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To engage cook or drivers in the east

would not only be too expensive on account of

traveling expense, but inexperienced eastern

men, with few exceptions, are not of much use

in the unsettled extreme west, where familiar

ity with camp life, knowledge of the country,
and aptitude and willingness to undergo hard

ships of any kind are the principal conditions

of usefulness.

W. H. von Streeruwitz, 1892
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PREFACE

All this eating and sleeping is

making me nervous.

This report incorporates ideas and work of many geol

ogists who have worked in northeastern Chihuahua and adjacent

Trans-Pecos Texas. Some of the ideas presented are, as far

as I know, original with me, but I am aware that there are

few new ideas. The method of attack has been that of the

"one working prejudice" and ideas have blossomed and wilted;

the final product is a synopsis of tectonic and stratigraphic

hypotheses that, in my opinion, explains the observed field

relationships

Thanks are offered to Professor W. R. Muehlberger,

who exclaimed to my wife upon hearing that I was returning to

The University of Texas, "I have just the problem for him!."

Professor R. K. DeFord served above and beyond the duties of

a committee member and expounded much of his knowledge and

experience of geology, life, and philosophy to me. K. P*

Young saved much searching for obscure paleontological refer

ences by readily identifying most of the Cretaceous fossils,

and consoled me during periods of great stress. Teodoro Daz

straightened me out of several misconceptions of the stratig

raphy of Chihuahua and provided freely of his knowledge of

the geology of Chihuahua.
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The Society of Sigma Xi and the Geology Department of

The University of Texas provided financial support. The In-

stituto Nacional de Geologia provided aerial photographs and

a base map.

Fellow students B. E. St. John, E. L. Trice, E. J.

Dickerson, J. C. Gries, D. F. Reaser, D. Pederson, J. A.

Wolleben, and R. E. Clemons contributed to the evolution of

my ideas and all except Trice accompanied me in the field at

various times. L. W. Bridges also spent some time with me in

the field.

Many people living in the area and in adjacent Texas

assisted me during the time spent in the field. I am espe

cially indebted to Mr. and Mrs. Francis Rooney and their son,

Pat; Juan Prieto, proprietor of Prieto's Tavern, south of

Candelaria, Texas; Juan Venegas, owner of Rancho Cuatralbo,

and his sons Jose (Pepe), Jorge, and Romulo; Marcello Navarrete

of Rancho Navarrete; Don Clemente Rivera of El Sauce; the Ivila

family of Rancho La Mina; Ramundo Morales of La Bamba; Antonio

(Tonio) Bae*za of Rancho El Llano; Don Julian Quintana of El

Guante; Don Jesus Venegas of El Cuervo; Armudio Madrid of Los

Fresnos; "El Loco," proprietor of the vinata at Ojo Cuatralbo;

Carlos Estreda (El Periodico) of La Abuja; and last but not

least Santos Porras of Barrancos de Guadalupe, possibly the

smartest man I have ever met. All of these people gave freely

of their time and provided me with food, drink, shelter,
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transportation, and companionship.

The dissertation was submitted to the editorial com

mittee in May 1966.

Walter T. Haenggi
June 1966



FRONTISPIECE

South view from Cerro del Ojo Caliente toward

El Banquete (center skyline) showing folding in

Cuchillo and Benigno formations west of Comedor

thrust fault.
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GEOLOGY OF EL CUERVO AREA, NORTHEASTERN

CHIHUAHUA, MEXICO

Walter T. Haenggi

ABSTRACT

The geologic map of El Cuervo area shows distribution

of stratigraphic units ranging in age from Jurassic (?) to

Recent. Outcropping strata are principally Cretaceous in

mountainous areas and Cenozoic in bolson areas.

From the Late Jurassic Epoch until the Late Cretaceous

Epoch the Chihuahua Trough was a negative feature with respect

to adjacent platforms and 10,000 to 18,000 feet of Jurassic-

Comanchean sedimentary rock, including a thick basal evaporite

sequence, accumulated in it; whereas on the adjacent Diablo

Platform of Texas about 3,000 feet of sedimentary rock accumu

lated. The lower part of the Mesozoic sedimentary record

shows a gradual transgression, interrupted by numerous minor

regressions, from the Chihuahua Trough onto the Diablo Plat

form. The upper part of the record shows a regression. The

eastern edge of a Jurassic (?) evaporite basin is in the east

ern part of the area. Neocomian-Aptian formations are domi-

nantly siliciclastic. Middle Albian formations are dominantly

siliciclastic in the eastern part of the area, but are predom

inantly shallow-water carbonate to the west. Late Albian-early
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Cenomanian formations are limestone with subordinate shale.

During the Cenomanian Epoch siliciclastic deposition again

became dominant and the medial Cenomanian-Senonian formations

record a transition from marine to continental deposition.

Mesozoic and Paleozoic "basement" rocks were deformed

during the Late Cretaceous-Early Tertiary Laramide orogeny.

Jurassic (?) evaporites acted as a decollement zone between

Mesozoic and Paleozoic rocks. Major thrust faults, over-

thrust toward the east, developed along the eastern edge of

the evaporite basin in El Cuervo area. During thrust-faulting,

evaporites were diapirically injected into younger rocks along

thrust- and tear-fault zones. As evaporites flowed into dia-

pirs and cores of anticlines, blocks settled differentially

into space abandoned and chaotic patterns of normal faults re

sulted. Olivine-diabase sills and dikes and amphibole-rich

rocks (where olivine diabase was intruded into and contami

nated by evaporites) may have formed during early stages of

Laramide deformation.

During and after Laramide deformation denudation cre

ated a surface of erosion in the area. During Early Tertiary

erosion as evaporites were removed, collapse structure devel

oped over diapirs, which had been injected along tear-fault

zones. At several places in near-vertical beds on flanks of

folds, as erosion removed nonresistant beds, gravity devel

oped flaps and detached flaps in adjacent resistant beds of



limestone

During late Eocene-early Oligocene time flow rocks,

ignimbrites, and associated sedimentary rocks were deposited

in widely scattered, topographically low areas. Volcanic and

associated rocks, deposited in collapse features, were de

formed as erosion of evaporites continued and they foundered

into evaporites. Two porphyritic andesite intrusions are

associated with Laramide faults; one is in the core of a large

anticline. In the southeastern part of the area several tra

chyte intrusions along east-trending joints formed dikes.

Subsequent to vulcanism, the region was uplifted from

elevations near sea level to thousands of feet above sea level

and Late Tertiary block-faulting was superimposed on Laramide

structure in the eastern part of El Cuervo area. Intrusion of

olivine-biotite "peridotite" may have accompanied faulting or

immediately followed the main episode of faulting. Thick sec

tions of bolson fill were deposited in the Presidio and Benigno

grabens as a consequence of block-faulting. Although some

Laramide faults may have been reactivated during Tertiary block-

faulting, major Tertiary faulting did not take place west of

the eastern front of the easternmost range of the Chihuahua

Tectonic Belt.
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INTRODUCTION

Every man takes the limits of his own field of

vision for the limits of the world.

Arthur Schopenhauer

El Cuervo area is near the eastern margin of the Chi

huahua Trough (DeFord, 1964, p. 121), a Mesozoic marine depo-

sitional basin that received 10,000 to 18,000 feet of sediment,

including a thick basal evaporite section. The trough was a

large estuary, bounded by emergent areas of the Coahuila,

Diablo and Aldama platforms, during the Late Jurassic Epoch

and early Cretaceous time. After transgression of Cretaceous

sea onto surrounding areas, the trough, subsiding faster than

platform areas, received a greater thickness of sediment.

The Laramide orogeny deformed the crust over much of

Trans-Pecos Texas and northern Mexico. I believe the deforma

tion of pre-Mesozoic "basement" rocks was relatively mild; in

the Chihuahua Trough, however, broad arching of the "basement"

initiated flow of evaporites amplifying folds in Cretaceous

rocks. Thurst faults, accompanied by diapiric injection of

evaporites, developed along the eastern margin of the evapo

rite basin and possibly along the western margin. The result

ing deformed area is known as the Chihuahua Tectonic Belt

(DeFord, 1958b, p. 72, 74).

The few existing publications concerned with the

1
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geology of the Chihuahua Tectonic Belt are largely the result

of reconnaissance by mining and petroleum geologists. The

most detailed work in the area has been done by graduate geol

ogy students at The University of Texas, who reported the re

sults of their work in unpublished theses and dissertations.

My field work was a continuation of a mapping program of the

Department of Geology. This dissertation, though dealing with

only a small part of an extremely complex area, attempts to

integrate all available data and knowledge into a coherent geo

logical history.

LOCATION AND ACCESS

Hoja El Cuervo, part of a series of geological maps

being prepared by the Instituto Nacional de Geologfa (National

Institute of Geology), is bounded by lat 30o00 and 3030' N.;

long 10520l W., and the Rfo Bravo del Norte (Rio Grande). El

Cuervo area includes this map sheet as well as small adjacent

areas to the south and west (fig. 1; pi. l). Approximately

1,120 square miles, of which 540 are mountainous and 580 are

bolson and river valley, are included on the map (pi. l)

El Cuervo area can be reached by good, graded, unpaved

roads from Cd. Chihuahua, from Villa Ahumada, and from JuArez.

These roads are not shown adequately on any maps; local in

quiries are necessary to find and follow them. Travel time

from Cd. Chihuahua to the area is about 7 hours; from both
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Villa Ahumada and Juarez, about 12 hours. Any serviceable

vehicle with enough road-clearance can travel these roads.

The area can also be reached from Sierra Blanca,

Texas, over county and ranch roads to Bosque Bonito or Indian

Hot Springs, thence southward across the Rio Bravo to Bolson

El Cuervo. Local inquiries on the Texas side are necessary

to find these roads and arrangements to enter Mexico must be

made at Juarez or Ojinaga; for there are no ports of entry

between these cities. A four-wheel-drive vehicle is recom

mended for the difficult river crossings near Bosque Bonito and

Indian Hot Springs.

The easiest way to reach the area from Texas is to

travel the river road north from Presidio to cross dry-weather

fords at Ruidosa or Candelaria. Almost as good is the route

that leaves U. S. 90 at Chispa Flat, follows a dirt road to

crossings where it is possible, in dry weather, to cross the

Rfo Bravo to Los Fresnos or Pilares. Local inquiry is neces

sary to find the correct roads.

Accessibility within El Cuervo area varies from excel

lent to miserable. Local inquiries are absolutely essential.

In the area west of the La Mula-Sierra Blanca Range (fig. 2),

roads are good, and vehicles can readily reach virtually all

parts of the area. Most of the access problems were in the

La Mula-Sierra Blanca Range. Only 4 passes through the range

are negotiable by vehicles:



I04W.T. Hoenggi

Figure 1. --Index map of selected previous work and work in

DrogI.ess in northeastern Chihuahua and adjacent

Texas .
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Table 1. Explanation of Figure 1

Area

1. Sierra Blanca

Author

Albritton

and Smith

2. Wylie Mountains Hay-Roe**

3. Eagle Mountains

and vicinity

4. Northern Sierra

Pilares

5. Central S.

Pilares (S.
del Porvenir)

6. Central S.

Pilares

(Borrachera
anticline)

7. Southern S.

Pilares

8. S. de la Ventana

(S. de los

Fresnos)

9. Northern S.

Pinosa (northern
S. de Ventana)

Underwood**

Smith

GiHerman

Taff

Clutterbuck

and Ferrell*

Harwell and

Vest*

Atwill,

Campbell, and

Daugherty*

Hamilton and

Yeager*

Allen and

Nichols*

Dill and

Spiegelberg*
Atwill*

Publication or Thesis Date

1965, area includes NW

part 3, north half 13, all

of 11 and 12 and Triple-

Hill-Finlay Mountains,

portions of 10.

1958

1963, entire area.

1940, Devil Ridge; 1941,

Eagle Spr.
1946 a and b; 1948, 1953,

Eagle Mountains.

1891, east side Eagle Mtns.

1958

1959

1959

I960

1958

1961

I960, from air photos; in

cludes compilation of 4,

5, 6, 7, and 8.

*U.T. Thesis or theses

**U.T. Dissertation



Table 1. Cont.

10. Northern Rim,

Triple Hill,
Cox Mountain

Brunson and 1954
Wade*

11. Malone Mountains

12. Northern Quit

man Mountains

13. Southern Quit

man Mountains

14* S. de la

Cieneguilla

15. Van Horn Mtns.

16. Northern Rim

Rock Country

17. Porvenir

18. Caldelaria

Albritton

Taff

Huffington
Geiger and

Laux*

Taff

Scott

Jones

Campbell

Taff

Reaser**

Powell**

Twiss**

Braithwaite,

Frantzen,

Dasch, and

Bridges*
Wolleben**

Bilbrey,

Colton, Fergu

son, Miller,

Schulenberg,
and McKinney*
Wolleben**

1937 a and b; 1938, see 1.

1891

1943, see 1.

1965

1891

1939, see 1.

Dissertation in progress

(Texas A and M) .

Dissertation in progress

(Texas A and M)
1891

Dissertation in progress.

1963

1959

1958

1966

1957

1966

1955Buongiorno,

Carlisle,

Duchin, Mankin,

McGrew, Moran,

Smith, Peterson,
and Sewell*

Wolleben** 1966

19. Pinto Canyon Amsbury** 1958, includes 31.
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Table 1. Cont.

20. Chinati Peak

21. Presidio

22. Foothills S. de

los Pinos (S.
del Pino)

23. S. de Fierros

and most north

eastern Chihuahua

24. El Cuervo

25. Cuchillo Parado

26. Placer de

Guadalupe

27. Mina Plomosas-

Placer de

Guadalupe

28. Bofecillos

29. Cerros Prietos

30. Ojinaga-
San Carlos

31. Hot Springs

32. Sierra Diablo

Rix**

Dietrich**

Bell and

Milton*

Ramirez and

Acevado

Haenggi**

King and

Adkins

King and

Adkins

Bridges**

McKnight**

Heiken*

Ferrusquia*

Arenal

Burrows

Vivar

Wolleben**

Dickerson*

King

1953

1965

1964

1957, compilation maps

and measured sections in

Pemex files.

This report, includes all

of 6, 7, 8, 9, and south

part of 5.

1946

33. Hudspeth Co., Strain**

Pleistocene Fms.

1946, includes 27.

1962

Dissertation in progress.

1966
Thesis in progress.

1964

1910

1925

1966

1966

1965, area includes NW

part 2, NE part 3, and

Cox Mtn. part of 10.

1966, area includes SW

part 1.
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Paso Murcie*lago or Paso GaitAn (about 5 miles south of

south line of El Cuervo area): Cross Rfo Conchos, north

of Ojinaga; follow the Chihuahua river-road northward to

the southern extremity of Cerro Alto (fig. 2); go thence

by cut-off to Rancho Gaitan. The road, which crosses

Sierra de la Parra from Rancho GaitAn to Rancho Murcielago

enters El Cuervo area near R6*mulo (pi. l), is generally in

excellent condition. Two-wheel-drive vehicles equipped

with a compound-low gear i.e., "caja de la montana" and

with enough road-clearance can easily cross the mountains.

The trip takes about 6 hours from Ojinaga.

Paso La Chiva-Can6n de Navarrete (in El Cuervo area): Due

west of Ruidosa, Texas. Cross the Rfo Bravo at Ruidosa-

Barrancos de Guadalupe and follow a road along pediments

to the mouth of Can6n La Chiva. Cross the sierra in Arroyo

Navarrete after climbing over mountains between arroyos La

Chiva and Navarrete. Road not in general use, suitable only

for four-wheel-drive vehicles (preferably winch equipped).

Travelers must do considerable road-work unless other ve

hicles have crossed since the latest rain. Although rugged

and hazardous, this is the fastest way to the interior of

El Cuervo area from places where supplies are available.

The trip from the Rfo Bravo to Bolson El Cuervo takes about

2 1/2 hours when major road-work is not necessary.

Paso Rancherfa (in El Cuervo area): Travel dirt roads from
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Chispa Flat or Candelaria to Los Fresnos (Chispa Flat road

is best). Follow Arroyo Benigno to Rancherfa. From Ran-

cheria roads continue to El Cuervo, Cuatralbo, and Puerto

Alto (pi. l). Road is in good condition: a high-clearance,

two-wheel-drive vehicle can usually make the crossing.

Trip from Los Fresnos to Bols6n El Cuervo takes about 4

hours.

4* Paso de Leon (in Sierra Pilares north of north line of El

Cuervo area, south of canyon that the Rfo Bravo has cut

through the range): Cross the Rfo Bravo at Loma Arena or

travel the Juarez-0 jinaga road northward from Pilares.

High-clearance, two-wheel-drive vehicles can travel this

route .

Except for the mountain passes, access to the interior

part of the La Mula-Sierra Blanca Range is by foot, horse,

mule, or burro. I generally walked or rode my trusty burro,

known throughout the area as "El Geologo." Veredas (horse

trails) criss-cross most of the range within the map area;

horses or burros are available at most of the ranches in the

sierra. A jeep can get to several localities at the foot of

the mountains. From such places it is possible to get in sev

eral days of field work by "f anning-out" into the mountains

on foot.

To travel in El Cuervo area, it is necessary to carry

adequate gasoline. Gasoline is available in Candelaria and
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Ruidosa, Texas, and generally can be obtained at Carrizo,

Chihuahua, immediately south of the southwestern part of the

area. The field party should carry water, but no more than

5 gallons per man is necessary, for potable water is avail

able at most of the ranches. A good set of earthmoving

equipment (bar, pick, shovel, etc.) and sufficient tools for

minor automotive and major tire repairs is indispensable.

The best vehicle for work in the area is one with a

short wheelbase and four-wheel-drive. A winch is not a sine

qua non, but a winch can save a lot of blood, sweat, and

tears.

GEOGRAPHICAL NOMENCLATURE

One of the great problems confronting the traveler in

northeastern Chihuahua is editing the names of sierras and

ranches shown on published maps. Parts of all maps published

to date are useless to the field man trying to find a hill or

mountain range by local inquiry. Many of the published names

are unknown to inhabitants of the area or are located incor

rectly. In an effort to place correct names on different

physiographic features of northeastern Chihuahua on Figure 2,

I have followed local usage in all areas with which I am

familiar. For example, in compiling this map, I have pre

ferred "Sierra LAgrima" to the published name "Sierra del

Hueso" (Ramirez and Acevedo, 1957).
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Many parts of the continuous chain of mountains ex

tending more than a hundred miles from La Mula, Chihuahua, to

Sierra Blanca, Texas, have different names. The entire range

is unnamed. At the suggestion of R. K. DeFord (1965) I am

proposing that the range be called the La Mula-Sierra Blanca

Range. This range includes from south to north: Sierra

Grande, Sierra de la Parra (including El Banquete), Sierra

Pinosa, Cerro del Ojo Caliente, Sierra de la Ventana (Sierra

de los Fresnos), Sierra Pilares (including Sierra del Por

venir), Indio Mountains, Eagle Mountains, and Devil Ridge.

In this report I shall refer to the Cafi6n de Navarrete

area. This area is within El Cuervo area and is bounded by

Arroyo Cuatralbo, Bols6n El Cuervo, the southern edge of El

Cuervo area and the Rfo Bravo.

Rfo Bravo del Norte is the Mexican name for the river

called Rio Grande by Anglo-Americans. Because my work is in

Mexico, I am using the Mexican name, generally shortened to

Rfo Bravo, in this report.

CULTURE

Except along the Rfo Bravo, El Cuervo area is sparsely

populated. Relatively large settlements line the river from

the southern edge of the map area northward to San Antonio and

from El Comedor northward to the northern boundary of the area.

The principal occupation of people in these poblados is cotton
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cultivation on the flood plain of the river.

Widely separated ranches that dot the remainder of

the area are indicated on Plate 1. In the La Mula-Sierra

Blanca Range goat herding, candelilla rendering, and vinata

operation are the principal occupations. Most of the ranches

have small gardens where beans, corn, and chili are grown for

home consumption. Several ranches, notably El Sauce (H-ll),

Navarrete (J-ll) and La Mina (i-ll), have small orchards of

peach trees and grape vines.

Ranches in Bols6n El Cuervo and the Sierra LAgrima

are horse and cattle operations; some on a large scale.

Rancho La Bamba (J-l) is one of the largest ranches in Chi

huahua. Many of the larger cattle ranches are owned by semi-

absentee landlords living in Cd. Chihuahua or Juarez.

All the people are friendly, and without the help of

some of them, I would not have been able to map the area. A

good knowledge of spoken Spanish is essential to travel and

work in the area.

PREVIOUS WORK

DeFord (1964, p. 116-129) presented an excellent sum

mary of the history of geological exploration in Chihuahua.

Of numerous summaries of work done in Trans-Pecos Texas Under

wood has written one of the best (1962, p. 18-24).

Until graduate students at The University of Texas,

THE UNIVEftSITX

OF TEXAS
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supervised by R. K. DeFord, began mapping in Chihuahua in

1956, little was known about the geology of El Cuervo area.

C. L. Baker (1935, p. 190) visited the area during the early

part of the century, and D. H. Morgan surveyed Cano'n de

Navarrete in 1928 for the Shell Oil Co. (unpublished notes

from archives of Petr6leos Mexicanos).

Figure 1 shows areas mapped in El Cuervo and adja

cent areas by graduate students from The University of Texas.

Areas 4, 5, 6, 7, and 8 of Figure 1 are within El Cuervo

area. These areas were mapped by two-man teams, one describ

ing structure, the other stratigraphy for M. A. theses.

FIELD AND LABORATORY PROCEDURE

I mapped the unmapped parts of El Cuervo area during

8 months field work in 1964 and 1965, locating the geology

and culture on aerial photographs furnished by the Instituto

Nacional de Geologfa. Photos are of the CH series, flown by

Compania Mexicana de Aerofotos S.A. The exact scale of the

photos is uncertain: Dfaz (1959) reported 1:30,000. I found

that this was not the scale of all photos, as the scale varies

considerably from one flight line to another and along flight

lines. The average is about 1:32,660. Following is a list

of photos used in constructing the geologic map (pi. l) ar

ranged by flight lines:
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West ** > East

CH-2192 CH-2212

CH-2090 CH-2117

CH-2147 CH-2120

CH-2030 CH-2004

CH-1971 CH-2000

CH-1889 CH-1857

CH-1844 CH-1856

CH-1735 CH-1767

CH-1631 CH-1663

CH-1546 CH-1515

CH-1479 CH-1513

CH-1408 CH-1375

CH-1313 CH-1304
South

I used a radial- line plot to construct the base map

of all areas except the Sierra Pilares, for which I modified

Atwill's (i960) compilation of geologic mapping in the sierra.

The resulting map is not geographically precise. The entire

lack of horizontal control within the area introduces errors

in location. The Rfo Bravo is the base line; with respect to

it 3000f and 3030f N. lat and 10445f W. long are located

accurately as shown on U.S.A.F. Operational Navigational Chart

ONC-H-23 (Lower Rio Grande, 1:1,000,000) (1964). The maximum

error in geographical location on the map is plus or minus 1*
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of latitude and longitude. The latitudinal error is probably

greatest midway between 3000 and 3030 N. and the longitu

dinal error is probably greatest along the western boundary

of El Cuervo area. The relative location of geological fea

tures is correct.

The JuArez-Barrancos de Guadalupe sheet of the

Levantamiento de la Carta GeogrAphica de la Reptibliea Mexi-

cana (1958) and U.S.A.F. Operational Navigational Chart ONC-

H-23 (1964) provided vertical control for structure cross-

sections. Elevations between selected control points were

estimated from aerial photographs by means of a parallax bar.

I mapped the Canon de Navarrete area in detail during

the summer and fall of 1964 and the Bolson El Cuervo, Sierra

LAgrima, Sierra del Pino and Sierra de la Cieneguilla by

rapid reconnaissance during the spring of 1965. Since then I

have visited the area briefly three times, spending 2 to 3

days on each trip.

I measured 2 sections of marine sedimentary rocks

using a Jacob's Staff and 2 sections of volcanic rocks and a

section of intrusive-igneous rock by pace and compass.

The petrographic descriptions of volcanic- and

intrusive-igneous rocks are based on examination of approxi

mately 100 thin sections.

K. P. Young identified many of the macrofossils . I

identified macrofossils not collected and several of the
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mollusks and echinoids. B. F. Perkins identified microfossils

from the Navarrete Formation and sponges from the Buda Lime

stone .

TERMS AND ABBREVIATIONS

This report introduces three new formation names:

Navarrete, Benigno, and Llgrima, and calls the positive area

near Aldama, Chihuahua, Plataforma de Aldama rather than Isla

de Aldama (Ramfrez and Acevedo, 1957).

The Chihuahua Trough (DeFord, 1964, p. 121) is the

Mesozoic depositional basin bounded on the east by the Diablo

and Coahuila platforms, on the north by the Diablo Platform,

on the west by the Plataforma de Aldama, and presumably open

to the Mexican sea to the south (fig. 7). The Chihuahua Tec

tonic Belt (DeFord, 1958b, p. 72, 74) is the tectonic equiva

lent of the Chihuahua Trough; i.e., the deformed sedimentary

rock that originated as sediments in the Chihuahua Trough.

Specific locations on the geologic map (pi. l) are

referenced by a grid system; letters and numbers on the mar

gins of Plate 1 indicate north-south and east-west position

respectively.

This report uses the words "correlation" and "cor

relative" in a temporal sense. "Equivalent" when not pref

aced by an adjective means lithostratigraphic equivalence;

e.g., "Cox equivalent" means that the formation occupies
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about the same position in a homotaxial sequence as the posi

tion of the Cox Formation in its sequence. To correlate is

to postulate temporal equivalence, but a formation and its

equivalent are not necessarily correlative; i.e., they are

postulated to be equivalent but not necessarily time-

equivalent

"Resistant" and "nonresistant" are used frequently

as modifiers in lithologic descriptions. "Resistant signi

fies ability to withstand erosive processes operating in the

region where the rocks occur; e.g., a resistant limestone is

a ridge- and ledge-forming rock.

The abbreviation MS- is for measured section. Abbre

viations of Latin terms in paleontological discussions indi

cate the following meanings:

aff . - related to, but a different species.

cf. -

compare with the species named; it is similar

but not necessarily the same.

cfr. -

compare with the species named; it is similar

but poor preservation prevents positive identification.

sp.
- species (singular).

spp.
- species (plural).



PHYSIOGRAPHY

TOPOGRAPHY

From east to west the principal topographic elements

of El Cuervo area are: the Rfo Bravo valley, La Mula-Sierra

Blanca Range, Bolson El Cuervo and Sierra Lagrima-Sierra del

Pino. The lowest elevation above sea level is about 2,800

feet, where the Rfo Bravo crosses the southern boundary of

the area; the highest, about 7,500 feet in the Sierra de la

Parra, northwest of La Parra (L-9).

The Rfo Bravo flows through a broad valley in the

eastern part of the area. The river meanders over a flood

plain l/2 to 3/4 mile wide from the northern part of the area

to just south of El Comedor (F-12), thence through a canyon

about 1/4 mile wide cut in bedrock to San Antonio (H-13).

From San Antonio to the southern edge of the area the river

meanders across a broad floodplain l/2 to 1 mile wide. The

Rfo Bravo and its tributaries have cut the valley as much as

100 feet below broad terraces.

The La Mula-Sierra Blanca Range includes the most

rugged topography in El Cuervo area. The total difference in

elevation within the mountains is about 3,000 feet. Relief

of as much as 2,000 feet in half a mile, and steep cliffs 300

to 1,000 feet high are common. Within the range topography

is strongly influenced by geological structure. The main

19
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access trails follow canyons and passes developed along zones

of faulting. The most inaccessible areas are those where dips

of beds are low (0 to 15) and resistant limestone forms sheer

cliffs.

The drainage divide between arroyos tributary to the

Rfo Bravo and arroyos tributary to Bols6n El Cuervo is within

the La Mula-Sierra Blanca Range. This divide occurs along a

distinct change from steeply walled arroyos, flowing through

areas of maximum relief on the Rfo Iravo side, and broad ill-

defined arroyos, flowing through areas of minimum relief on

the El Cuervo side.

Bols6n El Cuervo is a broad featureless plain (llano).

The surface of the bolson slopes away from mountains to the

east and west toward a drainage axis that trends north from

the southern edge of the area near Romulo (L-6) to Laguna El

Cuervo (E-6) . The axial area is characterized by extensive

flats covered by tobosa grass. North of Laguna El Cuervo,

the bolson floor slopes toward the lake in a large semicircu

lar area off the La Mula-Sierra Blanca Range, Sierra de la

Cieneguilla, Sierra del Pino, and Sierra Lagrima. A drainage

divide between the Sierra de la Cieneguilla and the La Mula-

Sierra Blanca Range trends east between arroyos tributary to

the bolson and to the Rfo Bravo. North of the divide arroyo

channels are as much as 100 feet below hilltops; south of the

divide there is practically no relief.
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The bolson surface intersects the surrounding moun

tains at about 4,100 feet above sea level. The lowest point

in the bolson plain, Laguna El Cuervo, is at an elevation of

about 3,800 feet. Therefore, total difference of elevation

within Bols6n El Cuervo is about 300 feet. The average eleva

tion of the plain is about 4,000 feet. Maximum relief within

the bolson is along the mountain fronts bounding it; here the

difference in elevation between arroyo bottoms and the bolson

surface is as much as 10 feet. Along the drainage axis of

the bolson plain, local difference in elevation is as much as

3 feet. Over the remainder of the bolson the difference be

tween active arroyo channels and surrounding areas is 1 to 2

feet. Southeast of Laguna El Cuervo several small areas of

sand dunes rise 15 to 20 feet above the surrounding plain.

Sierra Lagrima is a long series of hogbacks fronted

on the east by low, rolling foothills and on the west by a

large bolson plain. Maximum difference in elevation between

the sierra and surrounding areas is about 2,000 feet.

Sierra del Pino is a series of northwest-trending,

high cuestas. The southern end of the range is surrounded by

bolson areas. Maximum difference in elevation between the

mountains and plain is about 2,000 feet. Within the mountains,

valleys fronting on cuestas are deep; some valley bottoms are

300 to 500 feet below the tops of cuestas.

The southern Sierra de la Cieneguilla is a series of
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ridges surrounded by bolson areas. Difference in elevation

between hilltops and surrounding plains averages 300 feet,

and the maximum is about 1,000 feet.

Cerros El Morro and Manuel are low rounded limestone

hills rising about 200 feet above the surrounding plain.

CLIMATE

Northeastern Chihuahua is within a large area of

steppe-and-desert climate (Haurwitz and Austin, 1944, fron

tispiece). Table 2 shows climatological data from selected

stations in Trans-Pecos Texas. In general mean-annual pre

cipitation increases with altitude and from west to east.

The gradient of precipitation increase with altitude increase

is about 2.5 inches/1,000 feet (Dietrich, 1965, p. 21). Mean-

annual temperature decreases as elevation increases.

Conditions within El Cuervo area vary considerably

with altitude. Along the Rfo Bravo valley precipitation and

temperature conditions are similar to those of Presidio, Texas

(table l). The plain of Bols6n El Cuervo is 3,800 to 4,100

feet above sea level. Using Dietrich's precipitation gradi

ent, the mean-annual rainfall of the bolson is estimated as

12 inches. Similarly mean-annual rainfall in the La Mula-

Sierra Blanca Range is probably 13 to 14 inches. In the

Sierra Lagrima, Sierra del Pino, and Sierra de la Cieneguilla

the mean-annual precipitation is probably about the same as



Table 2. Climatological data, eight U. S. Weather Bureau stations in

Trans-Pecos Texas (Dietrich, 1965, p. 18)

Station Temperature Precipitation

Name

Elevation

(Ft. above

MSL)

Extremes Means
Mean

Annual

(inches]

Record

PeriodHi gh Low Jan.

(F)
July

(F)

Annual

(F)

Record

Period*ep-" Year op Year

Mt Locke 6790 98 1962 -10 1962 41.7 70.0 57.2 #1945-63 18.72 1945-63

Chisos Basin 5300 102 1958 - 3 1949 48.9 74.8 63.2 #1948-63 15.19 1949-63

Alpine 4433 106 1932

1936

- 2 1933 46.7 77.4 63.2 WBN 15.42 WBN

Van Horn 4050 108 1951 - 7 1962 44.3 80.4 62.8 #1942-63 9.52 1939-63

El Paso 3918 109 I960 - 8 1962 43.9 81.4 63.6 WBN 7.89 WBN

Balmorhea 3225 112 1939 - 9 1933 47.3 81.1 65.1 WBN 12.68 WBN

Ft. Stockton 2995 114 1907

1934

- 7 1911 47.6 82.2 66.1 #1931-60 16.45 #1931-60

Presidio 2582 117 1957

1960

+ 4 1962 49.8 86.5 69.5 WBN 8.31 WBN

* WBN: Weather Bureau norma1 for 1931- I960.

# : Some records mi ssing

Data sources .--Normals

m data in t

(WBN)
he of

from

fice 0

U. S.

f the

Weath

State

er Bureau (1962, p. 4); other means calcu-

Climatologist, Robert B. Mueller Airport,lated fro

Austin, Texas.
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in Bols6n El Cuervo (12 inches). Practically all rainfall

occurs as afternoon and night thunder-showers from May to

October, inclusive.

Temperatures during June, July and August are extreme,

and daily highs are invariably greater than 100 F. Except

for sporadic cold-front arrivals ("northers"), temperatures

are warm to mild during the rest of the year. Nights are cool

during the summer, and cool to cold during winter, spring, and

fall.

The best months for field work are March, April, and

May in the spring, and October, November, and December in the

fall. It is possible to work in January and February, but

winter storms are frequent, and short periods of freezing

weather make conditions unpleasant.

FLORA AND FAUNA

Flora

Flora of El Cuervo area is typical for desert areas

of Chihuahua and Trans-Pecos Texas. To some extent, bedrock

and water determine the kind of vegetation, but the principal

control is elevation.

Bols6n El Cuervo is characterized by mesquite (Pro-

sopis julif lora) . creosote bush (Larrea tridentata) . and sev

eral genera of grasses, suitable for grazing cattle. Along
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the drainage axis of the bolson extensive flats are covered

with tobosa grass (Hilaria mutica) .

Arroyos in the mountains are frequently choked with

mesquite and several kinds of catclaw (Acacia spp.). In the

higher mountains at elevations greater than 4,500 feet, pinon

(Pinus cembroides) and cedar ( Juniperus spp.) are common.

Cottonwoods (Populus palmeri) are in areas where water is rel

atively abundant.

Along the Rfo Bravo and at some tanks (earthen catch

basins) in Bols6*n El Cuervo, the phreatophyte saltcedar (Tama*

rix gallica) forms dense thickets.

Creosote bush grows on pediments and in the mountains.

Ocotillo (Fouquieria splendens) grows in the mountains and on

pediment and bolson areas adjacent to mountains. The nemesis

of the field geologist, lechugilla (Agave lecheguilla) is

ubiquitous in the mountains and foothills; locally it blankets

the terrain making foot travel difficult and hazardous. At

least two species of yucca (Yucca spp.) are present in most

parts of the mountains. Sotol (Dasylirion sp.), which grows

extensively in the higher mountains (above 4,200 feet), is

harvested and processed at vinatas to make "sotol," a deli

cious and potent alcoholic beverage--the poor man's tequila.

Another harvested plant candelilla (Euphorbia ant i syphilitic a)

yields a high-quality wax used to make candles, polishes, and

phonograph records; it grows on limestone outcrops in the
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mountains.

Allthorn (Koeberlinia spinosa). tasajille (Opuntia

leptocaulis) . cholla (Opuntia imbricata). and several species

of pricklypear (Opuntia spp.), and the unusual star cactus

(Mamillaria fissurata) are common throughout the area.

Fauna

Wildlife is abundant and varied in the desert. Dur

ing the day one is not likely to see many animals, for most

are nocturnal.

Jackrabbits (Lepus californicus) . probably more numer

ous than all other non-flying mammals combined, live in bolson

areas and along the Rfo Bravo. Coyotes (Canis latrans) are

ubiquitous and in some areas are a menace to goat herds. I

have seen porcupines (Erethisen dorsatum) . badgers (Taxidea

taxus) . and mule deer (Odoceileus h amionus erooki) in the

mountains. During the time I spent in the field a cougar

(Fa lis concolor) passed through the Sierra Pinosa wreaking

havoc with goat herds. The only small non-flying mammal that

I observed was the kangaroo rat (Dipodomys sp.). Bats (Myotis

sp.) abound in caves and are frequently observed on nocturnal

insect-hunting expeditions.

Many different species of lizards inhabit the area.

Though rattlesnakes (Crotalus spp.) are common along the Rfo

Bravo and in Bols6n El Cuervo, I only saw one rattlesnake in
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the mountains.

Insects of all types abound; especially common are

ants, wasps, and flies. Mosquitoes are present only near

stagnant water in Laguna El Cuervo and in pools along the

river.

Scorpions, millipedes, centipedes, and tarantulas are

present in all parts of the area, but they present no prob

lems.

There are all kinds of birds. Most distinctive is

the turkey buzzard (Cathartes aura); these optimistic beasts

spend great amounts of time hopefully circling travelers on

hot days, waiting for what they assume is the inevitable col

lapse. Roadrunners (Geococcyx californianus) are common

along the river and in the bolson. I flushed a great horned

owl (Bubo virginianus) at midday on one memorable occasion.

Blue quail (Callipepla squamata), Gambel's quail (Callipepla

sp.), white-winged dove (Zenaida asiatica). and mourning dove

(Zenaida sp.) are common along the river.



LITHOSTRATIGRAPHY

The local sequence of stratigraphic units is

primary information. The correlation and age

of these units may be geologically more impor
tant than their description, but the subjects
should not be confused. Local description,
nevertheless, includes evidence of age, and

chronologic sequence is fundamental. Perhaps
we can best keep sequence separate from corre

lation by distinguishing between established

age and probable age.

DeFord in Wood, 1965, p. 42.

The oldest rocks exposed in El Cuervo area are Meso

zoic deposits. It is possible that the age of the gypsum at

the base is Paleozoic. This paper divides these marine and

juxtamarine sedimentary rocks into fourteen stratigraphic

units. Ten of these units are named formations. The basal

evaporites are not named; the Benigno Formation becomes a mem

ber of the Bluff Formation to the northeast; and two of the

units have two names, for the LAgrima Formation grades north

eastward into the Cox Formation and the Cuchillo Formation

grades northeastward into the lower member of the Bluff Forma

tion.

The volcanic rock and associated conglomerate and

siltstone include five named formations of the Vieja Group

and outcrops in four isolated areas in which formations are

not named. The intrusive igneous rocks do not have formation

names. The bolson fill comprises four stratigraphic units

28
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without names. The five pediment-and-terrace gravels and the

most recent alluvium are distinguished by symbols instead of

names

Table 3. Names and established ages of forma

tions in El Cuervo area

late Cenozoic

Alluvium

Pediment and terrace gravel
Bolson deposits

early Oligocene and late Eocene (Uintan-
Vieja Group

Duehesn ian)

Tertiary and possibly Cretaceous

Volcanic and associated rock in isolate d outcrops
Intrusive igneous rock

Senonian-Cenomanian

El Picacho Formation

San Carlos Formation

Ojinaga Formation

early Cenomanian

Buda Limestone

Del Rio Formation

Cenomanian and Albian

Loma Plata Limestone

Albian

Benevides Formation

Finlay Limestone

Cox Formation and Lagrima Formation

Benigno Formation and Benigno Member ol
'

the Bluff Fm.

Albian and Aptian
Cuchillo Formation and lower member of the Bluff Fm.

Aptian or older

Las Vigas Formation

Navarrete Formation

Unnamed evaporites
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MARINE AND JUXTAMARINE ROCKS

Evaporites (Jg)

Definition. In El Cuervo area there are two exten

sive outcrops of evaporites, one in the vicinity of Canon de

Navarrete, north and east of Cerro La Abuja (K-10), the other

along Arroyo Cuatralbo in three exposures from a mile east of

Cuatralbo (H-9) to Tarais (H-ll). Several outcrops of gypsum,

too small to show on Plate 1, are in the vicinity of Norias

Nuevas (1-3) and along an unnamed arroyo about 35 miles

north of Norias Nuevas.

In all these outcrops the evaporites are in contact

with younger rocks; but nowhere in "normal" sedimentary con

tact with either younger or older formations.

Because of uncertainties concerning the sequence with

in the evaporites and exact stratigraphic position of them, I

am not proposing a formational name nor am I extending an

existing name into the area.

Thickness, lithology. and fossils. The thickness of

the evaporite section is unknown; nowhere in El Cuervo area

is the base or a "normal-contact" top of the section exposed.

In all outcrop areas the formation consists of granu

lar, white gypsum. Locally the gypsum contains laminae of

dull gray anhydrite. In the vicinity of La Abuja (K-10) I

found subequant grains of native sulphur up to 1 mm in
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diameter in the gypsum. In most outcrops the gypsum contains

highly contorted, in part brecciated, dark gray to black,

thin- to thick-bedded, laminated, carbonaceous dolomite and

dolomitic limestone interbeds. These beds are frequently

found in pods up to 5 feet thick and 15 to 20 feet long.

North of Cerro Abuja, in Canon de Navarrete (J-10),

gypsum is in contact with intrusive igneous-rock, volcanic-

rock, and rocks of the Navarrete, Las Vigas, Cuchillo,

Benigno, and Finlay formations. The types of intrusive igne

ous rocks in contact with gypsum in this area are porphyritic

andesites of the Cerro La Abuja intrusion (Ti-l), which have

been intruded into gypsum and amphibole-rich rocks (TKi-2),

which occur in small scattered outcrops within the gypsum.

The highly brecciated and disjointed amphibole-rich rocks are

either exotic blocks carried in by intrusive evaporites or

intrusions into evaporites deformed by subsequent movement.

Volcanic rocks rest on the gypsum and dip steeply into it.

Contacts of gypsum with the Las Vigas, Cuchillo, Benigno, and

Finlay formations are diapiric. Near the contact between gyp

sum and volcanic rocks south of Arroyo Navarrete, there are

several large blocks of Orbitolina-b earing limestone from the

Benigno Formation that foundered in gypsum. The contact be

tween evaporites and the Navarrete Formation along the arroyo

northeast of La Abuja may not be diapiric. At all localities

along the arroyo where this contact is exposed, gypsum shows
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evidence of movement, but it does not pierce the basal beds

of the Navarrete Formation.

In the westernmost outcrop along Arroyo Cuatralbo,

gypsum is in diapiric contact with all formations from the

Las Vigas upward to the Finlay inclusive. Locally the gypsum

in this area contains greenish-gray claystone, and buff, cal

careous, quartzose sandstone interbeds.

In Arroyo Cuatralbo, about a mile southeast of Agua

Tunel (H-10), a small outcrop of black dolomite is surrounded

by steeply dipping conglomerate beds (Tcg-l) and may have

been intruded into them.

In the vicinity of TarAis, within an extremely dis

turbed outcrop of the Navarrete Formation, there are several

outcrops of gypsum. The gypsum is in diapiric contact with

rocks of the Navarrete Formation. Similar gypsum outcrops,

too small to map, occur in the Navarrete outcrop area west of

El Sauce.

In the vicinity of Norias Nuevas and along an unnamed

arroyo, or about 35 miles north of Norias Nuevas in numerous

small outcrops (not mapped), white granular gypsum contains

deformed, dark gray to black, carbonaceous dolomite. Each

gypsum outcrop is surrounded by the outcropping Navarrete For

mation, into which the gypsum was intruded. No one has found

fossils in the evaporite section.
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Navarrete Formation (Kn)

Definition .--In El Cuervo area a sequence of claystone

interbedded with limestone and sandstone conformably underlies

the Las Vigas Formation. A "normal-contact" base of the se

quence is not exposed; presumably the sequence conformably

overlies the evaporites. I propose the name Navarrete Forma

tion for this unit. MS-1, east of Arroyo Navarrete, about a

mile north of La Abuja is the type section.

Thickness, lithology. and fossils. The Navarrete For

mation crops out in four widely separated parts of El Cuervo

area. These localities are J Arroyo Navarrete-La Abuja (J,

K-10), Arroyo Cuatralbo, west of El Sauce (H-10) and in the

vicinity of Tar&is (H-ll), Norias Nuevas (1-3), and about 3.5

miles north of Norias Nuevas (G, H-3).

At the type locality the Navarrete is predominantly

greenish-gray calcareous claystone that weathers white, inter

bedded with greenish-gray, thin- to very thin-bedded, clayey

siltstone grading to fine-grained sandstone and limestone.

Toward the base of the formation the percentage of limestone

increases. The limestone in the lower half of the formation

is medium light gray micrite to dark gray micrite, micritic

skeletal limestone, and medium- to coarse-grained (lump) lime

stone. Several limestone beds are ob'litic and pisolitic;

locally, beds contain small amounts of ropy chert and small
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crystals of pyrite. The lowest bed recognized in the forma

tion is a distinctive 30-foot pale yellow-brown, fine- to

medium-grained, thin- to medium-bedded, very slightly calcar

eous, quartzitic, siliceous, quartzose sandstone. This bed,

or a similar bed, is present at each outcrop of the Navarrete

Formation in El Cuervo area. In several places near Cano'n de

Navarrete there are lenticular masses of gypsum up to 60 feet

thick and a quarter of a mile to a half mile long in the

lower half of the exposed part of the formation. These beds

are mapped as the gypsum member(s) of the Navarrete Formation

(Kg). Some of these gypsum beds wedge out into claystone

along strike. Wherever observed the contact between gypsum

and overlying claystone is gradational. The gypsum member(s)

of the Navarrete is underlain by limestone. I measured an

incomplete thickness of 435 feet of Navarrete at the type

section (MS-l). In most places near MS-1, the Navarrete at

its contact with the underlying evaporites is brecciated

indicating movement along the contact. Perhaps this is a

normal sedimentary contact altered by minor movement of the

gypsum.

At the gradational Navarrete-Las Vigas contact a pre

dominantly claystone sequence gives way to a predominantly

sandstone and conglomeratic sandstone sequence (fig. 4). This

contact is along a narrow strike valley in the relatively non-

resistant Navarrete beds; it shows a pronounced change on
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Figure 4* View to south of Navarrete-Las

Vigas contact at MS-1. Contact is at low

point of second saddle from the right;
Navarrete to the right, Las Vigas to the

left, section is overturned dipping about

45 west.

aerial photographs from the light shades of the Navarrete to

the dark shades of the Las Vigas.

In two outcrops of the Navarrete Formation along

Arroyo Cuatralbo, one in the vicinity of Tarais and the other

west of El Sauce, the Navarrete is in diapiric contact with

younger formations and is intensely deformed. There are sev

eral areas of gypsum outcrop in the midst of the Navarrete

outcrop near TarAis; the gypsum is diapirically injected.

Similar gypsum intrusions in the Navarrete occur in the out

crop area west of El Sauce, but are too small to map. In the

outcrop west of El Sauce the Navarrete is in contact with not
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only Cretaceous formations but also with volcanic and associ

ated rocks presumably correlative with part of the early Ter

tiary Vieja Group (Tcg-1, Ts, and Tt-l). Contacts between the

Navarrete and conglomerate (Tcg-l) and the Navarrete and silt

stone (Ts) are discordant adjacent to areas where the Tertiary

units foundered into evaporites. The contact between the

Navarrete and tuff (Tt-l) is an angular unconformity along the

surface that received tuff deposition. Along Arroyo Cuatralbo

the composition of the Navarrete is similar to that of the

type section, but in the outcrop west of El Sauce there are

numerous beds of conglomeratic sandstone and the weathered

color of the Navarrete is distinctively pale yellow-orange.

In the vicinity of Norias Nuevas the Navarrete Forma

tion is in diapiric contact with the Las Vigas Formation. The

Navarrete consists of highly deformed claystone and shale

weathering distinctively pale yellow-orange, with thin sparse

interbeds of dark gray to light gray micrite grading to fine

grained limestone, and pale yellow-brown, fine- to medium-

grained, thin- to thick-bedded, quartzitic, quartzose sand

stone. Gypsum in local outcrops too small to show on the

geologic map (pi. l) may be part of the gypsum member of the

Navarrete (Kg) or may be intruded into it.

In the unnamed arroyo, about 35 miles north of Norias

Nuevas, the Navarrete is in diapiric contact with the Las

Vigas and Cuchillo formations; probably it is also in diapiric
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contact with the Benigno and Lagrima formations beneath bol

son fill. Although the Navarrete is intensely deformed over

most of the outcrop area, the Navarrete and Las Vigas forma

tions, along the northeastern edge of the outcrop are in

normal sedimentary contact. The upper part of the Navarrete,

below the Las Vigas, is a sequence of greenish-gray claystone

weathering white, interbedded with reddish-gray to pale green,

medium- to thick-bedded, in part dolomitic, micrograined lime

stone. Limestone composes about 20# of the Navarrete. At a

sharp contact the Navarrete gives way to a predominantly sand

stone section of Las Vigas.

At the type section of the Navarrete (MS-l), I col

lected fossils from limestone beds 30 to 64 and 193 to 200

feet above the base of the exposed section. The hand speci

mens showed high-spired gastropods and small thin-shelled

pelecypods. B. F. Perkins (1966) has reported the presence

of indeterminate mollusk, echinoderm, and ostracod fragments

and several shells of several Early Cretaceous miliolid genera

in thin sections. South of TarAis a limestone bed yielded

high-spired gastropods and thin-shelled pelecypods, and a

claystone yielded an unidentified, thick-shelled oyster, pos

sibly Ostrea sp. or Exogyra sp. West of Norias Nuevas I found

two specimens of unidentified gastropods that R. K. DeFord and

K. P. Young believe are similar to pulmonate gastropods in the

outcrop near the base of the Las Vigas Formation near Cuchillo
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Parado, Chihuahua (1965).

Las Vigas Formation (Klv)

Definition. Burrows (1909, p. 293-294, 324; 1910, p.

93-95) proposed the name Las Vigas for beds of sandstone,

shale, and arenaceous limestone that crop out in the vicinity

of Mina Las Vigas, a copper mine, near Coyame, Chihuahua.

The section at Las Vigas was first described by Weed (1902,

p. 402-404, 412-414) but he did not propose any formation

names. Burrows stated that he was more familiar with rocks

cropping out near Chorreras and Cuchillo Parado, Chihuahua,

than those at Mina Las Vigas and described the formation as

follows s

The base of the formation as seen at Cuchillo

Parado and Chorreras, is represented by a bed

of arenaceous limestone, about 250 feet thick,
the next in succession being beds of calcare

ous sandstone, aggregating a thickness of 700
feet. In these latter are found the principal
copper deposits belonging to the formation.

Next occurs 240 feet of black shale, followed

by thin sandstones, which alternate with shales
to an additional thickness of 750 feet, where

it passes into shales and gypsum of the Cuchillo

formation.

In El Cuervo area the formation mapped as Las Vigas is a thick,

predominantly sandstone sequence between the Navarrete Forma

tion and Cuchillo Formation or Bluff Formation. The geologic

map (pi. 1) divides the Las Vigas Formation into two members

in the La Mula-Sierra Blanca Range but shows the Las Vigas as
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an undivided unit in the Sierra Lagrima and in the southern

Sierra del Pino.

Thickness, lithology, and fossils. --In the La Mula-

Sierra Blanca Range the lower member of the Las Vigas Forma

tion (Kllv) consists of interbedded very fine- to coarse

grained, thin- to thick-bedded, calcareous, conglomeratic,

quartzose sandstone, very fine- to coarse-grained, thin- to

thick-bedded, calcareous, quartzose sandstone, pebble and

granule conglomerate, and shale. Sandstone and conglomeratic

sandstone is dominant. The shale ranges from red to gray,

and gives a characteristic dull red color to the outcrops.

Locally the member contains unfossiliferous limestone beds.

Its conglomerate and conglomeratic sandstone bears limestone

pebbles some of which contain fusilinids (Yeager, I960, p.

18-21). Pebbles and granules in conglomerate and conglomer

atic sandstone are of red, black, and gray chert, and white

vein-quartz. In the vicinity of Can6n de Navarrete the thick-?

ness of the lower member is about 1,800 feet. Yeager (i960,

his MS-10, p. 90-94) measured an incomplete thickness of 2,974

feet of the lower member of his "Pilares* sandstone," which is

equivalent to the lower member of the Las Vigas, in southern

Sierra Pilares.

The contact between the upper and lower members of the

*Field term, not formally proposed.
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Las Vigas is placed at the top of the highest conglomerate or

conglomeratic sandstone. This contact, which is generally

near the base of small cuestas, is easy to recognize and trace

on aerial photographs.

The upper member of the Las Vigas Formation (Kulv)

consists of sandstone interbedded with siltstone and shale.

Sandstone of the upper member is predominantly very fine- to

fine-grained, as opposed to the dominant fine- to medium-

grained sandstone of the lower member. Cross-bedded sandstone

is common in the upper member. Locally the member contains

thin (to 8 inches) limestone beds, and limestone-pebble con

glomerate which is characterized by a green clay coating (cop

per rich?) of limestone pebbles. In the vicinity of Can6n de

Navarrete the upper member is about 1,500 feet thick. Yeager

(i960, his MS-10, p. 90-94) measured 1,545 feet of his upper

member of the "Pilares* sandstone," which is equivalent to the

upper member of the Las Vigas, in the southern Sierra Pilares.

Spiegelberg (1961, his MS-1, p. 77-79) reported 2,919 feet of

the Las Vigas in the northern Sierra Pinosa (his "Sierra de la

Ventana"), which he believed equivalent to Yeager* s upper mem

ber of the "Pilares*," i.e., the upper member of the Las Vigas.

I have examined Spiegelberg
f
s section in the field; probably

only the upper 1,538 feet (units 10-22) should be included in

*Field term, not formally proposed.
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the upper member of the Las Vigas. Petrified-wood fragments

are relatively common in the upper member.

The Las Vigas is not subdivided in the Sierra Lagrima

and southern Sierra del Pino. In the foothills of the Sierra

Llgrima the Las Vigas consists of fine- to medium-grained,

thin- to medium-bedded, in part cross-bedded, calcareous,

quartzose sandstone, interbedded with red and gray shale and

claystone. Locally the Las Vigas could be divided into a

lower unit that is predominantly sandstone, and an upper unit

that consists approximately of equal amounts of sandstone and

shale. At several localities the lower part of the Las Vigas

contains thin (to 1 foot) limestone-pebble conglomerate, but

the formation is essentially devoid of conglomerate and con

glomeratic sandstone. The thickness of the Las Vigas in the

Sierra Lagrima is about 4,400 feet of which the lower 2,000

feet is almost entirely sandstone.

Only the upper part of the Las Vigas Formation crops

out in the southern Sierra del Pino. It consists of thin- to

medium-bedded, fine- to coarse-grained sandstone interbedded

with gray and red shale. Thickness of the Las Vigas in the

Sierra del Pino is unknown; in the Sierra Puerto del Alambre,

several miles northeast of the southern Sierra del Pino,

Milton (1964, his MS-1, p. 68-71) measured an incomplete
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section of 2,850 feet of Las Vigas*.

The Las Vigas-Cuchillo contact is at the base of the

first fossiliferous limestone bed, or where limestone beds

comprise more than 5% of the section. The contact is grada-

tional on a large scale; in most places lenticular beds of

limestone in the basal part of the Cuchillo can be traced

not more than several hundred yards. On aerial photographs

the contact is at the base of a prominent dark band in areas

of steep dips, and along strike valleys in front of small

cuestas in areas of gentle dips.

Cuchillo Formation (Kcu)

Definition. Burrows (1909, p. 324; 1910, p. 95-96)

assigned rocks between the Las Vigas Formation and the Aurora

Limestone to the Cuchillo Formation. The name is taken from

the village of Cuchillo Parado, 16 miles east of Coyame, Chi

huahua, and section described is east of the village along

the road to Mina Aurora. At this locality the Cuchillo is

about 2,000 feet thick, the lower 1,500 feet is gypsum and

anhydrite, and the upper 500 feet is interbedded gypsum, lime

stone, and shale. In El Cuervo area strata between the Las

*Milton believed his section was overturned. From

his description I believe that he is describing a normal se

quence similar to that found in the foothills of the Sierra

LAgrima, hence no overturning in Sierra Puerto del Alambre.
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Vigas Formation and the Benigno Formation are mapped as

Cuchillo Formation. The Benigno Formation is equivalent to

the lowest unit in the Aurora Limestone (unit 1, pi. 4);

hence, the Cuchillo Formation of El Cuervo area occupies the

same lithostratigraphic position as Burrows' Cuchillo. It

should be noted that many geologists associate gypsum with

the Cuchillo and invoke other formation names for the strata

occupying the Las Vigas-Aurora interval where gypsum is ab

sent. Gypsum is not an essential constituent of the Cuchillo

Formation as Burrows defined it.

Thickness, lithology. and fossils. In El Cuervo area

the Cuchillo consists of dark gray to black shale, interbedded

with both dark gray, thin- to thick-bedded limestone and buff

to yellow-brown, very fine- to fine-grained, thin- to thick-

bedded, calcareous, quartzose sandstone. The amount of sand

stone increases toward the base of the formation. Toward the

northeastern part of the area the percentages of sandstone and

siltstone in the formation gradually increase and the propor

tion of shale decreases. North of the Pilares fault (C, D-8,

9) the Cuchillo equivalent is dominantly sandstone, mapped as

the lower member of the Bluff Formation (pi. l) .

The Cuchillo is a nonresistant unit, cropping out on

slopes below the Benigno Formation. About 100 feet of medium-

to thick-bedded limestone and sandstone, from a third to half

the thickness above the base of the formation, forms low
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cuestas with long dip slopes. These cuestas are well devel

oped along the east and west sides of the Pinosa syncline

south of the Pinosa fault (J-10), and at Cerro Venado (1-9).

At several localities in the La Mula-Sierra Blanca Range,

there are patch reefs of limestone, 150 to 200 feet in diam

eter and about 50 feet thick, in the Cuchillo immediately

below the Benigno.

The contact between the Cuchillo and the Benigno is

at the base of a sequence of thick beds of limestone that

form prominent cuestas and hogbacks. In a distant view and

on aerial photographs, the contact appears abrupt, but de

tailed examination shows that it is gradational and conform

able

The Cuchillo is an incompetent formation that is

faulted and disharmonically folded at many places; hence,

accurate measurements of thickness are difficult to make.

Yeager (i960, his MS-9, p. 87-89) measured 772 feet of

Cuchillo at Paso Rancherfa (G-8, 9) In the vicinity of

Can6n de Navarrete I estimate a thickness of 1,500 feet of

Cuchillo, and in the southern Sierra del Pino and Sierra

Lagrima, 1,300 to 1,500 feet.

Petrified-wood is present in sandstone near the base

of the Cuchillo about a mile east of El Sauce (H-ll), and

near Agua Isidro (i-ll). In the Canon de Navarrete area sev

eral beds of limestone in the lower 300 feet of the Cuchillo
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contain abundant, large, thick shells and shell fragments

of oysters (Ostrea sp.). The fault zone south of Arroyo

Cuatralbo at Cuatralbo (H-8) yielded an unidentified coral

(solitary) in one of these oyster beds. Locally oyster

shells and shell fragments are replaced by silica. In the

Sierra Lagrima limestone beds in the lower 500 feet of the

Cuchillo yield similar oysters but there is no silica re

placement of shells.

The most common taxon in the Cuchillo and the lower

member of the Bluff is the oyster, Exogyra quitmanensis

Cragin. It occurs in a zone averaging approximately 100 feet

thick, but thinning to 8 feet in the extreme northeastern

part of El Cuervo area. This zone occurs at different litho-

stratigraphic positions within the area. In the Borrachera

anticline (A, B, C-8, 9) it is at the base of the Bluff For

mation (Campbell, 1959, his MS-6, p. 57-65). The zone rises

in section toward the south to 32 feet above the base of the

Cuchillo Formation in the southern Sierra Pilares (Yeager,

I960, his MS-9, p. 87-89) and to an estimated 500 feet above

the base of the Cuchillo in the southern Sierra Pinosa and

Sierra de la Parra. In the Sierra LAgrima and southern

Sierra del Pino, the Exogyra quitmanensis zone occurs in the

middle of the Cuchillo (650 to 750 feet above the base).

Most taxa described from the Cuchillo Formation and lower

member of the Bluff Formation in El Cuervo area occur within
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the Exogyra quitmanensis zone or adjacent to it (table 4).

Table 4* Fossils from Exogyra quitmanensis

zone in El Cuervo area

BORRACHERA ANTICLINE (Lower member, Bluff Formation)

(Campbell, 1959, his MS-6, p. 64)

Cephalopoda
Dufrenoyia .lustinae Hill

Pelecypoda
Ctenostreon cummin si Stanton

Exogyra quitmanensis Cragin
Idonearca sp.

Modiola concentricecostellata Rb*mer

Ostrea camerina Cragin

Trigonia stolleyi Hill

Trigonia wendleri Whitney

SOUTHERN SIERRA PILARES (Cuchillo Formation)

(Yeager, I960, his MS-9, p. 88-89)

Cephalopoda
"Acanthohoplites" dunlapi Scott

Acanthohoplites sp.

Dufrenoyia justinae Hill

Hypacantholoplites cragini Scott

Hypacanthoplites mayf ieldensis Scott

Parahoplites sp.

Parahoplites ? sp.

Pelecypoda
Ctenostreon cummin si Stanton

Exogyra quitmanensis Cragin

Trigonia mearnsi Stoyanow

In the Can6n de Navarrete area I recognized most of

the taxa listed in Table 4; in the Sierra Lagrima and south

ern Sierra del Pino, only the ammonite, Dufrenoyia justinae
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and Exogyra quitmanensis . Other species are probably pres

ent .

Above the Exogyra quitmanensis zone, fossils are

scarce in the Cuchillo Formation and in the lower member of

the Bluff Formation. Table 5 lists the ten genera and two

species identified.

Table 5* Fossils from Cuchillo Formation and

lower member of the Bluff Formation

above Exogyra quitmanensis zone in

El Cuervo area

BORRACHERA ANTICLINE (Lower member, Bluff Formation)

(Campbell, 1959, his MS-6, p. 62-64)

Pelecypoda
Pecten sp.

Trigonia sp.

Trigonia stolleyi Hill

Foraminifera

Orbitolina sp. (155 feet below Benigno Member, Bluff

Formation. )

SOUTHERN SIERRA PILARES (Cuchillo Formation)

(Yeager, I960, his MS-9, p. 88-89)

Cephalopoda
Cheloniceras sp. cf CI. adkinsi Scott (A Douvilleiceras

or Eodouvilleiceras)
Cheloniceras sp.

Douvilleiceras sp.

Trititoceras rex Scott (Douvilleiceras)

SOUTHERN SIERRA PINOSA-SIERRA DE LA PARRA (Cuchillo Formation)

(This report)

Cephalopoda
Douvilleiceras sp.

Hypac antnoloplites sp.
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Table 5. Cont.

Pelecypoda
Chlamys sp.

Neithea sp.

Echinoidea

Hemiaster sp. (Two localities: 1. About a mile east of

El Sauce; 2. About a mile west of Agua

Tular.)

Foraminifera

Orbitolina sp. cf . 0. texana RSmer (One locality: About

1.5 miles south of Cerro Venado in lime

stone about 100 feet below Benigno Forma

tion.)

Bluff Formation

Definition. --Taff (1891, p. 727-728, 735-736) de

scribed a 235-foot thick section of sandstone and limestone

in the vicinity of the Quitman Mountains and called it the

"Bluff bed." The unit takes its name from Bluff Mesa, 3

miles southwest of Sierra Blanca, Texas. Smith (1940, p.

609-611, 621-623) amended Taff's definition, calling the se

quence of sandstone and Orbitolina-bearing limestone strata

underlain by the Yucca Formation and overlain by the Cox For

mation, the Bluff Formation.

Gillerman (1953, p. 16), Albritton and Smith (1965,

p. 51-54) and King (1965, p. 82-83) use the name "Bluff Mesa

Formation" for the same unit as Smith's Bluff Formation, be

cause the U. S. Geological Survey uses the name "Bluff" for a
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Jurassic formation in southern Utah (Baker, Dane, and Reeside,

1936, p. 21).

Although Taff's "Bluff" has obvious priority of publi

cation over the Utah formation, the geologists of the Federal

Survey concluded in 1936 that the name was then no longer in

use or useful. Because their publication preceded Smith's

(1940), they now claim priority. Other geologists have dis

agreed. Huffington (1943, p. 1,000-1,003), Underwood (1963,

p. 5-6), Twiss (1959a), and Amsbury (1958) have published

reports concerning Trans-Pecos Texas geology using the name

"Bluff Formation." Others working in northeastern Chihuahua

have also preferred "Bluff Formation." This dissertation

uses Bluff Formation as amended by Smith. In northeastern

El Cuervo area the Las Vigas Formation underlies the Bluff

and the Cox rests on it. The Las Vigas is in part the lat

eral equivalent of the Yucca Formation (pi. 4); thus, Bluff

is used here in the same sense as by Smith (1940, p. 609-611,

621-623).

The map of El Cuervo area (pi. l) arbitrarily ends

the Bluff Formation at the Pilares fault (C, D-8, 9), con

fining it to the central Sierra Pilares north of the fault.

The equivalent beds south of the fault are the Cuchillo and

Benigno formations.

Thickness, lithology, and fossils .--Within El Cuervo

area the Bluff Formation is divided into two members, the
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lower member (Klbf) and the Benigno Member (Kbbf ) . The

Benigno Member of the Bluff Formation is the lithologic and

stratigraphic equivalent of the Benigno Formation.

The lower member of the Bluff Formation is the lat

eral equivalent of the Cuchillo Formation. In the central

Sierra Pilares the lower member consists of 748 feet of light

yellow-gray to dark brown, very fine- to fine-grained, thin-

to medium-bedded, in part cross-bedded, calcareous, quartzose

sandstone, interbedded with siltstone, light gray shale, and

dark gray limestone (Campbell, 1959, his MS-6, p. 62-64).

Benigno Formation (Kb) and Benigno Member,
Bluff Formation (Kbbf)

Definition. Nichols (1958, p. 23-25) first used the

name "Benigno." His "Benigno formation" includes the Benigno

and Cox formations. Ferrell (1958, p. 18-29) also used the

term "Benigno formation" and included the Las Vigas, Bluff,

and Cox formations in his formation, subdividing it into five

members. Spiegelberg (1961, p. 18-21) first used the name

for the lithologic unit called Benigno Formation and Benigno

Member of the Bluff Formation in this report. The authors

cited above used the name "Benigno" in University of Texas M.

A. theses and did not formally propose the name. "Benigno

formation" was used in a West Texas Geological Society Field

Trip Guidebook (1964, p. 39-42) for rocks which are probably
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equivalent to the Benigno Formation and parts of the Lagrima

Formation of this dissertation.

I propose to define the Benigno Formation to include

the cliff-forming limestone between the underlying Cuchillo

Formation and the overlying Cox Formation and its lateral

equivalent, the Lagrima Formation. Similarly the Benigno Mem

ber of the Bluff Formation is the resistant limestone between

the underlying nonresistant lower member of the Bluff Forma

tion and the overlying Cox Formation. The Benigno Formation

and the Benigno Member are exact lithologic and stratigraphic

equivalents and are laterally continuous.

The name is taken from Arroyo Benigno in the north

eastern part of El Cuervo area (D, E, F-9, 10). Sections

typical of the formation crop out northwest and southeast of

the arroyo in the sierras Pilares, Pinosa, and de la Ventana.

Yeager's MS-8 (i960, p. 85-86) is included in this disserta

tion as a reference section (my MS-6).

Thickness, lithology. and fossils. The Benigno is

predominantly medium gray to dark gray, thick- to very thick-

bedded, micrite and biomicrite to fine-grained calcarenite.

In the Canon de Navarrete area there is a 5- to 10-foot sec

tion of thin- to medium-bedded, fine- to medium-grained,

quartzose calcarenite at the base of the formation. In the

northern Sierra Pinosa and the Sierra Pilares, the Benigno

contains several interbeds of very fine-grained, quartzose
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sandstone. These sandstone beds disappear toward the south

and west

The foraminifer Orbitolina texana RSmer is by far the

most common taxon in the Benigno Formation and the Benigno

Member of the Bluff Formation. It may be found at any hori

zon within the unit but not in every bed in each section;

some beds are composed of up to 25% "orbits." Table 6 shows

the taxa found in the Benigno in El Cuervo area and adjacent

northern Sierra Pilares.

Table 6. --Fossils from Benigno Formation and

Benigno Member of the Bluff Formation

in El Cuervo and adjacent areas

NORTHERN SIERRA PILARES (Benigno Member)

(Ferrell, 1958, his MS-6, p. 68-69)

Pelecypoda
Pecten sp.

Trigonia sp. cfr. _T. emoryi Conrad

Gastropoda
Lunatia sp. cfr. L. pedernalis Rb*mer

Tylostoma sp. cfr. .T. regina Cragin

Echinoidea

Enallaster sp.

Porifera

Porocystis globularis Giebel

BORRACHERA ANTICLINE (Benigno Member)

(Campbell, 1959, his MS-6, p. 61-62)

Foraminifera

Orbitolina texana Romer
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Table 6. Cont.

SOUTHERN SIERRA PILARES (Benigno Formation)
(Yeager, I960, his MS-8, p. 85-86; my MS-6)

'Foraminifera

Orbitolina texana RSmer

SIERRA DE LA VENTANA (Benigno Formation)
(Nichols, 1958, his MS-1, unit 5, p. 58)

Foraminifera

Orbitolina texana RBmer

NORTHERN SIERRA PINOSA (SIERRA DE LA VENTANA) (Benigno Fm.)
(Spiegelberg, 1961, his MS-3, p. 74-75)

Gastropoda
Lunatia sp. Spiegelberg also reported un

identified pelecypods and gas-

Foraminifera tropods from lower third of

Orbitolina texana RSmer Benigno.

CAN6N DE NAVARRETE AREA (Benigno Formation)
(This report)

Gastropoda
Actaeonella sp. Actaeonella sp. is abundant in

Lunatia sp. a 3-foot, quartzose calcarenite

at base of formati6n east of a

Foraminifera north-trending line from half a

Orbitolina texana Rb'mer mile west of Agua Tular to

southern edge of map area.

SIERRA LAGRIMA AND SIERRA DEL PINO (Benigno Formation)
(This report)

Pelecypoda
Caprinuloidea sp.

Toucasia sp.

Foraminifera

Orbitolina texana Rb'mer
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In the Sierra Pilares the Benigno thickens from 242

feet in the Borrachera anticline (Campbell, 1959, his MS-6,

p 57-65) to 516 feet at Paso Rancherfa (Yeager, I960, his

MS-8, p. 85-86; my MS-6). In the Sierra de la Ventana the

formation thickens from 374 feet on the east flank of the

Fresnos anticline (Nichols, 1958, his MS-1 and MS-3, units

4 and 5, p. 51-59) to about 900 feet on the west flank.

Spiegelberg (1961, his MS-3, p. 74-75) measured 966 feet of

Benigno on the west flank of the anticline; however, I have

mapped a normal fault, repeating 50 to 100 feet of section,

across his line of section. Even with this change Spiegel-

berg's section is anomalously thick.

The upper contact of the Benigno is gradational on a

small scale. It is placed at the break between the resistant,

cuesta- and hogback-forming Benigno and nonresistant beds of

the Cox or LAgrima formations. In most of the La Mula-Sierra

Blanca Range the Cox overlying the Benigno is sandstone. In

the Sierra Llgrima and southern Sierra del Pino the basal beds

of the overlying Lagrima Formation are nonresistant Orbitolina-

bearing limestone. Throughout El Cuervo area the upper con

tact of the Benigno is along strike valleys developed on the

back slopes of cuestas or hogbacks.

Cox Formation (Kc)

Definition. In the La Mula-Sierra Blanca Range and
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the Sierra de la Cieneguilla the lithostratigraphic unit over

lying the Benigno Formation and the Benigno Member of the

Bluff Formation, and underlying the Finlay Limestone is mapped

as the Cox Formation. The Cox occupies the same stratigraphic

position as the Lagrima Formation of the Sierra LAgrima and

southern Sierra del Pino.

Richardson (1904, p. 47) first used the name "Cox" for

rocks cropping out in the Finlay Mountains and on Cox Mountain.

Richardson did not specify a type locality for the formation.

Brunson (1954, p. 20-21) proposed that the section cropping

out at the Fowlkes Brothers Ranch, near the northern edge of

the Finlay Mountains, be considered the type section.

This report subdivides the Cox Formation in the Cafi6n

de Navarrete area into three members, lower (Klc), middle

(Kmc), and upper (Kuc). In the remainder of the La Mula-

Sierra Blanca Range and in the Sierra de la Cieneguilla the

Cox Formation is not subdivided.

Thickness, lithology. and fossils . In the CaS6n de

Navarrete area the lower member of the Cox consists of an

estimated 1,600- to 1,800-foot sequence of alternating beds

of gray to yellow-brown, very fine- to fine-grained, thin- to

thick-bedded, in part laminated, calcareous, quartzose sand

stone; and light to medium gray, thin- to medium-bedded,

shaly, micrite and biomicrite. The member also contains

small amounts of gray to maroon shale. The percentage of
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sandstone in the member decreases from an estimated 60 to 70$

in the northern and eastern parts of the area to less than

15$ in the southwestern part of the area (north and south of

western end of Cafi6n de Navarrete, near El Puerto. The con

tact between the lower and middle members of the Cox is the

top of a gentle slope formed on the relatively nonresistant

beds of the lower member and at the base of cliffs formed on

the middle member. On aerial photographs this contact is easy

to trace.

The middle member of the Cox Formation is a 100- to

400-foot sequence of medium to dark gray, thick- to very

thick-bedded, micrite to very fine-grained limestone, contain

ing a few interbeds, 10 to 20 feet thick, of light gray, cal

careous shale. The middle member thickens gradually from east

toward the west, and it can be traced as a lithostratigraphic

unit to the west and south beyond the arbitrary boundary be

tween the Cox and Lagrima formations. The middle member of

the Cox Formation corresponds to unit 5 of the Aurora Lime

stone (pi. 4).

Lithologically the middle member of the Cox closely

resembles the Finlay Limestone. It is distinguished from the

Finlay by stratigraphic position and by regular bedding as

opposed to the more massive Finlay. In many places this mem

ber weathers to form a "stair-step" profile, which also serves

to distinguish it from the Finlay which forms sheer cliffs.
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In areas where beds dip steeply and stratigraphic position is

difficult to determine the middle member can be recognized by

interbeds of light gray shale that weather out to form troughs

between limestone beds, forming "sidewalks" along hogbacks.

The troughs are well developed near the western end of Can6n

de Navarrete at El Puerto. The best arrowhead collecting

localities in El Cuervo area are along these "sidewalks" at

El Puerto.

The contact between the middle and upper members of

the Cox Formation is at the top of the ledge-forming lime

stone of the middle member, and at the base of nonresistant

sandstone, shale, marl and limestone of the upper member.

The upper member weathers to form slopes similar to those of

the lower member. Thus, the contact is a pronounced topo

graphic break, readily traced on aerial photographs.

The upper member of the Cox Formation consists of 200

to 375 feet of interbedded sandstone, limestone, shale and

marl. Exposures are poor because slopes developing on this

member are generally covered with colluvium derived from it

and the overlying Finlay Limestone. Shale and marl of the

upper member are predominantly light to medium gray. In com

position and grain size, the sandstone and limestone of the

upper member are similar to sandstone and limestone of the

lower member. The amount of sandstone in the upper member

decreases from approximately 25# in the northern and eastern
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parts of the Cano'n de Navarrete area to less than 5% in the

southwestern part of the area. The upper member thickens

gradually from east to west. This member can be traced to

ward the west and south as a recognizable unit within the

Lagrima Formation, and it corresponds to unit 6 of the Aurora

Limestone (pis. 3 and 4). The upper contact of the upper mem

ber, at the base of cliffs formed by the resistant Finlay

Limestone, is a pronounced topographic break, readily located

in the field and on aerial photographs (fig. 5).

Figure 5. --View to south of northwestern

Sierra de la Parra from road in western

part of Arroyo Navarrete, near El Puerto.

Finlay Limestone forms cliff above gullied

slopes developed on upper member of Cox

Formation. Pyramid-shaped hill in left

center of photo is hogback of Finlay, sep

arated by a fault from cliff, dipping

steeply toward the viewer. Cuesta near

right side of photo, on skyline, is held

up by middle member of Cox Formation.

Total relief of scarp about 1,500 feet.
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The Cox-Finlay contact is reported as disconformable by Wade

(1954, p 41-48), and Brunson (1954, p. 28-29) in several

areas of Trans-Pecos Texas. In El Cuervo area the contact is

abrupt, but I found no evidence of erosion along the top of

the Cox prior to deposition of the Finlay.

In areas where the Cox Formation is undivided (Kc),

the characteristic lithology of the formation is very fine-

to fine-grained, thin- to thick-bedded, calcareous, quartzose

sandstone. The amount of sandstone in the Cox in these areas

ranges from 50 to 80$ of the formation.

North of the Pilares fault the upper 400 to 600 feet

of the Cox contains the oyster, Exogyra sp. aff . E. texana

RBmer; the pelecypods, Lucina (Phacoides) sp. and Area sp.;

and the gastropods, Turritella sp. and Actaeonella dolium

Rb'mer (Campbell, 1959, his MS-6, p. 57-61; Harwell, 1959, his

MS-2, p. 37-41). The lower part of the,, formation has yielded

no fossils north of the Pilares fault.

South of the Pilares fault the lower part of the Cox

contains the foraminifer, Orbitolina texana RSmer. In the

Cox Formation this species is restricted to the lower member,

but the upper limit of the range of the species is consider

ably different in different places. Yeager (i960, p. 38)

found the highest Orbitolina texana 989 feet above the base of

the Cox in the southern Sierra Pilares. Spiegelberg (1961, p.

21) found Orbitolina texana 407 feet above the base of the Cox
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in the northern Sierra Pinosa. West of the Pinosa syncline

(I, J- 10) I found Orbitolina texana within 200 feet of the

top of the lower member of the Cox (approximately 1,400 feet

above the base of the formation). The upper limit of Orbit

olina texana rises in the lithostratigraphic sequence from

the southern Sierra Pilares toward the south and west. In

addition to Orbitolina texana the lower member of the Cox and

its equivalents have yielded the following fossils in the La

Mula-Sierra Blanca Ranges

Species Locality

Lunatia? sp. cf L. pedernalis RSmer Southern Sierra Pilares

Liopistha sp. cf . L. (Psilomya) Southern Sierra Pilares

walkeri Whitney

Exogyra weatherfordensis Cragin Fresnos anticline

Lunatia sp. cf o L. pedernalis RSmer West end Caii6n de Navar

rete

In the Can6n de Navarrete area I found several differ

ent species of unidentified gastropods and pelecypods.

In the Caii6n de Navarrete area the middle member of

the Cox Formation contains the rudistid, Toucasia sp.; the

caprinid, Caprinuloidea sp.; the gastropod, Nerinoides sp.;

and the oyster, Exogyra texana Rb'mer. The upper member of the

Cox contains the oyster, Exogyra texana RSmer; the gastropod,

Actaeonella dolium Rb'mer; and several unidentified gastropod

and pelecypod species.
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Lagrima Formation (Kl)

Definition. Sandstone does not characterize the Cox

equivalent west of the Can6n de Navarrete area (pi. 4). The

transition from dominant sandstone to dominant limestone lith

ology is abrupt, and occurs within El Cuervo area (fig. 12).

Burrows (1909, p. 324-326; 1910, p. 96-101) proposed

the name Aurora Limestone for the entire section between the

Cuchillo and Ojinaga formations. The type section of the

Aurora is at Mina Aurora, a lead mine, several miles north

east of Cuchillo Parado, Chihuahua. King and Adkins (1946,

p. 286-288) retained the name, Aurora, but observed that the

formation could be divided into several units in the Conchos

valley and near Placer de Guadalupe. Burrows' Aurora is

equivalent to the Benigno, Lagrima, Finlay, Benevides, Loma

Plata, Del Rio, and Buda formations or their equivalents. I

have used Bridges and Greenlee's (1964, P- 39-43) measured

section at Sierra Soldado, near Plaeer de Guadalupe, as a

reference section of the Aurora Limestone in the construction

of Plate 4, although they did not use the name "Aurora."

Plate 4 shows the Aurora at Sierra Soldado divided

into 11 units. All these units can be recognized in the west

ern part of El Cuervo area in the sierras L&grima and del

Pino. With the exception of the Cox Formation, all formations,

equivalent to parts of the Aurora, mapped in the eastern part
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of El Cuervo area (La Mula-Sierra Blanca Range), can also be

recognized in the Sierra Soldado section. None of the strat

igraphic names in current use are readily applicable to the

part of the Aurora that is equivalent to the Cox Formation

(units 2, 3, 4, 5, and 6, pi. 4) I propose that this inter

val be called the LAgrima Formation. The LAgrima Formation

is well exposed along the entire length of the Sierra Llgrima

(Sierra del Hueso), and any detailed stratigraphic work on

this formation should begin with a study of the sections ex

posed in that sierra. I have neither measured a section of

the Llgrima nor have studied it in detail. My descriptions

herein are results of rapid reconnaissance; I calculated

thicknesses from aerial photographs.

Thickness, lithology. and fossils. Although the map

(pi. l) does not subdivide the Llgrima Formation, it can be

subdivided into five members, informally discussed herein as

units 2, 3, 4, 5, and 6 of the Aurora Limestone (pis. 3 and

4)*

The lowest member of the LAgrima (unit 2, Aurora Lime

stone) consists of an estimated 1,600 feet of light gray,

shaly, thin- to medium-bedded, nonresistant, micrograined

(micritic) limestone, interbedded with subordinate light gray

shale and marl. The foraminifer, Orbitolina texana RSmer, is

present in limestone beds throughout the member.

Conformably overlying the lower member is an estimated
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550 feet of light gray to medium gray, thick-bedded, massive,

resistant, micrograined (micritic) to very fine-grained lime

stone (unit 3, Aurora Limestone). The foraminifer, Orbitolina

texana R8mer; the rudistid, Toucasia sp.,; and the caprinid,

Caprinuloidea sp., are abundant in this member. Lithologi-

cally the member closely resembles the Benigno Formation.

Plate 4 shows this unit extending into the Cox Formation in

the western part of the Caii6n de Navarrete area. It crops out

within areas mapped as lower member of the Cox Formation,

throughout the western Sierra de la Parra and southwestern

Sierra Pinosa, i.e., western half of Can6n de Navarrete area

where it is 200 to 300 feet thick.

Next above is an estimated 850 feet of light gray,

shaly, thin- to medium-bedded, nonresistant, micrograined

(micritic) limestone, interbedded with shale and marl (unit

4, Aurora Limestone), the lower part containing Orbitolina

texana RSmer. Unit 4 is characterized on aerial photographs

by a banded outcrop pattern, which results from cyclical

repetition of shale-marl- limestone sequences.

Lithologically the upper two members of the Lagrima

Formation closely resemble the middle and upper members of

the Cox Formation, and are laterally continuous with them.

In the Sierra Llgrima the equivalent of the middle member of

the Cox Formation (unit 5, Aurora Limestone) consists of 300

to 500 feet of medium to dark gray, thick- to very thick-bedded,



67

resistant limestone, interbedded with a few interbeds of

shale, 10 to 30 feet thick. The equivalent of the upper mem

ber of the Cox (unit 6, Aurora Limestone) is 200 to 300 feet

of light gray, nonresistant, interbedded shale, marl and lime

stone. Exogyra texana RSmer is present in the upper part of

the upper member.

The estimated overall thickness of the LAgrima Forma

tion in the Sierra Llgrima is 3,400 to 3,600 feet. The forma

tion thins toward the north and east (fig. 12) and is probably

only 2,000 feet thick in the southern Sierra del Pino.

Finlay Limestone (Kf)

Definition.--In El Cuervo area the thick, cliff-

forming limestone between the Cox or Llgrima formations, and

the Benevides Formation is the Finlay Limestone. Richardson

(1904, p. 47) named the ledge-forming limestone cropping out

along the northern rim of the Finlay Mountains, the Finlay

Limestone, but Richardson did not specify a type locality.

Brunson (1954, p. 37) proposed that the section cropping out

in Flat Canyon, at the northern rim of the Finlay Mountains,

be considered the type locality.

Thickness, lithology. and fossils. In El Cuervo area

the Finlay is a medium to dark gray, thick- to very thick-

bedded, massive, in part nodular, resistant, fine-grained to

micrograined limestone. Thin section examination of a sample
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from La Mina (i-ll) showed foraminiferal biomicrite. The

Finlay commonly weathers to rough "pock-marked" surfaces and

locally contains irregular elongate chert nodules up to a

foot long, and thin (to 1/2 inch) chert bands up to several

feet long along bedding. Significant lateral variations of

composition within the Finlay are lacking in El Cuervo area.

The Finlay has a remarkably uniform thickness through

out the area. In general, it gradually thickens toward the

south and west from the eastern front of the La Mula-Sierra

Blanca Range. In the southern and central Sierra Pilares,

the Finlay is 725 to 770 feet thick (Yeager, I960, his MS-6,

p. 79-80; Campbell, 1959, his MS-5, p. 55-57). Nichols (1958,

his MS-1, p. 51-58) measured 609 feet of Finlay on the east

flank of the Fresnos anticline (E, F-10) and Spiegelberg

(1961, his MS-5, P* 70) measured 667 feet in the northern

Sierra Pinosa. In the Can6n de Navarrete area the estimated

thickness of the Finlay is 500 feet along the eastern moun

tain front, and 785 feet in the western Sierra de la Parra;

in the Sierra Llgrima, southern Sierra del Pino, and southern

Sierra de la Cieneguilla, 600 to 650 feet.

In the Finlay fossils are common but difficult to

collect. Details of fossils are frequently obliterated by

calcite and silica replacement. The best "guide" to the Fin

lay in El Cuervo area is Dictyconus walnutensis (Carsey).

This large pyramid-shaped foraminifer occurs in a thin zone
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(20 to 30 feet thick) 100 to 150 feet above the base of the

formation throughout El Cuervo area. The rudistids and cap-

rinids, Toucasia sp., Monopleura sp., and Caprinuloidea sp.,

are common, usually in large banks. The oysters, Exogyra sp.,

Exogyra texana RSmer, and Texigryphaea (?) sp., are sporadic

in the lower part of the Finlay.

The upper contact of the Finlay is abrupt but conform

able. It is at the base of nonresistant shale and marl of the

Benevides. In areas of dipping beds this contact is usually

at the base of dip slopes on the Finlay and in areas of sub-

horizontal beds is at the change from the broad stripped

structural surfaces on the Finlay to the low rolling hills of

the Benevides. This contact is readily traced on aerial photo

graphs by tone differences and topographic expression.

Benevides Formation (Kbe)

Definition. Amsbury (1958) proposed the name Bene

vides for a 125-foot section of shale and calcarenite between

the Finlay and Loma Plata limestones in the Pinto Canyon area,

Presidio County, Texas. The type section is 1.5 miles south

west of the Cleveland triangulation station, near the Bene

vides Ranch. Twiss (1959a) used Amsbury 's nomenclature in the

Van Horn Mountains. Underwood (1963, p. 8-9) mapped the for

mation between the Finlay and Espy limestones as Benevides in

the Eagle Mountains and vicinity. In El Cuervo area the



70

Benevides contains local "reef" limestone, but no one has

reported it in Trans-Pecos Texas. The Mexican section con

tains less coarse clastic material (quartzose sandstone and

calcarenite) and is considerably thicker than the Benevides

Formation in Texas. Nevertheless, the overall composition

of the formation between the Finlay and Loma Plata limestones

in Chihuahua is sufficiently similar to that of the Benevides

of Texas to justify extension of the name Benevides into Mex

ico.

Thickness, lithology. and fossils. In the La Mula-

Sierra Blanca Range the Benevides can be divided into two

members, a lower shale and flaggy limestone sequence, and an

upper nodular limestone unit. Locally a resistant "reef"

limestone is present between the lower and upper members.

The map (pi. l) does not separate the members or the reef.

The lower member is light to medium gray, nonresist

ant, thin-bedded, in part nodular, fine-grained to micro-

grained (micritic) limestone interbedded with varying amounts

of medium to dark gray shale. Parts of the member weather to

distinctive yellow-brown and olive-gray.

The upper member of the Benevides consists of light

to medium gray, nonresistant,
thin- to thick-bedded, fine

grained to micrograined (micritic), nodular limestone with a

few medium to dark gray shale interbeds.

The "reef" unit in the northern Sierra Pilares,
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adjacent to El Cuervo area, described by Ferrell (1958, p.

31-33; his MS-6, p. 64-65), is a 355-foot, medium gray, re

sistant, massive, micrograined limestone. The "reef" grades

into nodular limestone toward the south within Ferrell's area

in a distance of less than 7 miles. In the extreme south

western part of the Can6n de Navarrete area, near La Parra

(L-10), there is a 50-foot, resistant limestone, between the

lower and upper members of the Benevides. About 5 miles

south of El Cuervo area, in Paso Murcillago (Paso Gaitln), a

200- to 300-foot, resistant limestone, possibly the southern

extension of the 50-foot limestone at La Parra, intervenes

between the upper and lower members of the Benevides.

Reinterpreting the section measured by Nichols (1958, his

MS-1, p. 51-58, units 46-48) on the east flank of the Fresnos

anticline, I suggest that his unit 47 is a "reef" similar to

those of the northern Sierra Pilares and the La Parra-Paso

Murcie*lago area. Each of these "reefs" within the Benevides

extends but a short distance laterally, but they all appear

to be aligned along the "depositional strike" of the forma

tion, roughly parallel to the western edge of the Diablo

Platform.

Table 7 is a compilation of measured and estimated

thicknesses of the Benevides Formation in the Chihuahua part

of the La Mula-Sierra Blanca Range.

Data from Table 7 shows that the Benevides thickens



Table 7. Measured and estimated thicknesses in feet of the

Benevides Formation in the La Mula-Sierra Blanca

Range, El Cuervo, and adjacent areas

Ar<

1.

3a-Author

Lower

Member "Reef"
Upper
Member Total

N. Sierra Pilares

(Ferrell, 1958)
142 355 232 729

2. C. Sierra Pilares

(Harwell, 1959)
242 Abs. 219 461

3. C. Sierra Pilares

(Campbell, 1959)
111 Abs. 204 315

4. S. Sierra Pilares

(Yeager, I960)
313 Abs 324 637

5. Sierra de la Ventana

(Nichols, 1958)
371 203 204 778

6. N. Sierra Pinosa

(Spiegelberg, 196l)
276 Abs. 223 499

7. Canon de Navarrete-

Cerro del Ojo Caliente

and El Banquete
(This report)

250 to 300 Abs.

(estimated

200 to 250

thicknesses)

450 to 550

8. Cano'n de Navarrete- 350 50 250 650
La Parra

(This report)
(estimated thicknesses)

\
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considerably in areas of "reefs" and that the "reefs" did not

grow at expense of the lower or upper members. The lower mem

ber thins gradually toward the north in the La Mula-Sierra

Blanca Range. The upper member is remarkably consistent in

thickness throughout the area except for a thickening in

Yeager' s section (i960, his MS-5, p. 77-78) in the southern

Sierra Pilares. Yeager measured the westernmost section in

the range. It has been thrust eastward about 2 miles (struc

ture section B-Bf, pi. 2). All the Lower Cretaceous litho-

stratigraphic units thicken toward the southwest in the La

Mula-Sierra Blanca Range; hence, Yeager' s section reflects

normal thickening of the upper member toward the west.

The Benevides crops out along the west face of the

Sierra LAgrima, north of La Bamba (J-l), in the eastern part

of the Sierra de la Cieneguilla (A-5), and in the vicinity of

Cerro Carrizo (K-3). The estimated thickness is 500 to 550

feet in these areas and the formation cannot be readily sub

divided into members as in the La Mula-Sierra Blanca Range.

The Benevides consists of light to medium gray, nonresistant,

thin-bedded, in part nodular, fine-grained to micrograined

limestone, interbedded with medium to dark gray shale.

The Benevides Formation yields an abundant and varied

fauna. Tables 8 to 13 are compilations of genera and species

identified from the formation in El Cuervo and adjacent areas.

K. P. Young has revised generic and specific names; some names
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in these tables are not the same as in original work of au

thors cited.

Table 8. Fossils from Benevides Formation in

the northern Sierra Pilares (Ferrell,
1958, his MS-6, p. 64-65)

ssssaassBasaHBBssaBEa&BEBascaassBBSBSaassa

UPPER MEMBER

Cephalopoda
Beudanticeras sp. cfr. B. beudanti (Hitzel)
Eopachydiscus sp.

Pervinquieria equidistans (Cragin)
Venezoliceras sp. cfr. V. trinitense (Gabb)

Pelecypoda
Exogyra texana RSmer

Neithea spp.

Pecten spp.

Gastropoda
Nerinea sp.

Echinoidea

Epiaster sp.

Brachiopoda
Kingena waeoensis (RSmer)

"REEF"

Pelecypoda
Caprinuloidea sp.

LOWER MEMBER

Pelecypoda
Exogyra sp.

Echinoidea

Epiaster sp.
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Table 9. Fossils from Benevides Formation in

the central Sierra Pilares (Sierra
del Porvenir) (Harwell, 1959, his

MS-3, p. 43-45)

LOWER MEMBER

Cephalopoda
Adkinsites bravoensis (Bose)
Idiohamites fremonti (Marcou)
Manuaniceras sp. aff. M. mpltif idum (Steinmann)
Prohysterosceras sp. cfr. P. austinense (RSmer)

Pelecypoda
Caprinuloidea aff. C. occidentalis (Conrad)
Exogyra plexa Cragin
Neithea altana Kniker

Neithea duplicicosta (R6mer)
Neithea georgetownensis var. subirregularis Kniker

Texigryphaea navia (Hall)

Texigryphaea washitaensis (Hill)
Toucasia texana (RSmer)

Gastropoda
Cerithium sp.

Brachiopoda
Kingena sp. cf . j[. wacoensis (RSmer)

Echinoidea

Enallaster texanus (Romer)
Pedinopsis symmetrica (Cragin)

Coelenterata

Parasmilia sp. cf . P. austinensis RSmer



Table 10. Fossils from Benevides Formation in

central Sierra Pilares (Borrachera
anticline) (Campbell, 1959, his MS-

4, p. 53-55)

LOWER MEMBER

Cephalopoda
Adkinsites sp. aff. A. belknapi (Marcou)
Adkinsites bravoensis (Bose)

Adkinsites diazi Young

Diploceras sp. cf . D. fredericksburgense Scott

Venezoliceras chihuahuaense (Bose)

Pelecypoda
Cardita staffordi Whitney

Exogyra texana RSmer

Neithea irregularis (BSse)
Neithea sp.

Pinna guadalupae Bose

Protoeardia sp.

Protocardia texana (Conrad)
Texigryphaea navia (Hall)

Trigonia sp. cf . T. emoryi Conrad

Gastropoda
Lunatia pedernalis (Romer)

Turritella sp.

Echinoidea

Enallaster texanus (Romer)
Tetragramma streeruwitzi (Cragin)
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Table 11. Fossils from Benevides Formation in

southern Sierra Pilares (Yeager,
1960, his MS-5, p. 77-78)

LOWER MEMBER

Cephalopoda
Adkinsites sp.

Craginites serratescens (Cragin)
Manuaniceras sp.

Pelecypoda
Exogyra texana RSmer

Protocardia texana (Conrad)

Gastropoda
Lunatia sp.

Tylostoma chihuahuaensis BSse

Echinoidea

Enallaster texanus (R6mer)

Table 12. Fossils from Benevides Formation in Sierra

de la Ventana (Sierra de los Fresnos)

(Nichols, 1958, his MS-1, p. 51-58)

LOWER MEMBER

Cephalopoda
Adkinsites sp. cf . A. belknapi (Marcou)

Adkinsites bravoensis (B6*se)

Adkinsites sp.

Pelecypoda
Exogyra texana Romer

Neithea altana Kniker

Neithea georgetownensis Kniker

Neithea georgetownensis var. subirregularis Kniker

Texigryphaea sp.

Gastropoda

Tylostoma sp.

Echinoidea
Enallaster sp.
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Table 13. --Fossils from Benevides Formation in

northern Sierra Pinosa (Spiegelberg,
his M$-6, p. 68-69; table 3, p. 28)

LOWER MEMBER

Cephalopoda
Adkinsites sp. cf . A. belknapi (Marcou)
Adkinsites bravoensis (Bb'se)
Adkinsites sp.

Craginites serratescens (Cragin)

Pelecypoda
Arctostrea sp. aff. A. carinata (Lamarck) Float sample
Cyprimeria texana RSmer

Exogyra n. sp.

Exogyra texana RSmer

Protocardia texana (Conrad)

Trigonia sp.

Gastropoda
Nerinea sp.

Tylostoma sp.

Echinoidea

Enallaster texanus (Romer)
Hemiaster sp.

In the Caii6n de Navarrete area outcrops of the Bene

vides along the eastern front of the La Mula-Sierra Blanca

Range are relatively unfossiliferous. I found no fossils in

the Benevides on Cerro del Ojo Caliente (l-ll) and found only

the oyster, Exogyra texana. in outcrops near the crest of El

Banquete. At the foot of El Banquete immediately north of

Arroyo de los Villistas (L-ll), Exogyra texana was in place

(many individuals) and the ammonite, Engonoceras sp., in
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float (l specimen). Because the Benevides in these areas is

almost completely covered with colluvium, fossiliferous beds

may be covered.

Many of the fossils listed in Tables 8 to 13 also are

present in lower member of the Benevides in the vicinity of

La Parra. About 5 miles south of El Cuervo area the Paso

Murcillago road follows the Benevides-Finlay contact for a

considerable distance. Many of the taxa listed from the

Benevides are present there.

In the Sierra LAgrima practically all the taxa listed

in Tables 8 to 13 are present at La Bamba. Immediately south

of El Cuervo area in the vicinity of Carrizo, I collected the

ammonite, Craginites sp., from the Benevides, but the Bene

vides in the southern Sierra de la Cieneguilla yielded no

fossils, perhaps because the exposures are poor.

The conformable contact between the Benevides and the

Loma Plata is at the top of slopes below the cliff-forming

Loma Plata Limestone.

Loma Plata Limestone (Kip)

Definition. Amsbury (1958) named the strata between

Benevides Formation and Del Rio Formation (Amsbury' s "Gray

son Marl") in the Pinto Canyon area, Presidio County, Texas,

"Loma Plata Limestone." The type section is a composite

of sections measured 1.5 miles southwest of the Cleveland
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triangulation station and at the Loma Plata mine, about 7

miles east of Candelaria, Texas.

In El Cuervo area the strata between the Benevides

and Del Rio formations are lithologically similar to Amsbury' s

Loma Plata, and were once laterally continuous with it; thus,

extension of the Loma Plata into Mexico is justified. An

alternative would be to extend Underwood's (1963, p. 9-10)

Espy Limestone from the Indio Mountains southward into Mexico.

Amsbury 's name is better because of the proximity of the type

locality to El Cuervo area.

Thickness, lithology. and fossils. Within the La

Mula-Sierra Blanca Range the thickness of the Loma Plata

varies from 845 feet in the Sierra de la Ventana (Nichols,

1958, his MS-1, p. 51-58, unit 49) to 1,785 feet in the north

ern Sierra Pilares, adjacent to El Cuervo area (Ferrell, 1958,

his MS-5, P 63). The formation thickens from the eastern

side of the range toward the west (fig. 13).

In the eastern part of El Cuervo area the Loma Plata

consists of light gray to medium gray, thick-bedded, massive,

micrograined, in part nodular, resistant limestone weathering

yellowish-brown, with a few thin interbeds of shale. Silici-

fied fossils, chert nodules and ropy chert bands are common

in massive reef facies. Along Arroyo Cuatralbo east of Ojo

Cuatralbo (1-10), the upper 200 to 300 feet of the formation

contains distinctive flat, circular, hematite nodules up to 6
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inches in diameter. Yeager (i960, his MS-4, p. 76) reported

hematite nodules 10 feet above the base of the formation in

the southern Sierra Pilares.

In the southern Sierra de la Cieneguilla the estimated

thickness of the Loma Plata is 1,500 feet. There, the lower

third of the formation is massive, resistant limestone,

whereas the upper two-thirds is thick-bedded, relatively non-

resistant limestone and shaly limestone. Alternating beds of

limestone and shaly limestone in the upper part give the for

mation a banded appearance from a distance and on aerial

photographs.

Along the west flank of the Sierra LAgrima the lower

200 feet of the Loma Plata is massive, resistant limestone;

and the upper 450 feet is thin- to thick-bedded, relatively

nonresistant limestone, which weathers to a distinctive olive-

brown.

Except for the locally abundant rudistid, Toucasia

sp., and caprinid, Caprinuloidea sp., the Loma Plata Lime

stone is relatively unfossiliferous in El Cuervo area. Har

well (1959, his MS-3 and MS-4, p. 43-48) found the nautiloid,

Paracymatoceras sp. cf. P. hilli (Shattuck), in shale partings

near the top of the formation, and the echinoids, Holectypus

planatus (Giebel) and Enallaster sp. cfr. E. bravoensis B6*se,

near the base in a reef limestone. Nichols (1958, his MS-1,

p. 51-58) reported the gastropod, Nerinea volana Cragin; the
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ammonite, Stoliczkaia sp.; and the coral, Orbicella sp., near

the top of a formation in the Sierra de la Ventana that in

cluded the Loma Plata, Del Rio, and Buda. Probably these

fossils are from the Buda. Locally the Loma Plata Limestone

contains numerous unidentified pelecypods and gastropods.

The top of the Loma Plata is placed at the base of

the first light gray shale of the Del Rio. The contact is

gradational, but forms an abrupt topographic break from ridge-

forming Loma Plata to slope-forming Del Rio. On aerial photo

graphs and from a distance, the contact is also an abrupt

color change from darker Loma Plata to very light Del Rio.

Del Rio Formation (Kdr)

Definition.Hill and Vaughan (1898, p. 236) used the

term "Del Rio Clay" for greenish, laminated clay exposed near

Del Rio, Texas. Amsbury (1958) used "Grayson" in the Pinto

Canyon area for strata equivalent to the Del Rio. The name

"Del Rio" will be used in the Big Bend National Park in forth

coming publications. Because of the proximity of the Pinto

Canyon area to the park and to the type Del Rio Formation sec

tion which intervenes between Trans-Pecos Texas and the dis

tant Grayson, the name "Grayson" should not be extended into

Mexico. North of El Cuervo area, Gillerman (1953, p. 27),

Underwood (1963, p. 10-11), Twiss (1959a), and Reaser (1966)

use the term "Eagle Mountains Sandstone" for strata equivalent
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to the Del Rio Formation. This term is not appropriate in

El Cuervo area, where the interval has practically no sand

stone. Reaser should also avoid the term "Eagle Mountains

Formation" in the Cieneguilla area, several miles north of

El Cuervo area, because the formation there is predominantly

fissile greenish-gray calcareous shale.

"Del Rio" has already been used extensively in Chi

huahua (Ramfrez and Acevedo, 1957, p. 729-730) and is more

familiar to Mexican geologists (including the expatriates)

than either "Grayson" or "Eagle Mountains."

Thickness, lithology. and fossils. In El Cuervo area

the Del Rio crops out in five small areas immediately north

of the Pilares fault (D-8, 9), along El Banquete southward

from Can6n La Chiva (K-ll), along the northeastern edge of

the Sierra de la Ventana (D-10), west of the Sierra Lagrima,

near La Bamba (J-l), and south of Arroyo Cuatralbo, west of

El Sauce (1-10). The formation is poorly exposed in these

outcrops, for they are largely covered with colluvium or bol

son fill. The presence of Del Rio is discernible on aerial

photographs in the outcrop south of Arroyo Cuatralbo but I

could not distinguish it from the Buda and Ojinaga formations

because of structural complexity.

Campbell (1959, his MS-3, p. 151-152) measured a 17-

foot section of Del Rio at the westernmost outcrop of the

formation north of the Pilares fault. His section consists
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of 13 feet of pale yellow-brown, fine-grained, angular to sub-

round, poorly sorted, calcareous sandstone with minor shale

partings overlain by 4 feet of medium yellow-orange, micro-

grained limestone containing the pelecypods, Inoceramus sp.

and Exogyra cartledgei B6se.

Yeager (i960, his MS-3, p. 73-75) measured 41 feet

of yellow-brown, very thin- to thin-bedded, fine- to medium-

grained limestone, interbedded with yellow-brown, thin-

bedded, flaggy siltstone, at the easternmost outcrop north of

the Pilares fault. Yeager collected the oyster, Exogyra cart

ledgei BSse, in the upper 10 feet of the formation and the

foraminifer, Haplostiche texana (Conrad), at the base. The

discrepancy in thickness between Yeager' s and Campbell's sec

tions is probably due to squeezing-out of incompetent beds in

the formation, associated with thrust faulting.

Nichols (1958, his MS-1, p. 51-58, unit 50) measured

an incomplete section 65 feet thick along the northeast edge

of the Sierra de la Ventana. His section consists of thin-

to thick-bedded limestone and is probably equivalent to all

of the Del Rio and part of the Buda. The estimated thickness

of the Del Rio is 50 feet at the northern end of the Sierra

de la Ventana. Nichols did not report fossils from his meas

ured section, but I collected the foraminifer, Haplostiche

texana (Conrad), from the Del Rio.

The Del Rio is 44 feet thick in MS-2 on the east face
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of El Banquete. The section is almost completely covered with

colluvium; the scattered outcrops are buff, calcareous clay

stone and shale. About 20 feet above the base, a light gray,

gypsiferous bed of shale crops out. The lower 2 feet of the

Del Rio at MS-2 yielded the foraminifer, Haplostiche texana

(Conrad); the gastropods, Turritella sp., Tylostoma sp., and

Alipes sp.; the pelecypod, Exogyra sp. cfr. E. cartledgei

BSse, and the upper 10 feet yielded the pelecypods, Exogyra

arietina RSmer and Neithea sp. South of MS-2, along El Ban

quete, the echinoid, Heteraster sp., is in the Del Rio.

The Del Rio along the west flank of the Sierra LAgrima

is almost completely covered by bolson fill. In this area the

thickness of the formation is difficult to determine because

of structural complications and poor exposures. The estim

ated thickness is 200 feet. A clue to the thickness of Del

Rio in the southwestern part of El Cuervo area is a reported

35 meters (115 feet), southeast of Carrizo, several miles

southeast of the southwest corner of El Cuervo area (Ramfrez

and Acevedo, 1957, p. 730).

I found the foraminifer, Haplostiche texana (Conrad),

at a small outcrop of Del Rio (not shown on pi. l) about mid

way between the Loma Plata and Buda ridges near La Bamba.

Along the road northwest of La Bamba the lower 10 feet of the

Del Rio is well exposed (overturned). It consists of light

gray, calcareous shale, interbedded with thin-bedded, flaggy
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limestone, which weathers to distinctive olive-brown. This

section yielded an abundant and varied fauna of micromorph

ammonites (table 14) *

Table 14- Ammonites from Del Rio micromorph
bed near La Bamba

UT Col

lection

Number Type or Name

Number of

Specimens

6977 not identified 1

6978 heteromorphs 19

6980 scaphitid
2

6981 Eoscaphites sp. cfr. E. subevolutus (Bb'se) 6

6982

6983

6984

Proturrilitoides (?) sp. 1

17

1

Plesioturrilites sp.

Scaphites sp.

6985

6986

Prionocvcloides proratus (Pervinquiere) 1

3not identified

6987

69S8

6989

Plesioturrilites sp.
12

3

1

Eubaculites sp.

Graysonites (?) sp.

6990

6991

Scaphites sp. cfr. S. bosquensis (Bb'se) 1

1
Engonoceras sp.

6992 Scaphites, n. sp.
2

6993 Scaphites, n. sp.
3

6994

6995

Scaphites sp. cfr. S. bosquensis (Bose) 2

1
not identified

6996 Graysonites sp. juv. 7

6997 heteromorphs
10

6998 scaphitids
34

7290 not identified
1

7291 Ficheuria kiliani (Pervinquiere) 2
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7292 Graysonites (?) sp. 5

7293

7294

7295

Eubaculites sp.

sp. juv.

7

6

19

Graysonites

scaphitids

7296 Graysonites sp. juv. 1

7297 turrilitids 50

7298 not identified 8

7299 scaphitid 1

7300

7301

Metengonoceras sp. 1

1Graysonites sp. juv.

7302 Scaphites. n . sp. 10

7303 not identified 1

7304 not identifi ed 1

7305 not identifi ed 10

7306 not identifi ed 1

7307 not identified 2

7308 Scaphites sp cfr. S. bosquensis (Bose) 37

7309 Eoscaphites subevolutus BSse 10

In addition to the ammonites listed in Table 14, the

micromorph bed yielded a brachiopod, Kingena (?) sp. (UT-

6976), and five unidentified gastropods (UT-6979).

The top of the Del Rio is at the top of nonresistant

shale and marl, and at the base of resistant Buda Limestone.

The contact is well exposed at two localities only, El Ban

quete and along the northeast flank of the Sierra de la

Ventana; it is abrupt but conformable at both localities.
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Buda Limestone (Kbu)

Definition. Vaughan (1900, p. 18) proposed the name

Buda Limestone, taking the name from Buda, a small farming

and ranching community, in Hays County, Texas, although the

type locality is 20 miles north of Buda along Shoal Creek in

Austin.

Practically all geologists who have worked in Trans-

Pecos Texas and adjacent Chihuahua, Mexico, have found out

crops of the Buda.

In El Cuervo area the Buda is underlain by the Del

Rio Formation and overlain by the Ojinaga Formation.

Thickness, lithology. and fossils. The Buda has

five small outcrops in El Cuervo area; north of and below the

Pilares fault (D-8, 9), along the northeastern edge of the

Sierra de la Ventana (D-10), south of Arroyo Cuatralbo, west

of El Sauce (1-10), along El Banquete, southward from Arroyo

La Chiva, and along the western front of the Sierra Lagrima,

near La Bamba (J-l). In addition to the localities cited

above, the limestone that crops out on a small hill west of

Cerro El Morro (L-7) and limestone below the thrust fault at

the north end of Cerro El Morro (not shown on pi. l) may be

long to the Buda. I was unable to map the Buda between the

Del Rio and Ojinaga formations in the outcrop area west of

El Sauce.
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Campbell (1959, his MS-3, p. 51-52) measured an incom

plete section, 95 feet thick, of Buda at the westernmost out

crop north of the Pilares fault, where the Buda consists of

medium gray, micrograined, resistant limestone.

Yeager (i960, his MS-3, p. 73-75) measured an incom

plete Buda section, 75 feet thick, at the easternmost outcrop

north of the Pilares fault, where the Buda is olive-gray, }

thin-bedded, in part nodular, micrograined, resistant lime

stone. Yeager found one unidentified ammonite in the Buda

(identified as Faraudiella texana (Shattuck) by Young subse

quent to Yeager' s thesis).

Nichols (1958, his MS-1, p. 51-58, unit 50) measured

an incomplete section, 65 feet thick, along the northeastern

front of the Sierra de la Ventana. His section consists of

thin- to thick-bedded limestone and is probably in part equiv

alent to the Buda. Nichols did not report finding fossils in

this unit but did report fossils that may be from the Buda be

low it in a unit I assign to the Loma Plata (p. 82). I col

lected the ammonite, Budaiceras sp., from a 60-foot limestone

near his measured section and estimate the Buda thickness as

no more than 60 to 70 feet.

There is 50 feet of Buda on the east face of El Ban

quete (MS-2), where the Buda is medium light gray, medium-

bedded, micrograined (nearly lithographic), nodular, cuesta-

forming limestone. The lowest foot of the Buda in MS-2
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yielded the oyster, Arctostrea sp. aff. A. carinata (Lamarck),

and the pecten, Neithea sp. I also found two float samples

of the ammonite, Budaiceras sp., while measuring section.

In the vicinity of La Bamba neither the top nor the

base of the Buda is exposed. The estimated thickness exposed

is 150 to 200 feet. At La Bamba the Buda consists of medium

to light gray, thin- to thick-bedded, micrograined, resistant

limestone. The formation is sparsely fossiliferous, but the

outcrop adjacent to the road, northwest of La Bamba, did yield

the ammonite, Budaiceras sp. cfr. B. haysense Young as well as

sponges. Two species of sponges are present and belong to

undescribed genera (Perkins, 1966).

The top of the Buda is well exposed at several local

ities along El Banquete and at the extreme northeastern end

of the Sierra de la Ventana. At both places the abrupt con

tact between resistant limestone of the Buda and interbedded,

calcareous siltstone flags and dark gray, fissile shale of the

Ojinaga Formation appears to be conformable. This contact is

reported to be disconformable in parts of the La Mula-Sierra

Blanca Range (Ferrell, 1958, p. 42; Nichols, 1958, p. 34).

Nichols did not report his evidence for a disconformity at the

top of the Buda. Ferrell (op. cit. . p. 42-43) reported that

in the northern Sierra Pilares, adjacent to El Cuervo area,

the Ojinaga (his "Chispa Summit") lies concordantly but dis-

conformably on the Buda, citing reworked Buda and Del Rio
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microfossils in the lower 30 feet of the Ojinaga as evidence.

Ojinaga, San Carlos, and El Picacho

Formations

Much confusion has reigned in the nomenclature of

formations between the Buda Limestone and the Vieja Group

that crop out along the Rfo Bravo in Presidio and Jeff Davis

counties, Texas, and adjacent Chihuahua. Figure 6 summarizes

the different proposals. This report adopts the nomenclature

of olleben (1966) who has studied the ammonite zonation of

the Ojinaga Formation.

Ojinaga Formation (Ko) . Except for small outcrops at

the north end of Cerro El Morro (K-7) and south of Arroyo

Cuatralbo, about 2 miles southwest of El Sauce, the only out

crops of the Ojinaga Formation are beneath thrust faults along

the front of the La Mula-Sierra Blanca Range and on the east

flank of the Sierra de la Ventana. The Ojinaga is unconform

ably overlain by bolson fill or pediment and terrace gravel

in most places where it is not in fault contact with other

formations. Near the mouth of Arroyo Benigno (D-10) it is

unconformably overlain by the Colmena Tuff.

The Ojinaga Formation consists of medium gray to

medium dark gray shale, weathering olive-gray. The lower 100

to 150 feet and a zone 50 to 100 feet thick, about 800 feet

above the base of the formation, contain thin interbeds of
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Figure 6. Nomenclature of formations between the Buda Limestone and the Vieja

V Group that crop out along the Rfo Bravo in Presidio and Jeff Davis counties,

Texas, and adjacent Chihuahua.
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silty limestone and calcareous siltstone flags. Secondary

gypsum occurs along bedding planes and joints in many out

crops. Locally the formation contains calcareous concre

tions up to a foot in diameter. Inoceramus sp. is locally

abundant and several localities yielded ammonites. Placen-

ticeras sancarlosense Hyatt came from an outcrop of shale

immediately below thrust-faulted Finlay Limestone and above

the Navarrete Formation near Tarais (H-ll).

A complete section of Ojinaga is not exposed in El

Cuervo area. The thickness of Ojinaga estimated from the

construction of structure sections is about 2,000 feet. The

San Carlos Formation does not crop out in El Cuervo area.

El Picacho Formation (Kp) . The El Picacho Formation

crops out along the east side of the Palo Pegado fault, south

of El Comedor (G-12). The base of the formation is not ex

posed; and the Gill Breccia and bolson fill unconformably

overlie the youngest El Picacho strata.

Spiegelberg (1961, his MS-8, p. 66) measured an incom

plete section, 265 feet thick, of El Picacho about 2 miles

southeast of El Comedor, where the formation consists of un-

fossiliferous, variegated (grayish-orange, dusky-yellow, and

pale olive), massive marl containing varying amounts of sec

ondary gypsum along joints.



VOLCANIC AND ASSOCIATED ROCKS

Vieja Group

The "Vieja series" as originally defined (Vaughan,

1900, p. 77, 81) and amended (DeFord, 1958a, p. 13) consists

of the following Tertiary formations in descending order:

Petan Basalt, Brite Ignimbrite, Capote Mountain Tuff, Bracks

Rhyolite, Chambers Tuff, Buckshot Ignimbrite, Colmena Tuff,

Gill Breccia, and Jeff Conglomerate.

The Vieja unconformably overlies Upper Cretaceous

rocks in the Sierra Vieja and adjacent parts of El Cuervo

area. I recognized only the Gill Breccia, Colmena Tuff,

Buckshot Ignimbrite, Chambers Tuff, and Capote Mountain Tuff

in several outcrops along the Rfo Bravo south of El Comedor,

north of the Sierra de la Ventana, near the mouth of Arroyo

Benigno and along the Rfo Bravo, about 4 miles north of

Pilares

Gill Breccia (Tg) . The Gill Breccia crops out only

along the western and northern edges of the large Vieja out

crop east of Arroyo Palo Pegado, south of Comedor. In this

outcrop Spiegelberg (1961, his MS-9, p. 64-65) reported 184

feet of Gill consisting of a lower unit, 34 feet thick, of

moderate reddish-brown, massive breccia, containing large

blocks (to 8 x 8 x 16 feet) of Lower Cretaceous limestone,

and of an upper unit, 150 feet thick, of pale red to grayish
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red breccia, containing sand layers, quartz fragments, and

tuff boulders near the top. In this outcrop the Gill uncon

formably overlies El Picacho Formation and is conformable

with the overlying Colmena Tuff.

Colmena Tuff (Tc) . The Colmena Tuff crops out south

east of El Comedor (G-12) and at an isolated locality north

of the Sierra de la Ventana.

Southwest of El Comedor, Spiegelberg (1961, his MS-9,

p. 64-65) reported 200 feet of Colmena conformably overlain

by the Buckshot Ignimbrite. This section is poorly exposed.

The lower part of the formation is a pale red-purple to

grayish-green tuff.

North of Sierra de la Ventana, Nichols (1958, p. 37)

reported 25 feet of Colmena, composed of grayish-pink and

white tuff interbedded with tuffaceous conglomerate and sand

stone. Nichols described a conglomerate bed composed of

quartzite and limestone cobbles and boulders at the base of

the Colmena and believed it to be equivalent to the Jeff Con

glomerate. In this outcrop the Colmena unconformably overlies

the Ojinaga Formation and is conformably overlain by the Buck

shot Ignimbrite.

Buckshot Ignimbrite (Tb). The Buckshot Ignimbrite

crops out in the same places as the Colmena Tuff. In the

field the Buckshot appears to be solidified lava, but thin

sections show a matrix of glass shards and other pyroclastic
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material. In places the rocks are characterized by dark red

spots 2 to 10 mm in diameter that resemble buckshot.

Southeast of El Comedor, Spiegelberg (1961, his MS-9,

p. 64-65) measured an incomplete section 36 feet thick. The

formation is resistant, forming a caprock, and consists of

dusky red, massive rhyolite porphyry. Numerous vesicles in

the porphyry are filled with chalcedony, calcite, jasper, and

occasionally with uranium minerals; fractures are filled with

quartz and calcite. North of the Sierra de la Ventana,

Nichols (1958, p. 37-38) reported 15 feet of Buckshot conform

ably overlain by the Chambers Tuff.

Chambers Tuff (Teh) . There are two small outcrops of

Chambers Tuff north of the Sierra de la Ventana and near the

confluence of the Rfo Bravo and Arroyo Benigno (C-10).

At the southern outcrop, Nichols (1958, p. 38) recog

nized 30 feet of white and grayish-pink tuff, unconformably

overlain by Quaternary pediment gravel.

At the northern outcrop, Campbell (1959, his MS-2, p.

50) measured an incomplete section of 12 feet of pale red,

volcanic arkose, unconformably overlain by bolson fill, which

he mapped as Vieja Group undifferentiated. The rock in this

section resembles that in a 456-foot section of Chambers Tuff

in the Porvenir area, across the Rfo Bravo adjacent to the

outcrop (Schulenberg, 1958, his MS-14, p. 106-110).

Capote Mountain Tuff (Tea) .--Harwell (1959, p. 3l)
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described a sequence of thin sandstone beds alternating with

red tuff that crops out about 4 miles north of Pilares (A-10)

and mapped it as Vieja Group undifferentiated. This outcrop

is adjacent to extensive outcrops of Capote Mountain Tuff in

the Porvenir area across the Rfo Bravo (Schulenberg, 1958,

pi. l), and the rock is certainly continuous beneath Quater

nary alluvium and pediment gravel.

Isolated Outcrops of Volcanic and

Associated Rocks

There are outcrops of volcanic and associated sedi

mentary rocks along Arroyo Cuatralbo, west of El Sauce (I-

10), in Can6n de Navarrete, north of Cerro La Abuja (J, K-

10), in the vicinity of La Parra (L-9), and at several places

in the Sierra Lagrima and vicinity. Stratigraphic position

and age of the rocks exposed are uncertain; therefore, forma

tion names are not applied to them.

Conglomerate in Arroyo Cuatralbo (Tcg-l) . In the

vicinity of Agua Ttinel, west of El Sauce, there are exten

sive outcrops of thick-bedded (10 to 15 feet) conglomerate

composed of subround pebbles, cobbles, and boulders of Lower

Cretaceous limestone and sandstone, in a calcite-cemented

matrix of sand and silt. Locally the rock has interbeds

of sandstone and siltstone. Several of the conglomerate

beds exhibit a distinctive orange-red, probably colored by
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authigenic iron minerals. Midway between El Sauce and Agua

Tunel, along Arroyo Cuatralbo, near several abandoned dwell

ings (H-10), there is a lens of devitrified, vitric-crystal

tuff, about 50 feet long and up to 15 feet thick, in the

conglomerate. Material of the tuff is squeezed into pore

space in conglomerate beds overlying and underlying the tuff.

Thin section examination (sample N-10) shows that the tuff

contains 18$ phenocrysts, 2% rock fragments, 50% microlite

groundmass, and 30% unwelded, devitrified, glass shards.

Phenocrysts are predominantly sanidine with subordinate

quartz and traces of plagioclase and biotite.

The conglomerate is estimated to be at least 800 feet

thick, and unconformably overlies the unnamed evaporites and

rocks of the Navarrete, Cox, and Loma Plata formations. Con

tacts between the conglomerate and underlying rock are dis

cordant, except where it is in contact with evaporites and

with the middle member of the Cox Formation, immediately

north of Agua Tunel. The contact between the conglomerate

and evaporites is concordant, but may be an intrusive contact

or a collapse contact, i.e., evaporites intruded into conglom

erate or conglomerate foundered into evaporites and beds in

the evaporites lined up parallel to conglomerate beds. At

the concordant contact with the middle member of the Cox,

north of Agua Tunel, conglomerate rests on steeply dipping

limestone in a normal sedimentary relationship. At all
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outcrops the conglomerate is inclined; it dips 20 to 75.

The conglomerate is concordant with an overlying siltstone

(Ts) and may, in part, grade laterally into it. Locally the

conglomerate is overlain unconformably (angular) by bolson

fill and a tuff (Tt-l).

Siltstone in Arroyo Cuatralbo (Ts) . A calcite-

cemented siltstone, interbedded with pebble and granule con

glomerate composed of Lower Cretaceous limestone and sand

stone fragments and some igneous-rock fragments crops out

along walls of three arroyos, south of Agua Tunel and south

of the conglomerate outcrop (Tcg-l). Beds of sandstone and

claystone are scattered throughout the section exposed. The

youngest beds exposed are entirely siltstone and claystone;

toward the base of the section exposed, the number of sand

stone and conglomerate beds steadily increases. The unknown

thickness of the siltstone is more than 500 feet. This silt

stone may be a local facies of the conglomerate described

above. The siltstone is unconformably overlain by younger

bolson fill and a tuff (Tt-l).

Tuff in Arroyo Cuatralbo (Tt-l) . West of El Sauce

several outcrops of a tuff unit rest with pronounced angular

unconformity (up to 70) on the conglomerate (Tcg-l), silt

stone (Ts), and Navarrete Formation. This tuff is divisible

into two members, a lower reddish tuff, and an upper grayish-

pink, volcanic arkose.
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The lower member is moderate orange-pink, unwelded,

partially devitrified, vitric tuff, containing 3 to 5% pheno

crysts; 10 to 15% partly devitrified, unwelded, glass shards;

and 80 to 85# groundmass. Phenocrysts, up to 1.0 mm in diam

eter, are predominantly anhedral to subhedral sanidine with

subordinate quartz. Glass shards are arcuate and Y-shaped,

averaging 0.02 by 0.30 mm and are about 50# devitrified, ex

hibiting excellent axiolitic structure. The groundmass is

composed of quartz and feldspar microlites and hematite dust

is thoroughly disseminated in it. At MS-3 the lower member

is 3 feet thick; incompletely exposed thicknesses of the mem

ber at other localities range up to 50 feet. Thickness varia>

tions of the member are probably reflecting topography of the

depositional surface.

The upper member, consisting of grayish-orange pink

sandstone and conglomerate, is exposed only at one place (MS-

3), where the incomplete thickness is 50 feet. Sandstone of

this member is medium- to very coarse-grained, thick-bedded,

siliceous (devitrified glass ?), volcanic arkose. Clasts in

conglomerate and sandstone are subhedral and anhedral plagio-

clase (andesine) laths and irregularly shaped, subround rock

fragments consisting of plagioclase and biotite in a devitri

fied glass groundmass. There are minor amounts of sanidine,

biotite and opaque mineral clasts and traces of hornblende,

pyroxene and chlorite in sandstone and conglomerate. Locally
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small amounts of calcite fill cavities and replace feldspar.

Ignimbrite in Cafi6n de Navarrete (Tig) . An ignimbrite

crops out along the south edge of Arroyo Navarrete, about 1.5

miles northwest of Cerro La Abuja (J-10). There are three

layers of ignimbrite, separated by conglomerates, within the

unit at MS-4. All have similar composition but vary somewhat

in texture. MS-4 includes 305 feet of ignimbrite, represent

ing at least 3 flows, and 90 feet of conglomerate and briefly

summarized is:

A. Lower ignimbrite - 135 feet exposed. Pale reddish brown,

devitrified, vitric tuff, containing 2 to 6% subhedral to

anhedral, subequant sanidine phenocrysts, averaging 1.0

mm in diameter, but as large as 5*0 mm. Groundmass con

sists of extremely small (much less than 0.25 mm) micro-

lites of feldspar and probably of quartz; hematite dust

is disseminated throughout the groundmass and there are

some structures that are probably relict glass shards.

The unit is characterized by alternating dark 1 to 2 mm

wide and light 1 to 1.5 mm wide bands.

B. Lower conglomerate
- 40 feet thick. Largely covered, but

fresh outcrops along the arroyo channel are conglomerate

composed of rounded pebbles and cobbles of volcanic rock

fragments in a siltstone and sandstone matrix.

C. Middle ignimbrite
- 60 feet thick. Yellowish-gray, de

vitrified, vitric, sanidine tuff. Tuff is composed of 20

to 2U% subhedral to anhedral, subequant sanidine crystals
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and crystal fragments, averaging 2 mm in diameter, in a

groundmass of large microlites (slightly less than 0.25

mm) of feldspar and probably quartz. Hematite dust is

disseminated in irregular bands in the groundmass. The

rock contains 4 to 1% cavities, some lined or filled with

chalcedony (pumice ?) or calcite. Rock is very distinc

tive in hand specimen exhibiting many angular grains of

opalescent sanidine.

Upper conglomerate - 50 feet thick. Largely covered, but

outcrops along arroyo show conglomerate similar to lower

conglomerate (B)

Upper ignimbrite - 110 feet exposed. Yellowish brown,

devitrified, vitric, sanidine tuff. Tuff is composed of

about 20# subhedral to anhedral, subequant sanidine crys

tals and crystal fragments, averaging 1.5 mm in diameter,

in a groundmass of extremely small (much less than 0.25

mm) microlites of feldspar and probably of quartz. The

groundmass is a mass of devitrified, welded, glass shards.

The upper 10 feet of the ignimbrite has a much coarser

groundmass than the bulk of the unit and shows no evidence

of shards. In hand specimen, this part of the ignimbrite

has a frothy appearance as opposed to the lower 110 feet

which looks like an aphanitic, porphyritic, solidified

lava. The upper 10 feet also contains scattered elongated

pumice fragments.

Bolson fill is in unconformable contact with the
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ignimbrite at its base and top. Along strike, east of MS-4,

a conglomerate overlies the unit (Tcg-2), probably concord-

antly. The lower part of the ignimbrite is faulted under the

Finlay Limestone, east of MS-4. At the western end of the

ignimbrite outcrop, along the road, a small outcrop (several

hundred square feet) of white, devitrified, vitric tuff is

not mapped as a separate unit (sample N-9l). Relations be

tween the white tuff and the ignimbrite are not clear, but

the tuff appears to be below the ignimbrite. The ignimbrite

disappears along strike to the east and west; thus it is

lens-shaped in the two dimensions observed. Laterally, the

ignimbrite occupies the same stratigraphic position, below

the conglomerate (Tcg-2), as an andesite (Ta-2), that crops

out north of Cerro La Abuja.

Andesite in Can6n de Navarrete (Ta-2) . Two outcrops

of andesite, separated by gypsum of the evaporite sequence

(Jg), form a crescent-shaped pattern north of Cerro La Abuja.

The rocks are predominantly grayish red to pale red, holo-

crystalline, aphanitic, porphyritic, trachytic andesite.

Petrographic studies of 7 samples from the andesite and of 4

samples from a conglomerate (Tcg-2) derived from it show that

the andesite contains:

14 to 28# phenocrysts consisting of:

5 to 26# plagioclase; subhedral laths to 1.25 mm X 3.75

mm, average 0.6 mm X 1.5 mm, in part zoned, fresh to
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highly altered (plagioclase in each slide either rela

tively fresh or altered, no contrasts in same thin sec

tion), arranged in crude flow alignments, occasional

glomerocrysts, andesine and oligoclase by optical deter

mination.

2 to k% biotite; anhedral to subhedral flakes and aggre

gates to 0.6 mm X 3.0 mm, strongly pleochroic in deep red-

brown and pale yellow-brown, frequently highly altered to

magnetite and in part to chlorite.

Tr. to 2% augite; twinned, euhedral and subhedral prisms
and sections of prisms to 0.5 mm, prisms 3X elongate, fre

quently occurs as glomerocrysts.

1 to 5% basaltic hornblende; euhedral and subhedral prisms
and sections of prisms to 0.6 mm, prisms 5X elongate,

pleochroic in yellow and brown, edges altered to magnetite.

73 to 8k% groundmass consisting of:

15 to 20% subhedral plagioclase microlites distributed

throughout an indeterminate, cryptocrystalline material.

Microlites exhibit well-developed trachytic texture.

Hematite dust and an opaque mineral (magnetite ?) evenly

distributed throughout the groundmass.

2% opaque minerals; subhedral to anhedral, subequant frag

ments and aggregates to 0.5 mm in diameter. Probably all

magnetite occurring as alteration of mafic minerals.

The andesite rests discordantly on evaporites (Jg) and

on the Benigno Formation. It is overlain, probably concord-

antly, by conglomerate (Tcg-2). Flow structure in the rock

and the shape of the outcrop indicate that it dips steeply.

The andesite disappears, along strike to the northwest and

northeast, thus is lens-shaped in the two dimensions observed.

The estimated maximum thickness of the andesite is 200 feet.

Beneath the andesite, gypsum is discolored yellow-brown for

10 to 15 feet, possibly from baking as andesite flowed across
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it (or was intruded into it).

Conglomerate in Caii6n de Navarrete (Tcg-2) . North

of Cerro La Abuja a predominantly calcite and plagioclase

cemented, very poorly sorted, granule to boulder, thick-

bedded, conglomerate of volcanic- and sedimentary-rock crops

out extensively. Composition of clasts changes from south

to north across the outcrop in which the beds dip northward.

South of Arroyo Navarrete clasts are andesite and tuff, north

ward from the arroyo, fragments of Lower Cretaceous rocks ap

pear and comprise 80$ of the conglomerate near the fault

contact between the conglomerate and the Finlay Limestone.

Thin interbeds of sandstone and siltstone occur throughout

the conglomerate, but constitute only a minor proportion of

the unit.

Petrographic examination of granule and pebble con

glomerate along Arroyo Navarrete about 0.75 miles N. 45 W.

of La Abuja, shows the rock to be composed of &U% volcanic-

rock fragments and about 16 calcite and plagioclase cement

(thin sections N-42 a, b, and c). Most of the clasts (about

80) are andesite and about 20 are devitrified vitric and

vitric sanidine tuff. Clasts are sub round to angular with no

relationship between size and degree of rounding. Examination

of thin sections made from boulders in the conglomerate indi

cates that the rock of the andesite clasts closely resembles

the andesite (Ta-2) that crops out south of the conglomerate
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(thin sections N-42 d, f, and i), and that the tuff clasts

probably came from the ignimbrite (Tig) that crops out south

west of the conglomerate (thin section N-42 e). In addition

to andesite and tuff clasts, there are a few clasts of highly

weathered, chloritized, aphanitic, porphyritic, trachytic

andesite (samples N-42 g and h) that megascopically resemble

the porphyritic andesite (Ti-l) intruded into the Navarrete

and Las Vigas formations east of Cerro La Abuja and may be

flow rocks correlative with them. About 1% of the conglomer

ate cement is twinned, subhedral laths of plagioclase (albite-

oligoclase), growing outward from grain boundaries into pore

spaces. The remainder of the cement is sparry calcite that

fills the central volumes of pores that were unfilled by

plagioclase, and fills cavities where plagioclase is absent

or rims only parts of pores.

Along the eastern edge of its outcrop the conglomerate

discordantly overlies the unnamed evaporites and the lower

member of the Las Vigas Formation. To the south and west the

conglomerate seemingly overlies the andesite (Ta-2) and ignim

brite (Tig) concordantly. In a small outcrop, about 0.4 mile

west of the main conglomerate outcrop, the conglomerate rests

unconformably on the lower and middle members of the Cox For

mation. The conglomerate is unconformably overlain by bolson

fill and colluvium in several outcrops.

A geometrical reconstruction of the structure within
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the conglomerate indicated that it is about 2,500 feet thick.

This reconstruction assumed no significant foresetting of

conglomerate beds. The top of the conglomerate is faulted

against the Finlay Limestone; therefore the thickness esti

mated is incomplete.

Andesite in .La Parra area (Ta-l) .--Southwest of the

La Parra fault (L-9) there are numerous scattered outcrops of

andesite. The base of the andesite is not exposed and the

map (pi. l) includes all outcrops in one map unit.

Rock of the andesite is holocrystalline, aphanitic,

porphyritic, trachytic andesite. Thin section examination (5

sections) showed that some of the andesite is both mega- and

microporphyritic. The andesite is 66 to 81$ groundmass, 15

to 31# phenocrysts and 3 to 9% opaque minerals. The ground-

mass consists of plagioclase microlites (andesine-oligoclase

by optical methods) in unidentified cryptocrystalline material.

In the microporphyries up to 27# of the groundmass is recog

nizable plagioclase. Microlites show good flow alignment and

typical trachytic texture. Phenocrysts are predominantly

twinned, subhedral plagioclase laths averaging 0.4 mm X 1.2

to 2.0 mm (9 to 18# of rock). Plagioclase is andesine-

oligoclase (determined by optical methods) and laths exhibit

good flow alignments. 2 to 13# of the rock is pale green,

subhedral, subequant pyroxene (augite), generally occurring

as glomerocrysts. Several thin sections showed traces of
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biotite. Opaque minerals (magnetite) occur in irregular-

shaped masses and as pseudomorphs after mafic minerals. One

thin section (N-124) contains 9% magnetite, practically all

pseudomorphous after amphibole (probably basaltic hornblende).

The field relations within the andesite are obscured

by poor outcrops, but it is possible that several flows of

similar composition are present within the map unit.

Thickness of the andesite is unknown; several out

crops expose incomplete thicknesses up to 100 feet. South of

the road to La Parra the andesite is unconformably overlain

by a lahar (Tl), which was deposited in canyons cut in the

andesite. North of the road the andesite is overlain by an

ignimbrite (Tig).

Lahar in .La Parra area (Tl) . Southwest of La Parra,

along the road, there are extensive outcrops of lahar, which

rest discordantly on the Cretaceous Finlay and Benevides for

mations, and the andesite (Ta-l), and possibly on a porphy

ritic andesite intrusion (Ti-l). The unseen contact with the

intrusion may be sedimentary or intrusive. The lahar fills

topographic lows in older units.

The lahar consists of volcanic-rock fragments of many

shapes, all degrees of rounding, and all sizes from granules

to large boulders (maximum 2 feet, average 8 inches) in a

glassy groundmass. Petrographic examination of 3 thin sec

tions showed clasts of andesite, similar to the outcropping
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andesite (Ta-l), and a flow rock consisting of 15 to 20#

plagioclase laths in a hematite stained glassy groundmass.

Some fragments of the glassy rock contain embayed plagioclase

and irregularly shaped calcite filled cavities. The ground-

mass of the lahar is glass, containing 15 to 20# randomly

oriented, subhedral plagioclase laths and lath fragments and

traces of clinopyroxene (probably augite).

The lahar is overlain and in part interbedded with an

ignimbrite (Tig). Thickness of the lahar varies considerably;

where the base and top are exposed it is 50 to 100 feet thick.

Ignimbrite in La Parra area (Tig). An ignimbrite un

conformably overlies the Cox, Finlay, and Benevides formations

and concordantly overlies the andesite (Ta-l) and lahar (Tl)

in the vicinity of La Parra (L-9). In hand specimen the ig

nimbrite shows sanidine phenocrysts in a yellowish-brown

groundmass. It closely resembles some rocks of the ignimbrite

(Tig) mapped in Can6n de Navarrete.

The ignimbrite consists of at least two layers (cool

ing units ?). The lower layer of ignimbrite is interbedded

with the lahar (Tl) and wedges out within it. This relation

ship is shown in a canyon along Arroyo La Parra, south of the

road about 3 miles west of La Parra. The upper layer of ignim

brite caps hills formed by the lahar (Tl) and andesite (Ta-l).

In area where ignimbrite rests on andesite, the differing ele

vations of ignimbrite indicate that the ignimbrite was
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deposited on an irregular surface. Because the top of the

ignimbrite is eroded, the true thickness of the unit is un

known. Incomplete thicknesses of 50 to 100 feet are exposed

in the area.

Tuff in Sierra LAgrima (Tt-2) . Along the road about

5.5 miles south of El Pando (H-2), light gray tuffaceous silt

stone rests discordantly on the Las Vigas Formation. The ex

posed, incomplete thickness of tuff is about 5 feet and its

relationship to other volcanic units is unknown.

Ignimbrite in Sierra LAgrima (Tig). Plate 1 maps six

scattered outcrops of ignimbrite in the Sierra Llgrima and

its foothills as one unit (Tig). Following is a brief de

scription of each of these outcrops:

A. About 3.5 miles north of El Pando (E-l). About 50 feet

of dark brown caprock on Las Vigas Formation is probably

ignimbrite (locality not visited).

B. Extensive outcrop 2.5 to 3 miles south of El Pando. Rock

is yellowish-gray to brownish-red, groundmass containing

sanidine phenocrysts. Ignimbrite rests with pronounced

angular unconformity on Las Vigas Formation. The top of

the ignimbrite is eroded, but 100 to 150 feet are exposed.

C. West of road about 7 miles south of El Pando. Two out

crops of sanidine-bearing yellow-brown rock rest uncon

formably on the Las Vigas Formation, about 50 feet exposed.

D. About 4 miles north of Las LAgrimas (J-2), west of road.
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Small outcrop of pale-red, sanidine-bearing rock sur

rounded by bolson deposits. About 50 feet exposed.

E. Along western scarp of Sierra LAgrima, about 2.5 miles

south of La Bamba (J-l). Two small outcrops of sanidine-

bearing rock; one surrounded by bolson fill, the other

resting unconformably on overturned Finlay Limestone. The

ignimbrite is 50 to 75 feet thick and is concordantly over

lain by basalt (Tba). Locally there are small bodies of

white tuff between the basalt and the ignimbrite.

F. North and south of Arroyo Carrizo, about 2 miles northeast

of Cerro Carrizo {K-3). Three outcrops of moderate red

aphanitic rock. Ignimbrite of two of the outcrops rests

unconformably on the Llgrima Formation, the third outcrop

is surrounded by bolson fill. Incomplete thicknesses of

25 to 50 feet of ignimbrite are exposed.

Rocks in outcrop areas A, B, C, and E closely resemble

the ignimbrites mapped in Can6*n de Navarrete and in the vicin

ity of La Parra; i.e., it is yellowish-brown to yellowish-gray,

devitrified vitric, sanidine tuff. Petrographic examination

of a sample from outcrop D (thin section N-128) showed a de

vitrified vitric tuff consisting of 82# groundmass of devitri

fied, welded shards, k% subhedral and anhedral, subequant

sanidine crystals to 1.25 mm in diameter, 1% each of quartz,

magnetite and void space, and 11# calcite fracture-filling.

A thin section from outcrop F (N-126) showed a devitrified
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vitric tuff consisting of 8k% groundmass of devitrified glass

with streaks of hematite dust, 5% devitrified, unwelded glass

shards, 1% chalcedony cavity and vein filling and possibly

devitrification products, 3% voids, 1% subhedral-euhedral

sanidine crystals to 0.5 mm x 2.0 mm and traces of euhedral,

pale green, clinopyroxene (probably augite).

Basalt in Sierra LAgrima (Tba) . There are two out

crops of basalt in the Sierra LAgrima, one about 2.5 miles

south of La Bamba (J-l) and the other about 4 miles north of

Las LAgrimas (J-2). The rock is olive-black, vesicular, mero-

crystalline basalt. Vesicles are oval-shaped; some are elon

gate.

Petrographic examination (thin section N-127) showed

6l% glassy groundmass, 22# plagioclase microlites (andesine-

oligoclase by optical methods) less than 0.02 mm wide and

elongated 5 to 6 times, 13# subequant masses and stubby prisms

to 0.1 mm of clinopyroxene (probably augite), 3% voids, and

1% zeolite cavity fill. Microlites are arranged in a pilotax-

itic texture.

In the outcrop south of La Bamba the basalt rests on

ignimbrite (Tig) and unconformably on the Finlay Limestone.

The top of the basalt is eroded. Exposed incomplete thick

nesses of basalt range from 25 to 50 feet.
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INTRUSIVE IGNEOUS ROCKS

Altered Olivine Diabase (TKi-l)

Small sills and dikes of olivine diabase occur in the

Ojinaga Formation along the Palo Pegado fault, 0.5 to 1.3

miles south of Ojos Calientes (J-ll), and on the east face of

El Banquete, about 0.5 mile south of Rancho La Chiva (K-ll).

The dikes and sills range in thickness from 8 inches to about

3 feet. They are not shown on the geologic map (pi. l).

Along an unnamed arroyo, about 1.3 miles south of Ojos

Calientes and 0.1 mile west of the Palo Pegado fault, three

olivine diabase dikes in the Ojinaga Formation are offset 3.5

feet by a bedding plane thrust fault.

Sills and dikes of olivine diabase, intruded into the

Navarrete Formation, crop out at four places in the vicinity

of Arroyo Navarrete southwest of Rancho Navarrete (J- 10).

Three of the four are shown on the geologic map (pi. l). The

fourth is in a contorted mass of the Navarrete Formation west

of where Arroyo Navarrete takes a sharp bend southward toward

Cerro La Abuja. At each place olivine diabase was intruded

into the Navarrete as sills along limestone beds or as "dikes"

associated with highly contorted limestone beds. The thick

nesses of sills and "dikes" range from several inches to as

much as 50 feet; the average thickness, however, is about 2

feet
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Typically the olivine diabase is porphyritic contain

ing 20 to 25# phenocrysts of olivine, completely replaced by

calcite, chlorite, and talc in a highly altered plagioclase

groundmass. Groundmass alteration is predominantly to chlo

rite, and some thin sections showed relict pyroxene crystals.

About 0.7 mile south of Rancho La Abuja (K-10) at the

southernmost evaporite outcrop along the arroyo, east of Cerro

La Abuja, there are several thin (less than a foot) stringers

of green rock in gypsum near the contact between gypsum and

the Navarrete Formation. This locality is about midway be

tween the main mass of the Cerro La Abuja andesite intrusion

and two large andesite intrusions to the east. Andesite is

probably continuous in the subsurface between outcrop areas.

Petrographic examination (thin section N-67) showed that the

green rock is probably a hornfelsed olivine diabase.

Amphibole-rich Rocks Associated with

Evaporites (TKi-2)

North and northeast of Cerro La Abuja (K-10) there

are several small outcrops (8 found, 3 shown on geologic map,

pi. l) of green mafic igneous rock within gypsum or along

diapiric contacts of gypsum with younger sedimentary rock.

The largest covers an area 50 by 100 feet; the average area

of outcrop is less than 100 square feet. Along Arroyo

Cuatralbo, south of Rancho TarAis (H-ll), one outcrop of green
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mafic igneous rock, north of the arroyo, is at the diapiric

contact between gypsum and the Navarrete Formation; another

is surrounded by gravel and alluvium south of the arroyo.

Both are shown on the geologic map (pi. l).

The green igneous rocks associated with evaporites

are characteristically rich in hornblende, zoned green at

edges and brown toward centers. In relatively unaltered rocks

the hornblende is 30 to 35# of the rock; however, in samples

from two localities hornblende is 70 to 80% of the rock.

Epidote as an alteration product of amphibole, plagioclase,

and possibly pyroxene is ubiquitous; it forms as much as 40

of the more highly altered rocks. Plagioclase occurs in vary

ing amounts (generally 40 to 50%) as interstitial filling be

tween mafic minerals. Chlorite is present in small amounts

in all the samples studied and in part may be pseudomorphous

after olivine and/or pyroxene. Pyroxene was present in sev

eral samples but is absent in most.

Texturally the green igneous rocks range from fine

porphyritic to coarse granular; fine and medium granular,

slightly poikilitic textures are predominant. Grain size

varies considerably within outcrops, and, in general, the

larger masses of rock contain the larger grains. Depending

on texture, I am calling most of these rocks hornblende gabbro

or hornblende diabase. The diabase or gabbro is highly al

tered rock with small amounts of recognizable mafic minerals.
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"Hornblendite" with 70 to 80# hornblende is present at two

localities, (l) the outcrop south of Arroyo Cuatralbo (sample

N-ll), and (2) 0.7 mil N. 15 E. of Rancho La Abuja along the

diapiric contact between gypsum and the lower member of the

Las Vigas Formation.

At all outcrops relations between the mafic igneous

rocks and evaporites are uncertain. The contacts are poorly

exposed and outcrops are irregularly-shaped, and in most out

crops igneous rock is intensely fractured along contacts with

evaporites

Porphyritic Andesite (Ti-l)

Cerro La Abuja and outlying intrusions. Cerro La

Abuja (K-10) is a large mass of porphyritic andesite discord

antly intruded into evaporites of the Navarrete Formation and

into the lower member of the Las Vigas Formation in the axial

part of the La Parra anticline (fig. 7). East and northeast

of Cerro La Abuja there are eight isolated outcrops of the

intrusive andesite in the Navarrete Formation and the lower

and upper members of the Las Vigas Formation. Although most

of the outlying intrusions are discordant, the two eastern

most, near the Villista fault (K-10), appear to be concordant

in overturned beds of the upper member of the Las Vigas Forma

tion.

Andesite of Cerro La Abuja and outlying intrusions is



Figure 7. View to southwest of Cerro La Abuja;.

Navarrete Formation in near foreground, gypsum

in far foreground. Northwestern Sierra de la

Parra (elevation greater than 7,000 feet above

sea level) forms skyline on right; highest beds

exposed are upper member of Cox Formation.
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fine, hypidiomorphic and porphyritic. Near intrusive contacts

the andesite has a trachytic texture and locally contains auto-

liths. Typically the andesite is about 75% groundmass of

interlocking plagioclase microlites that are slightly altered,

probably to a clay mineral. Phenocrysts are predominantly

plagioclase (about 20# of rock) occurring in subhedral laths

averaging 0.5 x 1.5 mm with subordinate amounts of biotite (l

to 5% of rock). Traces to a few percent of opaque minerals

were present in all the thin sections examined, and traces of

quartz, in a few. The andesite is practically a monomineralic

rock consisting of plagioclase (sample N-74 was essentially

all plagioclase) with an average of 5% mafic and opaque min

erals.

Wherever intrusive contacts with the Navarrete and Las

Vigas formations are exposed there is a wide (up to 100 feet)

baked hornfels zone adjacent to the intrusions. At several

places along contacts of the Cerro La Abuja intrusion, thin

veins of specular hematite have developed in the baked zone

adjacent to the intrusion. Where andesite has intruded into

evaporites the gypsum is unaltered.

La Parra intrusion. An intrusion of porphyritic

andesite 1.6 miles southwest of La Parra, south of the road

(L-9), is bounded on the north by the Loma Plata Limestone,

on the south and west by a lahar (Tl), and on the east by bol

son fill (Qbg) . Contacts between the intrusion and the Loma
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Plata Limestone and the lahar are not exposed. The intrusion

is discordant with the Loma Plata and has intruded into it,

but whether or not it also intruded the lahar is undetermined.

Porphyritic andesite of the La Parra intrusion closely

resembles that of the Cerro La Abuja intrusion, except that

the La Parra rock has more plagioclase as phenocrysts (about

35# of the rock) than Cerro La Abuja, and the percentage of

groundmass is correspondingly less (about 60#) . The pheno

crysts are probably andesine-oligoclase (determined by optical

methods) .

Intrusion west of El Roque .--About 1.2 miles west of

El Roque (l-ll), porphyritic andesite has intruded into the

lower member of the Cox Formation and into the Finlay Lime

stone. The intrusion is astride an east-trending fault down-

thrown to the south. It appears to be concordant in the

Finlay Limestone south of the fault and discordant in the Cox

Formation north of the fault. The Finlay dips about 40 east

and the Cox dips about 50 west; the strike of each is north

west. The outcrop of the intrusion is in a topographic low

trending northwest.

Andesite of this intrusion resembles that of the Cerro

La Abuja intrusion, except that several samples showed appre

ciable amounts of hematite in the groundmass. All samples

showed good trachytic texture. Samples of intrusive andesite

along the contacts with the Cox and Finlay were strongly
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"brecciated." The "breccia" consists of ovoid andesite auto-

liths in a hematite-stained matrix of andesite. Most of the

samples had numerous vesicles filled with chalcedony and opal.

Typically the andesite is 70 to 80# groundmass of plagioclase

microlites, 17$ subhedral plagioclase phenocrysts with sub

ordinate amounts of biotite and basaltic hornblende (to 10#

of rock).

Trachyte in Vicinity of El Banquete

Trachyte dikes crop out on the east face of El Ban

quete, 1.2 miles south of Can6n La Chiva (K-ll), along Can6*n

de Los Villistas near Rancho El Pino (L-ll), and in an unnamed

arroyo 0.7 mile S. 34 W. of Rancho La Chiva (K-ll).

Dikes in vicinity of El Pino (Ti-2) . Yellowish-gray,

cryptocrystalline trachyte dikes were intruded into the

Cuchillo Formation at El Pino and into the lower member of the

Cox Formation at the contact with the Benigno Formation 0.3

mile east of El Pino. The dike at El Pino is irregularly

shaped with maximum width of about 50 feet; it containa a 10-

foot zone of xenoliths from the Cuchillo Formation, along the

contact with the Cuchillo. The Cuchillo is baked along this

contact in a zone averaging a foot wide. Within the dike

there are numerous slickensided fractures. Petrographic exam

ination (samples N-108 a and b) disclosed cryptocrystalline

dike rock containing about 10# anhedral quartz grains and rare,
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possibly relict, feldspar crystals. A stain showed potassi

um, and an X-ray diffraction pattern of the cryptocrystalline

groundmass showed potassium feldspar, probably orthoclase.

Dikes near Can^n La Chiva (Ti-3) .--Gravish-graanr

porphyritic trachyte dikes crop out on the east face of El

Banquete and west of El Banquete, southwest of Rancho La

Chiva. Petrographic examination of the dike rock disclosed

about 90% groundmass consisting of subhedral to anhedral feld

spar microlites (probably predominantly plagioclase), partly

altered to chlorite and partly replaced by calcite. Small

amounts of sericite are scattered throughout the dike rock

and traces of anhedral quartz are present. Phenocrysts (10%)

are subhedral to euhedral prisms, and subequant sections of an

unidentified uniaxial-negative, highly birefringent mineral,

possibly anatase. On weathered surfaces the phenocrysts have

either popped out of the rock as groundmass around them

weathered or have disintegrated during weathering.

The vertical dike on the east face of El Banquete is

30 feet wide and strikes N. 60 E. It has intruded into the

Loma Plata Limestone along the joint direction dominant in

this area. The limestone adjacent to the dike shows no

contact-metamorphic effects. The vertical dike southwest of

Rancho La Chiva is about 50 feet wide and strikes N. 75 W.

It has intruded into the lower member of the Cox Formation

near the Benigno-Cox contact. Sedimentary rocks adjacent to
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the dike show a zone of hornfels about a foot thick.

Palo Pegado Sill and Associated Dikes (Ti-4)
*

The Palo Pegado sill, composed principally of olivine-

biotite "peridotite," crops out along a ridge trending N. 7

W., west of the road in Arroyo Palo Pegado (G-ll), for a dis

tance of about 2.5 miles. The sill dips 25 to 30 west and

is in the Ojinaga Formation. Its thickness varies along

strike; generally it is between 20 and 100 feet, wedging out

to the north and south. Three thin (to 10 feet) diabase

dikes, striking N. 10 to 15 E. and dipping 60 east, have

intruded the Ojinaga Formation east and southeast of the

southern end of the Palo Pegado sill. Along the road east of

the northern end of the sill, a diabase dike that strikes N.

74 E. and dips 51 east has also intruded the Ojinaga.

Farther to the east across the Palo Pegado fault, a diabase

dike that strikes N. 5 E. and dips 40 east has intruded El

Picacho Formation.

Dike rocks are dark gray to dusky yellow-green, apha-

nitic to fine, porphyritic, in part vesicular diabase. Along

contacts with the dikes the Cretaceous rock is baked in zones

1 to 5 feet thick.

At MS-5 the Palo Pegado sill, 83 feet thick, consists

of an upper and a lower facies of olivine diabase and a cen

tral facies of olivine, biotite "peridotite" grading to
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oliving-biotite gabbro and containing a layer and numerous

apophyses of hornblende syenite in its upper part. Following

is a brief description of the sill at MS-5:

A. Lower vesicular contact facies, 5 feet thick. Grayish-

olive, fine seriate, poikilitic, porphyritic, slightly

vesicular olivine, biotite diabase. The diabase is pre

dominantly plagioclase (48%) as anhedral laths surrounding

pyroxene. Pyroxene in subhedral prisms to 0.5 by 2.5 mm

(20%) is predominantly titanaugite with minor acmite. Oli

vine (about 20%), as phenocrysts, is completely replaced

by chlorite and/or serpentine. The rock also contains 10%

biotite, 2% sphene and traces of opaque minerals.

B. Central facies: main body of sill, 72 feet thick.

Greenish-black, medium seriate, poikilitic, olivine-biotite

"peridotite" and gabbro. Typical composition is 30% pla

gioclase, 38% titanaugite and aegerine-augite, 20% chlorite

and/or serpentine pseudomorphs after olivine, 10% biotite

and 2% opaque minerals. The lower 8 feet of the facies

contains numerous slabs of hornfelsed sedimentary rock from

the Ojinaga Formation aligned along the contact of the

sill. The lower half of the facies contains a "dike" near

ly perpendicular to the sill contacts; the dike rock is a

fine glomeroporphyritic variety of olivine-biotite perido

tite. Glomerocrysts (25/0 are pyroxene and chlorite-

serpentine pseudomorphs after olivine. Groundmass is an
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aggregate of biotite, pyroxene, plagioclase and chlorite.

There is a 2-foot "sill" of hornblende syenite within the

"peridotite" 15 feet below the top. The top contact of

the hornblende syenite is irregular and numerous apophyses

of hornblende syenite shoot off from it into the upper

part of the "peridotite." Hornblende syenite is coarse,

poikilitic and consists predominantly of mesoperthite and

plagioclase (70%). Hornblende occurs as acicular needles

and comprises 20 to 25# of the rock. The syenite also

contains pyroxene (5%) , opaque minerals (2%), nepheline

(trace) and zeolites (trace). Contacts between hornblende

syenite and "peridotite" are sharp, marked only by changes

in mineralogy and texture.

C. Upper vesicular contact facies, 5 feet thick. Grayish-

green, fine, porphyritic, slightly vesicular, olivine-

biotite diabase. Diabase is predominantly plagioclase

groundmass (75^)* Phenocrysts are subhedral pyroxene

(titanaugite and acmite) laths to 0.2 by 0.6 mm (6%),

chlorite pseudomorphs after olivine (11%) and biotite

flakes (5%). The rock also contains about 1% prehnite

cavity-filling and 2% opaque minerals, predominantly

leucoxene. The upper contact facies, unlike the lower,

contains numerous hornfels xenoliths which are altered

fragments of the Ojinaga Formation.

Sedimentary rocks of the Ojinaga Formation adjacent
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to the Palo Pegado sill are intensely baked and altered to

hornfels. At MS-5 there are an incomplete thickness of 5

feet of hornfels above the sill and an incomplete thickness

of 25 feet of hornfels below the sill. The lower hornfels

contains a 1-foot sill of olivine diabase 15 feet below the

base of the main body of the sill.

BOLSON FILL

Eastern Part of El Cuervo Area

Bolson fill crops out in a valley 2 to 3 miles wide

along Arroyo Benigno and along the Rfo Bravo, east of the

Sierra Pilares. This area, now drained by the Rfo Bravo and

its tributaries, is the breached Benigno Bolson. Bolson fill

deposits also crop out in the Rfo Bravo Valley from about 3

miles north of Arroyo Cuatralbo to the southern edge of El

Cuervo area. This area, like the Benigno Bolson, was once

part of a closed drainage basin; it is the northern end of

the breached Presidio Bolson.

The map (pi. l) shows extensive deposits of gravel

and conglomerate that crop out along a north-trending belt,

within mountainous areas from Arroyo La Chiva to Asibuche (H-

10), as well as gravel-conglomerate and siltstone-sandstone-

claystone in Arroyo Cuatralbo south and east of Agua Tunel

(H-10) as bolson fill. It shows two facies of bolson fill,

sandstone-siltstone-claystone and gravel-conglomerate, that

grade into each other laterally and vertically.
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Gravel and conglomerate facies (QTg) . Gravel and

conglomerate are composed of poorly sorted, subrounded peb

bles, cobbles, and boulders in a sandy matrix. The conglom

erate is thick-bedded (up to 20 feet), calcite-cemented and

resistant to erosion. Composition and relative abundance of

clasts is related to rocks cropping out in adjacent moun

tainous areas. Lower Cretaceous limestone fragments are

ubiquitous. Sandstone clasts are almost everywhere present

and locally are predominant. Without pebble counts of con

glomerate clasts, it is still evident that the relative abun

dance of clasts from a given Cretaceous formation increases

in conglomerate outcrops near exposures of the source forma

tion. Fragments of volcanic and intrusive igneous rock are

rare in the gravel and conglomerate facies, but nevertheless,

the conglomerate that crops out near the mouth of Caii6n de

Navarrete and along Arroyo La Chiva bears fragments of dio-

rite, andesite and sanidine-bearing ignimbrite. These clasts

came from outcrops in the interior of the La Mula-Sierra

Blanca Range, near La Abuja.

Sandstone-siltstone-claystone facies (QTb) . This

facies consists of pale reddish-brown, silty and sandy clay

stone and pale red to light brown, medium- to coarse-grained,

thin- to thick-bedded, in part conglomeratic, calcareous sand

stone with minor interbeds of siltstone and claystone. All

gradations between the claystone and sandstone are present.
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The facies is characterized by a "layer cake" appearance in

many outcrops. In the Presidio and Benigno bolsons the amount

of clay increases toward the center of the bolsons and the

amount of sandstone and conglomeratic sandstone increases to

ward the mountains, ultimately grading into the gravel-

conglomerate facies.

Thickness and contacts of bolson fill. The maximum

thickness of bolson fill is unknown. In the Arroyo Cuatralbo,

near Agua Tunel and in the belt-like outcrop of gravel-

conglomerate facies from Arroyo La Chiva northward, the max

imum exposed incomplete thickness is between 100 and 150 feet.

Dickerson (1966, p. 86) reported that well data indicates a

maximum thickness of at least 3,000 feet in the Presidio Bol

son.

The base of the bolson fill is exposed at the upstream

threshold of the Presidio Bolson, about 5 miles northwest of

San Antonio; at the southern end of the Benigno Bolson, about

4 miles south of Gatun; at numerous places in the mountains

from Arroyo La Chiva northward to Asibuche; and in the Arroyo

Cuatralbo near Agua Tunel. At the threshold of the Presidio

Bolson both facies of fill unconformably overlie the Tertiary

Vieja Group and the Upper Cretaceous El Picacho Formation. In

the Benigno Bolson the gravel-conglomerate facies unconform

ably overlies the Cretaceous Finlay, Benevides and Loma Plata

formations. In the belt from Arroyo La Chiva to Asibuche the
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gravel-conglomerate facies unconformably overlies all the

Lower Cretaceous formations except the Benevides. In Arroyo

Cuatralbo both facies of bolson fill unconformably overlie

deformed volcanic rock.

Bols6n El Cuervo

Gravel and conglomerate (Qbg) * Gravel and conglomer

ate crop out along the west front of the La Mula-Sierra Blanca

Range from Rancheria southward, in the foothills of the Sierra

LAgrima along the east side of the main sierra, and in Bols6n

El Cuervo along the eastern front of the Sierra Llgrima foot

hills. The gravel and conglomerate are composed of locally-

derived Cretaceous limestone and sandstone clasts, and the

conglomerate is cemented with caliche. Locally the beds of

conglomerate dip away from the mountains to pass under the

bolson fill (Qbo). Locally the gravel-conglomerate unit forms

hills rising 25 to 75 feet above the surrounding terrain;

hence, its maximum exposed thickness is about 75 feet.

Older bolson fill (Qbo) .--The most extensive deposits

in Bols6n El Cuervo and in the unnamed bolson west of the

Sierra LAgrima are predominantly clay, silt, and sand derived

from mountains adjacent to the bolsons. Silt and sand, ex

posed in areas between arroyos that drain the mountains, are

covered with a thin veneer of the loose pebbles and cobbles of

desert pavement. Arroyo bottoms are covered with pebbles,
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cobbles, and boulders derived from the mountains. Toward

the mountains gravel appears in the fill (Qbo). North of

Rancherfa this gravel forms extensive alluvial fans adjacent

to the Sierra Pilares.

A distinctive feature of the older fill is a series

of large desiccation cracks, clearly visible on aerial photo

graphs, that have developed in it around Laguna El Cuervo.

Another distinctive feature is widespread elongate patches of

vegetation aligned perpendicular to drainage directions.

This feature is easily observed on aerial photographs, but

the vegetation patches are difficult to locate on the ground.

Where observed they are elongate clumps of grass growing on

ridges elevated a fraction of an inch above the surrounding

nonvegetated areas.

Younger bolson fill (Qby) .--Younger fill is mapped

along the drainage axis of Bols6n El Cuervo from the southern

boundary of the area northward to Laguna El Cuervo. The out

crop area is a broad flat l/2 to 1 mile wide characterized by

a hummocky surface covered with tobosa grass. The fill (Qby)

consists of pale red clay and silt that is indistinguishable

in hand specimen from clay and silt of the older fill (Qbo).

Nevertheless, the younger fill is a readily mappable distinc

tive vegetation, topography, and appearance on aerial photo

graphs. On the photographs the younger fill appears as a dark

band sharply contrasting with lighter-toned older fill.



130

PEDIMENT AND TERRACE GRAVELS

Along the Rfo Bravo three pediment and two terrace

gravels associated with the river and its tributaries, are

numbered, except for the river gravel (Qrg) , along the axis

of the Presidio Bolson in order from the highest gravel

(Qg-3) above the Rfo Bravo to the lowest (Qg-6).

River Gravel (Qrg)

Dickerson (1966, p. 58-61) described a conglomeratic

unit that is exposed along the axis of the Presidio Bolson in

the Hot Springs area, adjacent to El Cuervo area. In El

Cuervo area the same gravel crops out in a belt about a mile

wide along the Rfo Bravo from La Macoya (K-12) northward to

about 3 miles north of San Antonio (1-12). The gravel beds

composed of fragments of sandstone, limestone and volcanic

rock are interbedded with a minor amount of sandstone and

siltstone. This river gravel (Qrg) is separated from the

underlying sandstone-siltstone-claystone facies of bolson

fill (Qtb) by an angular unconformity, and locally it also

has been beveled and is unconformably overlain by pediment

gravel (Qg-4). The exposed thickness ranges from 25 to about

50 feet. The present position of the base of the gravel is

80 to 100 feet above the Rfo Bravo valley floor in the south

ern part of its outcrop area and about 25 feet above the
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valley floor at the northern limit of outcrop.

Pediment Gravel (Qg-3)

Small isolated remnants of the Qg-3 gravel occur in

the Presidio Bolson southwest of Ojos Calientes (l-ll) , in

the Benigno Bolson southwest and northwest of Pilares (B, C-

10), and east of the Sierra de la Ventana (E-ll) . The gravel

consists of pebbles and cobbles of limestone and sandstone.

Pediment Gravel (Qg-4)

The most extensive pediment or terrace gravel (Qg-4)

in El Cuervo area is exposed throughout the Presidio and

Benigno bolsons on a broad surface sloping toward the Rio

Bravo and Arroyo Benigno at about 100 feet per mile. The sur

face is about 200 feet above the Rfo Bravo at its lowest point

(Dickerson, p. 62). This gravel (Qg-4) also crops out north

east of the Sierra de los Fresnos where it rests unconformably

on the Ojinaga Formation and Vieja Group. The gravel consists

of pebbles and cobbles of limestone with subordinate amounts

of sandstone locally cemented by caliche to form conglomerate.

The thickness of the gravel ranges from less than a foot to as

much as 20 feet; in general, it thickens toward the mountains.

Pediment and Terrace Gravel (Qg-5)

The most extensive outcrops of the gravel are in the
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Presidio Bolson, south of Oficina (1-12), in Arroyo Cuatralbo

near Tarais (H-ll), and southwest of El Comedor (F-ll). It

is also exposed in several areas in the Benigno Bolson near

El Guante (E, F-10). The gravel is lithologically similar to

the next-oldest gravel (Qg-4) and is commonly cemented with

caliche to form a conglomerate. It covers a surface sloping

toward the Rfo Bravo at about 100 feet per mile. This sur

face is about 50 feet above present arroyos and is associated

with major tributaries to the Rfo Bravo.

Terrace Gravel (Qg-6)

All terrace gravels lower than the youngest pediment

gravel (Qg-5) along arroyos Cuatralbo, La Mina, and Navarrete

are included in Qg-6. Several levels of terrace gravels 10

to 50 feet above arroyo channels are included in the unit (Qg-

6). The gravel beds consist of unconsolidated pebbles, cob

bles, and boulders of limestone and some of sandstone. The

thickness of the unit ranges from about a foot to about 20

feet

There is similar sidestream terrace gravel in the

mountains along many of the large arroyos that drain into

Bolson El Cuervo. The latter gravel is not shown on the geo

logic map (pi. l)
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ALLUVIUM (Qal)

Flood-plain, channel and minor terrace deposits asso

ciated with the Rfo Bravo and channel deposits of tributaries

to the Rfo Bravo (Qal) are mapped only in areas where it is

practical to show them on the scale of the geologic map (pi.

1). The sidestream alluvium can be differentiated from Rfo

Bravo alluvium, but the geologic map (pi. l) does not show

them separately.

Flood-plain and channel deposits that form most of

the broad floor of the Rfo Bravo Valley consist of silt and

sand; here and there are deposits of clay and of scattered

pebbles and cobbles.

The several kinds of sidestream alluvium depend on

the kind of rock exposed in drainage areas. Streams drain

ing both mountainous areas and areas of outcrop of the

gravel-conglomerate facies of bolson fill have alluvium con

sisting of silt, sand, and gravel composed of pebbles, cob

bles, and boulders. Streams draining outcrop areas of

sandstone-siltstone-claystone facies (QTb) have alluvium

consisting of sand, silt, and clay.

Where sidestream alluvial deposits are juxtaposed

with Rfo Bravo alluvium, the sidestream alluvium rises 5 to

10 feet above the Rfo Bravo flood plain to form a distinct

scarp.



CORRELATION AND INTERPRETATION

I fully subscribe to Harrington's (1965, p. 1614)

statement :

The frame of physical time is an empty, mean

ingless abstraction. To render it meaningful
we must locate events in the intervals. A suc

cession of events. Once we have the abstract

intervals filled with happenings, with the

images of events which occurred during these

intervals, we are in a position to correlate

(indirectly or relatively) other events not

with time, which is meaningless, but with our

primary key events which make concrete and

meaningful to our minds the empty and abstract

intervals of the past.

Accordingly, correlation of rocks originates by relating them

to physical and biological events. Each event, whether phys

ical or biological, is assumed to be contemporaneous over the

area concerned; hence, I use the words correlation and correl

ative in a temporal sense. For example, during the evolution

of ammonites a given genus exists for a finite period; wherever

rocks are found containing the genus they are correlatives.

These correlatives, occurring at different places, may or may

not occupy the same positions in their respective homotaxial

sequences. In other words, they may or may not be equivalent.

REGIONAL TECTONIC HISTORY

Major Late Paleozoic and Mesozoic tectonic features of

southwest Texas and northeastern Mexico are shown on Figure 8.

134
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El Cuervo area is within the Chihuahua Trough adjacent to the

Diablo Platform, and is astride a major change in structural

style from predominantly block faulted platform rocks to in

tensely deformed geosynclinal rocks.

Pre-Permian geological history of northeastern Chihua

hua is poorly understood because there are few exposures of

Paleozoic rocks in the region. The Diablo Platform became a

strongly positive area late in the Paleozoic Era and is the

result of fairly intense diastrophism that lasted from early

in the Pennsylvanian Period into the earliest Wolfcampian

Epoch. Precambrian rocks or remnants of Paleozoic rocks rang

ing in age from Ordovician to Pennsylvanian unconformably

underlie Permian rocks at many places on the platform. Much

Paleozoic rock older than Permian was removed by erosion.

During the Pennsylvanian-Wolfcampian episodes of erosion at

least part of northeastern Chihuahua that was to become the

Chihuahua Trough was negative and received sediment (pi. 4)

The early history of the Coahuila and Aldama platforms is

little understood. Possibly the western edge of the Coahuila

Platform coincides with the western front of the Ouachita Tec

tonic Belt; hence became a tectonic belt in Carboniferous

time. The Plataforma de Aldama may also have originated at

the same time. It trends toward Carboniferous positive areas

in southern New Mexico (Florida Islands) and may be related

to them and have a similar tectonic history. Probably the
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major Mesozoic tectonic elements of northeastern Chihuahua

and adjacent Trans-Pecos Texas (Diablo, Coahuila, and Aldama

platforms, and the Chihuahua Trough) all had their inception

during Carboniferous time.

After the Paleozoic Era, perhaps as early as the

Triassic Period, but certainly in the Late Jurassic Epoch,

the Coahuila, Diablo, and Aldama platforms had risen above

sea level to bound the Chihuahua Trough, which was receiving

sediment. From the Late Jurassic Epoch until the Late Cre

taceous Epoch the Chihuahua Trough was a negative feature

with respect to the platform areas and 10,000 to 18,000 feet

of sedimentary rocks accumulated in it; whereas the adjacent

Diablo Platform received about 3,000 feet of sedimentary

rocks. The Laramide orogeny intensely deformed rocks of the

Chihuahua Trough over a de*collement zone while rocks of the

Diablo and Aldama platforms were only mildly deformed. The

resultant folded ranges of mountains between the platforms

constitute the Chihuahua Tectonic Belt.

The Diablo and Coahuila platforms and possibly the

Plataforma de Aldama were block faulted in mid-Tertiary time.

Along the boundary between the Chihuahua Tectonic Belt and

the Diablo Platform, the later block faulting is superimposed

on Laramide structural features of the Chihuahua Tectonic

Belt. In El Cuervo area the rocks west of the La Mula-Sierra

Blanca Range, the eastern front range of the Chihuahua Tectonic
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Belt, do not offer an indubitable record of Tertiary block

faulting. Possibly the entire "interior" zone of the tectonic
i

belt was not much involved in the block faulting. From El

Paso-JuArez to south of Presidio-0 jinaga in a 20 mile wide

belt along the Rfo Bravo, block faulting has been superimposed

on Laramide structural features. This belt is in effect a

transition zone from an area of Basin and Range type faulting

to the north and east to large-scale Jura-type folding of the

Chihuahua Tectonic Belt.

It is noteworthy that the common boundary between the

Chihuahua Tectonic Belt and the Diablo Platform follows the

Texas Lineament from El Paso to Van Horn, Texas. The Texas

Lineament is probably a major transcontinental structure de

veloped along a zone of weakness in the crust and possibly

the mantle. Muehlberger (1965) has interpreted it as a right-

lateral strike-slip fault offsetting Precambrian zones about

250 miles and the Ouachita Tectonic Belt about 200 miles.

Possibly the western boundary of the Diablo Platform from the

vicinity of Van Horn south toward Presidio-Ojinaga is con

trolled by a major strike-slip fault associated with the Texas

Lineament

PRE-MES0Z0IC ROCKS

North, east, south and southwest of El Cuervo area,

there are several outcrop areas and drilled subsurface sections
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of Pre-Mesozoic rock.

To the north and east, on and adjacent to the Diablo

Platform, surface exposures show Cretaceous rock resting un

conformably on different Paleozoic systems and also on Pre-

cambrian rock. In the northern Eagle Mountains (Underwood,

1963, p. 2-4), Van Horn Mountains (Twiss, 1959a), and Wylie

Mountains (Hay-Roe, 1958), Permian strata unconformably over

lie Precambrian igneous and metamorphic rocks of the Carrizo

Mountain Group (King and Flawn, 1953, p. 51). Miller (1957,

p. 17-18) reported that the N. B. Hunt No. 1 Toodle Trust

(formerly No. 1 Presidio Trust), near San Carlos, Texas, east

of El Cuervo area, penetrated 5 feet of Cambro-Ordovician

rock below Permian strata and above Precambrian "granite."

In the Pinto Canyon-Chinati Peak-Presidio area

(Amsbury, 1958; Rix, 1953; Dietrich, 1965) exposed Permian

and Pennsylvanian rocks unconformably underlie Cretaceous

rock. Cores from Pemex No. 2 Chapo, south of El Cuervo area

near Ojinaga, yielded Permian fossils from rock that Pemex

geologists have presumed to underlie the Cretaceous section

unconformably (Diaz, 1965). These fossils could have been

recovered from fragments of Permian rock in a Cretaceous con

glomerate or the Cretaceous may adjoin the Permian along a

fault. The presence of Permian strata in this well has not

been demonstrated.

Southwest of El Cuervo area in the vicinity of Placer
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de Guadalupe, there are extensive outcrops of Paleozoic rock

belonging to the Ordovician, Silurian, Devonian, Mississip-

pian, Pennsylvanian and Permian systems (Bridges, 1964, p.

50-59). Paleozoic rock in this area is overlain unconform

ably by Jurassic rock. The base of the Paleozoic section is

not exposed.

From the preceding paragraphs it is evident that Per

mian strata are present, unconformably beneath Mesozoic rock,

in all areas near El Cuervo area where the base of the Meso

zoic section is exposed. Therefore, I postulate their pres

ence in the subsurface of El Cuervo area. Somewhere from the

north toward the south along the line of section of Plate 4

(Wylie Mountains to Sierra Soldado), rocks belonging to pre-

Permian Paleozoic systems appear. Some or all of these pre-

Permian rocks may be in the subsurface of El Cuervo area.

Campbell (1959, p. 39-45) postulated the presence of 5,500

feet of Paleozoic rock representing all of the Paleozoic sys

tems in the subsurface of the Borrachera anticline. His con

clusion seems reasonable.

The Hunt No. 1 Toodle Trust and the Gulf No. 1 Swof-

ford, both located about 7 miles east of Pilares, drilled

into Precambrian "granite." In the subsurface of El Cuervo

area this "granite" probably underlies Plaeozoic rocks uncon

formably.

If the above hypotheses are correct, El Cuervo area
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is located in part of a Paleozoic depositional basin as well

as the Chihuahua Trough.

JURASSIC SYSTEM

Late Jurassic Rocks

Age . correlation, and distribution of evaporites

(Jg) .--There are two schools of thought concerning the age

of pre-Las Vigas evaporites in the Chihuahua Trough. One

favors Permian (Salas, 1955, p. 101; Albritton, 1938, p. 1753-

1757; Adkins, 1933, fig. 14, p. 289; Sellards, 1933, p. 163;

Albritton and Smith, 1965, p. 22-23); the other, vociferous

but little published, favors Jurassic-Early Cretaceous

(Humphrey, 1964, p. 38; this report).

Known and suspected occurrences of pre-Navarrete and

Las Vigas evaporites in the Chihuahua Trough are (fig. 10):

1. Sierra del Soldado area (Humphrey, 1964, p. 38) Gypsum

and anhydrite between the Jurassic "La Casita" and Creta

ceous Las Vigas formations. I have examined this section

and the "La Casita" grades upward into gypsum; shale

interbedded with gypsum yields ammonites which Frank Lozo

identified as Jurassic forms (1964). The contact of

evaporites with the Las Vigas appeared to be a faulted or

diapiric contact at the locality where I observed it.

2. Wells Cuchillo Parado Nos. 1 and 2 (Perez, 1950, p. 107;

Salas, 1955, p. 98-103; Ramfrez and Acevedo, 1957, p.
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664-667) Some geologists believe that the salt-gypsum-

anhydrite sequence in these wells underlies Jurassic

rocks. Adkins and King (1946, p. 283) stated, however,

that there is no evidence for the presence of rocks older

than Early Cretaceous at the surface. The Las Vigas For

mation crops out northeast-to-east of the wells. From

descriptions of the section by Young (1965) and DeFord

(1965), I suspect that the top of the Navarrete Formation

is exposed at the base of the Las Vigas. The wells prob

ably drilled from alluvium directly into the Navarrete

Formation and/or evaporites.

About 6 miles N. 35 W. of San S6stenes I discovered

this outcrop in 1964, but did not study it in detail.

Gypsum crops out near several igneous intrusions and is

surrounded by outcrops of the "La Casita" and Las Vigas

formations. Probably there has been diapiric injection

of gypsum in this area. DeFord (1966) reported an out

crop of gypsum along the Chihuahua al Pacifico Railroad

between Picachos and San S6*stenes. This outcrop is prob

ably along an anticlinal trend (Bridges, 1964) that may

be on trend with the outcrop I discovered northwest of

San S6stenes.

Canon de Navarrete area, described under Lithostratig

raphy.

Arroyo Cuatralbo area, described under Lithostratigraphy.
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6. Norias Nuevas area, described under Lithostratigraphy.

7. Area about 3.5 miles north of Norias Nuevas, see de

scription under Lithostratigraphy.

8. Adjacent to and northwest of El Pandito (E-l), outside

of El Cuervo area Complex folding, with near vertical

fold axes, of Cuchillo and Las Vigas formations suggests

a diapir, presumably of evaporites.

9* Cafi6n de los Frailes, between Sierra de los Frailes (S.

San Martin del Borracho) and Sierra de las Vacas (fig.

2) During the summer of 1965 Teodoro Dfaz showed

several of us this outcrop of diapiric gypsum intruded

into the Navarrete, Las Vigas, Cuchillo, and possibly

younger formations. A gypsum intrusion along a trans

verse structure is similar to the Can6*n de Navarrete

and Arroyo Cuatralbo structures. Within the gypsum

there are large exotic blocks or interbeds of gray and

dark gray shale that Dfaz believes to be Jurassic, based

on lithologic correlation (1965). These blocks could

just as well have come from the Cretaceous Navarrete For

mation.

10. Malone Mountains (Taff, 1891, p. 721-723; Adkins, 1933,

fig. 14, p. 289; Sellards, 1933, p. 163; Albritton, 1938,

p. 1753-1757; Albritton and Smith, 1965, p. 15-23)

Gypsum of the Briggs Formation is underlain by rocks con

taining Permian fossils (black limestone member) and
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overlain by rocks containing Paleozoic lophophyllid corals

(buff dolomite member) and there are gypsum beds in the

Jurassic Malone Formation in the northwestern and central

parts of the mountains (Albritton and Smith, 1965, p. 22,

31).

At locality 1 (Sierra Soldado) gypsum occupies an in

terval between Jurassic and Cretaceous rocks. Interbeds at

the base of the section, containing Jurassic fossils, indi

cate that the gypsum is at least in part Jurassic. The best

age assignment is probably Jurassic-Early Cretaceous. At the

present time, continuity between the Sierra Soldado gypsum

and the gypsum of El Cuervo area cannot be demonstrated; for

there are only minor amounts of gypsum in Bridges complete

section of the "La Casita" (1962, his MS-10, p. 229-232) in

the Minas Plomosas area (see pi. 4). Nevertheless the pre-

Navarrete evaporites of El Cuervo area and the pre-Las Vigas

gypsum of Sierra Soldado probably once were part of the same

body of rock. The virtual absence of evaporites in Bridges1

Minas Plomosas area may be explained in one of three ways:

1. The area is at a margin of the evaporite basin where

abrupt lateral facies changes occur (pi. 4, facies change

away from the viewer along line of section).

2. Evaporites were once present (there are gypsiferous shale

beds in the upper part of the "La Casita"), but have been

squeezed out of the section during deformation.
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3. The area was part of an emergent during evaporite pre

cipitation.

If the first of these hypotheses is accepted, the margin of

the evaporite facies would trend from Sierra Soldado toward

locality 3, thence eastward toward locality 2 (indicated on

fig. 10).

As to localities 2, 3, 4, 5, 6, 7, 8, and 9, the only

sure conclusion that can be reached is that the evaporites

are pre-Navarrete and/or pre-Las Vigas.

In the Malone Mountains (locality 10) the gypsum of

the Briggs Formation is clearly Permian, if it is in place.

Three possibilities exist?

1. There are two pre-Navarrete-Las Vigas evaporite se

quences in the Chihuahua Trough--one Permian, the other

Mesozoic

2. There is one sequence of pre-Navarrete-Las Vigas evap

orites, and the gypsum in the Malones has been intruded

into Permian rocks.

3. One sequence of evaporites ranges in age from the Per

mian to Early Cretaceous and grades into equivalent

nonevaporite facies at several places in the Chihuahua

Trough.

The Chihuahua Tectonic Belt is the structural province

formed by deformation of sedimentary rocks of the Mesozoic

Chihuahua Trough. Probably most of the patent structure of
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the Chihuahua Tectonic Belt (DeFord, 1958b, p. 72, 74) is re

lated to movements of evaporites and de*collement within the

evaporite section. It seems likely that the structure, in

cluding the Malone Mountains, was influenced by only one

evaporite sequence and not by two, located in the same strati

graphic position, i.e., above Permian and below Mesozoic rocks.

The Sierra Soldado section (locality l) establishes

the presence of Jurassic-Early Cretaceous (?) evaporites below

the Las Vigas Formation in the Chihuahua Trough. The direct

evidence for Permian evaporites is from the Malone Mountains

(locality 10). I suggest that the gypsum of the Briggs Forma

tion was injected into Permian rocks from younger formations,

west of the Malones. This younger body of rock, predominantly

evaporites, would be in part correlative with the Jurassic

Malone Formation. The lower member of the Malone Formation

contains gypsum beds in the northwestern and central parts of

the Malone Mountains (Albritton and Smith, 1965, p. 31), sug

gesting that it is grading into gypsum to the southwest. If

my interpretation is correct, the Malone Formation is a local

near-shore facies of the Jurassic rock of the Chihuahua Trough.

Conglomerate in the basal beds of the Malone Formation bears

numerous brecciated fragments of the black dolomite member of

the Briggs Formation (Albritton and Smith, 1965, p. 29), a

member that is definitely intercalated with the gypsum, which

was probably intruded into Permian rock. Thus, the Malone
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Formation is younger than the black dolomite member of the

Briggs and evaporites underlying it. This fact might seem to

condemn my hypothesis, but I do not claim that the Malone For

mation is correlative with all of the gypsum, but rather that

it is the lithostratigraphic equivalent of the gypsum of the

Briggs Formation. The conglomerate containing fragments of

the black dolomite can be explained by transgression of the

Jurassic shoreline. As the Jurassic sea invaded the Diablo

Platform, older Jurassic rock (brecciated black dolomite) from

the basin may have been reworked by storm-waves, along the

shoreline

The possibility of a continuous sequence of evaporites

ranging in age from the Permian through the Jurassic is dis

carded because there is no proof that marine Triassic rocks

are present in the Chihuahua Trough.

Outcrops of thick Jurassic rock in the Chihuahua Tec

tonic Belt in ranges in the vicinity of Villa Ahumada (Ramfrez

and Acevedo, 1957, p. 676-679) and in the vicinity of Placer

de Guadalupe (Bridges, 1964, p. 57-58) indicate that the Chi

huahua Trough existed as a marine depositional basin during

the Late Jurassic Epoch. If the gypsum at localities 2, 3, 4,

5, 6, 7, 8, and 9 (fig. 9) were Permian, it would, presumably

have intruded through a Jurassic section, and one might expect

to find exotic blocks of Jurassic rock and perhaps also fos

siliferous Permian rock in the evaporites. Neither Jurassic
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nor Permian rocks have been positively identified in outcrops

of intrusive gypsum in Chihuahua. This is at least negative

evidence that the gypsum did not force its way through Juras

sic rock. Jurassic sediment was probably deposited at the

localities where gypsum is present below the Navarrete and/or

Las Vigas formations. Except for locality 1 (Sierra Soldado),

evaporites occupy the stratigraphic position where one might

expect to find Jurassic rock. I conclude that the gypsum is

predominantly Jurassic.

Origin of evaporites ( Jg) .--Pemex wells Cuchillo

Parado Nos. 1 and 2 drilled thick sections of evaporites

(Plrez, 1950, p. 107; Salas, 1955, p. 98-103; Ramfrez and

Acevedo, 1957, p. 664-667). The section drilled, below allu

vium, in Cuchillo Parado No. 1 is 2,326 meters thick (7,636

feet) and consists of 80% salt, 5% gypsum, 1% anhydrite, and

14# claystone and limestone (Ramfrez and Acevedo, 1957, p.

663-665). Cuchillo Parado No. 2, on the same anticline about

6 miles N. 37 W. of No. 1, drilled 1,939 meters (about 6,350

feet) of a section consisting of 6k% claystone, limestone and

sandstone, 13# salt, 12# gypsum, and 11# anhydrite; most of

the evaporites are between depths of 974 and 1,393 meters

(3,200 to 4,600 feet) in this well (Ramfrez and Acevedo, 1957,

p. 665-666). These percentages are not necessarily represent

ative of the amounts of each rock type in the original section,

because considerable material may have flowed into and within
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the core of the Cuchillo Parado anticline during deformation.

These w^ells indicate that the predominant evaporite was prob

ably salt, a fact that cannot be determined solely from sur

face outcrops, for they are predominantly gypsum with minor

amounts of anhydrite. Groundwater may have removed the salt.

During Late Jurassic and Neocomian time the Chihuahua

Trough was part of a long, narrow arm of the Mexican Sea,

possibly as much as 600 miles long and 100 to 125 miles wide

(fig. 8). During the Late Jurassic Epoch the trough entrance

to the sea was restricted. Evaporation rates within the

trough greatly exceeded marine and fresh water influx and the

salinity became greater than that of normal marine water re

sulting in evaporite precipitation. A supply of salt water,

periodically replenished from the sea, permitted thick accumu

lations of evaporites.

The fossils yielded by the Malone Formation and in

outcrops of Upper Jurassic rocks in ranges near Villa Ahumada

can be explained by the proximity of rivers that discharged

enough water to lower the salinity locally. The fossils in

the "La Casita" of the Placer de Guadalupe area may be ex

plained similarly or by the proximity of the area to the bar

rier that isolated the Chihuahua Trough from the Mexican Sea.

From time to time areas adjacent to and behind the barrier may

have been covered by water of normal or near-normal salinity.

An alternative explanation for the distribution of evaporite



152

and nonevaporite facies of the Jurassic System is that circu

lation in the Chihuahua Trough was slow and clockwise; salin

ities along the western and northern margins of the trough

were lower than in the evaporite deposition areas (fig. 10).

CRETACEOUS SYSTEM

Neocomian-Aptian Formations

Age and correlation of Navarrete Formation (Kn) .

Early Cretaceous miliolids in the Navarrete Formation 30 tO 64

and 193 to 200 feet above the base of MS-1 in Canon de Navar

rete, and Aptian ammonites in the Cuchillo Formation prove

that age of the Navarrete is Aptian and/or Neocomian. I be

lieve the Navarrete is probably correlative with the upper

635 feet of Bridges' "La Casita" Formation (1962, his MS-10,

p. 229-232, units 18-23), and the upper part of Humphrey's

unnamed formation of gypsum, shale and limestone (1964, p.

38). DeFord (1965) collected an ammonite, identified by K.

P. Young as the Neocomian (pre-Aptian) species Leopoldia sp.

cf . L. bakeri Imlay, from the upper part of the "La Casita"

near Bridges* measured section. Therefore, I place the

Navarrete in the Neocomian Stage (fig. 8). The only other

known Neocomian fossils from northern Chihuahua (including

the ammonite, Olcostephanus sp.) is from black limestone that

crops out about 6 miles N. 22 E. of Sacramento, along the
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east flank of the Sierra Pdlpito Chico (Ramfrez and Acevedo,

1957, p. 697-698). These beds may be correlative with the

Navarrete .

Distribution of Neocomian formations. The Navarrete

Formation is present throughout El Cuervo area, except for a

strip averaging 5 miles wide along the Rfo Bravo. Correla

tives of the Navarrete are present in the Placer de Guadalupe

area (upper part "La Casita") and in the Malone Mountains

(Torcer Formation). Rock probably correlative with the

Navarrete Formation crops out within and adjacent to gypsum

in the eastern part of the Cafi6*n de los Frailes, between the

Sierra de los Frailes and Sierra de las Vacas (fig. 2).

About 4 miles north of Rancho Consuelo, near the southwestern

end of Can6n de los Frailes, about 500 feet of black lime

stone, probably correlative with the Navarrete, crops out in

low, rolling hills.

Ramfrez and Acevedo describe the "Rancherfas Forma

tion" as a series of limestone beds conformably overlying the

Jurassic "La Caja" Formation in the Sierra del Ojo Caliente,

Sierra de la Alcaparra and Sierra del Kilo (erroneously called

Sierra Rancherfas by them) (1957, p. 701-704). They believed

that the "Rancherfas" is the off-shore equivalent of the Las

Vigas Formation and believed both formations are Neocomian.

The outcrops of the "Rancherfas" are almost completely sur

rounded by outcrops of Las Vigas, if their interpretation is
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correct the "Rancherfas" was deposited in a "puddle" within

the Chihuahua Trough that for some reason did not accumulate

sand during deposition, a situation that I consider unlikely.

From Ramfrez and Acevedo fs descriptions of the "Rancherfas,"

I suspect that it is equivalent to the Navarrete; however,

Teodoro Dfaz has seen outcrops of both the Navarrete and

"Rancherfas" and said that they definitely are not correla

tive or equivalent (1965). Stratigraphic position of the

"Rancherfas" is uncertain; it may be Jurassic or Cretaceous,

and correlation with the Navarrete is unlikely but should be

considered in future work.

Origin of Navarrete Formation (Kn) . Miliolids and

echinoderm fragments from the basal part of the Navarrete For

mation indicate that that part of it is marine. Pulmonate

gastropods collected near Norias Nuevas show that parts of the

formation are nonmarine or that marine deposits were emergent

during parts of the depositional period of the Navarrete For

mation.

Albritton and Smith (1965, p. 42-43) postulate a pause

in subsidence of the northern part of the Chihuahua Trough

during deposition of the Torcer Formation. This seems reason

able for the depositional period of the Navarrete, but a de

creased rate of subsidence is more likely than a pause. At

times during deposition of the Navarrete much of the Chihuahua

Trough was probably similar to a tidal flat. Gypsum lenses
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indicate local evaporite pans, possibly in lagoons cutoff

from the sea by limestone banks or sand bars. From time to

time parts of the area were emergent, permitting pulmonate

gastropods to live. Pisolitic and oSlitic limestone probably

developed as banks along shorelines, separating open shallow

seas from lagoonal areas in which clay, silt and fine sand

accumulated in calcareous muds. Cyclical repetition of

sandstone-siltstone-claystone sequences near the top of the

formation at MS-1 indicate alternate transgressions and re

gressions caused by varying climatic conditions in source

areas, and/or differing rates of basin subsidence.

Age and correlation of Las Vigas Formation (Klv) .

In El Cuervo area the only fossils from the Las Vigas Forma

tion are reworked Permian fusilinids and petrified logs; the

age of the formation is inferred from ages of adjacent forma

tions. Underlying and overlying Lower Cretaceous formations

establish the Early Cretaceous age of the formation. I cor

relate the Las Vigas with formations of the lower part of the

Trinity Group of central Texas. Figure 9 shows relationships

of the Las Vigas to other Lower Cretaceous formations.

Distribution of Las Vigas lithosome .--In the discus

sion of the areal extent, of the Las Vigas Formation, "litho

some" has the same sense as originally proposed by Wheeler

and Mallory (1954, p. 929):
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... a lithostratigraphic body, or unit, which

is mutually intertongued with one or more bodies

of differing lithic constitution.

Lithologically the Las Vigas lithosome is identical to the Las

Vigas Formation as mapped in El Cuervo area.

Figure 11 shows the approximate extent and restored

thicknesses of the Las Vigas lithosome and Plate 4 shows rela

tionships between the Las Vigas and adjacent lithosomes. In

the region shown on Figure 11, the Las Vigas lithosome includes

parts of the Yucca, the Mountain, and possibly the Presidio

formations of Trans-Pecos Texas in addition to the Las Vigas

Formation.

Figure 11 shows that the Las Vigas lithosome is asym

metrical, thickening abruptly off the western edge of the

Diablo Platform and thickening gradually off the eastern edge

of the Plataforma de Aldama. In Trans-Pecos Texas the Las

Vigas lithosome intertongues with the lower parts of the Yucca

and Yearwood formations along a line extending from the north

eastern part of the Quitman Mountains along the western edge

of the Diablo Platform southeastward for an undetermined dis

tance. The Yearwood and Yucca formations in some areas (Devil

Ridge, Underwood, 1962, p. 65; Pinto Canyon, Amsbury, 1957, p.

30-33), contain large amounts of limestone and/or limestone

conglomerate, which are considered to be parts of different

lithosomes. This report, however, considers the lower part of
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the Yucca Formation in the Indio Mountains (Underwood, 1962,

p. 73) and southwestern Van Horn Mountains (Twiss, 1959a) as

part of the Las Vigas lithosome. Intertonguing with adjacent

lithosomes has not been described along the western and north

western limits of the Las Vigas lithosome. Relationships

between a unit assigned to the Cuchillo Formation and the

Paleozoic "Rara formation" in the Sierra del Cuervo, northwest

of Aldama, Chihuahua (Ramfrez and Acevedo, 1957, p. 640-649)

suggest that the Las Vigas lithosome was transgressively over

lapped by the Cuchillo Formation along the western edge of the

Chihuahua Trough. Probably the entire western boundary and

part of the northern boundary of the lithosome are the limit

of transgression of the depositional environment of the Las

Vigas onto a stable positive area which probably did not con

tribute a great deal of sediment to the Las Vigas lithosome.

This positive area was recognized by Ramfrez and Acevedo, who

called it "Isla de Aldama" (1957, p. 691-694, figs. 24 and

25). They realized that the northern, southern and, to some

extent, the western boundaries of the "isla" were unknown.

I propose the name, "Plataforma de Aldama," instead of "Isla

de Aldama," to be used until a better definition of the lim

its of the proposed positive area is available. The southern

boundary of the Las Vigas lithosome is unknown, but it is

probably in the large area covered by Cenozoic rocks south

and east of Cd. Chihuahua.
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Origin of Las Vigas lithosome .--Yeager (i960, p. 55-

56) has ably discussed the problem of source area or areas

for the Las Vigas lithosome. He deduced that the absence of

conglomerate in the vicinity of Carrizo, Chihuahua (Sierra

Lagrima) indicates that the source area of the pebbles was

toward the east. The absence of conglomerate in the Las

Vigas in the Sierra de Fierros, Sierra Soldado, Sierra

Chorreras, and elsewhere (Ramfrez and Acevedo, 1957, p. 694-

701) supports this contention. Conglomerate is present in

the Sierra de la Boca Grande (Ramfrez and Acevedo, 1957, col.

2, between p. 694 and 695) and probably shows that there was

a northern, as well as an eastern source. Yeager mentioned

the following possible source areas for sand and pebbles of

the Las Vigas:

1. Sierra Diablo foothills (Van Horn, Hazel, Allamore, and

Carrizo Mountain formations.

2. Davis Mountains area (possible exposure of Precambrian

rocks during Early Cretaceous Epoch.

3. Marathon Uplift (Caballos and Maravillas formations).

4. Plataforma de Aldama (unknown formations).

The volume of the Las Vigas lithosome is about 5,000

cubic miles (computed from fig. ll) . To derive this quantity

of material from possible Precambrian exposures on the Diablo

Platform and the other relatively small source areas postulated
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by Yeager would require the erosion of prodigious thicknesses

of rock. In addition to the Las Vigas lithosome, bodies of

rock of similar lithology occur in about the same lithostrati-

graphic position south and east of the Coahuila Platform (Ad

kins, circa 1930), and in northern Sonora (Eardley, 1962, p.

428-429). Presumably these units had provenances similar to

those of the Las Vigas. Probably a source area of continental

proportions was necessary to provide the material in the Las

Vigas and similar lithosomes.

DeFord (1965) has suggested that during the Late

Jurassic Epoch and the Neocomian Age the Wichita paleoplain

(Hill, 1901, p. 363-367) was covered with terrigenous sediment

derived from itself and from the Ouachita Tectonic Belt and

other sources. Hill's Wichita paleoplain is basically a de-

gradational feature. He envisioned a long period of erosion

that developed a peneplain, before Aptian-Albian transgression.

I postulate that development of the Wichita paleoplain was pre

ceded by formation of a constructional plain built of post-

orogenic sediment derived from Ouachita fold belt and the

ancestral Rocky Mountains. Today most of the sediment is

gone, but the peneplain remains.

The Triassic Dockum Group is a remnant of such depos

its. The sources of the Dockum sediment were in south-central

Colorado, and also south and east of the present outcrop areas

of this group (McKee, 1959, p. 14; Adkins, 1933, p. 245).
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Central Texas and south-central Colorado were areas of non-

marine deposition and/or erosion during much of the Triassic

and Jurassic periods (Eardley, 1962, pis. 9 and 10). As the

mountains along the Ouachita Tectonic Belt and the ancestral

Rocky Mountains were degraded, a constructional plain could

have developed over much of this area. Some time in the

early Mesozoic (Jurassic ?), the destructional development of

the Wichita paleoplain began. Material removed from the area

by river systems was eventually deposited into arms of the

transgressing Jurassic-Cretaceous sea (Chihuahua Trough,

Sabinas Gulf, etc.).

In the Indio Mountains (Underwood, 1962, p. 78-79) and

southern Sierra Pilares (Yeager, I960, p. 22) much of the sand

stone of the Las Vigas lithosome is chert-bearing subgraywacke

and chert-bearing orthoquartzite. Sandstone beds in the La

Mula-Sierra Blanca Range show considerable range in the degree

of rounding of the sand grains; much of the sand is bimodal

(fine- to very fine-grained and pebble). These properties

suggest a multiple source area or more probably a reworking of

sediment derived from multiple sources (chert and quartz peb

bles and granules are usually subround to well rounded). All

of the material of the Las Vigas could have come from the

Ouachita Tectonic Belt and the ancestral Rocky Mountains. The

characteristic red color of Las Vigas shale and claystone beds

is hematite dust, possibly the redbeds are derived from the
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Dockum Group.

Wood fragments from the upper part of the Las Vigas

Formation in the La Mula-Sierra Blanca Range and charophytes

in the upper part of the Las Vigas lithosome in the Ciene

guilla area (Reaser, 1966) indicate that the lithosome may be

in part terrestrial. Current directions deduced from cross-

bedding show northerly or southerly currents between Paso

Rancherfa and the southern limit of El Cuervo area. These

directions are indicated by all cross-beds; probably they

record currents along the western shore of the Diablo Plat

form. The well developed and persistent bedding of the Las

Vigas, and the presence of marine limestone in lithosomes

adjacent to it to the east (Yucca and Yearwood formations),

suggest that most of the Las Vigas was deposited in a sea.

No one has described turbidites in the lithosome, probably

because relief of the basin was small so that waves and cur

rents distributed sediment.

Aptian-Albian Formations

Age and correlation of Cuchillo Formation (Kcu) .

The Aptian-Albian age of the Cuchillo Formation is well estab

lished in El Cuervo area. Figure 8 shows the relationship of

the Cuchillo to other Lower Cretaceous formations. I corre

late the Cuchillo Formation with part of the Hammett, the Cow

Creek, and part of the Glen Rose formations of the Trinity
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Group of central Texas.

The presence of the Aptian ammonite, Dufrenoyia

justinae. and the Albian ammonite, Douvilleiceras sp., in the

Cuchillo Formation indicates the Aptian-Albian boundary is

within the formation. Yeager (i960, his MS-9, p. 87-89) found

the highest Dufrenoyia justinae within the Exogyra quitmanensis

zone and the lowest Douvilleiceras sp. some 90 feet above that

zone. Throughout El Cuervo area I found Dufrenoyia justinae

with the uppermost assemblage of Exogyra quitmanensis and

Douvilleiceras sp. at different distances above this zone.

Hence, the Aptian-Albian boundary is within the 90 feet of sec

tion above the highest Exogyra quitmanensis.

Distribution of Cuchillo Formation (Kcu) . Except for

the part of the La Mula-Sierra Blanca Range north of the Pi

lares fault, the Cuchillo Formation is present throughout El

Cuervo area.

The northeastern limit of the Cuchillo Formation is

along a line roughly parallel to the Rfo Bravo from northwest

of the Quitman Mountains, through the Sierra Pilares, and

along the river valley toward Presidio, Texas. This line,

parallel to the eastern limit of the Las Vigas lithosome (fig.

10), suggests that the depositional basin of the Cuchillo had

about the same configuration as the Las Vigas basin. The

western and southern limits of the formation are unknown.

Table 15 is a list of areas where the Cuchillo Formation has



Table 15. Localities and areas where Cuchillo Formation has been recognized

outside El Cuervo area, according to authors cited

Area Author

Southern Quitman Mountains Adkins, 1933; Scott, 1940

Sierra Soldado Humphrey, 1964 (includes "Las Uvas

equivalents")
Chapo wells 1 and 2 Ramfrez and Acevedo, 1957

Sierra del Cuervo Ramfrez and Acevedo, 1957

Canon Santa Elena Ramfrez and Acevedo, 1957

Sierra de la Campana Ramfrez and Acevedo, 1957

Sierra de Tlahualilo Ramfrez and Acevedo, 1957

Santa Elena area Ramfrez and Acevedo, 1957

Ac at i a-Las Delicias area Kelly, 1936

Cuchillo Parado-Conchos Valley King and Adkins, 1946; Burrows, 1909, 1910

Additional localities where Cuchillo Formation probably present,

but called "Travis Pe,ak Formation" by Ramfrez and Acevedo, 1957:

Sierra de la Boca Grande Sierra Salado

Sierra Rica Sierra Guzman (Sierra de la Mariz ?)
Sierra del Presidio Sierra Guadalupe
Sierra de Fierros Sierra Amargosa (Sierra de los Frailes)
Sierra de las Vacas Sierra Tosisihua

Sierra Ptilpito Grande Sierra Olanes

Sierra Mojina Sierra Magistral

Sierra Azul



165

been recognized.

The data in Table 15 suggest that the Cuchillo Forma

tion is present throughout the area of the Chihuahua Trough

between the Diablo and northern part of the Coahuila platforms

and the Plataforma de Aldama. This is probable but many of

the descriptions given by Ramfrez and Acevedo are inadequate

to identify the formation positively at all of the localities

cited.

Origin of Cuchillo Formation (Kcu). --The Cuchillo For

mation is the result of deposition during transition from en

vironments of active wave and current action to relatively

quiet water deposition of the Benigno Formation. Thick-

shelled oysters in the lower part of the Cuchillo Formation

and the decrease in proportions of sandstone and calcarenite

up-section into the dominant shale of the upper part of the

formation reflect a gradual decrease in wave and current

activity as the sea transgressed onto platform areas. Deposi

tional environments of the Cuchillo are similar to those that

develop along coasts of a shallow sea; e.g., present Gulf

Coast of Texas.

Age and correlation of Bluff Formation (Kbf ) . The age

of the Bluff Formation, like the Cuchillo Formation, is Aptian-

Albian in El Cuervo area. The probable boundary between the

Aptian and Albian is low in the lower member of the Bluff For

mation (basal 100 feet), but this horizon has not been precisely
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located in El Cuervo area. The Exogyra quitmanensis zone con

taining the Aptian ammonite, Dufrenoyia justinae. occurs at

the base of the Bluff Formation (Campbell, 1959, his MS-6, p.

57-65), but the Bluff has not yielded Albian ammonites in El

Cuervo area. In the southern Sierra Pilares, the Aptian-

Albian boundary is within 90 feet of the section overlying the

Exogyra quitmanensis zone in the Cuchillo Formation which is

the lateral equivalent of the lower member of the Bluff Forma

tion (fig. 9). This area is immediately south of the Pilares

fault, the arbitrary boundary between the Cuchillo and Bluff

formations.

I correlate the Bluff Formation with part of the

Hammett, the Cow Creek, and part of the Glen Rose formations

of the Trinity Group of central Texas (fig. 9).

Distribution of Bluff Formation ( Kb f ) . The Bluff For

mation crops out along the western margin of the Diablo Plat

form from the northern Quitman Mountains to the northern edge

of the Chinati Mountains. It is absent in the Finlay, Wylie,

and eastern Van Horn mountains. An arbitrary boundary between

the Bluff and Cuchillo formations, similar to that used here,

probably can be placed between the northern and southern Quit

man Mountains. If this is possible the Bluff occupies a belt,

averaging 15 miles wide, along the Diablo Platform margin.

Throughout this belt the Bluff can be readily divided into an

upper, resistant limestone member, and a lower, nonresistant
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sandstone-siltstone-shale-limestone member. Plate 4 shows

this division in the Pilares, Indio, and southwestern Van Horn

mountains

Origin of Bluff Formation (Kbf ) .--Conditions of deposi

tion of the lower member of the Bluff Formation were similar

to those of the Cuchillo Formation except that the Bluff was

deposited nearer to a shoreline. The large amount of sandstone

in the lower member, which serves to distinguish it from the

Cuchillo, reflects proximity to a beach and deposition in an

area where long-shore currents and waves were the principal

means of sediment transport.

Albian Formations

Age and correlation of Benigno Formation (Kb) . The

stratigraphic position above and below formations of definite

Albian age (Cuchillo-lower member of the Bluff, and Benevides)

establishes the Albian age of the Benigno Formation. Figure 9

shows the relationships of the Benigno Formation and other

Lower Cretaceous formations. I correlate the Benigno Forma

tion with part of the Glen Rose Formation of the Trinity Group

in central Texas.

Distribution of Benigno Formation (Kb) .--The northeast

ern boundary of the Benigno and its equivalent, the Benigno

Member of the Bluff Formation, is reasonably well defined as

shown on Figure 12. Units in other areas that are or were
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Table 16. Units mapped outside El Cuervo area that are

believed to have once been part of the same

body of rock as the Benigno Formation

Area Reference Remarks

Cajoncito Milton, 1964, MS-2,

p. 64-65.

Entire "Bluff Formation" is

probable equivalent of Benigno.

Southwest Van

Horn Mountains

Twiss, 1959a, MS-9,

p. 470.
Upper 126 feet of Bluff Forma

tion probably equivalent to

Benigno.

Indio Mountains Underwood, 1962,
MS-9, p. 470.

Unit 65, upper 127 feet of

Bluff Formation probably equiv
alent to Benigno.

Northern Sierra

Pilares

Ferrell, 1958, MS-6,
p. 68-69-

Member 4, "Benigno formation"

probably equivalent to Benigno.

Pinto Canyon Amsbury, 1957, MS-8

and MS-9, p. 140-146.
Upper member of the Bluff For

mation (Caprock sequence) per

haps equivalent to Benigno.

Sierra Soldado Bridges and Greenlee,
1964, p. 250.

Units 1, 2. and 3 of "Benigno
(Glen Rose) equivalent" are

probably equivalent to Benigno
(Unit 1 of Aurora Limestone,

Pi. 4)
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laterally continuous with the Benigno Formation are listed in

Table 16.

Origin of Benigno Formation (Kb) . In the La Mula-

Sierra Blanca Range the lower part of the Benigno Formation

contains several calcarenite and quartzose sandstone beds,

whereas the upper part of the formation is predominantly mic

rite and biomicrite. The clastic units indicate sporadic epi

sodes of wave and current action, probably near a beach and

the micrites and biomicrites were deposited in relatively

quiet, shallow waters farther off-shore. The disappearance of

sandstone and calcarenites up-section records the transgres

sion of littoral zones onto the Diablo Platform. Rudistid-

caprinid banks in the formation reflect local shoaling in

the shallow sea. The overall environment of deposition of the

Benigno was probably that of a shallow, well-aerated sea.

Age and correlation of Cox Formation (Kc ) .In El

Cuervo area the Cox is placed in the Albian because it is be

tween formations of definite Albian age (Cuchillo-lower member

of the Bluff and Benevides). The Cox Formation of Mexico

is laterally continuous with the Cox Formation of the Eagle

Mountains and vicinity. Underwood (1962, p. 116) believed

that upper part of the Cox Formation in the Eagle Mountains is

paleontologically correlative with part of the Fredericksburg

Group of central Texas. The widespread occurrence of Orbito

lina texana in the lower part of the Cox in El Cuervo area
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suggests that the lower part of the formation is paleontolog

ically correlative with part of the Glen Rose Formation of

the Trinity Group of central Texas. Accordingly I correlate

the Cox with parts of the Trinity and Fredericksburg groups

(fig. 9).

Distribution of Cox Formation (Kc) . The yellow-

colored area of Figure 13 shows the known areal extent of the

Cox Formation in Trans-Pecos Texas and northeastern Chihuahua.

The only limit of the formation that is well established is

the arbitrary cut-off between it and the Lagrima Formation.

Origin of Cox Formation (Kc) . The Cox Formation is

the oldest Cretaceous unit that completely covers the Diablo

Platform. Plate 4 shows the transition from basin deposits

of limestone and shale (Lagrima Formation) to platform depos

its of sandstone (Cox Formation of Indio Mountains, Van Horn

Mountains, and Wylie Mountains). The high degree of sorting

and roundness of sand grains in the Cox indicate deposition

of far-traveled, reworked material in near-shore environments

of high degrees of wave and current activity. Underwood

(1962, p. 116-119) concluded that material composing the Cox

had undergone several cycles of erosion. Because the Cox of

the Eagle Mountains and vicinity contains a few percent of

metamorphic- and volcanic-rock fragments, Underwood postulated

multiple source areas of sedimentary, metamorphic, and vol

canic rocks.
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Plate 4 shows that the Cox Formation includes part of

a large sandstone lithosome that includes the Las Vigas litho

some and near-shore sandstone tongues of the Bluff Formation.

This "big picture" eliminates the Yearwood Formation from the

diagram and is essentially the same interpretation presented

by Adkins (1933, fig. 15, p. 292). This lithosome was depos

ited during transgression of the Cretaceous sea onto the

Diablo Platform and eventually onto the emergent area that

existed over much of west and central Texas. Tongues of the

lithosome, like the Cox Formation, reflect periods of regres

sion during the overall transgression. Such regressions prob

ably reflect tectonic disturbances in source areas of the sand

and/or decreasing rates of subsidence of the Chihuahua Trough.

Cox sediment was deposited in a manner similar to that

of the Las Vigas lithosome. Sediment was spread by long-shore

currents and was continuously reworked by wave action, produc

ing remarkably clean, well-sorted deposits. The Cox disap

pears southeast and southwest of the Diablo Platform. It

grades into the Glen Rose Formation of the Big Bend Park to

the southeast and into the LAgrima Formation southwest of the

platform. The Shafter Formation, northeast of Presidio, Texas

(Dietrich, 1965, p. 58-59) is a transitional unit between the

Cox Formation and the Glen Rose Formation. This suggests

source areas northeast, north, and northwest of the area of

Cox outcrop.
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Sand, silt and clay were probably derived from conti

nental deposits to the north and northeast, possibly the same

terranes that furnished sediment to the Las Vigas lithosome,

i.e., post-orogenic deposits derived from the mountains along

the Ouachita Tectonic Belt and the ancestral Rocky Mountains.

During periods of sand deposition, finer material was sifted

out by wave action and carried by currents into the central

part of the Chihuahua Trough.

Metamorphic- and volcanic-rock fragments in the Cox

could have come from local exposures on the Diablo Platform.

Northwest of Van Horn, Texas, there are extensive outcrops of

Precambrian formations that contain volcanic and metamorphic

rocks and fragments of such rocks (King, 1965, pi. l). The

problem concerning this area as a source for material in the

Cox is whether or not the Precambrian rocks were exposed dur

ing Cox deposition. I believe this area could have been a

source for part of the Cox sediment because:

1. South of present Precambrian exposures, the Cox rests on

older Cretaceous formations (King, 1965, pi. l)

2. North and east of the Precambrian exposures, the Cox

rests on Permian formations (King, 1965, pi. 1; Hay-Roe,

1958, p. 51-52).

3. Somewhere between the southern edge of the present Pre

cambrian outcrops and areas to the north and east, Creta

ceous formations older than the Cox disappear, either by
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nondeposition or erosion prior to Cox deposition.

4. Cretaceous rocks older than the Cox (Campagrande Forma

tion) rest directly on Precambrian rocks around the west

ern edge of the Precambrian outcrop area (King, 1965, pi.

l) indicating Paleozoic rocks were stripped off of the

Precambrian prior to Cretaceous deposition.

5. A combination of 3 and 4 could produce an area of Pre

cambrian exposure during deposition of the Cox.

Age and correlation of Lagrima Formation (Kl) . The

Lagrima Formation is the lateral equivalent of the Cox Forma

tion. It is underlain and overlain by formations of Albian

age (Cuchillo and Benevides formations); hence, is placed in

the Albian. I correlate the Lagrima with the Cox; hence, with

parts of the Trinity and Fredericksburg groups of central

Texas (fig. 9).

Distribution of Lagrima Formation (Kl) . Figure 13

shows the arbitrary northeastern limit of the Lagrima Forma

tion. This cut-off is based on my work in El Cuervo area, on

work by Dfaz (1965) in the northern Sierra del Pino and Sierra

de las Vacas and on results of the drilling of Pemex wells

Chapo 1 and 2 (Ramfrez and Acevedo, 1957, p. 748-752; West

Texas Geological Society Field Trip Guidebook, 1964, p. 14-15)*

The western and southern limits of the formation are unknown.

Ramfrez and Acevedo (1957, fig. 35 after p. 716 and fig. 36

after p. 718) reported "Glen Rose" and "Walnut" formations
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throughout northeastern Chihuahua. Their "Glen Rose" and

"Walnut" are probably equivalent to the Benigno and Lagrima

formations, and the lower part of the Finlay Limestone. Prob

ably most of their "Glen Rose" is equivalent to the Lagrima

Formation. If so, the Lagrima may be present throughout the

area of the Chihuahua Trough.

Origin of Lagrima Formation (Kl) . The abundance of

the foraminifer, Orbitolina texana. in the lower two-thirds

of the LAgrima Formation indicates that deposition was prob

ably in shallow, well-aerated water. The uniform bedding of

the formation reflects featureless bottom topography and quiet

bottom conditions. The banded appearance of parts of the

LAgrima on aerial photographs represents cyclical repetition

of a limestone-marl-shale sequence. Rocks of each deposi

tional cycle are 50 to 100 feet thick and contain approximately

equal amounts of each rock type. These cyclic deposits repre

sent periodic transgressions and regressions of environment.

They also may record varying rates of subsidence of the basin

or varying rates of sediment influx which in turn reflected

tectonic events or changing climate in source areas.

Sediment accumulation kept pace with the rate of basin

subsidence during deposition of the Lagrima. This seems not

only true for the LAgrima but for most of the formations depos

ited in the Chihuahua Trough during the Cretaceous Period.

The rudistid-caprinid banks (in units 3 and 5 of the Aurora
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Limestone) indicate periods of increased currents and stronger

waves, probably over shoals.

Age and correlation of Finlay Limestone (Kf ) . The

age of the Finlay Limestone in El Cuervo area is Albian, be

cause the Finlay is between formations of Albian age; to-wit,

between the Cuchillo or lower member of the Bluff and the

Benevides. I correlate the Finlay Limestone with the Comanche

Peak and Edwards formations of the Fredericksburg Group of

central Texas.

Distribution of Finlay Limestone (Kf ) . Finlay Lime

stone and equivalent strata are present throughout Trans-Pecos

Texas (Underwood, 1962, fig. 5, p. 128). The formation is

present over much of the Diablo Platform, but is absent far

ther north in the Sierra Prieta, 18 miles north of Cox Moun

tain (King, 1965, p. 85).

The Finlay is probably equivalent to the "Edwards For

mation," reported to be present in several Chihuahua ranges

in the area bounded by lat 28 and 30 N. and long 104 and

106 W. (Ramfrez and Acevedo, 1957, fig. 41, facing p. 721).

The Finlay is present in all sierras mapped in El Cuervo

area.

Origin of Finlay Limestone (Kf ) . Sessile benthonic

pelecypods and foraminifers of the Finlay indicate deposition

in shallow, warm, sediment-free, well-aerated water of reef

and shallow neritic environments.
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Age and correlation of Benevides Formation (Kbe) .

Ammonites from the Benevides in El Cuervo and adjacent areas

(tables 8 through 13) indicate medial to late Albian age.

Paleontologically the Benevides is correlative with the Kia-

michi and Duck Creek (correlative of lower part of George

town Formation) formations of the Washita Group of central

Texas. I also correlate the Benevides with the Sue Peaks

Formation of the Presidio area and Big Bend Park (fig. 9).

Distribution of Benevides Formation (Kbe) . The Bene

vides and its equivalent, the Sue Peaks Formation, has been

mapped east and north of El Cuervo area (Amsbury, 1958; Twiss,

1959a; Underwood, 1963, p. 8-9; Dietrich, 1966) and is prob

ably equivalent to the "Kiamichi Formation" of Ramfrez and

Acevedo, 1957, p. 723-726), King (1965, p. 87) and Albritton

and Smith (1965, p. 80-82). Thus, the Benevides is present

in all ranges of the Chihuahua Tectonic Belt where Cretaceous

rocks younger than the Finlay Limestone are preserved and over

much of the Diablo Platform, north and east of the tectonic

belt.

Origin of Benevides Formation ( Kb e ) . The Benevides

of El Cuervo area is a neritic deposit. There are local

"reefs" within it in parts of the La Mula-Sierra Blanca Range,

probably indicating local shoaling. The abundance of ben

thonic and nektonic fossils indicates well-aerated water, and

possibly a relatively slow rate of sedimentation.
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Albian-Cenomanian Formation

Age and correlation of Loma Plata Limestone (Kip)

The Loma Plata, in El Cuervo area, is underlain by Albian

beds (Benevides Formation) and overlain by early Cenomanian

beds (Del Rio Formation); hence the Albian-Cenomanian (Lower-

Upper Cretaceous Series) boundary is within the formation.

The Loma Plata has not yielded diagnostic Albian or Ceno

manian fossils in El Cuervo area, therefore, the position of

the Albian-Cenomanian boundary is unknown. In the Cieneguilla

area, north of the southern Sierra de la Cieneguilla, Reaser

(1966) found the Cenomanian ammonite, Plesioturrilites

bravoense (Romer) in the upper 400 to 600 feet of his Espy

Formation. The Espy in the Cieneguilla is equivalent to and

correlative with the Loma Plata Limestone of El Cuervo area

and is about 1,000 feet thick; hence, the Albian-Cenomanian

boundary in the Loma Plata is probably in the upper half of

the formation in El Cuervo area.

The Loma Plata is between formations (Benevides and

Del Rio) which are paleontologically correlative with forma

tions of the Washita Group of central Texas and tentatively

I correlate it with the upper part of the Georgetown Forma

tion .

Distribution of Loma Plata Limestone (Kip). The Loma

Plata Limestone and equivalent formations of similar lithology
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are present throughout the area contoured on Figure 14.

Post-orogenic erosion has removed this Albian-Cenomanian

limestone from much of northeastern Chihuahua, but outcrops

of equivalent rock at Cerro Muleros (Sierra Cristo Rey) near

Juarez (Bose, 1910, p. 18-23; Ramfrez and Acevedo, 1957, p.

726), indicate that it extended over much of the area repre

sented in the northwestern part of Figure 14. Underwood

(1962, p. 154-156) described equivalent strata on the Diablo

Platform.

Origin of Loma Plata Limestone (Kip) . The Loma Plata

Limestone was deposited in a neritic environment. Local

abundance of caprinid- and rudistid-bearing massive limestone

at different horizons indicate local shoaling over reefs.

The Loma Plata has a considerable range of thickness within

the Chihuahua Trough (fig. 14) The changing thickness may

be the record of gentle warping that formed local depocenters,

possibly the initial pulses of the Laramide orogeny.

Cenomanian Formations

Age and correlation of Del Rio Formation (Kdr) .

Fossils from the Del Rio in El Cuervo area indicate an early

Cenomanian age. Figure 9 shows relationships of the Del Rio

with other Upper Cretaceous formations. The Del Rio is cor

relative with the Del Rio Formation within the type Coman-

chean Series of central Texas.
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Distribution of Del Rjo Formation (Kdr) . The Del Rio

and its lateral equivalent, the Eagle Mountains Formation,

crop out in many places throughout the Chihuahua Trough

(Ramfrez and Acevedo, 1957, fig. 52, after p. 720; Reaser,

1965; Jones, 1965; Underwood, 1963, p. 10-11). This distribu

tion of outcrops indicates that the formation and its equiva

lents once were present over the entire trough. Available

data do not permit a reconstruction of Del Rio thicknesses

and distribution within the trough. The thickest sections

known in outcrops are 200 to 300 feet thick and are along a

line that trends in a southerly direction from the northern

Quitman Mountains toward Coyame, Chihuahua. In El Cuervo

area thicknesses of Del Rio probably decrease toward the east

and west from this axis of maximum thickness. The configura

tion of the Del Rio is probably similar to that of the Loma

Plata (fig. 14).

The Del Rio and equivalent strata can be traced, al

most continuously from the Chihuahua Trough eastward into

central Texas, thence northward into Grayson County in north

east Texas. The formation and its equivalents probably cov

ered most of Texas and northeastern Mexico. Locally the Del

Rio or equivalent strata are absent or anomalously thin (St.

John, 1965, p. 34; Hay-Roe, 1958; Brand and DeFord, 1958;

Adkins, 1933, p. 387-388; Rose, 1966) thinning or wedging out

because of relief of the surface that received Del Rio sediment
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or later erosion. Underwood (1962, p. 162) speculated that

thinning occurs over pre-Del Rio reefs.

Origin of Del Rio Formation (Kdr) .--The Del Rio was

deposited in neritic environments in shallow water that cov

ered both positive and negative areas. During deposition

these areas were relatively stable with respect to each other,

but the thick sections of Del Rio along the axis in the east

ern part of the Chihuahua Trough indicate that part of the

trough was still unstable.

The increase of sand in the Del Rio northward and

northeastward from El Cuervo area (pi. 4) indicates a source

of siliciclastic material in those directions.

Age and correlation of Buda Limestone (Kbu) . Ammo

nites from the Buda Limestone in El Cuervo area indicate an

early Cenomanian age. The Buda is correlative with part of

the Buda Limestone of the Comanche Series in central Texas.

Distribution of Buda Limestone (Kbu) ? The Buda crops

out in widely scattered localities in the Chihuahua Tectonic

Belt (Ramfrez and Acevedo, 1957, fig. 52, after p. 730; Reaser,

1965; Jones, 1965; Underwood, 1963, p. 11). The formation was

probably once present throughout the Chihuahua Trough and had

a similar configuration to that of the Loma Plata and Del Rio

formations.

The Buda has been traced throughout Trans-Pecos Texas

and south-central Texas and in all areas thins and disappears
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toward the north.

Origin of Buda Limestone (Kbu). The Buda was depos

ited as carbonate mud in neritic and lagoonal environments

along the southern margin of an emergent area that occupied

the northern part of Texas. Its consistent composition and

relatively constant thickness indicate that the depositional

area was one of tectonic stability.

Comanche-Gulf Contact

The Buda-Ojinaga contact is the boundary between the

Comanche and Gulf series of the Texas Cretaceous System. In

many areas of Trans-Pecos Texas this contact is reported as

disconformable (Adkins, 1933, p. 401; Twiss, 1959a; Maxwell

and Dietrich, 1965, p. 18). Underwood (1962, p. 179), Powell

(1961, po 23), St. John (1965, p. 45), and Ramfrez and Acevedo

(1957, p. 737) reported that there is no physical evidence to

support a disconformity between the Buda and overlying Creta

ceous formation.

I conclude that in northeastern Chihuahua, there is

no evidence observable in the field for a disconformity at

the top of the Buda. Ferrell's (1958, p. 42-43) finding of

reworked Del Rio and Buda microfossils in the lowermost Oji

naga certainly suggests that somewhere near El Cuervo area,

probably on the Diablo Platform, erosion of the Buda and Del

Rio resulted in a disconformity below the Ojinaga or equivalent
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formation.

Cenomanian-Senonian Formations

A_l and correlation of Ojinaga (Ko). San Carlos (Ks).

and 1 Picacho (Kp) formations. Paleontological studies in

areas adjacent to El Cuervo area have established the age of

the Ojinaga Formation as Cenomanian, Turonian and Senonian

(Coniacian-Campanian) (Powell, 1965; Miller, 1957; Wolleben,

1966). The Ojinaga is correlative with the Boquillas and Pen

formations, part of the Aguja Formation of the Big Bend Na

tional Park (Maxwell et .al., 1965), and with parts of the

Eagle Ford, Austin, and Taylor groups of central Texas.

Ammonites collected from the lower part of the San

Carlos Formation indicate Campanian age (Wolleben, 1966).

Vertebrate fossils from the upper part of the Aguja Formation

in the Big Bend Park are correlative with faunas of the Judith

River of Montana and Belly River of Alberta; their probable

age is late Campanian (Maxwell and Dietrich, 1965, p. 20).

The age of part of the Aguja, probably correlative with the

San Carlos and El Picacho formations, is also probably Cam

panian.

Origin and distribution of Cenomanian-Senonian rocks. --

Ramfrez and Acevedo showed scattered outcrops of rocks correl

ative with the Ojinaga-San Carlos-El Picacho throughout north

eastern Chihuahua (1957, figs. 54, 55, and 56, between pages



186

736 and 741). Sediment was probably deposited throughout the

Chihuahua Trough contemporaneously with the Ojinaga-San Carlos-

El Picacho sequence, but the distribution of each formation

within the trough is little understood.

The Ojinaga Formation is marine. A transition between

marine and continental sedimentation is recorded within the

San Carlos Formation. El Picacho Formation is nonmarine.

Powell (1965) recognized a platform-carbonate facies

correlative with the Ojinaga Formation over the northern Coa

huila and southern Diablo platforms. He placed the Ojinaga

Formation in a thick basin argillite facies (fig. 8, p. 523).

LARAMIDE OROGENY

The exact age of the Laramide deformation in northeast

ern Chihuahua is unknown. Wilson (1965, p. 36) has dated the

Laramide in the Big Bend "Park" area, about a hundred miles

southeast of El Cuervo area, as early Eocene (post-Hannold Hill

Formation- pre-Canoe Formation). This is the best date in the

Trans-Pecos Texas-northeastern Chihuahua region for the main

pulse of the Laramide orogeny.

In El Cuervo area and adjacent Rim Rock Country of

Texas Laramide deformation is post-Upper Cretaceous rocks-

pre-volcanic rocks, i.e., post-Senonian-pre-late Eocene.
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Upper Cretaceous and Tertiary Rocks

Diabase (TKi-l) and amphibole-rich rock (TKi-2) . Two

intrusive igneous rocks, the altered olivine diabase (TKi-l)

and the amphibole-rich mafic rock, associated with evaporites

(TKi-2), were probably contemporaneous and possibly were de

rived from the same magma. The olivine diabase probably came

from a "normal" olivine-basalt magma. Intrusion of such a

magma into halite, anhydrite, and gypsum could greatly in

crease the amounts of Na, Ca, and H20 in the magma. The com

position of the resultant de-silicified magma would favor the

formation of hornblende-rich rocks. Hornblende formed under

such conditions would be relatively low in Fe content. All

the hornblende in the mafic rocks associated with evaporites

is zoned; the grains are green toward the edges and brown to

ward the centers. The color gradation probably indicates a

decrease in Fe content from the centers of the crystals toward

the edges with corresponding increases in Na and Ca, a change

that should be expected when an olivine-basalt magma, contami

nated by evaporites, crystallizes.

Correlation of olivine diabase (TKi-l) . There are

olivine sills and dikes in the Ojinaga and Navarrete forma

tions; thus, from lithostratigraphic evidence it is possible

to say only that the age of the olivine diabase is post-

Ojinaga; i.e., Late Cretaceous or younger. Nevertheless, both
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the olivine diabase and the amphibole-rich intrusions are in

volved in structural deformations that may be Laramide-*

Evidence for a pre-Laramide or Laramide age of the

olivine diabase is twofold!

(1) 1.3 miles south of Ojos Calientes (J-ll), 0.1 mile west

of the Palo Pegado fault and 0.4 mile east of the Comedor

thrust fault, three olivine-diabase dikes are offset by

a thrust fault. The fault is along bedding in the Oji

naga Formation, dipping about 35 west. The dikes have

been thrust 3-5 feet toward the east. This thrust-

faulting has the same orientation as faulting along the

Comedor fault to the west and possibly developed during

the same period of deformation as the Comedor fault;

i.e., during the Laramide orogeny.

(2) Sills of olivine diabase in the Navarrete Formation in

relatively undisturbed areas north of the La Chiva fault,

southwest of Rancho Navarrete (J-10) were intruded into

shale and claystone beds adjacent to limestone. South of

the La Chiva fault, near its western end, in an area of

diapiric injection of evaporites (H-ll) similar sills are

associated with highly contorted limestone beds (adjacent

to limestone). At a locality west of Arroyo Navarrete,

where the arroyo bends sharply southward toward Cerro La

Abuja, the diabase appears to be folded along with a lime

stone bed. The Navarrete has been highly distorted in

this area by intrusion and movement of underlying
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evaporites. If intrusion of olivine diabase was subse

quent to folding and to diapiric injection, it seems

fortuitous that it would, in both highly disturbed areas

and relatively undeformed areas, seek out limestone to

intrude along. There are only three thick beds of lime

stone in the Navarrete in this area, and probably all

the olivine diabase intruded along the same limestone

bed. If so, intrusion of olivine diabase must have pre

ceded the latest, probably Laramide deformation of the

Navarrete Formation which was related to movement of

evaporites. Unfortunately, this conclusion does not

definitely pin down the age of the olivine diabase as

pre-Laramide or as Laramide, for Tertiary (probably

Oligocene) rock has also been deformed by movement of

evaporites and/or collapse related to solution of evap

orites, and there is no reason to believe that the Navar

rete Formation at this locality was not involved in these

post-Laramide movements.

Relative age of amphibole-rich rocks (TKi-2) . The

critical reader may note that my postulate that the olivine

diabase may have been deformed by intrusion or movement of

evaporites seems to contradict my interpretation of relations

between the olivine diabase and the amphibole-rich rock. Un

fortunately thin sections of the deformed "diabase" are lack

ing. Identification is based on field examination, and the
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guishable from olivine diabase in the field; hence, the de

formed "diabase" may be amphibole-rich rock. An alternate

interpretation, and the one that I prefer, is that the de

formed "diabase" was intruded east of the eastern limit of

the evaporite basin where it was uncontaminated by saline

rocks. Thereafter evaporites flowed into the area during

Laramide folding and thrusting (fig. 15)

Navarrete

Evaporites ,

-I- -I- + + f

Diabase sill

A. Diabase sill intruded into Navarrete Forma

tion prior to folding or during folding.

B. Intrusion of evaporites into Navarrete Forma

tion deforming Navarrete and diabase sill.

Figure 15 .--Schematic illustration (no scale, great

vertical exaggeration) showing hypothesis of intrusion

of olivine-basalt magma prior to diapiric injection of

evaporites.
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There are no known Laramide intrusions in Trans-Pecos

Texas. To the west in central Sonora and western Chihuahua,

there are several bodies of igneous rock that were probably

intruded during the Laramide orogeny (King, 1939, p* 1,714-

1,715). The olivine,, diabase and the amphibole-rich mafic rock

associated with evaporites are probably correlative with these

Laramide intrusions, both being intruded during the Laramide

orogeny.

EARLY TERTIARY EROSION

During and subsequent to Laramide deformation Trans-

Pecos Texas and northeastern Chihuahua was subjected to ero

sion. In parts of El Cuervo area early Tertiary rocks rest

on Jurassic (?) and Early Cretaceous rocks attesting to local

areas of intense erosion and development of a topography not

unlike the present topography.

TERTIARY ROCKS

Volcanic and Associated Rocks

Correlation of Vieja Group. In the Rim Rock Country,

adjacent to El Cuervo area, vertebrate fossils date the Col

mena Tuff as late Eocene (Uintan), the Chambers Tuff as early

Oligocene (Duchesnian), and the Capote Mountain Tuff as early

Oligocene (Chadronian) (Wilson, 1965, p. 34; 1966). The age
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of the Gill Breccia, underlying the Colmena Tuff is unknown;

by stratigraphic position it is probably Eocene. The Buck

shot Ignimbrite, between the Colmena and Chambers tuffs, is

late Eocene-early Oligocene by virtue of its stratigraphic

position.

Wilson (1965, p. 34) has correlated formations of the

Vieja Group from the Colmena Tuff through Capote Mountain Tuff

with the Chisos Formation of the Big Bend National Park.

Correlation of unnamed beds in Arroyo Cuatralbo.

Regional stratigraphic relationships suggest that the age of

the conglomerate (Tcg-l), siltstone (Ts), and tuff (Tt-l) that

crop out in Arroyo Cuatralbo is Tertiary. Stratigraphic rela

tionships with the other formations that crop out in the

arroyo show only that these rocks are younger than the Loma

Plata Limestone; that is, that the age is post-Albian.

In the Van Horn Mountains, Twiss (1959a) described the

basal unit of the Colmena Formation as a conglomerate, 16 to

310 feet thick. According to his description it resembles the

conglomerate in Arroyo Cuatralbo. The unnamed conglomerate

and the unnamed siltstone are lithically comparable to parts

of the Colmena Tuff (DeFord, 1958a, p. 19). From this simi

larity and stratigraphic relationships with older rock similar

to the basal Colmena in the Van Horn Mountains, I believe the

unnamed conglomerate and siltstone are equivalent to and prob

ably correlative with the Colmena Tuff.
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The unnamed tuff overlies the conglomerate with angu

lar unconformity, but this does not necessarily indicate any

considerable difference in age. Deformation of the conglom

erate is related to movement of evaporites which probably was

synchronous with deposition. The tuff may be correlative

with a part of the Colmena Tuff that is younger than the con

glomerate and siltstone.

Origin of unnamed rocks in Arroyo Cuatralbo .--The

conglomerate (Tcg-l) contains clasts derived from Lower Cre

taceous formations that crop out adjacent to Arroyo Cuatralbo.

Sandstone clasts are probably from the Cox Formation. Boul

ders and pebbles of Orbitolina-bearing limestone are from the

Benigno and Cox formations, and some clasts of chert-bearing

limestone are probably from the Finlay and Loma Plata lime

stone. The conglomerate was derived from local sources and

was deposited on an irregular surface on Mesozoic formations.

Relations between the conglomerate and older rocks indicate

that the conglomerate was probably deposited in topographi

cally low areas south and north of Arroyo Cuatralbo. The

siltstone (Ts) may represent an influx of material derived

from a farther source during late stages of conglomerate dep

osition. Ash-fall tuffs within the conglomerate and at the

base of tuff (Tt-l) are composed of wind-blown volcanic

ejecta. Volcanic arkoses in the tuff indicate that streams

carried volcanic material short distances after falls of ash
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and coarser material or that nearby outcrops of eruptive rock

were being eroded.

The angular unconformity between the conglomerate and

tuff indicates that deformation (related to evaporite movement

and/or solution) took place synchronously with deposition of

the Tertiary rocks.

Correlation of unnamed ignimbrites and andesites in

Canon de Navarrete. La Parra area, and Sierra Lagrima and

vicinity. --Unnamed ignimbrites (Tig), cropping out in Can6*n

de Navarrete, La Parra area, and Sierra Llgrima and vicinity,

are vitric sanidine tuffs. Megascopically and microscopically

the ignimbrites are lithically indistinguishable. Probably

all the ignimbrites of El Cuervo area were once part of the

same body of rock.

Ignimbrite resembles the Mitchell Mesa Tuff (Goldich

and Elms, 1949, p. I,l6l) and Brite Ignimbrite (DeFord, 1958a,

p. 28) of Trans-Pecos Texas. Heiken (1966, p. 30-36) has

recognized a similar ignimbrite in the Cerros Prietos, on the

east flank of the La Mula-Sierra Blanca Range about 10 miles

south of El Cuervo area, which he correlated with the Brite

and Mitchell Mesa ignimbrites. Tentatively I extend his cor

relation to include the ignimbrites of El Cuervo area.

The Brite Ignimbrite overlies early Oligocene rocks at

its type locality on Capote Mountain (DeFord, 1958a, p. 26-28;

Wilson, 1966); hence its age is Oligocene or younger. If my
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correlation of the ignimbrite of El Cuervo area with the Brite

is correct, it establishes the probable Tertiary age of the

ignimbrite and the Cenozoic age of the basalt (Tba) that over

lies the ignimbrite in the Sierra Lagrima and the conglomerate

(Tcg-2) that overlies the ignimbrite in Can6n de Navarrete.

The lahar (Tl) in the vicinity of La Parra is in part equiva

lent to the ignimbrite there; hence its age is also Tertiary.

The andesite (Ta-2) that crops out in Can6n de Navar

rete occupies the same stratigraphic position as the ignim

brite there and is probably correlative with it. In the

Cerros Prietes, Heiken (1966, p. 30, 34) has recognized sev

eral andesite flows within the ignimbrite that he correlates

with the Brite. The andesite (Ta-l) in the vicinity of La

Parra probably lies unconformably on Cretaceous rock that is

possibly as young as the Ojinaga Formation ("Tv" on sec. G-Gf,

pi. 2). The andesite is unconformably overlain by the lahar

(Tl) and ignimbrite (Tig). Therefore it is younger than the

oldest Ojinaga beds and older than the Brite Ignimbrite. From

regional considerations it is unlikely that there is any Upper

Cretaceous volcanic rock in northeastern Chihuahua (other than

bentonite); probably the age of the La Parra andesite is Ter

tiary. Similarly, age of the unnamed tuff (Tt-2) in the

Sierra LAgrima is probably Tertiary.

Distribution of ignimbrite (Tig). The ignimbrite

called "Brite" and "Mitchell Mesa" is the most widespread
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lithostratigraphic unit in the Tertiary volcanic sequence of

Trans-Pecos Texas. These two formations cover an area of

about 2,500 square miles in Presidio and western Brewster

counties, Texas (Dietrich, 1965, p. 119). If the ignimbrite

of El Cuervo and Cerros Prietos areas was once continuous

with the Brite and the Mitchell Mesa, the area of outcrop in

cludes an additional 700 square miles.

Origin of andesites (Ta-l and Ta-2) . Andesites in

Can6n de Navarrete (Ta-2) and the La Parra area (Ta-l) are

adjacent to and have mineralogical compositions like those of

andesite intrusions (Ti-l). The andesites are probably local

flows deposited in topographically low areas on eroded Meso

zoic rocks. They are probably extrusive equivalents of the

intrusive andesites.

Origin of lahar (Tl) . The lahar in the La Parra area

is on the flanks of an andesite intrusion (Ti-l) and could be

the result of mudflows from a vent at the intrusion (intru

sion is now a topographic low). Intercalation of the lahar

with the ignimbrite at La Parra (Tig) suggests that the vent

was active during deposition of the ignimbrite.

Origin of ignimbrite (Tig). The location of the

source vent or vents of the Brite Ignimbrite and Mitchell

Mesa Ignimbrite is unknown. In El Cuervo area it is doubtful

that the ignimbrite or any volcanic rock ever covered the

areas that are today mountains.
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Deep erosion of Cretaceous rock took place before the

deposition of the ignimbrite. It rests unconformably on rocks

as old as the Las Vigas Formation in the Sierra Ligrima. In

candescent material probably traveled over the ground as a

nue*e ardent e and like any fluid sought out topographically low

areas in which to settle. The relationship between the ignim

brite and adjacent rocks indicates that the topography of El

Cuervo area during the period of ignimbrite deposition closely

resembled the present topography.

Origin of conglomerate (Tcg-2) . The conglomerate in

Can6n de Navarrete was derived from a local source. Clasts

in the lower part of the exposed conglomerate section, over

lying the andesite (Ta-2) and the ignimbrite (Tig), were al

most entirely derived from the andesite and the ignimbrite.

Limestone clasts derived from Lower Gretaceous rocks appear

in the upper part of the conglomerate. The increase in amount

of clasts of Cretaceous rocks is a consequence of the exhaus

tion of the supply of local volcanic detritus. I did not find

clasts of andesite from the Cerro La Abuja intrusion (Ti-l),

but did find clasts of highly weathered and altered andesite

that is mineralogically similar to but megascopically differ

ent from rock of Cerro La Abuja. This andesite is similar

megascopically to andesite (Ti-l) intruded into the Navarrete

Formation, east of Cerro La Abuja and presumed to be part of

the same intrusion as Cerro La Abuja. This indicates that the
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main mass of Cerro La Abuja probably was not exposed when the

conglomerate was deposited. If so intrusion of andesite (Ti-

l) preceded deposition of conglomerate.

Origin of basalt (Tba) . The source of the basalt in

the Sierra Ligrima could have been southwest of the outcrops.

The geologic map of Chihuahua prepared by Ramfrez and Acevedo

(1957) shows outcrops of intrusive igneous rocks southwest of

Carrizo near Tosisihua. Vents from which the basalt was de

rived could have been in this area. The basalt like the ig

nimbrites probably flowed out into topographically low areas.

Intrusive Igneous Rocks

Age of porphyritic andesite (Ti-l). Metamorphosed

olivine diabase (TK^-l) crops out about 0.7 mile south of

Rancho Abuja (K-10) and is probably adjacent to porphyritic

andesite that is continuous in the subsurface between Cerro

La Abuja and outlying intrusions to the east. Alteration of

olivine diabase to hornfels probably took place during intru

sion of the andesite. The unnamed conglomerate (Tcg-2) in

Canon de Navarrete bears scattered fragments of andesite,

similar to rocks of outlying intrusions east of Cerro La

Abuja. Andesite intrusions are not involved in Laramide de

formation. The intrusion west of El Roque is along a Lara

mide fault (sec. M-Mf, pi. 7). Therefore, from evidence

within El Cuervo area the andesite was intruded after the
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Laramide orogeny and it is no younger than middle Oligocene.

Origin of porphyritic andesite (Ti-l). The andesite

intrusions of El Cuervo area are at the western edge of a

large igneous province characterized by alkalic rocks. The

andesite porphyry differs from the rock of "typical" Tertiary

leucocratic intrusions of similar composition in Trans-Pecos

Texas. The Texas intrusions contain "normal" amounts of pot

ash feldspar; the El Cuervo intrusions lack potash feldspar.

Typical modes of trachyandesite and syenodiorite from the

Terlingua-Solitario region are 40 to 52. 6# plagioclase (An 9

to An 54, average about An 40), 20 to k5% potash feldspar

(includes orthoclase and anorthoclase) , traces to 21. 3# pyrox

ene (augite) and traces to 2% biotite (Lonsdale, 1940, p.

1588).

The andesite of El Cuervo area could have originated

from a similar magma to that from which the trachyandesite and

syenodiorite of the Terlingua-Solitario formed. All the El

Cuervo andesite passed through halite, anhydrite, and gypsum.

If a "normal" trachyandesite magma (l/3 total feldspar <

alkaline feldspar < 2/3 total) were intruded into this evapo

rite sequence the following reactions might have taken place

as it became enriched in Na and Ca:

2KAlSi30g
+ 2Na++ > 2NaAlSi30g

+ 2K+ (l)

orthoclase albite
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2KAlSi30g
+ Ca++ > CaAl2Si208

+ 2K+ +

4Si02 (2)

orthoclase anorthite

CaS04.2H20 > CaS0, +

2H20 (3)

gypsum anhydrite

2Ca(Mg, Fe, Al) (Si, Al)206
+ 2K+ +

2H20
+ 7Fe0 +

4Si02 >

augite

2K(Mg, Fe, Al)3 (Si, Al)401()(0H)2
+

Fe^
+ 2Ca++ (4)

biotite magnetite

The FeO on the left side of equation (4) would have to be a

constituent of the original magma to make this set of equa

tions valid. A combination of the plagioclase fraction of the

original magma and the plagioclase produced by reactions (l)

and (2) could be the resultant plagioclase (andesine-oligoclase);

orthoclase and augite would be eliminated and the amount of bio

tite and possibly of magnetite would be increased. The result

ant rock would have a mineralogical composition similar to that

of the intrusive andesite of El Cuervo area. The composition

of plagioclase formed from the contaminated magma would be a

function of the original composition of the magma and the rela

tive amounts of Na and Ca in the contaminating evaporites, in

addition to pressure and temperature.

An explanation for the porphyritic texture of the

andesite is that plagioclase of the original, uncontaminated,

magma was crystallizing at the time of contamination and was
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not absorbed or only partially absorbed into the resultant

magma as composition of the magma changed. Thus, the plagio

clase of the groundmass would have the composition of the pla

gioclase fraction of the resultant magma and the phenocrysts

have a composition similar to the plagioclase fraction of the

original magma. The plagioclase of the groundmass and of

phenocrysts seems to be andesine-oligoclase, but there may be

differences in composition that I did not detect.

Age of trachyte dikes near El Banquete (Ti-2 and Ti-

3). The dikes near El Pino (Ti-2) are in the Cuchillo and

Cox formations, and those near Arroyo La Chiva (Ti-3) are in

the Cox and Loma Plata formations. Therefore trachyte dikes

were intruded during the Albian Epoch or afterward. In both

areas dikes transect structural features that formed during
*

the Laramide orogeny. The magma entered country rock along

joints and cut across minor folds, probably during the Eocene

Epoch or Oligocene Epoch. The trachyte may have come from the

same magma as the andesite porphyry (Ti-l), but formed in

areas where there was no contamination of the original magma.

Age of Palo Pegado sill and associated dikes (Ti-4) *

In El Cuervo area the olivine-diabase-"peridotite" sill and

associated dikes, in the vicinity of Arroyo Palo Pegado,

transect beds of the Ojinaga and El Picacho formations. The

intrusive igneous rocks do not seem to be involved in Lara

mide deformation. In the northern Rim Rock Country of Texas
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similar alkalic sills and dikes were intruded into Upper Cre

taceous sedimentary rock and into the Capote Mountain Tuff

(Colton, 1957, p. 53). Intrusion took place during the latter

part of the Tertiary Period, presumably the Palo Pegado sill

and dikes were intruded at the same time. Intrusion probably

accompanied or immediately followed block faulting, which

affected the basement as well as the Phanerozoic cover.

Origin of Palo Pegado sill and associated dikes (Ti-

4) . Colton (1957, p. 59-60) postulated that the ultramafic

lamprophyre and diabase intrusions of the Rim Rock Country

were products of the last stage of differentiation of magmas

that produced the more salic intrusions of the area. This

interpretation is incompatible with my interpretation of the

igneous history of El Cuervo area. Possibly the "peridotites"

of El Cuervo area were derived from residual products of an

olivine-basalt magma that had differentiated to form a

trachyandesite magma. The settling of crystals may have left

residual products in the lower part of a magma chamber. The

volume of the remaining silica-deficient melt would be rela

tively small, but Tertiary normal faulting, affecting pre-

Mesozoic "basement" rock and the crystalline crust, could

release it to the surface. The high biotite-content of the

"peridotite" indicates relatively large amounts of water in

the magma, perhaps derived from sedimentary rocks and intro

duced into the magma during block-faulting.
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EVOLUTION OF CRETACEOUS- TERTIARY MAGMA

All the intrusive and some of the extrusive igneous

rocks of El Cuervo area can be explained as derivitives of

one magma:

1. Primary olivine basalt magma differentiated to give oli

vine diabase (TKi-l) and liquid. Olivine diabase where

injected into evaporites was desilicified as Na and Ca

were added, and amphibole-rich rocks resulted (TKi-2).

2. Major part of residual liquid was trachyandesite magma

enriched in Na and Ca where it passed through evapo

rites, eventually to form porphyritic andesite (Ti-l)

and andesite flows (Ta-l and Ta-2).

3* Final stage: Continued differentiation of magma to

trachyte accompanied by settling of heavy crystals to

form residual magma at depth; trachyte dikes (Ti-2 and

Ti-3) are intruded.

4. Residual magma, rich in mafic constituents, released

from great depth by normal faulting, was enriched in

H20 to form "peridotites"; Palo Pegado sill and associ

ated dikes (Ti-4) are intruded.

CENOZOIC BLOCK FAULTING

Subsequent to vulcanism the western half of Trans-

Pecos Texas and adjacent Chihuahua was subjected to erosion,
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probably during late Oligocene time. During this period the

area was subjected to block faulting that resulted in increased

rates of erosion of rocks cropping out in topographically high

areas and consequent deposition in topographic lows (grabens).

About this time the region was uplifted from elevations near

sea level to thousands of feet above sea level (DeFord and

Bridges, 1959, p. 293).

UPPER CENOZOIC DEPOSITS

Bolson Fill

Correlation of bolson fill. In El Cuervo area there

is no paleontological evidence for correlation of fill between

bolsons or with bolsons in other areas. The Benigno and Pre

sidio bolsons originated in grabens formed during Late Tertiary

block-faulting. Although I do not interpret Bols6n El Cuervo

as a graben, deposits in it are similar to those of the Benigno

and Presidio bolsons; probably each bolson developed and

started filling at about the same time. The bolsons of El

Cuervo area are part of a great system of bolsons of Trans-

Pecos Texas, northern Mexico, and southern New Mexico all of

which were probably filling synchronously.

There is paleontological evidence for the age of bolson

fill in the Hueco Bolson, southeast of El Paso and the Red

Light Bolson, between the southern Quitman Mountains and the
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Eagle Mountains. The Hueco and Red Light bolsons are about

20 and 10 miles respectively north of El Cuervo area. Strain

(1966, p. 19) found a Blancan fauna in the upper 200 feet of

the exposed deposits of Hueco Bolson and Akersten (1966) has

found bones of a similar fauna in the Red Light Bolson. The

Blancan fauna indicates an early Pleistocene (Nebraskan-

Aftonian) age. Fill can be traced from the Hueco and Red

Light bolsons to the drainage divide between Rfo Bravo and

Bols6n El Cuervo. Sediment is accumulating in Bols6*n El

Cuervo; probably the age of all exposed fill is Recent, except

the caliche-cemented gravel (Qbg), which is probably Pleisto

cene. The older fill (Qbo) and younger fill (Qby) map units

both contain alluvium that is currently accumulating, but

deposition of most of the older fill preceded deposition of

the younger fill. Thickness of fill in Bols6n El Cuervo is

unknown. Water wells as deep as 475 feet (at Romulo) bottomed

in fill. I assumed a thickness of about 1,000 feet in con

structing structure sections across the bolson. This assump

tion depends on interpretation of bolson structure beneath the

fill. Possibly some of the deeper, unexposed fill of Bolson

El Cuervo is older than Quaternary (Pleistocene).

Sediments probably began accumulating in closed basins

along the Rfo Bravo during Miocene time and continued to ac

cumulate into the Pleistocene (Strain, 1966, p. 9-11; Wilson,

1965, p. 36). Accordingly the oldest sediments in the Presidio
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and Benigno bolsons and possibly in Bols<5n El Cuervo, not

necessarily exposed, are probably Late Tertiary.

Origin of bolson fill. The Presidio and Benigno bol

sons formed as a consequence of the major block faulting.

Centers of both bolsons are over grabens and initially sedi

ment derived from upthrown sides of boundary faults, accumu

lated in the grabens. Block faulting continued during accumu

lation of sediment in the bolsons. Recurrent movements of

boundary faults affected the rate of sediment influx to basins

as well as the size of sedimentary particles. The material

accumulating in the basins was faulted either by recurrent

movement on older faults or by movement on newly formed faults.

Eventually the grabens filled and thin veneers of fill were

deposited on the upthrown sides of faults bounding the grabens.

Figure 16 is a schematic representation of relation

ships between facies of fill in the Presidio Bolson. Probably

relations between facies in the Benigno Bolson are similar,

although the Benigno Bolson is much narrower and some of the

gravel-conglomerate tongues may continue clear across it.

Dickerson (1966) is the latest of several geologists

to study fill in the Presidio Bolson. Dickerson's conclusions

from a study of Hot Springs area, adjacent to El Cuervo area,

are incorporated into the following discussion of the Presidio

and Benigno bolsons. Dickerson recognized three facies of

fill: conglomerate, sandstone, and clay, and described lateral
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Figure 16. Schematic representation of facies relationships

in Presidio Bolson. Great vertical exaggeration; area east of

Rfo Bravo after Dickerson (1966). QTg, gravel-conglomerate;

QTb, sandstone-siltstone-claystone.

and vertical transition zones between each facies. His con

glomerate facies is equivalent to my gravel-conglomerate

facies (QTg) and his sandstone and clay facies are equivalent

to my sandstone-siltstone-claystone facies (QTb).

The gravel-conglomerate facies is made up of alluvial-

fan deposits formed by streams carrying material from the

mountains into the basin. The fan-shaped outcrop patterns of

gravel-conglomerate, east of the mouth of Cafi6n de Navarrete

(J-12) and north of the mouth of Can6n de los Villistas (K-12),

indicate that at least the youngest fans were formed after some

of the major interior drainage now present in the mountains had

developed. Tongues of gravel-conglomerate (QTg) extending into

siltstone-claystone (QTb) (fig. 16) may indicate recurrent
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uplift of mountains bounding the basin, accompanied by in

creased rates of erosion.

Sandstone and siltstone is probably the result of

deposition in streams that meandered over the aggradational

surface of the bolson. Dickerson (1966, p. 27-29) found

microfossils (algae, charophytes, and ostracodes) in a tran

sition zone between his sandstone and clay facies. The

ostracodes probably indicate the existence of a lake during

part of the time of accumulation of the sandstone-siltstone-

claystone facies (QTb). Claystone exhibits regular bedding

and does not contain current structures, thus is probably the

result of deposition in lakes. Dickerson (1966, p. 23) con

cluded:

The best overall interpretation is that the

basin was occupied by a large, somewhat saline,
intermittent or fluctuating playa lake. As the

depth fluctuated, the lateral position of the

shoreline moved, and sand lenses interf ingered
with clay deposits.

This conclusion implies that the lake never completely filled

the basin, i.e., that there was never a body of water against

the mountain fronts. Basically Dickerson's interpretation is

correct, but gravel (QTg) overlies siltstone and claystone

(QTb), adjacent to steeply dipping Cretaceous and Tertiary

rocks in Arroyo Cuatralbo, near Agua Tunel (1-10). The clay

and siltstone at this locality has every appearance of a lake
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deposit. Two interpretations are possible; the depressed area

along Arroyo Cuatralbo was occupied by a local lake or a lake

filled the Presidio Bolson and an arm of it extended into

Arroyo Cuatralbo. Perhaps the siltstone and claystone was de

rived from a distant source. Lakes may have filled both the

Presidio and Cuervo bolsons and the Cuervo lake had a higher

surface elevation than the Presidio lake; eventually it found

an outlet to the Presidio lake. This could be accomplished

in two ways:

1. Headward erosion by tributaries of the Presidio lake re

sulted in capture of the Cuervo lake.

2. The Cuervo lake filled to a point where it overflowed

into the Presidio lake.

In either case the silt and clay that formed the siltstone

and claystone was deposited in an arm of the Presidio lake

near the confluence of a "spillway" and the lake. Silt and

sand could have been derived from any source area contributing

sediment to the Cuervo lake.

Although the depositional record in Bols6n El Cuervo

is similar to that of the Presidio and Benigno bolsons, I do

not believe that Bolso'n El Cuervo developed as a consequence

of normal faulting. More likely a huge anticline developed

in Mesozoic rocks in the present bolson area. The anticline

was breached subsequent to its formation during the Laramide

orogeny and eventually developed into a topographically low
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area with interior drainage. If this interpretation is cor

rect gravel-conglomerate tongues related to periodic faulting

may be absent or at least not laterally extensive in the sub

surface fill.

Deposits on Erosion Surfaces

Correlation of pediment and terrace gravels.--If ped

iments and terraces developed during "pauses" in the gradual

lowering of a common base level, the highest pediment or

terrace is the oldest and the lowest is the youngest. The

highest preserved gravel (Qg3) deposited on pediments and

terraces, the intermediate (Qg4, Qg5), and the lowest (Qg6)

are in erosion remnants that border the Presidio and Benigno

bolsons. In the Texas part of the Presidio Bolson two gravels

higher than the oldest preserved gravel of El Cuervo area have

been mapped (Amsbury, 1958). These higher gravels if ever

present in El Cuervo area have been removed by erosion. The

river gravel (Qrg) is intermediate between the youngest out

cropping strata of the sandstone-siltstone-claystone facies

of bolson fill (QTb) and the most extensive pediment gravel

(Qg4).

All the pediment and terrace gravels mapped in the

Presidio and Benigno bolsons rest unconformably on bolson

fill, therefore their age is probably post-early Pleistocene.

Dickerson (1966, p. 75) found Pleistocene Equus teeth in
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gravel (Qg6) of the Presidio Bolson. Therefore the age of

the pediment and terrace gravels is Pleistocene.

Correlation of pediment and terrace gravels of the

Presidio Bolson with those of the Benigno Bolson is based on

relative position above present stream channels. This as

sumes that physical events that formed pediments and terraces

operated on both bolsons at the same time and that the conse

quences were the same in each bolson. An "ancestral main

stream" probably breached both bolsons prior to pediment and

terrace formation; hence, pediments and terraces are related

to a common base level.

Origin of pediment and terrace gravels. Dickerson

(1966) is the latest of several University of Texas geology

students to study pediment and terrace gravels along the Rfo

Bravo. He has studied deposits in the Hot Springs area,

adjacent to El Cuervo area, and I believe his conclusions as

to the origin of the various deposits are valid for both the

Presidio and Benigno bolsons. Briefly summarized they are:

Pediments and terraces are the result of lateral cutting by

side streams tributary to an "ancestral main stream" that

occupied about the same position in the axial part of the

basin as the present Rio Bravo. The step-like decrease in

elevation of surfaces is probably the result of changes in

rate of downcutting related to cyclic climatic changes during

Pleistocene time. In most places pediments and terraces are



212

overlain by a thin veneer of gravel deposited during the lat

eral planation process.

The river gravel (Qrg) rests unconformably on bolson

fill (QTb) and occurs only in the axial part of the Presidio

Bolson. According to Dickerson (1966, p. 58-6l) it represents

terrace gravel deposited by an "ancestral main stream" during

rejuvenation and dissection of pediment gravel (Qg3).

In El Cuervo area only isolated remnants of what may

have been an extensive pediment gravel (Qg3) remain. The next

oldest gravel (Qg4), the most widespread, was deposited over a

surface that developed over virtually all outcrop areas of the

sandstone-siltstone-claystone facies of bolson fill (QTb) and

locally on Cretaceous rock. Lateral planation during forma

tion of the pediment had little effect on outcrops of the

gravel- conglomerate facies of bolson fill (QTg). The next

youngest gravel (Qg5) was deposited on a surface intermediate

between a terrace and a pediment. Deposits of this gravel

(Qg5) are extensive only along major tributaries to the Rfo

Bravo, and its surface of lateral planation was much less ex

tensive than that of the next older depositional surface (Qg4).

In general the youngest terrace gravel (Qg6) is on paired ter

races along several of the major arroyos. The terraces formed

as streams widened their valley floors by removing spurs; the

gravel (Qg6) was deposited as a thin veneer over them.



STRUC TURE

There are many curious structures in

hell.

Anonymous, from bathroom wall

in Geology attic, circa 1963

El Cuervo area is astride a transitional zone from

block-faulted terrain of the Diablo Platform to the large

scale Jura-type folding of the Chihuahua Tectonic Belt. The

Rfo Bravo flows along a complex graben system in the eastern

part of the area. The eastern front of the La Mula-Sierra

Blanca Range is bounded by the fault system along the west

side of the graben complex; across the range, toward the west,

folding and faulting associated with decollement movement of

evaporites becomes the dominant structural style.

This section describes the major structural blocks

and features, with minimum interpretation. The next section,

"Tectonics," interprets the structure and attempts to place

it into a tectonic framework.

CENTRAL SIERRA PILARES

The central Sierra Pilares, bounded on the south by

the Pilares fault (C, D-8, 9), extends to the northern edge

of the area. Vest (1959) and Daugherty (1959) described the

structure of this part of the range; their work is incorpo

rated into this discussion.

213
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The Borrachera anticline (A, B, C-8, 9) forms the

central Sierra Pilares. The trend of the anticline is north

through most of the area, but to the north and south it bends

to about N. 25 W. The plunge of the anticline is 15 to 35

southeast near Canon Oscuro (D-9), reverses near Arroyo Hondo

(B-9), and is about 20 northwest at the northern edge of the

area. The Borrachera anticline is asymmetrical: the west

flank has an average dip of 15 west, the steep east flank,

45 east. North of Arroyo Severo (A-9) the east flank is

overturned and a system of subsidiary folds, in part over

turned toward the east, occur on it.

In this area the Borrachera anticline has broken into

two thrust faults. Both are overthrust toward the east; the

minor western fault, predominantly in the lower member of the

Bluff Formation, along the axis of the anticline, involves

only the Bluff and Cox formations at the surface (sec. A-A*,

pi. 2). The fault dies out in the Cox Formation to the south,

near Arroyo Severo. Along the eastern fault the middle part

of the Cox Formation rests on the Loma Plata Limestone; the

estimated displacement is 1,500 to 2,000 feet. This fault

dips approximately 30 toward the west near the northern

border of the area.

North of Can6n Oscuro there is a system of north-

trending perianticlinal faults of small displacement (50 to

200 feet) around the southern nose of the Borrachera anticline.
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One of these faults continues to the north for about 4 miles

along the axial trace of the Borrachera anticline, becoming a

longitudinal fault, down to the west (estimated stratigraphic

throw of 500 feet). The westernmost fault of the system,

trending N. 25 W., continues about 3 miles to the northwest

where it passes under bolson fill. This fault is inferred to

extend beneath fill to the northern edge of El Cuervo area and

as such is a boundary fault of the range. Its estimated

stratigraphic throw is 300 feet; it is down to the west along

the western edge of the northern part of the central Sierra

Pilares. Other than this fault the western limb of the Bor

rachera anticline is not cut by faults of any consequence and

dips beneath fill of Bolson El Cuervo. The eastern front of

the central Sierra Pilares is a fault-line scarp, bounded by

the inferred, north-trending Borrachera fault, a normal fault

with estimated stratigraphic throw of 3,700 feet, down to the

east, at the top of the Paleozoic "basement."

SOUTHERN SIERRA PILARES

The Southern Sierra Pilares extends south from the

Pilares fault to the southern end of the Sierra Pilares at

Paso Rancherfa. Structurally the northern Sierra Pinosa,

west of the Benigno fault and north of the Cuatralbo fault,

is continuous with the southern Sierra Pilares and will be

described in this section. Hamilton (l96l) has described
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structure of the southern Sierra Pilares; Dill (l96l) de

scribed structure of the northern Sierra Pinosa. Much of the

following discussion is based on their work.

Pilares Fault

The major structural feature of the southern Sierra

Pilares is the Pilares fault, a thrust fault trending N. 35

W. across the sierra. Overthrust toward the northeast, the

fault has an estimated maximum displacement of 10,000 feet

(sec. B-Bf, pi, 2). The lower member of the Las Vigas Forma

tion crops out on the hanging wall adjacent to the fault

trace. Formations cropping out on the footwall near Can6*n

Oscuro are the Loma Plata, Del Rio, and Buda. Northwestward

the exposed formations of the footwall adjacent to the fault

are progressively older until the Cox Formation crops out be

low the fault at its western termination against a normal

fault. This configuration may indicate that the Pilares fault

dies out to the northwest. On the southeast the Pilares fault

is offset by the Benigno fault. Within the mountains its

trace is offset by three northerly trending normal faults,

each down to the east.

The dip of the Pilares fault ranges from 25 to 50

southwest and is parallel to bedding in the lower member of

the Las Vigas Formation, except on the northwest where the

footwall is Finlay Limestone and beds of the hanging wall,
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striking into the fault almost at right angles, dip to the

northwest about 55. Southeast of Canon Oscuro in a down-

dropped block west of the Benigno fault, the trace of the

Pilares fault can be followed across the nose of the Bor

rachera anticline, and the fault has probably been folded be

cause its dip changes from 45 southwest to 30 southeast of

the anticline.

Barco Syncline and Filo Syncline

The Barco syncline is the central fold in a series of

folds southwest of the northern end of Cresta Pajarito (E-8).

From the Quemado fault (F-8) northward, the outcrop pattern

of the Finlay Limestone indicates that the basic structural

feature of the southern Sierra Pilares, west of the east face

of Cresta Pajarito, is a syncline trending N. 25 W. and

plunging gently north. The southern end of the syncline,

near Rancho Pajarito, is a broad, ill-defined fold, faulted

along its axis by a system of longitudinal faults, presumably

steeply dipping normal faults, trending N. 25 W., down to

the east. Northward from Rancho Pajarito, the Finlay, Bene

vides, and Loma Plata formations cropping out in the syncline

are intensely deformed into a series of folds, which include

the Barco syncline. The longitudinal fault system dies out

as the folds appear. The Barco syncline and associated folds

trend N. 25 W. and plunge northwestward. Locally the Barco
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syncline is overturned toward the northeast. Beds on the over

turned southwest flank dip 80 southwest to 90, and beds on

the northeast flank dip 30 to 55 southwest. West of the

Barco syncline there is a longitudinal fault, down to the west,

where there should be an overturned anticline in the fold sys

tem .

The broad Filo syncline is developed in the Cuchillo,

Benigno, Cox, Finlay, and Benevides formations south of the

Quemado fault. The Filo syncline trends N. 25 W. and plunges

10 to 15 northwest. Locally the plunge steepens to as much

as 45. The fold is symmetrical, dips on both flanks are gen

erally 15 to 20.

Quemado Fault

The vertical Quemado fault trends northeast, perpendic

ular to the structural grain of the southern Sierra Pilares.

The most plausible explanation seems to be that it it a tear

fault associated with faulting along the Pilares thrust fault,

but the following lines of evidence indicate that the latest

movement on the fault has been predominantly dip-slip:

1. From stratigraphic evidence the fault is down to the south

1,000 to 1,500 feet and there is no need to invoke strike-

slip displacement to explain outcrop patterns north and

south of the fault.

2. When observed in detail the fault has a sinuous trace; it

trends N. 65 to 85 E. near Rancho Quemado and bends to
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N. 60 E. about 0.6 mile east of the ranch. "Typical"

tear faults have no such irregular traces.

The axis of the Filo syncline trends into the axis of the

syncline north of the fault with no obvious lateral off

set; providing the Filo syncline is the same structure as

the Barco syncline.

Several folds adjacent to the fault trend parallel and

subparallel to it. South of the fault, east of Rancho

Quemado, a syncline in the Cox Formation trends N. 85 E.

and plunges to the east; farther east a similar syncline

in the Finlay and Benevides formations trends N. 65 E.

and plunges to the west. North of the fault near Rancho

Quemado, an anticline in the Cox Formation that trends and

plunges N. 75 E. parallels the fault trace for about 0.7

mile and intersects the fault where the trace bends sharply

to the northeast. Although it is possible to interpret

these folds as drag folds on a strike-slip fault, the theo

retical angle between drag fold axes and strike-slip faults

is 15 and these folds are essentially parallel to the

fault. They are better interpreted as drag folds associ

ated with predominant dip^slip movement along the Quemado

fault.

Normal Faults Bounding Southern

Sierra Pilares

The southern Sierra Pilares is a horst between the
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Benigno graben on the east and Bols6*n El Cuervo on the west.

The Benigno fault, the eastern boundary fault, is in

ferred to be a normal fault, down to the east, en echelon with

the Borrachera fault that bounds the central Sierra Pilares,

and is inferred to be a continuation of the easternmost peri-

anticlinal fault on the southern nose of the Borrachera anti

cline. From Can6*n Oscuro the Benigno fault forms a northwest

erly to northeasterly trending arc around Cresta Guante (D,

E-9) to intersect the Quemado fault; and thence trends S. 25

E. into the northern Sierra Pinosa to terminate against the

Cuatralbo fault. About 2 miles north of the Paso Rancherfa

road several normal faults, parallel and subparallel to the

Benigno fault, appear west of the fault; all are down to the

east. Estimated stratigraphic throw of Lower Cretaceous for

mations along the Benigno fault ranges from a few hundred feet

north of Canon Oscuro to about 4,500 feet at structure sec

tions B-Bf and C-C (pi. 2).

West of Rancherfa a normal fault drops the Benigno

Formation against the Cuchillo Formation. Farther to the

north, west of Pajarito, normal faults, down to the west within

the Cox and Finlay formations, trend N. 25 W. They are in

ferred to be segments of a normal fault bounding the western

side of the southern Sierra Pilares. Estimated stratigraphic

throw is 500 to 800 feet.
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Sierra Pinosa, West of Benigno Fault

Along the eastern edge of this area the Benigno fault

has an estimated stratigraphic throw of about 4,500 feet in

Lower Cretaceous rocks and about 2,500 feet in the Paleozoic

"basement." The difference in throw is attributed to flow of

evaporites during faulting (fig. 17). A normal fault, about

Figure 17. Hypothesis of how evaporite flow can

result in greater stratigraphic throw of fault on

Cretaceous rocks than on Paleozoic "basement."

0.8 mile west of the Benigno fault and parallel to it, dips

55 east and is down to the east with stratigraphic throw of

about 1,000 feet on Lower Cretaceous rocks. These two faults

are the major faults of a system of normal faults in the

southern Sierra Pilares, south of the Quemado fault that ter

minates against the Cuatralbo fault to the south. West of
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this fault system beds of the Las Vigas and Cuchillo forma

tions dip gently to the east and north. Nevertheless, the

outcrop pattern of the Las Vigas-Cuchillo contact suggests

that the northeastern part of the area is a broad synclinal

feature continuous with the Filo syncline to the north, and

that its axis intersects the westernmost normal fault of the

Benigno fault system.

The western edge of the northern Sierra Pinosa does

not appear to be bounded by normal faults of any consequence,

except for the area around Rancherfa where the western bound

ary fault of the southern Sierra Pilares is inferred to bend

from a northwest trend toward the southwest and to head into

Bolson El Cuervo. Beds of the Las Vigas and Cuchillo forma

tions dip uniformly to the north and east, away from the bol

son, along the western edge of the range between Rancherfa

and Arroyo Cuatralbo. The prevailing dip is interrupted by

an anticline and a syncline along the Cuatralbo fault north

east of Cuatralbo. These folds are small; both trend and

plunge northwest and probably die out in a short distance.

Axes of the folds intersect the Cuatralbo fault at an angle

of about 65. Several minor folds adjacent to the western

most fault in the Benigno fault system also trend parallel

to it



223

Gravity Slide

About 3 miles west of Gatun (F-9), near the eastern

end of the Quemado fault, there is a large outcrop area of

the Cox and Finlay formations at the base of the front of the

southern Sierra Pilares. This area is probably the outcrop

of an allochthonous block that slid down the east flank of

the Sierra Pilares from the Cox and Finlay outcrops along

Cresta Pajarito to the northwest.

BENIGNO GRABEN

The Benigno graben, coincident with the Benigno Bol

son, trends N. 7 E. for about 18 miles from the northern

Sierra Pinosa to the northern edge of El Cuervo area, and has

an average width of 2.5 miles. The graben is bounded on the

west by the Sierra Pilares and on the east by the northern

Sierra Pinosa, Sierra de la Ventana, and outcrops of Tertiary

volcanic rocks on the Texas side of the Rfo Bravo. The north

ern edge of the graben is essentially the northern boundary

of El Cuervo area.

The western boundary faults of the graben (Borrachera

and Benigno faults) are en echelon, and the throw along them

is about 4,500 feet in Lower Cretaceous rocks. The eastern

boundary fault in the southern part of the graben is the Gatun

fault, an inferred normal fault with a throw of about 3,000
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feet, down to the west. The Gatun fault dies out about 2.5

miles south of Gatun and presumably continues to the north,

across the Rfo Bravo into Texas. The northern part of the

Benigno graben is bounded on the east by an unnamed fault, en

echelon to the Gatun fault, that has an estimated throw of

1,000 feet down to the east.

Structure within the Benigno graben beneath the bol

son fill is unknown. In the northern Sierra Pinosa a syncline,

adjacent to the Benigno fault, plunges beneath fill of the

graben, suggesting that structure beneath the fill is in part

a syncline.

NORTHERN SIERRA PINOSA AND SIERRA DE LA VENTANA

The northern Sierra Pinosa and Sierra de la Ventana

form an irregularly shaped area bounded on the south by Arroyo

Cuatralbo, on the north by Arroyo Benigno, on the west by the

Benigno fault, and on the east by the Palo Pegado fault.

Allen (1957) and Dill (I96l) have described the structure of

this area; their work is incorporated into this discussion.

Area South and West of Fresnos Anticline

Except for disturbed zones adjacent to the Cuatralbo

fault Cretaceous formations dip toward the west, generally 20

to 25, throughout the Sierra Pinosa south and west of the

Fresnos anticline. This is in sharp contrast with the prevalent
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east-dipping beds west of the Benigno fault. Adjacent to the

Benigno fault there is a north-plunging syncline, that dis

appears beneath fill in the Benigno graben, and southwest of

Rancho Gordo (G-10), there is a gentle syncline in the Loma

Plata Limestone adjacent to a fault. These synclines, faulted

on their western flanks, are the only striking interruptions

in the prevailing westerly dip of this area. In the southern

part of the area the west-dipping homocline is interrupted by

a system of three evenly spaced, presumably normal faults (at

mile intervals) that trend northwest, subparallel to the

Benigno fault (about N. 25 W.). The westernmost of these

faults is about 1.5 miles east of the Benigno fault, and all

three terminate against the Cuatralbo fault to the south. The

eastern pair of faults extends about 3 miles north of the

Cuatralbo fault. The westernmost fault extends at least 7

miles to the north, bending near the latitude of Rancho Gordo

to become subparallel to the Gatun fault (about N. 10 E.);

possibly it intersects the Gatun fault between El Gatun and

El Guante (E-10). The Gatun fault is down to the west, but

the normal faults southeast of it are down to the east with

stratigraphic throws ranging from about 250 to about 1,100

feet. These faults probably do not affect the Paleozoic "base

ment" (sec. D-Df, pi. 2).
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Fresnos Anticline

The Fresnos anticline is a large doubly plunging anti

cline with an average trend of N. 28 W. Near its center the

anticline is symmetrical and beds dip 20 to 30 away from the

axis. The east flank of the fold is complicated by several

east-facing monoclines and an anticline, overturned toward the

east, above the Comedor fault. North and east of Rancho Gordo,

west of the axis of the anticline, several north-trending

faults cut across the axis as it changes trend from N. 15 W.

to N. 37 W., near the latitude of El Comedor (F-10). The

westernmost of these faults has the greatest throw, an esti

mated 3,000 feet, down to the west (sec. C-Cf, pi. 2). The

other faults have small displacements down to the west. Dill

(1961, p. 33) reported that the westernmost of these axial

faults dips 70 west. They are probably normal faults. North

of Gordo the axial fault system is the eastern boundary of a

small graben that is bounded on the west by the westernmost

fault of the system east of the Benigno fault in the Sierra

Pinosa.

Comedor Fault

The trace of the Comedor fault, a major thrust fault,

is visible along the eastern front of the mountains from the

southern end of the Sierra de la Ventana to Arroyo Cuatralbo.
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In scattered outcrops west of the poblado of Los Fresnos (D-l)

beds of the Ojinaga Formation dip westward (25 to 45), and

at the northern end of the Sierra de la Ventana beds of the

same formation dip 30 eastward. A syncline trending N. 35

W. is inferred between the outcrops around the poblado and the

northern end of the sierra. Southward along the inferred syn

cline beds on the west flank are perhaps overturned and dip

toward the west. Farther south, the same interpretation places

the Comedor thrust fault along the axis of the syncline. North

of Arroyo Ventana (E-ll) the thrust fault is exposed and can

be traced southward to Arroyo Cuatralbo. From the northern

termination of the Comedor fault to Alamo Pegado (G-ll) part

of the Ojinaga dipping westward, crops out below the fault.

In the vicinity of Tarlis (H-ll), an intrusion composed of

Jurassic (?) evaporites and beds of the Navarrete Formation

has complicated the sequence below the Comedor fault. The

outcrop of progressively older formations southward in the

hanging wall of the Comedor fault from outcrops of the Loma

Plata Limestone near Arroyo Ventana to outcrops of the Cu

chillo Formation south of Palo Pegado, may indicate that the

displacement increases southward.

About 2.5 miles southwest of El Comedor, in an imbri

cate fault above the Comedor fault the stratigraphic-structural

sequence that crops out from east to west is:

1. In footwall of Comedor fault, Ojinaga Formation dips 30
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to 40 westward.

2. Comedor fault, dipping westward (estimated 30).

3. Horse of Finlay Limestone, dipping about 70 (overturned)

westward.

4. In hanging wall of Comedor fault system, Benigno Forma

tion dips about 30 westward.

The Comedor fault dips westward. In the vicinity of

Tarais it dips less than 5. Because this area is complicated

by sedimentary intrusion this dip is not considered represent

ative of the fault along its trace north of Alamo Pegado. The

trace of the fault north of Alamo Pegado suggests a moderate

dip, probably greater than 10 and less than 45. Section

C-Cf (pi. 2) shows a conjectured 30.

Overthrusting along the Comedor fault is toward the

northeast and I infer that the minimum displacement increases

toward the south from several hundred feet at structure sec

tion C-C? (pis. 1 and 2) to about 5,500 feet at structure sec

tion D-Df (pi. 2) in the vicinity of TarAis.

Gravity Slide

Two miles northwest of El Comedor (E-ll) a large

irregularly-shaped outcrop of Loma Plata Limestone forms a

prominent cuesta above outcrops of Ojinaga Formation and ped

iment gravel. The overturned Loma Plata dips about 15 west

ward. A thin band of possible Del Rio Formation at the base
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of the cuesta (not shown on pi. l) establishes the overturn

ing. The attitude of the Loma Plata in this outcrop is in

sharp contrast with near-vertical beds of Loma Plata on the

eastern flank of the Fresnos anticline to the west. Probably

this area is the outcrop of an allochthonous block that has

slid onto the Ojinaga Formation off a flap that developed on

the east flank of the Fresnos anticline.

PRESIDIO GRABEN

The south-trending Presidio graben is essentially

coincident with the Presidio Bolson. The western part of the

bolson occupies the eastern part of El Cuervo area from about

a mile southeast of El Comedor (F-ll) to the southern edge of

the area. The western limit of the graben, in Chihuahua, is

the Palo Pegado fault and the eastern limit, in Texas, is the

fault complex along the west front of the Sierra Vieja and

Chinati Mountains (Amsbury, 1958). The average width of the

graben is about 10 miles.

Bolson fill, generally dipping gently westward (less

than 5), crops out in the graben over most of El Cuervo area;

in the extreme northern part of the graben parts of the Vieja

Group and El Picacho Formation crop out. These pre-bolson

rocks are gently folded into an anticline and syncline, both

trending south and plunging gently southward (less than 5).

The location of these folds between the Palo Pegado fault and
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a normal fault of small displacement within the Vieja Group

and bolson fill suggests that they may have formed during

periods of faulting. Except for the small normal fault east

of the folds, no faults crop out within the graben in El

Cuervo area. This lack of faults sharply contrasts with the

abundance of normal faults offsetting bolson fill on the

Texas side of the graben (Amsbury, 1958).

Palo Pegado Fault

The Palo Pegado fault, a normal fault of large dis

placement, can be traced southward from El Comedor to about a

mile north of Arroyo Navarrete (J-ll) where it disappears be

neath the gravel-conglomerate facies of bolson fill (QTg).

From 2.5 miles north of Arroyo Cuatralbo to Ojos Calientes

(H, 1-12) the trace of the fault is along the base of a west-

facing obsequent fault-line scarp developed in this gravel-

conglomerate (QTg). The Ojinaga Formation crops out along

the western, upthrown, side of the fault along the scarp.

Nowhere along this scarp is there evidence that the gravel-

conglomerate is faulted.

At several places along the fault for about 2 miles

south of Ojos Calientes the trace of the Palo Pegado fault is

clearly visible in arroyo walls. The fault dips 55 east,

and the sandstone-siltstone-claystone facies of bolson fill

(QTb) is faulted down against the Ojinaga Formation. Along
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the fault there is a 3-foot zone of white, altered clay in

the bolson fill. Beds of fill, adjacent to the fault, dip

east, away from the fault, as much as 15 but resume a hori

zontal to slightly west dip within several hundred feet. The

hot springs at Ojos Calientes well up along the Palo Pegado

fault

From a mile north of Arroyo Navarrete to the southern

edge of El Cuervo area there is no trace of the fault at the

surface, nevertheless, I infer its presence beneath bolson

fill and pediment-terrace gravel.

Along the east side of the Palo Pegado fault the

gravel-conglomerate facies of bolson fill overlies the

sandstone-siltstone-claystone facies. Both units generally

dip westward, toward the mountains, from 3 to 5. There is

no evidence that the gravel-conglomerate facies is offset by

the fault, but the sandstone-siltstone-claystone is definite

ly faulted.

In the northern part of Arroyo Palo Pegado the lower

part of the Ojinaga Formation is faulted against the upper

part of El Picacho Formation. Assuming a thickness of Oji

naga and concealed San Carlos (pi. 3) of 2,500 to 3,000 feet,

a 30 westward dip for beds west of the fault, and a gentle

eastward dip for beds east of the fault, the stratigraphic

throw at the top of the Ojinaga is about 2,600 feet, down to

the east. Structure sections D-D', E-Ef, F-F', and G-G (pi.
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2) show a stratigraphic throw at the top of Paleozoic "base

ment" of 3,000 to 3,200 feet.

ARROYO CUATRALBO AND VICINITY

Even a casual glance at the geologic map (pis. 1 and

5) shows that the transverse structure along Arroyo Cuatralbo

forms an abrupt boundary between an ordered regimen of north-

trending normal faults of the northern Sierra Pinosa and a

seemingly chaotic system of faulting in the western part of

the southern Sierra Pinosa. Structure along the arroyo is in

timately related to the structure of the southern Sierra

Pinosa and there is no good geological break between the two

areas

Cuatralbo Fault

The Cuatralbo fault is the northern boundary of the

transverse structure along Arroyo Cuatralbo. The fault is

vertical, trends N. 86 E. across the Sierra Pinosa, and its

trace is remarkably straight except for a slight bend 1.2

miles east of Cuatralbo (H-9)# where it splays into two faults.

Nowhere along the Cuatralbo fault is it transected by other

faults. The fault traces of northern Sierra Pinosa terminate

against the Cuatralbo trace.

For about 1.2 miles east of Cuatralbo, along the

Cuatralbo fault the zone of faulting averages about 100 feet
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wide. Faults are all nearly vertical within the fault zone.

Near the northward bend of the fault trace east of Cuatralbo,

numerous surfaces exhibit slickensides ranging from horizontal

to vertical, but predominantly plunging 17 to 30 east.

About 0.5 mile farther east, where the lower member of the Las

Vigas Formation is faulted against the Cuchillo Formation,

though the fault "trace" is more of a band than a line, it is

a relatively clean break along a zone no more than 20 feet

wide. This narrow zone of faulting is characteristic of the

fault trace from here eastward.

Beds as young as Tertiary have been affected by the

Cuatralbo fault. West of Asibuche (H-10), south of the fault,

steeply dipping beds of conglomerate (Tcg-l) intersect the

trace at a small angle, indicating that they have been offset;

north of Agua Tdnel (H-10), however, beds of the same conglom

erate concordantly overlie beds of the middle member of the

Cox Formation and there is no sign of faulting along the con

tact

From about 1.5 miles west of Agua Ttinel to Asibuche,

beds north of the Cuatralbo fault dip steeply toward the fault

and beds south of the fault dip steeply away from it. If the

deformation of these beds is in part the result of faulting,

the latest movement along this segment of the fault was pre

dominantly dip-slip displacement.
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Diapirs

Along Arroyo Cuatralbo there are three areas of out

crop of diapirically injected rocks of the Navarrete Forma

tion and the older, unnamed evaporites. From west to east

they are: an area 2 miles east of Cuatralbo (H-9), an area

1 mile west of El Sauce (H-10), and the area around Tarais

(H-ll).

Diapir east of Cuatralbo.--In the area east of

Cuatralbo gypsum of the unnamed evaporites crops out. Lo

cally the gypsum contains interbeds of sandstone and shale

that are either indigenous to it or derived from the Navar

rete Formation. The outcrop area of the diapir is oval-

shaped, elongate, N. 65 W., and covers about 0.5 square mile.

Gypsum crops out along many of the arroyo channels, but the

uplands are covered by a thin veneer of bolson fill and

gypsite (average 10 feet thick). Most of the contacts be

tween gypsum and younger sedimentary rocks are nearly verti

cal, but an excellent exposure of the contact between gypsum

and the Las Vigas Formation, near the northwest edge of the

diapir outcrop, dips 35 northwest. Generally along the con

tact of the diapir there is a zone of brecciation and intense

deformation less than 50 feet wide, but locally as much as

200 feet wide. At several places clastic sedimentary rocks

interbedded with gypsum are folded, and the fold axes are
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essentially vertical.

Diapir west of El Sauce. About 1.5 miles west of El

Sauce steeply dipping beds of the Navarrete Formation crop

out in an area of about 0.7 square mile. Locally there are

small outcrops of gypsum and black dolomite that probably are

derived from the unnamed evaporites and intruded into the

Navarrete Formation. The Navarrete is in contact with the

Cox and Loma Plata formations and with unnamed Tertiary con

glomerate, siltstone, and tuff. At the contacts the Navarrete

and younger Cretaceous formations exhibit brecciated zones,

dip steeply, and are strongly discordant; the strike of the

Navarrete in many places is perpendicular to the strike of

the Cox and Loma Plata. South of the Navarrete outcrop and

adjacent to it, the Loma Plata on the north limb of a syncline

is intensely fractured throughout. Contacts between the

Navarrete and Tertiary beds are discordant, but there is no

breccia in the Tertiary along the contact. Tertiary beds dip

steeply "into the Navarrete" in outcrops adjacent to it. The

contact between the Navarrete and the unnamed tuff (Tt-l) is

unconformable but beds of the tuff dip gently (less than 10)

and do not project "into the Navarrete" in sharp contrast

with older conglomerate and siltstone beds.

In a small outcrop about a mile west of the outcrop

of the Navarrete Formation, the Tertiary conglomerate rests

on black dolomite of the unnamed evaporite unit; where exposed
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the contact is concordant and dips about 60. There is no

brecciation of conglomerate along this contact. Conglomerate

and siltstone beds dip away from the dolomite westward and

eastward suggesting a doming around the dolomite outcrop.

The Navarrete beds are indubitably intruded into the

Cox and Loma Plata formations and may also be intruded into

the siltstone and conglomerate units, but the lack of breccia

tion in Tertiary rocks suggests that the Tertiary rocks have

collapsed into their present position.

Diapir at TarAis. An outcrop of Navarrete Formation

and unnamed evaporites in the vicinity of Tarais has an area

of about 1.5 square miles. Navarrete beds dip steeply and

are folded into near-vertical anticlines and synclines.

Gypsum has been intruded into the Navarrete along the east

front of the diapir outcrop and at several places west and

southwest of Tarais.

The Navarrete and gypsum are in contact with younger

Cretaceous formations along the northwestern edge of the out

crop. Where exposed the contact between the diapir and

younger beds is sharp and dips gently west (less than 5). I

interpret this contact as a part of the Comedor thrust fault

that overlies the diapir. West of TarAis, on the south side

of an arroyo, an Ojinaga outcrop below the Comedor fault is

underlain by Navarrete beds, presumably that were injected

into the Ojinaga. A concealed diapiric contact between the
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Navarrete and Ojinaga formations probably is present beneath

gravel (Qg5) that rests unconformably on the Navarrete along

the eastern and southern edges of the diapir outcrop.

Folds

From Ojo Cuatralbo (1-9) north to the Cuatralbo fault

the outcrop pattern of Cretaceous formations, across the

transverse structural feature shows an east-trending syncline

that plunges steeply eastward (more than 50). The syncline

is asymmetrical with its steep flank against the Cuatralbo

fault, and the synclinal axis terminates against the fault

trace north of the diapir east of Cuatralbo. South of the

axis the nose of the syncline is broken by a series of east-

trending normal faults. Several small anticlines, locally

overturned, are adjacent to the faults, but only one is shown

on the geologic map (pis. 1 and 5). The anticlines are on

the upthrown sides of faults and are probably drag folds. The

Tertiary conglomerate (Tcg-l) that unconformably overlies the

Loma Plata Limestone west of Agua Ttinel does not show the

principal syncline, but north of Agua Ttinel there is a small

syncline in both Loma Plata and conglomerate on the north

flank of the main snycline. About two miles southwest of El

Sauce a tight asymmetrical syncline in the Loma Plata, Del

Rio, Buda, and Ojinaga formations adjacent to the diapir west

of El Sauce trends N. 80 W. and plunges westward at a low
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angle. Beds near the axis of the fold dip steeply and pos

sibly are displaced by a longitudinal fault or faults not

shown on the geologic map (pis. 1 and 5). On the north flank

of the syncline beds of the Loma Plata Limestone are vertical

and locally are overturned.

Faults South of Arroyo Cuatralbo

A system of east-trending normal faults follows the

southern edge of the transverse feature along Arroyo Cuatralbo

in an arcuate band, about 0.5 mile wide, from Cuatralbo to El

Roque (l-ll). This system is intersected by a system of

north-trending normal faults.

East-trending faults. Most of the east-trending

faults trend about S. 75 E., but faults south of Cuatralbo

and west of Agua Tular (l-ll) trend N. 80 to 85 E. A fault

0*4 mile north of El Sauce also trends north of east. All

but one of the faults of this system dip steeply northward

and are down to the north. In the fault complex southwest of

El Roque a fault along the north edge of an outcrop area of

Finlay Limestone is down to the south. Traces of the faults

of this system are "clean breaks" with no significant zones

of fracturing or brecciation. Drag folding of beds along

faults is locally well developed in the Cuchillo Formation

and in the lower member of the Cox Formation and is virtually

absent in other formations. Stratigraphic throw ranges from
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several hundred to more than 2,000 feet and varies along the

strike of several faults because of differences in attitude

of beds on opposite sides. Most faults of the east-trending

system terminate against faults of the north-trending system,

and in several places faults of the east-trending system may

be offset by faults of the north-trending system.

North-trending faults. Faults of the north-trending

system trend between N. 25 W. and N. 15 E. and all except

the easternmost fault, near El Sauce, die out south of dia

piric features along Arroyo Cuatralbo. Faults of this system

are both up to the west and down to the west, and strati

graphic throw ranges from several hundred to as much as 2,000

feet. About 1.5 miles S. 50 E. of Cuatralbo the trace of the

westernmost exposed fault of the system bends abruptly from N.

3 W. to N. 75 W. near its intersection with a fault of the

east-trending system. The easternmost fault of the north-

trending system, near El Sauce, is inferred to bend from a

trend of N. 25 W. to N. 80 E. west of El Roque and become

one of the east-trending faults. Fault surfaces are not ex

posed along north-trending faults, and faulting is distributed

across zones up to 50 feet wide. At several localities where

Cuchillo beds are exposed, adjacent to faults, drag folding

is well developed, beds of other formations exposed along the

faults are relatively undisturbed beyong the zone of faulting.
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SOUTHERN SIERRA PINOSA

The area discussed in this section includes two parts

of the Sierra Pinosa: the area between the southern boundary

of the Arroyo Cuatralbo geologic map (pi. 5) and the northern

boundary of the transverse structure along the western part

of Canon de Navarrete, including part of the area shown on

Plate 6 (area west of Pinosa syncline, Pinosa syncline and

Pinosa fault, and Tule and Toro faults); and thrust faults

and folds along the eastern front of the Sierra Pinosa between

Arroyo Cuatralbo and the La Chiva fault (eastern margin of

southern Sierra Pinosa).

Area West of Pinosa Syncline

The outcrop pattern of Cretaceous formations in this

area indicates that the basic structure is a complexly faulted

anticline trending about N. 20 W. and plunging less than 10

toward the south. Cerro Venado (1-9) is near the axis of the

anticline. Normal faults in this area belong to mutually

intersecting east- and north-trending fault systems. Many

have arcuate traces; one fault, 2 miles east of El Puerto (J-

9) changes trend from N. 7 W. to N. 80 E. becoming part of

the transverse structure along Arroyo Navarrete. Wherever

the traces are exposed, the faults are sharp breaks, and fault

zones are absent to narrow (less than 20 feet wide). Strati

graphic throw ranges from less than 100 feet to a maximum of



242

about 1,000 feet, but most of the faults have displacements

of less than 300 feet.

Pinosa Syncline and Pinosa Fault

The Pinosa syncline trends N. 15 W. along the crest

of the southern Sierra Pinosa between transverse structure

features along arroyos Cuatralbo and Navarrete. The syncline

is broad and symmetrical and plunges gently southward (less

than 10).

The Pinosa fault trends east across the Pinosa syn

cline, and terminates against the Toro fault on the east and

another, unnamed, fault on the west 3 miles east of El Puerto.

The Pinosa fault is a reverse fault dipping south; on the east

flank of the Sierra Pinosa the dip is 55 south. The axis of

the Pinosa syncline is unbroken across the Pinosa fault. Its

stratigraphic throw ranges from an estimated 1,200 feet near

the western end to 3,500 to 4,000 feet at the eastern end of

the axis. A reverse fault 0.6 mile north of the trace of the

western part of the Pinosa fault and parallel to it has an

estimated stratigraphic throw of 1,500 feet. Probably this

is part of the Pinosa fault system. Therefore total throw of

the system ranges from about 2,700 feet on the west to as much

as 4,000 feet on the east (sec. P-Pf, Q-Q, and R-Rf
, pi. 7).
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Tule and Toro Faults

The Tule fault trends N. 15 W. and extends from the

Pinosa fault northward to the southern edge of the transverse

structure along Arroyo Cuatralbo. Near Arroyo Cuatralbo the

Tule fault intersects an east-trending fault, and both faults

terminate. The fault is a normal fault, down to the east,

and dips 65 east. Stratigraphic throw increases along the

fault from 100 to 200 feet at its southern end to about 500

feet at its northern end.

The Toro fault has an extremely irregular trace; from

its northern end against a small reverse fault, it trends S.

15 E. for about 2 miles south of Agua El Toro, S. 70 E. for

1.5 miles across Arroyo Navarrete and finally S. 5 E. for

0.8 mile to its southern end against the La Chiva fault, 0.8

mile northwest of La Chiva (K-ll). The fault is presumably

normal and down to the east; south of Agua El Toro it dips

30 to 35 east. Near the eastward bend of the Toro fault,

the dip increases, and along Arroyo Navarrete it is probably

60 or more. North of the La Chiva fault the Toro fault is

within the Cuchillo Formation and seems to follow the bedding,

dipping about 70 east. The extremely variable stratigraphic

throw along the Toro fault, about 200 feet at the northern

end, increases southward to about 2,000 feet at the intersec

tion with the Pinoea fault. South of the intereeetion the
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throw is about 4,000 feet, but it decreases toward the south

to less than 1,000 feet at the intersection with the La Chiva

fault. The abrupt increase in throw suggests that the Toro

and Pinosa faults developed synchronously and that at the

branch of the faults the sum of throw of the branches is equal

to the throw along the main stem. This suggestion is diffi

cult to reconcile because the Pinosa fault is a reverse fault

and the Toro fault is presumably normal. Possibly there was

significant strike-slip movement along the segment of the Toro

fault south of its intersection with the Pinosa fault. In

other words this segment of the Toro fault acted as a "tear"

fault during faulting along the Pinosa fault.

Eastern Margin of Southern Sierra Pinosa

From Arroyo Cuatralbo to 0.5 mile north of Arroyo

Navarrete, the Comedor thrust fault crops out along the east

ern front of the Sierra Pinosa. Between Arroyo Navarrete and

Arroyo La Chiva the Palo Pegado fault is inferred along the

mountain front, and the subsurface trace of the Comedor fault

is on the sole of the thrust beneath the mountains. West of

the thrust front between Arroyo Cuatralbo and Arroyo La Mina

the La Mina thrust fault crops out in the mountains between

the Comedor fault and a normal fault system west of El Roque.

South of Arroyo La Mina there is a belt, 0.5 to 1.3 miles

wide, of intensely folded rocks (frontispiece) between the
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Comedor fault and a normal fault system subparallel to it.

West of the normal fault system intensity of folding dimin

ishes westward until faulting becomes the dominant structural

style of the Sierra Pinosa.

Area north of Arroyo La Mina. --The Comedor fault and

an imbricate thrust above it form the contacts of beds of the

Benigno, Cox, Finlay, Benevides, and Loma Plata formations

with the underlying Ojinaga Formation, which is the only for

mation that crops out below the Comedor fault. Between the

two thrusts, beds of the Finlay Limestone, and locally on

Cerro del Ojo Caliente (l-ll), the Benevides Formation, dip

ping 30 to 60 west, form a horse The fault zone along the

Comedor fault trends N. 12 W. About a mile east of El Roque

(l-ll) the fault zone, 10 to 30 feet thick, along the imbri

cate fault above the Finlay Limestone is excellently exposed.

The fault zone strikes No 18 W. and dips 36 west where the

Benigno is thrust over the Finlay. Toward the east, up the

northwest face of Cerro del Ojo Caliente, the dip of the zone

steadily increases until it strikes due north and dips 60

west near the crest of the hill. The surface of the Finlay

Limestone below the imbricate fault is covered with a thin

veneer of calcite and locally, mullion structure, plunging

25 north 75 west, has developed on it. Drag folds in the

fault zone trend from due north to N. 20 W., but the plunge

is 5 to 10 southward. The axis of an anticline, overturned
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toward the east, trends N. 3 W. along the crest of Cerro del

Ojo Caliente above the imbricate fault. Direction of over-

thrusting along the Comedor fault system was about N. 75 E.

and displacement is estimated to be 7,000 to 8,000 feet on

the Comedor fault and 800 feet on the imbricate fault (sec.

E-E, pi. 2).

The trace of the La Mina fault follows Arroyo La Mina

for 1.5 miles west of Cerro del Ojo Caliente and is also ex

posed northeastward from El Roque, where the trace is irregu

lar as far as its intersection, near Arroyo Cuatralbo, with

the Comedor fault system and an east-trending fault. Between

El Roque and Agua Tular, there are two imbricate thrust faults

of small displacement above the La Mina fault. The La Mina

fault is gently folded into an anticline, trending N. 2 E.,

that is the northern continuation of the La Mina anticline.

East of the anticlinal axis the maximum dip of the fault in

creases gradually toward the west to a maximum of about 20

west. Faulting is along an ill-defined zone at the base of

the Benigno Formation or within the lower part of the Benigno

Formation. Locally there are thin zones of breccia (less than

20 feet thick) along the fault, and wide zones are lacking.

Direction of movement of the La Mina fault is uncertain. I

assumed overthrusting toward the east in the construction of

structure section E-Ef (pi. 2). Nevertheless, an overturned

anticline above the fault, near its northern terminus, trends
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N. 50 E. and plunges steeply to the east, and an anticline

above the fault, 0.8 mile northeast of Agua Tular, trends N.

77 E. and plunges 65 west. If these folds are associated

with the La Mina faulting, they may indicate southeastward

movement of the overthrust block. The estimated displacement

along the fault is 400 to 500 feet.

In the vicinity of La Mina (l-ll), the fold belt west

of the Comedor fault and south of Arroyo La Mina, the Comedor

thrust system and the La Mina thrust fault intersect to form

a nexus. North of La Mina, folds adjacent to the Comedor

fault system trend west of north. South of the nexus the

average trend of folds is east of north. The differences in

trend of folds across the La Mina structure is only about 10

but appears to be the result of significant change of direc

tion of thrusting along the Comedor fault. Structure in the

vicinity of La Mina is much more complex than the geologic

maps indicate (pis. 1 and 5; fig* 18), because the area is

small and space does not permit the illustration of the many

small features on the maps. The most spectacular feature is

a block of Finlay Limestone north of La Mina that strikes N.

45 W. and dips 70 to 80 south (overturned), that has been

thrust a short distance over the Benevides Formation along a

fault that strikes N. 15 W. and dips 42 south (figs. 18 and

19). This block is transverse to the prevailing strike to

the north and south of La Mina. Gossan occurs along several
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Figure 19. View to west near La Mina of Finlay

Limestone (left) thrust over Benevides Formation

(lower right) along fault striking N. 15 W.;

dipping 42 south. Finlay strikes N. 45 W. and

is overturned dipping 73 south. About 500 feet

of Finlay exposed.



250

fractures and has been mined along a large vertical fracture

that trends N. 70 W. in the transverse block of Finlay Lime

stone

Area between arroyos La Mina and Navarrete . The im

bricate fault above the Comedor fault, north of Arroyo La

Mina, terminates at the arroyo, and for 1.5 miles south of

the arroyo the Comedor fault system consists of one fault

that thrust beds of the Cuchillo, Benigno, and Cox formations

over the Ojinaga Formation. About 1.3 miles north of Arroyo

Navarrete there is another imbricate fault above the Comedor

fault. Brecciated beds of the Finlay Limestone, dipping 45

west form a horse between the Comedor fault and the imbricate

fault. Thrust-fault zones are not exposed, but at an outcrop

1.9 miles north of Arroyo Navarrete, I estimate the dip of the

Comedor fault as 45 west. Folds of the fold belt west of the

Comedor fault trend N. 15 W. to N . 15 E.; the average trend

of the system is about N. 5 E. Direction of overthrusting

was probably east to south of east, and the estimated total

displacement along the thrust system as 12,500 feet at struc

ture section F-F* (pi. 2).

There is a system of north-trending folds (frontis

piece), many overturned toward the east, between the Comedor

fault and a normal fault system trending N. 15 E., down to

the east. Folds in the competent Benigno and Cox formations

are concentric, and folds in the upper, shaly part of the
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Cuchillo Formation are in part disharmonic. Fold axes in the

Benigno and Cox formations trend N. 10 to 15 E., except for

al ill-defined bend toward the west adjacent to Arroyo La

Mina. Fold axes in the Cuchillo Formation trend N. 15 W. to

N. 15 E. and are sinuous. Folds in the northern mile of the

belt plunge uniformly north 15 to 20. In the central part

of the belt there is no plunge, and north of Arroyo Navarrete

several of the folds plunge gently south. About 1.3 miles

north of Arroyo Navarrete and about 500 feet west of the

Comedor fault in a small outcrop (less than 5 feet in diam

eter) black gypsum and a breccia of cream-colored shale is

intrusive into the Cuchillo Formation. The breccia may have

been derived from the Navarrete Formation. This is probably

the same outcrop that Vivar (1925, p* 10) described as ozoce

rite

The La Mina anticline is the largest of several north-

trending folds in the lower part of the Cuchillo Formation

west of the fold zone along the Comedor fault. This and the

other anticlines in this area are broad "whaleback" folds

(fig. 20) separated by tight, faulted synclines. The anti

cline has no plunge, but the La Mina anticline assumes a

slight, north plunge at Arroyo La Mina (2 to 3). Several

local small folds on the flanks of the La Mina anticline,

along Arroyo La Mina, plunge 15 to 25 north. The fault zone

that separates the La Mina anticline from the fold belt along



Figure 20. View south from Cerro del Ojo Cali

ente of "whaleback" anticline in Cuchillo Forma

tion, west of fault that is western limit of

fold complex adjacent to Comedor fault. Sierra

de la Parra on far skyline. This photo is west

of frontispiece and taken from same hill.
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the Comedor fault follows a synclinal axis and appears to

have a maximum displacement of about 500 feet (sec. F-F1, pi.

2). On the western, upthrown side of the fault there are

small chevron folds (fig. 21) and a monocline near Arroyo La

Mina. Farther south a large chevron-shaped anticline along

the fault is separated from the La Mina anticline by a nearly

vertical fault, down to the east, which follows the axis of a

tight syncline.

Figure 21. View north of chevron-shaped anti

cline in Cuchillo Formation on west side of

fault separating La Mina anticline from fold

complex west of Comedor fault. Pederson is

sitting on typical black shale of upper part

of Cuchillo Formation.
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Area between arroyos Navarrete and La Chiva. Along

Arroyo Navarrete a strike-slip fault trends N. 85 E. and

dips 70 to 80 north and offsets axes of disharmonic folds

in the Cuchillo Formation, below the Benigno Formation. It

also offsets the Cuchillo-Benigno contact. The offsets are

about 500 feet in a right-lateral direction. The fault is

probably a tear fault associated with thrusting along the

Comedor fault system. Along the arroyo beds of the Cuchillo

Formation are intensely folded into a series of disharmonic

folds too small to show on the geologic map (pi. l); they

trend N. 15 to 18 E. Many of the folds are overturned to

ward the east. They practically all plunge 10 to 15 south.

In contrast, a series of folds along the axis of the anti

cline shown in the Benigno Formation, 0.5 mile west of the

mountain front, plunges 10 to 15 north.

South of Arroyo Navarrete the fold system west of the

Comedor fault is absent, and the Comedor fault does not crop

out along the mountain front. The prevailing trend of folds

and strike of beds between Arroyo Navarrete and the La Chiva

fault, N. 70 E., contrasts sharply with the north-trending

folds and the strikes of beds north and south of this segment

of the mountain front.

Northwest of La Chiva (K-ll) a system of folds in the

Benigno Formation trends N. 70 W.; the folds plunge 15 to

25 northeast. Several folds near the La Chiva fault are
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overturned toward the southeast.

TRANSVERSE STRUCTURE ALONG ARROYO NAVARRETE

From the western edge of the La Mula-Sierra Blanca

Range to the longitude of La Abuja (K-10), Canon de Navarrete,

a spectacular trough, is bounded by a system of faults paral

lel to it, and beds within the trough dip steeply toward its

center (both overturned and normal beds). North of La Abuja

the trough culminates in an outcrop of evaporites, part of

which are diapirically intrusive into Cretaceous formations.

Arroyo Navarrete, West of Outcrops of

Tertiary Rocks

Along the southern edge of the transverse trough near

El Puerto, the Finlay Limestone forms a series of hogbacks

that trend N. 75 to 85 E. and dip 60 to 70 north. These

hogbacks are separated from gently dipping beds of the Sierra

de la Parra by a fault, presumably normal, down to the north.

This fault is the southern boundary of the trough. About 3

miles east of El Puerto, dip of the Finlay to the north of

the boundary fault decreases abruptly to 20 to 26 north,

and the fault terminates near the axis of an anticline (fig.

22; pi. 6). I interpret the structural feature along the

south boundary of the transverse structure as an east-trending

anticline that is faulted along its axis and becomes a faulted
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monocline to the west (fig. 22; sec. N-N1, 0-0r, and P-Pf,

pl. 7).

The northern boundary of the transverse structure is

not as well defined as the southern. Near El Puerto, hog

backs of the Finlay Limestone that trend N. 75 E. and dip

75 south to vertical, are the southernmost outcrops of Cre

taceous rocks along the northern edge of the transverse

structure. These hogbacks are separated from outcrops of the

Cox Formation by a nearly vertical fault, that trends parallel

to the hogbacks and is down to the south. There the similar

ity ends between structural features along the southern and

northern boundaries of the transverse trough. Structure north

of the Finlay hogbacks is part of faulted, near-horizontal

beds of the Sierra de la Parra to the south. About 2 miles

east of El Puerto, the east-trending fault, bounding the Fin

lay hogbacks, bends northward to become part of the north-

trending fault system of the Sierra Pinosa. North of this

fault the boundary of the transverse structure is an ill-

defined zone where there is a change from northwest to east in

strike of beds on the west flank of the anticline. This zone

is about 0.8 mile north of the fault at El Puerto and becomes

narrower toward the east until it is adjacent to the fault.

In the area shown on Figure 22, I have arbitrarily

placed, for purposes of discussion, the northern boundary of

the transverse structure along the contact between the lower
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and middle members of the Cox Formation. Near this contact

the dip of east-striking, south-dipping beds changes abruptly

from less than 30 (north of the contact) to more than 50

(south of the contact). This boundary feature is basically a

monocline facing south. South of the boundary, beds of the

middle and upper members of the Cox Formation and of the Fin

lay Limestone are folded into a faulted syncline that trends

N. 85 E., plunges 20 west, and is overturned toward the

north (fig. 22).

Eastern Part of Transverse Structure

Near the western limit of outcrops of Tertiary rocks,

a north-trending fault, presumably normal and down to the

west, transects the transverse structure. North of the trans

verse trough this fault has an estimated throw of 2,000 feet.

Within the trough and to the south, stratigraphic throw along

the fault is much less and is estimated to be 200 to 300 feet.

In this area the southern boundary of the transverse structure

is along the southern limit of outcrop of Tertiary rocks. The

Tertiary-Finlay contact is a low-angle normal fault (gravity

slide) along which the Finlay has slid over the Tertiary (fig.

23).
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West East

Tcg-2 Conglomerate

Ta-2 Andesite

Kf Finlay Limestone

Ta-2 Tcg-2
Kb Benigno Formation

No scale; no vertical exaggeration

Figure 23. Schematic illustration of relations

between Finlay Limestone and Tertiary rocks at

northernmost outcrop of andesite, about 1.6 miles

northwest of La Abuja.

North of Cerro La Abuja, where the La Parra anticline,

with evaporites exposed in its core, intersects the transverse

trough, a diapir of evaporites crops out at the eastern end of

the trough. There are some diapiric evaporites along the axis

of the La Parra anticline in the vicinity of Cerro La Abuja,

and outcrops of gypsum are essentially continuous between the

core of the anticline and the northern edge of the transverse

structure. Thus, the transverse trough structure in this area

has no clear-cut southern boundary.

The northern boundary of the transverse structure is

along a monocline-and-fault complex across the southern end of

the Pinosa syncline. On the western flank of the Pinosa syn

cline beds of the Cuchillo and Benigno formations are folded

into a monocline trending N. 80 W. (fig. 24). South of the

monocline axis, a system of faults trending N. 80 W. and down
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Figure 24 View to east of southern part
of Pinosa syncline, north of Caii6n de Navar

rete showing monocline and faults adjacent
to transverse trough. Kcu, Cuchillo Forma

tion; Kb, Benigno Formation; Kmc, middle

member of Cox Formation; Kf, Finlay Lime

stone .

to the south occurs along the steep limb of the monocline.

Between faults of this system, hogbacks that dip steeply south

have formed on competent beds of the Benigno and Finlay forma

tions and the middle member of the Cox Formation. Presumably

the faults are essentially along bedding, and relatively in

competent beds of the lower and upper members of the Cox For

mation were squeezed out of the sequence during development

of the monocline. East of the axis of the Pinosa syncline

the axis of the monocline intersects the fault system and the

boundary of the transverse structure is along the fault sys

tem. Farther to the east faults of the system abruptly bend

southward and terminate in an outcrop of a diapir (fig. 25).



Figure 25 View to north of Sierra Pinosa across Arroyo Navarrete.

Gypsum outcrop in low area north of arroyo, Finlay Limestone "float

ing" in gypsum in middle left; Las Vigas and Cuchillo formations dip
west north of gypsum-Finlay outcrop; high gravel (QTg) outcrop below

skyline on right; overturned beds of Navarrete Formation in lower

rigjFrt

JO
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Tertiary beds that crop out in the central part of

the transverse trough have an average northward dip of 25

(fig. 26) and are faulted down against the Finlay Limestone

near the northern boundary of the transverse structure.

Along the eastern edge of the outcrop, Tertiary rock overlies

diapiric gypsum in Cretaceous formations in the junction area

of the La Parra anticline and the transverse trough. The

contact between the Tertiary and the gypsum does not indicate

that the evaporites have intruded into Tertiary rocks.

Figure 26. View to east of north-dipping

Tertiary conglomerate (Tcg-2) along Arroyo

Navarrete
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LA CHIVA FAULT

From the diapir at the eastern edge of the transverse

structure along Arroyo Navarrete, the La Chiva fault trends

N. 80 E. until it intersects the axis of an anticline, which

trends N. 5 E. and plunges to the north. Then the fault beds

to an average trend of N. 60 W., separating the Sierra Pinosa

from the Sierra de la Parra (El Banquete). Between the moun

tain front and its intersection with the Banquete fault, the

La Chiva fault seems to be vertical. The trace of the fault

indicates that it may dip steeply to the south between the

Banquete and Villista faults and steeply to the north between

the Villista fault and the anticlinal axis, west of Rancho

Navarrete ( J-10) . If the fault dips to the north on the east

flank of the anticline, the abrupt change in trend of the

fault across the anticlinal axis can be explained as folding

of the fault.

Relative vertical motion on the fault is down to the

north, and it is impracticable to estimate the displacement

without making several assumptions; they ares

1. The Banquete fault is the same thrust fault as the Comedor

fault, and the Comedor fault is present in the subsurface

north of the La Chiva fault.

2. The anticline north of the fault and west of Navarrete

is the same feature as the La Parra anticline, and over

turned beds south of the La Chiva fault are part of the
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overturned east limb of the La Parra anticline.

3 The eastern edge of the Jurassic evaporite basin is some

where between the outcrop of the Banquete fault and Cerro

La Abuja.

With these assumptions in mind a comparison of struc

ture sections F-F* and G-G1 (pi. 2) shows that stratigraphic

throw on the top of the Paleozoic at the eastern end of the

La Chiva fault trace is about 2,000 feet, down to the north.

Stratigraphic throw on the Paleozoic decreases toward the

northwest, and the fault may not offset Paleozoic rocks be

low the syncline that is shown below the Banquete and Comedor

faults. The La Chiva fault does offset the Banquete-Comedor

fault westward to the longitude of Cerro La Abuja, and the

relative vertical displacement of the La Chiva fault is about

2,000 feet, down to the north. This displacement and the dis

placement of the Navarrete Formation southwest of Rancho

Navarrete can be explained in two different wayss

1. Primarily dip-slip displacement with south side up about

2,000 feet.

2. Primarily strike-slip motion with right-lateral displace

ment of about 0.6 mile (about 3,200 feet).

Either of these explanations or a combination of them (ob

lique slip or two periods of activity along fault) will ex

plain displacement of beds and faults by the La Chiva fault.
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The zone of faulting along the La Chiva fault is nar

row (less than 20 feet), and there is little or no breccia

along the fault; yet beds are disturbed for considerable dis

tances north and south of the fault. Along Arroyo La Chiva

a system of folds trending and plunging northeast intersects

the fault. About 0.4 mile northwest of La Chiva, folds, some

of which are overturned to the south, trend about N. 70 W.

and plunge 15 to 25 northeast. Near the mountain front

north of the La Chiva fault, several small folds that are

overturned to the south trend N. 80 W. and plunge 35 east.

The angle between the trace of the La Chiva fault and the

fold systems adjacent to it ranges from about 20 at the moun

tain front to about 50 northwest of La Chiva. These folds

can be interpreted as drag folds on a right-lateral strike-

slip fault in the system of Moody and Hill (1956).

EL BANQUETE AND VICINITY

The Sierra de la Parra east of Villista and south of

La Chiva faults are discussed in this section.

Area East of Banquete Fault

The Palo Pegado fault is inferred beneath Tertiary

and Quaternary deposits east of El Banquete. Along the sole

of the Banquete thrust fault beds of the Finlay, Benevides,

Loma Plata, Del Rio, Buda, and Ojinaga formations crop out.
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A few minor normal faults and a small thrust fault have off

set beds below the Banquete fault; nevertheless, the exposed

structure below the fault is a sequence of beds with an aver

age dip of 15 west.

Banquete Fault System

About midway up the face of El Banquete, the Finlay

and Benevides formations are thrust over the Ojinaga Formation

along the Banquete thrust fault. West of the crest of El Ban

quete, the Cox Formation is thrust over the Finlay Limestone

along an imbricate fault that is above the Banquete fault.

Between the imbrication and the Banquete fault, spectacular

longitudinal sections of folds are exposed along the cliff

face. Along the northern end of El Banquete, south of Arroyo

La Chiva, the Banquete fault system is excellently exposed

(fig. 27). There the Banquete fault dips 10 to 11 west,

and the imbricate fault dips about 13 west. Toward the crest

of El Banquete the dip of the imbricate fault increases abruptly

to 45 to 50 west near the change in trend of the fault trace

from easterly to northerly. The dip of the Banquete fault

gradually increases southward along the face of El Banquete

and is estimated as 45 where the fault crosses Can6n de los

Villistas

Direction of overthrusting along the Banquete fault

system was toward the east. The estimated displacements are



El Banquete

rmrnrn 1 1 11 '

Figure 27.--View to south of El Banquete across

Can6n La Chiva showing Banquete fault system.

Kl, Lower Cretaceous (Benigno, Cox, Finlay, and

Benevides formations); Ko, Ojinaga Formation.



Figure 28. View to northwest (from air) of Canon

de los Villistas, showing overturned folds in Fin

lay Limestone above Banquete thrust fault. Oji
naga Formation in lower right.

Figure 29 .--View to northwest of Banquete thrust

fault 1.5 miles north of Can6n de los Villistas.

Finlay Limestone (folded) is thrust over Ojinaga
Formation in foreground.
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East

5000

feet

^jyi,Banquete fault

Approximately 1.75 miles-

QT - Quaternary-Tertiary

Ko - Ojinaga Fm.

Kdb - Del Rio-Buda fms.

Kip - Loma Plata Ls.

Kbe - Benevides Fm.

Kf - Finlay Ls.

Kc

Kb

Kcu

- Cox Fm.

- Benigno Fm.

- Cuchillo Fm.

- S-Syncline

- A-Anticline

Figure 30. West-east structure section of El Banquete,
about 0.7 mile north of El Villista (L-ll), showing

axial traces of folds above Banquete fault. No vertical

exaggeration.

11,200 feet on the Banquete fault and 800 feet- on the imbri

cate fault (sec. G-Gf, pi. 2).
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Area Between Villista and Banquete Faults

The area west of the Banquete fault and east of the

Villista fault is characterized by a system of north-trending

tight folds, asymmetrical and in part overturned toward the

east

In outcrops of the Benigno and Cox formations, folds

are fairly continuous from the north to south across the area.

The axes are somewhat sinuous, and their average trend is N.

5 E. Folds are essentially concentric and in general do not

plunge; but for a mile north of Canon de los Villistas, folds

plunge about 15 northward. Southwest of La Chiva, adjacent

to the trace of the Banquete fault, several folds plunge

about 15 southward.

Folds in outcrops of the Cuchillo Formation are dis

continuous and in part are disharmonic. Axes of folds form

a broad arcuate pattern, convex toward the west. Along the

southern part of the arc the average trend of folds is N . 5

E., and along the northern part it is about N. 17 E. In

general, folds within the Cuchillo do not plunge, but in the

northern part of the fold system they plunge northward 5 to

10.

Villista Fault

The Villista fault separates overturned beds of the
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Cuchillo and Las Vigas formations on the east flank of the La

Parra anticline from folded beds of the Cuchillo Formation

west of El Banquete. Along the Villista fault for 1.7 miles

south of the La Chiva fault, beds of the Las Vigas Formation

are faulted up against the Cuchillo Formation. The fault dips

steeply westward (more than 60), and its trace trends N. 20

E. To the south where the fault trace is within the Cuchillo

Formation, it is irregular and trends about N. 5 W. The

irregular trace of this segment of the fault probably reflects

a decrease in dip southward. West of El Pino (K-ll) the esti

mated dip of the Villista fault is 30 west. The fault trace

is difficult to follow on the ground, because it is generally

parallel to bedding; nevertheless, it is readily visible on

aerial photographs, and where I checked photo locations in the

field, there are zones of variable width (generally less than

30 feet) of highly fractured and distorted rocks. Overthrust-

ing along the fault was eastward, and the estimated average

displacement is 800 feet (sec. G-Gf
, pi. 2).

SIERRA DE LA PARRA, WEST OF VILLISTA FAULT

West of the Villista fault the La Parra Range includes

isolated outcrops on hills rising above Bolson El Cuervo west

of the sierra proper.
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La Parra Anticline

South of Cerro La Abuja the La Parra anticline is a

broad, gentle, nonplunging fold, trending north, and its east

flank is complicated by an overturned monocline, trending N.

5 to 15 E. Along the monoclinal axis, beds of the Las Vigas

Formation that normally have an average dip of 10 east, are

abruptly overturned to dip steeply westward.

North of Cerro La Abuja and east of the diapir that

crops out along the western part of Arroyo Navarrete, at the

junction of the La Parra anticline and the transverse trough,

the east flank of the La Parra anticline is overturned, so

that the average dip of the beds is 45 west.

Abuja Fault

The Abuja fault extends from the southern edge of the

gypsum outcrop northwest of Cerro La Abuja to La Parra (L-10),

where it terminates against the La Parra fault. The trend of

the fault ranges from N. 12 E. to N . 37 E., and its trace

is arcuate, convex to the northwest. Presumably the fault is

normal and down to the west. The variable stratigraphic throw

along the fault is estimated as 3,300 feet northwest of Cerro

La Abuja, 4,300 feet at structure section G-G', and 2,500 feet

at La Parra.
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Northwestern Sierra de la Parra

The northwestern part of the Sierra de la Parra is

bounded by the transverse trough along Arroyo Navarrete, the

Abuja fault, the La Parra fault, and Bols6*n El Cuervo.

Except for the area northwest of Cerro La Abuja, the

structure of the northwestern part of the Sierra de la Parra

is a simple system of fault blocks. Most of the faults be

long to a northwest-trending system of steep (more than 70

dip) normal faults. All but one of the faults in this system

are down to the west, and the overall structure is a series

of blocks successively dropped into a "stair-step" pattern,

descending toward the west. In general, stratigraphic throw

increases from north to south along faults of the northwest-

trending system and ranges from several hundred to as much as

1,300 feet (sec. G-G, pi. 2).

West of Cerro La Abuja a low-angle normal fault (grav

ity slide) below the Finlay Limestone is nearly horizontal

and is offset by normal faults. At its westernmost exposure,

the gravity slide moved the lower member of the Cox Formation

over the Benigno Formation. Toward the east successively

younger beds of the Cox Formation rest upon the Benigno and

finally on Tertiary rock at the southern edge of the trans

verse structure along Canon de Navarrete. Wherever the glide

plane is exposed within Cretaceous rock, it is at the top of
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the Benigno Formation, but it must rise in the section north

and west of the trace of the slide. The gravity slide seems

to die out within the Cox Formation a short distance north

and west of its trace. Direction and amount of sliding are

unknown. Below the slide, west of Cerro La Abuja, an anti

cline and a syncline in the Benigno Formation trend N. 25 E.

and plunge 5 southwest. These folds may be drag features

related to movement along the gravity slide; if so, direction

of sliding was S. 65 E.

La Parra Fault

South of La Parra (L-10) the La Parra fault trends N.

40 W., and a zone of faulting continues on the same trend

south of El Cuervo area across the Sierra de la Parra and

eventually intersects the Rfo Bravo at the north end of Cerro

Alto^a&out 10 miles south of El Cuervo area. Northwest of La

Parra the trace of the fault bends toward the west for a short

distance before resuming its inferred N. 40 to 45 W. trend

along the southwest front of the northwestern Sierra de la

Parra. At La Parra the fault is near-vertical and is down to

the south. Along the bend of the fault trace northwest of La

Parra, the outcrop pattern of the fault indicates that it dips

to the south 45 to 50. At La Parra the fault is along a

narrow zone of fractured and deformed rocks 20 to 50 feet wide.

South of the junction of the Abuja and La Parra faults,
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the estimated stratigraphic throw of the La Parra fault is

6,000 feet. In the area of the westward bend of the fault

trace, north of the junction, stratigraphic throw is much less

(about 1,000 feet). To the northwest where the inferred con

tinuation of the La Parra fault is between Bolson El Cuervo

and the Sierra de la Parra, I postulate an increase in strati

graphic throw to about 7,000 feet (sec. G-G, pi. 2). In El

Cuervo area relative motion of the La Parra fault is up to the

north, whereas it appears to be down to the north along a fault

on trend with the La Parra fault, east of the mountains near

Cerro Alto (Heiken, 1966, p. 47).

Sierra de la Parra, Southwest of La Parra Fault

Within the sierra southwest of the La Parra fault,

relatively undeformed Tertiary volcanic rock unconformably

overlies Cretaceous rock dipping 20 to 30 westward. The vol

canic rock is tilted but not faulted. The Cretaceous rock is

offset along a near-vertical strike fault about a mile west of

La Parra, and by a dip fault north of the road southwest of La

Parra. The strike fault trends N. 5 W. and is down to the

east with an estimated stratigraphic throw of 500 feet. The

dip fault trends N. 80 E. and is down to the south with about

200 feet of stratigraphic throw. The strike fault terminates

against the dip fault.
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Cerro El Morro and Isolated Outcrops of Cretaceous
Rock in Bolson El Cuervo

Four outcrops of Cretaceous rock surrounded by the

Cenozoic fill of Bols6n El Cuervo are Cerro El Morro, Cerro

Manuel, and two outcrops along Arroyo La Parra to the east.

To explain relationships between outcrops of Loma

Plata Limestone in the Sierra de la Parra, southwest of the

La Parra fault and isolated outcrops along Arroyo La Parra,

faulting or folding must be present. Similarly some type of

structure exists between Cerro Manuel and outcrops along

Arroyo La Parra. The dip reversal in the western outcrop

along the arroyo indicates an anticline; therefore, the map

shows several folds inferred between the isolated outcrops.

Cerro El Morro is a ridge of Loma Plata Limestone

that rises several hundred feet above the surface of the bol

son and dips west. The southern part of the ridge is cut by

a system of east-trending faults. These faults are near-

vertical, and all are down to the north with estimated stragi-

graphic throws of less than 100 feet. In an arroyo where the

road crosses near the northern end of Cerro El Morro, there

are several outcrops of the Ojinaga Formation and possibly

some Buda Limestone below the Loma Plata Limestone (Buda not

shown on geologic map, pi. l). In this locality the Ojinaga-

Buda may be in part overturned, but the Loma Plata is not.

Locally along the nearly horizontal contact between the
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Ojinaga-Buda and Loma Plata there are thin zones (less than 5

feet) of fractured and deformed limestone. The Loma Plata

above the contact is discordant with the Ojinaga-Buda below.

Such relations can be explained by a thrust fault or a low-

angle normal fault (gravity slide). Structure section G-G

shows a fault that overthrust the beds eastward and estimates

displacement as 600 to 800 feet.

BOLSON EL CUERVO

Other than outcrops in the vicinity of Cerro El Morro

and the southern Sierra de la Cieneguilla, the only outcrops

of Cretaceous rock in Bols6n El Cuervo shown on the geologic

map (pi. l) are several isolated hills of Lagrima Formation

west of El Cuervo (F-3) and southwest of El Pino (C , D-l).

It is necessary to postulate complex structure beneath bolson

fill to explain relationships between these outcrops and the

sierras del Pino and Lagrima. Under "Tectonics," I offer sev

eral hypotheses.

SIERRA DE LA CIENEGUILLA

The Sierra de la Cieneguilla is the southernmost range

of a continuous belt that includes the Malone and Quitman moun

tains in Texas. In El Cuervo area the southern Sierra de la

Cieneguilla consists of a system of concentric folds trending

N. 7 W. to N. 35 W. In general the folds are gentle and
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symmetrical (sec. A-A1, pi. 2); the two westernmost anti

clines, however, are asymmetrical with steep west flanks; an

anticline 1.5 miles north of Puerto Alto (A-2) and a syncline

1.5 miles southwest of Puerto Alto are overturned toward the

east. Along crests the folds undulate between gentle north

and south plunges (less than 5), and the overall plunge is

probably toward the south because the folds disappear beneath

the bolson fill in that direction.

There are overturned folds and discordant relation

ships along the Finlay-Benevides contact at the northern edge

of the area, 37 miles northwest of Puerto Alto. There cer

tainly has been movement of Benevides over Finlay, but I

attribute it to differential movement on the flank of an

anticline rather than to faulting.

SIERRA DEL PINO

The Sierra del Pino is the southernmost range in a

structural system that includes the Sierra de los Frailes and

Sierra de las Vacas. The part of Sierra del Pino within El

Cuervo area is basically a homocline dipping southwestward,

and the Pino fault crops out along the base of the eastern

scarp of the sierra. The estimated dip of this fault is about

45 westward; beds above and below it are overturned at sev

eral places. Within the fault zone which is about 50 feet

wide, beds are intensely fractured and deformed. The average
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trend of folds in the Cuchillo Formation above the fault is

N. 22 W., and they plunge southward. Overthrusting along

the Pino fault was probably N. 68 E., and I estimate dis

placement as 500 to 800 feet (sec. A-Af, pi. 2).

SIERRA LAGRIMA AND VICINITY

The Sierra Lagrima consists of a system of hogbacks

dipping toward the west; only part of the range is in El

Cuervo area. Cerro Carrizo is a high synclinal mountain be

tween the Sierra Lagrima and Bolson El Cuervo. North of

Cerro Carrizo, the foothills of the Sierra Lagrima are between

the sierra and Bols6n El Cuervo.

Sierra Lagrima

About 4 miles south of El Cuervo area the hogbacks of

the Sierra Lagrima are abruptly folded into an anticline

trending N. 35 E. and plunging steeply southwestward (more

than 30); the Hueso anticline (K-l) is the northern continua

tion of this anticline. The hogbacks trend N. 35 E. where

they enter the southern part of El Cuervo area. Within the

area they bend to a north trend that continues for about 6

miles; thence they bend again to a trend of N. 30 W. where

they leave the area. They continue this trend following a

sinuous path for about 35 miles to the vicinity of El Hueso,

Chihuahua, where they terminate in a complex anticline that
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plunges steeply northwestward. The Sierra Lagrima is basi

cally the west flank of a symmetrical anticline with no appre

ciable plunge, and the entire range is about 50 miles long.

Generally, the west flank of the anticline dips steeply west

ward (more than 45), but in several places it is overturned.

Near La Bamba (J-l), Finlay Limestone, forming the

highest hogback of the Sierra Lagrima, is slightly overturned,

dipping 90 to 75 east (overturned). Beds of the Finlay,

Benevides, Loma Plata, Del Rio, and Buda formations cropping

out west of the sierra in the La Bamba area are strongly over

turned; the overturned dip is 5 to 45 east. At La Bamba the

Finlay hogback, which is the crest of the Sierra L&grima,

bends toward the west forming a flap. The axis of the bend is

shown as a doubly overturned monocline on the geologic map (pi.

l) . Several blocks of the Finlay Limestone have slid westward

off the flap along low-angle faults (gravity slides), and after

moving short distances, have come to rest on the Benevides and

Loma Plata formations (fig. 31) The structure west of the

Sierra Lagrima, south of La Bamba, is similar except that the

flap of Finlay is detached from the hogback along the sierra

and is now a large slide block. Overturning and folding of

the Benevides, Loma Plata, Del Rio, and Buda formations west

of the Sierra Lagrima is part of the flap structure. As flaps

are secondary tectonic features that form during periods of

erosion, the overturning of Cretaceous formations west of the
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Figure 31. View to northeast of west front of Sierra Lagrima at

La Bamba, showing flap and slide blocks of Finlay Limestone (all
beds are overturned). Kf, Finlay Limestone; Kbe, Benevides Forma

tion; Kip, Loma Plata Limestone.
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Sierra Lagrima, near La Bamba, occurred after the folding

process that formed the sierra.

Cerro Carrizo and Vicinity

This area is bounded by Arroyo Jim Brake (1-3), by

the inferred fault along the road east of the Hueso anticline

(I, J, K-2), by Bols6n El Cuervo, and by the southern bound

ary of El Cuervo area.

Cerro Carrizo is a syncline that trends N. 10 E. and

plunges southward. The east flank is faulted by a system of

faults, presumably normal, trending about N. 15 W. All

faults of this system are down to the east and terminate

against an inferred fault along Arroyo Carrizo to the south,

and in a covered area along Arroyo Jim Brake to the north.

The westernmost fault has the greatest stratigraphic throw,

an estimated 3,200 feet; the other faults of the system have

much smaller displacements, and there seems to be a system

atic decrease from west to east. East of the easternmost

fault of the N. 15 W. system, outcrops of the Lagrima Forma

tion are cut by faults of two systems, one trending north and

the other east. Displacements of these faults are small; the

maximum stratigraphic throw is probably less than 300 feet.

Faults of the two systems intersect in a pattern that resembles

shattered glass.

On the west flank of the Carrizo syncline several tight
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secondary folds near the synclinal axis trend north and plunge

southward. A system of perisynclinal faults on the west flank

of the syncline trends N. 40 W., and except for the southern

most, which offsets the Finlay Limestone about 800 feet, the

faults have small stratigraphic throws. A graben lies between

a fault trending N. 30 E., west of the perisynclinal faults,

and the Hueso fault. The western boundary of this graben is

the western edge of the Carrizo syncline.

To the north the synclinal Cerro Carrizo is terminated

by an east-trending inferred fault, down to the south along

Arroyo Jim Brake, and by the western part of the diapir in the

vicinity of Norias Nuevas (1-3).

The southern boundary of the Carrizo syncline is ex

tremely complex. The Sierra Medina, adjacent to the Carrizo

syncline and south of El Cuervo area, is an anticline with its

axis nearly on trend with the axis of the Carrizo syncline.

The area southeast of Arroyo Carrizo and the Loma Plata out

crop at the southern edge of El Cuervo area, west of the

Carrizo syncline, are structurally parts of the Sierra Medina

anticline. The change from the synclinal structure of Cerro

Carrizo to the anticlinal structure of Sierra Medina is abrupt

across the inferred fault trending N. 49 E. along Arroyo Car

rizo and the inferred fault trending N. 40 W. northeast of

the Loma Plata outcrop. These faults probably intersect

south of El Cuervo area in the vicinity of Carrizo (fig. 2, p.
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11). The nature of the faulting is uncertain; both faults

are up to the north, and stratigraphic throw is small (less

than 500 feet). It is noteworthy that Tertiary ignimbrite

(Tig) cropping out north and south of Arroyo Carrizo shows

no apparent offset by the inferred fault along the arroyo.

South of the fault along Arroyo Carrizo the struc

tural style is similar to that on the east flank of the Car

rizo syncline. Beds dipping eastward are cut by a system of

normal faults trending N. 15 W., and the easternmost out

crops of the Llgrima Formation are criss-crossed by north-

trending and east-trending fault systems. In contrast with

faults on the west flank of the Carrizo syncline, two of the

three faults in this area, trending about N. 15 W., are down

to the west.

Foothills of Sierra Lagrima

The foothills of the Sierra Lagrima are astride the

axis of the anticline whose west flank is the hogback-forming

sequence along the Sierra Lagrima. The foothill area (east

flank of anticline) is complicated by several diapirs and num

erous small folds associated with them. The axial region of

the anticline is faulted throughout the foothill belt, and in

the northern part of the foothills a graben occurs along the

axis. The foothills are bounded on the northeast by an in

ferred fault, down to the east, separating them from Bolson
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El Cuervo.

Diapir in vicinity of Norias Nuevas. Near the rancho

called Norias Nuevas, beds of the Navarrete Formation and

minor amounts of gypsum, possibly part of the Jarassic (?)

evaporite sequence, crop out over an area of about 8 square

miles. The diapir outcrop is elongate toward the east and is

about twice as long as it is wide. Beds of the Navarrete are

intensely folded, and the axial surfaces within the Navarrete

are nearly vertical. Contacts with the Las Vigas Formation

surrounding the diapir are discordant. Gentle folds north

and northwest of the diapir outcrop have arcuate axial traces,

convex toward the southeast. They have an average trend of

N. 20 E. and plunge 20 to 30 northeastward.

Diapir 3 .5 miles north of Norias Nuevas. An ellip

soidal outcrop of the Navarrete Formation and some gypsum

north of Norias Nuevas has an area of about 5 square miles,

elongated N. 50 W. Beds of the Navarrete Formation have in

truded the Las Vigas, Cuchillo, Benigno, and Lagrima forma

tions. The Navarrete is intensely folded, and the axial sur

faces of the folds within it are nearly vertical. The contact

between the Navarrete and Las Vigas formations along the

northwestern edge of the Navarrete outcrop, east of an in

ferred anticline, is a normal sedimentary contact. All other

contacts between the Navarrete and other Cretaceous formations

are intrusive. Several small folds around the southern edge
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of the diapir outcrop trend N. 15 E. and plunge northeast

toward the diapir. In the northern part of the diapir out

crop, an anticline trending N. 50 W. and plunging northwest

is inferred between outcrops of the Las Vigas Formation east

and west of the diapir; its trend probably coincides roughly

with the axis of the diapir.

Axial fault system. In the southern part of the foot

hills the Hueso fault, presumably normal, trends N. 5 W. and

approximately parallels the axis of the anticline east of the

Sierra Lagrima. The Hueso fault is down to the east and has

an estimated stratigraphic throw of 2,500 feet. In the graben

complex of the northern part of the foothills, all faults ex

cept the eastern boundary fault are down to the east. Note-

worthily, the easternmost fault of the graben system does not

offset the Tertiary ignimbrite (Tig) that crops out southeast

of El Pando (G-2). The inferred fault passes beneath the

ignimbrite and is displaced by another inferred fault trending

N. 75 W., south of the ignimbrite outcrop. The latter in

ferred fault is down to the south and trends eastward into the

diapir 3.5 miles north of Norias Nuevas.

Within the graben there are two systems of folds with

axes intersecting faults of the graben complex at acute angles;

one system trends north to N. 25 E., and the other trends

about N. 45 W. South of the southern end of the graben, the

folds northwest of the Norias Nuevas diapir (trending N. 20
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E.) are probably the southernmost folds in the northeast-

trending fold system along the graben.

Faults bounding the graben and within the graben have

estimated average stratigraphic throws of about 2,000 feet,

and the maximum stratigraphic throw is more than 3,000 feet.

All except the Hueso fault die out southward.



TECTONICS

A fool must now and then be right by chance.

William Cowper

The basic hypothesis incorporated into my interpreta

tion of the structural evolution of El Cuervo area comprises

two assumptions about the evaporitess I. Concerning the

Jurassic (?) evaporite basins The limit is subparallel to

and about 2 miles west of the traces of the Pilares, Comedor,

and Banquete thrust faults; north of the Pilares fault the

limit is somewhere east of the Sierra de la Cieneguilla. II.

Concerning diapirisms Evaporites have been injected into

younger (and possibly older) rocks along zones of faulting

(sec. A-Af through R-R', pis. 2 and 7). My conclusions ares

1. Thrust faulting originated during a period of regional

compression (Laramide orogeny) and thrusting occurred at

the edge of the evaporite basin where there was no longer

a major d^pollement zone between Paleozoic "basement" and

Mesozoic rocks to compensate for differential movement be

tween them (fig. 32).

2. The Quemado, Cuatralbo, La Chiva, and possibly the La

Parra faults and the transverse trough along the western

part of Arroyo Navarrete were sites of tear faulting dur

ing thrusting. There was diapiric injection of evaporites

and beds of the Navarrete Formation along the Cuatralbo and

289
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Edge of

Evaporite basin East

1. Pre-orogenic configuration.

2. Early stage of orogenic period;

ancestral fold develops.

3. Incipient injection of evaporites
into Cretaceous rock as fold tends

to become overturned.

4. Thrust fault develops at edge of

evaporite basin and evaporites in

jected along it.

Figure 32. Schematic illustration of development

of thrust faults along edge of evaporite basin.
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Navarrete "tear" faults.

3. Practically all folding and faulting within the evaporite

basin are associated with flow of evaporites at depth and

all the conspicuous structure is "floating" on an under

ground reservoir of evaporites.

4 Bols6n El Cuervo is on trend with the Cuchillo Parado

anticline, an evaporite-cored anticline south of El Cuervo

area, and the subsurface structure beneath the bolson is

similar to the structure of the Cuchillo Parado anticline.

PRE-LARAMIDE STRUCTURE

The details of pre-Laramide "basement" structure of El

Cuervo area are unknown, but pre-Mesozoic tectonism may ac

count for the anomalous trends of the La Parra and La Chiva

faults.

LARAMIDE DEFORMATION

Structure related to regional compression that in

volved Upper Cretaceous and Early Eocene rocks, but not the

rest of the Cenozoic Erathem are termed Laramide. In El

Cuervo area it is impossible to determine ages of most struc

tures interpreted as Laramide. I have based the assignment

of structures to the Laramide orogeny on regional considera

tions

Laramide deformation includes practically all the
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folding and most of the faulting in El Cuervo area. Let us

consider individual features and different interpretations,

before outlining Laramide history and the evolution of Lara

mide structure.

Origin of the La Mula-Sierra Blanca Range

Quemado faulting. Finding no trace of the Pilares

thrust fault south of the Quemado fault, I conclude that the

Pilares fault was never there (cf. sees. B-Bf and C-C*, pi.

2). Because displacement of the Pilares fault increases

southward along its course toward the Quemado fault its ab

sence south of the Quemado fault is the more remarkable.

Probably the Quemado fault was originally a tear fault be

tween a northern block moving relatively eastward of a south

ern block. I visualize the northern block as swinging, like

a door opening northeastward, during movement along the

Pilares and Quemado faults. The hinge of the "door" was

probably in Bolso'n El Cuervo, southeast of the Sierra de la

Cieneguilla. This interpretation necessitates 2 to 3 miles

of right-lateral strike-slip displacement along the Quemado

fault.

The description of the Quemado fault in the section

on "Structure" indicates that a considerable dip-slip compo

nent in the net slip. If we assume that Barco and Filo syn-

clines are parts of a single feature, there are several
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possibilitiess

1. The tear fault had both strike-slip and dip-slip compo

nents (in other words it is an oblique-slip fault) and

Barco-Filo syncline formed subsequent to faulting.

2. There were two episodes of faulting s predominantly

strike-slip movement was followed by predominantly dip-

slip movement. The Barco-Filo syncline came into being

between the two episodes of faulting.

3. Two episodes of faulting as under 2, but Barco-Filo syn

cline took shape after faulting.

Each of these interpretations postulates initial

faulting synchronous with thrust faulting along the Pilares

fault and folding subsequent to initial faulting. From field

study in the Sierra Pilares Hamilton (1961, p. 71-72) deduced

that the Pilares fault is folded over the Borrachera anti

cline. If this deduction is correct, some of the Laramide

folding took place after thrust faulting as in interpretations

1 and 3. Interpretation 2 postulates a strike-slip faulting,

folding, and dip-slip faulting in chronologic sequence, and

the dip-slip movement could be post-Laramide. The crux of

all three interpretations is that they all involve tear fault

ing along the Quemado fault during thrust-faulting along the

Pilares fault.

Deformation in vicinity of Arroyo Cuatralbo. The two

basic explanations for the origin of the structure along Arroyo
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Cuatralbo are mutually exclusive s

1. The Cuatralbo fault originated as a tear fault during

thrust faulting along the Comedor fault. Faulting along

the tear probably did not affect Paleozoic "basement"

rocks below the evaporite decollement zone.

2. An east-trending pre-Laramide fault or fold existed in

the "basement" and was reactivated during Laramide de

formation .

My structure sections show that it is possible to interpret

the exposed structure without faults or folds in the "base

ment," parallel to the Cuatralbo transverse structure (pi.

7); that is, I adopt explanation 1.

The hypothesis of strike-slip displacement along the

Cuatralbo fault assumes that the syncline, adjacent to the

Cuatralbo fault and north of Ojo Cuatralbo (H, 1-9, 10), is a

drag fold along a left-lateral strike-slip fault. Relative

to the north side of the Cuatralbo fault the estimated east

ward displacement of the south side is 2,000 to 3,000 feet.

This is the probable order of magnitude of the difference in

eastward displacement of segments of the Comedor fault north

and south of the Cuatralbo fault. According to the tear-

fault hypothesis, the diapirs east of Cuatralbo and west of

El Sauce originated in the cores of drag anticlines adjacent

to the drag syncline (fig. 33).

The diapir at Tarais is in the area where the trace
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Ancestral Cuat
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1. Left-lateral strike-slip motion along Cuatralbo

fault results in drag folds south of fault.

Evaporites flow toward crests of anticlines and

break through younger sediments to form diapirs.

nnaf.T^y^n fflUlt

*

?
Present outcrop

diapirs

?
Inferred extent

diapirs beyond

outcrop

Fold axes

2.

-*-
Inferred fold axes in

Mesozoic rocks below

Tertiary and Quaternary
cover and "crests" of

diapirs.

Present configuration, i.e., after diapiric injec

tion, and renewed faulting (probably predominantly

dip-slip) along Cuatralbo fault and development of

collapse structure over eastern part of diapir.

Figure 33. Hypothesis of origin of diapirs
east of Cuatralbo and west of El Sauce.
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of the Cuatralbo fault, if projected eastward, would inter

sect the trace of the Comedor thrust fault. Presumably this

diapir was injected along the Comedor fault pushing the hang

ing wall block up, away from the footwall block. Intrusion

probably began at the intersection of the Cuatralbo and

Comedor faults with the eastern limit of the evaporite basin

and continued on trend with the Cuatralbo fault, spreading

upward and laterally along the Comedor fault zone (sec. D-D1,

pi. 2).

Diapiric injection of evaporites during thrust fault

ing is implicit in the above interpretations. This is only

one interpretation. Diapiric intrusion could be younger than

thrust faulting; or it could have begun during thrust faulting

and continued afterward.

The system of east-trending "subsidence faults" south

of Arroyo Cuatralbo probably developed in a "rim syncline,"

adjacent to the Cuatralbo diapir system (sees. H-H1 through

M-M, pi. 7).

Southwest and west of El Roque the east-trending fault

system seems to terminate or bend into a north-trending fault

that is presumably parallel to the eastern edge of the diapir,

associated with drag folding along the Cuatralbo "tear" fault.

The north-trending feature is probably a record of "subsidence"

similar to that of the east-trending faults.

During early stages of diapir intrusion, before
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appreciable subsidence, the La Mina fault developed as a

thrust fault with displacement eastward away from the diapir.

Subsequently folding associated with the Comedor faulting de

formed the La Mina fault.

Evaporite flow in southern Sierra Pinosa. --In El

Cuervo area practically all the normal faulting over postu

lated evaporites is probably due to differential settling of

blocks as evaporites were redistributed during the Laramide

orogeny. The southern Sierra Pinosa, especially west of the

Pinosa syncline, exhibits a much more complex system of

faulting than the area north or the area south of the south

ern Sierra Pinosa. Probably greater redistribution of evap

orites took place beneath the southern Sierra Pinosa than

anywhere else in the eastern border range of El Cuervo area.

Evaporites flowed from southwest to northeast into the core

of the anticline that is centered near Cerro Venado. Simul

taneously evaporites were flowing from the southern Sierra

Pinosa toward the diapirs along arroyos Navarrete and Cua

tralbo. The complicated pattern of faulting north of Arroyo

Navarrete, near its western end, and north and east of Cerro

Venado, is thus the result of differential settling of blocks

as the evaporites flowed out.

It follows that the Toro and Tule faults are along

boundary areas of settling blocks to the east as evaporites
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spread along the Comedor fault zone and possibly entered the

core of the small anticline west of Agua Tular. The fold belt

west of the Comedor fault, between arroyos La Mina and Navar

rete, overlies the area where evaporites flowed upward and

laterally along the Comedor fault zone.

La Chiva-Navarrete faulting and transverse deforma

tion. The interpretation that the fold system north of Arroyo

La Chiva near La Chiva represents drag along a right-lateral

strike-slip fault presumes tear faulting along the La Chiva-

Navarrete structural complex during thrust faulting. Support

ing evidence iss

1. The transverse trough along Arroyo Navarrete trends paral

lel to the probable direction of overthrusting along the

Comedor and Banquete fault systems. If there was faulting

along this structure during Laramide deformation, it was

probably strike-slip movement.

2. The tear fault near the mouth of Can6n de Navarrete proves

that some tear faulting took place. The transverse trough

has the same trend.

3. The great structural discontinuity of the La Chiva-

Navarrete complex supports this interpretation.

Displacement of the Comedor fault system, north of the

La Chiva fault, is not significantly different from that of

the Banquete fault system south of the fault (cf. sees. F-Ff

and G-GT, pi. 2). If the Comedor and Banquete faults developed
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simultaneously and if movement on them was synchronous, this

concurrence condemns the hypothesis that the La Chiva fault

was a tear during thrust faulting. Figure 34 illustrates a

hypothesis of relationships between the Comedor, Banquete,

and La Chiva faults and postulates the following events s

Event 1. If the block to the south was relatively station

ary but underwent intense folding, the block north of the La

Chiva-Navarrete complex moved eastward, thus a right-lateral

tear fault originated the La Chiva-Navarrete structure.

Event 2. The Banquete fault then developed near the base of

the folds south of the La Chiva-Navarrete complex. The south

ern block moved eastward while the northern block was rela

tively stationary. Thus a left-lateral tear during thrust

faulting along the Banquete fault system completed the Lara

mide La Chiva-Navarrete structure. Left-lateral movement on

the La Chiva-Navarrete "tear" cancels previous right-lateral

movement.

During these events there were significant dip-slip

components of net slip on the La Chiva fault, and the final

relative vertical movement is up to the south.

This hypothesis explains most of the structural fea

tures adjacent to Arroyo Navarrete. It leads tos

1. Development of La Parra anticline as a broad symmetrical

fold and initiation of flow of evaporites from area below

the northwestern part of the Sierra de la Parra into core
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El Banquete

La Chiva

fault

Comedor fault

1. Event 1.

El Banquete

La Chiva

fault Banquete fault

Comedor fault

2. Event 2.

Figure 34* Hypothesis of relations between Comedor, La Chiva,
and Banquete faults. (Schematic, not to scale,,, great vertical

exaggeration.)
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of anticline.

2. Event 1, accompanied by development of fold system north

of Arroyo La Chiva as drag folds on right-lateral tear,

and continued development of La Parra anticline, south of

the tear. Initiation of intrusion of evaporites along

western part of La Chiva-Navarrete "tear" and development

of "rim syncline" along north edge of diapir.

3. Continued intrusion of evaporites along transverse struc

ture results in development of Pinosa reverse fault sys

tem and evaporites continue to flow into core of La Parra

anticline, causing overturning of east flank. Development

of Abuja fault as evaporites flowed away from vicinity of

northwestern Sierra de la Parra and foundering of the

sierra.

4. Event 2 triggered by continued flow of evaporites into

core of La Parra anticline and diapir.

5. Continued flow of evaporites into La Parra anticline and

diapir accompanied by Villista faulting and the part of

La Chiva faulting between diapir and Villista fault, act

ing together as left-lateral tear fault.

La Parra faulting. The age of the initial faulting

along the La Parra fault system is uncertain. There has been

Laramide and post-Laramide faulting along segments of the La

Parra fault system if not along the entire trace of the fault,

but the fault may have a pre-Laramide origin. Three Tertiary
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andesite-diorite intrusions are aligned parallel to the fault

system one near La Parra and two in the Cerros Prietos area,

south of El Cuervo area (Heiken, 1966, pi. l) . These intru

sions are southwest of the fault zone and it is not unreason

able to assume that they originate along a zone of weakness

in the crust that developed prior to or perhaps during Lara

mide deformation. Heiken (1966, p. 47) demonstrated that

there has been faulting along a fault in the La Parra system

after deposition of bolson fill in the Presidio Bolson.

Evidence for Laramide faulting along the La Parra

fault system iss 1. The great change in stratigraphic throw

of the La Parra fault at its junction with the Abuja fault

and termination of the Abuja fault against the La Parra fault

suggests that the Abuja and La Parra faults acted as boundary

faults of the foundering northwestern part of the Sierra de

la Parra. This part of the Sierra de la Parra foundered as

evaporites flowed into the La Parra anticline and diapir

along Arroyo Navarrete. 2. There is no evidence that the

Abuja fault was offset by the La Parra fault (even southeast

of the map area); hence, the Laramide Abuja faulting must be

later than La Parra faulting in the vicinity of La Parra. 3.

During thrust faulting along the Banquete and Villista faults,

the La Parra fault may have acted as a tear fault along the

southwest boundary of the thrust block. On aerial photographs

the Villista and Banquete faults appear to terminate against
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faults on trend with the La Parra fault, south of El Cuervo

area.

I do not know whether the throw on the La Parra fault,

southeast of its junction with the Abuja fault, is principally

Laramide or is post-Laramide. Summarizing 5 1. The La Parra

fault may have a pre-Laramide origin. 2. Initial Laramide

movement on the La Parra fault, northwest of its junction

with the Abuja fault, was relatively down to the north as the

northwestern part of the Sierra de la Parra foundered into

evaporites. This may have accompanied strike-slip faulting,

probably right-lateral, associated with thrust faulting along

the Banquete and Villista faults. 3. Later Laramide and/or

post-Laramide movement on the La Parra, in El Cuervo area,

was relatively downthrown to the south.

Origin of Bols6*n El Cuervo

Structure section A-A, B-Bf, C-C1, and G-G* (pi. 2)

show interpretations of structure beneath fill of Bols6n El

Cuervo. It must be emphasized that these interpretations are

highly speculative and generalized.

Two basic, mutually exclusive hypotheses concern the

structure of the bolson (fig. 35) s 1. Structure beneath

fill is basically a large anticline, which trends north and

probably plunges north toward the Sierra de la Cieneguilla,

and also plunges southward in the southern part of El Cuervo
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area. 2. The bolson is a graben with boundary faults west

of Cerro El Morro and east of isolated outcrops of the La

grima Formation west of El Cuervo. Both interpretations are

consistent with gravity data shown to me in offices of Pemex.

Arguments supporting the anticlinal interpretations

ares

1. It is possible to interpret structure between the cen

tral Sierra Pilares and the Sierra de la Cieneguilla without

invoking normal faults of large displacement (sec. A-Af, pi.

2).

2. From Rancherfa south to the vicinity of Cerro Daniel (I-

8) the Las Vigas Formation crops out in the mountains, adja

cent to the bolson, and dips eastward and there are no traces

of normal faults of large displacement along the boundary be

tween the bolson and the mountains. Presumably the structure

along the mountain front is the east limb of an anticlinal

feature, and older formations than the Las Vigas crop out be

neath bolson fill. The anticlinal structure of the south

western part of the Sierra Pinosa, centered at Cerro Venado

(1-9) may be part of the postulated anticline or may be a

secondary fold on the flank of the postulated anticline. The

structure of the bolson can be interpreted to be basically due

to folding.

3. South of El Cuervo area the Cuchillo Parado anticline has

been breached by erosion and a long intermontane valley has
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formed along it. The Sierra de la Aldea is the east flank of

an anticline, and evaporites are present below a thin veneer

of alluvium in the axial valley (Perez, 1950, p. 107; Salas,

1955, p. 100-101; Ramfrez and Acevedo, 1957, p. 663-667).

Geographically the Cuchillo Parado anticline occupies the same

position with respect to the La Mula-Sierra Blanca Range as

does Bols<5n El Cuervo. Most of the basic structural elements

of the Chihuahua Tectonic Belt trend north for long distances;

e.g., La Mula-Sierra Blanca Range; "Trendology" places the

Cuchillo Parado anticline and Bols6n El Cuervo along the same

structural-geographical trend.

If the graben hypothesis is correct, the bolson fill

should be 6,000 to 8,000 feet thick in the down-dropped block.

The anticline hypothesis calls for a maximum thickness of no

more than 1,000 feet.

The thrust fault beneath bolson fill, west of the

southern Sierra de la Cieneguilla shown in structure section

A-A (pi. 2), is based on a re-evaluation of Milton's measured

section (1964, his MS-1, p. 68-71) of the Las Vigas Formation

in the Sierra Puerto del Alambre between the sierras del Pino

and de la Cieneguilla, several miles north of El Cuervo area.

Milton's Plate 2 shows the structure within the Las Vigas as

a doubly overturned anticline. His section is incomplete; he

saw neither the base nor the top of the Las Vigas. He de

scribed two members in the Las Vigas s an upper conglomeratic
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sandstone member more than 1,900 feet thick, and a lower

interbedded sandstone, shale member with several limestone

interbeds more than 900 feet thick. This is the reverse of

the sequence in El Cuervo area. His upper sandstone member

compares favorably with my lower member, and his lower mem

ber resembles my upper member. Therefore I propose that the

Las Vigas Formation that crops out in the Sierra Puerto del

Alambre is not overturned. If this is correct, relations

between the Sierra Puerto del Alambre and the Sierra de la

Cieneguilla are best explained by a thrust fault. The pos

tulated thrust fault is projected southward into El Cuervo

area, west of the southern Sierra de la Cieneguilla.

Diapirs in the Sierra Llgrima Vicinity

The two diapirs in the foothills of the Sierra La

grima in El Cuervo area may be related to transverse faults

on the east flank of an anticline. Such faults are inferred

along Arroyo Jim Brake and west of the diapir, north of Norias

Nuevas; a similar fault could be present at Norias Nuevas.

As the anticline developed, evaporites flowed westward away

from a syncline, into the axial area of the anticline in the

foothills of the Sierra L&grima (northern continuation of

Hueso anticline) (sees. C-C and G-Gf, pi. 2). The evaporites

and beds of the Navarrete Formation entered zones of weakness

along transverse faults.
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Evolution of Laramide Structure

The postulated sequence of development of Laramide

structures iss

1. Formation of ancestral folds. Gentle anticlines and syn-

clines developed in both "basement" and Mesozoic rocks.

All major folds in the area are initiated.

2. Amplification of folds in Mesozoic rocks as evaporites

flowed from troughs of synclines toward crests of anti

clines.

3. Development of thrust and tear faults along margins of

evaporite basin. Pilares and Comedor faults probably de

veloped first, and Banquete fault afterward. Intrusion

of evaporites along tear and thrust faults. Initiation

of normal faulting to compensate for flow of evaporites

and for greater shortening of Mesozoic strata than of

"basement" over folds.

4* Continuation of folding and probably of evaporite intru

sion. Superposition of fault systems related to folds

(e.g., perianticlinal faults of Borrachera anticline off

set Pilares fault). Development of second generation of

thrust faults as folding continued (faults near Arroyo

Sauz in central Sierra Pilares; faults between Sierra del

Pino and Sierra de la Cieneguilla; fault at Cerro El

Morro). Continued adjustment along normal faults as
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redistribution of evaporites continued.

POST-LARAMIDE TECTONICS

Post-Laramide structure is the result of two differ

ent kinds of tectonisms gravity tectonics and block faulting.

The first produced structural features that do not affect

strata below relatively shallow depths. Block faulting pro

duced new faults and reactivated old faults in the western

half of Trans-Pecos Texas during the Cenozoic Era, probably

post-Early Miocene.

Gravity Tectonics

Flap structure and associated structure . Subaerial

deformation of resistant limestone beds under the influence

of gravity (fig. 36) produced the overturned monocline and

slide blocks in the vicinity of La Bamba and the slide block

east of the Sierra de la Ventana.

South of La Bamba, ignimbrite (Tig) and basalt (Tba)

rest on a detached block (slide) of Finlay Limestone. The

probable age of the volcanic units is Oligocene and the fold

on which the flap at La Bamba formed on is Laramide. There

fore development of the flap- slide complex near La Bamba was

subsequent to Laramide folding and prior to Oligocene vulcan-

ism. I was unable to date the slide east of the Sierra de la

Ventana, but it probably developed about the same time as the



A and C are incompetent, non-

resistant units.

B is competent, resistant unit.

1. Fold before erosion.

2. Erosion; sliding of competent unit and incipient flap formation.

3. Bending of competent unit to flap as erosion continues. A more

resistant to erosion than C.

4. Flap detaches to form slide block as erosion continues.

Figure 36. Hypothesis for development of overturned monocline

near La Bamba and slide blocks near La Bamba and east of Sierra

de la Ventana (after Harrison and Falcon, 1936, p. 97).
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La Bamba flap.

Collapse along arroyos Navarrete and Cuatralbo. Col

lapse deformed Tertiary volcanic and associated rocks, and

deformed some Cretaceous formations in areas of diapiric in

trusion. Figure 37 presents a hypothesis for the formation

of this collapse structure. The basic interpretation is that

the evaporite mass (probably mostly salt) was eroded away

rapidly (possibly as it was intruded) by groundwater solution

and mechanical processes. Incompetent rock adjacent to the

diapir was eroded more rapidly than resistant beds,, so that

blocks of resistant beds broke loose and migrated downslope

into the exposed evaporites. Resistant beds highly fractured

in "rim syncline" along the boundary of the diapir are not

preserved because they eroded more rapidly than other resist

ant beds. At some stages in the development of the structure,

volcanic and associated rocks were deposited in the central

topographic low and then took part in later stages of the col

lapse. After the topographic low formed over the diapir,

tilting of adjacent blocks triggered low-angle normal faults

within incompetent formations, and beds adjacent to the col

lapse moved toward it, possibly over some of the blocks previ

ously foundered in evaporites (cf. the gravity slide northwest

of Cerro La Abuja).

This hypothesis explains all the observed relations,

but a major problem still exists. Are the "rim synclines"



South
Rim syncline

lo Original form of diapir

Colored units are resistant,
others nonresistant.

North

Zones where

low angle
normal faults

may develop

(gravity slides)

Solution and erosion of evaporites and

erosion of nonresistant beds; blocks of

resistant beds detached and start down

hill slide.

South
North

Continued erosion and solution

and sliding; showing how blocks

of resistant beds are juxtaposed.

4. Sliding blocks founder in

evaporites.

Figure 37. Schematic illustration of hypothesis of collapse in areas of dia

pirs; generalized, does not fit any actual cross-section.
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Laramide features that formed during diapiric intrusion or

are they part of the collapse? The answer may be that they

are both; i.e., they initially developed during diapiric in

trusion as relatively gentle "rim synclines" and were ampli

fied during post-orogenic collapse. If the "rim synclines"

are related to collapse rather than to intrusion of evapo

rites then a previous interpretation is doubtful. This inter

pretation postulated that the east-trending faults along the

southern edge of Cuatralbo transverse structure are "subsid

ence faults" associated with diapiric intrusion in a "rim

syncline."

Collapse over diapir west of El Sauce. --The postulated

sequence of events that lead to the present structure along

Arroyo Cuatralbo, west of El Sauce, is:

1. Tear faulting along Cuatralbo fault and diapiric injection

of evaporites with beds of Navarrete Formation into younger

formations adjacent to the fault during Laramide deforma

tion.

2. As erosion attacked central area of diapir northeast of

Agua Tunel, possible detachment and sliding of block of

middle member of Cox Formation.

3. Conglomerate (Tcg-l) and siltstone (Ts) deposited in cen

tral part of collapse feature concordantly on sliding

block of middle member of Cox Formation. All units foun

dered into evaporites, possibly triggering "secondary"
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intrusion of evaporites. Locally renewed movement on

Cuatralbo fault affected the conglomerate (Tcg-l).

4* System achieved relative stability; tuff (Tt-l) depos

ited unconformably on outcrops in central part of col

lapse feature.

5. Possible minor tilting of tuff (Tt-l) which dips up to

10 (but may be dip of foreset bede).

6. Structure stabilized and Cenozoic bolson fill deposited

unconformably over collapse feature.

7. Erosion cut deeply into exposed beds.

Collapse over diapir in Arroyo Navarrete. The postu

lated sequence of events that lead to the present structure

along the western part of Arroyo Navarrete iss

1. Tear faulting and diapiric intrusion of evaporites and

beds of Navarrete Formation into younger formations took

place during Laramide orogeny.

2. Erosion initiated collapse along the crest of the diapir.

Blocks of Finlay Limestone detached north and south of

western part of structural feature. Blocks of Finlay,

middle member of the Cox, and Benigno formations detached

south of the Pinosa syncline. All slid toward topographic

low that was developing over crest of diapir and eventu

ally foundered into evaporites.

3. Ignimbrite (Tig), andesite (Ta-2), and conglomerate (Tcg-

2) were deposited in topographic low south of Pinosa
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syncline and immediately foundered into evaporites.

4 Northeastern part of northwestern Sierra de la Parra

tilted toward the collapse feature, and beds above the

Benigno Formation slid over foundered units. Direction

of slide was perhaps southeastward into topographic low

along axis of La Parra anticline.

5. Initiation or reactivation of faults trending northeast

to north in northeastern part of northwestern Sierra de

la Parra; faults offset the surface of sliding and one

cut across collapse feature.

6. Structure stabilized and Cenozoic bolson fill deposited

unconformably over collapse feature.

7* Erosion cut deeply into exposed beds.

Block Faulting

Evidences for block faulting subsequent to Laramide

deformation in El Cuervo area ares

1. The Palo Pegado fault has offset some Cenozoic bolson

fill.

2. The Gatun fault, along the eastern boundary of the Benigno

graben, is readily inferred to extend northeast of El

Cuervo area into fault systems of the Rim Rock Country

that displaced formations of the Vieja Group (Ferguson,

1959, map 4).

3. Northwest of Pilares several faults have displaced Vieja
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strata and also Cenozoic bolson fill.

4 The offset gravity slide, northwest of Cerro La Abuja,

indicates post-orogenic movement on several normal faults

within the La Mula-Sierra Blanca Range.

5 South of El Cuervo area a fault on trend with the La Parra

fault has offset Cenozoic bolson fill (Heiken, 1966, p.

47). This evidence of local movement may indicate that

the entire La Parra fault system took active part in post-

orogenic faulting.

There is no doubt that the Rfo Bravo valley and parts

of the La Mula-Sierra Blanca Range, within El Cuervo area,

have been subjected to Cenozoic block faulting; but we do not

know to what extent block faulting followed the pre-existing

Laramide trends of the La Mula-Sierra Blanca Range or whether

there was any block faulting west of the range.

Block faulting probably accompanied regional uplift

that brought the land near sea level to thousands of feet

above sea level (DeFord and Bridges, 1959, p. 293). The major

features that developed in El Cuervo area during block fault

ing are the Benigno and Presidio grabens. The boundary faults

of these grabens are subparallel to regional Laramide struc

tural trends; possibly, they are controlled by pre-existing

Laramide structural features.

Movement on a fault of the La Parra fault system that

displaced bolson fill in the Cerros Prietos area (Heiken,
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1966, p. 47), indicates that at least some of the block faults

were controlled by pre-existing faults. Furthermore the Palo

Pegado fault is on trend with a system of postulated thrust

or reverse faults in the Rim Rock Country (Ferguson, 1959,

fig. 2, map 4). The Palo Pegado fault affects Cenozoic bolson

fill and may have developed along an older thrust zone.

It is not unreasonable to assume that there was move

ment along many of the normal faults within the La Mula-Sierra

Blanca Range during regional block faulting, but it is diffi

cult to demonstrate which normal faults may have originated

during the block faulting.

The age of block faulting is extrapolated into El

Cuervo area from Trans-Pecos Texas. In the Rim Rock Country,

adjacent to El Cuervo area, block faulting was subsequent to

the accumulation of Vieja volcanic rock and prior to the fill

ing of the bolsons block faulting created (DeFord and Bridges,

1959, p. 292-294); i.e., post-Eocene and pre-Pleistocene .

According to Wilson (1965, p. 36) block faulting in the Big

Bend "Park" area is post-Early Miocenes

Basin-and-Range faulting developed in the

post-Early Miocene. Perhaps associated with

the faulting was the accumulation of the

Older Gravels which can only be dated as cer

tainly post-Early Miocene and perhaps pre-

Pleistocene

The block faulting in El Cuervo area is post-Eocene and pre-

Pleistocene and possibly began during the Oligocene Epoch and
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was completed early in the Miocene Epoch.

Origin of Presidio graben. --The fill in the Presidio

graben on the Texas side of the Rfo Bravo is extensively

faulted (Amsbury, 1958; Dickerson, 1966, pi. l) ; on the Chi

huahua side it is displaced only by the boundary fault of the

graben (Palo Pegado fault). Faults on the Texas side are

grouped in a band about 1.5 miles wide, 1 to 2 miles east of

the Rfo Bravo; they trend about N. 15 W., all dip steeply,

and are down to the west (Amsbury, 1958; 1957, p. 109). I

suggest that this fault system may be developed over a hinge

line between the Diablo Platform and the Chihuahua Trough or

over the eroded eastern limit of relatively thick pre-Permian

Paleozoic formations along the western edge of the Paleozoic

Diablo Platform.

An interesting feature of the Presidio graben is that

the bolson fill in Texas east of the Rfo Bravo dips generally

eastward away from the river (Dickerson, 1966, pis. 1 and 2),

and west of the river dips generally westward away from the

river. The dips on both flanks of this "anticline" are gentle;

few beds dip more than 5. Possibly a broad arch with its

axis along the river is developing within the graben at the

present time. This arching may reflect the presence of a

magma at depth. Hot springs in the Presidio Bolson may also

indicate a magma.



ECONOMIC GEOLOGY

WATER

Water is scarce in El Cuervo area. Periodic runoff

in the Rfo Bravo is used to irrigate cotton crops along the

flood plain of the river, but the only other agricultural

utilization of water is the irrigation of small orchards at

several springs.

Scattered springs throughout the area provide drink

ing water for people and livestock and occasionally for irri

gation of small tracts and for sotol distilling. The springs

are small and most are presently utilized to capacity.

Springs generally occur along boundaries between impermeable

and permeable zones in bolson fill and alluvium and along

fault zones in Cretaceous rocks. In intensely folded areas

of the Sierra Pinosa and in the vicinity of Arroyo Villista

springs are common along the contact between the Cuchillo and

Benigno formations. The spring at El Cuervo is unique in that

it is the only spring in Bolson El Cuervo. It probably pro

duces from a local gravel lens along its contact with imper

meable fine-grained fill material.

There are shallow, hand-dug wells in alluvium at most

of the poblados along the Rfo Bravo. Most of these habita

tions are located near the confluences of large arroyos with

the river, and the water probably comes from arroyo alluvium

319
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rather than river alluvium. Wells drilled in river alluvium

usually produce water unfit to drink because it contains

large amounts of dissolved salts. Arroyo alluvium yields

good water in shallow wells at El Guante and El Gatun, along

Arroyo Benigno, at Pajarito (E-8), and at El Pando (F-l).

The water from the well at Norias Nuevas, which is probably

bottomed in alluvium, near the contact between alluvium and

a diapir, is not potable.

Relatively deep wells have been drilled at Rancho La

Bamba and at numerous localities in Bolson El Cuervo. Wells

in the southern and northern parts of the bolson yield good

water, but the water north of El Llano (J-5) and at Cuatralbo

(1-8) is mineralized and unfit for human consumption. Capac

ities of the wells are unknown, for they are used only for

watering livestock and for domestic purposes. Depths of

wells in the bolson range from about 375 feet at El Llano to

450 to 475 feet at R6mulo (L-6), El Pino (C-2), Puerto Alto

(A-6) , and Colorado (B-4); all probably produce from bolson

fill. The well at La Bamba is about 400 feet deep and pro

duces large quantities of excellent water, probably from

fractured Loma Plata Limestone. The owner of Rancho La Bamba

has dug numerous test wells in the bolson west of the Sierra

Lagrima but none are productive.

There are tanks at many places in Bolson El Cuervo

and in arroyos in the mountains adjacent to the bolson. These
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earthen catch basins will retain water up to several years

after filling during torrential runoffs. All are used for

watering livestock and at Cuatralbo tank-water is also used

for domestic purposes. At the present time Juan Venegas,

owner of Rancho Cuatralbo, is constructing a large system of

tanks in the western part of Arroyo Navarrete and adjacent

parts of Bolson El Cuervo (most of them are not shown on pi.

l) and intends to greatly expand his horse and cattle raising

operation.

The large hot springs at Ojos Calientes (1-12) along

the Palo Pegado fault produce sufficient water to maintain

the arroyo below the springs as a perennial stream for sev

eral miles. The water has a high mineral content and is un

fit for drinking but is used for bathing and laundering.

The village of San Antonio (1-12), the largest settle

ment in El Cuervo area, has an acute water problem. Wells

drilled in the village do not yield potable water. Water is

purchased in Candelaria, Texas, for 50 centavos per 52-gallon

barrel and hauled across the river to San Antonio. The larg

est spring in El Cuervo area is at the abandoned poblado of

El Roque, in the mountains west of San Antonio. About 10

abandoned houses at El Roque attest that the spring at one

time during the heyday of vinata and candelilla operations

supported a large community. It would be a simple project to

build a small dam at El Roque and lay a small-diameter pipeline
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(less than 2 inches) about 5 miles to San Antonio. Flow of

water would be by gravity and the quantity of water available

should suffice the needs of the village. The residents of

San Antonio have considered this project but lack the neces

sary funds to carry it out.

METALLIC MINERALS

There are abandoned mines or prospects at several

localities in the Sierra de la Ventana, at La Mina (l-ll),

and on the east face of El Banquete, south of Arroyo La Chiva

(K-ll). Following is a brief description of these mineral

deposits s

1. Allen (1958, p. 54-55) mentioned samples of low-grade

silver ore from two abandoned mines in the Sierra de la

Ventana, one about four miles south of El Guante (E-10)

in the Benigno Formation and the other about 2.5 miles

west of El Comedor in the Benevides Formation. Both mines

are in mineralized fissures and both are described as

former large-scale operations. The mine in the Benigno

Formation was so extensive that Allen was not able to ex

plore it safely and he suspected that it was abandoned

because of inaccessibility of the working face. Unfor

tunately Allen did not describe the ore samples.

2. Spiegelberg (1961, p. 60) reported a prospect in the

Comedor fault zone, southwest of El Comedor. The prospect
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had produced gold, silver and lead according to various

reports. Spiegelberg described the prospect as an adit

100 to 150 feet long without ore.

3. At La Mina gossen occurs in a large vertical fracture and

in several small fractures. The mined deposit is in a

large vertical fracture striking N. 70 W. in Finlay Lime

stone. The deposit, a lenticular ly-shaped mass about 100

by 6 by 50 feet, has been completely mined out. There are

no contact effects with limestone. The layers of gossen

similar to those in a tufa indicate hydrothermal origin.

According to the local inhabitants the mine was operated

as late as World War II as a source of iron.

4* A prospect on the east face of El Banquete (Mina de Santos

Porras) is along a 15-foot zone of vertical fractures

trending N. 80 E. in Loma Plata Limestone. Fractures are

filled with calcite and subordinate amounts of barite and

are up to 8 inches wide. Along contacts between limestone

and barite in two or three zones no more than 2 inches

wide there is considerable galena. Juan Prieto, proprie

tor of Prieto's Tavern, south of Candelaria, Texas, sent

samples to an assayer. The assay was unfavorable for

silver or other precious metals.

All these mines and prospects are adjacent to the

Comedor or Banquete fault zones. Probably they were hydro-

thermally deposited from water percolating up the faults
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during Tertiary igneous activity.

Along the contact zone of the Cerro La Abuja porphy

ritic andesite intrusion I found numerous veins of specular

hematite, usually less than l/4 inch wide, but did not recog

nize any other mineralization.

Emory (1857, p. 90) reported that silver had been

smelted at Pilares. Daugherty (1959, p. 37) located the

highly siliceous smelter slag about 100 yards east of the

Pilares cemetery. The amount of slag still intact indicates

a small mining venture. Possibly the ore was from the mine

south of El Guante in the Sierra de la Ventana.

NONMETALLIC MINERALS

Other than gypsum deposits the only deposits of non-

metallic ores worth mentioning are two barite deposits, one

on the east face of El Banquete, described under "Metallic

Minerals," the other in the Navarrete Formation about 0.4

mile north of MS-1 (J-10). The barite in the Navarrete oc

curs in sandstone and limestone beds near the contact between

these beds and a gypsum member of the Navarrete. Veins of

barite are up to a foot thick and can be traced for as much

as 50 feet. I observed at least two major veins, but the de

posit is too small for profitable exploitation.
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PETROLEUM

Several wildcats have been drilled along the Rfo

Bravo valley east and south of El Cuervo area. As far as I

know all these wells were disappointing. Because the Lara

mide structural features are exposed at the surface and po

tential Cretaceous reservoir rocks crop out on nearly all

potential structural traps, the prospects of finding petro

leum in Cretaceous rocks are poor. Possible structural and

stratigraphic traps may exist in nonevaporite facies of the

Jurassic System. If Paleozoic rocks are present in the sub

surface, they are probably similar to those in the oil pro

ducing areas of west Texas. If suitable traps can be located

below the evaporite decollement zone, they would offer the

best chance for commercial production.

I would class the region as speculative, but one that

should challenge the imagination of an oil finder.

It was better, he thought, to fail in attempt

ing exquisite things than to succeed in the

department of the utterly contemptible.

Arthur Machen

(The Hill of Dreams, Chap. 5)
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TERMINOLOGY

Rock descriptions in measured sections and petro

graphic descriptions are based ons

Carbonate rock - Leighton and Pendexter (1962)

Terrigenous rock - Folk (l96l)

Intrusive igneous rock and solidified lavas -

Williams, Turner, and Gilbert (1955)

Ignimbrites - Cook (l96l)

In measured sections bedding terminology iss

Very thin-bedded - less than 4 inches

Thin-bedded - 4 inches to 1 foot

Medium-bedded - 1 to 2 feet

Thick-bedded - 2 to 8 feet

Very thick-bedded - more than 8 feet

Colors are after Rock-Color Chart (1951, second print

ing) of The Geological Society of America.
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MEASURED SECTIONS

MS-1

Location. -Q. 8 mile N. 20 E. Rancho La Abuja (J-10). Type

section of Navarrete Formation. Section measured by Haenggi
in March 1965, using a Jacob's staff. Entire section is over

turned and was measured from top to bottom. Average strike

N. 20 E., average dip 45 W. overturned. Description from

field notes.

THICKNESS

UNIT FEET

EARLY CRETACEOUS

LOWER MEMBER OF LAS VIGAS FORMATION (Kllv)s

Top-conformable Navarrete-Las Vigas contact. Con

tact placed at base of 30-foot, pale brown (5YR5/2),
medium-grained, well sorted, hard-resistant, medium-

bedded, subangular to subround, very faintly lami

nated, siliceous, quartzose sandstone. Contact is

somewhat gradational but is located at topographic
break along ridge.

EARLY CRETACEOUS

NAVARRETE FORMATION (Kn)s

39. CLAYSTONE AND SILTSTONEs Claystone greenish- 55

gray (5GY6/1), massive, calcareous, soft,
weathers white (N-9). Siltstone occurs in

middle of unit and is greenish-gray (5GY6/l),
thin- to very thin-bedded, calcareous. Ten

feet above base of unit 2 to 3-inch lenticular

bed of greenish-gray (5GY6/1) micrite.

38. SANDSTONES Medium gray (N-5), very fine- to 4

fine-grained, well sorted, hard-resistant,
thin- to medium-bedded, laminated, siliceous

to slightly calcareous, quartzose sandstone.

37. CLAYSTONE AND SANDSTONES Claystone is same as 20

unit 39. Sandstone is same as unit 38 and occurs



as 8-inch bed 12 feet above base and 6-inch
bed 17 feet above base.

36. SILTSTONE: Greenish-gray (5GY6/l), thin- to 5
very thin-bedded (shaly), clayey, noncalcareous
siltstone

35. CLAYSTONE AND SILTSTONEs Claystone same as 23
unit 39. Siltstone, same as unit 36 inter
bedded with lower 3 feet of claystone.

34. SANDSTONES Very light gray (N-8), fine- to 1

medium-grained, well sorted, subround, calca

reous, very slightly pyritic, quartzose sand

stone.

33. CLAYSTONE AND SILTSTONEs Claystone same as 20

unit 39. Siltstone same as unit 36 interbedded

with lower 7 feet of claystone.

32. SANDSTONE AND SILTSTONEs Medium gray (N-5) to 3

greenish-gray (5GY6/1), very fine-grained,
quartzose sandstone interbedded with siltstone.

31. CLAYSTONE s Same as unit 39. 6

30. MICRITEs Medium dark gray (N-4) micrite. 1

29. CLAYSTONE AND SILTSTONEs Claystone same as 18

unit 39. Lower foot of claystone contains

very thin interbeds of greenish-gray (5GY6/1)
siltstone

28. MICRITEs Medium gray (N-5) micrite, weathers 0.5

pale brown (5YR5/2).

27. CLAYSTONE s Same as unit' 39. 14

26. SANDSTONES Greenish-gray (5GY6/1), very fine- 1

to fine-grained, well sorted, subround, thin-
to very thin-bedded, quartzitic, calcareous,
quartzose sandstone.

25- CLAYSTONEs Pale red-brown (10R5/4), calcare- 2

ous claystone.

24. SANDSTONES Same as unit 26. 1

23* CLAYSTONEs Same as unit 25. 3



SANDSTONES Greenish-gray (5GY6/1), very fine- 5
to fine-grained, well sorted, subangular to

subround, hard-resistant, very thin- to medium-

bedded, calcareous, quartzose sandstone.

CLAYSTONE AND SILTSTONEs Claystone same as 38

unit 39. 13 feet above base 1-foot bed of

interbedded, greenish-gray (5GY6/1), thin- to

very thin-bedded siltstone.

MICRITE: Medium gray (N-5) micrite. 0

CLAYSTONE: Same as unit 39. 15

NOTE. Locally, along strike, units 19 through
26 are replaced by white (N-9), granular
gypsum (not along MS-l) . Maximum ob

served thickness of gypsum north of MS-1

is about 60 feet.

LIMESTONE: Medium dark gray (N-4) , lump 7

(medium- to coarse-grained), thin- to medium-

bedded, in part oSlitic to pisolitic, espe

cially near top, resistant, limestone. Sample
MS-1A. Thin sections of MS-1A showed miliolids,
echinoderm and mollusk fragments. B. F. Perkins

identifies miliolids as Early Cretaceous.

CLAYSTONE: Same as unit 39, grades downward 10

into unit 16.

SANDSTONES Very light gray (N-8), fine- to 5

medium-grained, well sorted, subround, thin- to

medium-bedded, slightly resistant, calcareous,

quartzose sandstone.

CLAYSTONE s Same as unit 39. 14

CLAYSTONE, SILTSTONE AND SANDSTONES Claystone 5

same as unit 39. Interbeds of greenish-gray

(5GY6/1), very fine-grained, very thin- to

thin-bedded, slightly resistant, calcareous,

quartzose sandstone, and siltstone. Proportion
of sandstone increases gradually down-section.

CLAYSTONEs Same as unit 39. 17

CLAYSTONE, SILTSTONE AND SANDSTONES Same as 5

unit 14*
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11. CLAYSTONE AND SILTSTONEs Claystone same as 15
unit 39. with few interbeds of greenish-gray
(5GY6/1) siltstone.

10. MICRITEs Medium light gray (N-6) micrite, 0.5

containing abundant algal heads (?) and

calcite-lined cavities.

9. CLAYSTONE s Same as unit 39. 20

8. MICRITEs Medium light gray (N-6), thin-bedded, 3

slightly resistant micrite, contains some

calcite-filled cavities near base.

7. CLAYSTONE: Same as unit 39. 7.5

6. LIMESTONE: Medium dark gray (N-4), lump, 2

thin-bedded limestone.

5. CLAYSTONE: Same as unit 39. 5

4. LIMESTONE: Medium dark gray (N-4) to medium 9

gray (N-5), medium- to thick-bedded micrite

grading downward into lump limestone (lower
2-3 feet).

3. CLAYSTONE: Same as unit 39* 10

2. LIMESTONE: Medium dark gray (N-4) to medium 34

gray (N-5), medium- to thick-bedded, micrite

to micritic skeletal limestone with minor

lump limestone, especially near base. Lime

stone is oSlitic to pisolitic near top,

locally slightly siliceous and slightly

pyritic. Sample MS-IB. Thin sections showed

miliolids and mollusk fragments. Micritic

skeletal limestone contains recognizable

spired gastropods and thin-shelled pelecypods.

1. SANDSTONES Pale yellow-brown (10YR6/2), fine- 30

to medium-grained, well sorted, hard, slightly

resistant, thin- to medium-bedded, quartzitic,
very slightly calcareous, quartzose sandstone.

Base not exposed.

Base-deformed zone adjacent to Jurassic (?) evap

orites, probably a diapiric contact.

Incomplete thickness of

Navarrete Formation 434.7 feet
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MS-2

Location. On east face of El Banquete, 3.5 miles west of La

Macoya (K-ll). Del Rio Formation and Buda Limestone measured

in March 1965 by Haenggi using a Jacob's staff. Descriptions
are from field notes.

THICKNESS

UNIT FEET

BUDA LIMESTONE (Kbu)s

Top conformable but abrupt contact of Buda Lime

stone with Ojinaga Formation.

2. MICRITE: Medium light gray (N-6), medium- 50

bedded, in part nodular, slightly resistant

to resistant micrite. Formation forms small

cuesta of alternating resistant and slightly
resistant beds. Arctostrea sp. aff. A.

carinata (Lamarck! and Neithea sp. occur in

the lower foot of the unit. Two float sam

ples of Budaiceras sp. were collected along
MS-2.

Total thickness of Buda

Limestone 50

DEL RIO FORMATION (Kdr):

1. MOSTLY COVERED: Scattered outcrops of buff 44

(10YR8/2), calcareous, highly weathered

clayetone and shale. Small outcrop of

grayish-yellow (5Y8/4), gypsiferous, calca

reous shale, containing limonite concretions

(average 15 mm) near middle of measured in

terval. Scattered outcrops in the lower 2

feet of unit yielded Haplostiche texana

(Conrad), Turritella sp., Tylostoma sp.,

Exogyra sp. cfr. E. cartledgei Bose, and

Alipes sp. Similarly outcrops in the upper

10 feet of the unit yielded Exogyra arietina

RSmer and Neithea sp.

Base--conformable contact with Loma Plata Limestone.
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Total thickness of Del Rio

Formation 44

Total MS-2 94 feet



MS-3

Location. MS-3 is located 1.5 miles west of El Sauce (H-10)
and is about 0.15 mile south of the main channel of Arroyo
Cuatralbo. The base of the section is the unconformable con

tact with underlying unnamed siltstone unit (Ts). Section

measured up small hill formed by tuff. Section measured in

August 1964 by Haenggi using a steel tape. Descriptions are

from field notes and petrographic examination of selected

samples

UNIT

THICKNESS

FEET

TERTIARY

TUFF IN ARROYO CUATRALBO (Tt-l):

(Top of hill)

5. CONGLOMERATE (volcanic arkose): Grayish

orange-pink (5YR7/2), granule, pebble and

boulder, bimodal medium (-3-5 /) and very

large (-5*8 6) pebbles, boulders to 600 mm

(-9.0 /O, predominantly rounded minor angu

lar, siliceous, submature, volcanic rock

fragments, arkose.

4. COVERED.

3. CONGLOMERATE (volcanic arkose): Grayish

orange-pink (5YR7/2), granule (-1 to -2 /rf),
poorly sorted, subrounded to subangular,

siliceous, volcanic arkose. Thin section,

N-14c and b, show: 35% fine ash to volcanic

dust (less than l/4 mm) cement; 15# plagio

clase (andesine), subhedral and anhedral,
twinned fragments to 1 mm, elongated to 5

times width, average elongation 2 to 3 times

width, fresh; 2% biotite, pleochroic deep

brown to pale brown-yellow, flakes to 1.2 mm,

elongated 2 to 3 times width, some fresh, some

altering to opaque minerals; 3% opaques, sub

hedral, some pseudomorphs after biotite, amphi

bole and pyroxene, probably all magnetite;

trace pyroxene, pale green, subhedral, to 0.6

mm; trace amphibole, pleochroic in green and

12

30

5
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brown, subhedral to 0.5 mm; trace chlorite,
alteration of biotite (?); 45# rock fragments,

irregularly shaped, subround, subequant to 6

mm, average 2 to 3 mm, devitrified glass

groundmass containing clasts of plagioclase
and biotite in varying amounts, trace of cal

cite cavity filling and replacement of pla
gioclase

2. SANDSTONE (volcanic arkose): Grayish orange- 3

pink (5IR7/2), fine- to medium-grained (2.25
to 1.5 ^), poorly sorted, thick-bedded, sili

ceous, volcanic arkose. Thin sections, N-14a

and b and N-13, show: 80% fine ash and dust

(less than 0.25 mm) matrix composed of micro

lites of feldspar and probably quartz; 9%

plagioclase, subequant anhedral grains to 0.6

mm and subhedral prisms to 0*4 mm elongated 2

times width; 3% sanidine, subhedral to anhed

ral subequant fragments to 0.1 mm; 3% biotite,

strongly pleochroic in deep gold-brown to

pale brown-yellow, laths to 0.25 mm elongated
to 10 times width; 1% hornblende, pleochroic
in pale yellow-brown to dark brown, subhedral

prisms to 0.1 mm elongated 2 to 3 times width;

3% rock fragments, consisting of plagioclase
microlites in devitrified (?) glass ground-

mass, rock fragments are more or less sub

equant to 0.8 mm diameter; trace calcite, cav

ity filling and replacement of plagioclase.

1. TUFF (partially devitrified, vitric tuff): 3

Moderate orange-pink (10R7/4), aphanitic, por

phyritic tuff. Thin sections N-9 and N-12,
collected from localities other than measured

section, shows 3 to 5% phenocrysts, predomi

nantly sanidine with minor quartz; sanidine is

anhedral to subhedral, subequant to 1.0 mm,

corners of crystals are rounded; quartz is an

hedral fragments to 0.5 mm, more or less sub

equant; trace rock fragments consisting of

amoeboid shaped masses to 4 mm X 9 mm, welded

(?) vitric tuff containing few percent quartz

and sanidine phenocrysts; 10 to 15# glass

shards, average 0.02 mm X 0.3 mm, arcuate,
some "Y" shaped, partially devitrified (about

50% of each shard), axiolitic; 80 to 85#

groundmass consisting of fine ash to volcanic

dust (less than 0.25 mm) size particles of



feldspar and quartz with thoroughly dissemi

nated hematite dust, groundmass is probably

largely devitrified glass.

Base unconformable contact with siltstone (Ts).

Incomplete thickness of

tuff (Tt-l)
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MS-4

Location. --On Arroyo Navarrete, about 3.5 miles west of Navar-

rete (J-10) near the drainage divide between the Rfo Bravo and

Bols6n El Cuervo. Section was measured at constriction of

main channel of arroyo, where it cuts through the rocks meas

ured. The base of the sequence measured is not exposed, top
of section is contact between ignimbrite and bolson fill (un
conformable). Section measured in September 1964 by Haenggi
using pace and compass methods. Ignimbrite assumed to be

essentially vertical from observations of compaction struc

tures. Descriptions are from field notes and petrographic
examination of selected samples.

THICKNESS

UNIT FEET

PROBABLE TERTIARY

IGNIMBRITE IN CANON DE NAVARRETE (Tig) s

Top--contact with bolson fill (angular uncon

formity)

6. TUFF (devitrified, vitric, sanidine tuff): 10

Light gray (N-7), aphanitic groundmass con

taining 20# angular phenocrysts to 4 mm,

average 1 mm, of opalescent sanidine, numer

ous elongate vesicles (attitude N. 65 W.

and vertical) lined with white material, and

elongate dusky-red (10R2/2) inclusions, rock

has a frothy appearance. Thin section N-41A

shows: 23$ phenocrysts, 71$ groundmass, 1%

secondary opal, and 5% void space. Pheno

crysts are subhedral to anhedral, subequant

sanidine averaging 1 mm in length (maximum
of 2 mm), traces of quartz and basaltic horn

blende are also present. Groundmass is com

posed of ash and dust sized (less than 0.25

mm) microlites of feldspar and probably quartz,
no evidence of glass shards. Opal occurs as

cavity lining material.

5. TUFF (devitrified, vitric, sanidine tuff): 100

Pale yellowish-brown (10YR6/2), aphanitic

groundmass containing 20# angular phenocrysts
to 5 mm, average 2 mm, of opalescent sanidine



and occasional rounded and elongate masses

of dull white material, possibly rock frag
ments. Thin sections N-38, N-39B, and N-40

show 19 to 2Z% phenocrysts, 78 to 81# ground-

mass, and 1 to 5% cavity filling. Pheno

crysts are subhedral to anhedral, subequant
to slightly elongate sanidine, averaging 1.5
mm in diameter and frequently with slightly
rounded edges. Traces of biotite and quartz
are also present. Groundmass is predominantly

extremely fine-grained microlites probably of

feldspar and quartz. Numerous outlines of

relict, devitrified, welded glass shards are

disseminated throughout the groundmass. Cav

ity filling is predominantly quartz growing
from cavity walls toward centers, giving a

typical vein quartz type of structure. In the

lower part of the unit cavity fill material

comprises 1 to 5% of the rock; in the upper 10

feet, 20# of the rock is quartz cavity filling
in thin section N-40.

COVERED: Probably conglomerate similar to

unit 2.

TUFF (devitrified, vitric, sanidine tuff):
Yellowish-gray (5Y7/2), aphanitic groundmass

containing 25# angular phenocrysts to 5 mm,

average 2 mm, of opalescent sanidine. Numer

ous cavities are evenly disseminated through
out a slightly friable groundmass. Thin sec

tions N-36 and N-37 show 20 to 2k% phenocrysts,

72 to 73# groundmass, and 4 to 7% cavities.

Phenocrysts are predominantly subhedral to an

hedral subequant sanidine to 3 mm in diameter,
also traces of irregular shaped, rounded masses

of quartz and K-feldspar with cuneiform texture

resulting from exsolution of orthoclase and

quartz. Groundmass is composed of ash and dust

sized particles (less than 0.25 mm) of feldspar
and quartz; hematite dust disseminated through

groundmass in irregular bands. Some cavities

are lined with chalcedony and calcite.

COVERED: In June 1965 I visited this section

in company of R. K. DeFord and T. Dfaz G. and

noted that floods had washed out part of the

covered interval exposing a conglomerate com

posed of rounded pebbles, and cobbles of
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volcanic rock fragments in a sand and silt

matrix.

1. TUFF (devitrified, vitric tuff): Pale 135
reddish-brown (10R5/4) locally splotched

grayish-pink (5R8/2), groundmass contains

a trace to small percentages of widely scat

tered sanidine phenocrysts. Groundmass is

banded in alternate light and dark colored

streaks (compaction structures ?). Dark

bands are 1 to 2 mm wide and light bands are

1 to 1.5 cm wide. Thin sections N-35, N-34,
N-33, N-32, and N-31 show 2 to 6% phenocrysts,
84 to 95% groundmass, and 2 to 10# rock frag
ments. Phenocrysts are predominantly sub

hedral to anhedral, subequant sanidine to 5

mm, average 1 mm. Corners of phenocrysts are

slightly rounded, rare euhedral sanidine is

present. Traces of opaque mineral, epidote

(?), and quartz are in several of the samples.
Groundmass consists of very fine dust (much
less than 0.25 mm) of feldspar and probably

quartz fragments; hematite dust is dissemi

nated throughout the groundmass and possible
relict glass shards were noted in most of the

samples. Rock fragments are irregular shaped
masses of feldspar and quartz (?) microlites
to 3 mm in diameter. Microlites in rock frag
ments are much larger than fragments and

microlites of groundmass.

Base--covered by bolson fill.

Incomplete total thickness

of Ignimbrite (Tig). 405

Note . Three cooling units are believed pres

ent in the ignimbrite units 5 and 6,
unit 3, and unit 1.
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MS- 5

Location. Along Arroyo Palo Pegado, north of sidestream, 1.7

miles N. 15 E. of Rancho Tarais (G-ll). Section was measured
on hill north of arroyo that cuts through sill by D. S. Barker

and W. T. Haenggi in March 1964* Measurements by pace and com

pass. Sill is concordant in Ojinaga Formation and thickens

and thins along strike from about 20 to about 100 feet. Bottom

contact seems more irregular than top contact. Descriptions
from field notes and petrographic examination of selected sam

ples.

THICKNESS

UNIT FEET

LATE CRETACEOUS

OJINAGA FORMATION (Ko)s

Top within hornfelsed siltstone containing
Inoceramus molds.

9. HORNFELS (intensely hornfelsed siltstone) s 5 inc.

Very dusky red (10R2/2) banded light gray

(N-8) hornfels of siltstone containing numer

ous molds of Inoceramus sp. Locally abundant

botryoidal, grayish yellow-green (5GY7/2)
prehnite along contact between unit 8 and

unit 9

Thin section H-11I . Irregularly banded meta-

sediment consisting of about 80>6 sericite and

about 20>6 plagioclase, with scattered strained

quartz fragments and curious spherical struc

tures replaced by microcrystalline quartz

(chert), averaging 0.15 mm, probably forams.

Increase in amount of sericite with decrease

in amount of plagioclase along layers. Rock

contains trace of few percent opaques and

minute greenish fragments are scattered

throughout, possibly diopside.

TERTIARY

PALO PEGADO SILL (Ti-4). Strike N. 10 W.;

dip 25 to 28 W. s

8. DIABASE (fine, porphyritic, slightly vesicular,



341

Unit and

Thickness

in Feet Top

Thin

Section :e. Formation and Description

m

t
Î

3

8

O o

H

Late Cretaceous-Ojinaga Formation;

intensely hornfelsed silt

stone

Tertiary-Vesicular upper contact

Sill facies, abund. hornfels

inclusions.

-"Peridotite," black, sphe
roidal weathering.

-Leucocratic layer, abund.

hornblende needles.

-"Peridotite"

-Very thin leucocratic

layers.

-"dike" of reddish, non-

spheroidal weathering rock

containing zoned inclusion

-Abundant hornfels inclusions

in "peridotite."

-Amygdaloidal chilled border

facies

Late Cretaceous-Ojinaga Formation;
hornfelsed laminated silt
stone.

Tertiary-amygdaloidal sill, same as

unit 4*

Late Cretaceous-Ojinaga Formation;
hornfelsed shale.



olivine, biotite diabase contact facies) s

Grayish-green (5G5/2) groundmass containing
numerous small (average 0.5 mm) phenocrysts
of a dark mineral and abundant irregularly

shaped hornfels inclusions, scattered
vesicles are slightly elongate.
Thin section H-11H. Nine inches below con

tact with unit 9. Fine, porphyritic, vesic

ular, olivine, biotite diabase. Predomi

nantly plagioclase (about 75^) occurring as

subhedral laths to 0.05 X 0.2 mm, slightly
altered. Phenocrysts are subhedral pyroxene

laths to 0.2 X 0.6 mm. probably acmite and

titanaugite (about 6%), anhedral biotite

flakes to 0.15 mm (about 5%) and chlorite

pseudomorphs after olivine (about 11#). Rock

contains about 1% prehnite cavity filling
(cavities to 1.25 mm), and about 2% opaques,

predominantly leucoxene.

"PERIDOTITE" (medium seriate, poikilitic,

olivine, biotite "peridotite") s Same as unit

5. Contains numerous irregular apophyses of

unit 6, some of which continue into unit 7.

Contact between unit 7 and unit 6 very irreg
ular.

SYENITE (coarse, poikilitic, hornblende sye

nite) s White (N-9) mass containing abundant

long (to 2 cm needles of hornblende in random

arrangement
Thin section H-11G. --Shows rock is predomi-

nantly (70%) mesoperthite and plagioclase.

Amphibole (20 to 25#) occurs as subhedral

prisms to 1.2 mm X 2.0 cm, some crystals are

interlocked, amphibole is basaltic hornblende.

The rock also contains 5% pyroxene (acmite and

titanaugite), 2% unaltered opaques, traces of

nepheline (?) and zeolites. Contact between

hornblende syenite and "peridotite" is sharp,
marked by increase in grain size from "perido
tite" to syenite and decrease in mafics with

appearance of hornblende. Contact between

unit 5 and unit 6 is much more regular than

contact between unit 6 and unit 7.

"PERIDOTITE" (medium seriate, poikilitic,

olivine, biotite "peridotite") s Greenish-

black (5G2/l), containing thin light-colored



(hornblende syenite) layers and minor apophyses
near top, "dike" of fine "peridotite," nearly
perpendicular to sill contacts, 8 to 25 feet

above base, and numerous slabs of hornfels to

4 inches thick by 3 feet long aligned parallel
to contact in lower 8 feet.

Thin section H-11F. Collected about 29 feet

above base of unit 5, shows approximate per-

centagess plagioclase 30, pyroxene 38, ser

pentine and/or chlorite 20, biotite 10, opaques
2 and traces of sericite (?) and apatite. Pla

gioclase is anhedral, to 5 mm, twinned, zoned

and encloses pyroxene in poikilitic fashion,
small patches of bladed aggregates of highly
birefringent material, probably sericite, occur

on some plagioclase. Pyroxene occurs as sub

hedral prisms to 2 by 6 mm, pale yellow-green
to purplish, zoned, twinned, hourglass struc

ture, probably titanaugite and aegerine-augite .

Serpentine and/or chlorite occurs as pseudo
morphs after olivine. Biotite occurs in poi
kilitic bundles to 8 mm.

Thin section H-11B. Collected 8 feet above base

of unit 5 Rock is similar to H-11F except
amount of plagioclase increases to 45 to 50% and

biotite, chlorite-serpentine, and pyroxene de

crease to 5, 15 and 25% respectively. This sam

ple is probably an olivine-pyroxene gabbro.
Thin section H-11E. Collected from "dike" in

lower half of unit 5 Rock is essentially a

fine, glomeroporphyric variety of olivine-

biotite "peridotite." Rock is about 25% pheno
crysts of pyroxene and chlorite-serpentine

pseudomorphs after olivine. Groundmass is an

aggregate of biotite, plagioclase, pyroxene and

chlorite

Thin section H-11D. Collected from rare inclu

sions in dike which are, in part, zoned. Slide

is essentially 100% prehnite, occurring in

bladed aggregates and contains peculiar spheres
averaging 0.75 mm, possibly altered forams.

Rock is an altered sedimentary rock.

Thin section H-11C. Collected from hornfels in

clusion in lower 8 feet of unit 5 Rock is a

hornfelsed sediment consisting of extremely
fine-grained material with no variations in

grain size, irregularly banded in zones averag

ing about 1 cm. Mineralogically it is about 65%

plagioclase, 30% diopside (?), 5% prehnite, and
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a trace of sphene. Layers are probably pre

served sedimentary structures, one of two

slides contains calcite-rich layers, possibly
from original sediment.

4. DIABASE (fine seriate, poikilitic, porphyritic, 5

slightly vesicular, olivine, biotite diabase

contact facies) s Grayish-olive (10Y4/2) ground-
mass containing scattered, white (N-(), sub

hedral phenocrysts.
Thin section H-11A. Collected about 1-foot be

low top of unit 4* Rock is predominantly pla
gioclase (48%) occurring in anhedral lath-like

forms surrounding pyroxene. Pyroxene (20%)
occurs as subhedral prisms to 0.5 X 2.5 mm,

colorless to gray-purple, good hourglass struc

ture, probably predominantly titanaugite.
Chlorite and/or serpentine (20%) occurs as

irregular flakes and as pseudomorphs after

olivine. Rock also contains 10% biotite, 2%

sphene, and traces of opaques and calcite frac

ture filling.

LATE CRETACEOUS

OJINAGA FORMATION (Ko) s

Contact between sill and Ojinaga Formation is

sharp.

3. HORNFELS (laminated, hornfelsed siltstone) s 15

Light gray (N-7).

TERTIARY

PALO PEGADO SILL (Ti-4)s

2. DIABASE (fine seriate, olivine diabase )s Hand 1

specimen identical to unit 4 (thin section H-

11A). Contacts with units 1 and 3 are sharp.

LATE CRETACEOUS

OJINAGA FORMATION (Ko)s

1.' HORNFELS (hornfelsed shale) 8 Medium gray (N-5), 10 inc.
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hornfelsed shale.

Base within hornfelsed sediments of Ojinaga
Formation.

Total thickness MS-5 113 feet

Total thickness Palo Pegado
Sill (Ti-4) 83 feet

Incomplete thickness horn

felsed sediments of Ojinaga
Formation measured. --30 feet
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MS-6

Yeager's measured section 8 (i960, p. 85-86) is reproduced
here as MS-6, the proposed type section of the Benigno Forma

tion. Numbers of slides are Yeager's.

Location. --A complete section of the Benigno Formation was

measured up a resistant ridge west of Arroyo de los Alamos
from lat 3017'12" N., long 10455t22" W. (E-8) .

THICKNESS

UNIT FEET

EARLY CRETACEOUS

BENIGNO FORMATION

Top of MS-6 at top of resistant limestone

ridge. Top is covered by colluvium.

9. LIMESTONE: Color and grain size same as

unit 8; thick-bedded, resistant; Orbitolina

texana found in lower 115 feet of unit;
slides MS6-10 (268). MS6-11 (302), MS6-12

(326), MS6-14A (436) 265

8 LIMESTONES Dark gray (N-3) weathering me

dium gray (N-5), nodular, micrograined, non-

resistant; contains abundant Orbitolina

texana; slide MS6-9A (226) 35

7 SANDSTONES Very light gray (N-8) weathering

pale yellowish brown (10YR6/2); and greenish

gray (5GY6/1) weathering grayish brown

(5YR3/2), thin-bedded, very fine sand; has

limonitic spots and streaks; calcareous ce

ment; resistant; slide MS6-7 (205) 13

6 COVERED: Sandstone and nodular limestone

float 59

5 SANDSTONES Dark medium gray (N-4) weathering
moderate brown (5YR4/4), thick-bedded, fine
sand; calcareous cement; resistant. 4

4 LIMESTONES Same as unit 2; contains abundant

Orbitolina texana; slide MS6-4 (102) 11
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3. COVEREDs Nodular limestone float 19

2. LIMESTONES Dark gray (N-3) weathering
medium gray (N-5), thin-bedded, pauro-

grained, resistant; contains scattered

Orbitolina texana 30

1. LIMESTONES Dark gray (N-3) weathering
medium light gray (N-6) and yellowish gray

(5Y7/2), nodular to thin-bedded, pauro-

grained to very fine mesograined; non-

resistant, contains Orbitolina texana at

top; slide MS6-2 (80) . . . . 80

Base of MS6 at top of resistant sandstone

bed underlying a non-resistant slope.
Base is exposed and conformable.

Total thickness of the Benigno Formation.. 516
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PETROGRAPHIC DESCRIPTIONS

Index of Thin Sections, El Cuervo Area

Number Unit, Formation, etc.

H-6 TKi-l

H-lla-

H-lli

Ti-4 (Palo Pegado sill)

N-9 Tt-l

N-10 Tcg-1

N-ll TKi-2

N-12 Tt-l

N-13 Tt-l

N-14a-

N-14c

Tt-l

N-15 Jg

N-l6a-

N-l6b

Ti-l

N-17a-

N-17b

Ti-l

N-19 Ti-l

N-20 Ti-l

N-22 Kf

N-27a-

N-27d

TKi-l

N-31 Tig (Arroyo Navarrete)

N-32 Tig (Arroyo Navarrete)

N-33 Tig (Arroyo Navarrete)

Where Described

Appendix, p. 355-356

Appendix, MS-5, p. 340-344

Appendix, MS-3, p. 335-336

Text, p. 98

Appendix, p. 361-362

Appendix, MS-3, p. 335-336

Appendix, MS-3, p. 335

Appendix, MS-3, p. 334-335

Appendix, p. 352

Appendix, p. 373-375

Appendix, p. 373, 375

Appendix, p. 373, 375-376

Appendix, p. 373, 376

Appendix, p. 354

Appendix, p. 355-357

Appendix, MS-4, p. 339

Appendix, MS-4, p. 339

Appendix, MS-4, p. 339



N-34 Tig (Arroyo Navarrete)

N-35 Tig (Arroyo Navarrete)

N-36 Tig (Arroyo Navarrete)

N-37 Tig (Arroyo Navarrete)

N-38 Tig (Arroyo Navarrete)

N-39 Tig (Arroyo Navarrete)

N-40 Tig (Arroyo Navarrete)

N-41a-

N-41b

Tig (Arroyo Navarrete)

N-42a,
b , c , e ,

g and h

Tcg-2

N-42d,
f and i

Tcg-2

N-43 Ti-l

N-47 Ta-2

N-48 Ta-2

N-49 Kf

N-50 Ta-2

N-51a-

N-51b

Ta-2

N-53 TKi-l

N-56 TKi-2

N-57 Ta-2 (?)

N-58 Ta-2

N-59 Ta-2

N-60 TKi-2

Appendix, MS-4

Appendix, MS-4

Appendix, MS-4

Appendix, MS-4

Appendix, MS-4

Appendix, MS-4

Appendix, MS-4

Appendix, MS-4

p. 339

p. 339

p. 338

p. 338

p. 338

P. 338

p. 338

p. 337

Appendix, p. 387-389

Appendix, p

Appendix, p

Appendix, p

Appendix, p

Appendix, p

Appendix, p

Appendix, p

Appendix, p

Appendix, p

Appendix, p

Appendix, p

Appendix, p

Appendix, p

383-384

373

383-384

383, 385

354

383, 385

383, 386

355, 357

361-362

386-387

386-387

386-387

361-363



N-61 Ti-l Appendix,* P 367- 369

N-62 TKi-2 Appendix,? P- 361, 363

N-63a-

N-63b

TKi-2 Appendix,? P 361, 364

N-64 TKi-2 Appendix,t P 361, 364-365

N-65 Ti-l Appendix,? P. 367, 369

N-67 TKi-l (?) Appendix, P- 359- 360

N-68 Ti-l Appendix, P 367, 369-370

N-69 Ti-l Appendix,? P- 367, 370

N-70 Kn (?) Appendix,? P* 353

N-72 Ti-l Appendix,? P- 367, 370-371

N-73 Ti-l AppendiXj? P* 368, 371

N-74 Ti-l AppendiXj> P 368, 371

N-75 Ti-l Appendix,? P 368, 372

N-78 Jg AppendiXj P- 352

N-79 TKi-2 AppendiXj? P 361, 365

N-82 TKi-l AppendiXj. P- 355, 357-358

N-84 TKi-l AppendiXj? P- 355, 358-359

N-85 Ti-3 AppendiXj? P- 378

N-87 TKi-l AppendiXj? P* 355, 359

N-91 Tig (?) (Arroyo Navarrete) Text, p. 103

N-105 Jg Appendix,> P. 352

N-107 TKi-2 Appendix,> P- 361, 365-366

N-108a-

N-108b

Ti-2 Appendix,> P- 377



N-113 Ti-3 Appendix, P. 378

N-114 Ti-l Appendix, P* 368, 372

N-115 Ti-l Appendix, P* 368, 372

N-116 TKi-l (?) Appendix, P. 360

N-117a-

N-117b

Ta-l Appendix, P* 379-380

N-119 Ta-l Appendix, P 379-380

N-121 Tl Appendix, P 382

N-122a-

N-122b

Tl Appendix, P 382

N-123 Ta-l Appendix, P 379, 381

N-124 Ta-l Appendix, P- 379, 381

N-126 Tig (Sierra Lagrima) Text, p. 111--112

N-127 Tba Text, p. 112

N-128 Tig (Sierra Lagrima) Text, p. 111

N-150 Ti-l Appendix, P 373, 376-378

N-152a-

N-152e

Kn Appendix, P. 353

MS-lA-1

through
MS-lA-3

Kn Appendix, P. 353

MS-lB-1

through
MS-1B-4

Kn Appendix, P 353
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Thin Sections of Rocks from

Evaporite Sequence (Jg)

SAMPLE N-15

Locations 0.8 mile west of El Sauce in Arroyo Cuatralbo.

Field relations s Small outcrop of Jg surrounded by Navarrete

Formation adjacent to contact with conglomerate (Tcg-l). Jg
seems to be intruded into Navarrete.

Hand specimens Moderate olive-brown (5Y4/4) splotched gray

ish olive-green (TGY3/2) brecciated, finely laminated, shaly,
dolomitic limestone.

Thin sections Not described in detail; rock is highly de

formed, brecciated, carbonaceous, dolomitic limestone.

SAMPLE N-78

Locations About 0.7 mile south of Rancho Tarais.

Field relation ss "Sill" in shale of Navarrete Formation in

diapir.

Hand specimens Dark reddish-brown (10R3/4) aphanitic ground-
mass with brecciated grayish-black (N-2) fragments to 2.0 mm

of dolomitic limestone.

Thin sections Not described in detail; rock is limonite-

stained, altered, gypsiferous, dolomitic limestone.

SAMPLE N-105

Locations 0.5 mile north of Rancho La Abuja.

Field relations s Black dolomitic limestone interbed in gypsum

in core of La Parra anticline.

Hand specimens Lost in thin section grinding process.

Thin sections Not described in detail. Fantastic breccia of

carbonaceous, dolomite and calcite.
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Thin Sections of Rocks from

Navarrete Formation (Kn)

SAMPLE N-70

Locations 1.2 miles south of Rancho La Abuja, east of Cerro

La Abuja.

Field relationss Contact zone porphyritic andesite (Ti-l)
and Kn along east side of Cerro La Abuja intrusion. Many
apophyses and sill-like developments of green aphanitic rock

(this sample)

Hand specimens Dusky yellowish-green (10GY3/2) groundmass
(30#) containing dusky yellow (5*6/4) "ob'lites" (60#) and

with many fractures filled with calcite. Rock is probably a

metasediment .

Thin sections Not described in detail. Structure and orig
inal composition of rock masked by chlorite which makes up
more than 90$ of rock. Possibly some sericite and rare pyrox
ene (?) prisms.

SAMPLES MS-lA-1 through MS-lA-3 and MS-lB-1 through MS-lB-4

Locations MS-1, see description of measured section for lo

cation in sequence (MS-1, p. 328-331). These thin sections

were made for B. F. Perkins to study microfossils. I have

not described them.

SAMPLES N-152a through N-152e

Locations Outside of El Cuervo area. 6.7 miles north of

Rancho Consuelo, west of Sierra del Pino northeast of El

Hueso. These thin sections were also made for B. F. Perkins.

I believe that they are from a formation equivalent to the

Navarrete Formation and they yielded microfossils similar to

those samples from MS-1.



354

Thin Sections of Rocks from

Finlay Limestone (Kf)

SAMPLE N-22

Location: 0.1 mile north of Rancho La Mina in mine.

Field relations s Limestone at contact with gossan in mine.

Practically no alteration of limestone at contact.

Hand specimen: Medium gray (N-5) to medium dark gray (N-4)
micrite, highly fractured with two sets of calcite filled

joints one set cross-cutting the other and offsetting it.

Thin sections Not described in detail. Rock is foraminiferal

biomicrite .

SAMPLE N-49

Locations 0.8 mile west of Rancho La Abuja at contact be

tween Kf and Ta-2 (fault).

Field relations s At fault contact between Ta-2 and Kf . Along
fault 10-foot zone of highly altered igneous rock (to clay)
underlying Finlay Limestone which is discolored along a 2-foot

zone parallel to the fault which is horizontal.

Hand specimens Breccia (?) of grayish orange-pink micrite

fragments to 3 cm in recrystallized calcite matrix.

Thin sections Not described in detail. Structure of rock ob

literated by sparry calcite.
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Thin Sections of Rocks from

Olivine Diabase (TKi-l)

Table 17. Visually estimated percentages of constituent

minerals of olivine-diabase intrusions (TKi-l)

SAMPLE NUMBER H^ N-27a N-27c N-27d N-53 N-82 N-84 N-87

Calcite 25 25 5 25 20 38 70 30

Chlorite 70 75 31 75 58 25 10 50

Plagioclase - - 60 - 20 30 20 15

Olivine - - - - - 2 - -

Opaques Tr. Tr. 1 Tr. 2 2 Tr. Tr.

Talc (?) 5 Tr. - - - - - Tr.

Quartz
- - 3 - - - - 5

Sphene Tr. - - - - - - -

Sericite
- - - - 3 - -

SAMPLE H-6

Locations About 0.4 mile S. 54 W. Rancho Navarrete, south

of road to La Chiva where it leaves Cail6n de Navarrete. Shown

as strike and dip of sill symbol on Plate 1.

Field relations: Sill, 1.5 to 2 feet thick, overlying 15-foot

baked, blue- purple limestone that contains pyrite. Baked zone

in limestone about 0.5 to 1 inch wide. Sill strikes N. 64 E.,

dips 60 W. Irregular outcrops of sill for about 100 yards

along limestone.

Hand specimens Grayish olive-green (5GY3/2), aphanitic, por

phyritic diabase, phenocrysts subhedral, average 2 mm, gener

ally occur as laths.

Thin sections Fine-grained, porphyritic, altered olivine
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diabase. 25$ phenocrysts, subhedral olivine completely re

placed by calcite, minor talc (?) replacement, concentration

of opaques along contact between phenocrysts and groundmass.
75$ groundmass, predominantly chlorite, occurring as flakes

and irregularly shaped masses, minor talc (?) disseminated in

groundmass. About 10$ of groundmass is relict pyroxene (?)
occurring as subhedral prisms to 0.5 mm X 1.0 mm, completely
replaced by chlorite. Chlorite is probably mostly alteration
of plagioclase.

SAMPLE N-27a

Locations Same as H-6.

Field relations: Same as H-6.

Hand specimen: Same as H-6.

Thin section: Essentially the same as H-6. Less talc in

groundmass and as pseudomorphs after olivine than H-6.

SAMPLE N-27c

Location: Same as H-6.

Field relations: Same as H-6.

Hand specimens Dusky yellow-green (5GY5/2), fine-grained,
holocrystalline diabase.

Thin sections Fine, hypidiomorphic, granular, altered olivine

diabase. Predominantly subhedral, interlocking plagioclase
laths averaging 0.2 mm X 2 mm, altering to chlorite and being

replaced by calcite. Chlorite occurs as irregular amoeboid

masses to 0.6 mm diameter; some is forming from plagioclase
and possibly most of chlorite was originally pyroxene. Cal

cite occurs as pseudomorphs after olivine. Quartz is all

recrystallized and probably is assimilated from surrounding

sedimentary rocks. Other than chlorite which may be altered

pyroxene, this rock contains no pyroxene or relict pyroxene,

hence may not be a diabase sensu stricto.

SAMPLE N-27d

Locations Same as H-6.
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Field relationss Same as H-6.

Hand specimens Grayish olive-green (5GY3/2) aphanitic, por

phyritic diabase. Phenocrysts are subhedral to euhedral

calcite pseudomorphs after olivine and possibly pyroxene,

average diameter 4 mm.

Thin sections Fine-grained, porphyritic, altered olivine

diabase. 25$ phenocrysts of olivine and possibly pyroxene,

completely replaced by calcite, phenocrysts are subhedral to

euhedral, average diameter 3 mm. 75$ groundmass, predomi
nantly chlorite containing numerous relict pyroxene (?) and

plagioclase, minor talc on relict grains. Opaques slightly
altered to hematite.

SAMPLE N-53

Locations In main channel of Arroyo Navarrete about 0.7 mile

west of Rancho Navarrete. Shown on Plate 1.

Field relationss 50-foot diameter outcrop in midst of 500-
foot wide disturbed zone, associated with faulting. Igneous
rock is intruded into green shale adjacent to 2-foot limestone

of Navarrete Formation. Limestone altered along contact with

intrusion. About 100 feet upstream a limestone similar to

the limestone associated with the sampled intrusion is cut by
a 2.5-foot dike of highly weathered, green igneous rock sim

ilar to N-53.

Hand specimens Grayish olive-green (5GY3/2), aphanitic, por

phyritic diabase, phenocrysts subhedral to euhedral, calcite

pseudomorphous after olivine and possibly pyroxene. Rock is

shot through with calcite veins up to 5 mm wide.

Thin sections Fine-grained, porphyritic, altered olivine dia

base. 20$ phenocrysts to 0.9 mm euhedral and subhedral olivine

with minor pyroxene (?), completely replaced by calcite. 80$

groundmass, predominantly chlorite containing numerous relict

pyroxene (?) prisms. Plagioclase occurs as scattered laths

averaging 0.04 mm X 0.2 mm and is highly altered. Opaques are

concentrated on rims of calcite pseudomorphs after olivine and

are altered somewhat to hematite. 1 to 2% calcite occurs as

vein and fracture filling.

SAMPLE N-82

Locations Along west side of Palo Pegado fault about 0.5 mile
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south of Ojos Calientes. Not shown on Plate 1.

Field relations: Small (5-foot diameter) outcrop of sill (?)
between two 1-foot gray micrite beds 3 feet apart (3 feet

thickness of "sill"). Limestones on both sides have 1-inch

thick baked zone adjacent to intrusion. All is within Ojinaga
Formation striking N. 5 E. and dipping 30 west. Igneous

crops out about 200 feet west of Palo Pegado fault.

Hand specimen: Grayish olive-green (5GY3/2), splotched dusky

yellow-green (5GY5/2), aphanitic, porphyritic diabase, pheno
crysts are subequant to slightly elongate calcite pseudomorphs
after olivine, averaging 1 mm diameter.

Thin section: Fine-grained, porphyritic, altered oliving dia

base. 10$ phenocrysts of subhedral to euhedral olivine prisms
and sections, prisms average 0.8 mm X 1.2 mm, sections to 1

mm, almost completely replaced by calcite, rarely by chlorite.

Phenocrysts frequently display "ropy" fractures characteristic

of olivine. 90$ groundmass consisting of plagioclase laths

to 0.1 mm X 0.5 to 1 mm, irregular patches of chlorite, and

masses of calcite. Opaques altered slightly to hematite are

predominantly magnetite-ilmenite with minor leucoxene. Seri

cite is a minor alteration of feldspar.

SAMPLE N-84

Locations Along Palo Pegado fault about 1.3 miles south of

Ojos Calientes. Not shown on Plate 1.

Field relationss Three 8- to 10-inch dikes striking N. 30

E., dipping 80 west, intruded into claystone of Ojinaga For

mation striking N. 10 W. and dipping 35 west. Dikes are

offset 3.5 feet by thrust fault, exposed in arroyo along

bedding. 2-inch baked clay zone along each contact of dikes.

Dikes are about 1.5 feet apart and are about 0.1 mile west of

Palo Pegado fault.

Hand specimens Same as N-82.

Thin sections Fine-grained, porphyritic, altered olivine dia

base. 20$ euhedral to subhedral olivine phenocrysts, com

pletely replaced by calcite and chlorite. Typical replacement

is sparry calcite in center, hash of chlorite and calcite to

ward rim, then a thin chlorite rim associated with opaques.

80$ groundmass consisting of relict pyroxene (?), plagioclase,
calcite and chlorite. Relict pyroxene (20$ of rock) occurs

as subhedral to euhedral prisms to 0.1 mm X 0.2 to 0.3 mm,
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completely replaced by calcite with minor chlorite. Replace
ment seems to have been from edgea toward center. Plagioclase
occurs as very small laths (0.002 X 0.01 to 0.02 mm). About

30$ of calcite is probably replacement product of plagioclase.
Chlorite occurs as an alteration of pyroxene (?) and plagio
clase

SAMPLE N-87

Locations Along face of El Banquete, about 0.5 mile south of

Rancho La Chiva. Not shown on Plate 1.

Field relationss Two 2-foot sills, about 5 feet apart in Oji
naga Formation, striking north-south and dipping 30 west.

3-inch baked contact zones in claystone along contacts with

sills.

Hand specimens Dark yellowish-brown (10YR4/2), aphanitic,
porphyritic, diabase. Phenocrysts average 0.5 mm but range

up to 5*0 mm. Rock is shot through with thin (to 0.2 mm wide)
calcite veins.

Thin sections Very fine-grained, porphyritic, altered olivine

diabase. 10$ subhedral to euhedral olivine phenocrysts, sub

equant sections to 0*5 mm, prisms to 0.5 mm to 1.5 mm.

Olivine is completely replaced by calcite, one phenocryst is

replaced by quartz. 90$ groundmass consisting of chlorite

containing relict pyroxene (?) (about 5$ of rock) altering to

calcite and talc (?) Talc is concentrated on terminated ends

of relict pyroxene (?). Plagioclase occurs as laths 0.1 mm X

0.5 mm altering to chlorite. About 25$ of slide is a calcite

vein complex containing quartz. Calcite appears to be replac

ing quartz along vein because fractured pieces of quartz are

in optical continuity with sparry calcite along veins.

Samples not Listed in Table 17

SAMPLE N-67

Locations 0.8 mile south of La Abuja along arroyo east of

Cerro La Abuja, at southernmost outcrop of evaporites.

Field relationss Thin stringers of green hornfels in evapo

rites adjacent to contact with Navarrete Formation in area of

highly contorted beds associated with diapir. Intrusions of

porphyritic andesite (Ti-l) 0.2 mile east and west of outcrop.
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Hand specimens Grayish olive-green (5GY3/2) aphanitic to

very fine-grained rock containing a few percent white (N-9)
ovoid inclusions of calcite that may be phenocrysts whose

shape has been altered (average diameter 2.0 mm).

Thin sections Fine-grained, porphyritic, hornfelsed olivine
diabase. 10$ phenocrysts, olivine (?) completely replaced by
calcite and small amounts of prehnite, subequant up to 1.5 mm.

90$ groundmass, hornfels texture of small plagioclase laths

(45$) and chlorite, sericite (?) and epidote. Chlorite form

ing in part from pyroxene and biotite (traces of biotite and

pyroxene in rock and chlorite forming at their expense). The
rock also contains a trace to a few percent opaque minerals.

SAMPLE N-116

Locations 1.3 miles northeast of La Abuja, along Arroyo
Navarrete where it bends from northeast trend to east trend

(shown on pi. l).

Field relationss Deformed dike or sill intruded into black

limestone bed in lower part of Navarrete Formation, adjacent
to diapir of evaporites.

Hand specimens Grayish olive-green (5GY3/2) fine, equigran-
ular about evenly distributed light and dark subequant grains
of feldspar and dark minerals.

Thin sections Hornfels. Predominantly small interlocking
plagioclase laths (more than 90$) with small amounts of quartz.
Chlorite, limonite, and opaques disseminated in plagioclase,
some calcite replacement of pyroxene (?) and/or olivine (?).
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Thin Sections of Rocks from Amphibole-rich Intrusive

Igneous Rocks Associated with Evaporites (TKi-2)

Table 18. Visually estimated percentages of constituent

minerals of amphibole-rich intrusive igneous
rocks associated with Jurassic (?) evaporites

(TKi-2).

SAMPLE

NUMBER N-ll N-56 N-60 N-62 N-63a N-63b N-64 N-79 N-107

Amphibole 70 Tr. - 30 80 75 35 35 Tr.

Plagioclase* 20 52 40 45 15 20 38 40 70

Epidote 8 40 43 Tr. 5 5 5 5 17

Opaques 1 3 2 3 Tr. Tr. 2 3 Tr.

Chlorite Tr. 5 15 Tr. Tr. Tr. 10 10 3

Calcite - - Tr. 2 Tr. - - 5 10

Pyroxene
- Tr. Tr.? 15 - - 10 - -

Apatite
- - - - - - - 2 -

Spinel 1 - - - - - - - -

Sphene
- - - Tr. - - - - -

Prehnite Tr. - - - - - - - -

Biotite - - - 5 - - - - -

?Plagioclase is highly altered in most rocks; this is estimated

original percentage and no effort is made to give true percent

age of alteration products.

SAMPLE N-ll

Locations 1.3 miles S. 24 W. Rancho Tarais, shown on Plate 1.

Field relationss 200-foot diameter outcrop surrounded by
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Quaternary gravels and alluvium. Located on 0.2 mile south

of gypsum outcrop, gypsum probably present beneath gravel and

alluvium at this locality.

Hand specimens Greenish-black (5GY2/1) to dusky yellow-green

(5GY5/2), very coarse "hornblendite"

Thin sections Coarse, hypidiomorphic "hornblendite." Amphi
bole is subhedral to euhedral, subequant to 5 mm, twinned,
zoned green at edges, brown toward centers, pleochroic in

pale-yellow and green, probably hornblende. Epidote is color

less to pale yellow and greenish, occurs as subhedral prisms
averaging 0.3 X 0.9 mm, occurring in clusters and as altera

tion product of plagioclase. Plagioclase occurs as inter

stitial filling of interlocking laths and irregular masses.

Plagioclase is highly altered to sericite (?) and chlorite.

Prehnite occurs as cavity filling.

SAMPLE N-56

Locations 1.2 miles S. 78 W. of Rancho Navarrete on hill

west of Arroyo Navarrete, shown on Plate 1.

Field relations: Small outcrop (10 to 20 feet in diameter)
surrounded by gypsum. Cannot determine if intruded into

gypsum or carried in by gypsum.

Hand specimens Greenish-black (5GY2/1) and moderate yellow-

green (5GY7/4), fine to coarse, slightly porphyritic gabbro.

Thin sections Fine to medium, hypidiomorphic gabbro. Epi
dote occurs as subhedral prisms to 0.5 by 1 to 1.5 mm, green

ish to pale yellow, slightly pleochroic, probably alteration

of hornblende and possibly of pyroxene, and as irregularly

shaped masses to 0.8 mm in diameter. Chlorite as alteration

product of epidote and/or plagioclase. Epidote tends to

cluster into glomerocrysts in several parts of the rock.

Plagioclase is highly altered, zoned, subhedral laths to 0.8

X 2.4 to 3.2 mm. Opaques occur as rhombs with some showing

zoned alteration to leucoxene.

SAMPLE N-60

Locations 0.5 mile north of Rancho La Abuja, shown on Plate

Field relationss 20 X 50-foot outcrop surrounded by gypsum,

no contact relations observed, rock is badly shattered
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suggesting movement within gypsum after intrusion of igneous
rock. Fine- and coarse-grained varieties present.

Hand specimens Grayish olive-green (5GY2/3), aphanitic, por

phyritic diabase.

Thin sections Fine, hypidiomorphic, porphyritic diabase.

Phenocrysts (20$); predominantly chlorite as replacement of

olivine (?) and/or pyroxene (?). Minor glomeroporphs and

subhedral prisms of epidote. Epidote also occurs as cavity
filling, and alteration of mafic minerals in groundmass,
probably hornblende and/or pyroxene. Plagioclase occurs in

groundmass as anhedral and subhedral crystals, apparently as

interstitial filling, highly altered. Opaques are anhedral

to subhedral and are slightly altered to hematite.

SAMPLE N-62

Location: 0*4 mile west of Rancho La Abuja, not shown on

Plate 1.

Field relationss 10-foot outcrop surrounded by gypsum, no

contact relations observed, igneous rock highly fractured.

Hand specimens Grayish-green (5G5/2) splotched grayish-

yellow (5Y8/4) medium, hypidiomorphic, poikilitic, horn

blende gabbro. Many acicular needles of hornblende in random

arrangement .

Thin sections Medium, hypidiomorphic, poikilitic, seriate

hornblende gabbro. Amphibole occurs as subhedral prisms, and

euhedral sections, prisms average 0.5 X 2.5 to 3.5 mm, scat

tered randomly, pleochroic in straw yellow and red-brown,
extinction angle 14, twinned. Amphibole is iron-rich horn

blende, almost oxyhornblende . Pyroxene (probably diopside)
occurs as pale green, subhedral prisms and anhedral fragments,
some altered to opaques and to hornblende. Biotite occurs as

flakes to 0.5 X 2.0 mm enclosing pyroxene and amphibole.

Plagioclase is highly altered, probably to sericite and in

part replaced by calcite, rare relict plagioclase laths.

Plagioclase surrounds mafic minerals, apparently in part fill

ing interstices. There appears to be large plagioclase laths

crystallized with mafics and later interstitial filling. Some

of opaques (magnetite slightly altered to hematite) appear to

be alteration of biotite.
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SAMPLE N-63&

Locations 0.7 mile N. 15 E. Rancho La Abuja, shown on Plate

1.

Field relationss 50 X 200-foot outcrop, elongated northeast

along diapiric contact between lower member of Las Vigas For

mation and Jurassic (?) evaporites. Actual contacts between

igneous and sedimentary rocks covered, N-63a near center of

of igneous outcrop.

Hand specimens Same as N-ll.

Thin sections Essentially the same as N-ll ("hornblendite").

SAMPLE N-63b

Locations Same as N-63a.

Field relationss Same as N-63a; N-63b is near edge of igneous

outcrop.

Hand specimens Greenish-black (5G2/l) splotched with dusky

yellow-green (5GY5/2), medium, hypidiomorphic "hornblendite."

Thin sections Same as N-63a except much finer-grained, aver

age amphibole is 0.6 X 0.9 mm, average epidote is 0.4 X 0.5

mm.

SAMPLE 64

Locations 0.15 mile south of Rancho La Abuja, not shown on

Plate 1.

Field relationss Small mass of green igneous rock at diapiric

contact between Navarrete Formation and Jurassic (?) evaporites.

No baked zones observed in Navarrete but Navarrete sandstone

and siltstone is discolored green and may be hornfelsed.

Hand specimens About equally distributed greenish-black

(5GY2/1) and dusky yellow-green (5GY5/2), medium to coarse,

hypidiomorphic, hornblende gabbro. Rock shows numerous

slickensides.

Thin sections Medium hypidiomorphic, poikilitic, hornblende

gabbro. Amphibole occurs as subhedral prisms and sections,

average prism 0.3 X 0.5 to 0.7 mm, strongly pleochroic,



365

zoned--green at edges, brown toward centers, probably horn

blende. Pyroxene occurs as anhedral to subhedral laths and

irregularly shaped masses, laths 0.1 X 0.3 mm, colorless,
badly fractured, in part replaced by amphibole. Plagioclase
occurs as anhedral and subhedral interlocking laths and as

interstitial filling. Some plagioclase encloses amphibole
giving poikilitic texture. Plagioclase zoned and twinned,
altered considerably to sericite. Chlorite occurs as irreg
ularly shaped masses to 2.5 mm, formed from alteration of

amphibole and possibly in part from plagioclase. Epidote
occurs as irregular masses filling between amphibole and

plagioclase and formed after plagioclase.

SAMPLE N-79

Location: 0.9 mile south of Rancho Tarais, shown on Plate 1.

Field relationss Small outcrop along contact (diapiric) be

tween Navarrete Formation and Jurassic (?) evaporites, con

tact relations not observed.

Hand specimens Greenish-black (5GY2/1) with minor splotches
of dusky yellow-green (5GY2/l), very fine, slightly porphy
ritic diabase, scattered very large phenocrysts (to 2X4 mm)
of light mineral (plagioclase) altering to epidote.

Thin sections Very fine, hypidiomorphic, slightly porphy

ritic, poikilitic, hornblende diabase. Hornblende is zoned

green at edges, brown toward centers, subhedral prisms aver

aging 0.1 X 0.5 mm. Plagioclase occurs as subhedral laths,
rare phenocrysts to 0.5 X 1.0 mm, and interstitial filling.

Plagioclase is twinned, contains amphibole, is altered to

epidote and chlorite, in part vacuolized, and seems to be

locally replaced by calcite. Chlorite occurs in irregularly

shaped masses mixed with plagioclase, and seems to be altera

tion of plagioclase and amphibole. Commonly chlorite occurs

in radial aggregates with "wagon wheel" extinction.

SAMPLE N-107

Locations 1.2 miles S. 68 W. Rancho Navarrete in Arroyo
Navarrete, not shown on Plate 1.

Field relationss 20-foot diameter outcrop along diapiric
contact between Navarrete Formation and Jurassic (?) evapo

rites .



366

Hand specimens Greenish-black (5GY2/l), aphanitic diabase,
shot through with irregular "veins" of leucocratic material.

Thin sections Very fine and fine, "bimodal" diabase, showing
two periods of injection. Fine "mode" found only in darker

parts of rock and consists of small subhedral prisms (maximum
0.03 X 0.2 mm) of epidote, scattered in random interlocking
pattern, somewhat poikilitic in plagioclase. Coarse "mode"
is predominantly plagioclase occurring as subhedral laths

to 0.1 X 0.5 mm, evenly distributed throughout slide, but

there are concentrations of plagioclase in "veins" over about

35$ of the rock, these seem different from remainder of rock

only in decrease of percentage of epidote prisms to a trace.

In "vein" areas there are traces of amphibole in subequant
sections to 0.1 mm, and epidote is somewhat larger than in

rest of slide (to 0.1 mm wide). Epidote and chlorite appear
to be alteration products of amphiboles and/or pyroxene.
Calcite occurs as void filling and/or phenocryst replacement
in addition to replacement of plagioclase. At least one

"void" is large phenocryst of pyroxene or olivine being re

placed by calcite in center. "Veins" appear to be result of

later injection than dark part of rock. This rock is inter

mediate between the olivine diabases (TKi-l) and typical
amphibole-rich mafic rocks associated with evaporites.



Thin Sections of Rocks from Porphyritic
Andesite (Ti-l)

Table 19. Cerro La Abuja and vicinity. Main body of

porphyritic andesite intruded into Navar

rete Formation and Jurassic (?) evaporites,
outlying bodies intruded into Las Vigas and

Navarrete formations. Estimated percent
ages of constituent minerals from 400-point
count unless otherwise indicated.

SAMPLE NUMBER N-61* N-65 N-68 N-69 N-72

Groundmass

(pred. pla

gioclase)

80 75 74 80 68

Plagioclase - 20 21 14 27

Biotite 10 2 1 4 3

Hornblende 5 - 1 - -

Pyroxene 5 - 1 - -

Quartz - - Tr. - Tr.

Opaques Tr. Tr. 2 1 2

Calcite - 2 - 1 -

Epidote
- 1 - - -

?Visual estimation of percentages.
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Table 19.Cont.

SAMPLE NUMBER N-73 N-74* N-75* N-114** N-115**

Groundmass

(pred. pla

gioclase)

71 75 75 essentially the

same as N-69

Plagioclase 23 22 20

Biotite 5 - 3

Hornblende Tr. - 1

Pyroxene Tr. - -

Quartz Tr. Tr. -

Opaques 1 Tr. 1

Calcite - 3 -

Epidote
- _ -

?Visual estimation of percentages.
??No estimation of percentages.

SAMPLE N-61

Locations 0.4 mile west of Rancho La Abuja, shown on Plate 1.

Field relationss Small outcrop area surrounded by gypsum.

Hand specimens Yellowish-gray (5Y8/l) groundmass containing

abundant phenocrysts of biotite and hornblende in random pat

tern.

Thin sections Fine, porphyritic, hornblende andesite. Horn

blende occurs as euhedral to subhedral prisms to 1.25 X 3.75

mm and basal sections to 0.7 mm. Biotite appears to be almost

entirely alteration of hornblende. Pyroxene occurs as euhed

ral sections to 0.5 mm, and subhedral prisms to 0.5 X 1.0 mm,

probably augite. Plagioclase forms groundmass and is slightly

altered to clay mineral (?). This rock appears to be somewhat
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traditional between Cerro La Abuja andesite and sample N-62,
assigned to TKi-2.

SAMPLE N-6 5

Locations 1.1 miles S. 20 E. of Rancho La Abuja, shown on

Plate 1.

Field relationss Intruded into core of fold complex on east

flank of La Parra anticline. Surrounded by Navarrete Forma

tion, contacts poorly exposed but zone of hornfelsed silt

stone and claystone along contact. Within intrusion there is

a rather crude alignment of elongate grains N. 15 E. Contact

at east side of intrusion dips 30 to 40 east.

Hand specimens Dark yellowish-brown, fine-grained, porphy
ritic andesite. Phenocrysts of subhedral feldspar laths and

biotite flakes and acicular prisms, crude alignment of grains.
Rock is highly fractured and criss-crossed with calcite vein

complex.

Thin sections Fine, hypidiomorphic, porphyritic andesite.

Groundmass consists of plagioclase microlites, all slightly
altered to a clay mineral (?). Microlites show good flow

alignment. Thin section was stained for potassium, small

parts of groundmass took the stain, potassium feldspar may be

present in minute amounts but more probably stain was on

alteration product of plagioclase indicating that it might be

somewhat sericitized. Phenocrysts are predominantly plagio

clase, in subhedral laths to 1.3 X 2*5 to 4*0 mm, averaging
0.6 X 1.0 to 2.0 mm, twinned, zoned, in part altered to clay
mineral (?) and rarely to epidote. Biotite is fresh, occurring
as subhedral laths and euhedral flakes, average lath is 0.25 X

0.75 mm. Calcite occurs as fracture filling and possibly as

replacement of plagioclase.

SAMPLE N-68

Locations 0.9 mile S. 20 W. of Rancho La Abuja.

Field relationss Central part of Cerro La Abuja intrusion,
about 200 feet west of contact with Navarrete Formation.

Hand specimens Grayish-orange (10YR7/4), aphanitic, porphy
ritic andesite, containing subhedral phenocrysts of plagio
clase ,' biotite and hornblende in random arrangement.
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Thin sections Fine, hypidiomorphic, porphyritic diorite.

Groundmass composed of interlocking plagioclase microlites,
all altering to clay mineral (?). Phenocrysts predominantly
fresh to slightly altered, subhedral laths of plagioclase,
average 0.5 X 1 to 1.5 mm, maximum 1.25 X 2.5 to 4.0 mm.

Biotite fresh to slightly altered, occurs as subhedral flakes.

Hornblende occurs as subhedral prisms to 0.5 X 2.5 mm, pleo
chroic in pale green to olive-green, some alteration to

opaque mineral (magnetite). Clinopyroxene occurs as corroded,
subhedral prisms, in part altering to magnetite. Quartz is

subequant, anhedral grains to 0.25 mm diameter. Rock was

stained for potassium and did not take stain.

SAMPLE N-69

Locations 1.2 miles S. 18 W. Rancho La Abuja.

Field relationss About 5 feet west of contact between dio

rite and Navarrete Formation, Navarrete strongly hornfelsed

along contact.

Hand specimens Yellowish-gray (5Y7/2), aphanitic, porphy
ritic andesite, containing subhedral phenocrysts of plagio
clase and biotite, rock is slickensided along fractures.

Thin sections Fine, hypidiomorphic, porphyritic, slightly

trachytic andesite. Groundmass composed of plagioclase.
Microlites aligned in a crude trachytic texture, all somewhat

altered to a clay mineral (?) Phenocrysts are predominantly

plagioclase, occurring as subhedral, twinned laths averaging

0.5 X 1.5 mm. No orientation of plagioclase phenocrysts, all

are altering to clay mineral (?) and possibly in part being

replaced by calcite. Biotite occurs as fresh subhedral laths,

average 0.2 X 0.6 to 0.8 mm, and as anhedral flakes. Calcite

is replacement, possibly of pyroxene and/or amphibole, and

plagioclase. Opaques are characteristically small squares

and rhombs of magnetite, and do not appear to be alteration

products.

SAMPLE N-72

Locations High on Cerro La Abuja, 0.7 mile S. 36 W. of

Rancho La Abuja.

Field relationss From central part of intrusion near top of

exposed part of intrusion.
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Hand specimens Yellowish-gray (5*7/2), aphanitic, porphy
ritic andesite, containing numerous subhedral plagioclase

phenocrysts and smaller subhedral biotite prisms.

Thin sections Fine, hypidiomorphic, porphyritic andesite.

Groundmass composed of subhedral and anhedral plagioclase
microlites. Phenocrysts are predominantly plagioclase, sub

hedral with minor euhedral sections, laths average 0.6 X 1.8

to 2.4 mm, twinned, altering to clay mineral (?) or possibly
chlorite. Biotite occurs as subhedral prisms averaging 0.1

X 0.5 to 1 mm, and rarely as subequant, euhedral flakes.

Opaques are irregularly-shaped, rectangular or rarely rhombic.

Possible trace of relict clinopyroxene and trace of anhedral

quartz in subequant grains to 0.1 mm.

SAMPLE N-73

Location: About the same as N-72 but on very top of Cerro La

Abuja.

Field relationss Same as N-72.

Hand specimen: Same as N-72.

Thin sections Essentially the same as N-72 except traces of

oxyhomblende and corroded clinopyroxene altering to opaques.

Some of biotite in this sample appears to be alteration of

hornblende and/or pyroxene.

SAMPLE N-74

Location: About the same as N-72, but about 500 feet deeper

in intrusion than N-73, collected in canyon.

Field relationss Same as N-72 and N-73, except deeper within

intrusion.

Hand specimens Light olive-gray (5Y5/2), aphanitic, porphy
ritic andesite, containing subhedral plagioclase phenocrysts.

Thin sections Fine, allotriomorphic , porphyritic andesite.

Groundmass composed of allotriomorphic, granular plagioclase,
altering to clay mineral (?). Phenocrysts (22$) are subhedral

to anhedral plagioclase laths averaging 0.5 X 1.0 to 1.5 mm,

many gathered into glomerocrysts. About 3$ calcite replacing

plagioclase. Trace of small opaques. Rock is unusual in that

it is almost entirely plagioclase.
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SAMPLE N-75

Locations Same as N-74-

Field relationss Autolith in Cerro La Abuja intrusion, aver

age size 3X4 inches, maximum to 3 feet, oblate discoidal

shapes elongated up to 3X. Concentrated near outer edge of

intrusion.

Hand specimens Lost.

Thin section: Essentially the same as N-66.

SAMPLE N-114

Location: 0.9 mile east of Rancho La Abuja, shown on Plate 1.

Field relations: Concordant igneous body in upper member of

Las Vigas Formation immediately above Villista fault which is

probably high-angle reverse fault here. Las Vigas strikes N.

10 E. and dips 25 west overturned. Some baking of Las Vigas

along contact.

Hand specimens Olive-gray (5*4/l), aphanitic groundmass con

taining abundant subhedral plagioclase phenocrysts and sub

ordinate phenocrysts of biotite and hornblende (?).

Thin sections Essentially the same as N-69. Plagioclase
seems more highly altered to clay mineral (?) than samples
from main mass of La Abuja intrusion.

SAMPLE N-115

Locations 0.6 mile east of Rancho La Abuja, shown on Plate 1.

Field relationss Intrusion in lower member of Las Vigas For

mation, appears to be discordant, Las Vigas baked around in

trusion. Las Vigas strikes N. 20 E. and dips 25 west over

turned.

Hand specimens Essentially the same as N-114.

Thin sections Essentially the same as N-69 and N-114. Con

tains large glomeroporphs of biotite altering to magnetite
and trace to few percent apatite.
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Sample not Listed in Table 19

SAMPLE N-43

Locations Float in Arroyo Navarrete about 1 mile west of

Rancho Navarrete.

Hand specimens Same as N-68.

Thin sections Essentially the same as N-68.

Table 20. Intrusion* near El Roque and La Parra.

El Roque intrusion is in fault zone in

Finlay and Cox formations; La Parra in

trusion is along fault in Loma Plata

Limestone. Percentages of constituent

minerals from point count (300 or 400

points) unless otherwise indicated.

SAMPLE El Roqiae La Parra

NUMBER N--16a* N-l6b* N-17a^ N--17b** N-19 N-20 N -150

Groundmass

(pred. pla

gioclase)

75 75 see descr . 78 71 61

Plagioclase 10 10 17 17 36

Biotite 6 6 Tr. 3 2

Hornblende 4 4 1 7 -

Pyroxene
- - Tr. - -

Quartz Tr. Tr . - -
-

Opaques Tr. Tr. 4 2 1

Opal 5 5 - -
-

?Visual estimation of percentages.
??No estimation of percentages.
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SAMPLE N-l6a

Locations 1.2 miles west El Roque on northwest edge of main

body of intrusion, shown on Plate 1.

Field relationss Intrusion in lower member of Cox Formation,
contacts not exposed but Cox to east of igneous outcrop highly
discolored. This sample is near contact and is in a zone of

highly "brecciated material." Matrix and "breccia" fragments

appear to be of similar composition but are different tex-

turally, "breccia" fragments are probably autoliths.

Hand specimens Grayish-red (10R4/2), aphanitic porphyritic
andesite. Above description is wet color; dry rock shows

ovoid clasts of grayish-red (5R4/2) material in pale red

(5R6/2) matrix, "clasts" are elongate, averaging 2 mm small

diameter but range upward to 2 cm (autoliths).

Thin section: Very fine, porphyritic, trachytic andesite.

Groundmass is probably feldspar containing many very small

needles of a dark mineral that shows trachytic texture around

phenocrysts. Groundmass is a dull brown color, is thoroughly
disseminated with hematite dust, and is broken into irregularly

shaped fragments to 9 mm. Plagioclase occurs as subhedral

laths to 1.0 X 3.0 mm, average 0.4 X 1.2 mm, fresh, twinned

(andesine by optical methods), in part zoned, some phenocrysts

are embayed and filled with groundmass material. Biotite oc

curs in subhedral laths to 0.5 X 1.0 to 1.5 mm, and in euhedral

sections to 0.5 mm. Hornblende occurs in laths and sections

in the same size range as biotite. Hornblende is twinned, some

crystals are embayed and filled with groundmass material and

is oxyhornblende. Opal and quartz (chalcedony) occur as frac

ture filling in "brecciated" groundmass.

SAMPLE N-l6b

Locations Same as N-l6a.

Field relationss Same as N-l6a, N-l6b collected from non-

"brecciated" zone.

Hand specimens Grayish-red (10R4/2) groundmass containing

numerous plagioclase and biotite phenocrysts arranged in a

crude laminar pattern.

Thin section: Essentially the same as N-l6a except no "brec

ciation" of groundmass. Good trachytic texture, cavities are

filled in zones, e.g., thin chalcedony rim followed by thick
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opal band, thence a thin chalcedony band and, finally, a thick

opal band. Average cavities elongate with lone dimension 1 mm.

SAMPLE N-17a

Location: Same as N-l6a and N-l6b except from isolated out

crop north of arroyo, shown on Plate 1.

Field relations: Isolated outcrop surrounded by bolson fill

(gravel-conglomerate facies) and colluvium. Cox Formation

crops out just south and east of igneous rock.

Hand specimen: Moderate reddish-brown (10R4/6) matrix con

taining ovoid bluish-white (5B9/l) fragments, average long
dimension 3 mm, maximum 1.5 cm. Some of matrix is stained

moderate reddish-orange (10R6/6), entire rock is aphanitic.

Thin section: Rock contains 70$ subangular to subrounded,

subequant fragments to 6.0 mm, average 2.0 mm. Fragments
appear to be rock identical to N-l6b. Groundmass of frag
ments completely altered to clay mineral (kaolin?) and small

amounts of chlorite. Phenocrysts are unaltered to partially
altered around edges and consist of plagioclase with sub

ordinate biotite. Thirty percent of the rock is fracture

filling or matrix material. Composition of matrix is masked

by intense hematite dust concentration but contains some

plagioclase laths and a trace of quartz.

SAMPLE N-I7b

Location: Same as N-17a.

Field relations: Same as N-17a.

Hand specimen: Same as N-17a.

Thin section: Same as N-17a except more quartz especially in

matrix.

SAMPLE N-19

Location: Same intrusion as N-l6a, collected near west edge
of intrusion south of N-l6a.

Field relations: Collected near base of intrusion near con

tact with Finlay Limestone. Intrusion appears to be concordant
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in Finlay. Finlay strikes N. 45 W. and dips 42 east near

contact, actual contact not exposed.

Hand specimen: Dusky yellow-green (5GY5/2), breccia fragments
in grayish yellow-green (5GY7/2) matrix. Breccia fragments
0.5 mm to 3 cm and comprise more than 90$ of rock. Entire

rock is aphanitic.

Thin section: Very fine, porphyritic, trachytic andesite.

Groundmass is predominantly (50$ of rock) microlites of pla

gioclase and unidentified material, probably a feldspar, con

taining patches of calcite and chlorite replacement material.

Phenocrysts are predominantly subhedral plagioclase laths to

0.75 X 2.2 mm, twinned, in part zoned, randomly distributed.

Basaltic hornblende occurs in subhedral to anhedral, subequant

fragments to 0.5 mm. Pyroxene, probably augite or diopside,
is pale green, subhedral, subequant crystals to 0.2 mm.

Opaques appear to be alteration of biotite and possibly in

part of hornblende.

SAMPLE N-20

Locations Same intrusion as N-19, near center of intrusion.

Field relationss Center of intrusion, no brecciation or frac

turing.

Hand specimens Grayish-red (5R4/2), aphanitic groundmass, con

taining numerous plagioclase phenocrysts to 1.0 X 3 mm, sub

ordinate hornblende in acicular crystals to 2.0 mm, one large

phenocryst of biotite 4*0 mm X 1.2 cm, and small biotite

flakes (average 0.5 mm). Phenocrysts are crudely aligned giv

ing rock banded appearance.

Thin sections Very fine, porphyritic, trachytic andesite.

Groundmass is almost entirely feldspar (plagioclase) micro

lites exhibiting good trachytic texture. Phenocrysts are pre

dominantly subhedral plagioclase laths to 1.25 X 2.5 to 3.75

mm, twinned, in part zoned, arranged in a crude flow orienta

tion. Amphibole is subhedral to euhedral prisms and prism

sections of hornblende pleochroic in dark brown-green to pale

yellow (extinction angle 15). Opaques appear to be largely

alteration of biotite.

SAMPLE N-150

Locations 1.6 miles S. 40 W. of La Parra, south of road,
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shown on Plate 1.

Field relationss Collected from center of exposed part of

intrusion, bounded on north by Loma Plata Limestone and sur

rounded on other sides by outcrop of lahar and bolson fill.

Actual contacts not exposed, probably intruded into Loma

Plata along fault.

Hand specimens Light gray (N-7), fine groundmass containing
white (N-9) subhedral phenocrysts and subordinate biotite

flakes.

Thin sections Fine, porphyritic andesite. Groundmass con

sists of fine to very fine, allotriomorphic (?) plagioclase

microlites, altering to clay mineral (?) Phenocrysts are

predominantly subhedral plagioclase laths averagine 0.75 X

1.5 to 2.25 mm. Plagioclase is twinned (probably andesine-

oligoclase), in part zoned, rarely embayed and filled with

groundmass material, and is incipiently altered to clay min

eral (?) Biotite is highly altered and appears to be in

part pseudomorphous after amphibole. Opaques are in part
alteration of biotite.

Thin Sections of Rocks from

Trachyte Dikes (Ti-2)

SAMPLES N-108a and N-108b

Locations At Rancho El Pino in Arroyo de los Villistas.

Field relationss Irregularly-shaped dike up to 50 feet wide

intruded into Cuchillo Formation. 10-foot zone along con

tact contains xenoliths from Cuchillo Formation and Cuchillo

is baked along a zone 1-foot wide at the contact with the

dike

Hand specimen: Yellowish, aphanitic, slightly laminated dike-

rock.

Thin section: Not described in detail. Cryptocrystalline

groundmass with possible outlines of relict feldspar pheno

crysts (plagioclase ?) containing about 10$ anhedral quartz

grains that are probably foreign to the rock, i.e., picked up

from adjacent sedimentary rocks. Groundmass reacted positively
to stain for potassium and is probably K-feldspar. X-ray dif

fraction pattern showed groundmass to be K-feldspar, probably
orthoclase .
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Thin Sections of Rocks from

Trachyte Dikes (Ti-3)

SAMPLE N-85

Location: About 0.7 mile south of mouth of Canon La Chiva on

face of El Banquete.

Field relations: Intrusion of dike along vertical joint

striking N. 60 E. in Loma Plata Limestone. Dike is about 30
feet wide and there are no apparent contact alterations of

limestone

Hand specimen: Grayish olive-green (5GY5/2), aphanitic
groundmass containing 8$ phenocrysts of white mineral 0.5 mm

X 1.5 mm (average).

Thin section: Not described in detail. Holocrystalline,

porphyritic, trachyte. Indeterminate groundmass (probably K-

feldspar) with some alteration to chlorite and trace of bio

tite and/or phlogopite. Phenocrysts (8$) of unknown mineral

that weathers out to prism-shaped cavities. Unknown mineral

is uniaxial, optically positive, 86 cleavage angle, 15 ex

tinction, occasional crystal gives biaxial figure, very high

birefringence cf. calcite, possibly anatase.

SAMPLE N-113

Location: 0.7 mile southwest of La Chiva on west face of El

Banquete along an arroyo, parallel to strike of beds.

Field relationss 50-foot vertical dike striking N. 75 W.

intruded into lower member of the Cox Formation adjacent to

contact with the Benigno Formation. Dike contains some

elongate vesicles aligned parallel to strike. Contact rela

tions with Cox not observed.

Hand specimens Dark yellowish-brown (10YR4/2), aphanitic

dike rock.

Thin sections Not described in detail. Sample is probably
not representative of dike because it appears to be from a

baked contact zone. 80$ groundmass of feldspar and sericite

microlites (probably both plagioclase and orthoclase feld

spar), 10 to 15$ quartz occurring in irregularly-shaped
masses, probably derived from adjacent sedimentary rocks, 5

to 10$ phenocrvsts of same mineral that forms phenocrysts in

N-85 (anatase?), and trace of chlorite around cavities.
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Thin Sections of Rocks from Andesite

in La Parra Area (Ta-l)

Table 21. Percentages of constituent minerals of

andesite flow rocks by 400-point count

unless otherwise indicated.

SAMPLE NUMBER N-117a N-117b N-119^ N-123 N-12Z,

Groundmass

(pred. plagioclase)

66 80 66 81 73

Phenocrysts 31 15 31 15 18

Plagioclase 18 9 12 16

Pyroxene 13 5 2 2

Biotite - 1 1 -

Opaque minerals 3 5 4 9

Altered from

mafic minerals
- 1 3 Tr.

Nonalteration

product mafic 8
3 4 1 9

?Essentially same as N-117a, NOT COUNTED.

SAMPLE N-117a

Locations 0.7 mile south of La Parra.

Field relationss Andesite underlies ignimbrite (Tig) and is

adjacent to and west of outcrop of lahar (Tl), base not ex

posed.

Hand specimens Aphanitic, porphyritic andesite. Grayish-red

(10R4/2) groundmass containing about 20$ subhedral plagioclase

laths and subordinate dark mineral crystals; average pheno

cryst is 0.7 mm X 1.5 mm.
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Thin sections Holocrystalline , aphanitic, porphyritic, tra

chytic andesite. Groundmass predominantly very small feld

spar microlites with well-developed trachytic texture

(feldspar appears to be all plagioclase). Plagioclase pheno

crysts are subhedral, in part zoned, somewhat altered; com

position by optical methods is andesine-oligoclase. Pyroxene
is in euhedral to subhedral prisms to 0.5 mm X 1.5 mm and

sections of prisms to 0.3 mm, very pale green color, probably
augite. Rock is about 6$ void space (eliminated in precent-
age calculations).

SAMPLE N-117b

Locations Same as N-117a.

Field relations: Same as N-117a.

Hand specimen: Grayish-brown ((5*R3/2) aphanitic groundmass

containing about 15$ ill-defined phenocrysts of light and dark

minerals in about equal amounts, phenocrysts subequant aver

age 1 mm diameter. Rock is banded in zones 1 to more than 6

cm wide.

Thin sections Holocrystalline aphanitic, porphyritic, tra

chytic andesite. Groundmass predominantly very small micro

lites of feldspar, probably plagioclase, but contains many

plagioclase microlites (19$ of rock) less than 0.02 mm long

about 5X elongate arranged in trachytic fashion. Plagioclase

phenocrysts and subhedral, zoned, subequant (squares) to 1.8

mm diameter and averaging 0.6 mm diameter, probably andesine-

oligoclase. Pyroxene arranged in glomerocrysts to 2.0 mm di

ameter consisting of subhedral to anhedral laths averagine 0.3

mm X 0.7 mm. Some of opaques appear to be alteration of mafic

minerals

SAMPLE N-119

Location: 1.2 miles south of La Parra.

Field relations: Flow rock with base covered and unconform

ably overlain by bolson fill.

Hand specimen: Same as N-117a.

Thin section: Same as N-117a.
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SAMPLE N-123

Location: 2.8 miles northwest of La Parra, west of inferred

La Parra fault.

Field relations: Flow rock with base covered and unconform

ably overlain by bolson fill.

Hand specimen: Dark gray (N 3) laminated with white (N 9),
bands average 1 mm wide, aphanitic, porphyritic, vesicular
flow rock. Vesicles evenly distributed throughout average

0.5 mm diameter.

Thin sections Holocrystalline, aphanitic, porphyritic, tra

chytic andesite. Very interesting microporphyritic groundmass
as well as megaporphyritic overall texture. Groundmass is

predominantly very small indeterminate microlites with plagio
clase laths averagine 0.02 mm X 0.04 mm arranged in trachytic
texture throughout. Plagioclase phenocrysts are subhedral to

euhedral, twinned, zoned, subequant crystals to 0.5 mm diam

eter and laths averaging 0.2 mm X 0.5 mm. Pyroxene is fresh,
subhedral to euhedral prisms and prism sections, occurring as

solitary phenocrysts and in glomerocrysts up to 2.0 mm diam

eter, with biotite. Some opaques appear to be alteration

products of mafic minerals. 3$ of rock is void space and is

eliminated in percentage calculations.

SAMPLE N-124

Locations 3*2 miles west of La Parra.

Field relationss Flow overlain by ignimbrite (Tig), base not

exposed.

Hand specimens Grayish-brown (5YR3/2) aphanitic groundmass

containing about 25$ subhedral phenocrysts of feldspar and

about 5$ acicular needles of dark mineral. Feldspar pheno

crysts average 0.5 mm X 2.0 mm and are aligned, acicular

needles of dark mineral about 1 mm long.

Thin sections Holocrystalline, aphanitic, porphyritic, tra

chytic andesite. Groundmass is a mass of plagioclase micro

lites arranged in trachytic texture. Plagioclase phenocrysts
are subhedral laths averaging 0*4 mm X 1.2 to 1.5 mm and show

good flow alignment. Pyroxene is anhedral to subhedral and

occurs in glomerocrysts to 1.25 mm diameter. Opaques occur as

acicular prisms and are pseudomorphous after an amphibole,

probably basaltic hornblende, average prism is 0.25 mm X 0.75
mm .
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Thin Sections of Rocks from Lahar (Tl)

SAMPLE N-121

Locations 0.9 mile southwest of La Parra on north side of

road in arroyo.

Field relations: Clast in lahar.

Hand specimen: Very light gray (N 8) laminated with medium

gray (N 7) bands average 1 mm wide, aphanitic, porphyritic,
slightly vesicular flow rock.

Thin section: Closely resembles N-123 from andesite (Ta-l).

SAMPLE N-122a

Locations Same as N-121.

Field relationss Typical sample from lahar.

Hand specimens Breccia of angular to subround volcanic-rock

fragments in yellowish-gray (5YR7/2) matrix. Volcanic-rock

clasts are granule, pebble, and cobble size and extremely

poorly sorted.

Thin sections 80 to 85$ glassy groundmass containing randomly
distributed and unoriented plagioclase laths and lath frag

ments (about 15$ of groundmass) and sporadic pyroxene (augite)
prisms and prism fragments (trace of groundmass). Clasts (15
to 20$ of rock) are of a rock with glassy groundmass contain

ing plagioclase laths which are poorly aligned, but definitely

arranged in flow alignment.

SAMPLE N-122b

Location: Same as N-121.

Field relations: Boulder-sized clast from lahar.

Hand specimen: Dark reddish-brown (10R3/4) very fine felsite.

Thin sections Hemihyaline (?), seriate, microporphyritic,
flow rock. Contains partially resorbed, deeply embayed plagio
clase. Groundmass is glassy or was glassy and contains abun

dant amoeboid-shaped grains of plagioclase and calcite. Ground-

mass altering to chlorite among other minerals.
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Thin Sections of Rocks from Andesite (Ta-2) and of Clasts

Derived from Andesite in Conglomerate (Tcg-2)

Table 22. Percentages of constituent minerals

of andesite flow rocks by 400-point
count.

SAMPLE NUMBER N-42d N-50

Groundmass 73 84

(pred. plagioclase)
SAMPLES N-42f,

Phenocrysts 24.5 14

N-42i, N-47, N-48,

Plagioclase 19 5

N-51a, and N-51b

Basaltic hornblende 1.5 5

are similar to

Pyroxene 2

N-42d
Biotite 4 2

Opaque minerals 2.5 2

SAMPLE N-42d

Location: In Arroyo Navarrete about 0.7 mile northwest of La

Abuja.

Field relations: Sample is clast from conglomerate (Tcg-2).

Hand specimen: Grayish-red (10R4/2) aphanitic, porphyritic

andesite. About 75$ grayish-red groundmass containing sub

hedral feldspar laths averaging 0.5 mm X 2.0 mm and 1 large

(3.0 mm X 7.0 mm) possible rock fragment. No distinct flow

alignment of phenocrysts.

Thin section: Aphanitic, porphyritic, trachytic andesite.

Groundmass is subhedral plagioclase microlites arranged in

cryptocrystalline material in trachytic fashion. Plagioclase

phenocrysts are subhedral laths and sections of laths to 1.25

mm X 3-75 mm, averaging 0.6 mm X 1.2 to 1.8 mm, twinned, in

part zoned. Central areas have been sericitized and have
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frequently popped out during thin section grinding, outer

rims of crystals are relatively fresh, crude flow alignment
of phenocrysts and some arrangement into glomerocrysts. Bio

tite occurs most frequently as glomerocrysts. Opaques are in

part alteration of biotite.

SAMPLE N-42f

Location: Same as N-42d.

Field relationss Same as N-42d.

Hand specimens Essentially the same as N-42d except pheno
crysts slightly larger and some alteration of plagioclase
phenocrysts to greenish mineral, probably epidote.

Thin sections Similar to N-42d, obvious difference is plagio
clase microlites in groundmass somewhat larger than in N-42d,
and some replacement of plagioclase by epidote.

SAMPLE N-42i

Locations Same as N-42d.

Field relationss Same as N-42d.

Hand specimens Lost in thin section grinding process.

Thin section: Essentially same as N-42d.

SAMPLE N-47

Location: 0.3 mile northwest of Rancho La Abuja in eastern

outcrop Ta-2.

Field relations: From about middle of flow rock outcrop where

andesite overlies evaporites (Jg).

Hand specimen: Grayish-red (10R4/2) and grayish- pink (5R8/2)
streaked aphanitic groundmass containing about 20$ subhedral

phenocrysts of feldspar averagine 1.0 mm X 2.0 mm. Strong
color banding is wavy, irregular, and very distinctive.

Thin section: Similar to N-42d and N-42i except more ground-
mass plagioclase microlites than in those samples.
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SAMPLE N-48

Location: 0.7 mile west of Rancho La Abuja in western out

crop Ta-2.

Field relations: About middle of flow rock unit faulted

against Finlay Limestone and overlain by conglomerate (Tcg-2).

Hand specimens Similar to N-47 except bands are more regular.

Thin section: Similar to N-47, except better developed flow

structure.

SAMPLE N-50

Locations 0.35 mile west of La Abuja in western outcrop of

Ta-2.

Field relationss About middle of unit near northeastern end

of outcrop.

Hand specimens Very dusky-red (10R2/2) aphanitic groundmass

containing about 15$ phenocrysts. Phenocrysts are equal
amounts of subhedral feldspar laths (average 1.0 mm long to

1.5 mm X 3.0 mm) and acicular dark mineral, probably horn

blende. Good flow alignment of phenocrysts. On weathered

surface, phenocrysts weather out leaving cavities.

Thin sections Aphanitic, porphyritic, trachytic andesite.

Groundmass composed of mass of plagioclase microlites exhibit

ing well-developed trachytic texture and containing thoroughly
disseminated hematite dust and dark elliptical and oval-shaped

masses of magnetite or hematite. Plagioclase phenocrysts are

subhedral to anhedral laths to 0.25 mm X 0.75 to 1.25 mm,

twinned, zoned, in part altered to chlorite ?, and frequently

reacting with groundmass to give indistinct contact zone.

Hornblende (basaltic) occurs as euhedral to subhedral prism

sections to 0.25 mm diameter and prisms to 0.25 mm X 0.5 mm,

rarely as acicular needles to 1.0 mm long, altering around

edges of crystals to magnetite. Biotite occurs in flakes and

aggregates to 0.5 mm and is usually highly altered to magnet

ite and in part to chlorite ?. Pyroxene is euhedral to sub

hedral, twinned prisms to 0.25 mm X 0.75 mm and prism sections

to 0.25 mm, relatively fresh, but altering to opaques around

some crystal edges, probably is augite. Opaques occur prin

cipally as alteration of biotite and amphibole.
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SAMPLE N-^la

Locations 1.0 mile S. 80 W. of Rancho La Abuja on cliff

west of arroyo.

Field relations: Several small outcrops of brecciated sedi

mentary rock (?) associated with andesite. Outcrops are in

upper member of Cox Formation above low-angle fault (gravity
slide) between Cox and Benigno formations. Largest outcrop
covers about 10 square feet. Igneous rock appears to be in

truded into Cox, possibly as "cold" intrusion during faulting

along gravity slide. Alternative is that these outcrops are

isolated remnants of flow.

Hand specimen: Very dusky-red (10R2/2) matrix containing about

30$ brecciated fragments of limestone and claystone arranged
in a crude flow alignment. Breccia fragments to 1.0 cm X 5*0

cm, average 1.0 mm X 2.0 mm.

Thin section: Not described in detail. Highly altered rock,

original composition masked by calcite replacement. Appears
to be basically brecciated sedimentary rock, but some altered

grains appear to have been subhedral feldspar.

SAMPLE N-5 lb

Location: Same as N-51a, outcrop not shown on geologic map

(pi. 1).

Field relations: Same as N-51a.

Hand specimen: Grayish-pink (5R8/2) with subordinate grayish-
red (10R4/2) aphanitic groundmass containing about 20$ feldspar

phenocrysts,- averaging 1.0 mm X 2.0 mm and small percentage of

acicular needles of dark mineral.

Thin section: Similar to N-42d.

Samples not Listed in Table 22

SAMPLES N-57. N-58. and N-59

Location: 0.4 mile north of Rancho La Abuja.

Field relations: These samples were to be a measured section

of Ta-2 but they are hopelessly altered and petrographic
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interpretations of original composition were impossible to

make :

Unit 1-20 feet thick. Rests directly on gypsum of evap

orite formation (Jg). Gypsum discolored in zone

10 to 15 feet thick (to yellow brown). Moderate

reddish-brown (10R4/6) banded, rock composed of

many small dolomite rhombs (l.O mm) in limonite-

stained matrix, many calcite veinlets throughout.
Rock is very similar to Sample N-78 from Jg at

Tarais. Thin section (N-57) is mass of sparry

calcite, dolomite and gypsum, no trace of igneous
minerals. In field it appears to be a flow or dike

but careful examination shows rhombs of dolomite or

siderite. Unit is therefore part of evaporite unit

and not part of Ta-2 as suspected in the field.

Unit 2-31 feet thick. Pale-red (10R6/2) aphanitic, por

phyritic andesite. 75$ pale-red groundmass contain

ing subhedral to anhedral feldspar phenocrysts

(20$), all more or less equant 1.0 mm diameter, some

to more than 4*0 mm and acicular needles of dark

mineral, probably hornblende (5$) to 2.0 mm long.
Thin section (N-58) shows highly altered rock that

was probably originally similar to N-42d, alteration

is to calcite and some foreign gypsum present. Rock

is intensely fractured.

Unit 3 - 150 feet thick. Moderate-brown (5YR4/4) groundmass

containing about 20$ altered feldspar phenocrysts.

Phenocrysts are subhedral and average 0.5 mm X 2.0

mm. Thin section (N-59) is hopelessly altered mess,

predominantly calcite as alteration product.

Thin Sections of Rocks from Conglomerate (Tcg-2)

This section does not include descriptions of rocks de

rived from the andesite (Ta-2) described in previous section.

SAMPLES N-42a, N-42b , and N-42c

Locations In Arroyo Navarrete about 0.7 mile northwest of La

Abuja.

Field relationss Collected from granule and pebble conglomer

ate interbedded in boulder and cobble conglomerate.

Hand specimens Conglomerate; varicolored (very pale-orange

(10YR8/2) matrix (15$), dusky yellowish-brown (10YR2/2),
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yellowish-gray (5*8/l), grayish-black (N 2), white (N 9),
very dusky red (10R2/2), and light olive-gray (5Y6/l) clasts),
granule and pebble, poorly sorted, angular to subround, cal

careous conglomerate.

Thin sections 84$ clasts and 16$ cement (100-point count).
Clasts are mostly volcanic rock fragments and are predominantly
trachytic andesite with subordinate vitric, sanidine tuff.
Small amounts of volcanic quartz, sanidine, limestone, silt
stone and sandstone fragments are also present. Rock is ce

mented by calcite and plagioclase (albite-oligoclase). Calcite
cement is predominant (9$) and formed after the plagioclase
cement (7$) which occurs as a "dogtooth" spar in intergranular
pore spaces throughout the rock. Traces of zeolite occur along
borders of some grains but this is probably a replacement phe
nomenon and not cement.

SAMPLE N-42e

Locations Same as N-42a.

Field relationss Same as N-42a.

Hand specimens Pale yellowish-brown (10YR6/2), aphanitic, por

phyritic tuff. About 15$ subhedral to anhedral phenocrysts of

opalescent sanidine with possible small amount of quartz.

Phenocrysts are anhedral to subhedral prisms averaging 1.0 mm

X 2.0 mm and subequant grains to 2.0 mm.

Thin sections Not described in detail. Rock is derived from

ignimbrite, probably the one cropping out in Arroyo Navarrete

(Tig).

SAMPLES N-42g and N-42h (Only N-42h is described because N-42g
too highly altered to tell original
composition.)

Locations Same as N-42a.

Field relationss Same as N-42a.

Hand specimens Olive-gray (5Y4/l) aphanitic groundmass con

taining abundant subhedral plagioclase phenocrysts and trace

of dark mineral phenocrysts. Slightly vesicular and some large
cavities filled with white mineral. Very similar to sample
N-114 from intrusion east of Cerro La Abuja (Ti-l).
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Thin sections Hemihyaline (?) porphyritic, trachytic andesite.

350-point count showss groundmass (56$) predominantly glassy

(?) material with evenly distributed plagioclase microlites

arranged in trachytic texture, hematite and/or limonite

thoroughly disseminated in groundmass. Phenocrysts (28$), pre

dominantly (26$) subhedral plagioclase laths, averaging 0.08

mm X 0.24 mm, fresh, twinned, some very highly altered (sericite
and chlorite), minor (2$) twinned, euhedral prisms and fragments
of prisms of pyroxene occurring in glomerocrysts. 8$ chlorite

cavity filling and alteration product, 3$ calcite replacement
and cavity filling, 2$ opal cavity filling, and 3$ opaques, some

forming at expense of pyroxene.



REFERENCES CITED

Adkins, W. S., circa 1930, Unpublished notes s On file at The

University of Texas.

1933, The Mesozoic systems of Texas, JLn Sellards, E.

H., Adkins, W. S., and Plummer, F. B., The geology of

Texas, V. I, Stratigraphy: Texas Univ. Bull. 3232, p.

239-518.

Akersten, W. A., 1966, Oral communications Student, Dept.

Geol., Texas Univ.

Albritton, C. C, Jr., 1938, Stratigraphy and structure of

the Malone Mountains, Texas: Geol. Soc. Amer. Bull., v.

49, no. 12, p. 1747-1806, 5 figs., 9 pis.

Albritton, C. C., Jr., and Smith, J. F., Jr., 1965, Geology
of the Sierra Blanca area, Hudspeth County, Texas s U, S.

Geol. Sur., Prof. Paper 479, 131 p., 57 figs., 9 pis.,
11 tbls.

Allen, R., 1957, Structure of Sierra de los Fresnos, Chihua

hua, Mexico: Texas Univ. M.A. thesis, 64 p., 7 figs.,
10 pis., 2 tbls.

Amsbury, D. L., 1957, Geology of Pinto Canyon area, Presidio

County, Trans-Pecos Texass Texas Univ. Ph.D. disserta

tion, 203 p., 14 figs., 13 pis., 4 tbls.

1958, Geology of Pinto Canyon area, Presidio County,
Texass Texas Univ. Bur. Econ. Geology Quad. Map no. 22,
text.

Arenal, C, R., 1964, Estudio Geol6gico para localizacion de

yacimientos de carbon en el area Ojinaga-San Carlos,
Estado de Chihuahua, Mexicos Assoc. Mex. de Geol. Pet.,

Bol., v. 16, p. 121-142, 6 figs.

Atwill, E. R., IV, I960, Stratigraphic nomenclature in Sierra

Pilares, Chihuahua, Mexicos Texas Univ. M.A. thesis, 90

p., 9 figs., 20 tbls., 2 maps.

Baker, C. L., 1935, Major structural features of Trans-Pecos

Texas, iji The geology of Texas, V. II, Structural and

economic geologys Texas Univ. Bur. Econ. Geol., Bull.

3401, pt. 2, p. 137-214, 5 figs.

390



391

Bell, J. J., 1963, Geology of the foothills of Sierra de los

Pinos, northern Chihuahua, near Indian Hot Springs,
Hudspeth County, Texass Texas Univ. M.A. thesis, 83 p.,

3 figs., 1 pi., 3 tbls.

Bilbrey, D. G., 1957, Economic geology of Rim Rock Country,
Presidio County, Trans-Pecos Texass Texas Univ. M.A.

thesis, 114 p., 13 figs., 3 pis.

Bose, E., 1910, Monograffa geologica y paleontologica del

Cerro de Muleros cerca de Ciudad Julrez y description de

la fauna Cretlcea de la Encantada, Placer de Guadalupe,
Estado de Chihuahuas Inst. Geol. Mex., Bol., no. 25, p.

1-193.

Braithwaite, P., 1958, Cretaceous stratigraphy of northern

Rim Rock Country, Trans-Pecos Texass Texas Univ. M.A.

thesis, 95 p., 9 figs., 2 pis., 2 tbls.

Brand, J. P., and DeFord, R. K., 1958, Comanchean stratigraphy
of Kent quadrangle, Trans-Pecos Texas: Am. Assoc. Pet.

Geol. Bull., v. 42, p. 371-386, 2 figs. Reprinted as

Texas Univ. Bur. Econ. Geology Rept. Inv. No. 34*

Bridges, L. W., II, 1958, Revised Cenozoic history of northern

Rim Rock Country, Trans-Pecos Texass Texas Univ. M.A.

thesis, 74 p., 9 figs., 1 pi.

1962, Geology of Mina Plomosas area, Chihuahua, Mex

icos Texas Univ. Ph.D. dissertation, 241 p., 34 figs.,
3 pis., 11 tbls.

1964, Stratigraphy of Mina Plomosas-Placer de Guada

lupe area, .in Geology of Mina Plomosas-Placer de Guada

lupe area, Chihuahua, Mexico: West Texas Geol. Soc.

Field Trip Guidebook, 64-50, p. 50-59, 3 figs., includes

reconnaissance geologic map.

Bridges, L. W., II, and Greenlee, D., 1964, Measured section

Sierra Sodado area, .in Geology of Mina Plomosas-Placer

de Guadalupe area, Chihuahua, Mexicos West Texas Geol.

Soc. Field Trip Guidebook, 64-50, p. 41-43.

Branson, W. E., 1954, Type sections of Cox and Finlay forma

tions, Hudspeth County, Trans-Pecos Texass Texas Univ.

M.A. thesis, 108 p., 19 figs., 1 pi., 1 tbl.

Buongiorno, B., 1955, Handbook of Tierra Vieja Mountains, Pre

sidio and Jeff Davis counties, Trans-Pecos Texass Texas



392

Univ. M.A. thesis, 124 p., 18 figs., 18 pis., 6 tbls.

Burrows, R. H., 1909, Geology of northern Mexicos Mining and

Scientific Press, v. 99, no. 9 (whole no. 2562, 28 Aug.),
p. 290-294; continued as "Geology of northeastern Mex

ico," in no. 10 (4 Sept.), p. 324-327.

_________ 1910, Geology of northern Mexicos Soc. Geol. Mex.,

Bol., v. 7, p. 85-103.

Campbell, D. H., 1965, Oral communications Ph.D. candidate,
Geol. Dept., Texas A and M Univ.

Campbell, R. A., 1959, Stratigraphy of Borrachera anticline,

Municipio de Ojinaga, Chihuahua, Mexicos Texas Univ.

M.A. thesis, 78 p., 4 figs., 12 pis., 2 tbls.

Carlisle, J. C, 1955, Economic geology of Candelaria area,

Presidio County, Trans-Pecos Texas: Texas Univ. M.A.

thesis, 111 p., 17 figs., 1 pi., 1 tbl.

Clutterbuck, D. B., 1958, Structure of northern Sierra Pilares,

Chihuahua, Mexicos Texas Univ. M.A. thesis, 44 p., 5

figs., 7 pis., 1 tbl.

Colton, C. R., 1957, Igneous geology of Rim Rock Country,
Trans-Pecos Texass Texas Univ. M.A. thesis, 84 p., 14

figs., 6 pis., 1 tbl.

Cook, E. F., 1961, Geologic atlas of Utah, Washington Countys
Utah Geol. and Min. Sur., 70, 124 p.

Dasch, E. J., 1959, Dike swarm of northern Rim Rock Countrys
Texas Univ. M.A. thesis, 62 p., 34 figs., 3 pis.

Daugherty, F. W., 1959, Structure of the Sierra Pilares,

Municipio de Ojinaga, Chihuahua, Mexicos Texas Univ.

M.A. thesis, 40 p., 3 figs., 2 sections, 1 diag., 4

photos

DeFord, R. K., 1958a, Tertiary formations of Rim Rock Country,
Presidio County, Trans-Pecos Texass Tex. Jour. Sci., v.

10, p. 1-37, 4 figs. Reprinted as Texas Univ. Bur. Econ.

Geology Rept. Inv. No. 36.

1958b, Cretaceous platform and geosyncline, Culberson

and Hudspeth counties, Trans-Pecos Texass Permian Sec

tion, Soc. Econ. Paleontologists and Mineralogists, Guide

book 1958 Field Trip, April 10-12, 1958, Van Horn, Texas,



393

90 p., 36 figs.

1964, History of geological exploration in Chihuahua,
in Geology of Mina Plomosas-Placer de Guadalupe area,

Chihuahua, Mexicos West Texas Geol. Soc. Field Trip

Guidebook, 64-50, p. 116-129.

1965 and 1966, Oral communications s Geol. Dept.,
Texas Univ.

DeFord, R. K., and Bridges, L. W., 1959, Tarantula Gravel,
northern Rim Rock Country, Trans-Pecos Texass Texas

Jour. Sci., v. 11, no. 3, p. 286-295, 2 figs.

Dfaz, G., T., 1959, Letter to R. K. DeFord, 7 Jan.s Pemex,

Monterrey, N. L., Mexico.

_________
1964, Structure section Chapo No. 2, n Geology of

Minas Plomosas-Placer de Guadalupe areas West Texas

Geol. Soc. Field Trip Guidebook, 64-50, p. 15.

1965, Oral communications s Pemex, Monterrey, N. L.,
Mexi co.

Dickerson, E. J., 1966, Bolson fill, pediment, and terrace de

posits of Hot Springs area, Presidio County, Trans-Pecos

Texas: Texas Univ. M.A. thesis, 100 p., 18 figs., 2 pis.,
2 tbls.

Dietrich, J. W., 1965, Geology of Presidio area, Presidio

County, Texass Texas Univ. Ph.D. dissertation, 313 p.,

13 figs., 1 pi., 13 tbls.

Dill, G. M., 1961, Structure of northern Sierra de Ventana,

Municipio de Ojinaga, Chihuahua, Mexicos Texas Univ.

M.A. thesis, 58 p., 5 figs., 3 pis., 1 tbl.

Duchin, R. C, 1955, Pre-Cenozoic stratigraphy of Candelaria

area, Presidio County, Trans-Pecos Texass Texas Univ.

M.A. thesis, 85 p., 6 figs., 2 pis., 1 tbl.

Eardley, A. J., 1951, Structural geology of North Americas

New York and Evanston, Harper and Row, 743 p.

Emory, W. H., 1857, United States and Mexican boundary surveys

House of Representatives Ex. Doc. No. 135, 34th Congress,
1st Session, transmitted 29 July 1856, v. 1, pt . 1, 258

p.; pt. 2, 174 p.; colored geologic map by James Hall.



394

Ferguson, J. D., 1959, Structure of Porvenir area, Presidio

County, Trans-Pecos Texass Texas Univ. M.A. thesis, 46

p., 5 figs., 10 pis., 1 tbl., 4 maps.

Ferrell, A. D., 1958, Stratigraphy of northern Sierra Pilares,

Chihuahua, Mexicos Texas Univ. M.A. thesis, 77 p., 4

figs., 10 pis., 1 tbl.

Ferrusquia, V., I., 1966, Texas Univ. M.A. thesis in progress.

Flawn, P. T., Goldstein, A., Jr., King, P. B., and Weaver,
C. E., 1961, The Ouachita Systems Univ. Texas Pub. 6120,
401 p., 13 figs., 15 pis., 7 tbls.

Folk, R. L., 1961, Petrology of sedimentary rockss Austin,

Texas, Hemphill's, 154 p.

Frantzen, D. R., 1958, Oligocene folding in Rim Rock Country,
Trans-Pecos Texass Texas Univ. M.A. thesis, 45 P*> 4

figs., 2 pis.

Gieger, R. M., 1965, Quitman Mountains intrusion, Hudspeth

County, Texass Texas Univ. M.A. thesis, 85 p., 4 figs.,
12 pis., 6 tbls.

Gillerman, E., 1946a, Preliminary study of the Rocky Ridge

fluorspar deposits, Eagle Mountains, Hudspeth County,
Texass U. S. Geol. Survey Strategic Min. Inv. Prelim.

Rept. 3-202, 4 p.

1946b, Preliminary report on the Spar Valley fluor

spar deposits, Eagle Mountains, Hudspeth County, Texass

U. S. Geol. Survey Min. Inv. Prelim. Rept. 3-204, 7 p.,

10 pis.

1948, The bedding replacement fluorspar deposits of

Spar Valley, Eagle Mountains, Hudspeth County, Texass

Econ. Geology, v. 43, no. 6, p. 509-517.

1953, Fluorspar deposits of the Eagle Mountains,
Trans-Pecos Texass U. S. Geol. Survey Bull. 987, 98 p.,

9 figs., 17 pis., 1 tbl.

Goldich, S. S., and Elms, M. A., 1949, Stratigraphy and pe

trology of Buck Hill Quadrangle, Texas: Geol. Soc.

Amer. Bull., v. 60, no. 7, p. 1133-1182, 6 figs., 6 pis.

Reprinted as Texas Univ. Bur. Econ. Geology Rept. Inv.
No. 6.



395

Hamilton, S. C., Jr., 1961, Structure of southern Sierra

Pilares, Municipio de Ojinaga, Mexico: Texas Univ. M.A.

thesis, 85 p., 10 figs., 1 pi., 1 tbl.

Harrington, H. J., 1965, Space, things, time, and events an

essay on stratigraphy: Amer. Assoc. Pet. Geol. Bull.,
v. 49, no. 10, p. 1601-1646, 6 figs.

Harrison, J. V., and Falcon, N. L., 1936, Gravity collapse
structures and mountain ranges as exemplified in south

western Iran: Geol. Soc. London Quarterly Jour., v. 92,
p. 91-102.

Harwell, G. M., 1959, Stratigraphy of Sierra del Porvenir,
Chihuahua, Mexico: Texas Univ. M.A. thesis, 65 p., 4

figs., 7 pis.

Haurwitz, B., and Austin, J. M., 1944, Climatology: New York

and London, McGraw-Hill Book Co., p. 109-130.

Hay-Roe, H., 1957, Geology of Wylie Mountains and vicinity,
Culberson and Jeff Davis counties, Texas: Texas Univ.

Bur. Econ. Geology Quad. Map no. 21, text.

_________ 1958, Geology of Wylie Mountains and vicinity, Trans-

Pecos Texass Texas Univ. Ph.D. dissertation, 226 p., 7

figs., 15 pis.

Heiken, G. H., 1966, Geology of Cerros Prietos, Municipio de

Ojinaga, Chihuahua, Mexico: Texas Univ. M.A. thesis,
101 p., 22 figs., 2 pis.

Hill, R. T., 1901, Geography and geology of Black and Grand

prairies: U. S. Geol. Survey 21st Ann. Rept., pt . 7,
666 p.

Hill, R. T., and Vaughan, T. W., 1898, Geology of the Edwards

Plateau and Rio Grande Plain adjacent to Austin and San

Antonio, Texas, with reference to the occurrence of

underground waters: U. S. Geol. Survey Ann. Rept. 18,
pt. 2, p. 193-321.

Huffington, R. M., 1943, Geology of the northern Quitman Moun

tains, Trans-Pecos Texas: Geol. Soc. Amer. Bull., v.

54, no. 7, p. 987-1048.

Humphrey, W. E., 1956, Tectonic framework of northeast Mexico:
Trans. Gulf Coast Assoc, of Geol. Soc, v. 6, p. 25-35,
1 fig., 1 tbl.



396

1964, Measured section Sierra Soldado area, jLn Geology
of Mina Plomosas-Placer de Guadalupe area, Chihuahua,
Mexico: West Texas Geol. Soc. Field Trip Guidebook, 64-

50, p. 38-41.

Jones, B. R., 1965, Oral communications: Ph.D. candidate,
Geol. Dept., Texas A and M Univ.

1966, Texas A and M Univ. Ph.D. dissertation in prog

ress.

Kelley, W. A., 1936, Evolution of the Coahuila peninsula,

Mexico, Part II, Geology of the mountains bordering the

valleys of Acatia and Las Delicias: Geol. Soc. Amer.

Bull., v. 47, no. 7, p. 1009-1038, 2 figs., 13 pis.

Kellum, L. B., Imlay, R. W., and Kane, W. G., 1936, Evolution
of the Coahuila peninsula, Mexico, Part I, Relation of

structure, stratigraphy, and igneous activity to an

early continental margins Geol. Soc. Amer. Bull., v.

47, no. 7, p. 969-1007, 3 figs., 3 pis.

King, P. B., 1965, Geology of the Sierra Diablo region: U. S.

Geol. Sur. Prof. Paper 480, 185 p., 8 figs., 16 pis., 14

tbls.

King, P. B., and Flawn, P. T., 1953, Geology and mineral de

posits of Pre-Cambrian rocks of the Van Horn area, Texas:

Texas Univ. Pub. 5301, 218 p., 20 figs., 16 pis.

King, R. E., 1939, Geological reconnaissance in northern Sierra

Madre Occidental of Mexico: Geol. Soc. Amer. Bull., v.

50, no. 11, p. 1625-1722, 7 figs., 9 pis.

King, R. E., and Adkins, W. S., 1946, Geology of a part of the

lower Conchos Valley, Chihuahua, Mexico: Geol. Soc.

Amer. Bull., v. 57, no. 3, p. 275-294, 2 figs., 4 pis.

Laux, J. P., Ill, 1966, Texas Univ. M.A. thesis in progress.

Leighton, M. W., and Pendexter, C, 1962, Carbonate rock types,
in Classification of carbonate rocks, a symposium: Amer.

Assoc. Pet. Geol., Mem. 1, p. 33-61.

Levantamiento de la carta geographica de la Republica Mexicana,
Ciudad Juarez 13R-I and Barranco de Guadalupe 13R-II : com

piled in 1958.

Lonsdale, J. T., 1940, Igneous rocks of the Terlingua-Solitario



397

region, Texas: Geol. Soc. Amer. Bull., v. 51, P* 1539-

1626, 7 pis., 8 figs.

Lozo, F., 1964, Oral communication: Shell Development Co.,

Houston, Texas.

McGrew, B. J., 1955, Petrography of the Candelaria area, Pre

sidio County, Texas: Texas Univ. M.A. thesis, 121 p.,

41 figs., 2 pis.

McKee, E. D., 1959, Lithofacies thickness maps and subdivi

sions of the Triassic System, interval C; southwest

region, in Paleotectonic maps, Triassic System: 0, S.

Geol. Sur., Misc. Geol. Inv., map 1-300, p. 13-14 (pl*
4).

McKinney, R. G., 1957, Petrology of eruptive rocks of Por

venir area, Presidio County, Trans-Pecos Texas: Texas

Univ. M.A. thesis, 102 p., 47 figs., 3 pis., 2 tbls.

McKnight, J. F., 1966, Geology of Bofecillos Mountains and

vicinity, Trans-Pecos Texas: Texas Univ. Ph.D. disserta

tion in progress.

Mankin, C. J., 1955, Biostratigraphy of Tierra Vieja, Trans-

Pecos Texas: Texas Univ. M.A. thesis, 121 p., 14 figs.,

7 pis.

Maxwell, R. A., and Dietrich, J. W., 1965, Geologic summary

of the Big Bend region, iri Geology of the Big Bend^area^
Texas: West Texas Geol. Soc. Field Trip Guidebook, 65-

51, p. 11-33, 12 figs., 8 tbls.

Maxwell, R. A., Lonsdale, J. T., Hazzard, R. T., and Wilson,
J. A., 1965, Geology of Big Bend National Park, Texas:

Texas Univ. Bur. Econ. Geology, in preparation.

Miller, W. D., 1957, Pre-Cenozoic stratigraphy of Porvenir

area, Presidio County, Trans-Pecos Texas: Texas Univ.

M.A. thesis, 95 p., 12 figs., 3 pis., 3 tbls.

Milton, A. P., 1964, Geology of Cajoncito area in Municipio
de Guadalupe, Chihuahua, and Hudspeth County, Texas:

Texas Univ. M.A. thesis, 78 p., 10 figs., 2 pis., 3 tbls.

Moody, J. D., and Hill, M. J., 1956, Wrench fault tectonics:

Geol. Soc. Amer. Bull., v. 67, no. 9, p. 1207-1246.

Moran, S. S., 1955, Structure of Candelaria area, Trans-Pecos



398

Texass Texas Univ. M.A. thesis, 64 p., 14 figs., 5 pis.,
4 tbls.

Muehlberger, W. R., 1965, Late Paleozoic movement along the

Texas lineament: Trans * New York Acad. Sci., ser. 11, v.

27, no. 4, p. 385-392, 1 fig.

Nichols, J. C, 1958, Stratigraphy of Sierra de los Fresnos,

Chihuahua, Mexico: Texas Univ. M.A. thesis, 64 p., 5

figs., 10 pis.

Pe*rez, F., R., 1950, Posibilidades petroliferas en el noreste

de Mexico, in Primera convencion tecnica petrolera
Mexicana: p. 107-116, 7 figs.

Perkins, B. F., 1966, Letter, January 1966: Shell Development

Co., Houston, Texas.

Peterson, J. E., 1955, Cenozoic stratigraphy of Candelaria

area, Presidio County, Trans-Pecos Texas: Texas Univ.

M.A. thesis, 112 p., 9 figs., 1 pi., 4 tbls.

Powell, J. D., 1961, Stratigraphy of Cenomanian-Turonian

(Cretaceous) strata, northeastern Chihuahua and adjacent
Texas: Texas Univ. Ph.D. dissertation, 46 p., 3 figs.

_________
1963, Cenomanian-Turonian (Cretaceous) ammonites from

Trans-Peeos Texas and northeastern Chihuahua, Mexico:

Jour. Paleo., v. 37, no. 2, p. 309-322, 3 figs., 4 pis.

___________
1965, Late Cretaceous platform-basin facies, northern

Mexico and adjacent Texas: Amer. Assoc Pet. Geol. Bull.,
v. 49, no. 5, p. 511-525, 8 figs.

Ramfrez M., J. C, and Acevedo C., F., 1957, Notas sobre la

geologfa de Chihuahua: Asoc Mex. de Geologos Pet. Bol.,
v. 9, nos. 9 and 10, p. 583-765, 61 figs., 7 tbls.

Reaser, D. F., 1965 and 1966, Oral communications: Ph.D. can

didate, Geol. Dept., Texas Univ.

Richardson, G. B., 1904, Report of a reconnaissance of Trans-

Pecos Texas north of the Texas and Pacific Railway:
Texas Univ. Mining Surv. Bull. 9, 119 p.

Rix, C. C, 1953, Geology of Chinati Peak Quadrangle, Trans-

Pecos Texas: Texas Univ. Ph.D. dissertation, 188 p., 9

figs., 13 pis., 3 tbls.



399

Rose, P., 1966, Oral communication: Student, Geol. Dept.,
Texas Univ.

Salas, G. P., 1955, Posibles futura provincias petroliferas
en Mlxico: Assoc. Mex. de Geol. Pet., Bol., v. 7, no.

3-4 (March-April), p. 81-114.

Schulenberg, J. T., 1957, Cenozoic stratigraphy of Rim Rock

Country, Trans-Pecos Texas: Texas Univ. M.A. thesis,

119 p., 14 figs., 2 pis., 5 tbls.

Scott, G., 1939, Cephalopods from the Cretaceous Trinity

Group of the south-central United States: Texas Univ.

Pub. 3945, p. 969-1106, 41 figs., 13 pis., 2 tbls.

Sellards, E. H., 1933, The Paleozoic and pre-Paleozoic sys

tems in Texas, in Sellards, E. H., Adkins, W. S., and

Plummer, F. B., The geology of Texas, V. I, Stratigraphy:

Texas Univ. Bull. 3232, p. 15-238.

Sewell, C. R., 1955, Igneous petrography of the Candelaria

area: Texas Univ. M.A. thesis, 127 p., 4 figs., 27 pis.

Smith, J. F., Jr., 1940, Stratigraphy and structure of the

Devil Ridge area, Texas: Geol. Soc. Amer. Bull., v. 51,

no. 4, P* 597-638, 7 figs., 6 pis.

1941, Geology of the Eagle Spring area, Eagle Moun

tains, Hudspeth County, Texas: Field and Lab., v. 9, no.

2, p. 70-79, 2 figs., 1 pi.

Smith, J. T., Jr., 1956, Areal geology of Candelaria area,

Presidio County, Trans-Pecos Texas: Texas Univ. M.A.

thesis, 79 p., 24 figs., 7 pis., 4 tbls.

Spiegelberg, F., 1961, Stratigraphy of northern Sierra de

Ventana, Municipio de Ojinaga, Chihuahua, Mexico: Texas

Univ. M.A. thesis, 90 p., 11 figs., 3 pis., 10 tbls.

St. John, B. E., 1965, Structural geology of Black Gap area,

Brewster County, Texas: Texas Univ. Ph.D. dissertation,

132 p., 36 figs., 3 pis.

Strain, W. S., 1966, Blancan mammalian fauna and Pleistocene

formations, Hudspeth County, Texas: Texas Mem. Mus .
,

Bull. 10, 55 p., 8 figs., 13 pis., 5 tbls.

Taff, J- A*# 1891, The Cretaceous deposits of El Paso County:
Texas Geol. Survey Ann. Rept. 2, 1890, p. 714-738.



400

Twiss, P. C, 1959a, Geology of Van Horn Mountains, Texass

Texas Univ. Bur. Econ. Geology Quad. Map No. 23, text.

. 1959b, Geology of Van Horn Mountains, Texas: Texas

Univ. Ph.D. dissertation, 234 p., 27 tbls., 8 maps, 10

photos., 8 photomicrographs.

Underwood, J. R., Jr., 1962, Geology of Eagle Mountains and

vicinity, Trans-Pecos Texas: Texas Univ. Ph.D. disserta

tion, 559 p., 6 figs., 2 pis., 31 tbls., 10 photos.

____________ 1963, Geology of Eagle Mountains and vicinity, Trans-

Pecos Texas: Texas Univ. Bur. Econ. Geology Quad. Map
No. 24, text.

U.S.A.F. Operational Navigational Chart, ONC-H-23 (Lower Rio

Grande): Compiled 1964 by Aeronautical Chart and In

formation Center, United States Air Force, St. Louis, Mo.

U. S. Weather Bureau, 1962, Decennial census of United States

climate monthly normals of temperature, precipitation,
and heating degree days, Texas: Climatology of the

United States no. 81-16, Weather Bureau, U. S. Dept. of

Commerce

Vaughan, T. W., 1900, Reconnaissance in the Rio Grande coal

fields of Texas: U. S. Geol. Survey Bull. 164, p. 1-88.

Vest, H. A., 1959, Structure of Sierra del Porvenir, Chihuahua,
Mexicos Texas Univ. M.A. thesis, 47 p., 6 figs., 9 pis.,
1 tbl.

Vivar, G., 1925, Informs preliminar sobre el estudio geologica

petroleo de la regi6n de Ojinaga, Estado de Chihuahua:

Depts. de Exploraciones y Estudios Geologiocos, Folleto

de Divulgaci6n, num. 16, p. 3-12.

Wade, D. E., 1954, Is Fredericksburg Group a practical unit in

Trans-Pecos Texas?: Texas Univ. M.A. thesis, 80 p., 15

figs., 1 pi., 1 tbl.

Weed, W. H., 1902, Notes on certain mines in the states of

Chihuahua, Sinaloa, and Sonora, Mexico: Am. Inst. Min.

and Metall. Eng. Tr., v. 32, p. 396-443.

Wheeler, H. E., and Mallory, U. S., 1954, Reply, JLn Fischer,
A. G., 1954, Arbitrary cut-off in stratigraphy: Amer.

Assoc. Pet. Geol. Bull., v. 38, no. 5, p. 926-931, 1 fig.



401

Williams, H., Turner, F. J., and Gilbert, C. M., 1955, Petrog-

raphys San Francisco, W. H. Freeman and Co., 406 p.

Wilson, J. A., 1965 and 1966, Oral communications 5 Dept.

Geol., Texas Univ.

1965, Cenozoic history of the Big Bend area, west

Texas, in Geology of the Big Bend area, Texass West

Texas Geol. Soc. Field Trip Guidebook, 65-51, P* 34-36,
1 fig., 1 tbl.

Wolleben, J. A., 1966, Biostratigraphy of the Ojinaga and San

Carlos formations of west Texas and northeastern Chihua

huas Texas Univ. Ph.D. dissertation in progress.

Wood, J. W., 1965, Geology of Apache Mountains, Trans-Pecos

Texas: Texas Univ. Ph.D. dissertation, 241 p., 9 figs.,

7 pis.

Yeager, J. C, I960, Stratigraphy of southern Sierra Pilares,

Municipio de Ojinaga, Chihuahua, Mexico: Texas Univ.

M.A. thesis, 116 p., 7 figs., 8 pis., 20 tbls.

Young, K. P., 1965, Oral communications: Dept. Geol., Texas

Univ.









This digitized document does not include the vita page from the original.




	Table of Illustrations
	Frontispiece
	Figure 1
	Table 1
	Table 1 -- Cont.
	Table 1. -- Cont.
	Figure 2
	I used a radial-line plot to construct the base map of all areas except the Sierra Pilares...
	Table 2
	Table 3
	Figure 3
	Figure 4
	Table 4
	Table 5
	Table 5-- Cont.
	Table 6
	Table 6--Cont.
	Figure 5
	Table 7
	Table 8
	Table 9
	Table 10
	Table 12
	Table 13
	Table 14
	Table 14 Cont.
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Figure 11
	Table 15
	Figure 12
	Table 16
	Figure 13
	Figure 14
	Figure 15
	Figure 16
	Figure 17
	Figure 18
	Figure 19
	Figure 20
	Figure 21
	Figure 22
	Figure 23
	Figure 24
	Figure 25
	Figure 26
	Figure 27
	Figure 28
	Figure 30
	Figure 31
	Figure 32
	Figure 33
	Figure 34
	Figure 35
	Figure 36
	Figure 37
	Appendix-Measured Section 5
	Table 17
	Table 18
	Table 19
	Table 19 - Cont.
	Table 20
	Table 21
	Table 22
	Geologic Map of El Cuervo Area, Chihuahua, Mexico, Plate 1
	Geologic Structure Sections, El Cuervo Area, Chihuahua, Mexico, Plate 2
	Geologic Structure Sections, Arroyos Cuatralbo and Narrative, Plate 7

	Geology of El Cuervo, Northeastern Chihuahua, Mexicio
	Front matter
	Front cover and title pages
	Page 
	Page 
	Page 
	Page iii

	Preface
	Page iv
	Page v
	Page vi

	Frontispiece
	Abstract
	Page viii
	Page ix
	Page x

	Table of Contents

	Body
	Introduction
	Page 1 
	Page 2 
	Page 3 
	Page 4 
	Page 5 
	Page 6 
	Page 7 
	Page 8 
	Page 9 
	Page 10 
	Page 11 
	Page 12 
	Page 13 
	Page 14 
	Page 15 
	Page 16 
	Terms and abbreviations
	Page 17
	Page 18


	Physiography
	Topography
	Page 19
	Page 20
	Page 21

	Climate
	Page 22
	Page 23

	Flora and fauna
	Page 24
	Page 25
	Page 26
	Page 27


	Lithostratigraphy
	Page 28 
	Page 29 
	Page 30 
	Stratigraphic Section of Mesozoic Rocks, Page 31 
	Generalized Lithosomal Diagram, Page 32
	Marine and juxtamarine rocks
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93

	Volcanic and associated rocks 
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112

	Intrusive igeneous rocks
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124

	Bolson fill
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129

	Pediment and terrace gravels
	Page 130
	Page 131
	Page 132

	Page Alluvium 

	Correlation and interpretation
	Regional tectonic history
	Page 134
	Page 135
	Page 136
	Page 137

	Pre-Mesozoic rocks
	Page 138
	Page 139
	Page 140
	Page 141

	Jurassic system
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151

	Cretaceous System
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168
	Page 169
	Page 170
	Page 171
	Page 172
	Page 173
	Page 174
	Page 175
	Page 176
	Page 177
	Page 178
	Page 179
	Page 180
	Page 181
	Page 182
	Page 183
	Page 184
	Page 185

	Laramide orogeny
	Page 186
	Page 187
	Page 188
	Page 189
	Page 190

	Early Tertiary erosion; Tertiary rocks
	Page 191
	Page 192
	Page 193
	Page 194
	Page 195
	Page 196
	Page 197
	Page 198
	Page 199
	Page 200
	Page 201
	Page 202

	Evolution of Cretaceous-Tertiary magma; Cenozoic block faulting
	Upper Cenozoic deposits
	Page 204
	Page 205
	Page 206
	Page 207
	Page 208
	Page 209
	Page 210
	Page 211
	Page 212


	Structure
	Central Sierra Pilares
	Page 213
	Page 214

	Southern Sierra Pilares
	Page 215
	Page 216
	Page 217
	Page 218
	Page 219
	Page 220
	Page 221
	Page 222

	Benigno graben
	Northern Sierra Pinosa and Sierra de la Ventana
	Page 224
	Page 225
	Page 226
	Page 227
	Page 228

	Presidio graben
	Page 229
	Page 230
	Page 231

	Arroyo Cuatralbo and vicinity
	Page 232
	Geologic Map of Arroyo Cuatralbo and Vicinity, Page 233
	Page 234
	Page 235
	Page 236
	Page 237
	Page 238
	Page 239
	Page 240

	Southern Sierra Pinosa
	Page 241
	Page 242
	Page 243
	Page 244
	Page 245
	Page 246
	Page 247
	Page 248
	Page 249
	Page 250
	Page 251
	Page 252
	Page 253
	Page 254

	Transverse structure along Arroyo Navarrete
	Page 255
	Page 256
	Page 258
	Page 259
	Page 260
	Page 261
	Page 262
	Page 263

	La Chiva fault
	Page 264
	Page 265

	El Banquete and vicinity
	Page 266
	Page 267
	Page 268
	Page 269
	Page 270
	Page 271

	Sierra de la Parra, west of Villista fault
	Page 272
	Page 273
	Page 274
	Page 275
	Page 276
	Page 277

	Bolson El Cuervo; Sierra de la Cieneguilla
	Sierra del Pino
	Sierra Lagrima and vicinity
	Page 280
	Page 281
	Page 282
	Page 283
	Page 284
	Page 285
	Page 286
	Page 287
	Page 288


	Tectonics
	Page 289 
	Page 290 
	Pre-Laramide structure; Laramide deformation
	Page 291
	Page 292
	Page 293
	Page 294
	Page 295
	Page 296
	Page 297
	Page 298
	Page 299
	Page 300
	Page 301
	Page 302
	Page 303
	Page 304
	Page 305
	Page 306
	Page 307
	Page 308

	Post-Laramide tectonics
	Page 309
	Page 310
	Page 311
	Page 312
	Page 313
	Page 314
	Page 315
	Page 316
	Page 317
	Page 318


	Economic geology
	Water
	Page 319
	Page 320
	Page 321

	Metallic minerals
	Page 322
	Page 323

	Nonmetallic minerals
	Petroleum


	Back matter
	Appendix
	Page 326
	Page 327
	Page 328
	Page 329
	Page 330
	Page 331
	Page 332
	Page 333
	Page 334
	Page 335
	Page 336
	Page 337
	Page 338
	Page 339
	Page 340
	Page 341
	Page 342
	Page 343
	Page 344
	Page 345
	Page 346
	Page 347
	Page 348
	Page 349
	Page 350
	Page 351
	Page 352
	Page 353
	Page 354
	Page 355
	Page 356
	Page 357
	Page 358
	Page 359
	Page 360
	Page 361
	Page 362
	Page 363
	Page 364
	Page 365
	Page 366
	Page 367
	Page 368
	Page 369
	Page 370
	Page 371
	Page 372
	Page 373
	Page 374
	Page 375
	Page 376
	Page 377
	Page 378
	Page 379
	Page 380
	Page 381
	Page 382
	Page 383
	Page 384
	Page 385
	Page 386
	Page 387
	Page 388
	Page 389

	References cited
	Page 390
	Page 391
	Page 392
	Page 393
	Page 394
	Page 395
	Page 396
	Page 397
	Page 398
	Page 399
	Page 400
	Page 401
	Geologic Map of El Cuervo Area, Chihuahua, Mexico, Plate 1
	Geologic Structure Sections, El Cuervo Area, Chihuahua, Mexico, Plate 2
	Geologic Structure Sections, Arroyos Cuatralbo and Navarrete, Plate 7

	Vita
	Back cover





