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ABSTRACT

The extreme northwestern part of the Candelaria area belongs to

the Mexican Highland province; its structure is the result of Laramide

orogeny* The rest, consisting of northward trending fault blocks and

intervening basins where waste from the fault block accumulates, is

characteristic of the Basin and Range province*

The Candelaria area stood above the sea in early Cambrian time,

probably during late Pennsylvanian-early Permian time, and in post-

Permian pre-late-Jurassic time when it was a part of the Wichita pale-

oplain, and it has been emergent since Laramide time. Oil may be

trapped at the subsurface unconformities*

In early Tertiary time, the area was covered by volcanic material,

and in later Tertiary time, epieroganic uplift and normal faulting formed

the Basin and Range structure of the present-day surface.

AKEAL 3EOLOGY OF CANDELAIxIA AREA,

PfiESIDIO COUNTY, TiUNS-PECOS TEXAS

Joseph T* Smith, Jr*
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INTRODUCTION

The purpose of the investigation organized in the spring of 1954

was to study and map the Candelaria area in detail. Because only a

small amount of reconnaissance had been done under the Vieja Rim, the

area was then a blind spot in the geology of Trans-Pecos Texas* The

results of investigation have been reported in eight theses* The pur-

pose of this thesis, the ninth and concluding report, is to describe the

geomorphy of the Candelaria area, and to consider its paleogeomorphy.

It is intended that the inferred bedrock map (Pl* II) will make more

apparent the areal and structural trends of the area.

Location.- The Candelaria area (Fig. 1), in southwest Presidio

County, Trans-Pecos Texas, named for the village of Candelaria (Fig. 2),

comprising about 250 square miles, is bounded on the south by Lat.

30°06»N, on th. north by Lat. 30’22'H, on the east by Long. 104°31’W,

and on the west by Ung. IOL°4B,W and the Kio Grande.

The area is reached by the well-kept Marfa-Ruidoso county road

which passes through Pinto Canyon. This gravel-surfaced road is pass-

able in all types of weather*

A gravel and dirt-top road, which Joins U. S. Highway 80 near

Chispa Summit between Valentine and Van Horn (Pl. Ill), offers fair

access to the northern part of the area. This road passes through

Chispa bwoit to Porvenir on the Carr Bench, and then trends south
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along the Rio Grande# The portion along the river, which is referred

to as the river road, is passable in wet weather only by jeep or pick-

up.

Methods and procedure.- In the sumer of 1954 nine graduate

students, comprising four two-men parties and a one-man party under the

supervision of Ronald K. DeFord, mapped the Candelaria area#

The area was divided into five parts for the purpose of investi-

gation* The four two-men parties were assigned areas between the Rio

Grande and the Rim, which is referred to as wßim RockM country (Fig. 3),

and the one-man party was assigned the area east of the Rim* The mem-

bers of the parties and their area of investigation were: Charles J.

Mankin and Bill J. McGrew, Lat. 30°06» to Lat. 30°10 f; Charles R.

Sewell and Joel C. Carlisle, Lat* 30°10* to Lat. 30°14f ; Ben Buongiomo

and Joseph T. Smith, Lat. 30°14* to Lat. 30°18 f ; Ralph C. Puchin and

Sidney S* Moran, Lat. 3O°l8t to Lat. 30°22t
. James E. Peterson was

assigned the area east of the Rim, between Lat. 30°19’ to Lat* 30°22’.

After the mappers returned to Austin in September, 1954, it was

decided that the areas mapped by the individual parties would be con-

solidated into one area called th® Candelaria area, and one map would

be drawn of this composite area*

It was also decided that each person would consider the entire

Candelaria area in his report of investigation* The individuals and

their subjects of investigation ares
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Fig. 2.
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Fig* 3* Bock Country**
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Pre-Cenozoic Stratigraphy.•••••••••••••••••Duchin

Cenozoic Stratigraphy..Peterson

Biostratigraphy •.•*••••••••••••••••. .Mankin

Structure. .Moran

Petrology .Sewell

Petrography •••••••••••••••••••.••• .McGrew

Economic Geology••••••Carliale

Handbook of Tierra Vieja.....Buongiomo

Areal and Bedrock Geology..Smith

The areal geology was mapped directly on the following photo-

graphs: U. S. Department of Agriculture Soil Conservation Service,

GTE Flights 1,2, 5, 30 and 31 (1942) with a scale of 3.65 inches to

1 mile, and U. S. Geological Survey GS-LU Flights 67 through 89, with

a scale of 4.3 inches to 1 mil®. The geology was transferred from the

aerial photographs onto a base map, prepared by radial line plot, with

control by U. S. Coast and Geodetic Survey triangulation stations.

Strikes and dips and azimuths were taken with a Brunton Compass

and clinometer. Sections were measured with a hand level and a grad-

uated steel-tape.

Acknowledgments.- The writer is indebted to Professor lionaid X.

DeFord for suggesting this problem, for the assistance and guidance in

the field work and for the interest and helpful criticism of the text
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of this paper. Valuable aid was also given in the field by Drs.

Stephen E. Cl&baugh, John T. Lonsdale and John P. Brand. Bra. Stephen

E. Clabaugh and Richard W. Hush gave helpful suggestions in the prep-

aration of this thesis.

The co-operation of Messrs. Carlisle, Duchin, Mankin, Moran,

McGrew, Peterson, Swell, and David 1. Amsbury in ths exchange of in-

formation and discussion of problems has been invaluable in the writing

of this manuscript. Most sincere gratitude is extended to Mr. Ben

Buongiorno for his sharp observations, inspiring enthusiasm, and con-

genial companionship. Thanks are due to Mr. Bruce MacNaughton for

drafting the map.

Previous work*- Baker (1927} mapped the area west of the Tierra

Vieja and Chinati Mountains♦ His reconnaissance map was the only pub-

lished geological map of the Candelaria area prior to 1955•

King (1936) considered the Candelaria area in his report on the

structure of Trans-Pecos Texas.

Kellum. (1936) reported on the influence which the Coahuila pen-

insula and the Mexican geosyncline had on the structure and paleogeog-

raphy of Trans-Pecos Texas.

Baker (1941) described the Him Bock country, of which the

Candelaria area is & part.
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STRATGRAPHY

PRE-CRETACEOUS SYSTEMS

The oldest rocks exposed In the Candelaria area are Comanchean

rocks of Washita age* Ages of the subsurface rocks in the Candelaria

area are determined from examination of cuttings from wells and out-

crops in nearby areas* Wells drilled near the Candelaria area are the

Hunt Oil Companyl s Presidio Trust No. 1 (Fig. 1), drilled near the

ghost town of San Carlos at Sec. 99, Blk. 3, DxD RH Co., hereinafter

called the Hunt well, and the Welch Drilling and Production Company’s

Espy No. 1, drilled at Sec. 110, Blk. 4, HStTC liy Co., 25 miles west of

Marfa (Fig. 1), hereinafter called the Welch well. Table 1 shows

possible rock units below the lower Cretaceous (Coahuilan) in the

Candelaria area.

Pre-Permian Stratigraphy

King and Flawn (1953) have described the Precambrian rocks in

the Van Hom Mountains (Pl. Ill) 30 miles north-northwest of the Cande-

laria areaj and Flawn (1954) reported that Precambrian rocks exposed

in the Van Hom Mountains consist of two lithologic units, meta-arkose

and pegmatite.

The nature of the Precambrian basement complex in the Candelaria

area is unknown. The Hunt well drilled the top of the Precambrian at
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a depth of 8,020 feet. Both the Hunt and Welch wells drilled through

a Cambrian (Bliss sandstone) section* Cambrian rocks crop out in the

El Paso and Van Horn regions (Pl. III). There is a possibility that

Cambrian rocks are present in the subsurface of the Candelaria area.

Ordovician rocks (El Paso formation) are exposed in the El

Pas© and Van Hom regions 150 miles northwest and 40 miles north of

the Candelaria area, and in the Solitario (Fig. 1), 70 miles southeast

of th© Candelaria area* docks of El Paso and Montoya age were en-

countered in the Welch well. It is probable that Ordovician rocks ex-

tend beneath the Candelaria area*

In the Van Horn Mountains, 40 miles north of Candelaria, Silu-

rian and Devonian beds crop out. Mississippian beds exist in the

Hueco Mountains 120 miles northwest of Candelaria, and in the Sierra

Diablo Mountains 70 miles north of Candelaria* Although rocks of Si-

lurian, Devonian, and Mississippian ages are absent in nearby wells,

there is a slight possibility that rocks of these ages exist in the

subsurface of the Candelaria area*

None of th® wells drilled Pennsylvanian rocks, but Hix (1953)

found a thick Pennsylvanian section in the Chinati Peak quadrangle

(Fig* 1), approximately 20 Mies southeast of the Candelaria area.

At least the southern portion of the area is likely to have Pennsylvan-

ian rocks in the subsurface*
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GENERALIZED SECTION OF POSSIBLE ROCK UNITS BELOW THE LOWER CRETACEOUS (COAHUILAN)
IN'CANDELARIA AREA

(Carlisle, 1955)

Era System Rock Units Remarks

o

N

O

<D

W

X

JURASSIC
"Malone Formation"

—Ls., Ss., Sh., Cong.
Hudspeth Co., Texas

Upper Jurassic possibly
present in northwestern part
of area (Duchin, 1955)

TRIASSIC Missing

The Triassic and most of the

Jurassic were periods of

subaerial erosion.

o

N

M

PERMIAN

Chinati

Mountains
Pinto

Canyon Probably present throughout
area. (Conclusion based on

well data and surface ex-

posures in Pinto Canyon.)
Mina Orande

Ross Mine

Cibolo
Alta

Pinto Canyon

Perez

PENNSYLVANIAN
Cisco

Canyon Cleneguita
Strawn

Cieneguita mapped by Rix (1955
in Chinati Peak quadrangle
(Fig. 1); possibly present in

southern part of area.

MISSISSIPPIAN
He 1ms —Ls ., Sh .

Lake Valley— Ls .

Outcrops in Hueco Mts., Sierre

Diablo, Guadalupe Mts.; not

known in subsurface near Can-
delaria area, perhaps present
in western part of area.

DEVONIAN

Woodford— Sh .

"Devonian"—Ls., Sh.,
Chert

Present in Midland basin,
Central Basin Platform, and
Delaware basin, possibly
present in Candelaria area.

SILURIAN FusseIman— Ls .

Same as for Devonian except-
ing that Fusselman Ls. is

also known in Terrell Co.,
Texas .

ORDOVICIAN

Montoya —Ls.
Simpson — Sd., Sh

.,
Doi.

El Paso—Doi .

(Ellenburger)

SI Paso present, Montoya and

Simpson possibly present.
Based on well data near the

area

CAMBRIAN Bliss —Ss .
Bliss Ss. present in area.

Based on well data near the

area .

TABLE 1
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Permian System

Almost 1,000 feet of Permian limestone, chert, siltstone, and

sandstone of Word and Leonard age are exposed in the Pinto Canyon area

(Amsbury, 1955) immediately south of the Candelaria area. The Hunt well

was drilled through a thick section of dolomite of Leonard and Word age.

As the Permian sea occupied most of Trans-Pecos Texas, it is probable

that the subsurface of the entire Candelaria area has Permian beds.

Triassic and Jurassic Systems

Upper Jurassic beds are exposed in the Malone Mountains (Pl.

Ill) 60 miles northwest of the Candelaria area. Ho other outcrops of

Jurassic rocks exist in Trans-Pecos Texas, and no Jurassic or Triassic

beds have been encountered in nearby wells.

It is unlikely that Triassic beds occur in the subsurface of the

area# Because the northwestern part of the Candelaria area nay have

been near the edge of the Mexican geosyncline in. late Jurassic time, it

is possible that upper Jurassic beds exist in the subsurface#
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CRETACEOUS STRATIGRAPHY

Subsurface Cretaceous Rocks

Cretaceous rocks of Washita age are exposed only in the southern

part of the Candelaria area; Gulfian rocks crop out in the northwestern

part; and Coahuila rocks probably occur in the subsurface. The follow-

ing descriptions of formations were generously furnished by Amsbury who

found rocks of Trinity, Fredericksburg, and Washita ages in the Pinto

Canyon area, immediately south of the Candelaria area*

Permian rocks are unconfomably overlain by a basal conglomerate

consisting of gray cobbles and pebbles with a limestone matrix. The con-

tact with the Permian is sharp and well exposed at many places* Above

the basal conglomerate are the Xucca, Bluff, Cox, Finlay, nKiaadchi T* and

"Georgetown** formations.

The Xucea formation consists of 335 feet of shale, marl, lime-

stone, and sandstone.

Amsbury has divided the Bluff into two members* The lower mem-

ber is 200 feet of thick-bedded limestone, interbedded with shale and

two beds of sandstone* The upper member, 465 feet thick, consists of

interbedded limestone, marl, reef limestone, and sandstone* The Bluff

contains Trinity fossils.

Th® Cox formation is also divided into two members* The non-

fosslliferous, lower member is composed of a slope-forming shale-and-
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limestone section, and a ledge-forming sandstone* The Trinity-

Fredericksburg boundary occurs within, at the base, or at the top of

the lower member of the Cox* The upper member is interbedded lime-

stone, sandstone, and shale, containing Fredericksburg fossils.

The lower member of the Finlay is a marl that grades up into the

thick-bedded and massive rudistid reef limestone of the upper member*

There is a sharp contact between the upper member of the Finlay and the

yellow marl of the "Kiamichi” formation.

Lower beds are light-colored shale and marl grading

up into gray nodular slope-forming limestone.

Comanchean Series

Kocks of Comanchaan age are exposed in the Loma Plata anticline

in the southern part of the area* The following information was supplied

by C* J. Mankin, B. J. McGrew, and D. L. Msbury*

* Georgetown*l limestone The oldest formation exposed in the

Candelaria area is a brownish-gray, medium-bedded, hard limestone which

will be called the ’’Georgetown” limestone because of its equivalence to

the Georgetown of central Texas* On weathering, this rock becomes

slightly honeycombed and darker* The limestone is resistant to erosion,

and stands out prominently*

The only outcrop in the area is in the Loma Plata

anticline. The Hunt well at San Carlos penetrated a thick section of
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Correlation chart of Cretaceous Formations

in Candelaria area, Presidio County, Texas

GENERALIZED STANDARD SECTION
OUT CROPS IN

NORTHERN

TIERRA VIEJA

MOUNTAINS

SURFACE AND
SUBSURFACE OF

CANDELARIA
AREA

THIS THESIS

SERIES EUROPEAN
STAGES

WESTERN
INTERIOR

(NEW MEXICO)

SER-
IES AUSTIN, TEXAS

UPPER

CRETACEOUS
z

<

z

o

z

Ul

co

z
4

1
O

£

w

2

M

0

N

T

A

N

A

GR.
LARAMIE

FM.

G

ULFI
A

N

NAVARRO

GR.

SAN CARLOS

FM.

? <•

SAN CARLOS

FM.

FOX HILLS

SS.

z
<

Z
4
a.

2
4
O

— ?—
SANT-

ON-
IAN

CdMA-
CIAN

PIERRE

SH.
TAYLOR

MARL

COLORADO
GR. NIOBRARA

LS.

AUSTIN
CHALK COLQUITT FM.

? f

TURONIAN BENTON

SH.

EAGLE FORD

SH.

tHISPA
SUMMIT

FM.

CENOMANIAN

DAKOTA
SS.

WOODBINE
GR. A B SENT ABSENT

PURGATOIRE

FM.

COMAN
CHEAN ;

WASHITA GR.

BUDA LS. BUDA LS. B'UDA" LS.

DEL RIO FN

NOT

EXPOSED

1

DEL RIO FM.

LOWER

CRETACEOUS A L BIAN

1 GEORGE-

TOWN
LS.

S

UBSURFACE
'GEORGETOWN'

LS.

MIDDLE

NO

DEPOSITS
PRESENT ur

EDWARDS
L S.

"kiamichi"fm.

FINLAY LS.

COX SS.

LOWER TRINITY
GR.

GLEN ROSE

LS.

TRAVIS PK?

BLUFF LS.

YUCCA FM.

_ f

EARLY

CRETACEOUS

ROCKS

APTIAN

COAHUILAN UJ
at
a.

o
z

z

2
O
u
o
w
z

BARREMiAN

HAUTERIVIAN

VALANGIMAN

BERRIASIAN

From Duchin (1955)

Table 2
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this limestone. It is probable that ’’Georgetown*’ limestone underlies

the entire area.

Del Bio fonnation.- There is a email outcrop of the Del Bio forma-

tion at the north end of the Loma Plata anticline where ’'Georgetown**

grades upward into Del Rio. The bottom 38 feet of Del Rio is an alter-

nation of a hard, brownish-gray limestone similar to the "Georgetown”

limestone, and a soft, grayish-yellow, chalky nodular limestone. In the

lower section, the hard limestone beds are the thicker. Higher in the

section, the nodular limestone beds become thicker. These limestone

strata are interbedded with shale. Above these alternating beds is 87

feet of the nodular limestone, which is harder than the underlying beds

and the nodules are larger. The Hunt well encountered 40 feet of Del

Rio.

The Del Rio foraation is softer than the underlying "Georgetown”

limestone or the overlying Buda limestone.

Buda limestone.- The 5-foot section of limestone, also exposed at

Loma Plata, is hard, brownish-gray, nodular limestone, similar to the

M overlain unconforraably by the basal-Tertiary Jeff conglom-

erate.

The Hunt well drilled through 90 feet of Buda limestone* The

above-mentioned occurrences of Buda and Del Bio indicate their presence

in the subsurface of the area*
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Gulfian Series

dan Carlos formation.- Extensive exposures of the ban Carlos

formation occur in the northwestern part of the area, and as inliers

formed by the recession of a fault scarp in the middle part of the area.

Duchin and Koran divided the San Carlos into three members. The

lower is the hashy member which is overlain by conglomeratic and varie-

gated members. On Plate 1, the hashy and conglomeratic members are

mapped as one unit; the variegated member is mapped separately.

The hashy member consists of marl and clay, with a minor amount

of sandstone lenses. The marl and clay are yellow, and weather to olive

brown. The sandstone lenses become more prominent in the top of the sec-

tion. The marl and sandstone beds weather readily into a flat, subdued

surface with small knobs capped by sandstone.

The conglomeratic member is composed of & moderate yellow-brown,

irregularly cross-bedded, soft, medium-grained, subangular, ferruginous,

calcareous sandstone. It is exposed in the northwestern comer of the

area and in the zone between the Him Kock fault and the Trappers Him

(Pl. 1).

The variegated member of Duchin and Horan consists of interbedded

gray, blue, rad, purple, and brown bentonitic clay and marl and tuff-

aceous sandstone* These multicolored beds which are easily distinguished

from the lower hashy and conglomeratic members were mapped as a distinct

unit of the ban Carlos formation. Variegated beds are exposed only in
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the northwestern part of the area.

Duchin (1955) has described the San Carlos in detail.

"Cretaceous” Blocks

Gigantic blocks of Comanchean limestone are present at a loca-

tion on the Mo Grande three miles north of Candelaria on the Biver

Hoad, in Cohaena Canyon (Pl. I), in the immediate vicinity of the Jeff

conglomerate locality Mo. 5 (Pl. I) along the base of the Trappers Rim

at Lat. 30°13’29,TM, and in the canyon entering the Mo Grande at Adobe

Walls. These blocks are of uncertain origin. The hypotheses for the

origin of the blocks are (1) that they were carried up by an igneous

mass, (2) that they are exhumed mountains, (3) that they are remnants

of an overthrust sheet, and (4) that the blocks may be landslide

remnants. Sewell (1955) and Moran (1955) have considered this problem.
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Fig. 4.
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CENOZOIC STRATIGRAPHY

The stratigraphy of the Tertiary beds in the Candelaria area has

been described in detail and new names proposed by Peterson (1955)•

McGrew (1955) and Sewell (1955) have studied the petrography and petrol-

ogy of these rocks*

Tertiary System

Jeff conglomerate*- The basal-Tartiary formation is called the

Jeff conglomerate (Eifler, 1950; Peterson, 1955)* Its outcrops are

isolated patches; elsewhere it is covered or missing. The conglomerate

is composed of well-rounded pebbles, cobbles, and boulders of limestone,

metamorphic quartzite, and chert.

Vieja formation.- The Vieja formation (Peterson, 1955) is divided

into five members. The lowest member is an igneous breccia, a hard,

gray-to-pale-red trachybasalt flow-breccia (McGrew, 1955) that breaks

readily into cobbles and boulders which obscure all beds downslope from

the outcrop; hence, this member and its associated talus and colluvium

are mapped together*

Ths absence of the breccia in places indicates that the flow that

foraed it did not cover the entire area* The breccia is exposed below

the rim that is capped by the Trappers lava Kimber and the dissected ria.

that is capped by the Buckshot member*
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Fig. 5.
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Fig. 6.
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Fig, 7.
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Age

Formation

Member

Approximate Thickness (infeet)

Correlation

Lithology
and

Remarks

TERTIARY
system

01igocene(?)
series

(Chadronian?)
Eocene
(?)

series (Duchesnean)

Bolson deposits

550

Alternately
bedded
silt,
sand,

and

gravel.

Gravel

30

Igneous intrusions

800

Porphyritic
igneous

rock.

Brite
trachybasalt

200

Capote Mountain tuff*

Moonstone ignimbrite

160

Possibly
equiva-

lent
in

part
to

the

Buck
Hill,

McCutcheon,
and

Square
Peak
vol-

canic
series;

Indio

Mountains,
Valentine,
and

Pinto
Canyon Tertiary deposits.

Light
pink

ignimbrite
with
quartz

and

sanidine
phenocrysts.

T
u

/

Ford
Ranch

f/

siltstone
f

4-0
1

2000

Pale
red,

white,
and

gray

trachytic
tuff.

Ford
Ranch

member
is

a

very
hard

yellowish
red

siltstone.

Vieja formation

Trappers
trachyte

150

"Quartz-pantellerite".

Rooney
tuff
with

Chambers
red

tuff

lentil

560

5

Predominantly
purple
and

white

tuff.

Chambers
lentil
is

a

very

hard,
red

tuff.

Buckshot
ignimbrite

50

Amygdaloidal,
reddish
brown

ignimbrite.

Colmena
tuff

425

Variegated
tuff.

Igneous
breccia

80

Gray
to

red

igneous
breccia.

Al

U-L
CLL

LULU
UiU

IH-L

Jeff
conglomerate
|

70

Sandstone
and

conglomerate.

CRETACEOUS
system

"

■

Angular
unconformity

—

San

Carlos
1

formation

*Cn
the

south
the

Capote
Mountain
tuff
shown
on

the
map

(Pl.
1)

probably
includes
beds

equivalent
to

part
of

the

Vieja
formation.

Table
3.

TERTIARY
FORMATIONS
IN

CANDELARIA
AREA

PRESIDIO
COUNT!,
TEXAS



24

Fig. 8.
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The Colmana tuff member (Peterson, 1955) is composed of fine-

grained, indurated, multicolored tuff with conglomerate interbeds near

the base. The maximum thickness attained by the Colmena is approxi-

mately 400 feet.

The Buckshot ignimbrite member (Peterson, 1955) is a hard,

amygdaloidal, rhyolite porphyry (McGrew, 1955) ®ore than 50 feet thick.

The rock is hard and resistant to weathering. Most of the fault blocks

in the western part of the area are capped by the Buckshot.

The Buckshot member is overlain by the multicolored, fine-grained,

indurated dooney tuff member (Peterson, 1955)• This member is more than

500 feet thick and, at about 160 feet from the top, contains a hard, re-

sistant, dull-red layer called the Chambers red tuff lentil, which occurs

only in the northern-middle part of the area, where it caps some of the

fault blocks.

The Trappers wlava member" of Plate I is a porphyritic rhyolite

(McGrew, 1955) which, being hard and resistant, caps one of the prom-

inent fault scarps in the area and also a few fault blocks. The Trappers

is not present in the southwestern part of the area, probably because it

never extended that far.

Capote Mountain tuff,- The Capote Mountain formation comprises

2,160 feet of fine-grained to coarse-grained, indurated tuff, containing

a distinctive siltstem© layer and capped by rhyolitic ignimbrite. In

the southern part of the area, 1,300 feet from the top of the tuff, there
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is a well-sorted, fine-grained siltstone which Peterson (1955) has

named the Ford Ranch member. At the top of the formation is a hard,

resistant sanidine rhyolitic ignimbrite (McGrew, 1955) called the Moon-

stone member.

The tuff section of the Capote Mountain formation can be divided

on the basis of color. The lower member, directly above the Trappers

rhyolite member of the Vieja formation, contains prominent red beds.

The tuff above the red tuff is characterised by white tuff. This unit

is overlain by a gray tuff which contains a high percentage of sand.

The Trappers porphyritic rhyolite evidently was not deposited in

the southern part of the area. Because of the absence of this unit, the

contact of the Vieja formation and the Capote Mountain tuff was not

identified, and the Rooney tuff member, if present, is included in the

rocks mapped as Capote Mountain.

Brite trachybasalt.- The Moonstone member is overlain by a hard,

vesicular, greenish-gray to greenish-black, trachybasalt (McGrew, 1955)>

which is referred to as Brite wlavan on Plate I, but which will be called

the Brite trachybasalt (Peterson, 1955) in this paper.

Post-Brite gravel.- A gravel that overlies the Moonstone member

of the Capote Mountain fomation and underlies the bolson deposit in the

southern part of the area has been tilted and faulted along with the

Tertiary volcanic rocks. The pebbles and cobbles composing the gravel
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were derived from Tertiary volcanic rocks and, to a lesser extent, rocks

of Cretaceous age*

Ignaoua intrusions*- In the southern part of the area there are

three large bodies of igneous rock composed of trachyte and considered

to be intrusions* McGrew (1955) has reported that the intrusive masses

have buckled up the Moonstone member. The doming of the Moonstone and

the fine-grained texture of the material seem a good indication of in-

trusive origin.

Bolson deposits»~ Extensive bolson deposits, composed of inter-

bedded, slightly indurated sand and gravel derived chiefly from volcanic

material, occupy an intemontane basin in the southwestern part of the

area*

Quaternary System

Terrace deposits, common throughout the area, are divided into

stratigraphic units by means of lithology and their relative topographic

positions; that is, by means of geomorphology* The terraces are given

a number designation; the largest number denotes the youngest formation*

The Quaternary formations mapped in the Candelaria area, from

oldest to youngest, ares Q4O, QSO, Q6O, Q7O, QBG, QB2, Q9O, and QIOO.

Only QIOO, which Is the floodplain of the Mo Grande, can be mapped on

its lithology, for it is a terrace composed of sand and silt with a
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QUATERNARY
FORMATIONS
IN

CANDELARIA
AREA

PRESIDIO
COUNTY,
TEXAS

Formation
Approximate Thickness in

feet

Lithology
and

Remarks

Q1OO

Unknown

Same
as

Q90,

except
less

gravel
is

present.

Q9O

Unknown

Mostly
light

gray,

brownish
gray,

and

brownish
orange

silt

and

sand.

Some

gravel.

Q82

12

Lightly
calichified

pebble-to-cobble
gravel.

Composition
is

same
as

Q80.

QSO

10

Calichified
pebble-to-cobble

gravel
of

tuff,

limestone,
and

igneous
material.

Q70

20

Granule-to-boulder
gravel,
with

caliche
coating
and

cement.

Composition
—40

percent
Trappers
trachyte,
20

percent
tuff,

40

percent
miscellaneous
igneous

rock.

Q60

7

Heavily
calichified

pebble-to-cobble
gravel.

Rocks
mostly

of

Moonstone
ignimbrite
and
red
and

white
tuff.

Q5O

60

Calichified
pebble-to-boulder

gravel
of

same

composition
as

Q40.

Some

boulders
are

stained
black
by

desert
varnish.

G4O

15

Calichified
pebble-to-cobble

gravel
of

Moonstone,
Brite,
and

Cretaceous
rock.Table

4
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small percentage of gravel. The terrace Q9O is composed of unconsoli-

dated sand with considerable gravel.

The terraces C&O to QB2 can hardly be distinguished by means of

lithology. They are composed of rounded to subrounded fragments ranging

from sand-size to boulder-size with a sandy matrix slightly indurated by

caliche. The older terraces contain more caliche and less sand than the

younger terraces.

The clastic deposits composing the terraces were derived from

Tertiary volcanic rocks for the most part. There is a small amount of

limestone and sandstone pebbles and cobbles which may have been derived

from the Jeff conglomerate or Cretaceous beds. Pieces of agate can be

found in the terraces, especially in the QBO formation.
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Fig. 13.
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RIM ROCK FAULT

The largest normal fault in the area is the Him Hock fault

(Baker
f 1934), which is a single fault except in the middle part, that

extends through the Tierra Vieja Mountain from the Chinati Mountains

northward to the Van Hora Mountains. Baker stated that the displace-

ment is in excess of 3,000 feet. In the Candelaria area, the fault has

thrown upper Capote Mountain tuff against San Carlos formation so as to

indicate at least 2,800 feet of displacement.

The fault crosses the northern boundary of the area at Long.

104°37fW, trends approximately Sl5°E and leaves the area at Long. 104’

34*N (Koran, 1955, p. 32).

In the Candelaria area, the northern 2.5 miles of the fault is a

narrow zone of sub-parallel faults; south of this fault zone, only a

single fault exists.

STRUCTURE

The most common structural features in the Candelaria area are

the gravity-type normal faults that form fault-block mountains and

fault-block hills with intervening valleys. The remarkable feature of

these fault blocks is that, with few exceptions, the beds in each dip

east and are upthrown on the east side of each fault.
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CANDELARIA FAULT

The Candelaria fault (Moran, p. 38) is another notable structural

feature in the area. The fault is a high angle normal fault.

The fault comes into the area at Long. 104°42 fW and trends approx-

imately Nl5°W (Moran, p. 38). In the northern part of the area this

fault consists of parallel faults. South of Lat. 30°lSf N the fault is

a single fault. In the southern part of the area the fault is obscured

by bolson deposits.

The displacement of the Candelaria fault varies from place to

place. At Lat. 30°16’N it is Just a few feet. At Lat. 30°12*N it

approaches 2,000 feet, where the Colmena tuff is upthrown against the

Capote Mountain tuff.

OTHER NORMAL FAULTS

The area between the Rim and the Rio Grande is characterized by-

fault blocks and basins. While the lengths and displacements of the

normal faults forming these mountains are not so august as the lengths

and displacements of the aforementioned faults, they deserve some con-

sideration.

A N2O°W trending fault at Lat. 30°14 f N and Long. 104°41’W has

thrown Colmena tuff up against the Capote Mountain tuff. This fault is

about 3 miles long and has a displacement of approximately 600 feet.

A fault at Lat. 30°10’N and Long. 104°40f 3O”W has thrown Colmena
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Fig. 14.
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tuff against Capote Mountain tuff. This fault trends Nl5°W and has a

displacement of about 1,400 feet.

HORSTS AND GRABEN

A horst of Colmena tuff and Buckshot ignimbrite, located at Lat.

3O°l6’N and Long. 104Q39*W, has been upthrown above the Capote Mountain

tuff between two normal faults.

At Lat. 30°ll*N and Long. 104°33*30t, W there is a graben of Brite

lava-rock downthrown almost 200 feet.

A north-trending horst of Colmena tuff, at Lat. 3O°O9*N and Long.

104°37*W, has been upthrown above the younger Capote Mountain tuff.

ANTICLINES

Cretaceous rocks of Georgetown, Del Rio, and Buda ages are ex-

posed In the Lorn Plata anticline. This is a northward-plunging anti-

cline formed by the Laraiaide orogeny.

A structural feature at Lat. 30°16»N and Long. 104°30*30W may

possibly be a dome that has been cut by the Kim Rock fault. The dome

is capped by Trappers rhyolite*

A small anticline is located at Lat. 30°14*20”N and Long. 104°

41* W. According to Moran (1955) this anticline and the dome capped by

Trappers rhyolite may have been pushed up by igneous intrusions.
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THRUST FAULTING AND FOLDING

In the northwestern part of the area the Tertiary formations

have been xworved, and the thrust-faulted and folded Cretaceous rocks

are exposed. Koran (1955) has stated that the thrusting occurs in the

northwest-trending sones, where the beds are repeated and dip at high

angles. Between these thrust zones, the beds are folded into anti-

clines and synclines.

IGNEOUS INTRUSIONS

In the southern part of the Candelaria arsa, there are three

igneous bodies. These bodies, located at Lat. 3D°lo*s, Long. 104°41tW»

Lat. Long. and Lat. 30
a

08»M, Long. are

closely associated with faults. Ono of these bodies (Lat. 30°08*W,

Long. lQ4°3CfW) has donsd up the overlying strata. This Indicates that

they are intrusions, either laccoliths or sills. Because the base of

the bodies is not a definite rode of occurrence cannot be

determined. Sewell (1955) has suggested that the Intrusions of the

igneous rock was concomitant with th® Tertiary faulting.





PALEOGEOLOGY

PRECAMBRIAN SURFACE

Late Precambrian was a time of intense folding, dynamic meta-

morphism, igneous intrusion, followed by long-continued erosion in

Trans-Pecos Texas (Baker, 1927, p. 57)- Flawn (1954, p. 901) has

divided Texas into a number of basement provinces, one of which, the

Van Horn mobile belt (Pl. IV), included the Candelaria area. The Van

Hora belt, lying southwest of the stable Texas craton, stood higher than

the craton. The concept of a late Precambrian mobile belt is based on

the Precambrian rocks that crop out in the Van Horn area where a thick

s

section of metamorphosed quartzfeldpathic sedimentary rocks has been

thrust northward over a sequence of limestone, volcanic rock, and sand-

stone (King and Flawn, 1953). The nature of th® original sediments,

their thickness, and the character of the deformation indicate a deformed

geosyncline or mobile belt (Flawn, 1954, p. 905). The fact that the

Hunt well penetrated metamorphic rocks similar to those cropping out in

the Van Hora area indicates that the Precambrian rocks of the Van Hora

area may have considerable extent and that the Candelaria area probably

was a part of the Precambrian mountain belt.

If th© uplift caused by the thrusting of th® sedimentary rocks

was not greater than the wearing down of the land surface by erosion,

the Candelaria area was without much relief; it was mountainous if the
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uplift was greater. The Ordovician-Cambrian section penetrated by the

Hunt well is thinner than the section penetrated by the Welch well,

which, according to this hypothesis, was drilled over the Texas craton.

Perhaps the section in the Hunt well is thinner because it was deposited

over a high.

On this tenuous evidence, it may be assumed that the Precambrian

surface of the Candelaria area was mountainous and that mountains formed

by the thrusting of sedimentary rocks, intruded by igneous material,

against the stable Texas craton, were not reduced to a peneplain, al-

though they must have been wall eroded to be covered by the late

Casbrian-early Ordovician sea*
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PRE-PERMIAN SURFACE

The descriptions of the pre-Permian Paleozoic sedimentary rocks

exposed in the Marathon, Van Horn and Solitario regions, and information

obtained from wile, indicate the presence of the sea in Trans-Pecos

Texas during Paleozoic time (Pl. V). It is probable that the Candelaria

area was covered by sea in Cambrian, Ordovician, and Pennsylvanian times,

and possibly in Silurian, Devonian, and Mississippian times.

During Paleoaoie time several epicontinental seas occupied most

of West Texas and southeastern New Mexico. Regional unconformities in

pre-Peraian Paleozoic beds indicate that periodically there was uplift

and the sea withdrew. An increase in the sand content and the progressive

thinning of Middle Ordovician rocks toward the north and northeast indi-

cate the source of sediment was a craton in north-central New Mexico that

extended to the southeast into west-centr&l Texas (dtengl, 1954).

Ordovician carbonate rocks exposed in the Solitario and Marathon

regions (Pl. Ill) contain a higher percentage of shaley material tlian

those to the north. In the Marathon region, Middle Ordovician strata

contain exotic boulders composed of lower Cambrian rook (Wilson, 1954).

The source of these sediment may liave been an archipelago formed to the

couth or southeast of ths Marathon region by an early Ordovician oi’ogeny,

possibly the laconic orogeny.

A period of mountain making called the Marathon orogeny that be-

gan in late Mississippian or early Pennsylvanian time and culminated at



Paleogeologic Map at the Base of the Permian
Trans-Pecos Texas

List of key wells:

1. Hunt Oil Company’s Presidio Trust No. 1

2. Welch Drilling and Production Company’s Espy No. 1

3* Welch Drilling and Production Company’s Brite No. 1

4. Gulf-Argo’s Mitchell Bros. Estate No. 1

5. Slick-Urschel Oil Company’s Mary Decie No. 1

6. Floyd-Dodson’s Texas American Syndicate No. 1

7* Humble Oil and Refining Company’s W. W. McCutcheon No. 1

8. btanolind Oil & Gas Company’s W. W. McCutcheon No. 1

9. Miami Operator’s Balmorhea Ranch No. 1

10. Continental Oil Company’s Rounsaville No. 1

11. Continental Oil Company’s W. Wright No. 1

12. Argo Oil Corporation’s Dora Roberts No. 1

13. Gulf Oil Corporation’s Northrup No. 1

14. Pure Oil Company’s Crew’s No. 1

15. Continental Oil Company’s J. B. Foster No. 1

16. Humble Oil and Refining Company’s Reynolds Cattle

Company’s nB” No. 1

17. Gulf Oil Corporation’s Grisham-Hunter WFW No. 1

18. El Paso Natural Gas Company’s Montgomery No. 1

19. Gulf Oil Corporation’s M. A. Grisham No. 1

20. Magnolia Petroleum Company’s H. Cowden wAtt No. 1

21. Pure Oil Company’s Eloise Hunter No. 1

22. Magnolia Petroleum Company’s State No. 1-39881

23. Continental Oil Company’s W. W. McCutcheon No. 1

24. W. West’s Presidio Trust Mo. 1

25. W. West’s Bledsoe Mo. 1
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the snd of Pennsylvanian time probably affected most of Trans-Pecoa

Texas. Maximum deformation occurred in a southwest-northeastward

trending belt across southeastern Trans-Pecos Texas that contains the

Marathon and Solitario regions. At these locations folded, overturned,

and overthrust Paleozoic rocks are exposed. The orogenic trend is re-

ferred to as the Marathon folded belt (Pl. V).

During the time of this deformation, other regions to the north

and northwest were uplifted. These include the Central Basin Platform,

the Diablo Plateau, ths Apache Mountains, and the Van Horn Uplift.

A pre-Permian uplift on the northeastam side of the Davis foun-

tains has been described by Newberry (1952). On the basis of subsurface

information (Pl. V), it is apparent that a buried platform, formed during

the Marathon orogeny, extends southeastward from the Van Horn region

toward the Marathon Uplift. In this area the deformation was character-

ized by folding in distinction to the overturning and overthrusting of

the Marathon folded belt* Early Persian erosion stripped the younger

pre-Pexisian formations from the top of the uplift, exposing older beds.

In the vicinity of the Davis Mountains, this uplift probably was stripped

down to the Precambrian, foxning a scries of northeastward dipping cuestas

composed of pro-Psrmian Paleozoic beds. The unconformity that exists be-

neath the Permian is evidenced by several recent wells (Pl. V). From

the center of the Delaware Basin, progressing to the southwest toward the

Davis Mountains, older- beds are encountered beneath the Permian strata.
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A similar condition probably exists in the subsurface of the

Candelaria area where Permian strata overlie the truncated edges of

southwestward dipping pre-Permian beds. It is possible that the area

Newberry considered and the Candelaria area are the northeast and south-

west flanks, respectively, of an uplift extending southeastwardly from

the Diablo Plateau nearly to the Marathon area, encompassing the Davis

Mountains. If this uplift existed, the areal geology of the Candelaria

area would have been a series of southwestward dipping cuestas of pre-

Pemian Paleozoic beds. Minor folds in the area were planed down,

forming inlier®. It is possible that the Precambrian complex may have

been visible in some of these inliers.

Although it is certain that a pre-Permian jjost-Pennsylvanian

positive area was present not far northeast of the Candelaria area, it

is possible that the land surface did not exist in the Candelaria area.

Rix (1953) found Permian beds conformably overlying Pennsylvanian beds

in Chinati Peak quadrangle, 15 miles southeast of Candelaria. Because

of its proximity to the Candelaria area, it is possible that the same

sea completely, or partly, covered that area during late Pennsylvanian

and early Permian tine. No Pennsylvanian strata were penetrated in the

Hunt well; therefore, the shoreline of the Pennsylvanian sea was some-

where between the Chinati Peak quadrangle and the location of the Hunt

well. A Pennsylvanian gulf may have existed in southwestern Trans-Pecos

Texas bounded on the north and northeast by the aforementioned uplift
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that encompasses the Davis Mountains, and on the south and southeast by

the Marataon. raided belt.
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WICHITA PALEOPLAIN

The absence of marine Triassic and lower and middle Jurassic

rocks in western and northern Texas, eastern Mew Mexico, and Oklahoma

indicates that the post-Pemian land surface was subjected to a long

interim of erosion prior to the deposition of Cretaceous rocks. Any

irregularities in th® surface of the land were smoothed down and re-

duced toward base level. An old land surface of this nature was called

a paleoplain by Kill (1901, p- 363), who named this particular pre-

Cretaceous plain the Wichita paleoplain (Pl. VI). It occupied the

western, central, and northern parts of Texas, western New Mexico,

Oklahoma, eastern Arkansas and southern Kansas.

By late Jurassic time, only degraded remnants of former irreg-

ularities existed. The exposed roots of a folded mountain chain

stretched from eastern Oklahoma to the Austin area in central Texas,

and thence westward to th® Marathon-Solitario region of Trans-Pecos

Texas. The features that remained standing above the general level of

the paleoplain were the Ouachita Mountains in eastern Oklahoma, the

Llano uplift of central Texas west of the main chain, and the Marathon

uplift of Trane-Pecos Texas. The Ouachita Mountains were never buried

under Cretaceous sediments, and the hills near Llano and mountains near

Marathon ware buried only by late Cretaceous sediment. The folded moun-

tains connecting the Marathons and the Ouachitas had less relief, and

in late Jurassic time were no more than hills.
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The area northwest of this mountain chain was a plateau, and al-

though the area had been reduced to a flat surface, it stood well above

sea level (Hill, 1901, p. 365). The plateau was composed of outcrops

of Permian and Triassic age (Pl. VI).

There is little evidence of an orogeny at the close of the Paleo-

zoic era. Results of post-Persiian igneous activity have been found near

Las Delicias, Coahuila, Mexico (Bose, 1923; Kellum, et al., 1936, Table

1) where two large plutonic masses have intruded into Permian rock.

Nearby igneous rocks have penetrated through Permian beds and are over-

lain by non-metamorphosed Cretaceous beds. Permian rocks are also in-

tensely folded and overthrust. This igneous activity and deformation

may have been a part of an orogeny at the close of the Paleozoic era.

Alternatives that must be considered are that the deformation and igne-

ous activity is correlative with the mid-Jurassic (Nevadian) orogenic

epoch, or records an orogeny hitherto unrecognized in early Jurassic or

Triassic time (King, 1944)*

The Permian rock encountered in the Hunt well north of the Cande-

laria area is reef dolomite. In the Pinto Canyon area, adjacent to the

southern part of the Candelaria area, the Permian formations are composed

of clastic material. During the time that the Permian sea covered the

Candelaria area, the northern part of the area was a high platform on

which reefs grew. In the southern part of the area there was a basin

that served as a trap for clastic sediment.
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With the possible exception of the igneous activity and deforaa-

tion at Las Delicias, there is no evidence of any disturbance intense

enough to cause deformation of mountain-making magnitude at the close

of Permian time. After the sea withdrew from Trans-Pecos Texas to the

south during late Permian time, the reef existing in the northeastern

part of the Candelaria area had been covered by sediment. In early

post-Peraian time, the Candelaria area was once again above sea level.

At this time the area was subdued; it is possible that, as erosional

processes worked on the surface, more relief was developed. If the

dolomite forming the fossil reef was more resistant than the clastic

sedimentary rocks, the relief of the area may have been accentuated by

the exhuming of the reef by erosional processes.
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POST-LARAMIDE SURFACE

During Jurassic times, the southern margin of the North American

continent extended across northern Mexico from Coahuila to California

(Kellum, 1936, p. 970; Bsse, 1923)• A land mass projected from the conti-

nent into southern Coahuila and northeastern Durango. The projection is

referred to as the Coahuila peninsula (Pl. VI). To the west of this

peninsula was a northward trending trough known as the Mexican geosyn-

cline. A Jurassic sea came into Trans-Pecos Texas from this geosyncline

and reached the site of the Malone Mountains (Pl. Ill) during late

Jurassic time. It is probable that at least the northeastern comer of

the Candelaria area was covered by this sea.

The sea continued to transgress in a northern and northwestern

direction during Coahuilan time (Table 2). By Comanchean time, all the

Candelaria area was inundated. Sediments of Trinity age are coarse

clastic material, indicating proximity to the shore line. In Finlay

time, the shore line had moved farther north. Reef limestone in the Fin-

lay indicates that the sea was shallow and contained clear water in the

Candelaria area.

In Kiamichi time, calcareous mud and limestone were deposited, and

the same environment existed during early Georgetown time. In upper

Georgetown time, the sea again contained clear water and permitted lime-

stone reefs to develop.

During Del Mo time, there were alternating periods in which the
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sea consisted of muddy ana clear water, as indicated by interbedded marl

and limestone beds of the Del Bio formation. During Buda time, the sea

remained clear and only limestone was deposited.

A break in deposition between Comanchean and Gulfian time (Table

II) is indicated by the absence of the Woodbine group.

In early San Carlos time, the Cretaceous sea was near the edge

of ths Mexican geosyncline, and there was an alternation of the deposi-

tion of marl and a minor amount of sand. The alternation of marine and

swamp condition in middle San Carlos time is suggested by interbedded

marine and lignitic beds. Later in San Carlos time, swamp conditions

predominated, and volcanic activity commenced. This environment is

indicated by an abundance of petrified wood and a high bentonitic con-

tent in the beds of this age. The volcanic activity may have marked

the beginning of the Laramide orogeny.

By Maestrichtian time (Table 2) the intense folding and thrusting

of the Laramide orogeny had begun in the Mexican geosyncline, which was

the locale of the most intense deformation* To the west of the Cande-

laria area, large sheets of Lower Cretaceous rocks deposited in the

geosyncline were thrust over Upper Cretaceous rocks* The Candelaria

area was on the eastern margin of this zone, and the deformation was of

a small scale compared to that recorded in the Cretaceous beds west of

the Eio Grande.

Low-angle thrusting occurred in the western part of the area,
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while in the eastern part, only folding occurred. Zones of thrust

faulting can be seen in the northwestern part of the area, and they can

be traced to the south under Tertiary deposits.

The Loma Plata anticline is the northern extension of a foothill

chain of folded lower Cretaceous beds that extended as far south as

Shafter (Fig. 1), 35 miles southeast of Candelaria (Amsbury, oral com-

munication, 1955)*

The Loma Plata anticline was one of the highest points in the

post-Laramide surface in the Candelaria area. To the north of the anti-

cline the surface, formed by the soft marl and sandstone of the San

Carlos formation, was probably low and subdued, and greatly dissected

by gullies. The San Carlos beds were not competent enough to support

much relief and were readily transformed into a badland type surface.

The sandstone of the conglomeratic member of the San Carlos

fomation is slightly more resistant to erosion than the marl and clay

of the underlying h&shy member and the overlying variegated member. The

regional dip of these beds and the dip of the thrust fault sheets was to

the west. North-south trending, eastward facing, low cuestas were prob-

ably formed by the conglomeratic member.

If the "Cretaceous" blocks are remnants of buried mountains, they

stood out as raonadnocks above the surrounding flat-lying ground, but the

hypothesis is unlikely.

The Candelaria area may have been affected more by the Laramide
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orogeny than postulated above. It is possible that large sheets of

Lower Cretaceous rooks may have been thrust over the Lower Cretaceous

beds now exposed in the area forming a mountainous topography. The

"Cretaceous** blocks may be remnants of these sheets, that is, klippen.

It is possible that a thrust sheet formed a topographic high in

the southwestern part of the area which, in Tertiary time, restricted

the movement of lava and ignimbrite flows. The probable original limits

of these flows are shown on Plata 11. This thrust sheet may have been

composed of Lower Cretaceous rocks, which were removed by erosion and/or

downfaulted during Tertiary time. Another possibility is that the area

was occupied by Upper Cretaceous rocks, which were destroyed by erosion.

It does not sees likely that a large thrust sheet composed of resistant

Lower Cretaceous limestone could be so completely removed by erosion and

downfaulting without leaving more remnants than now exist in the area.

It seems more probable that the terrain was composed of soft Upper Cre-

taceous rock that withstood the ravishes of erosion during early

Tertiary time, but was eroded away subsequent to the time of volcanic

activity.
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EARLY BASIN AND RANGE SURFACE

During early Tertiary time, Trans-Pecos Texas was the site of

volcanic activity, recorded in extensive pyroclastic beds, intrusive

igneous masses, and solidified lava flows* The volcanic rocks of the

Tertiary System are separated from the older Cretaceous rocks by an

angular unconformity. By means of a vertebrate fossil collected by

Charles Mankin, John Andrew Wilson determined the age of the Colmena

tuff to be latest Socene or earliest Oligocene (Mankin, 1955).

In late Tertiary time many places in Trans-Pecos Texas, Including

the Candelaria area, were uplifted* Th® regional epelrogenic uplift was

accompanied by normal faulting that produced fault blocks* Baker (1928,

p* %5) recognised the resulting structure as Basln-and-Range structure

(Gilbert, 1875), and described it. The upthrown side of the faults per-

sisted as topographic highs*

After the block faulting, a lofty fault-scarp must have stood Just

east of the Bia Rock fault. Because the successive displacements occupied

considerable time, the upper part of this rim was exposed to the ravishing

affects of the elements before the lower part. For this reason the rim

probably consisted of two scarps, one capped by the Trappers, as the

present-day Rim does. The distance between the two scarps was probably

small and the ri® must have risen abruptly several thousand feet above

the country to the west of the fault.

The country west of this rim contained many fault blocks and
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intervening basins. The mountains formed by the fault blocks had even

more relief than the present-day mountains and the areas between the

faults contained, as yet, little debris from the mountains. The angle

between the top of the mountain and the slope was sharp, and the slopes

were steep. No pediments had been formed, and but little talus had

accumulated on the slopes and in the valley floors. It is possible that

some of the limestone blocks were partly exposed, but the inliers of

Cretaceous beds had not been formed.

The southwestern part of the area was beyond the extent of the

Buckshot ignimbrite or the Trappers lava-rock (Pl. II). Without these

resistant beds, the fault blocks were rapidly eroded, so that the area

became a basin in which a lake formed. All the streams in the area

eventually drained into this lake.
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GEOMORPHOLOGY

Th® Candelaria area lies in a structural basin between the

block-faulted Tierra Viejs Mountains of the Basin-and-Range province

on the east and the S. de los Fresnos, S. de los Pelares, and S. de las

Ventanas (Pl. Ill) of the Sierra Madre Oriental of the Mexican Highland

province on the west.

TOPOGRAPHY

Xn the Candelaria area many fault scarps, characteristic of the

Basin-and-Range province, have been formed by north-northwestward-

trending normal faults.

A great westward-facing scarp overlooks the Rio Grande valley.

The country between this scarp and the river is locally called the "Him

Rock” country (Fig. 3). The scarp is greatly eroded, and has receded

approximately three miles from the fault line.

North of Capote Falls (Pl. I) the scarp is capped by the Trappers

porphyritic rhyolite member of the Vieja formation. This part of the

scarp, called the Trappers Rim (Buongiomo, 1955) , rises about 1,000

feet above the river and stands about 6,000 feet above sea level.

To th? east of the Trapper?* Rim, extending from the Brite Ranch

headquarters (Pl. I) to the Petan Ranch south of the area, is the Moon-

stone Mm (Buongiorno, 1955)* This scarp is capped by the Moonstone

ignimbrite member of the Capote Mountain formation and by the Brite
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Fig. 15.
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Fig. 16.
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trachybasalt* Capote Mountain, the highest point in the area, with an

elevation of 6, 185 feet above sea level, stands at the northern end of

the Moonstone Mm. Hereinafter, the Trappers and Moonstone rims will

be referred to collectively, as th® Mm.

North of Capote Falls the Mm is formed by the Trappers Mm and

a portion of the Moonstone Mm. To the south of Capote Falls the Mm

consists of only one scarp, the Moonstone Mm.

The ground surface between the Trappers and Moonstone rims is

an outcrop of the Trappers rhyolite and terrace deposits on prominent

terraces; and the surface east of the Moonstone Mm is formed by the

Brite trachybasalt and terrace deposits on obscure terraces* This

surface slopes gradually to the southeast and is not extensively dis-

sected*

Between the Mm and the Mm Rock fault (Pl. I) are inliers of

Cretaceous rock, which was exposed as the Trappers Mm receded to the

east* The Cretaceous outcrop has been greatly dissected into a rough

surface, the roughness of the terrain being augmented by large fragments

of igneous breccia and Trappers rhyolite, which are remnants of the re-

treating scarp, and also by talus and colluvium accumulated at the

bottom of the scarp*

Farther west the country between the Rim and the Rio Grande is

characterized by numerous hogbacks formed by fault blocks capped by the

Buckshot ignimbrite member of the Vieja formation. These dissected
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hogbacks are designated as the Buckshot Rim (Buongiomo, 1955). The

undercutting of the caprock by erosion has caused huge boulders of the

caprock and large masses of talus to accumulate on the slopes and in

the valleys so as to obscure much of the bedrock.

The northwestern part of the area, which is at the border of the

Mexican Highlands, is characterised by overthrusting. Its Gulfian out-

crops (Table II) are not resistant; they have been eroded into a highly

dissected badland surface of low relief consisting of beveled edges of

upturned strata. When viewed from any point not lower than the general

level, no prominent profile can be seen against the sky. Alluvial de-

posits have accumulated along and in the stream beds to add to the

roughness of the surface.

In the southwestern part of the area are bolson deposits that

accumulated in the area before the Rio Grande drained to the sea. The

topography of this area is similar to the topography of the northwestern

part of the area. It also has badlands of low relief, containing ©any

alluvium-filled gullies.

Great sasses of igneous material located at Lat. Long.

1O4OU’WJ Lat. 30°07»N, Long. 104°38’W; and Lai. 30oOB’N, Long. 104°30’W,

are believed to be intrusions, on account of the influence they had on

the overlying beds. McGrew (1955) and Sewell (1955) have studied this

problem.

Terraces which show old temporary base levels of the Rio Grande



58

Fig. 17.
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Fig. 19.

Fig. 18.
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and its tributaries, cap pediments throughout the area. Eight downward

fluctuations in the base level of the Rio Grande are Indicated by these

terrace levels. The eight terrace levels are designated - from youngest

to oldest -as QIOO, Q9O, QB2, <330, Q7O, Q6O, Qso, and 040. The material

composing the terrace deposits was derived mostly from Tertiary volcanic

rocks and, to a lesser extent, from Cretaceous limestone. In soma places,

especially in the northwestern part of the area and in the valley of

Walker Creek (Pl. I), the terraces are widespread flat surfaces. A

ranch road extends about eight miles on a QBO terrace level in the

valley of Walker Creek. The terrace deposits, along with the bolson de-

posits and talus accumulations, obscure a large percentage of the bed-

rock.

DRAIRAGE

The .Rim is a notable drainage divide. The drainage west of the

Rim is into the Rio Grande, and that east of the Riis 1® into the Salt

Basin, an interior basin with no outlet to the sea.

The only perennial stream in the area is Capote Creek (Pl. X),

whose headwaters are between the Trappers and Moonstone rims. This

obsequent stream flows over the Trappers xtisi at Capote Falls, across the

central part of the area and enters the Rio Grande two miles upriver

from Candelaria.

Walker Creek is a subsequent stream that flows along th*? less
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Fig. 20.
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resistant tuff beds between the Buckshot and Trappers Rim in the north-

ern part of the area. Walker Creek is a tributary to Capote Creek.

Several obsequent streams flowing into the Rio Grande have cut

steep canyons in the Buckshot Kim. Moat notable of these is Colmena

Canyon and one cut by an unnamed stream which enters the Rio Grande at

Adobe Walls.

The area in the northwestern portion of the area underlain by

overthrust Cretaceous shale and sandstone is drained by Coal Mine and

Macomb’s Draws. The many dentritic streams that are tributaries to these

draws have transformed the topography into a subdued, highly dissected

surface*

CLIMATE

The climate of Trans-Pecos Texas is arid to semi-arid. What

little rainfall the area receives is brought in by the southeast trade

winds from the Gulf of Mexico* Because of the remoteness of Trans-

Pecos Texas from the Gulf of Mexico, and the effective barrier that the

front ranges of the Sierra Hadre Oriental form between these areas, the

moisture of these winds has largely been dissipated when they reach

Trans-Pecos Texas.

In th® Candelaria area th® region east of th® rim rock is semi-

arid, receiving an annual rainfall of 10 to 15 inches, while the region

west of the Rim is arid, rarely receiving precipitation exceeding 10
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inches. Ths larger portion of the annual rainfall occurs in July,

August, and September in the form of cloudbursts. The effect of the

rainfall is lessened because of rapid runoff and evaporation caused by

the torrential nature of the rainfall and by the high temperatures.

In the summer, temperatures in the mid-afternoon of 110° to 115°

F. are common, and temperatures during the night are as low as 55°» The

intensity of the high temperatures is lessened considerably by the low

humidity of the air. During the winter months, the temperatures may

reach a low of 5° to 10°.

VEGETATION

The vegetation of the Candelaria area is typically semi-desert

flora. Floral development is hindered by the poorly developed soil and

the dry climate. The restriction of some species to formation boundaries

and topographic belts is apparent.

The tuff beds ar® very poor soil makers and are almost completely

barren to vegetation. The lava rock, ignimbrite and gravel terraces

support most of the vegetation in the area.

The most abundant vegetation of the surface underlain by lava

rock and ignimbrite is the thick growths of lechugilla (Agave lecheguilla)•

The plant is conanon throughout the area, but is profuse on the lava-rock

surfaces.

Associated with this plant are the sotol (Dasylirion leiophyllum)
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and Spanish dagger (Yucca) plants. Also present are scattered patches

of grass and pricklypear cactus.

The terraces are characterized by brush type plants. The most

common of these is the creosotebrush (Larrea divarjcata) and catclaw

(Acacia greggii) which grow so thick along stream bottoms that passage

through is very restricted.

The portions of the terraces removed from the streams are char-

acterized by thickets of ocotillo (Fouquieria splendens). Very little

grass can survive on the pebbly soil of the terraces.

The cottonwood (Populus oalmeri) and the water ash (Fraxinus) are

the only trees in the area. These trees grow to majestic heights at

Capote Falls, Nixon Falls, and near other perennial springs.

The Juniper (Juniperus monosperaa) is common at higher elevations

above the Him and on Capote Peak (Pl. I). The mesquite (Prosopis

glanduloaa) is restricted along stream beds and springs.

The resurrection plant (Selaginella) is found in cracks and

crevices. During dry periods, this plant will dry up and appear to be

completely dead. Within minutes after receiving moisture, the plant

will become green.

halt cedar (Tamarix) flourishes along the flood plain of the Hio

Grande. This shrub-like plant is not native to West Texas; it is said

that the plant was brought to West Texas from Persia during the 18th

Century by the Spaniards. Today, great thickets of salt cedar, referred

to as bosques, exists along almost the entire length of the river.



Fig. 22. The country above the Him

supports luxuriant growths of grasses.

Fig. 21. Lechugilla covers a great portion of the
area below the Mm.
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GEOMORPHOGENY

Geonorphogeny is the origin, or process of development of the

geomorphy or topography of any portion of the earth*s crust (Lawson,

1893> P* 141). The geomorphy of the Candelaria area is the result of

the following sequence of events:

1. The thrusting and folding of Cretaceous beds by the Lara-

aide orogeny.

2. The reduction of the overthrust and folded strata toward

base level.

3. Volcanic activity recorded in deposits of pyroclastic

material and solidified lava flows.

4. Epeirogenic uplift and block faulting.

5. The advance in the new geomorphic cycle to the present-

day still youthful stage of erosion.

Cretaceous rocks are exposed in the northwestern part of the area.

These rocks were overthrust and folded during the Laramide orogeny, but

this deformation balanced by concomitant erosion probably formed but

little relief. The Cretaceous rocks exposed are soft marl, clay, and

sandstone, and the erosional processes probably kept pace with the up-

lift. As drainage developed, the surface became highly dissected and a

badland topography was formed, characterised by multitudinous small

ravines and gullies.

The absence of outcrops of Trappers and Buckshot beds in ths
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southern part of the area as indicated on the inferred bedrock map (Pl.

II) suggests the possible original limit of the lava and ignimbrite flows

that formed these beds. The reason for the limit may have been a barrier

on the southwest, a topographic elevation on the post-Laramide surface

hereinbefore discussed. The flow that formed the Buckshot ignimbrite

extended farther southward than that of the Trappers lava because of the

greater mobility of the more fluid ignimbrite than the highly viscous

lava and because the earlier deposits partly filled the basin. On

irrupting, the ignimbrite rapidly spread over the surface until its

movement was stopped by some barrier or the termination of irruption.

The lava did not rapidly spread as the ignimbrite did. Its movement

was caused by the pushing action of the lava behind it still pouring

from the earth. As the older lava solidified, later irruptions flowed

over the top of the hardened lava. Hence, the Buckshot ignimbrite

covered a greater areal extent and is thinner than the Trappers lava,

and its thickness is less variable.

The most prominent physiographical feature of the area, fault-

block Bjountains, were formed by late Tertiary regional uplift and normal

faulting. The fault blocks were upthrown on the east side of the fault

and dip to the east. Although the fault blocks have been cut back to

form pediments, they are still sharp and angular, and have a steep front

face and gentle sloping back slope.

The fault blocks formed by a fault or fault zone with a great
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Fig. 23.
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linear extent became scarps or rims. The Trappers and Moonstone rims

are the front face of a fault block formed by the Mm Rock fault, which

extends from the Van Horn Mountains to the Chinati Mountains (Pl. III).

The Mm has been cut back more than three miles by erosion that

cut pediments on Cretaceous rocks; these are sloping surfaces that bevel

rocks of varied hardness and structure. The cut surfaces are veneered

by debris from the Mm.

The fault block mountains will eventually be destroyed and re-

duced to a level plain. At Lat. 3O°l6fU and Long. 104°39*W a once ex-

tensive fault block has been cut back until it is now only a small butte

surrounded by a pediment.

After the late Tertiary uplift and faulting, a deep basin was

formed in the southwestern part of the Candelaria area. Great accumula-

tions of sediment were deposited in this basin before the Rio Grande cut

into the area from the south, and drainage to the sea was established.

A broad expanse of bolson deposits was left after the basin was drained.

The original surface was probably smooth and undissected, but when the

drainage system developed, the present day dissected surface was formed.

Gravel deposits were formed by the accumulation of debris on the

cut surface of the pediments. Terrace levels Q4O to QBO are remnants of

the veneer that accumulated on pediments. The development of one pedi-

ment ended and the formation of another pediment began with a downward

fluctuation of the base level of the Mo Grande. The period between
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fluctuations was not of long duration, and there was not sufficient

time to develop a single extensive pediment in the whole Candelaria

area.

The Q9O and QlOO terrace levels are floodplains formed by the

streams depositing their load during stages of high water.

In the Candelaria area, the Rio Grande is in two different

stages of the geomorphic cycle. North of Candelaria, the river is in

a late youthful stage of erosion; south of Candelaria, the river is in

a more mature stage. The progress of erosion north of Candelaria has

been retarded because the river had to cut through the resistant Buck-

shot and Trappers beds. The erosion cycle progressed more rapidly south

of Candelaria because these beds were absent and the river only had less

resistant tuff and bolson beds, and perhaps Cretaceous shale, to cut

through.

North of Candelaria, the river flows in a relatively narrow

straight valley with steep walls. This valley has not been widened

to a greater extent than it has been deepened. Downward erosion has

been the dominant process, and no extensive floodplain has been devel-

oped.

South of Candelaria, the river accomplished its downward cutting

rather promptly; the subsequent lateral erosion has destroyed the val-

ley wall and widened the valley and developed an extensive floodplain.

The course of the river meanders back and forth across this floodplain.
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ECONOMIC ASPECTS OF

AREALGEOLOGY

The economy of the Candelaria area has been greatly influenced

by its areal geology. The great fault scarp formed by the Kim Kock

fault has effectively isolated the country below the Kim and retarded

its development. The remoteness of the area causes the inhabitants to

do without most of the comforts enjoyed in more accessible regions.

There was no electric power, and no telephone or telegraph served the

area during the summer of 1954. The main means of communication was by

motor vehicle over the aforementioned roads. Despite small air fields

(Pl. I), air travel was a rarity. These factors caused the population

to be lower than the area was capable of supporting.

Kanching, which is the chief source of income in the Candelaria

area, has been influenced by the areal geology. The region below the

Him receives little rainfall and the sumer temperatures are almost un-

bearable, while the region east of the Kim is blessed with more rainfall

and pleasant climate. The climatic difference is caused by the hini’s

impeding air circulation. The region east of the Kim supports a luxuri-

ant growth of grama and tobosa grasses and is one of the better cattle-

ranching regions in Texas.

Because of the poor soil cover and the meager rainfall, the

region west of the Ma supports a sparse grass cover. The lava-rock and

terrace surfaces support a fairly thick growth of brush, which is an
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adequate forage for sheep and goats. Most of the area is underlain by

tuff beds, which are almost completely barren of vegetation. Even

Federal Government drought relief is only a small aid because of the ex-

pense of hauling feed over the Nim. The profit realized from the sale

of wool and slaughter animals is reduced because of the expense of trans-

portation to a market.

The floodplain of the Kio Grande, which provides a fertile soil

for the cultivation of hay, cotton, and grain, lies south of the original

limit of the Buckshot and Trappers member of the Vieja formation* Where

these resistant beds are present, the river is contained in a narrow,

deep valley. South of the limit of these beds the river has cut a wide,

shallow valley in which a floodplain has been formed. In the Candelaria

area only the southern third of the valley has a floodplain extensive

enough to be farmed•

Not only the present surface of the land has economic possibil-

ities; it is possible that some of the aforedescribed land surfaces of

the geological past may have become petroleum reservoirs subsequent to

burial. Porosity could have been developed in beds that cropped out or

that were near the surface by the leaching action of percolating ground

water. After the old land surface was inundated by the sea, petroleum

could have originated in sediment deposited above the surface and, upon

compaction, leaked downward into the porous zone. Xf the overlying sedi-

ment became impervious and the structural conditions were right, the
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Fig. 24. The main source of income in the Cande-

laria area is cattle and sheep ranching.
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petrolaws would have been trapped beneath the unconformity formed by the

old surface. Th® prs-Pemian surface and the Wichita Paleoplain seem

most likely to be potential petroleum reservoirs.
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