

2. Siltstone and chert - laminated siltstone

and shale with chert (l- to 6-inch beds);

contains scattered concretions, 6 by 18

inches, with laminae passing through them. 14.5

Total Member 1 172.5

Total Pinto Canyon
formation 319*0
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Alta formation

1. Sandstone - medium-bedded, gray; stained

to rusty yellow colors; weathers lumpy. 7*5

0. Siltstone - laminated, medium- to dark

gray.

MS 6 - YUCCA AND BLUFF FORMATIONS

Locality 51; south face of Big Red.

Bluff formation, upper member.

44. Marl - dark bluish gray, Qrbitolina-bearing.

Bluff formation, lower member.

43. Limestone - very light gray, cliff-forming,

fine-grained. 21.0

42. Covered slope. 19.0

41. Sandstone - cliff-forming, hard, cross-

bedded, medium-grained, quartz-cemented. 8.5

40. Limestone - very light gray, massive, fine-

grained; forms a cliff. 22.0

39. Covered slope. 10.0

38. Limestone - light yellowish gray, massive,

fine-grained; weathers to a white cliff. 16.5

37. Sandstone - thick-bedded, cross-bedded,

fine- to medium-grained; forms a cliff. 9.0
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36. Covered slope. 24.5

35. Sandstone - cliff-forming, cross-bedded,

medium-grained, quartz sandstone which

forms a dark brown cliff, with a bed of

blue gray fossiliferous limestone 1 foot

thick in the middle. 19.0

34. Limestone - light yellowish gray, fine-

grained, massive; forms a yellow cliff. 16.5

33* Limestone - gray, fine-grained; ledge-

forming. 6.0

32. limestone - light yellowish-gray, nodular,

fine-grained; forms a white slope. 11.0

31. Limestone - cliff forming, very light gray,

massive, very hard, fine-grained; weathers

light yellow. 19-0

Total lower member of

the Bluff 202.5

Yucca formation, upper member.

30. Slope, mostly covered. Has one character-

istic ledge of bright yellow-orange, fine-

grained conglomeratic limestone, and occa-

sional exposures of purple shale and soft

calcareous sandstone. 50.0



132

29. Sandstone - dark brown, massive; forms a

vertical cliff. 6.0

28. Sandstone - soft, calcareous; forms a slope. 8.0

27. Sandstone - dark brown, very hard, cross-

bedded sandstone in vertical cliffs, 6 to 8

feet high, with beds of pale red (5R 6/2),

barely friable, calcareous, homogenous,

fine-grained sandstone (TS A-60). 66.0

26. Sandstone - light brown (5 YR 5/4), inter-

nally laminated, fine-grained; breaks with

a subconchoidal fracture; has blocky joint-

ing. Forms a slope. TS A-61. 41.0

25. Limestone - massive, light purple, hard,

fine-grained, in 5- to 6-foot beds; with

one ledge of moderate brownish red, cross-

bedded, fine-grained, calcareous sandstone,

which weathers moderate brown (5 YR 4/4),

35*5 feet from the base. The upper part of

the limestone weathers bright red. 51*0

24. Covered slope. 9.0

23* Limestone - massive, grayish orange pink,

vuggy, pebbly, very fine-grained; weathers

grayish orange, in two beds with slabby

jointing. 11.0

22. Covered slope. 7.0
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21. Limestone - forms a cliff. 10.5

20. Covered slope. 11.0

19* Calcarenite and conglomerate - pale red

and light brownish gray, fine-grained cal-

carenite and hard limestone conglomerate

composed of gray limestone pebbles i/8” to

1/4" in diameter in a red matrix; grades

up into finely crystalline red limestone.

TS A-53* 24.0

18. Slope, mostly covered. Outcrops of purple

and light gray shale and light gray nodular

limestone. 28.5

17- Limestone - cliff-forming, in beds up to 20

feet thick. Seems to pinch out rapidly. 40.0

16. Limestone - forms a slope. 3*o

15. Conglomerate - gray; well-rounded pebbles

of several kinds of fine-grained limestone,

from l/4" to l-l/2 inches in diameter, in a

matrix of limestone sand, cemented by fine-

grained calcite. TS A-57* Grades upward

into 1 foot of cross-bedded, hard, pale gray-

ish red (10 R 5/2), fine- to medium-grained,

quartz-sandy calcarenite with subconchoidal

fracture. 6.0
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14. Limestone and shale - massive, ledge-

forming limestone weathering yellow-brown

with red overtones, in beds up to 6 feet

thick; with covered slopes cut on shale, up

to 6 feet high; some shale and limestone

beds are bright red. 27*5

13. Limestone - light gray, fossiliferous.

Fossils are an unrecognizable shell hash.

TS A-55. 4.0

12. Limestone and shale - massive, ledge-forming,

pale reddish brown (10 R 5/4), fine-grained

limestone, with irregularly reticulated cal-

cite veins and subconchoidal fracture; with

gray and red shale; beds are up to 6 feet

thick. TS A-56. 38.5

11. Covered slope, probably calcareous sandstone. 9*o

10. Limestone - dark gray, brecciated; weathers

light yellowish brown. 3*o

9. Limestone - mottled yellow-gray and gray,

nodular; forms a 5-foot ledge where favor-

able . 6.0

8. Slope - formed by shale which weathers

yellow-gray, yellow-brown calcareous sand-

stone, and mottled, yellow-gray, nodular

limestone. 28.5
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7- Limestone - mottled red, yellow, and gray,

conglomeratic. Matrix is moderate reddish

brown (10 YR 4/4), very fine-grained lime-

stone, which weathers to a rough surface

because of the sand it contains. The sub-

rounded pebbles are light olive gray (5 Y

6/l), fine-grained limestone, ranging from

l/4 to 1 inch in diameter. Forms a 3-foot

ledge where favorable. TS A-54. 4.5

6. Covered slope - outcrops of soft, calcareous

sandstone, shale, and yellow gray and

mottled, nodular limestone. 29-5

5. Calcarenite - light olive gray to brownish

gray, medium- to fine-grained, quartz-sandy;

with thin shale beds. Forms a 3-f,°°'t ledge

where favorable. 6.0

4. Limestone and conglomerate - mottled light

olive gray (5 Y 6/l), and grayish black (N3),

bituminous, fine-grained limestone; grades

laterally and vertically into medium gray

(N6), bituminous, limestone conglomerate,

with light brown and gray, fine-grained lime-

stone pebbles up to 1 inch in diameter, in a

matrix of limestone grains, 1.5 ram to 2cm in
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diameter, cemented by medium-grained cal-

cite. TS A-58, A-59- 8.0

3- Slope - formed on yellowish gray shale, with

one ledge of pale yellowish brown (10 YR 6/4),

fine-grained calcarenite, which weathers dark

yellowish orange to moderate yellowish brown. 18.3

Total upper member of

the Yucca 569*0

Yucca formation, lower member.

2. Limestone, conglomerate, and shale - light

olive gray and brownish gray, fine-grained

limestone with subconchoidal fracture; grad-

ing laterally into light olive gray lime-

stone conglomerate; interbedded with yellow-

ish gray shale. 14.0

1. Limestone conglomerate.

g. Limestone conglomerate - light gray; with

well rounded, l/4 to 6-inch diameter, pebbles

and cobbles of various kinds of light gray

and light yellowish-gray limestone, with occa-

sional black, white, and green chert and vein

quartz pebbles, in a matrix of limestone and

quartz sand, cemented by fine-grained calcite. 10.5

f. Sandstone - brown, cross-bedded, fine-

grained, calcareous. 2.5
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e. Limestone conglomerate - light gray. s*o

d. Sandstone - brown, cross-bedded, calcar-

eous . 2.5

c. Limestone conglomerate - light gray. 47.0

b. Calcarenite - gray (appears blue-gray),

medium- to thick-bedded, internally lamin-

ated, fine-grained calcarenite and marl,

with thin beds of limestone conglomerate.

TS A-50. 8.0

a. Limestone conglomerate - light gray; con-

tains flagstones and concretions from Member

4 of the Pinto Canyon formation, rare

cobbles with Permian ammonites, and very

rare cobbles of pisolitic limestone near the

base. 32.0

Total Yucca 690.5

Pinto Canyon formation, Member 4

MS 7 - YUCCA FORMATION

Locality 16

Top eroded
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Bluff formation, lower member.

23. Limestone - thick-bedded, massive, light

gray. 20.0

Yucca formation, upper member.

22. Limestone - nodular, mottled red, yellow,

and gray; grades into bed 21. 10.0

21. Shale - slope-forming, red; with one

prominent brown sandstone ledge in the

middle, 4 feet thick. 100.0

20. Sandstone - thin-bedded, yellow with red-

dish tinges, fine-grained. 7.5

19. Conglomerate - ledge-forming; grades into

bed 20. 6.0

18. Shale - gray. 4.0

17. Limestone and shale - alternating covered

slopes and 2-foot, dark gray, ledge-forming

limestone beds which weather yellow. 35*0

16. Limestone - yellow, fine-grained, ledge-

forming; top bed is dark gray. s*o

15. Sandstone - slope-forming, calcareous, fine-

grained. 10.0

14. Limestone - dark gray, ledge-forming. 3*o

13. Shale - slope-forming, red. 14.0
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12. Conglomerate - ledge-forming; with lime-

stone pebbles up to 1 inch in diameter in

a limestone matrix. Pinches out laterally. 10.0

11. Gray shale. 2.0

10. Nodular limestone and calcareous sandstone;

forms a slope. 13*0

9- Limestone - ledge-forming; weathers yellow-

ish. 12.0

8. Covered slope - probably calcareous sand-

stone. 11.0

7. Limestone and sandstone - ledge-forming,

gray limestone alternating with calcareous,

slope-forming sandstone. 22-5

6. Covered slope - probably calcareous sand-

stone. 17*0

5. Limestone - ledge-forming, gray. s*o

4. Covered slope. lk.o

3. Limestone - nodular; weathers mottled gray

and yellow. 5*5

2. Shale - red; with non-resistant, calcar-

eous sandstone, and nodular gray limestone. 33»0

Total upper member of

the Yucca 359*5

Yucca formation, lower member.

1. Conglomerate - limestone cobbles and
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pebbles in a matrix of limestone- and quartz-

sand, cemented by fine-grained calcite. 77-0

Total Yucca 436.5

Pinto Canyon formation, member 4.

MS 8 - BLUFF FORMATION

Locality 17.

Top eroded

Bluff formation, upper member

18. Calcarenite - hard, thick-bedded, cross-

bedded, light brownish gray, medium-

grained, quartz-sandy; with a bed of hard,

medium gray, fine-grained limestone at the

top. s*o

17. Sandstone and calcarenite - alternating

resistant and non-resistant, medium- to

thick-bedded, light colored, fine- to

medium-grained sandstone, with quartz-

sandy calcarenite at the top. 20.0

16. Calcarenite - hard, ledge-forming, light

brownish gray, cross-bedded, medium-grained,

quartz-sandy. 3.0
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15. Siltstone - non-resistant, light olive gray,

fossiliferous, calcareous quartz siltstone or

quartz-silty calcarenite; with beds composed

primarily of Orbitolina cemented by shaly lime-

stone . 45.0

14. Shale - dark gray. 20.5

13* Oyster bed. 3.0

12. Calcarenite and sandstone - tough, thick-

bedded, cross-bedded, pale pinkish gray,

fossiliferous, quartz-sandy calcarenite;

grades laterally and vertically into fairly

hard, thick-bedded, medium yellowish orange,

calcite- and quartz-cemented, medium-grained

sandstone. Forms a series of ledges. 23*0

11. Covered slope. s*o

10. Marl - medium gray, Orbitolina-bearing. 3.0

9. Limestone - hard, thick-bedded, medium gray

to brownish gray, fine-grained; with zones

of OrMtolina and caprinids. Forms a ledge. 19.0

8. Limestone - medium gray, hard, nodular,

Orbitolina-bearing. Forms a slope. 22.0

Top upper member of

the Bluff 168.5

Bluff formation, lower member.

7. Limestone - massive, thick-bedded, light
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gray. Lower part ledge-forming, upper part

slope-forming. 38*5

6. Shale and limestone. Gray shale interbedded

with gray, nodular limestone containing

caprinids. 22.0

5. Sandstone - calcareous. Forms a steep slope. 19.0

4. Limestone and shale - nodular limestone and

shale, with a limestone ledge which weathers

yellow. 38*5

3. Sandstone - ledge-forming, dark-colored,

cross-bedded. 10.0

2. Covered slope. 35«0

1. Limestone - massive, thick-bedded, light gray. 33 »0

Total lower member of

the Bluff 196.0

Total Bluff 384.5

Base not exposed.

MS 9 - CAPROCK SEQUENCE OF THE UPPER MEMBER

OF THE BLUFF FORMATION

Locality 50.

Bluff formation, upper member

31. Limestone - thick-bedded, caprinid-bearing,

gray; grades upward into dark gray, Orbito-

lina-bearing, shaly limestone.
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30. Calcareous - thick-bedded, cross-bedded,

gray; with an oyster bed 10 feet above

the base. 20.0

29. Limestone - slope-forming, gray, medium-

bedded, caprinid- and Orbitolina-bearing. 20.0

28. Calcarenite (caprock) - very thick-bedded,

cross-bedded, medium dark gray, medium-

grained, quartz-sandy; weathers brownish

gray with brown sand streaks on cross-

bedding surfaces; forms a vertical cliff.

Contains an oyster bed 10 feet above the

base. The basal 10 feet locally grade

laterally into sandstone like bed 27. 55*0

27* Sandstone - irregularly thick-bedded,

medium-grained; forms a cliff. Grades

laterally into calcarenite like bed 28. 12.0

26. Sandstone - irregularly medium-bedded,

calcareous, bench-forming; contains large

oysters and other fossils. 10.0

25. Sandstone - irregularly thick-bedded,

fairly soft, moderate yellowish orange,

medium-grained, biocky-jointed; with local

lenses of cross-bedded calcarenite like

bed 28. Fornns a cliff. 27.5



24. Shale - dark gray; in paper-thin laminae. 10.0

23. Trigonia hed - sandy, marly limestone alter-

nating with sandy shale; contains Douville-

iceras sp. aff. D. inaequinodum Spath, Tri-

gonia mearnsi Stoyanow, T. stolleyi Hill,

and other pelecypods. k.O

22. Shale - "black, fissile. 14.9

21. Shale and limestone - black, fissile shale

alternating with beds of yellow gray, marly

limestone 1 inch thick. 4.4

20. Limestone - hard, fossiliferous. 1.0

19. Shale - bluish-gray, laminated, fissile;

with scattered Orbitolina and large Ostrea

sp. 20.4

18. Time stone and shale - yellow-gray, marly

limestone alternating with dark gray, fis-

sile shale. 2.2

17. Sandy marl with abundant large Ostrea sp. .5

16. Sandy marl with abundant large Ostrea sp. 1.1

15. Sandy marl with abundant large Ostrea sp. .5

14. limestone - hard, dark gray; with abundant

large Ostrea, Pecten, Trigonia, Orbitolina,

and echinoids. 1.7

13. Marl - gray; with abundant echinoids and

Orbitolina. .5

144



12. Limestone - hard, dark gray, Orbitolina-

bearing. 2.2

11. Marl - soft, gray, nodular; with Orbito-

lina, Ostrea, echinoids, and clams. .5

10. Limestone - hard, dark gray, fossiliferous. 4.4

9- limestone - soft, yellowish gray, shaly;

with scattered Qrbitolina and very small

clams. 8.8

8. Covered slope. 12.0

7. Calcarenite - hard, medium-bedded, cross-

bedded, light brownish gray, quartz-sandy;

weathers brownish gray with sandy brown

streaks. 1.0

6. Calcarenite - fairly soft, light brownish

gray, calcareous sandstone or quartz-sandy

calcarenite, interbedded with and grading

laterally into hard, brownish gray, medium

gray, sandy calcarenite. 8.0

5. Limestone - thick-bedded, hard, Orbitolina-

bearing, fine-grained. 5*5

4. Calcarenite - ledge-forming, thick-bedded,

medium brownish gray, Orbitolina-bearing,

fine- to medium-grained, quartz-sandy. 7.0

3. Limestone and marl - nodular, medium gray,

Orbitolina-bearing; forms a slope. s*o
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2. Limestone - hard, thick-bedded, ledge-

forming, dark gray, Qrbitolina- and Ostrea-

bearing, fine-grained. 4.5

1. Limestone - hard, nodular, dark gray, Orbi-

tolina-bearing; forms a slope. 2.0

Total caprock sequence 226.6

Base covered.

MS 10 - BLUFF FORMATION, UPPER MEMBER

Locality 21; Upper Cibolo Basin.

Strike NS2W, dip 37NE; section measured in the direction of dip.

Top is the base of Tertiary extruded glass.

Bluff formation, upper member

17. Covered slope, with outcrops of hard,

nodular, medium gray to brownish gray

limestone, containing Qrbitolina. 20.0

16. Sandstone - barely friable, medium-bedded,

indistinctly laminated, pale grayish

purple, calcareous, fine- to medium-

grained, quartz sandstone; and barely

friable, thin- to medium-bedded, laminated,

very light olive gray, fine- to medium-

grained, calcareous quartz sandstone. 10.0
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15- Covered slope, including a ranch road, with

outcrops of hard, nodular, medium gray to

brownish gray limestone, containing Qrbito-

lina. 10.0

14. limestone - hard, ledge-forming, medium gray,

fine-grained. 3.0

13. Shale - olive, calcareous; grades up into

yellowish gray clay. 4.0

12. Marl and limestone - nodular, medium gray marl

and fine-grained limestone. 4.0

11. Siltstone - khaki-colored, shaly. 4.0

10. Shale - olive. 2.0

9. Shale - dark red. 4.0

8. Alluvium. 25.0

7. Limestone - hard, thick-bedded, ledge-forming,

medium brownish gray to medium gray, unfossil-

iferous or caprinid- and Toucasia-bearing,

fine-grained; with soft, nodular, Orbitolina-

bearing marl and hard, nodular, Orbitolina-

bearing limestone. Forms a small cuesta and

back-slope. 39-6

6. Slope - covered with profusely Orbitolina-

bearing, nodular, hard, medium gray, fine-

grained limestone cobbles. 79.5
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5- Covered valley - with one bed of thin-bedded,

light brown, medium-grained, calcareous sand-

stone, 1 foot thick. 13*2

4. Sandstone - friable, cross-bedded, pale gray-

ish yellow, medium-grained; grades up into

hard, medium- cross-bedded, thick-bedded,

quartz-cemented, pale yellowish orange (light

brown) quartz sandstone. Grades laterally

(west) into friable, very light colored,

medium-grained sandstone. Forms a cuesta to

the east, but thins and forms a small hump to

the west. 35-7

3. Slope - formed by medium-bedded, nodular,

light medium gray, hard, Orbitolina-bearing,

fine-grained limestone. 57*5

2. Limestone - alternating hard, nodular, slope-

forming, gray; and hard, thick-bedded light

gray, fine-grained, in ledges about 10 feet

apart. The upper part contains Orbitolina. 46.1

1. Caprock

f. Limestone - thick-bedded, massive, medium

gray, unfossiliferous or caprinid-, Toucasia-,

and gastropod-bearing, fine-grained; in beds

from 6 inches to 6 feet thick. Forms the top

of the major cuesta, and the back slope. A few

beds are calcarenite as in e. 119.0
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e. Calcarenite - cross-bedded, thick-bedded,

medium gray, medium-grained. The cross-beds

are marked by sand, which weathers to a much

darker brown than the rest of the rock. 9.9

d. Calcarenite and limestone - one bed of

medium brownish gray, medium-grained calcar-

enite, grading up into fine-grained, lighter

gray limestone, coarse-grained near vugs and

cracks. 7 .0

c. Calcarenite - cross-bedded, medium-gray,

medium-grained, in one bed. The cross-beds

weather dark brown. 12.0

b. Calcarenite - hard, pale yellowish brown,

cross-bedded, fine-grained, quartz-sandy;

with sand along the cross-bedding planes

which weathers dark brown. Has lenses of

soft, light brown, loosely calcite-cemented,

quartz sandstone, up to 6 inches thick, at

the top. 4.0

a. Sandstone - fairly soft, massive, pale

grayish orange (light brown), loosely

calcite-cemented, fine-grained. 4.0

Total caprock sequence 155*9

Covered slope.

Total upper member of

the Bluff 531*5



150

MS 11 - BLUFF FORMATION (UPPER MEMBER), COX FORMATION,
FINLAY FORMATION, AND BIENEVIDES FORMATION

Locality 18.

Loma Plata formation - marl and nodular limestone.

Bienevides formation.

56. Limestone - thick-bedded, massive, coarse-

grained, yellow; weathers yellow-brown 10.5

55. Shale - yellowish gray, with rare Oxytro-

pidoceras. kk.O

sh. Shale - sandy, with 6-inch beds of sandy

limestone. 12.9

53. Limestone - platy, in beds l/k to l/2 inch

thick, overlain by 2 feet of irregularly

bedded, sandy, fossiliferous limestone, con-

taining Lima, Gryphaea, and Phymosoma. 3»Q

Total Bienevides 71*2

Finlay formation, upper member

52b. Limestone - hard, fossiliferous, medium-

bedded; contains gastropods and pelecypods. 3*o

a. Limestone - massive, thick-bedded, light

yellowish gray, fine-grained; forms a cliff.

Bedding planes are 5 to 10 feet apart.
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Two-foot Toucasia zones occur 105 feet and

63 feet above the base. 132.0

51* Limestone - hard, nodular, light gray, fine-

grained; forms a slope. 15.6

50. Limestone - hard, thick-bedded, massive,

fine-grained; forms a ledge. 4.7

4-9. Limestone - hard, nodular, light gray, fine-

grained; forms a slope. 16.5

48. Limestone - hard, thick-bedded, massive,

fine-grained; forms a cliff. 15.6

47. Limestone - hard, nodular, light gray, fine-

grained; forms a slope. 17.6

46. Limestone - hard, thick-bedded, massive,

light gray, fine-grained; forms a cliff. 18.1

Total upper member of

the Finlay 223 •
1

Finlay formation, lower member

45. Marl - sandy at the base, grading upward

into hard, nodular, light gray, fine-grained

limestone; forms a very prominent slope;

contains Exogyra texana, echinoids, gastro-

pods, and clams. 65.0

Total Finlay 288.0



Cox formation, upper member

44. Sandstone - pink, calcareous, fine-grained;

forms a 4-foot ledge; contains Acteonella

dolium two feet below the top. 8.5

43. Marl or shale - yellowish gray, sandy near

the top. 47.0

42. Limestone - medium-bedded, very light olive

gray (5 Y l/l), very fossiliferous, fine- to

medium-grained. It is shell fragment hash

enclosed in a sublithographic matrix. 5*7

41. Shale - gray. 5.2

Sandstone - hard, medium-grained, quartz-

cemented; forms a cliff. 18.1

39* Limestone - hard, medium-bedded, nodular,

bluish gray, contains Exogyra texana and

small Qstrea sp. 26.1

38. Sandstone - cross-bedded, friable, white,

medium-grained. 44.5

37. Limestone - nodular, medium-gray, fine-

grained; with gray shale. Contains, near

the base, several 1- to 2-foot beds of pale

yellowish orange (10 YR 8/6), sublithographic

limestone, and light brown, calcareous

shale, which weathers reddish. 34.0
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36. Shale - red and gray, with gray, fine-grained

limestone beds at the bottom and top of the

unit. 34.2

Total upper member of

the Cox 223.2

Cox formation, lower member

35* Sandstone - hard, ledge-forming; cross-

bedded, quartz-cemented; grades upward into

less resistant, tough, slightly calcareous,

fine-grained sandstone, with abundant dark

red spots about l/8 inch in diameter. 24.0

34. Sandstone and shale - gray and yellow gray

shale interbedded with hard, cross-bedded,

fine-grained sandstone in 1-foot ledges, the

latter increasing upward. Contains a few

beds of dark grayish brown, pebbly calcar-

enite. 39*5

33. Sandstone - hard, cross-bedded; shale at the

base. 3^-2

32. Slope - cut on yellowish gray shale; with

several beds of hard, medium gray, nodular

and medium-bedded, fossiliferous limestone

which contains very small gastropods and

pelecypods; and a few oyster beds. 22.5

153



31. Sandstone - thick-bedded, thinly- to

coarsely- cross-bedded, hard; forms a ledge. 24.0

30. Shale - red and gray. 10.5

29. Sandstone - thick-bedded, cross-bedded;

forms a ledge. 15-6

28. Calcarenite and limestone - medium-bedded,

brownish gray, fossiliferous calcarenite,

and nodular, medium gray, fine-grained

limestone. 8.7

27* Covered slope - with scattered outcrops of

moderate reddish brown (10 R 4/4), slightly

calcareous, fine-grained sandstone, nodular

limestone, and yellowish gray shale. 15*6

26. Sandstone - hard, medium- to thick-bedded,

cross-bedded; with softer, slightly calcar-

eous sandstone. ks. s

Total lower member of

the Cox 239*1

Total Cox 462.4

Bluff formation, upper member

25. Shale and limestone - gray shale, grading

upward into medium brownish gray, thick-

bedded, fine-grained calcarenite and

fossiliferous, light gray, nodular lime-

stone . Contains scattered Orbitolina, very

small gastropods, and echinoid spines. 10.5
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24. Sandstone - hard, ledge-forming; with soft

sandstone and shale. 3^*2

23. Limestone - hard, medium-bedded, grayish

brown, sublithographic. 8.1

22. Sandstone - light grayish orange (10 YR

8/2), thin-bedded, cross-bedded, friable,

fine- to medium-grained, calcareous. 5.2

21. Limestone - hard, medium-bedded, grayish

brown, sublithographic. 11.4

20. Sandstone - light grayish orange, thin-

bedded, cross-bedded, friable, fine- to

medium-grained, calcareous. 11.4

19b. Limestone - hard, medium gray, fine-

grained; in caprinid-bearing or unfossil-

iferous, ledge-forming beds up to 2 feet

thick. 10.0

a. Limestone - hard, nodular, medium gray,

Orbitolina-bearing; forms alternating

slopes and ledges; contains large clams,

large gastropods, Trigonia, Toucasia. 74.0

18. Shale and limestone - bluish gray and yel-

lowish gray shale, with beds of nodular,

Orbitolina-bearing limestone. 10.0
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17* Sandstone - hard, thick-bedded, cross-

bedded, fine- to medium-grained, quartz-

cemented; weathers dark reddish brown;

forms a cuesta for at least 5 miles. 14.2

16. Covered slope. 19*5

15. Shale - gray; with gray, nodular, fine-

grained limestone beds increasing upward;

interbedded with pale olive (10 Y 7/2)

clay. 47.0

14. Limestone - hard, ledge-forming, gray,

caprinid-bearing or unfossiliferous, sub-

lithographic; with hard, nodular, gray,

unfossiliferous, fine-grained limestone.

One ledge contains small, high-spired gas-

tropods . 17*1

13. Limestone - thick-bedded, massive, very

hard, light olive gray (5 Y 6/l), caprinid-

bearing, very fine-grained. 3*B

12. Limestone - medium brownish gray, hard,

nodular, caprinid-bearing, fine-grained. 4.8

11. Sand - yellowish gray, fine- to medium-

grained, calcite sand, with scattered

Orbitolina, gastropods, etc. 4.7

10. Limestone - medium brownish gray, hard,

nodular, caprinid-bearing, fine-grained. 4.7
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9* Limestone - very hard, thick-bedded, massive,

light olive gray to medium gray, caprinid- and

pelecypod-bearing or unfossiliferous, fine-

grained to lithographic. The lower 10 feet

forms the top of a cuesta; the rest forms

ledges on the backslope. 29-0

8. Sandstone - medium- to thick-bedded, massive

to cross-bedded, friable to very hard, very

light grayish orange pink to pale yellowish

brown, calcareous to quartz-cemented, fine-

to medium-grained. Forms a cuesta for at

least 5 miles. 7^*^

d. Sandstone and calcarenite - tough, ledge-

forming, pinkish gray to yellowish gray,

cross-bedded, calcareous, medium-grained

quartz sandstone weathering grayish brown

to olive brown; grades upward into very

light olive gray, ledge-forming, cross-

bedded, medium-grained, quartz-sandy calcar-

enite weathering light brown. (10.1)

c. Sandstone - medium- to thick-bedded, fairly

hard, pale grayish orange, ledge- and slope-

forming, fine- to medium-grained, calcar-

eous. (20.1)
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"b. Sandstone and calcarenite - sandstone as in

c., grading upward into thick-bedded, cross-

bedded, hard, medium olive gray, fossiliferous,

quartz-sandy calcarenite weathering moderate

yellowish brown. Contains small Ostrea sp. and

gastropods near the top. ( 5.0)

a. Sandstone - soft, moderate reddish brown (10 R

b/k), lumpy-weathering, calcareous, shell-

fragment-bearing, ferruginous; grades upward

into sandstone as in c. (39*2)

7. Shale - gray, calcareous. 10.5

6. Sandstone and calcarenite - yellowish orange,

friable, calcareous, fine-grained sandstone

and very pale yellowish brown, sandy calcar-

enite, grading upward into friable but firm,

moderate reddish orange, calcareous, fine-

grained sandstone. 19*5

5. Shale - buff, silty; with two shell limestone

beds 1 foot thick, and two beds of hard, cal-

careous, fine-grained sandstone 6 inches to a

foot thick. 20.9

4. Oyster bed - shells of Ostrea sp. up to 6

inches long, in a matrix of fine-grained, cal-

careous sandstone and silty, sandy calcarenite.

Contains Trigonia mearnsi, T. stolleyi, other

clams, Nerinea sp. and other gastropods. 9*o
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3. Calcarenite and sandstone - medium- to thick-

bedded, hard, internally laminated to cross-

bedded, yellowish gray, shell-fragment-bearing,

quartz-sandy calcarenite; grades upward into

hard, massive, grayish orange pink, fine- to

medium-grained, calcareous quartz sandstone.

Forms a ledge, in most places dark reddish

brown. Locally contains beds of medium- to

coarse-grained shell breccia. 10.3

2. Limestone - hard, medium-bedded to nodular,

medium dark gray, unfossiliferous, fine-

grained. Contains scattered beds of Qrbito-

lina- and Ostrea-bearing limestone, up to 3

feet thick. 28.5

1. Limestone - hard, nodular, gray, fossilifer-

ous, fine-grained; with a very few marl

interbeds. Mast beds contain scattered Qrbi-

tolina up to l/2 inch in diameter; some have

gastropods and clams. 16.6

Total upper member of

the Bluff 465.0

Bluff formation, lower member

0. Limestone - very light gray, cliff-forming,

fine-grained.
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MS 12 - BIENEVIDES FORMATION AND LOMA PLATA LIMESTONE (TYPE)

Measured in three short sections, about one mile SE of Cleve

land triangulation station (PI. l).

Loma Plata limestone, upper member

64. Limestone - light brownish gray, aphanitic,

hard, contains few fossils (some silicified

caprinids), few chert nodules; unit contains

about a foot of nodular rock at the base,

then a thick, massive bed, that weathers

brown and rough, and finally several 1-foot

massive beds.

Top eroded; equals bed 1, MS 13- 13*9

63. Limestone - light brownish gray, aphanitic;

weathers bluish, nodular; forms a prominent

slope; mostly covered. 20.0

62. Limestone - light brownish gray, aphanitic,

contains scattered fossils; in 1-foot beds

that weather rough and brown. Contains a

zone of chert nodules about 4 feet above the

base, and the extreme top is marked by a

zone of abundant Gryphaea sp. cf. G. washita-

ensis Hill and Vaughan. 11.9

61. Limestone - light brownish gray, aphanitic;

forms a cliff though it contains 3 bedding
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planes; weathers brown, rough; upper bed

has scattered fossil fragments, lower two

have abundant silicified caprinids and fos-

sil fragments, zones of silicified rudis-

tids, and abundant calcareous Toucasia sp. 14.1

60. Limestone - light brownish gray, aphan-

itic; weathers gray, nodular; contains

abundant silicified caprinids and fossil

fragments and abundant calcareous Toucasia

sp. 16 .4

59- Limestone - light brownish gray, aphanitic;

weathers brown and rough; has three bedding

planes; contains abundant silicified caprinids

and fossil fragments, zones of silicified

rudistids, and abundant calcareous Toucasia

sp. 43.4

58. Limestone - light brownish gray, aphanitic;

weathers to brown, rough cliff; contains one

bedding plane; contains abundant silicified

fossil fragments and caprinids, and zones of

rudistids. 8.9

57. Limestone - similar to bed 58. 14.4

56. Limestone - light brownish gray, aphanitic;

weathers brown and rough, but forms slope;
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contains three bedding planes; base has a few

silicified rudistids, second bed from base has

abundant silicified caprinids and Toucasia sp.

and chert nodules, upper part has abundant

silicified fossil fragments. 12-5

55* Limestone - light brownish gray, aphanitic;

weathers to brown, rough cliff; contains abun-

dant silicified fossil fragments and chert

veins. 15.8

54. Limestone - light brownish gray, aphanitic;

weathers brown and rough, or gray and nodular;

in 1- to 3-£’°°t beds; forms a slope; contains

abundant caprinids, Toucasia sp., high-spired

gastropods, and fossil fragments, in part

silicified. 13*3

53* Limestone - light brownish gray, aphanitic;

weathers to a brown, rough cliff; has one

bedding plane; has abundant silicified fossil

fragments; top of lower bed has zone of abun-

dant large chert nodules that look like sponges

or algae, and rudistids which laterally give

way to caprinids and Toucasia sp. 12.2

52. Limestone - light brownish gray, aphanitic;

3- to 4-foot beds weathering brown and rough;
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forms a very steep slope; contains scattered

chert nodules, a few zones of large chert

nodules that look like sponges or algae, and

zones of abundant silicified fossil fragments. 35*3

51. Limestone - light brownish gray, aphanitic;

weathers to rough, brown cliff; contains sil-

icified Toucasia sp. and chert nodules. 6.9

50. Limestone - similar to bed 51* 2.0

49. Covered - probably nodular, bluish-weathering

limestone. 5.3

48. Limestone - light brownish gray, aphanitic;

0.5 to 1-foot beds weathering brown and

rough; forms a slope; contains chert nodules

and veins. 7.2

47. Limestone - light brownish gray, aphanitic;

weathers to brown, rough cliff; contains

two bedding planes; contains scattered chert

nodules and zones of abundant small, high-

spired, silicified gastropods. 10.0

46. Limestone - light brownish gray, aphanitic;

weathers to brown, rough cliff; contains one

bedding plane; chert veins common, chert

nodules scattered. 6.9

45. Limestone - light brownish gray, aphanitic;

weathers gray, nodular; forms a slope;
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contains fossil fragments and small gastro-

pods . 3 •
0

44. Limestone - light brownish gray, aphanitic;

weathers brown and rough; nodular at base,

massive above; forms a cliff; contains small

chert nodules and silicified fossil fragments. 1.5

43. Limestone - light brownish gray, aphanitic;

weathers gray, nodular; forms a slope; contains

fossil fragments. 0.8

42. Limestone - light brownish gray, aphanitic;

weathers to rough, brown cliff; nodular at

base; contains small chert nodules and silici-

fied fossil fragments. 2.1

41. Limestone - light brownish gray, aphanitic;

weathers gray, nodular; forms a slope; con-

tains fossil fragments. 1-5

40. Limestone - light brownish gray, aphanitic;

weathers to rough, brown cliff; contains one

bedding plane; has common chert nodules. s*l

39* Limestone - light brownish gray, aphanitic;

weathers gray, nodular; forms a slope; con-

tains scattered chert nodules. 3*7

38. Limestone - light gray brown with pink spots,

aphanitic, in two beds; forms a cliff; small

and large chert nodules abundant. 10.8
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37* Limestone - medium brownish gray, aphanitic;

nodular and bluish-weathering at the base,

well-bedded and brownish-weathering at the

top; forms a slope. 8.1

36. Limestone - light grayish brown, aphanitic;

weathers to a rough, brown cliff; contains

chert veins, and nodules in the upper part. 8.7

35* Limestone - similar to bed 36, nodular at

the base. 6.4

34. Limestone - light grayish brown, aphanitic;

beds weather bluish and nodular, and brown-

ish and massive; forms a recess under the

cliff above. 6.3

Total upper member of

the Loma Plata measured 338.2

Loma Plata limestone, lower member

33* Covered - some outcrops of aphanitic, bluish-

weathering, nodular limestone. 71*2

32. Limestone
- light brownish gray, aphanitic;

forms a rough, brown cliff. 13*2

31. Limestone - light gray, nodular, aphanitic;

weathers bluish, nearly white; forms a slope. 26.4

30. Limestone - light brownish gray, aphanitic;

forms a rough, brown cliff; contains scattered
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secondary silica in small veins and fossil

fragments. Grades laterally and vertically

into nodular limestone; bedding planes do

not parallel top and bottom of cliff. 66.5

29. Limestone - light gray, aphanitic, nodular;

weathers bluish, nearly white with pink and

purple streaks; lower part forms a cliff,

upper part forms a slope; contains ammonites

and Gryphaea cf. G. washitaensis Hill and

Vaughan. 54.2

28b. Limestone - light gray, aphanitic; weathers

white, somewhat nodular, forms a cliff; con-

tains scattered fossil fragments. 2.0

a. Limestone and shale - medium gray, very

argillaceous limestone that weathers yellow

brown and contains ammonites; and medium

gray shale that weathers yellow brown. 6.2

27. Limestone - light gray, aphanitic; weathers

white, somewhat nodular; contains scattered

fossil fragments; forms a cliff. 1-9

26. Limestone and shale - medium gray, very

argillaceous limestone that weathers yellow

brown and contains ammonites; and medium

gray shale that weathers yellow brown. 21.6
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25. Shale - medium gray; weathers yellow brown;

forms a slope. 10.6

24. Limestone - very argillaceous, nodular,

weathers yellow brown; forms a steep slope. 13*1

23. Shale - medium gray, weathers yellow brown. 16.3

22. Covered - scattered outcrops of buff-

colored, silty, soft shale with nodular

lenses of fossil fragmental and argillaceous,

buff-weathering limestone. 39.3

Total lower member of

the Loma Plata 342.9

Total Loma Plata lime-

stone measured 680.7

Bienevides formation

21. Limestone - medium brownish gray,, hard,

fine- to medium-grained, fossil fragment-

bearing; weathers orange brown, top weathers

pitted; forms a cliff. 6.1

20. Limestone - medium brownish gray, hard,

fine- to medium-grained, fossil fragment-

bearing; weathers orange brown; forms a

steep slope; in several beds with a bed of

nodular, fossil-fragmental limestone near

the top. 8.9
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19- Limestone - medium brownish gray, hard, fine-

to medium-grained, fossil fragment-bearing;

weathers orange brown, forms a cliff; one bed-

ding plane. Base contains Oxytropidoceras

bravoense (Bose). 2.1

18. Shale and limestone - Black, gypsiferous

shale and thin-bedded, nodular, buff-weathering

limestone. 2.8

17- Limestone - medium brownish gray, hard, fine-

to medium-grained, fossil fragment-bearing;

weathers orange brown, forms a cliff; two

bedding planes. Top is covered with fucoids. 2.7

16. Shale - black. 0.4

15. Limestone - medium brownish gray, hard, fine-

to medium-grained, fossil fragment-bearing;

weathers orange brown, nodular; forms a ledge. 0.9

14. Shale and limestone - black, gypsiferous shale

with thin-bedded, nodular, fossil fragmental

and buff-weathering, silty limestone. 24.3

13. Shale and limestone - buff-weathering, silty

shale and siltstone; with buff-weathering,

slightly silty limestone; more resistant than

beds 12 and 14; large clams common. s*B

12. Shale and limestone - black, gypsiferous shale

with thin-bedded, nodular, fossil fragmental

and buff-weathering, silty limestone. 12.1
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11. Limestone - light olive gray, tough, very fine-

grained, silty, nodular; forms a ledge; contains

Pecten sp., scattered oysters. 1.8

10. Shale and limestone - slopes 0.2 to 1.0 foot

high formed on interbedded black shale and

laminated platy or nodular, clastic limestone;

separated by 0.1 to 0.5 foot beds of nodular,

slightly silty limestone with high-spired gas-

tropods,
clams (Protocardia sp., Pecten sp.),

scattered oysters, Exogyra texana (Roemer),

and fossil fragments; lower half has a few

beds with pebbles to l/2 inch and horn corals;

there is about 2 feet of platy, fucoid-bearing

siltstone in the middle of the unit. 36.4

9- Limestone - light gray; sand to fine gravel

limestone grains in an aphanitic matrix; con-

tains Lima, large and small oysters. 0.4

8. Limestone - medium dark gray, fine-grained,

fossil fragment-bearing, hard; weathers

orange brown, forms a ledge. 1.4

7. Shale and limestone - black, gypsiferous shale

and nodular to platy, aphanitic, medium gray

to light gray, brecciated limestone. 9*6
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6. Limestone - medium gray, nodular, fine-grained

clastic; forms a slight ledge; contains large

gastropods, heart clams, oysters, and Exogyra

texana (Roemer). 2.3

5* Limestone - light olive gray, aphanitic, platy;

forms a ledge. 0.3

Limestone - yellow brown, argillaceous; con-

tains aphanitic limestone nodules; forms a

slope. 0.9

3. Limestone - light olive gray, aphanitic,

flaggy, internally laminated; forms a ledge. 0.3

2. Limestone - yellow gray, nodular, aphanitic,

argillaceous. 0.2

1. Limestone - yellow brown and light gray,

argillaceous; forms a slope. 0.2

Total Bienevides formation-- 124.9

Finlay formation, upper member

0. Limestone - light olive gray, hard, aphanitic;

flaggy but much more resistant than units

above; forms a wide bench.

MS 13 - DEL RIO FORMATION, BUDA FORMATION AND

LOWER PART OF THE VIEJA FORMATION

Loma Plata Mine, locality 30.

Measured by C. J. Mankin and B. J. McGrew, August, 1954.
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Vieja series

11. Olivine basalt porphyry, green.

10. Tuff - pale brown, weathers pale orange, nodu-

lar; more resistant in the middle part; the

upper 65 feet contains variegated green and

maroon tuff. Some of the tuff contains bio-

tite flakes, and is thin-bedded. 33

9* Conglomerate - tuffaceous, very well cemented;

contains angular blocks which in places are

boulders 6 inches to 1 foot or more in dia-

meter. The upper part is more resistant. k-2.

8. Conglomerate - tuffaceous, pale grayish white;

subangular to subrounded fragments, resistant

to weathering, composed of tuff with a wide

range in color. 11

7- Conglomerate - tuffaceous, alternating pale

red layers 2-3 inches thick and white nodular

layers 1-2 feet thick; contains light colored

tuff pebbles, somewhat angular. White tuff is

more common in the upper part. 25

6. Tuff - variegated (shades of purple, red, and

light brown, colors are gradational). Four-

teen feet above the base is a hard, pale red

purple bed of silty claystone, containing some
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quartz; some of the clay layers show rework-

ing. Pale red purple color is more common in

the upper part of the unit, which contains

pebbles and coarser gravel. 43.

Total Vieja series 418

Jeff conglomerate

5* Conglomerate - contains many polished

pebbles and boulders of quartzite and med-

ium gray limestone, subrounded to round,

ranging from less than one inch to more than

one foot in diameter, averaging about three

inches. 60

Buda formation

4. Limestone - nodular, light gray, resistant

to weathering. Apparently gradational with

the upper part of bed 3. 5

Del Rio formation

3- Limestone - light gray, marly, nodular. Much

less resistant than beds 2 and 4. Contains

Del Rio microfossils, Budaiceras sp., Exogyra

arietina and other pelecypods, and gastropods.

Grades into beds 2 and 4. 87
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Loma Plata limestone, upper member

2. Limestone - medium gray, like bed 1, alternat-

ing with softer, chalky, light gray nodular

limestone like bed 3* 3$

1. Limestone - medium gray, weathers rough,

forms a prominent bench; contains Toucasia

sp., caprinids, Nerinea sp.

MS 14 - VIEJA FORMATION AND LOWER PORTION OF SHELY GROUP

Nixon Falls section, locality 53; begins at top of Upper

Cretaceous marl 1 mile northwest of Nixon Falls, and runs northeast to

top of Vieja ignimbrite; offsets to l/4 mile north of Nixon Falls, and

runs east to top of Moonstone rhyolite.

Measured by C. J. Mankin and B. J. McGrew, August, 1954.

Moonstone rhyolite

42. Rhyolite porphyry - light gray, sanidine-

bearing rhyolite; elongate crystalline areas

show well-developed flow lines; inclusions of

dark brown vitrophyre abundant. 85

Shely group, lower portion

Tsl

, 41. Sand - friable, conglomeratic, in thick

lenses interbedded with fine-grained, cross-

bedded silty sand. 90
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*4O. Tuff - light olive gray to pale yellowish

brown, friable, 3f average size; weathers

platy, thin-bedded. 3H

39- Tuff - alternating yellow beds about 10 feet

thick and gray beds 2 to 4 feet thick, which

thicken upward. Upper part has some coarse

tuff lenses, and two discontinuous pink

stringers inches thick. Unit is resis-

tant but not tough. 526

36. Tuff - beds 3-l/2 feet thick; pinkish orange,

light gray, and pinkish orange. 11

37* Tuff - white, porcellaneous, resistant; upper

portion contains red zones and lenses. 66

36. Sandstone - red, cross-bedded, with some

polished-boulder conglomerate lenses; in a

channel, thickens and thins laterally. 6

35* Tuff - white, porcellaneous, thin-bedded;

overlain by alternating hard red tuff and

soft pink tuff. 8

34. Ford Ranch member - siltstone, tuffaceous,

moderate red to yellowish red, thin-bedded to

laminated, minutely cross-bedded; some coarse

sandstone, a few pebble conglomerate lenses. 30

33. Tuff - pinkish gray, nodular, weathers light

brown; contains biotite flakes. 36
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32. Tuff - pale purple, nodular; a few white

spots. 2

31. Tuff - white, nodular, weathering light

brown; contains biotite. 47

30. Tuff - pale pink beds alternating with

white beds, 6 to 8 feet thick. 25

29. Tuff - light brown, nodular. 6

28. Tuff - white, coarse-grained, friable,

fissile, weathers to a rough surface. 5

27- Tuff - pale pink, nodular; white weathered

splotches. 28

26. Tuff - white with red splotches, slightly

nodular. 26

25. Tuff - pale red, fine-grained, slightly

nodular. 43

24. Tuff - pale purple, nodular; slightly more

resistant than bed 5* 8

23. Tuff - pale yellow green with pale orange

splotches; shaly, non-resistant. 11

22. Tuff - pale reddish brown, fine-grained, re-

sistant; surface rough, hackly; grades into

bed 21. 4

21. Tuff - pale red purple, friable. 18

20. Tuff - grayish orange pink, fine-grained,

hard, with subconchoidal fracture; weathering
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holes numerous, pink splotches abundant;

grades into bed 19*

19- Tuff - hard, pale purple to dark bluish

gray, very fine-grained, banded; conchoidal

fracture. 6

Total thickness,
Shely group 1317

Vieja formation

18. Rhyolite ignimbrite. 50

17* Conglomerate - tuffaceous, extremely hard,

dusky yellow, weathers dark brown. 32

16. Conglomerate - tuffaceous, white, weathers

light brown with rough hackly surface;

well-rounded pebbles and boulders of igneous

rock and tuff. 21

15. Tuff - white, very hard, slightly nodular. 18

14. Tuff - pale red purple, grades to red con-

glomerate with boulders up to 2 feet across. 10^

13. Tuff - light brown, numerous weathering

holes; grades upward and laterally to con-

glomerate . 8l

12. Conglomerate - massive, yellow, resistant;

boulders and pebbles range from less than 1

inch to more than 1 foot across, average 3

inches. lift
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11. Tuff - white, pale purple, very faintly

bedded, numerous weathering holes locally.

10. Tuff - white, shaly, grades upward into

light brown tuff, then into pale green,

resistant tuff, with pebbles of purple,

white, and dark green tuff. 11

9- Tuff - calcareous, dark red, nodular, hard;

beds <q. 1 foot thick. 11

8. Tuff - pale green with pale purple stringers. 5

7* Tuff - pale red purple, hard, nodular, with

white splotches; some beds honeycombed. 22

6. Tuff - very light gray, imbedded; small

greenish yellow, rounded inclusions and pale

purple splotches. 11

5* Tuff - grayish red purple, nodular, weathers

to pale purple; several 6-inch greenish yel-

low bands. 11

4. Tuff breccia - pale red purple, weathers to

light brownish gray; fragments are pale

green, red, brown, and black. 22

Total Vieja formation 498

Jeff conglomerate

3. Conglomerate - well-polished quartzite and

medium gray limestone pebbles and cobbles,
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well-rounded, range from less than 1 inch to

5 feet across, average 4 inches; calcite cement.

Local sandstone lenses 1 to 2 feet long. 20

2. Sandstone - medium-grained, calcareous, locally

faintly cross-bedded, dusky yellow gray. _2_

Total Jeff 22

San Carlos formation

1* Marl - calcareous, medium yellowish orange;

no apparent bedding, weathers dark yellowish

orange; locally contains gypsum and irregular

concretions. Local] y contains Grynhaea

aucella.

MS lg - LOWER PORTION OF THE SHELY GROUP,
MOONSTONE RHYOLITE, AND PETAN TRACHYTE

Uncorrected for dip, which is less than 5 NE. Base of sec

tion is the lowest tuff bed exposed in the canyon west of Cleveland

triangulation station; top of section is the station.

Fetan trachyte

19. Trachyte - dark gray to dark brownish gray,

vesicular to slightly vesicular, cryptograined,

to aphanitic, pyroxene-bearing trachyte por-

phyry; in flow units 1 to 10 feet thick; weathers

to black, rounded lumps or to dark brownish

gray slabs. TS A-86, A-90, A-92. J&S.O
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18. Trachyte - dark brownish gray, slightly

vesicular, aphanitic, pyroxene-bearing

trachyte porahyry, with tabular slabby

jointing. 11.0

i"
• Trachyte - dark gray, vesicular, aphanitic

to crypto'■•rained, pyroxene-bearing trachyte

porphyry; weathers to black, rounded

lumps. 27*5

16. Trachyte - olive gray, tough, aphanitic,

plagioclaoe trachyte porphyry with tabular,

slabby joints; weathers iron-stained.

TS A-87, A-91. 82.8

Total Petan 481*5

Moonstone rhyolite

15* Rhyolite - hard, cliff-form'ng, xeno-

lithic, light brovmish gray, sanidine rhyo-

lite porphyry, with block joints. Pheno-

crysts are euhedral, blue-opalescent sanidine-

anorthoclase to 4 mi;:. TS A-15a, A-S2, A-3p•

Xenoliths are elongated, dark brovm vitro-

phyre, to 25 cm, with no opalescent sani-

dine. TS A-84, A-85. 163.5

Total Moonstone 285*8
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Shely group, lower portion

Unnumbered unit, local.

13- Covered slope. 11.0

12. Conglomerate - boulders and cobbles of

igenous rock in a matrix of light brown-

ish gray tuff. 49*5

11. Sand - soft, grayish brown, medium-

grained, calcareous. 33*0

10. Covered slope. 22.0

Total unnumbered unit 115-5

Ts 3 rhyolite

9- Rhyolite - brownish gray to grayish red,

vesicular to dense, slightly porphyritic,

cryptograined; abundant elongate, aphan-

itic crystalline areas point up the

excellent flow structure; subconchoidal

fracture. 49-5

8. Covered slope. 44.0

7. Ignimbrite - pale grayish red, pale brown,

and brownish gray, dense, slightly porphyr-

itic, rhyolite ignimbrite, with elongate

crystalline areas pointing up the excellent

flow structure; subconchoidal fracture. 23»0

Total Ts 3 116.5
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Ts 2 trachyte

6. Trachyte - medium purplish gray to grayish

red, plagioclase trachyte porphyry, with

excellent tabular joints 1 to 3 inches apart. 341*°

5• Trachyte - tongues of lavendar gray, plagio-

clase trachyte porphyry flow breccia, weather-

ing rough, interbedded with tongues of lava

with tabular joints. 110.0

Total Ts 2 451.0

Tsl tuff

4. Covered slope. 25*0

3. Conglomerate - small pebbles in coarse sand,

with sandstone lenses. 82.5

2. Tuff - red and white - thin- to thick-

bedded, calcareous, with occasional pebbles

of igneous rock. 101.8

1. Tuff - red and white, thin- to thick-

bedded, calcareous; capped by a resistant,

3-foot bed of brick red tuff. 231*0

Total Tsl 338-3

Total Shely group 1021.3

Loma Plata formation, lower member

0. Limestone - light brownish gray, thick-

bedded.
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MS 16 - UPPER PORTION OF THE SHELY GROUP

Dip decreases from 20° at base to 3° at Bed 3* Base of sec-

tion is locality at the top of Ts 3 rhyolite, which forms a water-

fall and rapids in Pinto Creek. Top of section is gravel of a very

high terrace.

Shely group, upper portion

Local flow

11. Trachyte - banded red and gray, spherulitic,

porphyritic, cryptograined, sanidine *

trachyte, weathering to massive blocks and

slabs. This bed, with Beds 9 and 10,

pinches out under Ts 6 a few hundred yards

north and south of the line of section. s^-0

10. Tuff breccia - tuff breccia as in Bed 9> in

flow units interbedded with spherulitic

trachyte as in Bed 11. Bands show over-

turned and recumbent folds in places. 135-0

9. Tuff breccia - large and small angular

blocks of red and gray, spherulitic, por-

phyritic, cryptograined trachyte in a

matrix of light gray tuff; grades up into

a resistant flow unit. 27-2

Total local unit 217.2
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Tss tuff

8. Tuff - very pale brownish gray, ledge-

forming. 5.4

7» Covered slope, steep. 16.2

6. Tuff - very light gray, thinly- to

coarsely- cross-bedded, slope forming,

sandy, calcareous; pebbles of darker,

light brown tuff form most of the bed at

some horizons; lava pebbles are sparse.

A conglomerate lens 195 feet from the

base has large boulders of white perlite

vitrophyre, medium gray trachyte, black

glass, granite(?), and many types of rock

which do not crop out in Pinto Canyon,

ihere are no cobbles of Moonstone rhyolite

nor Petan trachyte. 227.0

5. Covered slope, with scattered ledges of very

light gray, conglomeratic tuff. 10.8

4. Conglomerate - hard, thick-bedded, massive

to cross-bedded; composed of varied lava

boulders, cobbles, pebbles, and pea gravel,

in a matrix of tuffaceous lava sand. Forms

a cliff or series of ledges. Thickens to

the northwest, then overlaps Ts 3 unconformably.
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Thins to the southeast and south, passing

laterally into light-colored tuff. 135*0

3. Covered slope. 16.0

2. Conglomerate - lava boulders, cobbles, and

pebbles, in a matrix of light brownish

gray, tuffaceous, lava sand; interbedded

with coarse- to fine-grained, calcareous,

light brownish gray, tuffaceous sandstone.

Some boulders are 4 feet across, but most

are less than 1 foot in diameter. Bedding

is remarkably even, without cross-bedding.

Forms a slope. Pinches out between Ts 3 and

Bed 4 to the north; replaced by sandy and

conglomeratic tuff to the south. Dip 20° at

the base, 10° at the top. 215*0

1. Covered. 10.0

Total Tss 635.4

MS 17 - BOLSON FILL, THIN-BEDDED FACIES

Section starts in Bolson fill, at locality 55, and ends at

the top of Qg2 terrace.

Measured by C. J. Mankin and B. J. McGrew, August, 1954.

28. Qg2 terrace travel - subangular to subrounded

boulders and cobbles, in part with black desert

varnish, in a caliche matrix. 60
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Bolson fill

27. Silt - alternating light brown silt and

sandy silt, calcareous; beds average 6

inches. 16

26. Sandstone - alternating lenses of brownish

gray, fine sandstone and coarse sandstone

with some pebble conglomerate lenses;

siliceous, some layers break across the

grains; sandstone lenses 2 to 3 feet long,

conglomerate lenses 5 to 6 feet long. Unit

is resistant, with indistinct cross-bedding. 38

25* Sandstone and siltstone - alternating brown-

ish gray, coarse sandstone in layers 1 to 6

inches thick, and siltstone in layers 6

inches to 1 foot thick, with caliche nodules

to 1 inch. 65

24. Conglomerate and sandstone - hard, sandy

conglomerate composed of pebbles of igneous

rock and tuff up to 2 inches, in a sand

matrix; interbedded with gray, friable,

medium-grained sandstone with caliche

pebbles; cross-bedded, with an amplitude of

less than 6 inches. 26

23. Conglomerate and sandstone - as above, but

sandstone has no caliche nodules. 6
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22. Sandstone - gray, silty sandstone in layers

6 inches to 1 foot thick, alternating with

calcareous sandstone in beds 1 inch to 3

feet thick. 82

21. Calcarenite - hard, sugary, thick-bedded,

calcareous sandstone composed entirely of

large calcite grains; beds have irregular

surfaces. 5

20. Sandstone - fine-grained, well-sorted, pale

brown pink sandstone with thin stringers of

resistant, calcareous sandstone, 2 to 6

inches thick; contains dark minerals. 75

19. Sandstone - dark gray, fine-grained, calcar-

eous sandstone; cross-bedded, with stringers

of dark minerals; cross-beds dip generally

SW, c. 15°, with 6 to 18 inch amplitude. 5

18. Sandstone - hard, dark gray, calcareous,

resistant; contains dark minerals. 1

17. Sandstone - coarse-grained, calcareous sand-

stone in layers up to 1 foot thick, alter-

nating with less resistant, fine-grained

sandstone in layers 3 to 4- inches thick;

upper part has irregular concretions to 6

inches.



16. Sandstone - friable, gray, calcareous,

cross-bedded; with lenses up to 6 inches

thick and 2 to 3 feet long, of hard sand-

stone with abundant dark minerals, and

conglomerate of lava and tuff pebbles c.

1 inch across. 51

15. Sandstone - gray, calcareous, thin-bedded,

cross-bedded; thin plates alternate with

less resistant layers 6 inches to 2 feet

thick; heavy minerals are very abundant on

cross-bedding planes, which dip SW at

about 12°; numerous plant roots are re-

placed by caliche. 10

14. Sandstone - as above, but without plant

roots. 40

13. Sandstone - as above; no cross-bedding,

dark minerals, or plant roots. 20

12. Sandstone - fine- to medium-grained, pale

reddish pink; in alternating resistant and

non-resistant beds 6 inches to 2 feet thick. 28

11. Sandstone - cross-bedded, very resistant,

fine-grained, gray; cross-bedding dips S

20° with an amplitude of c.. 18 inches. 16.5

10. Sandstone - fine-grained, gray; with layers

and nodules of caliche; locally contains

187.
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conglomerate lenses 4 to 5 feet long and 1 to

2 feet thick, composed of cobbles £. 3 inches

across. 11

9« Sandstone - fine-grained, hard, calcareous,

slightly cross-bedded. 0.5

8. Siltstone - pink, calcareous, with nodules of

caliche less than 1 inch across. 3

7. Conglomerate - pebbles to boulders, in lenses

1 to 2 feet thick and 3 to 4 feet long, inter-

bedded with medium-grained, gray sandstone. 3

6. Siltstone - calcareous, pink, sandy, with

numerous caliche nodules less than 1 inch

across. 3

5. Sandstone - gray, fine-grained, with numer-

ous conglomerate lenses 3 to 4 feet long,

composed of tuff and lava pebbles which aver-

age 1 inch across. 8

4. Sandstone - gray, fine-grained, slightly

cross-bedded; cross-beds dip NE c. 15°, with

6 inches amplitude; local conglomerate

lenses 6 inches to 1 foot long, composed of

pebbles. 16

3. Conglomerate - pebble conglomerate, composed

of Moonstone rhyolite, etc.; interbedded with
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fine-grained, silty sandstone; caliche

splotches. 2

2. Sandstone - fine-grained, friable, non-

calcareous, silty; numerous caliche splotches. 1

1. Conglomerate - pebbles of tuff, Moonstone

rhyolite, and other igneous rocks, in a cal-

careous matrix.

Total Bolson fill

measured 596

LOCALITIES

Directions are approximate; latitude, longitude, and dis-

tance were measured on Plate 1 and rounded off to the last decimal

place indicated.

First creek crossing. Proceeding from Marfa to Ruidosa on

the graded county road, the road crosses Pinto Creek just after

descending the Capote Rim. Lat. 30°01.38', Long. 104°25.58‘, 0.9 mile

WNW of the Terry Shely ranch house.

Second creek crossing. The road crosses a bend in Pinto

Creek downstream from the Government trapper's house. Lat. 30°02',

Long. 104°30.13'.

Third creek crossing. The road crosses Pinto Creek in a

sharp dip near several large cottonwood trees. Lat. 29°59*67‘, Long.

104°30.86', 0.9 mile NNW of the Prieto Place.
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Fourth creek crossing. The road crosses Pinto Creek in a

sharp dip with a small, bright red dike on the left. Lat. 29°59-s',

Long. 104°31.64', 0.6 mile ENE of the Perez ranch house.

Fifth creek crossing. The road crosses Pinto Creek on a

concrete slab before leaving Pinto Canyon. Lat. 29°59»28', Long.

104°32.38', 0.2 mile WSW of the Perez ranch house.

1. In the hed of Pinto Creek, on the crest of the Loma

Plata anticline. Lat. 29°59*55 ‘> Long. 104°31.82', 0.2 mile downstream

(WNW) from the fourth creek crossing and 0.4-7 mile ENE of the Perez

ranch house.

2. In the north bank of a major tributary 0.2 mile upstream

(E) from its junction with Pinto Creek. Lat. 29°59*56S Long. 104°

30.82', 0.55 mile NNW of the Prieto Place.

3. In the bed of Pinto Creek 0.2 mile upstream (ENE) from

the third creek crossing. Lat. 29°59*98*> Long. 104°30.62'.

4. Near the top of the south wall of a tributary canyon,

0.15 mile SW of Pinto Creek and 0.5 mile south of the fifth creek

crossing. Lat. 29
0
58*84', Long. 104 32.35*•

5. On a knoll in a saddle between two hills on a prominent

ridge. Lat. 30°00.03', Long. 104°32.25', 0.8 mile north of the Perez

ranch house.

6. On the crest of a prominent hill 0.4 mile WWW of the

Perez ranch house. Lat. 29°59*51 ,

> Long. 104°32.53'*



7. On the crest of a hill 0.26 mile NNE of the Juan

Morales ranch mail box. Lat. 29°59-54', Long. 104°32.84', 0.7 mile

WNW of the Perez ranch house.

8. About halfway up the side of a prominent hill, 0.18 mile

NNW of the fifth creek crossing and 0.23 mile WNW of the Perez ranch

house. Lat. 29°59.42', Long. 104°32.41'.

9. Lat. 30°01', Long. 104°33’> 0.8 mile ENE of the Juan

Bienevides ranch house.

10. On the hillside just below the road to the Prieto Place,

0.4 mile SE of the junction between this road and the IVkrfa-Ruidosa

road, and 0.3 mile NW of the Prieto Place. Lat. 29°59-89S Long, 104°

30.95’.

11. In the bed of a small canyon, 0.6 mile north of the

Marfa-Ruidosa road, 1.6 miles WSW of the trapper's house. Lat. 30°00',

Long. 104°31.43'.

12. In the bed. of a small canyon, 0.8 mile north of the

Marfa-Ruidosa road, 1.5 mile west of the trapper's house. Lat. 30°

00.16', Long. 104°31A3'.

13. Near the top of a hillside, 0.8 mile NW of the fourth

creek crossing and 0.47 mile WNW of the third creek crossing. Lat.

30°00.07‘, Long. 104°31.19‘.

14. In the north bank of a creek, 0.42 mile south of the

second creek crossing and 0.7 mile east of the third creek crossing

Lat. 29°59-83', Long. 104°30.14'.

191
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15. In the south and east banks of a creek, about 100 yards

southeast of a windmill; 1.25 miles SW of the 80-foot mill. Lat. 30°

02.78', Long. 104°30.85’*

16. At the junction of a very small tributary with a major

creek, 0.98 mile east of the Prieto Place and 1.3 miles SSE of the

trapper's house; at the south foot of a prominent small, sharp butte

Lat. 29°59-2’, Long.. 104°29.73 ‘.

17* In the southeast bank of a creek, 1.7 miles west of the

Fred Shely ranch house, 2.0 miles SSE of the trapper’s house, and 1.55

miles ESE of the Prieto Place. Lat. 29°58*72‘, Long. 104°29.2’.

18. On the top of a small cuesta of the lower member of the

Bluff formation, 1.8 miles SSW of Cleveland triangulation station and

1.7 miles WHW of the 80-foot mill. Lat. 30°03.59', Long, 104°31.55‘.

19. On the west bank of a stream 0.71 mile SE of the Juan

Bienevides ranch house, 0.87 mile HE of the junction between his ranch

road and the Marfa-Ruidosa road, and 1.15 miles HNW of the Juan

Morales mail box. Lat. 30°00.33% Long. 10 4 33*04’.

20. About halfway down the hillside south of the road from

Hot Springs to the Cienega, 1.5 miles EHE of Hot Springs and 1.25

miles SE of the Bienevides ranch headquarters. Lat. 30°02.82’, Long.

104°34.61'.

21. This locality is not on Plate 1; it is 1.2 miles east of

the Dipper ranch house,, on the inface (south side) of a caprock sequence

(upper member of the Bluff formation) cuesta. About Lat. 30°00’, Long.

104°24.25 1
*
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22. On the west side of the Marfa-Ruidosa road, 0.55 mile

SW of the Old Allen Place, and 0.64 mile RE of the trapper's house.

Lat. 30°00.77’ , Long. 104°29*64’.

23. In a road cut on the east side of the Marfa-Ruidosa

road, 0.7 mile KW of the Terry Shely ranch house and 0.53 mile EKE of

the first creek crossing. Lat. 30°01.71', Long. 104°28.38*.

24. On the west bank of the stream which heads in the canyon

west of Cleveland triangulation station, 1.35 miles WSW of the sta-

tion, and about 100 yards east of the Hot Springs-Cienega road. Lat.

30°04.47', Long. 104°32.06'.

25* On the backslope of a Bienevides formation cuesta, across

one fork of a canyon from, and about 0.2 mile NW of, the Marfa-Ruidosa

road; 0.25 mile SE of a pump house and tank at a spring, and 1.3 miles

SSE of the Petan ranch house. Lat. 30°02.88', Long. 104°28.16'.

26. On the upper slope of a hill, 0.3 mile west of the

Marfa-Ruidosa road, 0.5 mile EKE of a prominent igneous peak, and 1.16

miles north of the first creek crossing. lat. 30°02.4', Long, 104°

28.46*.

27* On the inface of a Bienevides formation cuesta, 0.95

mile WSW of Cleveland triangulation station and 0.4 mile south of the

Cienega. Lat. 30°04.35S L° nS* 104 31*73'•

28. In the bed of a large canyon leading out of the West

Chinati group of peaks to the northeast, 1.6 miles SSW of the Prieto

Place. Lat. 29°57.81*, Long. 104°31*^2'*



29. In a steep draw 0.23 mile west of the Marfa-Ruidosa

road, 0.6 mile EKE of a prominent igneous peak, and 1.2 miles NKE of

the first creek crossing. Lat. 30°02.36’, Long. 104°28.33’.

30. Loma Plata Mine; on the hill south of a small, narrow

canyon and east of a fault scarp, 3*6 miles NW of Cleveland triangula-

tion station and 1.0 mile SSE of the Ford ranch house. Lat. 30°°6.51' >

Long. 10k°3^'•

31. On a bench below the crest of Loma Plata, 2.15 miles SSE

of the mine and 2.2 miles EHE of the Bienevides ranch headquarters.

Lat. 30°04.7‘, Long. 104°31*72'•

32. On the gently-sloping plateau east of the Shely Rim,

0.75 mile HE of the Fred Shely ranch house and miles WSW of the

Dipper ranch house. Lat. 29°59*36', Long. 104°27*01'.

33. Below the highest cliff of Ts 2 trachyte, 0.72 mile HW of

the Petan ranch house and 1.8 miles SE of Cleveland triangulation sta-

tion. Lat. 30°04.29', Long, 104 29*38' •

34. At a rapid and waterfall in Pinto Creek 0.75 mile north

of the Terry Shely ranch house and 1.2 miles EHE of the first creek

crossing. Lat. 30°01*9I'.> Long. 104 27*53'•

35* In the southeast bank of Pinto Creek where the Marfa-

Ruidosa road is squeezed to about one vehicle-width above a 20-foot

cliff, 0.15 mile upstream (HE) from the Government trapper's house.

Lat. 30°00. 43', Long. 104°29.95‘•
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36. On the southwestern end of an elongate lava hill 1.87

miles EKE of Cleveland triangulation station and 1.92 miles KNW of the

Petan ranch house. Lat. 30°°5• 53 S Long. 104°29.13'.

37* In the creek bed about 50 yards upstream from an old

windmill, 0.14 mile SE of the Prieto Place. Lat. 29°59.04', Long.

104°30.6'.

38. A small dike of light-colored rhyolite in dark lava on

the crest of a ridge, 1.25 miles SW of the Prieto ranch house and 2.0

miles NHE of Pinto triangulation station. Lat. 29°58.33S Long. 104°

31.36‘.

39* The highest point on a prominent light-colored rhyolite

dike which cuts a lava mesa, 2.2 miles south of the Prieto Place and

2.15 miles HE of Pinto triangulation station. Lat. 29°57.87S Long.

104°30.56' .

40. A prominent high, light-colored hill SW of the road in-

to the Fred Shely ranch, 1.25 miles ESE of the Government trapper’s

house and 1.85 miles WW of the Fred Shely ranch house. Lat. 29°

59.79', Long. 104°28.91'.

42. On a small hill south of a major creek and about 200

yards east of a windmill, 1.17 miles SW of the 80-foot mill. Lat. 30°

02.78 S Long. 104°30.76'.

43* In the northeast hank of a small canyon 0.6 mile HE of

the fourth creek crossing and 0.43 mile vest of the third creek cross-

ing. Lat. 29°59.84'
, Long. 104°31.23'.



196

44. In the south bank of Sandiguela Creek as it leaves the

Ford Basin and enters a narrow canyon, 3.4 miles NIW of Hot Springs

and 3.1 miles SW of the Ford ranch house. Lat. 30°05.23', Long, 104°

36.49*.

45. At the break in slope at the foot of the Shely Rim, on

the east side of a light-colored quartzite knob that looks like gran-

ite from a distance; 1.35 mile MW of the Fred Shely ranch house.

Lat. 29°59-89’ , Long. 104°27.75’.

46. At the junction of a creek bed and a prominent 15-foot

fault scarp in a basin, 2.75 miles NE of Ruidosa and 2.2 miles SSE of

the Naegele ranch house. Lat. 30°°°.36', Long. 104°38.49'.

47. In the west wall of a canyon, 0.3 mile south of the

Marfa-Ruidosa road and 1.9 miles east of Ruidosa. Lat.

Long. 104°38.93'.

48. In the west wall of a creek at a right-angle bend, 0.26

mile SSW of the Ford ranch house. Lat. 30°07.12*, Long. 104°34.61*.

49. In a cliff on the southwestern end of a low lava hill,

1.7 miles north of the Petan ranch house and 3*5 miles east of the

Cleveland triangulation station. Lat. 30°05*39S long. 104°28.95*.

50. In the west wall of Pinto Creek as it starts into a

horseshoe bend, 0.33 mile SSW of the Juan Morales mail box and 0.75

mile WSW of the fifth creek crossing. Lat. 29°59‘12 I
, Long. 104°

33.W.

51. At the base of a 100-foot waterfall in a small stream at

the southeast corner of Big Red Hill, 0.95 mile north of the fourth
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creek crossing and 1.05 miles WNW of the third creek crossing. Lat.

30°00. 33 ’, Long. 104°31*67t
•

52. In the bottom of a canyon 1.3 miles SE of Loma Plata

Mine and 2.2 miles WNW of Cleveland triangulation station. Lat. 30°

05.84’, Long. 104°32.94'.

53. Nixon Falls (not on Plate 1). A 200-foot waterfall in a

stream leading out of the Ford Basin to the northwest, 1.7 miles WNW

of the Ford ranch house and s*l miles east of Candelaria.

54. A gray perlite ledge east of the Marfa-Ruidosa road,

0.33 mile SW of the Old Allen Place and 0.86 mile RW of the Government

trapper’s house. Lat. 30°00.96’, Long. 104°29.61’.

55* In a stream bed at the base of a high, prominent remnant

of Qg2, 3-1 miles WSW of the Ford ranch house and 3*5 miles NW of the

Bienevides ranch headquarters. Lat. 30°06.31'j Long. 104°37*3‘*

56. An igneous plug about 1/3 the distance up the south wall

of a canyon, 0.48 mile upstream (SE) from the Terry Shely ranch house.

Lat. 30°00.96', Long. 104°27.4’.

57* In the bottom of a draw north of the road from the Juan

Bienevides ranch to the Dry Pasture, 1.2 miles NNE of the ranch house.

Lat. 30°01.59S Long. 104°33-23'.

58. On the crest of a cuesta, 0.64 mile east of the Juan

Bienevides mail box and 0.6 mile NNW of the Juan Morales mail box.

Lat. 29°59-82', Long. 104°33-15*.
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59- Near the top of a prominent hill, 2.25 miles ESE of Hot

Springs and 1.7 miles north of the Juan Bienevides ranch house. Lat.

30°02.U'
} Long. 1040

33.7J+‘•
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