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STRUCTURE OF HORSE MOUNTAIN ANTICLINE

(SOUTHWEST EXTENSION),

BREWSTER COUNTY, TEXAS

Thomas Kieth Bjorklund

ABSTRACT

The Woods Hollow Shale (Middle Ordovician), Maravillas

Chert (Late Ordovician), Caballos Novaculite (Devonian ?),

Santiago Chert (Devonian ?) and Mississippian shales of the

Tesnus Formation are exposed along the Horse Mountain anti

cline 19 1/2 miles south of Marathon on U. S. Highway 385.

Horse Mountain anticline is a narrow, northeast trend

ing fold on the southeast flank of the complex anticlinorium

which was formed by pulsatory thrusting and folding during

the Mississippian and Pennsylvanian Periods, It is within

the Marathon salient of the Ouachita system.

All structures are related to a northwest-southeast

maximum principal stress. The chert and novaculite folded

concentrically above detachment planes in the Woods Hollow

Shale. Subsequent failure of the shale produced a syncline

along the crest of the anticline. This was followed by

major thrusting over the northwest limb. The deformation

culminated with underthrusting along the axis and southeast

limb, right-handed and left-handed strike-slip oblique

faulting and transverse faulting. Erosion has left only the
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nearly vertical, resistant beds on the limbs and a vestige of

the former crestal syncline.

Two sets of shear fractures (N 47 W, 23 SW; N 81 W,

23 NE) are perpendicular to the beds and make acute angles

with the local maximum principal stress along the axis of

the fold. A third set of extension fractures (N 52 W, 79

SW) is nearly perpendicular to the axis of the fold and formed

when the flanks of the fold dipped 45 degrees.
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INTRODUCTION

LOCATION AND ACCESSIBILITY

The northeast-trending ridges of Horse Mountain anti

cline cross U. S. Highway 385 nineteen and one-half miles

south of the town of Marathon. The area mapped extends

3.4 miles southwest of the highway, 1 mile northeast of the

highway and is 0.7 miles wide. It is located within the

northeast part of the Santiago Peak quadrangle, except for

a small part which lies in the northwest corner of the Hood

Spring quadrangle.

Improved and unimproved roads provide easy access for

conventional vehicles to all parts of the area.

PREVIOUS WORK

In addition to a comprehensive report on the stratig

raphy and structure of the Marathon region, King (1937, pi.

23) published a reconnaissance map of the Marathon Basin

which shows a narrow, doubly plunging anticline northwest

of Hackberry Creek. The writer has named this structure

Horse Mountain anticline.

Eifler (1943) mapped the Santiago Peak quadrangle on a

small scale and recognized the Horse Mountain anticline.

However, he was primarily concerned with the structure and

stratigraphy of the Santiago Mountains and contributed no

1
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new information on the anticline.

In a report on the Hood Spring quadrangle Graves (1954)

extended the detailed mapping of King to a small part of the

Horse Mountain anticline.

'

PRESENT WORK

This report is based on field work done during part of

the summer of 1961 and several short visits during the fall.

Aerial photographs at a scale of about 1:7200 were made

available to the Department of Geology at The University of

Texas by Edgar Tobin Aerial Surveys of San Antonio, Texas

and were used as a base for geologic mapping. Stratigraphic

sections were measured with the aid of a Brunton compass, a

50-foot steel tape and a Jacob* s staff. Elevations for pro

files of the structure sections were obtained by a Paulin

altimeter.

ACKNOWLEDGMENTS

The writer is indebted to Dr. W. R. Muehlberger for

suggesting the problem and for continuing enthusiasm and

help during the course of the field work and the preparation

of this report. The writer is especially grateful to Dr. E.
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help given by him and Dr. P. T. Flawn on the thesis commit

tee. The project could not have been completed without free
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access to the area which was readily given by Mr. Guy Combs.

GEOGRAPHY

The more resistant strata form hogbacks on the flanks

of the anticline and rise a maximum of about 350 feet above

the valley on either side.

The valley to the northwest and Hackberry Creek to the

southeast parallel the ridges of the anticline and drain to

the southwest into Maravillas Creek.

Because of lack of much soil or plant cover there are

excellent outcrops. The less resistant units concealed by

valley alluvium can be mapped approximately from strati

graphic relations.



STRATIGRAPHY

REMARKS

Less than 1500 feet of interbedded chert, shale, lime

stone, sandstone and conglomerate are exposed along the

ridges and valleys of the area. The sediments were depos

ited in the southwestern extension of the Ouachita trough

during parts of the time ranging from Ordovician to Carbon

iferous.

Table 1 shows the stratigraphic nomenclature in the

thesis area.

Table 1. Stratigraphic nomenclature in

the thesis area.

SYSTEM FORMATION LOCAL UNITS IN THESIS AREA

Quaternary Alluvium

Carboniferous Tesnus Formation

Devonian (?)
Santiago Chert

Chert and Shale (3)

Chert and Novaculite (2)

^Novaculite (2b)

*Black Chert (2a)

Novaculite (l)

Solitario Member (s)

Caballos Novaculite

Ordovician

Maravillas Chert

i

Black Chert (3)

Gray Chert and Limestone (2)

Black Chert (l)

Woods Hollow Shale

*Not distinguished on southeast ridge

4
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Formation names and paleontologic ages are based

largely on the work of Baker and Bowman (1917) and King

(1937). Some revisions in nomenclature were suggested in

later work by Wilson (1954) and Berry and Nielson (1958).

The rocks are described in detail in the measured sec

tions and thin-section descriptions included in the appen

dix. The map units are correlated in figure 1.

WOODS HOLLOW SHALE

Definition

The type locality of the Woods Hollow Shale is between

Woods Hollow and Little Woods Hollow. The formation is the

same as members 4 and 5 of the Marathon series of Baker and

Bowman (1917, p. 81).

According to King (1937, p. 34) the formation "consists

of greenish clay shales, with interbedded thinly laminated

gray or yellowish sandy limestone and limy sandstone."

Local Features

The Woods Hollow Shale crops out in most of the valleys

and saddles within the area. Although it is mostly covered

with debris from overlying formations, bluish gray shale

chips in the float and small exposures near the bases of the

hills or near its upper contact demonstrate its continuity.

The base of the formation is not exposed in the thesis
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area. Generally poor exposures, lack of persistent, recog

nizable units within it and tectonic crushing preclude an

estimate of its original thickness or present thickness. It

is 470 feet thick at the type locality.

Near its upper contact it is a gray to black fissile

shale that weathers bluish gray and contains carbonaceous

fragments. Limonite stained sandstones, a few inches thick,

with Lebensspuren on the soles occur lower in the section.

Age

King (1937, p. 36) stated that most of the fossils in

the Woods Hollow Shale are of Middle Ordovician age. In a

detailed study of the graptolite fauna, Berry (i960, p. 27)

correlated the shale with part of the Ashby stage, the Porter-

field stage and part of the Wilderness stage.

MARAVILLAS CHERT

Definition

The name Maravillas Chert is applied to strata which

are equivalent to those described at Maravillas Gap by Baker

and Bowman (1917, p. 87-89) and called the Maravillas forma

tion. The type locality is at Maravillas Gap.

According to King (1937, p. 36), the formation "consists

of interbedded limestone and black bedded chert, the chert

predominating toward the top."
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Local Features

The Maravillas Chert forms most of the slopes facing

the smaller interior valleys of the area. From a distance,

float from the overlying formation seems to cover the chert,

but upon closer examination outcrops of all but the upper

most part are easily found. The contact between the black

chert of the Maravillas and the overlying novaculite in

many places is well-defined on aerial photographs.

Accurate thicknesses are impossible to obtain due to

local folding and thrusting in all exposures. Sections

measured in the least affected areas indicate a range in

thickness from about 175 feet in the southwest to 330 feet

in the northeast.

The writer distinguished and mapped three units which

are persistent throughout the entire area. They are in

ascending order: black chert (l), gray chert and limestone

(2) and black chert (3).

The lower contact of black chert unit (l) is gradational

with the Woods Hollow Shale. The lower ten feet or less con

sist of thin beds of black and brown chert interbedded with

shale and in places a few thin calcarenites. The appearance

of chert in the sequence marks the base of the Maravillas.

Ordinarily, the contact cannot be picked in the field on this

basis. However, one or, in places, two yellowish orange to

gray, cross-bedded, graded calcarenites, generally less than
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1 foot thick are always less than 10 feet above the contact.

These are unexcelled marker beds.

The black chert unit (l) is characterized by a predom

inance of black chert, a few beds of which contain relict

cross-bedding and stringers of bryozoan debris. A few

lenses and thin irregular beds of partially silicified,

cross-bedded calcarenites and fine-grained limestone attest

to a replacement origin of some of the chert. Calcarenites

containing bryozoans, numerous unidentified fossils, and

tabular intraclasts of limestone up to 12 inches long in a

limestone matrix are sparsely present. The unit ranges in

thickness from 43 feet to 84 feet at the measured sections.

The lower contact of gray chert and limestone unit (2)

is defined by the first appearance of mottled and banded

gray or gray and black banded chert.

The distinguishing characteristic of the unit is the

gray chert, but it also has more limestone than unit (l) .

Thin beds of gray and some black chert and limestone persist.

Many beds are up to two feet thick. One or more thicker and

more resistant beds of gray mottled chert near the upper

contact can be traced throughout the area. In addition to

limestone similar to that in the unit below, the thicker

limestone beds are marked on weathered outcrops by etched-

out, brown, silicified stringers of fossils. In some places

these beds stand out conspicuously above the less resistant
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beds, showing the silicified bedding planes which appear al

most black. The unit ranges in thickness from 87 feet to

159 feet at the measured sections.

The lower contact of the black chert unit (3) is defined

by the disappearance of the gray chert, generally the mottled

variety.

The black chert unit (3) is similar to black chert unit

(l) and is distinguished with difficulty where adjacent units

are missing. White chalcedonic fracture fillings, not ob

served in unit (l), stand out from the coal black chert. In

one place a very fossiliferous chert breccia lense with tab

ular, black chert fragments up to three and one-half inches

is present near the top of the unit. The upper few feet are

generally not exposed through the talus of the overlying

unit. The unit ranges in thickness from 43 feet to 87 feet

at the measured sections.

Age

Berry (i960, p. 31), who made the most recent and de

tailed study of the graptolite fauna of the Maravillas Chert,

wrote: "... there seems to have been continuous deposition

from late Wilderness time through the Trenton and all of the

Late Ordovician."



11

CABALLOS NOVACULITE

Definition

King (1937, p. 48) divided the Caballos Novaculite into

five members with the type locality at Horse Mountain. This

is in agreement with Baker and Bowman (1917, p. 93-94) "who

originally (Udden, Baker and Bose, 1916, p. 41) assigned the

upper three members to the Santiago Chert and, questionably,

the lower two to the Caballos Novaculite only to reject the

Santiago Chert in favor of naming all members the Caballos

Novaculite. Berry and Nielsen (1958, p. 2254-2259) reinter

preted the work of Baker and suggested that the original

terminology of Baker be revived. In this report the name

Caballos Novaculite is restricted to the lower chert member

and lower novaculite member described by King.

Local Features

The Caballos Novaculite crops out as a narrow white

band just below most of the ridges in the area. It ranges

in thickness from 30 feet to 50 feet at the measured sec

tions .

The lower chert member of King was not recognized in

the area. The base of the steep, almost vertical cliff

formed by the upper novaculite member locates its lower con

tact. (The term novaculite as used in this report refers to
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all rocks with a dull to vitreous luster which are white on

fresh and weathered surfaces and composed of microcrystal-

line quartz.)

The Caballos Novaculite is not so blinding white as the

overlying novaculite due to yellow limonite stains along

numerous fractures and bedding planes. A few thin beds of

red to pink chert occur in the lower part. Where one to

four foot beds of novaculite are separated due to creep,

there are exposed circular pits and knobs less than one foot

in diameter and stylolitic surfaces parallel to bedding. At

one place in the northeast part of the area the writer ob

served a chert conglomerate lense about ten feet long and

one foot thick which contained white novaculite fragments.

This was well within the novaculite member.

Age

No diagnostic fossils have been reported from the

Caballos Novaculite (restricted). All writers have assumed

a Devonian age for these strata. In the small area studied

by the writer no evidence was found to indicate that an un

conformity exists at the lower contact of the Caballos.

Lack of organic matter and thicker beds are the only differ

ences between the chert of the Caballos and many chert beds

in the upper part of the Maravillas. The lack of evidence

makes any age designation extremely tentative. At present
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it can only be placed in an interval of time between Late

Ordovician and Late Devonian (p. 17).

SANTIAGO CHERT

Definition

Consistent with the recommendation of Berry and Nielsen

(1958, p. 2259), the name Santiago Chert is applied to the

middle chert member, the upper novaculite member and the

upper chert member as described by King (1937, p. 48). The

type locality is at Horse Mountain.

Local Features

The lower novaculite of the Santiago Chert is the main

ridge former in the area. The upper cherts form the outer

slopes facing the valleys. A break in slope just over the

ridges marks the position of the lower member which is held

up by the Caballos beneath.

The formation ranges in thickness from 629 feet to 720

feet at the measured sections.

The writer distinguished and mapped five units. They

are in ascending order: chert and shale (s), novaculite (l),

black chert (2a), novaculite (2b) and chert and shale (3).

In parts of the area where black chert (2a) and novaculite

(2b) cannot be separated, they are mapped as chert and

novaculite (2)
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The lower contact of chert and shale unit (s) is grada-

tional with the Caballos Novaculite. The lower few feet are

thin beds of dark chert interbedded with one or two thicker

beds of novaculite. The contact is placed at the top of the

last novaculite bed.

The chert and shale unit (s) is equivalent to the Soli

tario formation proposed by Van der Gracht in 1931 (Berry

and Nielsen, 1958, p. 2255) and the Persimmon Gap shale of

Wilson (1954, p. 2470). This unit has been repeatedly con

fused with the shale described beneath the Maravillas at the

Fort Pena picnic grounds. Berry (i960, p. 34) implied this

when he stated in his discussion of the Persimmon Gap and

Solitario exposures that "pink shales of King's third member

overlie the Maravillas chert." The Solitario formation has

precedence over the name Persimmon Gap shale of Wilson.

These strata are also included in the name Santiago Chert.

Therefore, the writer proposes that the name Solitario be

reduced to member rank and the chert and shale unit (s) is

named the Solitario Member of the Santiago Chert.

The lower part of the Solitario Member consists of

black and green chert, but in places includes red and yellow,

interbedded with lenses of chert sandstone and conglomerate

which contain black chert fragments. In the middle part the

chert is interbedded with green and red shale, and the upper

part is predominantly green shale. Outcrops of the shale are
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rare, but shale flakes can commonly be found in the overly

ing soil. The unit ranges in thickness from 41 feet to 72

feet at the measured sections.

The accumulation of novaculite debris which forms a

slight topographic high in the upper part of the Solitario

formation and at the base of the novaculite cliff covers the

underlying shale unit. The lower contact of the novaculite

unit (l) can be located and mapped at the base of the cliff.

The novaculite unit (l) has essentially the same char

acteristics as the Caballos Novaculite but is less stained

with limonite and is therefore whiter. This is probably due

to a topographically more stable position that resists creep

and opening of bedding planes to allow circulation of water.

The unit ranges in thickness from 65 feet to 122 feet at the

measured sections.

The lower part of the black chert unit (2a) consists of

interbedded black and gray and white banded chert interbedded

with novaculite. The lower contact of the unit is located

where the chert predominates over the novaculite.

The black chert unit (2a) is characterized by an abun

dance of thin-bedded, dark colored, vitreous chert, unlike

the dull black chert of the Maravillas, and stands out on

aerial photographs as a dark band between two white bands of

novaculite. The unit is 128 feet thick at the measured sec

tion .
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The principal difference between the novaculite unit

(2b) and the lower novaculite units is its thicker bedding,

probably best called massive near the base. Also, veins of

gray chert containing isolated fragments of angular novacu

lite, which create a breccia-like texture, occur in novacu

lite unit (2b) but were not seen in the other novaculites.

The unit is 135 feet thick at the measured section.

The lower contact of the novaculite unit (2b) along the

northwest ridges is located where the thinner-bedded, irreg

ular, fractured and banded chert and discolored novaculite

of unit (2a) give way to the massive, resistant, cliff-

forming novaculite. This contact cannot be located along

the ridge bounding the southeast part of the area. Isolated

beds or zones of chert are interbedded with novaculite, but

neither the distinct novaculite unit (2b) nor the black chert

unit (2a) can be distinguished separately. The change appar

ently took place across the crest of the anticline, and the

present proximity of the different facies is explained by

thrusting. Chert and novaculite unit (2), which separates

units (l) and (3), was mapped along the southeast ridge.

In addition to the interbedded novaculite and chert in

the lower part, unit (2) is characterized by about 150 feet

of thin-bedded, tan chert which forms saw-tooth hogbacks in

the upper part of the unit. The unit is 331 feet thick at

the measured section.



17

The lower contact of chert and shale unit (3) is gener

ally not exposed. It is placed above the lowest outcrop of

tan chert or novaculite near the base of the slopes.

The chert and shale unit (3) is characterized by beds

of green chert, less than one foot thick, interbedded with

green siliceous shale. A band about 50 feet thick of dull

black to gray chert, similar in appearance to that in the

Maravillas, occurs in the lower part of the unit. A chert

sandstone lense within a recrystallized limestone bed in

this unit is rich in conodonts. Shale is more abundant than

chert in the upper part of the formation.

Extensive outcrops of unit (3) are absent, but a search

of rubble yields green, and less often black chert fragments.

The unit is 151 feet thick at the measured section.

Age

On the basis of conodonts Graves (1954, p. 14) assigned

the upper chert member of the Santiago Chert to the Middle

or Upper Devonian. Ellison (oral communication, 1962) identi

fied conodonts collected by the writer from the black chert

in the chert and shale unit (3) as Polygnathus linguilaformis .

This indicates a lower Upper Devonian age.
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TESNUS FORMATION

Definition

Baker and Bowman stated (1917, p. 191, 192) that the

"type locality of the Tesnus formation is in the vicinity

of Tesnus station on the Southern Pacific Railroad" and

that the lower part is a "hard, compact, brittle, dark

green, occasionally black shale."

Local Features

Rocks of the Tesnus Formation underlie the valleys bor

dering the ridges on the northwest and southeast. Arroyos

draining from the ridges, which head in the upper parts of

the resistant cherts of the Santiago Chert, expose the lower

few feet of the formation. Other parts of the formation are

covered by chert rubble which forms dissected alluvial fans

and terrace remnants.

The Tesnus Formation is, stratigraphically , the highest

Paleozoic formation cropping out in the area. Due to the

nature of the outcrops, only the contact relation of the

Tesnus with the Santiago Chert is within the scope of this

report

The area of the lower contact of the Tesnus Formation

is characterized by one or more chert conglomerate and sand

stone beds up to two feet thick interbedded with green chert,
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siliceous green shale and dull, olive gray silty shale. The

contact is placed at the base of the lowest sandstone or

conglomerate bed. This criterion can be used in all of the

outcrops in the area. The conglomerate beds are probably

equivalent to those described by King (1937, p. 57) at the

base of the Tesnus in the Pena Colorado synclinorium. They

no doubt record tectonic disturbances in the region because

they contain black, silicified bryozoan fragments which are

presumably from the Maravillas Chert.

Age

Fragments of conodonts collected in the lower 100 feet

of the Tesnus Formation were identified by Merrill as

Gnathodus cf . bilineatus (oral communication, April 1962)

and suggest a Mississippian age, probably upper Lower Missis

sippian .



STRUCTURAL GEOLOGY

INTRODUCTION

The Marathon Basin is a topographic basin on a struc

tural dome wherein are exposed folded and faulted Paleozoic

rocks of the southwest extension of the Ouachita structural

belt. The major structures are two northeast-southwest

trending anticlinoria separated by a synclinorium. Zones

of thrusts are exposed on the northwest and southeast parts

of the basin. Figure 2 shows the major structures in the

Basin as outlined by exposed Devonian strata, Horse Mountain

anticline and the location of the thesis area.

In general the southwest extension of Horse Mountain

fold is a long narrow anticline trending southwest. The

steep limbs are broken by thrust faults which dip to the

southeast and northwest. The limbs are offset by faults of

small displacement that are either oblique or perpendicular

to the fold axis.

Several periods of deformation severely complicate a

more detailed description. King (1937, p. 135) attributes

most of the structures in the Basin to pulsatory orogenic

movements which acted during most of the Pennsylvanian

Period (This report extends the time into the Mississippian

Period. See p. 19), but some thrusts along the western

margin and normal faults are the result of Laramide orogeny

20
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and doming of Tertiary age. Thus folding and subsequent

thrusting, strike-slip faulting and normal faulting are all

dependent and independent to unknown degrees. However, de

tailed mapping of a small, structurally complex area such as

Horse Mountain anticline contributes date which may be use

ful in a more extensive study or in regional interpretation.

FOLDING

The close relationship between concentric folding,

decollement, and disharmonic folding has been pointed out by

de Sitter (1959, p. 229, 240, 241). The basic shape of the

Horse Mountain anticline is controlled by the competent

Santiago Chert and Caballos Novaculite which have folded

concentrically. Numerous arcuate, slickensided surfaces at

small angles with the bedding on the steeply dipping limbs,

lack of attenuation of the competent strata and disharmonic

folding in the Santiago Chert units, especially on Ramhorn

Hill, are all evidence supporting concentric folding as the

mode of deformation. The absence of any rock older than the

Woods Hollow Shale in the core of the anticline suggests

that detachment has taken place within this formation.

The Maravillas Chert, in general, conforms to the shape

of the more competent overlying units, but in the vicinity

of major thrusts it has been deformed into numerous asym

metric and isoclinal folds with wavelengths of only a few
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feet. The folding is disharmonic and not continuous through

the entire formation. A thin-section of one bed reveals re-

crystallized patches of calcite in a partially chertified

biosparite. This suggests both that chertif ication preceded

folding and that deformation of the limestone was by means

of solution and recrystallization.

The Woods Hollow Shale, where exposed, is always mi

nutely fractured. No beds that can be mapped within the for

mation are exposed. Certainly the shale was passive during

most of the folding process, filling the spaces formed due

to arching of the overlying strata and deforming by means of

planar shear. This implies a thickening on the crest of the

anticline which unfortunately cannot be demonstrated.

In the southwest part of Horse Mountain anticline the

anticlinal structure is broken by thrusts. Nowhere in the

area can the novaculite units be traced over an anticlinal

crest; parallel ridges of novaculite indicate that the fold

axis is generally horizontal, but minor fold axes suggest

local plunging. Section B-B* may contain a clue to the orig

inal shape of the anticline. The structures shown in the

section can be explained by development of a syncline along

the crest of the major anticline and above the base of fold

ing. Similar structures are present on the ridge to the

north along Maravillas Creek and on Three-Mile Hill. This

indicates that the Woods Hollow Shale was initially able to
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contribute to the support of the anticline. Later failure

of the shale and collapse of the core resulted in formation

of the axial syncline along the crest of the major anticline.

No clear indication of such a structure is present elsewhere

in the area. The axial syncline may be only a local occur

rence, or more likely, the mappable units are faulted and

eroded leaving only the Woods Hollow Shale core. The small

doubly plunging anticline shown in sections E-ET, F-FT and

G-G1 may correspond to part of the southernmost anticline of

section B-Bf. The chert and limestone blocks in the former

sections also suggest minor folding along the crest of the

major anticline.

HORSE MOUNTAIN THRUST ZONE

At Horse Mountain, the novaculite strata can be traced

over the crest of the anticline. The fold plunges to the

northeast. This part of the anticline is bounded on the

northwest by the Arden Draw thrust (fig. l) which King

(1937, p. 129) interprets as a simple break on the over

turned limb of an anticline. Immediately southwest of Horse

Mountain the novaculite units on the northwest limb of the

anticline are broken by a thrust and are exposed again only

in the thesis area southwest of U. S. Highway 385. This

thrust is one of several branches of the Arden Draw thrust.

These branches apparently originate along the anticlines
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which are more numerous in the novaculite and chert units

southwest of Horse Mountain than in the less competent and

younger shales to the northeast. The branch along the north

west limb of the Horse Mountain anticline is herein called

the Horse Mountain thrust zone.

In the vicinity of sections G-G and H-H the Horse

Mountain thrust is located by blocks of novaculite, black

chert and limestone that are caught along the fault plane.

These blocks separate Woods Hollow Shale from the Tesnus

Formation. The absence of at least 1080 feet of section

gives a minimum stratigraphic separation on the fault. The

blocks along the fault dip steeply to the southeast and indi

cate the dip of the fault plane. The steep dip, in all prob

ability, is due to continued compression and rotation after

faulting. This is implied by the early origin of the south

eastern thrusts (King, 1937, p. 127). The Horse Mountain

thrust was apparently buried by later overthrusting in the

vicinity of the highway and section F-F' . Again at section

E-Ef blocks of novaculite, chert and limestone indicate a

zone of thrusting in part related to the Horse Mountain

thrust. Between section B-BT and A-A the fault cuts across

the northwest limb of the axial syncline and is related to

the block of novaculite near the northwest end of section

A-AT Blocks of novaculite curve across the nose of the

northwest anticline where the thrust cuts across the
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Maravillas units, so the inferred change in strike is ex

plained.

Sections C-Cf, D-D? and E-E' represent structurally

higher positions, respectively, along the thrust zone than

sections G-Gf and H-Hf. That is, the novaculite and chert

units are bounded on the northwest by the major thrust, and

the width of their outcrop is directly proportional to their

elevation. Thus, the higher the elevation, the wider the

outcrop of chert and novaculite because the fault dips to

the southeast and breaks through younger rocks up dip. The

more continuous outcrops southwest of the highway are larger

blocks that are quite similar in origin to the smaller rem

nants northeast of the highway. They are, in fact, separated

from the less competent Maravillas Chert or Woods Hollow

Shale and Tesnus Formation by thrusts which converge down

dip and are part of the Horse Mountain thrust zone.

COMBS1 RANCH THRUST ZONE

Back thrusts or underthrusts are present more or less

continuously along the southeast limb of Horse Mountain

anticline and appear to be complementary shears to the Horse

Mountain thrust zone. These underthrusts are herein called

the Combs' Ranch thrust zone. King (1937, p. 132) interprets

these thrusts as late events in the deformation. The under-

thrust south of Trapdoor Hill breaks the Horse Mountain
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thrust (pi. 3). In sand box experiments similar to those of

Hubbert (1951) underthrusts develop late. Continued com

pression after the early thrusting in the southeastern part

of the basin is certainly demonstrated by features such as

folded thrusts in the Dagger Flat anticlinorium and gently

dipping thrusts to the north which were mapped by King (1937,

pi. 24). The conclusion that this later deformation resulted

in underthrusting seems sound.

The Combs' Ranch underthrusts may reflect the inability

of earlier thrusts to move further, either because of folding

of the thrusts themselves, the presence of abutments such as

adjacent folds, or both. If the rocks above the Horse Moun

tain thrust behaved independently of those beneath, as re

quired by the concept of decollement, then it should be ex

pected that the later underthrusts are restricted to the

upper thrust plate. For this reason the underthrusts on the

structure sections (pi. 3) do not break the major thrusts.

The thrusts delimit an asymmetric diapir wherein the core of

the anticline has moved upward and outward.

Within the southwest part of the Horse Mountain anti

cline the almost vertical Combs' Ranch underthrust breaks

along the axis of the syncline in section B-B' and probably

accounts for the extreme folding of the Maravillas in the

vicinity. The stratigraphic separation is at least 459 feet

and no doubt considerably more. Near section A-A' and to
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the southwest the Combs' Ranch thrust as reconstructed is

"in the air" above the plane of the Horse Mountain thrust.

Just west of section C-C the thrust breaks through to the

Woods Hollow Shale, and its trace across sections C-C and

D-D' must be inferred. However, the northwest limb of the

small doubly plunging anticline (p. 24, sections E-E', F-F'

and G-G') is in fault contact with the Woods Hollow Shale to

the northwest. This fault is in approximately the same

structural position as the Combs' Ranch thrust in the south

west, namely, along the axis of the syncline. Therefore,

the writer infers this fault to be a continuation of the

Combs' Ranch thrust. Section H-H' shows that the thrust has

broken across the southeast limb of the axial syncline and

is now in the axial part of the adjacent anticline.

Sections E-E', F-F' and G-G' show smaller underthrusts

that break along the crest or southeast limb of the small

crestal anticline. A more or less continuous series of

underthrusts is present along the southeast limb in sections

A-A', B-B' and D-D'. They are generally located near the

Solitario Member, a shale unit in the Santiago Chert, which

behaved much like the Woods Hollow Shale during folding and

provided a zone for movement of the adjacent novaculites

parallel to the bedding; it can be considered a local detach

ment plane.

All the underthrusts discussed above have a similar



29

origin. They are part of a zone of underthrusting along the

axial and southeastern parts of Horse Mountain anticline

that is a complementary shear zone to the thrusts along the

northwest limb of the anticline.

THEORETICAL CONSIDERATIONS

The folding and thrusting discussed above are all re- "l

lated to simple compression with the maximum stress oriented I

northwest-southeast. This is compatible with the fold trend \

in the Basin, and locally the average bearing of the minor

fold axes (N 52 E and S 47 W) and average strike of the

strata (N 45 E) agree well with the inferred northwest-

southeast direction. These relationships are illustrated in

figure 3*

Folding and thrusting result from an increase in one of

the principal horizontal stresses. Thus, the intermediate

and minimum principal stresses can remain almost equal and

depend on the weight of the overlying rock. A small change

in either of these principal stresses results in thrusting

if the smaller principal stress is vertical or in strike-slip

faulting across the folds at acute angles to the maximum prin

cipal stress if it is horizontal. Therefore, thrust faults \

may change along their trace into strike-slip faults. The

numerous transverse and oblique faults mapped in the area

are interpreted in the light of these relationships.
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De Sitter (1959, p. 239) attributed the location of

folding and, therefore, of thrusting in concentric folding

mainly to thinning of the competent members in a series of

strata. In the Horse Mountain anticline, novaculite and

chert unit (2) has changed noticeably over the crest of the

anticline. On the northwest ridges it can be separated into

two distinct units, thin-bedded black chert unit (2a) and

massive novaculite unit (2b). The drag folding in chert

unit (2a) on Ramhorn Hill testifies to the relative incom

petency of the unit. On the southeast ridges novaculite and

chert unit (2) is thicker and consists of interbedded chert

and novaculite not mappable as separate units. Therefore,

this unit must decrease in relative competency from south

east to northwest over the crest of the anticline; an ideal

situation for folding and localization of faulting.

Trapdoor Hill (see TRAPDOOR HILL PROBLEM) may have a

similar origin. Although exposures are poor, chert and

shale unit (3) of the Santiago Chert seems to be thinner

on Trapdoor Hill than the same unit any place else in the

area and less than half as thick as its equivalent on Ram

horn Hill. A fold that is localized where unit (3) is

thinning will be asymmetric. A thrust located on the thinner

and steeper flank of such a fold explains the underthrust

along Trapdoor Hill.
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TRANSVERSE AND OBLIQUE FAULTS

In this report faults that strike nearly perpendicular

to the strike of the beds are termed transverse faults.

Faults that strike across the fold and make acute angles

with the transverse faults are termed oblique faults. The

oblique faults may be right-handed or left-handed strike-

slip faults, depending on the sense of movement.

The limited extent of most of the transverse and oblique

faults and lack of exposure of the fault surfaces generally

prohibit measurement of attitudes. However, the best ex

posures suggest steep dips, and the fault trace on the map

approximates the strike.

A frequency plot of the strike directions of the more

continuous faults cutting across the anticline results in

three distinct clusters of points with median strikes of

N 77 W (M2), N 47 W (M3) and N 7 W (M^) . As figure 3

shows, M and M, correspond extremely well with the expected

strike-slip shear directions for a maximum principal stress

at N 45 W. M.3 nearly coincides with the maximum principal

stress direction and should be related to extension fractures

now developed into fault zones. However, normal faults

mapped by King (1937, pi. 23) in the Glass Mountains also

have approximately a N 45 W orientation.

Several possibilities are consistent with the data cited

above. Extension fractures parallel to the maximum principal
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stress and shear fractures at acute angles to it may have

formed at any time during the Mississippian or Pennsylvanian

disturbances. During the same period, strike-slip movement

could have taken place along the earlier formed extension

fractures as King implies southeast of Dugout Creek over-

thrust (fig. 2). Later normal faulting related to the doming

in the Tertiary Period may have formed new fractures or may

have utilized older surfaces of weakness, that is, the exten

sion fractures or shear fractures. In all probability the

history of movement on any given fault surface is not deter

minable

Fracture theory is supported by the numerous oblique

faults breaking the ridges east of section G-G' and which

fit the theoretical shear direction. Small, right-handed

strike-slip faults, generally limited to the lower novaculite

unit, are more numerous, but the most continuous fault is a

left-handed strike-slip fault breaking thrusts and folds on

both ridges. This faulting was evidently the latest struc

tural event in the area.

Beginning with the two transverse faults immediately

southwest of section G-G', which are properly oriented for

extension fractures and have probably experienced later

oblique-slip movement, and continuing along the ridge to the

southwest, the relationships of the transverse and oblique

faults are much more confusing. Besides oblique faults
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which diverge in varying extent from the predicted strike

directions, the same region is a more or less continuous

zone of underthrusting in the lower novaculite units that

apparently ends just southwest of section G-G'. The small

underthrust crossing section D-D' on the same ridge seems to

die out along strike-slip faults, and, in general, the move

ment on underthrusts is at least partly taken up along their

traces by strike-slip movement. The outcrop distribution on

either side of the transverse fault crossing section A-A'

can only be explained by oblique-slip movement.

The writer is at a loss to explain the features mentioned

above. Perhaps the rocks exposed southwest of the highway are

structurally higher than those in the northeast, and therefore

the least principal stress was vertical during the late stage

of deformation. Possibly if a few hundred feet of rock were

removed, the nonsystematic nature of the oblique faults would

give way to the simple pattern northeast of the highway.

A series of oblique and transverse faults that cross the

middle ridge in the vicinity of section B-B' and the ridge to

the south seem to be related to strike-slip shear, but appar

ently rotation of the fault block occurred after extension

fracturing or before later shear faulting. Hence, some of

the faults are almost perpendicular to the strike of the beds

while others are at acute angles. Where Woods Hollow Shale

is thrust against the novaculite unit, an oblique fault
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breaks the Combs' Ranch thrust, but to the southwest the

other faults appear to be deflected along the thrust by the

Maravillas Chert units.

TRAPDOOR HILL PROBLEM

Trapdoor Hill (pi. 2) is structurally the northwest limb

of an anticline that is overturned to the northwest. It is

bounded on three sides by faults that are different in atti

tude and sense of movement from those on Horse Mountain anti

cline.

Off the map to the north and east of the highway a ridge

of novaculite and chert ends abruptly, and small hills of ex

tremely faulted and jointed blocks of shale, novaculite and

chert are exposed nearby. Southwest of Ramhorn Hill is an

unexplained terrace-like rise that is entirely covered by

alluvium. It is probably underlain by Tesnus sandstone.

This rise partially controls the location of the stream and

suggests the location of a fault. Trapdoor Hill ends abruptly

at the road as a result of demonstrable faulting. However,

the doubly plunging anticline (p. 24, sections E-E', F-F' and

G-G') and the southeast ridge can be projected across the

highway; there is no evidence to support extension of the

fault to the southwest entirely across the Horse Mountain

anticline

On the basis of the above observations, the writer
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infers the existence of a left-handed strike-slip fault (pi.

2) that is entirely covered by alluvium and crosses the

Horse Mountain thrust in the vicinity of U. S. Highway 385.

The fault changes in strike at the northeast end of Trap

door Hill and continues along its south side where displace

ment is dominantly dip-slip, and the fault is an overthrust.

At the southwest end of Trapdoor Hill the overthrust changes

into a right-handed strike-slip fault trending northwest.

Mapping by The University of Texas field geology summer camp

students in 1957 shows an anticline on the ridge to the

northwest that ends abruptly on line with the strike of the

inferred fault. Thus, Trapdoor Hill is a wedge of strata

that moved southeast over Horse Mountain anticline on a

scoop-shaped fault surface.

This wedging relationship may be repeated on a smaller

scale on Trapdoor Hill itself. Between sections E-E' and

F-F' most of the Santiago Chert units are missing along a

thrust that partly dies out along strike-slip faults. This

block may be a wedge that has apparently moved over the

older strata to the southeast after folding.

This very latest thrusting is continuous along the

ridge, and it explains why the upper units of the Santiago

Chert at the end of the hill are overturned about 90 degrees

and, locally, as much as 127 degrees. Therefore, entirely

around the end of the ridge shales of the Tesnus Formation
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are topographically lower than the upper unit of the Santiago

Chert. This relationship is shown on section D-D' by pro

jecting the strata from the end of the hill to the section.

The above relationships suggest that crustal shortening

east of the highway was effected through an anticlinal flex

ure, Ramhorn Hill anticline (see RAMHORN HILL ANTICLINE), and

a thrust shown in the northeast corner of the map. Southwest

of the highway compression was relieved by the movement of

the strata forming Trapdoor Hill over those of Horse Mountain

anticline which partly buried the Horse Mountain thrust.

The writer readily acknowledges that this is only one

possible interpretation which may well be revised in the

light of later detailed mapping in adjacent areas.

RAMHORN HILL ANTICLINE

Ramhorn Hill anticline to the north is relatively unim

portant to the area as a whole but is interestingly different

from the more complex structure to the south. A thrust, also

probably a branch of the Arden Draw thrust, breaks along the

crest of the anticline. Its plane almost corresponds to the

axial plane of the anticline and cuts across the older units

due to the southwest plunge of the anticline as it is traced

off the map. Numerous small folds in the black cherts of

the Santiago Chert on the crest of the anticline plunge 20

degrees on the average. The folds are related to drag on the
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incompetent black chert between the white novaculites. A

branch from the main fault has broken part of the anticlinal

crest, and if movement had continued on both faults, the

thin slice of novaculite between them would have become a

fault block like those observed along the Horse Mountain

thrust

JOINTS

Introduction

A joint study, per se, of an area structurally compli

cated by a number of distinctly different disturbances is

of questionable value. This is even more true in the pres

ent study which in no sense is intended to be complete and

detailed. However, even a cursory study of joints in a small

area which is structurally complex and whose position in the

regional scheme is well fixed should either contribute new

data or demonstrate joint relationships to known structures.

The present study establishes a relationship between joints,

faults and folding.

Method of Study

Excellent exposures permitted collection of joint data

on a square grid with 300 foot spacing of stations (pi. l) .

At each station a joint plane characteristic of each set

present and the orientation of slickensides (where present)
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were measured.

Data

Figure 4 is a contour diagram of poles to 353 joints

plotted on the lower hemisphere of a Lambert meridional pro

jection net. The different attitudes of the strata over the

area were not considered in plotting the joints. Joints in

blocks bounded by major faults were plotted with a different

color on the original compilation to see if the joint dis

tribution was affected by structurally different areas. The

location of the joints on the anticline, whether on the

northwest limb or southeast limb, and the dip of the beds

are important and control the variation of the data.

Most of the beds are nearly vertical, but those on the

southeast ridge east of the highway have an average dip of

64 degrees, and the poles to joints measured on these beds

appear to make an important contribution to the maximum in

the southeast quadrant of the contour diagram. Rotation of

these beds to vertical moves the poles of the joints of the

beds to the northwest on the contour diagram. If the maxi

mum in the southeast quadrant were shifted to the northwest,

it would result in a more strongly emphasized northeast-

southwest girdle containing four maxima. This in fact does

happen.

Figure 5 is a contour diagram of the same joint poles



40

CONTOURED IN PERCENT

Fig. 4. CONTOUR DIAGRAM OF POLES TO 353 JOINT PLANES

(SEE PL. 1) ON HORSE MOUNTAIN ANTICLINE

(SOUTHWEST EXTENSION). PLOTTED ON LOWER

HEMISPHERE OF LAMBERT MERIDIONAL PROJECTION

NET.
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CONTOURED IN PERCENT

0-1 1-2 2-3 3-4 4-6 6-8 8-9

g. 5. CONTOUR DIAGRAM OF POLES TO 353 JOINT PLANES (SEE
PL. 1) ON HORSE MOUNTAIN ANTICLINE (SOUTHWEST EX

TENSION). POLES OF THE 62 JOINT PLANES ON THE

SOUTHEAST RIDGE EAST OF U. S. HIGHWAY 385 ROTATED

26 DEGREES TO CORRECT FOR DIP OF BEDS. ALL BEDS

APPROXIMATELY VERTICAL. PLOTTED ON LOWER HEMI

SPHERE OF LAMBERT MERIDIONAL PROJECTION NET.
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as figure 4 after rotation of the beds on the southeast

ridge east of the highway to vertical. The beds and conse

quently the joints were rotated 26 degrees. Most signif

icantly the maximum in the southeast quadrant of figure 4

has moved to the southwest quadrant as predicted.

The writer has assumed for the purpose of discussion

that the closed contour maxima on the contour diagrams indi-

cate four significant maximum point densities even though

the highest point densities of two of them is only four per

cent. By reading the attitude of a pole passing roughly

through the center of each of the maxima, the following

joint sets were determined:

FROM FIGURE 4

Quad. Strike Dip

NE N 59 W 90

NE N 41 W 79 SW

NE N 40 W 16 SW

SE S 72 W 26 NW

FROM FIGURE 5

Quad. Strike Dip

NE N 59 W 88 SW

NE N 42 W 78 SW

NE N 47 W 23a SW

SW N 81 W 23 NE

System B

System A

The four joint sets of figure 5 indicate the position

of the joints with respect to vertical strata on the flanks

of anticlines. Two sets, referred to combined as system A,

with a dihedral angle of 43 degrees strike west-northwest

and northwest and are almost bisected by a horizontal plane.

The other two sets, referred to combined as system B, with
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a dihedral angle of 19 degrees strike northwest but are

nearly vertical.

The question arises whether the small dihedral angle

between the joint sets of system B indeed represents a tran

sition from extension joints to wider angle shear joints or

strike-slip faults according to the relationship pointed out

by Muehlberger (l96l) or is only an artificial relationship

due to the method of averaging the data. The first possi

bility can be eliminated immediately by noting that nowhere

do both sets occur in a single outcrop. Thus, in all prob

ability only a single joint set is present, and the assump

tions involved in averaging the joint data should be con

sidered.

The assumption that all the joint attitudes were meas

ured on essentially vertical beds is probably legitimate as

evidenced by steep dips nearly everywhere. However, it is

obvious that the vertical beds on the northwest flanks of

the anticlines were rotated in an opposite direction from

the vertical beds on the southeast flanks of the anticlines.

Thus, rotation of a joint plane cutting across the fold that

is not perpendicular to the axis of rotation (defined in

this case by the uniform strike of the beds), will have a

different attitude on opposite flanks. In effect, the axial

plane of the fold is a symmetry plane, and the rotated joint

set on one flank of the fold is the mirror image of that on
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the other flank. If the joint data are then plotted and

averaged irrespective of where on the fold they were taken,

a single joint set that has been rotated during folding will

appear as a girdle on the contour diagram. In this study

data were taken only from the vertical flanks of the folds.

This resulted in two maxima on the contour diagram rather

than the complete girdle. Frequency plots of the strike

directions of all joints dipping more than 70 degrees cor

roborate this idea. The contribution to one set (N 42 W,

78 SW) of system B is from the northwest flanks of the anti

clines, and that from the other set (N 59 W, 88 SW) is

from the southeast flanks.

Rotation of each flank of the anticlines toward the

horizontal around a horizontal axis bearing N 45 E moves

the poles of the respective joint sets on either flank in

opposite directions on the contour diagram. When the flanks

of the folds are dipping 45 degrees, the poles of the two

joint sets almost coincide and indicate a single joint set

(N 52 W, 79 SW), referred to now as set B. If the beds are

rotated completely to horizontal, the poles of the joint sets

have almost exactly changed position.

Discussion

The data of joint set B and joint system B point to two

interpretations. Either the joints formed before or after
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folding as curved surfaces with different strikes across the

area (system B data), or they formed when the flank beds of

the folds had been rotated by 45 degrees in dip, at which

point they did not change in strike across the fold (set B

data) .

The southeast flank of an anticline forms Ramhorn Hill,

which is farthest northwest on the map. The southeast ridge

is also the southeast flank of an anticline, but it is far

thest southeast. Joint data from both areas appear to con

tribute to the same joint set of system B. If the joint

planes were curved, the strike of the same joint set in

these two areas should show the maximum difference. That is,

the two areas should contribute to different joint sets.

Hence, it can only be concluded that the strike of the joints

over the area was the same, and they formed during the fold

ing process.

De Sitter (1959, p. 131) suggested the origin of the

three sets of fractures. The joints of set B are reactions

to the regional northwest-southeast compression in the area.

They formed during folding when the flanks of the folds

dipped about 45 degrees and correspond to the extension frac

tures mentioned by Billings (1956, p. 117). During folding,

tensional stress over the crest of the anticline resulted in

a maximum principal stress oriented locally parallel to the

axis of the fold, and consequently shear fractures, system A,



46

developed at acute angles to the axis and perpendicular to

the beds. The time of formation of system A with respect to

set B is not known.

The absence of so-called "shear joints" related to the

regional northwest-southeast compression is conspicuous.

Instead of shear jointing, apparently fracturing has taken

place along strike-slip faults oriented parallel to the ex

pected attitudes of the shear joints. De Sitter (1959, P*

122) has stated and Muehlberger (l96l) has discussed the

theory that there is a transition from tension joints to

faults. In the map area the northwest-southeast striking

extension fractures can be used in arguing that such a tran

sition is indeed present. However the existence of the end

points in a transitional series, that is, the extension

fractures and the strike-slip faults, in the same area im

plies the existence of the intermediate steps, the shear

joints. They are not present.

If the above deductions are correct, the meaning of the

term joint should be clarified. Billings' (1954, p. 106)

definition of a joint is as follows:

Joints may be defined as divisional planes or sur

faces that divide rocks, and along which there has been

no visible movement parallel to the plane or surface.

The writer contends that this is a genetic definition of

a tension joint, and the term joint should be restricted to
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tension fractures. The term joint when applied to shear

fractures is misleading. Such fractures should be called

faults.

In the thesis area many of the strike-slip faults are

definitely late events in the deformation which are prob

ably not genetically related in a transitional series to the

earlier formed tension fractures. Numerous small faults

(shear joints) or a few large faults are two quite similar

ways of accommodating the same amount of strain, and it

seems unlikely that the presence of one or the other or both

is connected with tension fracturing.
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MEASURED SECTIONS

Introduction

The following sections were measured in the field with

the aid of a Brunton compass, a 50-foot steel tape and a

Jacob's staff. Color designations were determined from hand

specimens using the standard rock color chart published by

the Geological Society of America. The numbers in parenthe

ses at the end of some of the rock descriptions refer to

thin-sections which are described later in the appendix.

Only one location in the area contains almost the com

plete section (except the uppermost Santiago Chert unit)

that is relatively well-exposed and substantially free of

major thrusting. This is measured section IV in the far

northeast part of the area. Measured sections I and II form

the equivalent section in the southwest and illustrate

changes in the units across the area. The only good, com

plete exposure of the rocks in the uppermost Santiago Chert

unit in the area is described in measured section III which

is along the side of an arroyo .
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Measured Section I

Santiago Chert (except uppermost unit)

and Caballos Novaculite

Location:

Measured by:

Date:

Along a N 45 W line from a point 2.5 miles

southwest of U. S. Highway 385 at the curve

19 1/2 miles south of Marathon (see pi. 2).

T. K. Bjorklund

23 July 1961

Thickness

in Feet

Top of Section: Alluvium

Santiago Chert

Chert and Shale Unit (3)

Area covered.

from map.

Thickness of unit estimated

Novaculite Unit (2b)

Novaculite; white (N 9) fresh and weather

ed, beds l/4 inch to 15 foot, better called

massive at base, a few lamellae due to

color in thin undulating units, about 10

feet above base is a 5-to-10 foot zone

where white novaculite is veined with dark

greenish gray (5 GY 4/l) chert, chert" ap

pears to be vein-like, but angular iso

lated fragments of white chert from sand

size to several inches produce a breccia

texture in the vein, laterally persistent
for at least 200 feet, (I-Ds2b-A)

Chert Unit (2a)

Chert; grayish black (N 2), white (N 9)
and grayish yellow green (5 GY 7/2) band

ed chert, bands not laterally persistent,

260

135
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Thickness

in Feet

Santiago Chert (Continued)
Chert Unit (2a) (Continued)

beds lamellar to 4 1/2 inch, smooth,

sharp bedding contacts, (I-Ds2a-A).

Novaculite: white (N 9) to very limonite-

stained, beds from lamellar to 12 inch,
surfaces irregular with nodules, depres
sions and stylolites to smooth, not per

sistent laterally, highly fractured.

Chert and novaculite interbedded with

the dark colored chert increasing from

about 5 percent near base to predominate
at top 128

Novaculite Unit (l)

Novaculite ; same characteristics as nova

culite in overlying unit but not as much

limonite staining, beds up to 19 inch,

undulating bedding planes, main ridge

forming unit 65

Solitario Member (s)

Chert; dark gray (N 3) and white (N 9)
but becoming greenish gray (5 G 6/l)

higher in member, same characteristics

as chert in overlying unit (2a),
(I-Dss-A) .

Shale; grayish red (5 R 4/2) and green

ish gray (5 GY 6/l), siliceous, brittle,

smooth, slaty-like bedding surfaces,

parts at l/l6 inch or less, lath-like

to flaky rubble.

Chert and shale interbedded with shale

predominating in upper part but seldom

more than flakes exposed in the rubble

of overlying unit 41

Total Santiago Chert 629



Caballos Novaculite

Novaculite : same characteristics as nova

culite in overlying units, separation of

bedding planes due to creep because of

lack of support down slope, sharp angular
rubble to 10 foot long blocks.

Chert; white (N 9), dark yellowish orange

(10 YR 6/6) and grayish red (5 R 4/2),
beds lamellar to 6 inch.

Novaculite and chert interbedded near

base but novaculite predominates through
out

Total Caballos Novaculite

Base of Section: Talus
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Measured Section II

Maravillas Chert

Location: Along a N 55 W line from a point 1.75 miles

southwest of U. S. Highway 385 at the curve

19 1/2 miles south of Marathon (see pi. 2).

Measured by: T. K. Bjorklund

Date: 21 October 1961

Description

Thickness

in Feet

Top of Section: Caballos Novaculite

Maravillas Chert

Chert Unit (3)

Chert ; dark gray (N 2), in places weath

ers to light brownish gray (5 YR 6/l)
and pale brown (5 YR 5/2), beds less

than 1 inch to 9 inch, calcedony fills

fractures, lenses of fossilif erous ,

cherty, sandstone, (H-0m3-A).
Limestone; medium gray (N 5)> beds 6

inch, calcirudite, tabular black chert

fragments up to 3 1/2 inches, lots of

bryozoans, mostly replaced by chert,

( II-0m3-B) 43

Chert and Limestone Unit (2)

Chert; dark gray (N 3), medium gray (N 5)
to very light gray (N 8), banded and

mottled, grayish black (N 2) fresh, beds

less than 1 inch to 12 inch, not persistent

laterally, (H-0m2-A,B) .

Limestone; light olive gray (5 Y 6/l)
weathered, dark gray (N 3) fresh, beds and

lenses of partially replaced limestone up

to 2 foot, bedding surfaces rough and un

even due to different degrees of replace
ment by chert, moderate brown (5 YR 3/4)
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Thickness

in Feet

Maravillas Chert (Continued)
Chert and Limestone Unit (2) (Continued)

siliceous lenses of fossil debris through

out, petroliferous odor, calcite fills

fractures, (H-0m2-C).

Chert and limestone interbedded with chert

dominant in lower part and several dis

tinct l-to-2 foot limestone beds in upper

part of unit..... 87

Chert Unit (l)

Chert; medium dark gray (N 4) but grada-
tional to grayish orange pink (5 YR 7/2)
in places at top of unit on weathered

surfaces, beds 2-to-8 inch, irregular to

rough surfaces, lenses of fossil debris,

cross-bedding, and lamellar bedding etch

out, (Il-Oml-B).
Limestone ; same characteristics as lime

stone in unit (2), (Il-Oml-A) Zj/3

Total Maravillas Chert 173

Base of Section: Colluvium
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Measured section III

Tesnus Formation (lower part) and

Santiago Chert (uppermost unit)

Location: Along a N 60 W line from a point .72 miles

southwest of U. S. Highway 385 at the curve

19 1/2 miles south of Marathon (see pi. 2).

Measured by: T. K. Bjorklund

Date: 21 October 1961

Description

Thickness

in Feet

Top of Section: Alluvium

Tesnus Formation

Shale; light olive gray (5 Y 5/2), beds

l-to-2 inch, plumose jointing visible

in oblique light, (iII-Ct-A).
Conglomerate and Sandstone ; medium dark

gray (N 4) , one or two beds 6 inch to 2

foot, angular black and white chert frag
ments in a chert matrix, (Ill-Ct-B).

Shale and conglomerate and sandstone

interbedded at base everywhere in the

area. Only lower few feet exposed xx

Santiago Chert

Chert and Shale Unit (3)

Chert; pale brown (5 YR 5/2), grayish

green (5 G 5/2), light olive gray

(5 Y 5/2), light gray (N 7) and grayish

black (N 2), beds less than 1 inch to 9

inch, smooth surfaces, color banded,
lenses of black in brown, (HI-Ds3-B,C) .

Shale; pale olive (10 Y 6/2), siliceous,
fissile, usually covered, (Ill-Ds3-A).
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Thickness

in Feet

Santiago Chert (Continued)
Chert and Shale Unit (3) (Continued)

Chert and shale interbedded mostly in

upper part of unit 151

Base of Section: Novaculite
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Measured Section IV

Santiago Chert, Caballos Novaculite, Maravillas

Chert and Woods Hollow Shale (upper part)

Along a N 40 W line from a point .98 miles

northeast of U. S. Highway 385 at the curve

19 1/2 miles south of Marathon (see pi. 2).

T. K. Bjorklund

22 October 1962

Description

Thickness

in Feet

Top of Section: Alluvium

Santiago Chert

Chert and Shale Unit (3)

Area covered, small outcrop with coarse,

angular chert fragments in recrystallized
limestone bed containing numerous cono

donts, Polygnathus linguilaformis , about

100 feet from top of unit. Thickness of

unit estimated from map. (IV-Ds3-A) 195

Novaculite and Chert Unit (2)

Chert; white (N 9), grayish black (N 2)
and grayish green (5 G 5/2) banded, gray

ish orange pink (5 YR 7/2) upper part,
beds less than 1 inch to 9 inch, gener

ally less than 4 inch, very irregular
surfaces in upper part of unit forming
sawtooth hogbacks, caused by pinching
and swelling of banding in rock along

stylolites, (IV-Ds2-A)
Novaculite; white (N 9) and grayish

orange pink (5 YR 7/2), beds up to 2

foot but many less than 1 foot, extremely
fractured, patina-rimmed pits.

Location:

Measured by:

Date:
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Thickness

in Feet

Santiago Chert (Continued)
Novaculite and Chert Unit (2) (Continued)

Chert and novaculite interbedded mostly
in lower part of unit... 331

Novaculite Unit (l)

Novaculite; same characteristics as nova

culite in unit above, 2-to-4 foot beds,

( IV-Dsl- A) 122

Solitario Member (s)

Chert; dark reddish brown (10 R 3/4),
moderate yellowish brown (10 YR 5/4)*
medium dark gray (N 4), beds less than

1 inch to 10 inch, chert fragment sand

stone and conglomerate lenses, (IV-Dss-

B, C).
Shale; greenish gray (5 GY 6/l), silice

ous, mostly covered but flakes in soil

cover, (IV-Dss-A).

Chert and siliceous shale interbedded in

middle of unit with shale predominating
in upper half of unit 72

Total Santiago Chert 720

Caballos Novaculite

Novaculite; white (N 9) to dark yellow

ish orange (10 YR 6/6) along fractures

and bedding producing banded appearance,

beds l-to-2 foot at base to 4 foot at

top, extremely fractured, tops of beds

pockmarked in places with pits, a few

2-to-4 inch beds of grayish red (5 R 4/2)
chert interbedded at base, (iV-Dc-A) 30

Total Caballos Novaculite 30



Maravillas Chert

Chert Unit (3)

Chert; grayish black (N 2), beds 2-to-6

inch and 1 foot, chalcedony fills frac

tures .

Limestone ; brownish gray (5 YR 4/l)

fresh, medium gray (N 5) weathered, a

few 4 inch beds of bryozoan calcarenites,

(lV-0m3-A).

Lower 10 feet exposed, next 40 feet

partially covered, upper entirely

covered, top within 10 feet.........

Chert and Limestone Unit (2)

Chert; light gray (N 7) to medium dark

gray (N 4) and yellowish gray (5 Y 8/l)

banded, light brownish gray (5 YR 6/l),
beds 1 inch to 1 l/2 foot but mostly

about 4 inch, not persistent laterally,

(lV-0m2-A, B).
Limestone; medium gray (N 5) weathers to

light brownish gray (5 YR 6/l) and finer-

grained dark gray (N 3) weathers to gray

ish orange pink (5 YR 7/2), partially

replaced with moderate brown ( 5 YR 4/4)
lenses and stringers of cherty limestone

etched out showing bedding and cross-

bedding, petroliferous odor

Chert Unit (l)

Chert; grayish black (N 2) weathers to

pale brown (5 YR 5/2), beds 2-to-6 inch.

Limestone; medium light gray (N 6),
weathers to pale yellowish orange (10

YR 8/6), beds 4-to-15 inch, smooth

bedding surfaces, graded, lamellar, un

dulating bedding planes, convolute

bedding, load casts, (iV-Oml-A).

Chert and limestone interbedded with shale

at base, chert predominates at top and

bottom, pale yellowish orange (10 YR 8/6)
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Thickness

in Feet

Maravillas Chert (Continued)
Chert Unit (l) (Continued)

calcarenite or pseudosparite 6 feet above

base, excellent marker bed everywhere 84

Total Maravillas Chert 330

Woods Hollow Shale

Shale ; dark gray (N 8) weathers to light

bluish gray (5 B 7/1), fissile, extremely

fractured, (iV-Ow-A).

Base not exposed in area.. xx

Base of Section: Colluvium



THIN-SECTION DESCRIPTIONS

Introduction

Thin-sections were made from rock samples collected

along the measured sections. It is hoped that the suite

as a whole contains representative samples of the rock

types in the area, but in any measured unit all the rock

types are not necessarily represented by thin-sections.

In the three unit thin-section numerals used below,

the first part indicates the measured section, the next

the map unit and the last the sample in the unit. The

same numerals are listed in the measured section descrip

tions

Carbonate rock names, where possible, are based on

Folk's classification (1959). Percentages of constituents

are estimated.
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Description

Numeral

I-Ds2b-A: Chert: chert (94*1), megaquartz (5%), chalcedony

(1%) , chlorite and hematite (trace). Hand speci
men is white novaculite with vein-like patches of

black chert. Black area is outlined by mega

quartz and contains round grains of almost iso

tropic chert (av. diam. .2 mm) in a coarser chert

matrix with scattered hematite grains. White area

contains many air and water inclusions. Chalce

dony lines fractures which are filled by mega

quartz .

I-Ds2a-A: Chert: chert (98%), megaquartz (2%), limonite

(trace) Chert is banded due to coarser and

finer chert with different amounts of air and

water inclusions. Megaquartz occurs as scattered

grains and blebs and along fractures. Limonite

is along fractures and spreads out perpendicular
from them.

I-Dss-A: Chert: chert (98%), megaquartz (l%) , quartz (l%) ,
dolomite, limonite and chlorite (trace). Silty
quartz grains (av. diam. .04 mm) are in laminae.

Chalcedony radiates from sides of fractures.

Dolomite rhombs (av. diam. .1 mm) are scattered.

Limonite is along fractures.

II-0m3-A: Chert: chert (73#), radiolarians (10#), sili
ceous sponge spicules (10$), brown organic matter

(5%), chalcedony (l%) , megaquartz (l%) . Organic
material is disseminated throughout and obscures

percentage estimates. Chalcedony and megaquartz
fill fractures.

II-0m3-B: Coarse calcarenite: calcite (60#), chert (35%),
chalcedony (5%), limonite and dolomite (trace).
Rounded echinoderm fragments with overgrowths
(av. diam. .7 mm), a few brachiopod fragments and

tabular chert pebbles up to 40 mm long are in a

matrix of chert and chalcedony which has partially
replaced the calcite grains. Calcite fills frac

tures. Dolomite rhombs (av. diam. .1 mm) are

scattered throughout and are not replaced.

II-0m2-A: Chert: siliceous sponge spicules (15%), chert
(15%) , chalcedony (5%), brown organic matter (3%),
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Numeral

calcite (2$), megaquartz (trace). Spicules are

parallel to bedding in a chert matrix. Calcite

and megaquartz fill fractures. Calcite is also

in patches. Organic matter throughout and in

some places forms thin laminae. Possibly sili
cified bryozoans and radiolarians.

II-0m2-B: Chert: chert (80$), chalcedony (10$), sili
ceous sponge spicules and radiolarians (7$),
brown organic matter (2$), calcite (1$), dolo

mite and megaquartz (trace). Similar to II-0m2-A
but sponge spicules are not as distinct. Mega
quartz is on sides of fractures with calcite in

the center or replacing chert along fractures.
Some of the organic matter forms a band with an

algae-like structure. Dolomite rhombs (av. diam.

.25 mm) are scattered throughout.

II-0m2-C: Finely crystalline pseudo-sparite and chertified
echinoderm biosparite: calcite (85$), chert (10$) ,
chalcedony (5$), dolomite (trace). Mottled appear
ance due to roughly equal percentages of two dif

ferent rock types. Possibly a few sponge spicules
are in the biosparite. Chert and chalcedony are

distributed in irregular patches. Dolomite rhombs

(av. diam. .1 mm) are scattered throughout.
Coarsely crystalline calcite fills fractures.

II-0ml-A: Coarse calcilutite. echinoid-bryozoan biosparite:
calcite (98$), organic matter (2$), quartz (trace) .

Elongate fragments are parallel to bedding which
is accentuated by organic matter. Medium quartz
silt is scattered throughout.

II-0ml-B: Chert: chert (60$), chalcedony (37$), brown or

ganic matter (2$), calcite (l$), megaquartz (trace).
Chalcedonic sponge spicules are in a chert matrix
with organic matter disseminated throughout. Mega
quartz with calcite generally in the center part
fills fractures. Possibly a few radiolarians.
Interbedded with coarse to very coarse sandstone*
chert (75$), calcite (20JJ, chalcedony and mega-*
quartz (5$), dolomite and quartz (trace). Elon

gate, rounded grains of bryozoan, brachiopod and
echinoderm fragments are generally replaced by
chert, but intermediate stages are present. Cement
is chert and chalcedony. Round quartz grains (av.
diam. .7 mm) and dolomite grains (av. diam. .1 mm)
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Numeral

are scattered throughout.

(The following three samples were collected 800 feet north

east of measured section III near the base of the Tesnus

Formation. )

III-Ct-A: Medium silty, oriented illitic mud-shale: Illite

(65$) , quartz (35$), chlorite, megaquartz and

opaques (trace). Quartz silt forms laminae up

to 2 mm that pinch and swell. Limonite-stained

opaque grains are placered by irregular laminae

due to ripple marks, load casts or scour marks.

Indistinct cross-bedding. Megaquartz fills frac

tures .

III-Ct-B: Angular pebble conglomerate: chert (98$), illite

(lib), chalcedony (1$), organic matter (trace).
Pebbles are radiolarian (one excellently pre

served with spines) and sponge spicule chert and

clayey chert. One is a severely squashed clay

pebble. Sand is well-rounded clay grains. Chert

cemented. Chalcedony fills fractures.

III-Ds3-A: Medium silty, oriented illitic claystone: chert

and quartz (trace) . Unidentified chert grains

(,2mm by .04 mm) which look like foraminifera

tests in general outline. Quartz silt scattered

throughout .

III-Ds3-B: Chert: limonite, hematite, chalcedony, quartz

(trace) . Scattered circular grains (av. diam.

.2 mm) of coarser chert and chalcedony in a finer

chert matrix. Limonite and hematite along frac

tures. Air inclusions in matrix form laminae

that curve around coarser chert. Quartz silt is

scattered throughout.

III-Ds3-C: Chert : chert and brown organic matter (88$),
radiolarians (10$), megaquartz and chalcedony

(2$) fill fractures.

IV-Ds3-A: Pseudo-sparite: calcite (90$), chert (5$), illite

(4%), quartz fl$) collophane (trace). Mudstone

fragments (av. length .1 mm) are fringed by
coarser spar. Angular, medium to very coarse

chert grains are in different stages of replace

ment by calcite. Round, fine to medium quartz
sand grains. Conodont fragments. One excellent
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longitudinal section of Polygnathus linguila-

formis .

IV-Ds2-A: Chert: chert (95$), megaquartz and chalcedony

(5$) fill fractures. Microstylolites are out

lined by black opaque substance that is white in

reflected light and slightly limonite-stained in

places .

IV-Dsl-A: Chert: chert (90$), silicified fecal pellets (?)

(10$) , megaquartz and quartz (trace) . Circular

blebs (av. diam. .6 mm) consist of fine mega

quartz with circular grains (av. diam. .3 mm) in

the center which range from cherty claystone to

chert and contain hematite specs that are re

stricted to the nucleus. Black opaque specs

which are white in reflected light and may be

leucoxene are only in the surrounding megaquartz.

May be silicified fecal pellets. Scattered grains
of very fine sandy quartz silt. Megaquartz fills

fractures .

IV-Dss-A: Coarse silty, chertif ied. illitic claystone and

mudstone: chelrt (30$), quartz (Trace to 35$) ,
limonite and hematite (2$). Irregular patches
of clayey chert. Quartz silt and limonite specs

(.08 mm) occur as scattered grains or in patches.
One possible conodont fragment.

IV-Dss-B: Granule conglomerate: chert (89$), chalcedony
(10$), illite (1$), quartz and limonite (trace) .

Framework consists of angular granules of chert,
some abundantly spiculiferous ; round granules
of chert which is apparently replaced claystone;
rounded very coarse silty illitic claystone sand;
well-rounded medium quartz sand. Matrix is chert

cement with chalcedonic patches. Limonite stains

are in clay.

IV-Dss-C: Chert: chalcedony and megaquartz (trace) fill
fractures. Hematite (trace) stains along frac

tures

IV-Dc-A: Chert: chert (84$), silicified fecal pellets (?)
(15$), megaquartz (l$), limonite and quartz (trace)
Circular structures are similar to the silicified

fecal pellets (?) described in IV-Dsl-A but are

less distinct, smaller (av. diam. .1 mm), and
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leucoxene and hematite are absent. Megaquartz is

in patches and veins. Patches of fine-grained
chert contain scattered quartz silt and limonite

stains

IV-0m3-A: Coarse calcarenite, echinoderm-bryozoan bio

sparite : Also fragments of brachiopods, clay

stone, sponge spicule chert which is partially

replaced by calcite, finer biosparite, and con

odonts (5$). Silty, limonite-stained illitic

clay occurs along stylolites and in some inter

stices. Calcite fills fractures. Rock is pos

sibly partly recrystallized.

IV-0m2-A: Chert : chert (83$), siliceous sponge spicules

and/or radiolarians (15$) $ megaquartz and chal

cedony (l$), brown organic matter (l$). Chal

cedony and megaquartz occur as blebs and veins.

Organic matter forms laminae.

IV-0m2-B: Chert: chert (98$), dolomite (1$), organic matter

(1$) , calcite (trace). Banded due to concentra

tion of organic matter. Dolomite rhombs (av.
diam. .1 mm) are scattered throughout but are

more numerous in organic rich layers. Calcite

and megaquartz fill fractures. Sparse radiolari

ans .

IV-Oml-A: Finely crystalline pseudo-sparite: quartz silt

(av. diam. .04 mm) and conodont fragments (trace).
Calcite fills fractures.

IV-Ow-A: Very carbonaceous silty chertif ied illitic mud-

stonel Chert (10$"5 in burrow-like patches.

Quartz silt (10$) randomly scattered.

IV-Ow-B: (Sample collected about 100 feet below top of

unit.) Medium sandstone: calcite and dolomite

(54$), quartz (30$) , hematite and limonite (10$),
shale (5%), chert (l$). Framework consists of

very well-rounded, loosely packed, quartz, chert

and clay sand. Quartz sand is concentrated in

laminae from l-to-2 mm between less sandy areas

which contain irregular patches of illitic clay.
Carbonate has partially replaced quartz, chert,
clay fragments and clay matrix. Originally, the

rock was
apparently a sandy claystone.
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-Ct-A: (Sample collected on southeast side of Ramhorn

Hill near lower contact.) Pebble conglomerate:

cherty clay matrix (10$) with chalcedony filled

fractures (5$). Framework consists of angular

chert pebbles with patches of silicified bryo

zoan debris.



68

GEOLOGIC MAP

AND

STRUCTURE SECTIONS









REFERENCES CITED

Baker, C. L., and Bowman, W. F., 1917, Geologic exploration
of the southeastern front range of trans-Pecos Texas:

Univ. Texas Bur. Econ. Geol. Bull. 1753, p. 61-172.

Berry, W. B. N., and Nielsen, H. M., 1958, Revision of

Caballos novaculite in Marathon region, Texas: Am.

Assoc. Petroleum Geologists Bull., v. 42, p. 2254-2260.

Berry, W. B. N., I960, Graptolite faunas of the Marathon

region, West Texas: Univ. Texas Bur. Econ. Geol. Bull.

6005, 179 p.

Billings, M. P., 1954, Structural geology: New York,

Prentice-Hall, Inc., 2nd edition, 514 p.

Byrd, W. M., 1958, The geology of a portion of the Combs

ranch, Brewster County, Texas: Univ. Texas M. A.

thesis, 67 p.

de Sitter, L. U., 1959, Structural geology: New York and

London, McGraw-Hill Book Co., Inc., 552 p.

Eifler, G. K. Jr., 1943, Geology of the Santiago Peak Quad

rangle, Texas: Geol. Soc. Am. Bull., v. 54, p. 1613-

1644.

Folk, R. L., 1959, Practical petrographic classification of

limestones: Am. Assoc. Petroleum Geologists Bull.,
v. 43, p. 1-38.

Graves, R. W. Jr., 1952, Devonian conodonts from the

Caballos novaculite: Jour. Paleontology, v. 26, p.

610-612.

1954, Geology of Hood Spring Quadrangle, Brewster

County, Texas: Texas Univ. Bur. Econ. Geol., Rept . of

Investigations, no. 21, 51 p.

Hubbert, M. K., 1951, Mechanical basis for certain familiar

geologic structures: Geol. Soc. Am. Bull., v. 62, p.

355-372.

King, P. B., 1937, Geology of the Marathon region, Texas:

U. S. Geol. Survey Prof. Paper 187, 148 p.

Muehlberger, W. R., 1961, Conjugate joint sets of small

dihedral angle: Jour. Geology, v. 69, p. 211-219.

72



73

Udden, J. A., Baker, C. L., and Bose, Emil, 1916, Review

of the geology of Texas: Univ. Texas Bur. Econ. Geol.

Bull. 44, 1st edition, 164 p.

Wilson, J. L., 1954, Ordovician stratigraphy in Marathon

folded belt, West Texas: Am. Assoc. Petroleum Geolo

gists Bull., v. 38, p. 2455-2475.



This digitized document does not include the vita page from the original.



B00t,2TE357

T1962 3556 GEOL


	Table of Illustrations
	Table 1
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	From Figures 4 and 5

	Structure of Horse Mountain Anticline, Southwest Extension, Brewster County, Texas
	Front matter
	Front cover
	Title Pages
	Page 
	Page 

	Abstract
	Page iii
	Page iv

	Table of Contents

	Body
	Introduction
	Location and accessibility; Previous work
	Present work; Ackowledgments
	Geography

	Stratigraphy
	Remarks
	Woods Hollow Shale
	Definition; Local features
	Page 5
	Page 6


	Maravillas Chert
	Definition
	Local features
	Page 8
	Page 9

	Age

	Caballos Novaculite
	Definition; Local features
	Age

	Santiago Chert
	Definition; Local features
	Page 13
	Page 14
	Page 15
	Page 16

	Age

	Tesnus Formation
	Definition; Local features
	Age


	Structural geology
	Introduction
	Page 20
	Page 21

	Folding
	Page 22
	Page 23

	Horse Mountain thrust zone
	Page 24
	Page 25

	Combs' Ranch thrust zone
	Page 26
	Page 27
	Page 28

	Theoretical considerations
	Page 29
	Page 30
	Page 31

	Transverse and oblique faults
	Page 32
	Page 33
	Page 34

	Trapdoor Hill problem
	Page 35
	Page 36

	Ramhorn Hill anticline
	Joints
	Introduction; Method of Study
	Data
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43

	Discussion
	Page 44
	Page 45
	Page 46
	Page 47




	Back matter
	References cited
	Page 48 
	Measured sections
	Introduction
	 Santiago Chert 
	Page 50
	Page 51
	Page 52

	Maravillas Chert
	Page 53
	Page 54

	Tesnus Formation 
	Page 55
	Page 56

	Santiago Chert; Caballos Novaculite; Maravillas Chert and Woods Hollow Shale 
	Page 57
	Page 58
	Page 59
	Page 60


	Thin-section description
	Introduction
	Description
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67


	Geologic map and structure sections
	Page 69; Joint Set Trends on Horse Mountain Anticline (Southwest Extension)
	Page 70; Geologic Map of Horse Mountain Anticline (Southwest Extension)
	Page 71; Structure of Horse Mountain Anticline (Southwest Extension)

	References cited
	Page 72
	Page 73

	Vita
	Back cover





