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ABSTRACT

The map area lies between the Serrania del Burro and

Sierra del Carmen arches
o Many gently folded anticlines

of Laramide age are broken by normal faultso

Approximately 3*200 feet of Cretaceous sedimentary

rock, dominantly limestone, rests on a basement of pre-

Mesozoic schisto The Tertiary System consists almost en-

tirely of sodic intrusive igneous rocks and includes the

following typesi gabbro, olivine basalt, andesite, phono-

lite, latite, quartz monzonite, sodic syenite, trachyte,

and rhyolite „
The only Tertiary sedimentary unit exposed

is a non-marine sandstone
o

Rocks of the Quaternary System

include colluvium, gravel, and alluvium
o

La Cueva intrusive complex and La Cueva dome resulted

from successive intrusion of % (l) quartz monzonite, (2) a

differentiated series ranging from gabbro to sodic syenite,

and (3) sodic microsyenite o

Near Pico Etereo five prominent asymmetric domes are

associated with arcuate dikes
o

The domal structure resulted

from laccolithic intrusion along an arcuate dike, lifting

rocks on the concave side of the dike higher than those on

the other side
c

At La Salada the arcuate dike rock projects

iv



V

above the level of the adjacent laccolith. In Amezcua Can-

yon an arcuate dike can be seen to merge with the exposed

edge of the laccolith.

A volcanic pipe agglomerate includes fragments of

schist torn from the basement rocks at least 3,000 feet be-

low the present surface.

Field associations suggest that the intrusive rocks may

have been derived from the same regional magma, but the pro-

portion of felsic to mafic rocks is unusually high. The

large volume of rhyolitic rock may be the result of dilution

of rising gabbroic magma by assimilation of low-melting con-

stituents of the basement rocks. The silica-deficient rocks

may have been isolated in a submagma chamber, where they

underwent a divergent trend of differentiation.

The map area lies within one of the most important

fluorspar districts in Mexico
o

A major orebody in a cavern-

ous zone in the Malabrigo mine lies along a contact between

rhyolite and "Georgetown” limestone® The so-called "George-

town" is the upper massive limestone member of the Devils

River Limestone® Measured, indicated, and inferred reserves

of the mine total 200,000 tons® The area bears great promise

for the discovery of new orebodies and the extension of known

orebodies
»
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INTRODUCTION

The Pico Etereo area in the Municipio de Acuna in

northern Coahuila, Mexico, is part of a relatively new and

important fluorspar district. The purpose of the investiga-

tion is to describe and interpret the geology of this part

of the district. The disclosure of its numerous sodic

igneous rocks extends the Trans-Pecos Texas sodic province

farther southward.

The western part of the Pico Etereo area adjoins the

southeastern tip of Big Bend National Park, Texas (fig. 18),

but direct travel from one area to the other is not feasi-

/p

ble. The map area may be reached from Muzquiz, Coahuila,

175 miles to the south; from Ciudad Acuna, Coahuila, 125

miles to the east; or from Marathon, Texas, 70 miles to the

north. The best route is south from Marathon on state high-

way 227 for 35 miles, thence by gravel road through Black

Gap Game Preserve to Heath Crossing on the Rio Grande. La

Linda, a small settlement on the Mexican side of the river,

is in the Pico Etereo area,/

The subrectangular map area (pi. l) covers approxi-

mately 150 square miles. The western boundary is the Rio

Grande between lat 29°32 t 45 ,, N, long 102°47 t W and lat 29°25*N,

long 102°49 t 30 MW, and the area extends southeastward about

20 miles to a point near lat 29°19 T 30 f, N, long 102° 29 1 3 OnW.0 nW.

The map area is in the Meseta del Norte region of
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the Mexican Highlands physiographic province. It lies upon

a Mesozoic shelf area created by the coalescence of the

Coahuila Platform and the Tamaulipas Peninsula (fig. 17).

To the north the Laramide and Appalachian fold belts inter-

sect near the western edge of the Marathon Basin.

The map area lies in a synclinal depression between

two anticlinal ranges, the Serrania del Burro on the west

and the Sierra del Carmen on the east. A system of block-

faulted northwest-trending mountains and valleys reflect

the close agreement of physiography and structure. The

local tectonic framework is highly modified by spectacular

deformation adjacent to a diversity of igneous intrusions.

The landscape is being dissected by the Rio Grande and its

tributaries.

PREVIOUS WORK

The first geological reference to the Pico Etereo

area was made by Parry in 1857 (p. 60). The western three-

mile strip of the map area has been mapped by the Inter-

national Boundary and Water Commission as part of a dam-site

investigation. The map issued by the International Boundary

and Water Commission is dated March 26, 1951 and designated

as "Rio Grande Upper Dams Investigation, Big Bend District,

Talleys Ranch to Reagan Canyon Reach." The present writer

has incorporated part of the Commission's geologic map into
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his with minor modification. McAnulty (1956) briefly de-

scribed the fluorspar deposits in northern Coahuila, and

McAnulty et al, (1962) will describe the geology of the

Aguachile beryllium-bearing fluorspar district, Coahuila,

Mexico. The Aguachile district joins the map area on the

southeast
0

FIELD PROCEDURE

Field mapping in the Pico Etereo area was done during

the months of June, July, and August of 1959? 1960, and 1961.

Lack of topographic or base maps necessitated the exclusive

use of aerial photographs o

Stratigraphic sections were measured with steel tape,

hand level, and Brunton compass. A Paulin altimeter, in

conjunction with a recording barograph was utilized to deter-

mine elevations.

Field transportation was by four-wheel-drive jeep, a

necessity for travel along the arroyos to the remote places

in the area as well as along the more primitive Mexican

roads•

ACKNOWLEDGMENTS

The writer wishes to express his appreciation to the

many people who helped make this report of investigation pos-

sible. He is especially indebted to Dr. W. N. McAnulty for



4

his encouragement and advice as well as for his service on

the thesis committee, and to Professors Ronald K. DeFord and

Stephen E. Clabaugh for their guidance and helpful sugges-

tions, both in the field and during the preparation of this

report. Thanks are due Professor John A, Wilson for serving

on the thesis committee.

Dr. Ross A. Maxwell and Dr. Keith P. Young gave use-

ful information orally. They are cited in the text as Max-

well (1962) and Young (1962). Dr
o

Jo Dan Powell identified

the Cretaceous ammonites.

The writer is indebted to Mr. J. C. Mayfield and Sr.

Caspar Pena for generously allowing access to their property

in the map area. The writer is grateful to The Dow Chemical

Company and Cia. Minera La Domincia for their hospitality

and for the loan of aerial photographs. Field work in the

summer of 1961 was aided by a grant from the Sigma-Xi-RESA

Research Fund.

Lastly, the writer owes a very great debt to his wife

and family for their encouragement, confidence, and patience

during the course of study and the preparation of this re-

port of investigation.



5

STRATIGRAPHIC SUMMARY

Approximately 3
5

200 feet of marine sedimentary rocks

of the Comanche and Gulf series are exposed in the map area.

The oldest unit is the "Glen Rose Limestone," exposed along

the northern flank of the La Cueva intrusive complex. The

youngest Cretaceous unit is the Aguja Formation, which crops

out in a structural basin along the northern flank of Pico

Et ereo .

Devils River Limestone is well exposed along the sed-

imentary rim of the intrusive complex. The upper massive

limestone member of the Devils River caps many steep cuesta

escarpments and crops out along the axes of anticlines and

at the apices of domes.

The Buda, Boqnillas, and f, San Vicente” formations

form cuestas along the flanks of anticlinal folds. The Ter-

lingua and Aguja formations are best seen in the rugged can-

yons along the northern edge of Pico Etereo.

The Tertiary System consists mostly of igneous rock.

The structural patterns of the eastern part of the map area

are largely the effect of Tertiary intrusions. The largest

exposure of igneous rock is the La Cueva intrusive complex

which forms a remarkable intrusive rock sequence of sodic

affinities. The major intrusive rocks in the complex, in

order of intrusion, ares (l) quartz monzonite, (2) sodic

syenite and gabbro of the differentiated series, and (3)
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sodic microsyenite.

The other exposures of igneous rock are part of a

younger series of hypabyssal intrusions in the form of arc-

uate dikes associated with bysmaliths or asymmetric lacco-

liths, plugs, irregular stock-like masses, volcanic pipes

or vents, sills, and dikes. Most of these intrusions are

rhyolitic and form a closely related group. The remainder

includes latite, olivine basalt, and phonolite.

The only sedimentary rock of the Tertiary System in

the map area is a poorly-exposed, non-marine conglomeratic

sandstone. The sandstone resulted from transportation and

deposition of material derived from erosion of the nearby

pipe or vent agglomerate and rhyolite breccia.

Rocks of the Quaternary System in the map area are

colluvium, gravel, and alluvium. The unconsolidated depos-

its standing at higher elevations are mapped as colluvium.

The gravel occurs mostly in the western part of the map area

and was deposited by tributaries of the Rio Grande at a time

when base-level stood higher than at the present. Alluvium

consists of valley fill and stream deposits of recent origin.
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CRETACEOUS SYSTEM

COMANCHE SERIES

"Glen Rose Limestone"

The oldest formation exposed in the map area is

termed the t!Glen Rose Limestone," In the surrounding re-

gion this formation has been called the ,fGlen Rose Lime-

stone, *’ because it appears to be correlative with the Glen

Rose of central Texas (fig. 2), It would be better to give

the formation a local name, but the exposures in the Pico

Etereo area are not the most characteristic. The present

report, therefore, follows Lonsdale et al. (1955, p. 30) in

using the term "Glen Rose."

In the map area, 548 feet of "Glen Rose Limestone"

crops out along the northern flank of the La Cueva intru-

sive complex. The lower 115 feet is within the intrusive

aureole, where extensive contact metamorphism has taken

place; it consists mainly of marble and coarse-grained cal-

cite. The base is not exposed. More than 600 feet of "Glen

Rose” limestone and marl with a prominent basal clastic zone

rests on Tesnus sandstone near Persimmon Gap in the northern

edge of the Big Bend National Park (Lonsdale et al., 1955,

p. 15). The remainder of the "Glen Rose" in the map area

consists principally of light to dark-gray, fine-grained

limestone characterized by numerous siliceous stringers.
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Orbitolina texana occurs in two zones.

Measured section A, which follows, extends from south

to north across the northern sedimentary rim of the La Cueva

intrusive complex. The top of the section is about midway

up the inner slope at a point where the slope noticeably

flattens for a few yards. The base of the section is the

contact with the quartz monzonite.
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Thickness

Unit Description in feet

--Devils River Limestone--

"Glen Rose Limestone"

3 LIMESTONE; dark-gray, fine-grained, argil-

laceous limestone in 1 to 8-foot beds.

Thin, light-reddish siliceous seams parallel
to bedding in lower 50 feet. From 50 feet

above base to top of this unit, closely

spaced meshworks of thin, light-red sili-

ceous stringers common. Two zones of very

dark-gray, fine-grained, nodular, argilla-

ceous limestone, 130-170 and 276-289 feet

above base, are characterized by a pro-

fusion of Orbitolina texana. A 2-foot ledge

300 feet above base of this unit contains

abundant Gryphaea cf. marcoui and Exogyra

t exana........e..0...90.0500.»...0............ 321

2 LIMESTONE: dark-gray, fine-grained, argil-

laceous limestone in beds 6 inches to 2 feet

thick. Many closely spaced siliceous string-

ers parallel bedding. Near middle of this

unit is a 2-foot limestone bed composed

principally of Ostrea texana 97

1 MARBLE AND LIMESTONE? light to medium-gray,

medium to coarse-grained, massive marble and

limestone in beds 1 to 6 feet thick. Locally,

many closely spaced thin, reddish-brown, si-

liceous seams. Several 2to 6-inch arena-

ceous limestone beds occur 80 feet above

base 13 0

Total section mea5ured.................. s^B

--base not exposed--
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Devils River Limestone

Udden (1907&, p. 56) applied the name "Devils River

Limestone" to strata exposed along Devils River, Val Verde

County, Texas, It is correlative with the Edwards and

Georgetown limestones in central Texas® Herein the name

"Devils River" is used to designate all strata below the

Del Rio and above the "Glen Rose" formations® The formation

is divisible into four members in the map area as follows;

(4) A 625-foot upper bluff-forming, light-gray, mas-

sive, cherty, rudistid-bearing limestone member

that is more thin-bedded near the top than else-

where in the member.

(3) A 90-foot slope-forming member composed of are-

naceous shale, argillaceous sandstone, and are-

naceous, flaggy limestone.

(2) A 360-foot lower bluff-forming limestone member

composed of light to medium-gray, cherty,

rudistid-bearing limestone; the beds thicken

upwards»

(l) A 410-foot lower slope-forming member composed

of interbedded light to dark-gray, nodular, argil

laceous limestone and dark-gray, massive lime-

stone .

Geologists in northern Coahuila and adjacent Trans-

Pecos Texas have designated similar units, respectively, as;
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(4) Georgetown limestone.

(3) Kiamichi clay.

(2) Edwards limestone.

(l) Walnut and/or Comanche Peak limestone.

The writer does not accept that usage for the following

reasons:

(First) Adkins (1933, p. 334) reported that in cen-

tral Texas the Comanche Peak is a facies of the Fredericks-

burg and may be, in part, laterally continuous with the

Walnut below and the Edwards above,.

(Second) Adkins (1933, p. 334) also reported that

the Edwards or rudistid facies invades all levels of the

Fredericksburg Group and, therefore, is equivalent, in part,

to the type Comanche Peak.

(Third) The name ."Kiamichi” is imported from the

Texas-Oklahoma boundary nearly 600 miles away. Improperly,

the identification is based largely on its fossils. Even

so, the "Kiamichi” of this region is not paleontologically

equivalent to the type Kiamichi, for in places in adjacent

Trans-Pecos Texas the upper half also contains a fauna sim-

ilar to that found in the Duck Creek Formation, which, in

north Texas, is regarded as the basal formation of the

Washita Group.

(Fourth) Along the west flank of the La Cueva intru-

sive complex, the slope-forming "Kiamichi" is absent and no
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satisfactory separation can be made between the "Edwards"

and "Georgetown" limestones.

Measured section B, which follows, extends from south

to north across the northern sedimentary rim of the La Cueva

intrusive complex. The upper contact of the section is at

the base of the outer, massive limestone cliff along the

crest of the rim. Beds are overturned along this segment

of the rim and dip toward the center of the intrusive com-

plex.
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Thickness

Unit Description in feet

--Del Rio Formation--

--disconformity--

Devils River Limestone

4 LIMESTONE? light-gray, fine-grained, mas-

sive bluff-forming limestone that weathers

dull gray. Beds in the lower 550 feet

range from 4 to 20 feet thick. Beds thin

generally upward and the upper 75 feet con-

tains many beds of dark-gray, nodular,

argillaceous limestone less than 2 feet

thick. The base of a 4~foot sequence of

flaggy limestone beds 2 to 3 inches thick,

with thinner interbeds of calcareous clay,
is about 40 feet below the top of unit 4.

Slight relief and possible bore-holes on

the upper surface of the unit indicate a

disconformity separating it from the overly-

ing Del Rio Formation. Unit 4 contains

caprinids, Eoradiolites davidsoni, and

sp. ......... .........5....... 625

3 LIMESTONE, SANDSTONE, AND SHALEs slope-

forming sequence of light-gray, arenaceous,

flaggy limestone, with beds 1 to 2 inches

thick near the base; grades upward into

reddish-brown, fine-grained, argillaceous

sandstone and arenaceous shale. Near the

top is a 2-foot bed of light-gray, argilla-

ceous limestone with Gryphaea navia......
0 ... 90

2 LIMESTONES light to medium-gray, fine-

grained, massive, bluff-forming limestone

containing abundant brownish chert nodules.

Beds in lower part range from 2 to 6 feet

thick, becoming thicker upward. Unit 2

contains caprinids, Eoradiolites davidsoni,

and JEXOgyjrct sp. .00ee05...ee0.e..«.0.5&....... 360

1 LIMESTONES lower 240 feet is a sequence of

dark-gray, fine-grained, nodular, argilla-

ceous limestone in beds 4 to 8 inches thick,

interbedded with medium-grained, dark-gray

massive limestone in beds 2 to 7 feet thick.

Upper 170 feet, largely covered by debris
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Thickness

Unit Description in feet

from the overlying unit 2, appears to be

composed of dark-gray, very fine-grained,

nodular, argillaceous limestone that

weathers light gray. At the base of unit

1 is a 6~foot ledge of limestone bearing
abundant Gryphaea sp. ......0 .....• 410

Total section measured....,.,,, 1,485

’’Glen Rose Limestone 1’
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Del Rio Formation

Cragin (1894, p. 40, 43) applied the term "Grayson"

to yellowish, fossiliferous marl containing abundant Exogyra

arietina in Grayson County, Texas, about 500 miles northeast

of Pico Etereo. Hill and Vaughan (1898, p. 236) used the

term "Del Rio" for greenish, laminated clay and limestone

cropping out near Del Rio, Val Verde County, Texas, 100

miles east of Pico Etereo* Their Del Rio is bounded below

by the upper massive limestone member of the Devils River

Limestone and above by the Buda Limestone. The term "Gray-

son" has priority, but "Del Rio" is preferable because the

type area is nearby and correlation is sure and easy.

Near Del Rio, Texas, the formation is approximately

200 feet thick; it consists principally of clay with sub-

ordinate amounts of flaggy limestone and thin sandstone.

The lower part is characterized by an abundance of the

pelecypod, Exogyra arietina» and of the foraminifer,

Haplostiche texana. Only the uppermost few feet contains

Exogyra cartledgi.

The Del Rio Formation thins rapidly westward from its

type locality. In the map area it ranges from Ito 14 feet

thick. It is comprised of thin beds of yellowish, iron-

stained, medium-to-coarse sandstone and arenaceous shale

with a few thin beds of sandy, brown limestone.

In the map area the Del Rio everywhere contains
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Exogyra cartledgi and Gryphaea mucronata. Haplostiche texana

has been found only in one locality, which is near the Mala-

brigo mine where the formation reaches its maximum thickness.

There Haplostiche texana occurs in a 6-inch bed of sandy,

brown limestone at the base of the section.

Slight relief plus possible boreholes on the upper

surface of the underlying Devils River Limestone indicates

a disconformity between the two. Variations in thickness,

the occurrence of Exogyra cartledgi. and paucity of Haplos-

tiche texana suggest the absence in the map area of all ex-

cept the uppermost few feet of Del Rio. The absence of the

lower part of the Del Rio may be the result of: (l) non-

deposition; or (2) removal by subaerial or submarine erosion

prior to deposition of uppermost Del Rio; or (3) a combina-

tion of (l) and (2).

Measured section C, which follows, extends from west

to east; it begins about 2.5 miles northwest of Pico Etereo

south of the La Linda-Cuatro Palmas road. The base of the

section is at the top of a 2-foot bed of da'rk-gray limestone

about midway up the steeper side of a cuesta. The unit

forms a gentle slope, and its top is at the base of a ledge-

forming, grayish-white limestone.
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Thickness

Unit Description in feet

Buda Limestone-

Del Rio Formation

2 SANDSTONE AND SHALE: alternating thin

beds of yellowish, iron-stained, medium

sandstone and arenaceous shale, Exogyra

cartledgi and Gryphaea mucronata are

common. Pseudomorphs of limonite after

pynt e abundant....... 11

1 LIMESTONE AND SHALE: ledge~forming,

yellowish-gray, sandy, flaggy limestone

in 4 to 6-inch beds separated by thin

beds of calcareous shale.., 3

Total section measured....... 14

--disc on formity--

Devils River Limestone
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Buda Limestone

In the map area the top of the Buda Limestone is the

boundary between the Comanche Series and, the Gulf Series.

The Buda is divisible into three members that are also char-

acteristic of the Buda of Trans-Pecos Texas and adjacent

Mexico: upper and lower limestone members separated by nodu-

lar limestone and marL The thickness ranges from 60 to 128

feet but averages about 90 feet. Some of the variation in

thickness resulted from pre-Gulfian erosion of the upper and

middle members of the formation. Near the southern edge of

Black Gap Game Preserve in southern Brewster County, Texas,

3 miles north of the international boundary, the upper sur-

face of the Buda is very irregular with at least 10 feet of

relief within an area of 100 square feet. There, as else-

where, karstholes or sinks in the uppermost member are filled

with flagstones and fragments of strongly deformed shale from

the overlying Boquillas Formation. The relief is much less

in the map area.

Fossils collected from the Buda includes Budaiceras

sp.. Turritella sp o , Tylostoma sp., Pecten sp o ,
and Hemiaster

calvini. Echinoids are especially abundant in the middle

member.

Measured section D extends from west to east. It be-

gins about 2.5 miles northwest of Pico Etereo south of the

La Linda-Cuatro Palmas road. The top of the section is
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exposed in a small arroyo along the dip slope of a cuesta.

Thickness

Unit Description in feet

Boquillas Formation

--disconformity--

Buda Limestone

3 LIMESTONE: ledge-forming, grayish-white,

fine-grained, porcelaneous limestone in

1 to 2-foot beds. Feeten sp o ,
Budaiceras

sp., and Tylostoma sp,

2 LIMESTONE AND MARL; light-gray, marly lime-

stone and marl that forms gentle slope,
■Characterized by a profusion of echinoids;

Hemiaster calvini and Herniaster sp 37

1 LIMESTONE; ledge-forming, grayish-white,

fine-grained, brecciated limestone. In

places contains a few small chert nodules,

Budaiceras sp., Tylostoma sp,, Turritella

sp ~
and Feeten sp. ••• • • 32

Total section measured,,,,,.,, 127

Del Rio Formation
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GULF SERIES

Boquillas Formation

The base of the Boquillas Formation is the boundary

between the Gulf Series and the Comanche Series in the map

area. The name "Boquillas flags" was used by Udden (1907b*

p. 29-33) to designate a 585-foot sequence of thin-bedded,

flaggy limestone exposed along the west flank of the Del

Carmen range near Boquillas, Brewster County, Texas, about

20 miles southwest of the southwest corner of the map area.

He placed the lower boundary at the top of the Buda Lime-

stone and the upper boundary at the base of a chalk and

chalky marl interval of the overlying "Terlingua beds."

Udden found ammonites that he identified as Crioceras

cf. latus on the upper surface of one or two ledges slightly

above the middle of the Boquillas. Adkins (1933, p. 451),

however, considered the top of the Boquillas to be the top

of a widespread caprock of siliceous limestone in medium or

thin-bedded flagstone, containing a new short-spined species

of the genus Crioceras. Subsequently, this ammonite was

named Allocrioceras hazzardi.

In the map area the Boquillas rests disconformably

on the Buda Limestone*, Field work did not reveal a discon-

formity at the top of the Boquillas.

The lower 246 feet of Boquillas is a sequence of
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shale alternating with thin beds of limestone. A middle 36-

foot unit consists of interbedded shale and flaggy limestone.

The "crioceras ledge 1’ comprises the uppermost few feet; it

can be traced visually for long distances. The ammonite

Allocrioceras hazzardi is found only in this ledge-forming

unit. Above the crioceras ledge is 170 feet of light to

dark-gray, flaggy limestone interbedded with calcareous

shale; near the base the beds are thin but thicken rapidly

upward.

Measured section E, which follows, extends from west

to east; it begins about 2 miles northwest of Pico Etereo

south of the La Linda-Cuatro Palmas road. The upper contact

lies along the steep flank of a cuesta approximately 100

feet below its crest.
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Thickness

Unit Description in feet

--"San Vicente" formation--

Boquillas Formation

7 LIMESTONE AND SHALE; dark-gray and gray-

ish orange, thin-bedded (l to 3 inches),

silty limestone interbedded with light-

gray shale. Slope covered with 3x5-

inch flat, ere scent-shaped chips of light-

gray limestone, distinctive of upper

Boquillas. Limestone-shale ratio 1:1.

Contains sparse Inoceramus spp. 108

6 LIMESTONE AND SHALE; same as unit 7 but

includes some 20 to 22-inch beds of dark-

gray limestone that weather light gray.

Limestone-shale ratio 1;1... 20

5 LIMESTONE AND SHALE; same as unit 7.

Unit 5 has typical Boquillas flaggy

aspect 42

4 SHALE AND LIMESTONE; crioceras ledge at

top of slope. Unit 4 consists of shale

and interbedded flagstone; shale is

dark-gray, thinly-laminated (0.05 to 0.1

inches), silty, calcareous with limonite

stains; limestone is light to dark-gray,

fine-grained, petroliferous, and argil-

laceous in 2 to 3-inch beds. Limestone-

shale ratio 1;1. Contains Allocrioceras

hazzardi
,

Scaphites sp., and Inoceramus

sp. At 282 feet above base of measured

section E the upper surface of a 5-inch

bed of siliceous limestone weathers red-

brown, making an easily distinguishable

marker bed over the entire area 36

3 SHALE AND LIMESTONE; shale and inter-

bedded limestone similar to unit 2 but

containing some brown to gray, silty,

organic limestone beds (l/4-inch thick),
which weather into 5 x 6-inch flat chips.
Limestone-shale ratio 1:2; upper half of

unit 3 has thicker limestone beds (4 to

6 inches) that are light-gray on fresh
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Thickness

Unit Description in feet

surfaces. Unit 3 contains Inoceramus

labiatus from 75 to 150 feet above base

of Boquillas Formation 170

2 SHALE AND LIMESTONE; shale and inter-

bedded limestone similar to unit 1, but

black argillaceous beds 4 feet above base

of unit 2 contain pebbles of Buda Lime-

stone. At 20 and 66 feet above base are

2-inch beds of light-brown to gray friable,

coarse calcarenite. Limestone-shale ratio

1;2. Upper part of unit 2 contains

Inoceramus sp. At 75 feet above base of

Boquillas are black petroliferous concre-

tions of argillaceous limestone that

weather light-gray and range from 2 to 14

inches in diameter; they contain Allo-

crioceras sp., Desmoceras (Pseudouhligella)

cf. I). (T.) elgini, Mammites sp., Pseud-

aspidoceras sp., Sciponoceras sp., mantel-

liceratines, and Inoceramus spp. 75

1 SHALE AND LIMESTONE; interbedded shale

and limestone. Shale is dark-gray, thinly
laminated (0.05 to 0.2 inches), silty and

calcareous; limestone is black, fine-

grained, petroliferous, and weathers

light gray. Limestone contains

Euhystrichoceras adkinsi and Desmoceras

(Pseud ouhlige 11a) sp
__

1

Total section mea5ured........... 452

--di s conformity--

Buda Limestone
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"San Vicente" Formation

The name
,T Austin Limestone" was first used by Shumard

(iB6O, p. to designate white, chalky limestone and

marl exposed near Austin, Texas. Udden (1907b, p. 33-41)

applied the name "Terlingua beds" to rock exposed along

Terlingua Creek in Brewster County, Texas, about 60 miles

southwest of the Pico Etereo area. There a yellowish-white,

indurated chalk grades upward to a gray, impure marl and

ultimately to a clay. Udden regarded the lower chalk mem-

ber as equivalent to the Austin Limestone of central Texas

but regarded the upper, more argillaceous part as equivalent

to the Taylor Marl of central Texas.

Maxwell (1962) considers dividing Udden’s Terlingua

beds into the "San Vicente" formation below and the Ter-

lingua Clay (restricted) above. He regards both as equiva-

lent in age to the Austin Limestone. The "San Vicente,"

would be named from outcrops near the deserted village of

San Vicente on the Rio Grande in Big Bend National Park,

Texas about 30 miles southwest of the map area. Maxwell*s

"San Vicente" would be the same as Udden’s lower chalk mem-

ber of the "Terlingua beds."

The limits of the "San Vicente" in the Pico Etereo

area are the same as Maxwell*s, viz., the top of the

Boquillas Formation below and the base of the Terlingua

Clay (restricted) above. The "San Vicente" in the map area
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consists of 230 feet of gray, thin-bedded, nodular, chalky

or marly limestone interbedded with light-gray shale. Most

of the limestone beds are 4 to 6 inches thick, but some

approach 18 inches near the top of the formation.

Measured section F, which follows, extends from west

to east; it begins about 1,5 miles west of Pico Etereo south

of the La Linda-Cuatro Palmas road. The top of the section

lies at the base of a low hill of medium-gray clay.
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Thickness

Unit Description in feet

--Terlingua Clay--

"San Vicente" formation

3 LIMESTONE AND SHALE: light-gray, nodular

limestone in 6 to 18-inch beds interbedded

with light to dark-gray calcareous shale.

Limestone-shale ratio 3j2. Unit 3 con-

tains numerous Inoceramus sp. An ammon-

ite, Placenticeras sp., and a rudistid,
Duranea sp., were found near the top of

unit 3 ......*0...»00..0»....55

2 LIMESTONE AND SHALE: interbedded lime-

stone and shale similar to unit 1; con-

tains abundant Inoceramus undulato-

plicatus, also Eutrephoceras sp. and

Texanites sp. at 101 feet above base of

measured section F.„ 115

1 LIMESTONE AND SHALE: light-gray, nodular

limestone in thin to thick beds (2 to 20

inches) interbedded with light to dark-

gray, silty calcareous shale. Limestone-

shale ratio 1:1; unit 1 contains

Inoceramus sp. ... <,
60

Total section measured.. 230

Boquillas Formation
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Terlingua Clay (Restricted)

The Terlingua Clay (restricted) includes Udden’s

(1907b, p. 33-34) middle marly clay member and upper

clay member of his ’’Terlingua beds.” Adkins (1933, p.

451-452) applied the term ’’Taylor clay” to this unit and

thought that it graded downward into Austin Marl and

chalk.

In the map area the thickness of the Terlingua

Clay is estimated to be 400 feet. It weathers to gentle

slopes usually veneered with colluvium and talus. Expo-

sures are scarce, but there seems to be little change from

outcrop to outcrop.

Near Pico Etereo the Terlingua consists of light to

dark-gray, structureless calcareous clay. Numerous pseudo-

morphs of limonite after pyrite, small calcareous concre-

tions, small selenite crystals, and inoceramus prisms are

common throughout the formation. Ostrea cf, congesta is

common in the upper levels. Exogyra ponderosa was not

found in the map area, although it is common throughout

the Terlingua Clay in the adjacent Sierra del Carmen and

Big Bend National Park, From the lower 20 feet, however,

a few small fossils have been collected. They include

high-spired gastropods and the ammonites: Baculites sp.,

Pseudoschloenbachia sp., and Scaphites sp. Young (1962)

regards this fauna as typical of the Dessau and Burditt
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formations (upper Austin) of central Texas (fig. 2). Thus

the lower part, at least, of the Terlingua has the same age

as part of the Austin.
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Aguja Formation

Udden (1907b, p, 41-54) applied the name Rattle-

snake beds” to a sequence of marine sandstone and clay,

non-marine sandstone and clay, and coal exposed along the

lower reaches of Terlingua Creek in Brewster County, Texas,

about 60 miles southwest of the map area. Because the name

ITRattlesnake” was preoccupied, Adkins (1933
, p. 505) sub-

stituted the name "Aguja."

An incomplete section of the Aguja Formation is ex-

posed in the map area. The lower part consists of an 18-

foot basal sandstone ledge that weathers yellowish-brown.

It is a well-sorted, medium-grained, calcareous sandstone

characterized by numerous small pelecypods, abundant shark

teeth, and many small, rounded bone fragments.

Above the sandstone ledge is an 85-foot sequence of

yellowish-gray clay closely resembling the Terlingua, Near

the top of this member dark-gray, calcareous concretions up

to 2 feet in diameter are associated with Exogyra pondero sa.

The concretions weather light gray. The top of this clay

member is not exposed. A considerable section of Aguja,

and possibly younger Cretaceous formations, may be concealed

under colluvium along the northern slopes of Pico Etereo.
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Figure
2



TERTIARY SYSTEM

LA CUEVA INTRUSIVE COMPLEX

The La Cueva intrusive complex occupies the central

part of a dome of steeply dipping Cretaceous sedimentary

rocks (fig. 3). The dome is a remarkably topographic

feature. Erosion has uncovered a core of intrusive rocks

enclosed by a sharply defined circular sedimentary rim.

Variation in resistance to erosion, superimposed on dif-

ferent structural levels of the several rock types, has

produced an area of rugged relief dominated by the sedimen-

tary rim and a prominent central peak. The peak and the

rim are separated by a circular lowland of ridges and val-

leys cut transversely by radial drainage channels that

branch from intermittent, annular master streams.

The sedimentary rim is breached by drainage channels

in three places. The highest parts of the rim and the cen-

tral peak rise 1,500 feet above the level of the surround-

ing lowland.

A continuous but irregular rim sill of porphyritic

sodic rhyolite separates the two massive limestone members

of the Devils River Limestone along the crest of the rim

in its northwestern quadrant. A smaller arcuate body of

rhyolite, largely discordant, crops out along the infacing

western slope of the rim at a lower stratigraphic horizon.

31
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Figure 3. Eastward aerial view of

La Cueva dome.

Figure 4- Northward aerial view of

La Cueva intrusive complex showing

quartz monzonite (q), differentiated

series (d), and microsyenite core

(c) .
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It is joined to the main mass of the rim sill by an apohysis.

The area of outcrop of the intrusive complex in the

central part of the dome is about 4 l/2 square miles. The

complex consists of three principal structural units: (l)

an outer crescent-shaped mass along the northern segment;

(2) a middle concentric ring; and (3) a central core. These

three structural units can be clearly differentiated, re-

spectively, into 3 main rock types (fig. 4) in probably

order of intrusion as follows: (l) quartz monzonite; (2)

a differentiated series ranging from sodic syenite to gabbro;

and (3) sodic microsyenite.

The petrology of the complex is as interesting as its

structural evolution because the intrusive rocks are sodic;

their discovery extends the Trans-Pecos Texas sodic province

southeastward.

Quartz Monzonite

The outcrop area of quartz monzonite is about a

square mile. In plan it is a crescent-shaped mass encom-

passing an arc of about 180°• The maximum width is about

3,000 feet.

The rock mapped as quartz monzonite varies consider-

ably in mineralogy and texture; it ranges from microgranite

and quartz-bearing plagioclase syenite near the tips of the

crescent to quartz monzonite elsewhere. The principal



34

Figure $. Photomicrograph of quartz

monzonite showing plagioclase pheno-

crysts in fine-grained groundmass of

cryptoperthite, quartz, and augite.

Sample 35* X-nicols. Scale; 50x.
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mineralogic differences are in the relative proportions of

quartz and plagioclase. Textural and mineralogic variations

are most pronounced near the extremities.

The rock is medium grained, porphyritic, and light

colored. It characteristically weathers light reddish-

brown, and forms a gentle arcuate ridge, because it is more

resistant to weathering than the adjacent sedimentary rock

and sodic syenite. On a fresh surface it shows a spotted

appearance, because the mafic minerals tend to occur in

aggregates.

In thin section, the rock is hypidiomorphic granular

with phenocrysts of plagioclase set in a fine-grained ground

mass of alkalic feldspars and quartz. The plagioclase is

andesine (Ab?o to Abss) and occurs as clear cores of crypto-

perthite phenocrysts that average 2mm long. Plagioclase

ranges from 5 to 30 percent of the rock, but averages about

15 percent.

The alkalic feldspars are mostly cryptoperthite and

make up about 50 percent of the rock by volume. They occur

in the groundmass as subhedral to euhedral laths and tablets

averaging 0.3 mm in length, and also as broad mantles around

plagioclase cores. Small anhedral grains of interstitial

quartz, common throughout the groundmass, average about 12

percent by volume.

Sodic hornblende and light-gray augite (ZAC = 48°)
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are present in approximately equal amounts and make up about

16 per cent of the rock. Brownish-green sodic hornblende sur-

rounding augite cores occurs as glomeroporphyritic clots up

to Imm in diameter. Small amounts of biotite, opaque min-

erals, and apatite needles are commonly associated with these

masses.

Differentiated Series

The differentiated series crops out as a remarkably

regular, ring-shaped unit surrounding the microsyenite core.

The ring is slightly elliptical in plan. The major diameter

is 2 miles and trends N5O°E; the minor diameter is 1.5 miles

and trends N4O°W. The ring reaches a maximum width of about

3,000 feet along its eastern sector; it is 650 feet wide on

the south.

Sodic syenite crops out along the outer part of the

ring. Gabbro crops out along the inner part adjacent to the

microsyenite core. A dashed line on the geologic map (pi.

l) represents the contact between these two rock types; but

the actual physical relationship is not so precise, for a

transition zone intervenes between the syenite and the

gabbro .

Sodic syenite --The sodic syenite is a light-colored

rock peppered with dark grains of mafic minerals. It is

uniformly medium grained and characteristically weathers
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Figure 6. Photomicrograph of sodic syenite

showing perthite and zoned aegirite-augite.

Sample 102. X-nicols. Scale: 200x.
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into rounded boulders and bare exfoliation surfaces.

In thin section, the rock is a granular aggregate

composed mostly of alkalic feldspar averaging 2 mm in grain

length, accompanied by lesser amounts of aegirite-augite

and sodic amphibole. The dominant alkalic feldspar is

cloudy cryptoperthite« The alkalic feldspar show relict

carlsbad twinning. Clear, untwinned albite is common as

broad rims on the cryptoperthite and fills angular cavities

between grains of cryptoperthite.

Analcite commonly occurs as fracture and vug fill-

ings. Some of the analcite-filled vugs are lined with un-

twinned albite and biotite. In some vugs the albite has

a hexagonal outline that suggests replacement of original

nepheline. Interstitial nepheline is common but not abun-

dant •

Sodic hornblende and augite rimmed with strongly

zoned aegirite-augite occur together in irregular masses

accompanied by accessory opaque minerals and euhedral

apatite needles. Most of the sodic syenite has about 10

percent dark minerals by volume.

Numerous branching dikelets cut the sodic syenite in

the sector adjacent to the quartz monzonite. These minia-

ture, very light-gray dikes are composed almost wholly of

alkalic feldspars. Two distinct textures are present. The

dikes in the central part of the syenite zone are fine to
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medium-grained; some have aplitic texture. The dikes along

the outer part of the syenite zone are pegmatitic; feldspar

crystals are as much as two inches long. Contacts of the

fine-grained dikes with the enclosing rock are sharp, whereas

the pegmatite dikes commonly grade into the country rock.

The dikes of both types are genetically related to the

sodic syenite. They represent the more feldspathic, water-

rich residue concentrated by crystallization of the parent

rock. This highly mobile fluid was injected upward into the

already crystallized rock along minute contraction fractures.

The syenite pegmatite dikes are especially abundant along the

quartz monzonite contact. Their position is probably a func-

tion of the relative concentration of volatiles in the resid-

ual fluid. The more mobile solutions tended to migrate

farther and thus ultimately came to rest along the upper and

outer margins of the sodic syenite intrusion.

--Gradation between the sodic syenite

and the gabbro results in what is called the "transition

rock," a plagioclase-bearing sodic syenite that closely re-

sembles the gabbro in hand specimen, because dark minerals

make up as much as 30 percent of the rock. The passage into

the transition rock from the sodic syenite is accomplished

by a gradual increase in dark minerals and plagioclase at

the expense of the alkalic feldspars. The passage of the

transition rock into the gabbro is more abrupt and is marked

Transition zone
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by the near-disappearance of the alkalic feldspars. The

transition rock is considerably closer to the sodic syenite

in mineralogic composition than to the gabbro, although it

looks like the gabbro because of the abundance of dark-

colored constituents.

Under the microscope the transition rock from near

the gabbro contact is a medium-grained aggregate of alkalic

feldspars and dark minerals. The alkalic feldspars occur

as cloudy anhedral to subhedral grains of cryptoperthite,

some of which surround irregular plagioclase cores. Most

of the alkalic feldspar grains do not show plagioclase cores.

In many, however, faint albite twinning testifies to the

original presence of sodic plagioclase.

Dark minerals, about 30 percent of the rock by volume,

consist of titanaugite and biotite in approximately equal

amounts with subordinate sodic hornblende, apatite, opaque

minerals, and olivine. The biotite is mostly lepidomelane,

the cochineal-red, iron-rich variety. Olivine occurs as rel-

atively fresh anhedral grains altering to antigorite along

fractures. Intensely pleochroic aegirite rims many of the

titanaugite grains. Many of the opaque minerals are rimmed

with strongly pleochroic biotite. Minor amounts of analcite

fill fractures and vugs.

Gabbro .--The gabbro is a medium-grained, dark-gray

rock in hand specimen. It is considerably more resistant
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Figure 7« Photomicrograph of gabbro

showing plagioclase, olivine, and

augite. Sample 54° X-nicols. Scale:

5 Ox.
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to weathering than the adjacent sodic syenite and, conse-

quently, forms a series of arcuate ridges surrounding the

microsyenite core. It characteristically exfoliates to

rounded boulders that impart an irregular, knobby aspect

to the gabbro ridge.

In thin section the rock is uniformly subophitic.

It is composed of about 65 percent labradorite, 10 percent

titanaugite, 5 percent biotite, 5 percent apatite, 5 percent

opaque minerals, and the remainder is sphene, epidote,

olivine, hornblende, green and brown chlorite, riebeckite,

calcite, and analcite.

The labradorite (Ab4s) occurs as subhedral weakly

zoned grains up to 4 mm long. Many grain boundaries show

cloudy saussuritic alteration, Titanaugite occurs as large

anhedral grains, altered marginally to biotite and sodic

amphibole. Some grains of olivine form small, partly re-

sorbed cores within the titanaugite. Green and yellow

chlorite replace olivine, titanaugite, hornblende, and

biotite. Widespread marginal alteration of the anorthite

fraction of the calcic plagioclase to zoisite, calcite,

chlorite, and analcite is ascribed to deuteric action.

Microsyenite Core

The core of the intrusive complex is a circular body

of microsyenite about 1,1 miles in diameter. It is clearly
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Figure 8. Photomicrograph of sodic microsyenite

showing phenocrysts of anorthoclase set in fine-

grained groundmass of cryptoperthite. Sample 64.

X-nicols. Scale; 200x„

Figure 9* Photomicrograph showing ocellar anal

cite rimmed by tangential flakes of biotite.

Sample 67. X-nicols. Scale; 85x.
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a distinct unit with considerable variation in texture. The

border facies is very fine grained to aphanitic.

In hand specimen the rock is medium to dark-gray and

fine grained. In thin section it is a slightly porphyritic

granular aggregate of slender alkalic feldspar laths accom-

panied by abundant augite, and lesser amounts of biotite.

aegirite-augite, apatite, and opaque minerals. Chlorite,

olivine, riebeckite, calcite, analcite, and epidote are com-

monly present in small amounts. Alkalic feldspars make up

about 75 percent of the rock and occur as phenocrysts of

anorthoclase and as slender subhedral to euhedral laths of

cryptoperthite about 1 mm long.

Thin sections high in biotite exhibit ocellar anal-

cite with tangential flakes of biotite like that described

by Lonsdale (1940, p. 1600), who ascribed these features to

late magmatic reaction between residual liquid and earlier-

formed constituents.

Radial and Concentric Dikes

Vertical dikes up to 10 feet wide radiate from the

core cutting all zones of the complex. They are especially

prominent along the northern segment. All are relatively

straight and show little or no deviation in crossing ridges

and valleys.

A few concentric dikes crop out along the northern
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side of the complex in the ring zone. Most occur in the

gabbro of the differentiated series close to the contact

with the core. They dip at steep angles toward the core

and are up to 10 feet wide.

There appears to be no difference in age between the

two dike types. All are very light colored, very fine

grained, and their intersections show no discordance.

In hand specimen the rock is fine grained and very

light gray. In thin section it is slightly porphyritic with

phenocrysts up to 2mm long. The phenocrysts and most of

the groundmass are cryptoperthite arranged in a trachytoid

pattern. Limonite from the alteration of dark minerals is

widespread. The few grains of recognizable mafic minerals

are sodic hornblende. Small patches of deuteric calcite

commonly replace the feldspar.

Rim Sill

A continuous but irregular rim sill of sodic rhyolite

is exposed along the crest of the sedimentary rim in its

northwest quadrant. The sill is about 2 miles long and sep-

arates the two massive limestone members of the Devils River

Limestone. Near the midpoint it bifurcates, and the eastern

branch thus created trends subparallel to the western half

of the rim sill along the infacing slope of the sedimentary

rim. The branch is a dike-like mass that cuts limestone of
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Figure 10. Photomicrograph of porphyritic rhyo-
lite of rim sill showing altered phenocrysts of

sanidine in a fine-grained matrix of quartz and

alkalic feldspar. Sample 3* X-nicols. Scale:

200x.
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the "Glen Rose" and the lower part of the Devils River for-

mations .

In hand specimen the rhyolite is light yellowish-

brown to gray, aphanitic, and porphyritic. In thin section

it contains scattered euhedral phenocrysts of highly altered

alkalic feldspars set in a microcrystalline groundmass of

alkalic feldspars and quartz. Mafic minerals appear as

spongy masses scattered in the groundmass and show the ef-

fect of extensive alteration. The few remaining grains of

dark mineral appear to be sodic amphibole. Quartz makes up

about 30 percent of the rock by volume.

Marble and Skarn Rocks

Intrusion of magmatic material into linestone resulted

in recrystallization of the limestone into marble and the

formation of skarn rocks. The term "skarn" as used here in-

cludes the contact-metamorphic rocks composed largely of

calcium silicates formed from limestone and dolomite by the

Introduction of silica, aluminum, iron, and magnesium from

magma,

Bands of marble up to several hundred feet wide sur-

round the intrusive complex everywhere except along the

southern sector where no massive limestone is in contact

with the igneous rock. The marble is less resistant to

weathering and erosion than the adjacent igneous and skarn
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rocks and unaltered limestone. The skarn is limited to a

narrow zone a few feet wide between the outer contact of the

igneous rock and the surrounding marble. It forms a narrow

ridge rising slightly above the level of the adjacent marble.

The marble is white to light gray and medium grained

in hand specimen. Near the contact it is extremely coarse

grained with calcite crystals up to several inches long. The

grain size diminishes rapidly away from the contact and the

marble grades into unaltered limestone. In places where rel-

atively pure limestone was interbedded with argillaceous

limestone, only the more calcareous beds were recrystallized,

so that beds of marble are intercalated between beds of im-

pure limestone.

In hand specimen the skarn rock is grayish green to

yellowish green and fine grained. In thin section it is a

vesuvianite hornfels composed of a mosaic of inequidimen-

sional grains in random orientation. Calcite, the dominant

mineral, forms about 60 percent of the rock. Vesuvianite

averages about 25 percent and imparts the characteristic

greenish color. The remainder of the rock is dominantly

wollastonite and garnet with minor phlogopite or talc, and

opaque minerals. The vesuvianite forms clear to cloudy

patches within the groundmass and is characterized by an

anomalous blue interference color. Wollastonite normally

occurs as optically continuous fibrous aggregates up to 5 mm
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long. It is concentrated near the contact with the igneous

rock. Garnet occurs in small amounts as anhedral, clear to

grayish-brown, isotropic grains. Phlogopite or talc forms

indistinct gray flakes in the groundmass, Small cubes of

pyrite and magnetite are scattered throughout.

Small concentrations of magnetite, pyrite, chalcopy-

rite, galena, and fluorite replace calcite, and possibly

metamorphic minerals of the marble and skarn zone, along the

northern and eastern sectors of the complex. Replacement

was largely controlled by small joints and bedding planes.

In one place galena occurs as disseminated grains in a nar-

row vein of magnetite. Elsewhere, magnetite accompanied by

chalcopyrite and its alteration product, malachite, replaces

limestone in a zone of closely spaced fractures.

The marble and skarn zones originated as a consequence

of intrusion of magmatic material into limestone. The lime-

stone was thermally recrystallized to form marble. Iron,

magnesium, and aluminum calcium-silicates of the skarn zone

resulted from the early addition of iron, magnesium, aluminum

and silica by solutions derived from the magma. Late hydro-

thermal activity introduced fluorine, lead, copper, and addi-

tional iron along fractures and bedding planes to form small

replacement deposits.
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Pyroxenite and Ijolite

Pyroxenite and ijolite occur as a narrow zone along

a block of altered limestone, which lies along the contact

between the sodic syenite and the gabbro of the differenti-

ated series. The block is either a roof pendant or, more

likely, a block stoped from above and frozen in its present

position. The limestone has been recrystallized and recon-

stituted to form marble and skarn rock.

Pyroxenite occurs as a narrow, discontinuous zone

along the skarn contact as a consequence of assimilation of

calcium carbonate by magma. In hand specimen the rock is

medium grained and black. It consists largely of augite

rimmed by dark titaniferous borders. Labradbrite occurs as

small cores of alkalic feldspars. Apatite and sphene are

the principal additional constituents.

Ijolite is used here as a general term to designate

dark-colored rock from the contact zone composed largely of

pyroxene and nepheline. Small, irregular bodies of ijolite

occur in the skarn-pyroxenite zone as dike-like masses. In

hand specimen the rock is very dark green and coarse grained.

It is characterized by acicular crystals of aegirite-augite

up to half an inch long. In thin section it is composed of

strongly zoned needles of aegirite-augite in subparallel

arrangement. About 80 percent of the rock is aegirite; the

remainder is largely nepheline with subordinate amounts of
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Figure 11. Photomicrograph of ijolite showing

aegirite and nepheline. Sample 7. X-nicols.

Scale; 85x.
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albite and minor amounts of opaque minerals. The nepheline

occurs as cloudy interstitial grains with light dusty-rose

cores.

ALKALIC RHYOLITE

Alkalic rhyolitic rocks are extremely abundant in the

map area. Of approximately 12 square miles of outcropping

igneous rock, slightly more than 7 square miles is mapped as

rhyolite. Most of the remaining igneous rocks belong to the

La Cueva intrusive complex. The rhyolitic rocks occur as

bysmaliths, laccoliths, stock-like masses, plugs, arcuate

dikes, and irregular dikes.

Most of the rocks classified as rhyolite contains

approximately 15 percent quartz and must be considered as

quartz-poor rhyolite. Some rocks fall on the borderline be-

tween rhyolite and trachyte, and a few contain only a few

percent of quartz. All are mapped as rhyolite, for no sharp

break occurs between quartz trachyte and quartz-poor rhyolite.

The rhyolite is a very fine-grained porphyritic aggre-

gate of alkalic feldspar and quartz with small amounts of

other minerals. In hand specimen the rock is light gray with

phenocrysts of feldspar and quartz set in an aphanitic ground-

mass.

In thin section most of the phenocrysts are perthite

averaging Imm long. A few perthite phenocrysts are rimmed
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Figure 12. Photomicrograph of porphyritic rhyo-
lite from Pico Etereo showing phenocryst of crypto

perthite in a fine-grained matrix of quartz and

alkalic feldspar. Sample 91» X-nicols. Scale:

200x.

Figure 13. Photomicrograph of porphy-
ritic rhyolite from La Hormiga showing

phenocrysts of cryptoperthite in an in-

distinct matrix of quartz and alkalic

feldspar. Sample 66. X-nicols. Scale:

200
x.
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by narrow borders of albite. Some sections show euhedral

phenocrysts of sanidine. Quartz occurs as embayed and cor-

roded phenocrysts in most sections. The groundmass is a

granular aggregate of cryptoperthite and a little quartz

averaging 0.02 mm long. Nearly all sections are character-

ized by numerous patches of brown chlorite and limonite de-

rived from extensive alteration of mafic minerals. The

original content of mafic minerals is difficult to estimate

but probably was about 10 percent. The only recognizable

mafic mineral found is aegirite-augite, which composes 10

percent by volume of a thin section from Tinaja Prieta, a

low laccolithic intrusion near lat 29°25 T
N, long 102°3 9f 3 O,fW.0 ,fW.

Accessory minerals are mostly apatite with minute amounts of

sphene, zircon, and opaque minerals.

QUARTZ-BEARING MICROSYENITE

A low-lying laccolithic intrusion near lat 29°21 T N,

long 102°34 t W is the only outcrop of quartz-bearing micro-

syenite in the map area. The rock is light gray, fine

grained, and sprinkled with minute dark specks of mafic min-

erals .

Under the microscope the rock is an aggregate of

randomly-oriented euhedral tablets of cryptoperthite and

interstitial quartz. The tablets of cryptoperthite are

rimmed with narrow borders of albite. The groundmass is
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Figure 14. Photomicrograph of quartz-bearing

microsyenite showing tablets of cryptoperthite
rimmed by albite and interstitial quartz. Sam-

ple 85. X-nicols. Scale; 200x.
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dotted with numerous grains of altered mafic minerals, which

comprise about 10 percent of the rock by volume. The quartz

is entirely interstitial and makes up about 6 percent of the

rock.

LATITE

The exposed surface of a laccolithic mass near lat

29°19 t 45 ,t

N, long 102°32 T W is the only outcrop of latite or

trachyandesite in the map area. The rock is medium gray and

fine grained. The groundmass is composed almost wholly of

tablets of oligoclase 1 mm long armored with alkalic feld-

spar in a trachytic arrangement. Dark, spongy masses of

limonite from alteration of mafic minerals are scattered

throughout the groundmass. Traces of interstitial analcite

and opaque minerals are present.

OLIVINE BASALT

Nearly all the basalt is in the dike swarm in the

southeast part of the map area. The rock is black, aphanitic,

and porphyritic.

Under the microscope the phenocrysts are olivine and

partly-resorbed labradorite (Ab4s) averaging 2 mm long with

good albite twinning and euhedral olivine up to 0.5 mm long.

The groundmass is a very fine aggregate of labradorite laths

and grains of titanaugite and opaque minerals. Much of the
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Figure 15. Photomicrograph of olivine basalt show-

ing phenocryst of olivine in fine-grained groundmass

of labradorite, augite, and opaque minerals. Sample

23* X-nicols. Scale: 85x.
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augite is subophitic to the laths and microlites of feldspar.

The rock averages 70 percent labradorite, 15 percent olivine,

4 percent titanaugite, 8 percent opaque minerals, and con-

tains minute amounts of analcite, calcite, and basaltic horn-

blende
.

PHONOLITE

. Phonolite occurs only in four scattered outcrops near

lat 29°20 t 30 ,,N, long 102°38 T ¥. Field relations do not demon-

strate whether the igneous masses are sills or whether they

are extrusive, for they are largely covered with alluvium.

In hand specimen the rock is dark gray, aphanitic, and

slightly porphyritic.

In thin section the rock consists of microcrystalline

aggregate of laths of alkalic feldspars and grains of augite,

biotite, apatite, and opaque minerals. Slightly twinned

analcite makes up 10 percent of the rock. Most of the anal-

cite occurs in large, irregular or rounded areas. Traces of

calcite, as cores in analcite, strongly suggest post-magmatic

filling of vesicles.

PLAGIOCLASE-AUGITE-ANALCITE SYENITE

The rock with the most abundant analcite in the map

area caps Cerro Fuste near lat 29°20 f
N, long 102°42 t ¥. This

sill is about 50 feet thick and covers an area of approximately



half a square mile. In hand specimen the rock is medium

grained and porphyritic. The subequal proportions of light

and dark minerals give it a "salt and pepper" appearance.

In thin section the rock is a granular aggregate of

alkalic feldspar, titanaugite, biotite, olivine, analcite,

and opaque minerals. The phenocrysts are plagioclase (lab-

radorite?) and make up about 10 percent of the rock by

volume. Alkalic feldspar in laths, the dominant mineral in

the groundmass, makes up about 50 percent of the rock.

Small grains of titanaugite, olivine, biotite, and opaque

minerals are scattered in the groundmass. Analcite makes

up as much as 15 percent of the rock. It widely replaces

plagioclase phenocrysts, fills cavities, and occupies inter-

stitial positions, suggesting that it was introduced in the

late or post-magmatic stages.

AGGLOMERATE

There is one mass of agglomerate in the map area near

lat 29°21 T N, long 102°36 T W. The rock consists mostly of

rounded-to-subrounded fragments of limestone and rhyolite or

trachyte in a matrix of rhyolite. Minor amounts of baked

shale, orthoquartzite, chert, and muscovite-chlorite-graphite

schist are scattered throughout the matrix. Many of the

limestone fragments were derived from the "Glen Rose Lime-

stone," for they carry abundant Orbitolina texana. The

59
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schist was derived from pre-Cretaceous basement rocks. One

rounded fragment two inches in diameter consists of medium-

grained alkalic syenite with abundant titaniferous hornblende.

The composition of this rock is so closely related to

its origin that it is described more fully under the heading

"local structure," subheading "volcanic pipes."

CONGLOMERATIC SANDSTONE

A non-marine sandstone crops out in two places near

the head of Arroya La Palma about lat 29°21 t SO”N, long

102°36 1 15” W.
Its age is Cenozoic, probably Tertiary, for

it is composed of fragmental material derived from erosion

of the nearby pipe agglomerate and rhyolite breccia. The

unit is at least 180 feet thick, and the base is not exposed.

It is overlain by Quaternary colluvium.

The sandstone is iron-stained, poorly sorted, and

silty. Many beds are conglomeratic with pebbles set in a

matrix of silty gravel. Most of the pebbles are subangular

fragments of rhyolite. The others are subrounded pebbles of

limestone, some of which contain abundant Orbitolina texana.

The sand grains are mostly fragments of rhyolite or trachyte

with lesser quantities of limestone. A few irregular frag-

ments of muscovite-chlorite-graphite schist are scattered

throughout the groundmass. The cementing materials are cal-

cite and clay.
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Figure 16. Photomicrograph of Tertiary sandstone

showing fragment of muscovite-chlorite-graphite
schist. Sample 107. Plane polarized light.

Scale: 85x.
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QUATERNARY SYSTEM

COLLUVIUM

The unconsolidated deposits standing at higher eleva-

tions in the area are mapped as colluvium. It includes

debris that moved downslope by mass movement, as well as

talus or rock falls.

GRAVEL

The weakly-consolidated deposits mapped as gravel

consist of well-rounded and poorly sorted fragments of lime-

stone and igneous rock in thin, flat-lying sheets at approx-

imately the same elevation in the western part of the area.

Most outcrops are near the Rio Grande. One, however, caps

the Boquillas and *’San Vicente*’ formations east of La Hormiga.

Most of the gravel was deposited by tributaries of the Rio

Grande at a time when base-level stood higher than at the

present•

ALLUVIUM

The valley fill and the stream deposits mapped as

alluvium consist of sand, gravel, and some boulder gravel.



63

TECTONIC FRAMEWORK

The Sierra Madre Oriental of Mexico is a great cor-

dillera of folded Mesozoic sedimentary rocks that extends

from the Isthmus of Tehuantepec northwestward for more than

a thousand miles. It is bounded by the Meseta Central on

the west and the Gulf Coastal Plain on the east. The Sierra

Madre coincides with a belt of highly deformed sedimentary

rocks along the deepest parts of a Mesozoic Mexican geosyn-

cline
.

During Laramide orogeny, Mesozoic sedimentary rocks

in the geosyncline were deformed according to their deposi-

tional distribution around the Jurassic paleogeographic ele-

ments. The resulting patterns of deformation, modified in

some places by block-faulting or igneous intrusion and vol-

canic eruption, are reflected by the present physiographic

provinces•

In south and central Mexico this great fold belt con-

sists of a system of northwest-trending folds. Near

Saltillo, Coahuila, the fold belt turns abruptly westward

to parallel the southern edge of the Coahuila Platform (fig.

17)* Along this segment of the Sierra Madre Oriental, rocks

were overfolded northward against the resistant edge of the

platform. Near Torreon, in the southwestern corner of

Coahuila, the folds of the Sierra Madre resume their north-

westerly course. A fold belt, mostly northwest of the
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railroad that extends from Ojinaga to Ciudad Chihuahua,

termed the "Chihuahua tectonic belt" by Deford (1958, p.

72), may be an extension of the Sierra Madre belt although

the folds are more widely spaced. Overthrusting in the

Chihuahua belt was dominantly eastward toward the Diablo

Platform, a late Paleozoic feature from which much of the

earlier Paleozoic rock has been eroded.

Although the Sierra Madre Oriental turns west be-

tween Monterrey and Saltillo, another branch of less-

intensely folded mountains trends northwestward and dies

out against the southern edge of the Marathon dome in Trans-

Pecos Texas. The Del Norte Mountains along the western

margin of the Marathon dome are the northernmost element of

this trend.

The southern part of this branch of the Sierra Madre

Oriental occupies the site of the Mesozoic Gulf of Coahuila

(fig. 17). It is characterized by tightly-folded anti-

clinal mountains. Many have been breached to expose diapiric

cores of gypsum. The northern part is composed of gentle

dome-like and broad, elongate, normally faulted anticlinal

mountains. The lesser intensity of the folds in this north-

ern area is in striking contrast to that of the Chihuahua

tectonic belt and other branches of the Sierra Madre Oriental.

These gently folded mountains can be included in the "Coahuila

marginal folded belt” of Murray (1961, p. 131).
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Figure 17
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The Serrania del Burro is the easternmost range of

the marginal folded belt. It is a great arch on the south-

western flank of the Rio Grande Embayment that extends for

more than a hundred miles northwestward to die out in Trans-

Pecos Texas east of the Marathon dome. The westernmost

ranges of the Coahuila marginal folded belt lie west of and

parallel to Sierra del Carmen, a step-faulted anticlinal

range that extends northward to the southern edge of the

Santiago Range in Brewster County, Texas.

/

The area between the anticlinal Serrania del Burro

and the Sierra del Carmen is bounded on the north by the

Marathon dome where Paleozoic sedimentary rocks were tightly

folded and thrust faulted during the late Paleozoic orogeny.

This orogeny produced the Ouachita structural belt (fig. 18)

which consists of two tectonic zones: (l) a frontal zone of

unmetamorphosed to weakly metamorphosed folded and faulted

Paleozoic rocks and (2) an interior zone of highly sheared,

low-grade metamorphic rocks of unknown age. The Ouachita

structural belt can be traced in the subsurface from the

vicinity of Austin, Texas, westward to the Marathon area

where it appears to turn southwestward into Mexico. Folded

Paleozoic rocks of the frontal zone, similar to those of the

Marathon area, crop out in the Solitario dome on the Brewster

Presidio county line. Schist of the interior zone is exposed

near Boquillas, Coahuila, along the faulted western flank of
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Sierra del Carmen (Flawn and Maxwell, 1958)* Similar schist

that underlies the Pico Etereo area presumably contributed

the schist fragments now found in agglomerate and in Tertiary

conglomeratic sandstone.

The area between the Serrania del Burro and the Sierra

del Carmen ranges is marked by numerous gently folded anti-

clinal mountains that originated as a result of Laramide com-

pression. The compression probably took place in late Creta-

ceous and early Tertiary time (Lonsdale et al., p. 46). Many

of the anticlines are broken by steep normal faults with dis-

placements up to several thousand feet. This faulting was

preceded or accompanied by Tertiary volcanic activity. The

most easily seen unconformity in the Tertiary of Big Bend

National Park occurs between the Early and Middle Eocene.

The lowest tuff in that same area occurs about 100 feet above

this unconformity (Lonsdale et al., fig. 10).

Trends of the Tertiary faults closely followed the

Laramide fold axes and produced isolated intermontane basins,

which were largely filled with bolson deposits. The late

integration of the Rio Grande and its tributaries drained

many of these basins, removed part of the fill, and left be-

hind thin Quaternary terrace gravels.

The present landscape owes its spectacular relief and

alignments to the combined effects of Laramide compression.

Tertiary block-faulting and vulcanism, and ensuing erosion.
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LOCAL STRUCTURE

FOLDS

The Pico Etereo area lies between the Serrania del

Burro and the Sierra del Carmen, two great northwest trend-

ing arches. The major structural framework of the Pico

Etereo area is synclinal; but the synclinal aspect is largely

obscured by deformation adjacent to scattered igneous intru-

sions, by Tertiary normal faulting, and by differential

erosion.

A system of northwest-trending minor folds is super-

imposed on the broad synclinal structure. The anticlines

are elongate and asymmetric; many are cut by normal faults.

Most of the folds of Laramide age are concentrated in

the southeastern part of the map area. The most prominent

fold is a broad, gently-dipping asymmetric anticline called

the Cuatro Palmas anticline. It enters the map area near

lat 29°18 t
N, long 102°35 f W and terminates to the northwest

against a laccolithic intrusion south of Pico Etereo, An

adjacent syncline has the same northwesterly trend except

for its northwestern part, which is deflected northward by

the laccolithic intrusion south of Pico Etereo.

A longer syncline, called the Pico Etereo syncline,

enters the map area near lat 29°19 T
N, long 102°32 T W, The

syncline trends northwestward for about four miles. It turns
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westward about half a mile east of Pico Etereo and dies out

immediately west of Pico Etereo. Pico Etereo lies in the

axial part of the fold and is elongated in the same direc-

tion. The syncline is composite, for the northwest-trending

segment is of Laramide origin and the west-trending segment

is the result of later downwarping along a persistent axis

of intrusion.

Structurally the map area can be separated into two

distinct parts. The part that lies west of a line from lat

29°22 t
N, long 102°45 r W to lat 29°29 f

N, long 102°41 T W is

characterized by normal faults of great displacement that

are subparallel to fold axes. In addition, there are no

outcrops of igneous rocks in that part. The remainder of

the map area is marked by many igneous intrusions. Most of

the faults in the latter part of the area have small dis-

placements and are largely the result of igneous intrusion.

NORMAL FAULTS

The landscape of the western part of the map area is

dominated by several long escarpments of gently-dipping

Devils River Limestone. These escarpments rise abruptly

above the level of the adjacent lowlands and furnish obvi-

ous evidence of faulting. Most are less than 500 feet high.

Movement on the faults was probably dip-slip, and the

dips of the faults, although indeterminate, are steep. Most
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of the major faults are subparallel and the average trend

is N3O°W, but one major fault trends N4O°E. One fault of

the northwest set terminates against this fault; another of

the same set crosses it with little or no offset, suggesting

a near-vertical dip. The faults appear to be essentially

contemporaneous.

The longest fault of the northwest set is concealed

beneath Quaternary alluvium and gravel in the southwestern

corner of the map area. On the Texas side of the inter-

national boundary, the fault may be traced at least 7 miles

northwestward from the Rio Grande. It is downthrown to the

east, and the vertical displacement is at least a thousand

feet.

The longest fault trace in the area lies east of the

concealed fault and trends northward, crossing the Rio Grande

near lat 29°29 T
N, long 102°4S fW. The western side of this

fault is downthrown, and the area between it and the con-

cealed fault is thus a graben. The graben is undoubtedly

composite for near lat 29°27 T N, long 102°49 t W erosion has

stripped off the Quaternary cover, exposing a northwest-

trending horst bounded by two faults of small displacement.

The eastern side of the graben is marked by a fault-line

scarp exhumed by the erosion that followed integration of

the Rio Grande. Maximum vertical displacement on this fault

is not known, for Quaternary gravel blankets much of the
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graben. In the northern part, however, the scarp is about

200 feet high and Devils River Limestone lies on both sides

of the fault, indicating a maximum displacement of 800 feet.

The northwest-trending set of faults is the latest

feature of the Tertiary stress field. The normal faults ad-

justed the terrain following the release of Laramide com-

pressional stress by folding and thrust faulting or other

means. In terms of the Anderson (1951) theory, the normal

faults represent shear planes; they parallel the direction

of the horizontal median stress and are bisected by the

direction of principal stress, that of gravity.

The anomalous trend of the northeast-striking fault

is not so easily explained. It seems unlikely that it re-

sulted from a basic inhomogeneity in the rocks, for the

other faults show a tendency to parallelism. Moreover, the

stratigraphic units exposed in the map area show no remark-

able variation in thickness or composition. In addition,

field evidence, although inconclusive, suggests the fault

plane is vertical or nearly so.

The most likely explanation for the northeast trend

of the fault is that it represents dip-slip movement along

a vertical zone of weakness inherited from earlier deforma-

tion. This appears to be borne out by studies of jointing

in the upper member of the Devils River Limestone in three

widely separated places in the map area. In all of these
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places a prominent set of vertical joints trends northeast-

ward. The average strike is approximately N6O°E but varies

from N3O°E to east.

LA CUEVA DOME

The La Cueva intrusive complex is set within the

framework of an elliptical dome, herein called the La Cueva

dome. De-roofing has created a basin rimmed by a circular

escarpment of steeply dipping sedimentary rocks. The center

of the basin is occupied by rocks of the intrusive complex,

which form a rounded upland mass surmounted by a central

peak. The subcircular shape of the La Cueva dome is strik-

ing, for the highest part of the sedimentary rim and the

central peak rise 1,500 feet above the surrounding lowland.

The major axis of the elliptical dome is 4 miles long

and trends Nl5°W; the minor axis is 3 miles long and trends

N75°E, Structural relief is at least 3,000 feet within the

area of the complex. Drainage on the outer slopes is radial,

and larger streams encircle the base of the dome.

Dips of beds in the sedimentary rim are variable. On

the east and west beds dip about 45°• On the south dips

diminish gradually along the rim; the minimum dip is 16°.

On the north dips steepen abruptly and even overturn. The

overturned segment of the rim is about 2.5 miles long and

much of the remainder of the northern half is vertical or
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nearly so. This intense domal flexure is well displayed on

the northern side by the rapid decrease in dip outward. A

person descending the northern slope crosses beds ranging

from the uppermost member of the Devils River Limestone to

the "San Vicente" formation in less than a quarter mile.

The transition from overturned steeply-dipping beds to nor-

mally low-dipping beds is abrupt.

The La Cueva dome clearly demonstrates doming by in-

trusion of magmatic material. There is no evidence that the

structure resulted from Laramide compression. The circular

shape suggests that during deformation the lateral forces

were equal, and the maximum stress (positive) was oriented

vertically. The striking variation in dips exhibited along

the flanks of the structure is largely the result of multiple

intrusion and variations in the shape of individual intrusive

masses (fig . 19)•

Field relations indicate that the main mass of the

intrusive complex was forcefully emplaced in three distinct

stages: (l) early laccolithic intrusion of quartz monzonite

into the "Glen Rose Limestone;" (2) intrusion of ring-like

differentiated series which tilted up the laccolith and

thrust aside the country rock; and (3) central intrusion of

a plug or stock-like body of microsyenite through the center

of the differentiated series.

The oldest igneous rock exposed is the quartz monzonite
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which crops out as a crescent-shaped mass. The outer con-

tact with the adjacent "Glen Rose Limestone" is poorly ex-

posed but appears to be concordant. The contact along the

inner edge of the crescent of quartz monzonite is sharp;

apophyses of sodic syenite of the differentiated series in-

vade the quartz monzonite.

The contact between the microsyenite of the core and

the gabbro of the encircling differentiated series is not

well exposed. The contact is marked* however, by an arcuate

breccia zone along the northern half of the core margin.

The breccia zone is about 50 feet wide and consists of angu-

lar fragments of microsyenite in a fine-grained matrix of

trachytic rock. The trachyte is probably a chilled marginal

facies of the microsyenite core.

Additional evidence that the forcible injection of

the core material was the last major event in the intrusive

sequence is furnished by the concentric and radial dike sys-

tem. The concentric dikes crop out along the northern side

of the complex and are inclined steeply toward the core.

The radial dikes are vertical and cut all zones of the com-

plex. The dike system appears to have a common center of

radiation. Thomas (1930, p. 62-63) suggested that cone

sheets and radial dike systems were the result of an excess

of magmatic pressure acting vertically upward on a relatively

thin cover. Anderson (1937, p* 36-37) believed radial and
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concentric fractures formed concurrently during magmatic

doming.

Most of the overturning along the northern rim was

produced by a laccolithic bulge on the rhyolite rim sill

that was intruded between the two massive limestone members

of the Devils River Limestone. Along the inner side of the

intrusion, beds of the lower massive limestone member are

essentially vertical. On the outer side, however, beds of

the upper massive limestone member are overturned and dip

inwardly about 70°. Nevertheless, the Intrusion of the rim

sill or laccolith does not explain the conspicuous variation

in dip of the flanks of the dome.

Several lines of evidence suggest the quartz monzon-

ite is a laccolithic body tilted from its original near-

horizontal position: (l) the sedimentary rim is vertical

only where adjacent to the crescent-shaped mass of quartz

monzonite; (2) contact with the "Glen Rose Limestone" is

concordant or nearly so; and (3) "Glen Rose" is exposed only

where adjacent to the quartz monzonite. Elsewhere sodic

syenite of the differentiated series is in contact with the

uppermost member of the Devils River Limestone or younger

rocks.

The accompanying diagrammatic sketches (fig. 19)

illustrate the explanation offered for the structural evo-

lution of the La Cueva complex and dome. Diagram A shows
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intrusion of magma to form a laccolith in gently inclined

beds of the tfGlen Rose Limestone," Diagram B shows a later

intrusion of magma of the differentiated series. The ascend-

ing magma reached the base of the quartz monzonite laccolith,

which served as an obstacle to continued flow. Under in-

creasing pressure the magma arched the laccolith, intensely

fracturing its thin, rigid margin in the updip sector. The

magma broke through the weakened zone and continued its up-

ward ascent by piecemeal sloping within the circular zone of

disturbance. Diagram C shows subsequent intrusion of micro-

syenite as a plug or stock-like mass through the center of

the differentiated series and formation of concentric dikes.

The La Cueva complex superficially resembles many

ring complexes. The outcrop pattern is strikingly similar

to some in northern Nigeria described by Jacobson et al.

(1958) that consist of a central core encircled by one or

more arcuate or elliptical rings. In addition, crescent-

shaped intrusions are common throughout the province; they

probably resulted from subsidence of blocks bounded by two

or more ring fractures of different radii.

The similarity between the La Cueva complex and ring

complexes in Nigeria and elsewhere is more apparent than

real. The typical ring structure is generally conceded to

be the product of cauldron-type subsidence accompanied by

welling of magma upward to fill the voids thus created



between the subsiding block and the surrounding country-

rock, The displacement of magma upward thus does not forci-

bly make room for itself; instead, it passively fills spaces

as they open. In the La Cueva complex, however, the distri-

bution of the different rock types and their age relations,

the radial and concentric dike system, and structure of the

sedimentary framework, all indicate that the complex re-

sulted from a sequence of intrusions. Evidence is lacking

to support a theory of cauldron subsidence.

CENTRAL UPLIFTS, ARCUATE DIKES, AND

SUBSIDIARY LACCOLITHS

The eastern part of the map area is characterized by

the systematic recurrence of a distinct type of domal struc-

ture associated with arcuate dikes and asymmetric laccoliths

or bysmaliths. These interesting structural features are

subcircular uplifts of steeply-dipping stratified rock that

resemble broken domes. The principal element is an uptilted

block of limestone overlying a concealed igneous intrusion.

Topographically the structure is expressed as steep

arcuate cuesta escarpments that rise as much as 1,200 feet

above the level of the adjacent lowland. Sodic rhyolite

makes the steep slopes, and the limestone capping the escarp-

ment is the same stratigraphic unit as, or a lower unit than,

that which abuts the base of the cliff. The greatest

79
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stratigraphic displacement and topographic relief is at the

midpoint of the intrusion and diminishes in either direction

to zero at its ends. In the best exposed of these uplifts

the uppermost member of the Devils River Limestone lies on

both sides of the exposed intrusive mass and wraps around

its abrupt ends. In plan the outcrop of rhyolite forms an

arcuate dike-like mass along the convex side of the uptilted

block of limestone. The shape and distribution of the dike-

like mass suggest that it occupies a near-vertical, arcuate

zone of weakness inherited from an earlier igneous deforma-

tion •

Similar features were described by Cross (1893),

Weed and Pirrson (1898), Jaggar (1901), Knechtel (1944),

and Moon (1953)- Cross and Jaggar suggested that they re-

sulted from laccolithic arching of strata by magma which

spread laterally from a dike intruded along inclined faults.

Knechtel (1944) described still other features as follows;

a

The subordinate domes . , . were formed by-

bodies of igneous rock which were punched upward

into the sedimentary rocks. They range in diameter

from 1 l/2 to 3 l/2 miles. Each is typically sub-

circular or subelliptical in plan and normally in-

cludes a hinged block that is raised on a nearly

vertical fault of curved trace. The rock strata in

such a block are tilted up like a trapdoor which has

opened along the fault and slopes down toward the

opposite side of the block.

Moon (1953, p. 185-188) applied the term ’’trapdoor

dome” to features similar to those described by Knechtel,
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The type example described by Moon is an uplifted, rectan-

gular "trapdoor” block that dips toward a hinge line. It is

bounded on the remaining sides by three relatively straight

faults that intersect at almost right angles. No igneous

rock is exposed, but Moon postulated a bysmalith at depth to

explain the structure. In addition, he (p. 185) described

another feature:

Red Bluff, a domical uplift along the east mar-

gin of the area, is similar to the domes described by
Knechtel except that faulting, which must have occurred

on the northwest flank, is obscured by the soda trachyte
intrusion. The red bluff is a narrow crescent-shaped

wall that terminates the dome to the northwest. The

vertical wall, which resembles a ring-dike, towers 700

feet above the surrounding flat and stands 350 feet

higher than the deroofed portion of the laccolithic

intrusion. Presumably as the dome was being arched

by the injection of viscous magma, its northwest flank

fractured and an arcuate fault resulted. Being a line

of weakness, the fault offered a means of escape for

the magma, which, possibly aided by sloping, moved up-

ward and thereby formed the mass that now stands as a

towering semicircular wall after the previously enclos-

ing sedimentary rocks were eroded.
• . • Apparently

the ruptured Red Bluff dome results from a partially
deroofed laccolithic intrusion, and it strongly re-

sembles a trap-door dome.

At least two features in the map area bear strong re-

semblance to the trap-door domes of Moon (1953) and Knechtel

(1944) and the asymmetric laccoliths of Cross (1893), Weed

and Pirrson (1898), and Jaggar (1901). Two other features

are closely related but are somewhat more complex. These can

be seen in varying degrees of clarity. They represent slightly

different structural patterns, but all are intimately related
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to magmatic uplift, to creation of arcuate fractures or

faults by excess magmatic pressure, and to intrusion of

arcuate dikes and subsidiary laccolithic masses.

La Hormiga

La Hormiga (lat 29°27 T
N, long 102°41»30"W) is the

simplest dome associated with an exposed igneous intrusion

(fig. 20). It is an elliptical feature whose major axis,

3 l/2 miles long, trends N77°W; the minor axis is 2 l/2

miles long. An irregular, slightly arcuate mass of sodic

rhyolite 1 3/4 miles long lies along the short axis of the

dome. The exposed width of rhyolite averages about 700

feet, and the outcrop swells out to a bulbous mass on the

northern end.

The uppermost member of the Devils River Limestone

crops out over most of the dome and is surrounded by steeply

dipping cuestas of Buda Limestone. There is a striking dif-

ference in relief on either side of the intrusion; near the

midpoint the east side is at least 500 feet higher than the

west side. The stratigraphic displacement is greatest at

that point and diminishes to zero at either end of the

rhyolite intrusion.

Dips are relatively gentle in the central part of the

dome, 5° on the western half and 14° on the eastern half.

Near the margins of the dome, however, dips steepen abruptly
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Figure 20. Northward view of

La Hormiga from lat 29°25 f
N,

long 102°42 t W. Rhyolite of arc-

uate dike is along base of Devils

River Limestone scarp, but lime-

stone lies on both sides of dike

and wraps around its abrupt ends.
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to 20° on the west and 25° on the east. The abrupt steepen-

ing suggests that the underlying intrusion is a steep-sided

laccolith with a gently sloping top. The marked difference

in amount of laccolithic doming on either side of the out-

cropping intrusion may be the result of:

(l) Rupture of the laccolithic dome as magma was

injected. The magma moved up the fault to form the slightly

arcuate dike-like mass. After sealing of the fault by magma,

an additional accession of magma further domed up the east-

ern half of the laccolith.

(2) Creation of an arcuate, steeply dipping fracture

by excess magmatic pressure of an intrusion at depth. Magma

ascended the fracture and upon reaching a favorable horizon

spread out laterally as a laccolithic intrusion. Difference

in degree of doming may be the result of slight variation in

rock load at different places during the injection of magma,

or an additional late accession of magma to the eastern half,

or other events.

La Salada

La Salada (lat 29°23 T
N, long 102°41 fW) is an ellip-

tical uptilted block of Devils River Limestone terminated by

an arcuate intrusion of sodic rhyolite on the west side. The

major axis of the feature is 1 3/4 miles long and trends

northward. The rhyolite forms a gently curving mass along
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the convex side of the uptilted block. The northern third

of the intrusion is about 200 feet wide, and the remaining

two-thirds is about 1,500 feet wide. Little, if any, of

the increase in width of the outcrop is the result of a

widening of the intrusion. Instead it results from de-

roofing of the adjoining laccolith that underlies the up-

tilted block. The western side of the wide outcrop of

rhyolite stands as an abrupt wall rising 1,100 feet above

the lowlands to the west and 500 feet above the de-roofed

part of the laccolith.

Limestone and marl of the "San Vicente" formation

abut the base of the near-vertical cliff of rhyolite on the

west and dip away from it as much as 35°• The dips diminish

rapidly away from the intrusion*

Suggested history of La Salada includes: (l) prism

of sedimentary rock uplifted by an igneous intrusion along

arcuate steep, inwardly inclined fractures; (2) intrusion

of rhyolitic magma along arcuate fractures to form dikes;

and (3) spread of magma laterally as laccolithic intrusion

between the two massive limestone members of the Devils

River Limestone to uptilt the block on the concave side of

the dike.

Amezcua Anticline and Arcuate Dike

One of the best examples of central uplift and arcuate
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dike formation in the map area is designated the Amezcua

anticline and arcuate dike (fig. 21). The dike is about

2 3/4 miles long. The southern tip lies near lat 29°19 T
N,

long 102°38 r W. The dike trends northward to a point near

lat 29°20 T 10f,

N, long 102°37 , 45 ,,W where it turns northeast-

ward. It terminates as a steeply dipping sill in the

Boquillas Formation near lat 29°20 t 45
tT

N, long 102°3 6 T 15
tTW.

The Amezcua anticline is an extremely irregular

asymmetric uplift superimposed on the northwest end of the

Cuatro Palmas anticline, which trends southeastward. The

axis of the Amezcua anticline trends approximately eastward.

The southern two-thirds of the dike truncates the anticlinal

axis at right angles. The northern one-third of the dike

trends northeasterly along the steep flank of the asymmetric

anticline.

The uplifted part of the anticline lies on the con-

cave side of the arcuate dike. The southern two-thirds of

the anticline is expressed as a steep cuesta escarpment that

rises as much as 1,200 feet above the lowland to the west.

The steep slopes are held up by sodic rhyolite; the uppermost

member of the Devils River Limestone, capping the escarpment,

dips to the southeast at angles up to 40°. Colluvium covers

the strata at the base of the cliff but probably overlies

the Terlingua Clay. If so, the stratigraphic displacement

is at least 2,000 feet. The displacement and topographic
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Figure 21. Eastward view of Amezcua

arcuate dike, anticline, and asym-

metric laccolith from lat 29°22’N,

long 102°39 t W. Uplifted Devils River

Limestone caps laccolithic mass of

rhyolite. Northward (to left) lac-

colithic mass passes into arcuate

dike along steep limb of Amezcua

anticline.
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Figure 22, Northward view from lat

29°18 f
N, long 102°3S T W of uplifted

Devils River Limestone capping lac-

colithic intrusion of rhyolite sub-

sidiary to Amezcua arcuate dike.

Figure 23. Northeastward view of

Amezcua arcuate dike from lat

29°20 t 4S"N, long 102°37 t W. Dike

lies along steep limb of Amezcua

anticline and dips steeply south-

ward (to right) .
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relief decreases southward to zero at the end of the dike

(fig. 22).

The dike reaches its maximum width of 1,000 feet

near the midpoint. Northward it trends along the steep

flank of the Amezcua anticline and narrows to as little as

200 feet wide (fig. 23). At one point near lat 29°20 t 35
lr

N,

long 102°3 6 f 50
ft

W, both sides of the dike are well exposed

in a ravine and dip to the southeast at 83°.

Several facts suggest that the structure is largely

the result of doming by magma at depth: (l) axis of Amezcua

anticline is discordant with regional fold axes; (2) strike

of dike in northern part closely agrees with strike of

steeply dipping flank of Amezcua anticline; (3) inclination

of dike toward southeast suggests intrusion along incomplete

conical fracture zone; and (4) stratigraphic separation on

either side of dike is as much as 2,000 feet.

Following domal uplift and cone-sheet type of frac-

turing by excess magmatic pressure, intrusion of magma along

arcuate faults and fracture zones added to the effect of

earlier uplift by arching up the strata on the concave side

of the dike.

Cerro Malabrigo and Tinaja Dura Anticlines

The combined Cerro Malabrigo and Tinaja Dura anti-

clines form an arcuate cuesta escarpment 6 miles long.
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extending from lat 29°20 T
N, long 102°30»45"W to lat

29°24 t 15 ,T N, long 102°3 5 1 20 T,W. The Cerro Malabrigo element

trends northward, and the Tinaja Dura element trends north-

westward
.

Three intrusions of rhyolite are exposed along the

steep slope of the escarpment:

(l) A large mass of rhyolite (fig. 24) about 1 l/4

miles long and 1,200 feet wide trends northward from lat

29°20 T
N, long 102°30 T 4S ,TW. The difference in elevation

between the base of the rhyolite slope to the top of the

Devils River Limestone capping the mass is 1,200 feet.

(2) A small arcuate dike of rhyolite 1,500 feet

long and 200 feet wide lies near lat 29°23 T 30f, N, long

102°32 f W parallel to the axis of the Tinaja Dura anticline.

(3) A smaller linear dike of rhyolite 800 feet long

and 100 feet wide is located near lat 29°24 f 20 ,T

N, long

102°34 t 40 ttW parallel to the axis of the Tinaja Dura anti-

cline near its plunging northwest end.

The Cerro Malabrigo and Tinaja Dura anticlines are

asymmetric with steep eastern flanks; they plunge to the

north and northwest, respectively. Some parts of the steep

eastern flanks of the anticlines appear to be downfaulted,

but the faulting, if present, is concealed beneath alluvium

at the base of the slope.

Near the central intrusion a trap-door block or
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Figure 24* Westward view of Mal-

abrigo anticline from lat 29°21 T
N,

long 102°30 t W showing rhyolite in-

trusion along steep flank of asym-

metric anticline. Devils River

Limestone capping intrusion dips

steeply away from observer.
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inclined horst of limestone is raised along two parallel

faults. The hinge line of the tilted block lies parallel

to the trend of the dike-like mass of rhyolite exposed

along the steep slope, suggesting that the block was up-

tilted by an underlying intrusion.

The Cerro Malabrigo-Tinaja Dura anticlinal trend is

one of the largest and most persistent features in the map

area. The trend of the structure strongly suggests that

the anticlines are folds of Laramide age strongly modified

by uplift and warping, resulting from intrusion of magma.

The uplifting movement was accomplished by folding of the

margins of the raised block accompanied by arcuate frac-

turing, and, perhaps, faulting. Rhyolitic magma ascended in

the arcuate zones of weakness and spread laterally as lacco-

lithic intrusions on the concave sides of the fractures,

tending to further uparch the central block. The magma

concentrated in the higher parts of the folds, thus accent-

uating the plunge of the anticlines towards the intervening

syncline. In addition, the intrusion of magma warped the

earlier fold axes, destroying their tendency to axial align-

ment
.

DIKES AND SILLS

Dikes and sills are found only in the eastern part

of the map area. All dikes exposed are composed of rhyolite
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or basalt. The rhyolite dikes, excluding those prominent

arcuate dikes associated with central uplifts, are short

and irregular; most are apophyses of nearby larger intru-

sions.

Most of the dikes are basaltic and belong to a prom-

inent northeast-trending dike swarm south of the La Cueva

intrusive complex between La Hormiga and the Amezcua anti-

cline on the west and east, respectively. The parallelism

of the dikes is remarkable; almost none intersect. Most

dikes are 2 to 5 feet wide, but some are as much as 20 feet

wide. Many may be traced for a few hundred feet, but some

may be traced for a mile or two.

The basaltic dikes occupy a northeast-trending joint

set that resulted from Laramide deformation. The trend of

the dikes is subparallel to the trend of the elongate Pico

Etereo, suggesting that intrusion of Pico Etereo rearranged

the local stress field and diminished the northeast-oriented

horizontal stress. This tensional stress reopened the

northeast set of joints and allowed easier access of ba-

saltic magma.

Most of the sills exposed are basaltic; they were fed

by dikes of the dike swarm. One small, irregular sill of

andesite occurs in beds of the Buda Limestone near lat

29°23 t N, long 102°39 f W. The largest sill is composed of

plagioclase-augite-analcite syenite and caps Cerro Fuste



94

near lat 29°20 T
N, long 102°42 r W. It is about 50 feet thick

and. covers an area of approximately half a square mile.

STOCKS, LACCOLITHS, BYSMALITHS, AND PLUGS

The most prominent landmark in the area is Pico

Etereo, an elongate stock-like mass of rhyolite a mile long

and a quarter mile wide that resembles a giant dike. Pico

Etereo or "ethereal peak" is aptly named; it towers more

than 2,000 feet above the surrounding lowland and stands in

bold relief as a series of high serrated peaks near lat

29°21 T
3O"N, long 102°37 T W. The northern side is nearly

vertical. The southern side is slightly less precipitous,

and the rhyolite is characterized by a crude columnar joint-

ing. Colluvium and talus cover the contact of the rhyolite

and the surrounding beds.

Another prominent peak is Cerro Veinte, a high

bysmalithic peak of rhyolite whose outline is suggestive of

a bishop f s mitre. Cerro Veinte lies near lat 29°20 T
3O"N,

long 102°43 t W and rises abruptly 1,500 feet above the sur-

rounding area. The peak is about a mile in diameter and is

flanked by beds of the "San Vicente" formation. Along its

flanks strata have been upturned and dip as much as 50°.

A low-lying laccolithic or bysmalithic mass of quartz

bearing microsyenite about 3/4 miles in diameter lies near

lat 29°21 T
N, long 102°34 fW. Strata of the "San Vicente"
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formation are upturned along its margin and dip as much as

45°• Pico Etereo arroyo cuts across this mass, suggesting

that it has been let down from a superimposed position on

strata that once overlaid the intrusion.

Tinaja Prieta, located near lat 29°25 f
N, long

102°3 9 f 3O ,T

W, is an irregular elliptical laccolithic mass of

rhyolite that covers almost a square mile. On the west it

penetrates beds of the Boquillas Formation with little or

no deformation. On the opposite side, however, beds of the

TT San Vicente” formation dip away at high angles.

A high, rounded plug-like peak of latite half a mile

in diameter lies near lat 29°19 t 45 tT
N, long 102°32 T W. The

peak pierces strata of the Boquillas Formation with little

deformation.

An irregular elongate stock-like mass of rhyolite a

mile long and half a mile wide lies near lat 29°21 f
N, long

102°32 T W. The intrusion is almost flat-topped and pierces

beds of the Devils River, Del Rio, and Buda formations with

little distortion except on the south side near the Malabrigo

mine where Devils River Limestone dips away as much as 32°

immediately adjacent to the contact.

Many other intrusive masses are scattered throughout

the area. Most are concentrated along the Pico Etereo syn-

cline. Most are rounded in plan and are less than a mile in

diameter. The strata surrounding many of these intrusions
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are concealed beneath accumulations of talus or colluvium,

but most resemble plug or stock-like masses.

VOLCANIC PIPES

An elliptical volcanic pipe is exposed near lat

29°21 T
N, long 102°36 T W (fig. 25). The major axis is about

1,000 feet long; the minor axis is about 600 feet long.

The pipe crops out in a low saddle near the summit of a

plug-like mass of rhyolite which is Intruded through the

,f San Vicente M formation. The pipe is rimmed on the south

and west by a resistant ridge of rhyolite.

The agglomeratic pipe material (fig. 26) is part of

the Tertiary System in the map area. The rounding of its

fragments is undoubtedly due to mutual attrition during

passage upward in the vent. The schist was derived from

the interior zone of the Ouachita structural belt (fig. 18).

Similar schist crops out along the western faulted flank of

the Sierra del Carmen about 20 miles to the southwest (Flawn

and Maxwell, 1958)•

The central part of the pipe is characterized by a

relatively high percentage of rounded fragments of lime-

stone, schist, and baked shale. The outer zone, however,

contains mostly subangular to subrounded fragments of rhyo-

lite. The high proportion of intensely abraded fragments

derived from deeper levels in the central part of the pipe
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Figure 25. Southward view of pipe

area from lat 29°21 t 45 ,,N, long

102°36 t W. Pipe crops out in a low

saddle in approximate center of

photograph and is rimmed west and

south by resistant ridge of rhyolite.

Figure 26. View of pipe agglomer-

ate showing fragments of limestone,

chert, and rhyolite in fine-grained

matrix of rhyolite.
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Figure 27. Northward view of

rhyolite breccia from lat 29°21 T
N,

long 102°36 T ¥. Breccia is light
colored rock forming slopes and

resistant pinnacles.

Figure 28. View of rhyolite breccia

near lat 29
0 21 T 45

n

N, long 102°36»W.

Largest fragment is about three feet

in diameter.
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suggest that the axial region was the region of most effec-

tive and rapid transport of material. The high percentage

of relatively unabraded rhyolite fragments along the outer

zone of the pipe suggest that most fragments were plucked

from the walls of the conduit and transported short dis-

tances
.

Immediately north of the outcrop of pipe agglomerate

a half square mile area of altered rhyolite breccia (fig.

2?) forms a topographic basin rimmed on the south and east

by high ridges of rhyolite. The more intensely altered

rhyolite breccia is very light gray to white. In the north-

ern part of the outcrop a large area of highly stained, less-

intensely altered rhyolite breccia stands in bold relief as

a series of buff, light reddish-brown, and lavender pinnacles.

The rhyolite breccia is composed almost wholly of very

small fragments. Most are less than 10 mm in diameter, ex-

cept along the margins of the mass where a narrow zone shows

little alteration and contains subangular blocks of rhyolite

up to several feet in diameter (fig. 28). Most of the frag-

ments in the central mass are rhyolite. Limestone and baked

shale are subordinate, and a little muscovite-chlorite-

graphite schist is present.

Thin sections show the effect of weak to moderate

alteration. The principal effect was the development of clay

minerals from feldspar. The more resistant, dark-colored
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masses seem to have undergone less alteration. Their color

and superior resistance to weathering are largely the re-

sult of introduction of small amounts of iron and manganese

oxides and silica, probably by circulation of hydrothermal

solutions.

The rhyolite breccia mass is suggestive of vent mate-

rial for it contains many fragments of sedimentary and meta-

morphic rocks and lies in a topographic basin nearly encir-

cled by igneous rocks. In addition, it is slightly tuffa-

ceous and highly altered in places. On the other hand, the

poor exposures, alteration, and extremely irregular outline

of the mass permit no firm conclusion as to its origin. It

may be vent material that solidified in the neck of a vent

without reaching the surface, or it may be vent material that

was ejected and fell back to rest in a volcanic cauldron.

The relatively large proportions of very small fragments in

the central area suggest that the transporting medium was

considerably less effective than the rhyolite of the pipe

agglomerate. The possibility that the transporting medium

was water must be discarded, for the large cross-sectional

area of the breccia and the velocity of water required to

transport even small particles upward would demand immense

quantities of water. A more attractive hypothesis involves

transportation as a gas-solid system by rapid, upward

streaming of steam originating as an end-stage product of
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the crystallization of underlying rhyolitic magma similar

to that proposed by Barrington and Kerr (1961, p. 16?2-

1673) .



PETROGENESIS

ORIGIN OF LA CUEVA COMPLEX

The ring-like structure of the La Cueva complex is

the result of a sequence of intrusions rather than meta-

somatic effects or nephelinization of alkalic solutions

from silicate magma such as described by Korn and Martin

(1954) at the alkalic Me ssum complex of South-West Africa.

The La Cueva complex was emplaced in two stages:

(l) an earlier laccolithic intrusion of quartz monzonite;

and (2) intrusion of the differentiated series closely

followed by intrusion of the microsyenite core.

Field evidence strongly suggests that systematic

variations in composition of the differentiated series re-

sulted from splitting of an originally homogeneous magma

into mafic and felsic components. The most appropriate

mechanism of differentiation was fractional crystallization

accentuated by gravitational separation of crystals and

liquid.

The same mechanism has been widely used to explain

stratiform complexes where mafic rocks grade upward into

felsic rocks. The exact attitude of the contact between

the sodic syenite and gabbro of the differentiated series

is not precisely known but appears to be vertical or in-

clined steeply outward. It follows that gravitational

102
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differentiation of the series was not accomplished in its

present position. The evidence requires an earlier sepa-

ration in the subjacent magma reservoir.

The present distribution of a collar of syenite sur-

rounding gabbro is best explained by assuming the channel-

way did not reach the surface, but Adams (1903, p. 281-282)

explained a similar distribution of pulaskite (sodic sye-

nite), transition rock, and essexite (alkalic gabbro) in the

Monteregian Hills of Quebec as the result of displacement of

pulaskite outward from the axial portion of a volcanic vent.

This seems unlikely, because nearly all the syenite would

have been discharged early in the eruptive episode.

The microsyenite of the core was intruded after rocks

of the differentiated series crystallized. Its similarity

in composition and spatial relationship to the differenti-

ated series suggest that it represents a successive intru-

sion of undifferentiated magma from the same source. The

finer texture of the core material indicates that it may

have reached near the surface.

The similarity in composition, mode of intrusion,

and spatial relationship of the differentiated series and

the core rock strongly suggest they were derived from the

same magma. Conversely, the difference in composition and

mode of emplacement of the quartz monzonite and the younger

members of the complex suggest a different source, or
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derivation from the same magma at a considerably earlier

stage. The latter possibility suggests a progressive re-

duction of silica in the magma reservoir.

Perhaps, the quartz monzonite is genetically related

to the younger undersaturated rocks of the complex. It may

represent the average gross composition of the parental

magma or an early differentiate from a crystallizing mafic

magma. Desilication of the magma by syntexis or reaction

with limestone moved its average composition toward syeno-

gabbro. The differentiated series and core are derived

from this altered magma by fractional crystallization,

crystal fractionation under the influence of gravity, and

the transfer of material by mobile, fluid-rich alkalic solu-

tions .

RHYOLITIC ROCKS

Two contrasting groups of rocks with alkalic affin-

ities are present in the map area. Field associations sug-

gest that both groups had their ultimate origin in the same

regional magma chamber. The La Cueva intrusive complex is

an intrusive sequence ranging from quartz monzonite to

syenite and gabbro of the differentiated series, sodic

microsyenite of the core, and sodic rhyolite of the rim

sill. Elsewhere in the area, rhyolitic rocks resembling the

sodic rhyolite of the rim sill invade the terrain at many
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places
.

Most of the rhyolitic masses were emplaced in or ad-

jacent to arcuate fracture zones that resulted from a period

of high magmatic pressure. The other rhyolitic rocks, not

so obviously associated with deep fracture zones, show more

variation in texture and mineral composition, but such vari-

ations probably reflect more the conditions of crystalliza-

tion than major differences in chemical composition.

If the rocks of the central part of the La Cueva

intrusive complex are compared with the younger rhyolitic

rocks, the classic sequence of magmatic differentiation is

indicated. Calcic feldspars in the earlier, more mafic

rocks are displaced by alkalic feldspars in the younger,

more felsic rocks. In addition, the iron-magnesium ratio

in the ferro-magnesian minerals increases from earlier to

later rocks.

The proportion of felsic to mafic rocks, however, is

unusually high and suggests that the parental magma may not

have been gabbroic because, theoretically, fractionation of

a gabbroic magma would yield only small amounts of rhyo-

litic residuum. On the other hand, perhaps the basaltic

components were present but are now missing or, are still

present but not exposed. Some of the extrusive rocks in

Big Bend National Park to the west. Black Gap Game Preserve

to the northwest, and Santo Domingo to the south, are
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basaltic. Following uplift of the Sierra del Carmen and

/

Serrania del Burro areas, erosion may have removed all

vestiges of extrusive flow rock.

Another possibility is that small amounts of gab-

broic magma, formed by melting of the basaltic substratum

on release of pressure following relaxation of Laramide

compression, moved upward into the metamorphic basement

rocks that underlie the map area. The basement rocks were

at elevated temperatures as a result of Laramide compression,

and the low-melting constituents were assimilated into the

rising gabbroic magma. The diluted magma increased pro-

gressively in volume by the addition of felsic material.

If the basement rocks were at elevated temperature as a re-

sult of depth of burial and friction generated by orogeny,

the rising magma need have been endowed only with modest

amounts of superheat to assimilate the low-melting, felsic

components of the basement rocks. The processes of differ-

entiation by fractional crystallization and crystal separation

by gravity from the hybrid magma would produce in the end

stage a large volume of felsic magma.

The sequence of intrusions that produced the La Cueva

intrusive complex is somewhat anomalous, if one accepts a

hypothesis involving a progressive increase in felsic com-

ponents of a gabbroic parental magma as a result of assimi-

lation of basement rocks. The quartz monzonite was the first



107

intrusion, and it was followed by two successive intrusions

of silica-deficient magma. If the quartz monzonite and the

later intrusions of the complex were derived from the same

magma chamber, a decrease in silica is indicated, followed

at a later time by an abrupt increase in silica to yield

rhyolite. The most logical hypothesis seems to be that if

both groups of presumably related rocks had the same ulti-

mate source, the magma of the La Cueva intrusive complex

was isolated from the regional magma chamber and followed a

divergent line of differentiation o

The writer offers the following hypothesis to explain

the distribution of igneous rocks in the map area:

(l) Magma which produced the La Cueva intrusive com-

plex was derived from a local magma pocket located above the

roof of a differentiating batholithic mass of intermediate

composition. The bulk composition of the submagma approxi-

mated monzonite with a slight excess of quartz and repre-

sented an early accession from the regional magma below.

(2) Early injection of relatively undifferentiated

material from the submagma produced a laccolithic body of

quartz monzonite.

(3) Desilicat ion of the submagma by syntexis or

reaction with limestone moved its average composition toward

syenogabbro. Fractional crystallization, aided by gravita-

tional separation of crystals and upward concentration of
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volatiles, resulted in a syenitic liquid floating upon a

denser gabbroic liquid. Syenite was displaced from the magma

pocket first and was closely followed by gabbro to form the

differentiated series.

(4) The last accession of material from this sub-

magma formed the microsyenite core; it represented magma

that had not remained long enough at rest to effect crystal

settling by gravity.

(5) Excessive magmatic pressure produced arcuate

fracture zones that radiated from cupolas or "blisters” on

the roof of the batholith. The magmatic pressure was re-

lieved by formation of fractures, and the upper felsic

parts of the magma rose into the fractures to be emplaced

as members of the widespread younger rhyolitic series.



ECONOMIC GEOLOGY

The map area lies within what is locally called the

TT Pico Etereo fluorspar district. n Some of the deposits in

the district are among the most important fluorspar ore-

bodies known in the world. In addition, one orebody carries

appreciable amounts of beryllium. The Pico Etereo fluorspar

district is one of the most important in Mexico, and Mexico

is one of the world’s largest producers of fluorspar. Most

of the current production is exported to the United States.

FLUORSPAR

Fluorspar is the commercial name for the mineral

fluorite, whose composition is it is used in the

aluminum, steel, chemical, and ceramic industries. The

total consumption in the United States in 1961 was 668,000

tons (Kuster, 1962, p. 138), an increase of 4 percent above

the 1960 figure. Imports of fluorspar into the United

States during 1961 totalled 432,000 tons; most of this was

imported from Mexico.

Hydrofluoric acid and its derivatives are widely

used in the chemical and aluminum industries; the acid is

prepared from acid grade fluorspar by reaction with sulfuric

acid in heated kilns. The hydrofluoric acid is evolved as

a gas and condensed to a liquid which can be stored or trans

ported in ordinary steel tanks. One of the most important

109
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uses of hydrofluoric acid is in the smelting of aluminum

from bauxite. The acid is used to manufacture synthetic

cryolite, which is used as a flux and solvent in the

electrolytic bath in the production of aluminum; about 150

pounds of acid-grade fluorspar is required to produce a ton

of aluminum metal. The acid is widely used in the produc-

tion of high-octane fuel, glass etching, and steel pickling.

Inorganic fluorides are used as antiseptics and insecticides;

and boron trifluoride is an important catalyst. Organic

fluorides are widely used as refrigerants, propellants, and

low-friction compounds.

Fluorspar is used in the steel industry as a flux to

promote fluidity of the slag; approximately 4 pounds of

fluorspar is required for each short ton of open-hearth

steel produced. It is also used as a flux in iron foundries.

In the ceramics industry, fluorspar is used to make white or

colored opal glasses and enamels.

There are three principal market grades of fluorspar:

acid, ceramic, and metallurgical. Acid grade fluorspar con-

tains at least 97 percent CaF
0

and not more than 1.5 percent

silica. Ceramic grade fluorspar contains 90 to 95 percent

less than 2.5 percent silica, and small amounts of

calcite and base metals. Specifications for metallurgical

fluorspar vary according to the requirements of the pur-

chaser, but most contracts specify a minimum of 60 percent
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"effective and limit the sulfur and base-metal con-

tent. "Effective represents the residual figure

after deducting a penalty of 2 l/2 percent for each

1 percent of silica in the ore. Thus, an ore with 90 per-

cent and 8 percent silica would have 70 percent effec-

tive CaF^.

Cerro Aguachile and Cuatro Palmas Mines

Two very large orebodies lie within the Pico Etereo

fluorspar district a short distance east of the map area.

They are the Cuatro Palmas and Cerro Aguachile deposits

owned by Cia. Minera La Domincia, S. A. de C. V., a Mexican

mining company owned in part by The Dow Chemical Company.

The Cuatro Palmas deposit lies along the contact of

an arcuate dike of rhyolite with highly brecciated limestone

of the upper massive member of the Devils River, locally

called "Georgetown limestone." The Cuatro Palmas orebody,

a replacement of limestone, averages about 70 percent

The exposed part of the orebody is circular in plan with a

diameter of about 300 feet. In section it resembles an in-

verted cone. Diamond drilling has shown that the orebody

extends to considerable depth.

The Cerro Aguachile deposit consists of several dis-

continuous orebodies within a narrow zone of highly brecci-

ated "Georgetown limestone" along the contact of a rhyolitic
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ring-dike and a central block of Cretaceous sedimentary

rock emplaced by cauldron subsidence. Beryllium-bearing

fluorspar crops out sporadically for 2,000 feet along the

limestone-rhyolite contact. The average content of the

orebody is 80 percent and 0.3 percent BeO. Individual

outcrops are as much as 200 feet wide. The beryllium-

bearing mineral is bertrandite, whose composition is

tion are indicated, followed by deposition of the beryllium

mineral
•

At present only the low-beryllium bearing Cuatro

Palmas deposit is being worked. About 1,500 tons per month

of metallurgical grade fluorspar is produced for export,

and an additional 4*ooo tons per month is milled to acid-

grade at La Domincia f
s flotation mill at La Linda, Coahuila.

Metallurgical grade ore is hauled from the mine to

the railhead in Marathon, Texas, via La Linda and Heath

Crossing. The milled concentrates are also hauled to

Marathon for rail shipment. The company plans to double

the size of the mill and to construct a bridge over the Rio

Grande in the immediate future.

Malabrigo Mine

The only mine currently operating in the map area is

the Malabrigo mine, which is owned by Minerales de Fluorita,
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S. A. de C. V., a Mexican mining company. Effective control

of the mine rests with the Bailey Fluorspar Company of Marfa,

Texas. The mine was discovered and opened by Sr. Eligio

Pena B. in 1954°

The Malabrigo mine is located near lat 29°20 T
4S"N,

long 102°32 1 10” W • It lies along a
~G eorgetownt ,-rhyolit e

contact (fig. 29). The intrusion is an elongate stock-like

mass of quartz-poor porphyritic rhyolite, lying in a syn-

clinal area between the southern flank of the Cerro Malabrigo

anticline and a low, broad domal structure to the south.

Fluorspar is mined from discontinuous orebodies in

intensely brecciated and cavernous limestone along the

southern contact of the intrusion. The fluorspar occurs as

cavern or void fillings and as replacement of limestone.

Fluorspar occurs as irregular bedding replacements for at

least a thousand feet along the rhyolite contact. The major

orebodies, however, occur in a cavernous zone that extends

for several hundred feet along the contact. The cavities

are filled with fluorite, calcite, and gypsum; many are

interconnected. One major orebody in a large cavern or

"pipe” is being worked at present, and the lowest level is

150 feet beneath the surface. From its domal roof, a few

feet below the surface, the cavern enlarges downward to at

least 70 feet at the widest point. The cavern is elongate

parallel to the contact and is being worked at different
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Figure 29. Northward aerial view

of Malabrigo mine near lat 29°20 t 45 ,,

N,

long 102°32 t 10 M¥,

Figure 30. View of ore piles and

miners at Malabrigo mine.
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levels for about 200 feet.

The fluorspar occurs in a variety of colors: white,

light greenish-gray, pink, yellow, dark purple, and black.

The texture of the fluorspar is very fine grained, almost

aphanitic; well crystallized fluorite is rare and the length

of individual crystals is less than 2 mm.

In the upper levels of the cave much of the ore is

brecciated, suggesting collapse during mineralization. At

least two generations of fluorite mineralization are indi-

cated, for fragments of dark fluorite up to several inches

long are cemented by fine-grained, light-colored fluorite.

Similar brecciation in orebodies has been ascribed by

McKinstry (1955, p. 212-225) to collapse and by Locke (1926)

to r,mineralization stoping." Grogan (1949) attributed col-

lapse of rocks overlying fluorspar deposits, to volume re-

duction by stoichiometric replacement of calcite by fluorite.

Another possibility is that the brecciation resulted from

tectonic movement during or between periods of fluorite

mineralization. The most fitting hypothesis suggests that

collapse was the result of removal of limestone through

solution by the ore-forming fluids. The rhyolitic wallrock

adjacent to the orebody shows extensive alteration of feld-

spars to clay minerals and little or no silicification; the

alteration probably resulted from desilication of feldspars

by hydrothermal solutions.
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Much of the fluorite in the lower levels occurs as

colliform, botryoidal, and mammillary masses. Some of the

colliform masses are several feet in diameter and exhibit

a radial fibrous structure. Most of these are of high

purity; many are acid-grade and carry only minute amounts

of silica. Much of the ore produced from the cavern or

pipe deposit contains 90 percent and requires little

«

or no hand-sorting.

The Malabrigo mine is worked by primitive methods

(fig. 30). The miners work in groups on a contract basis

and are paid approximately 15 pesos ($1.20 U. S.) per ton

of acceptable ore produced and loaded into trucks. The

management furnishes compressed air and dynamite, but hand

drilling is often necessary because of compressor failure

or lack of drill steel or bits. The miners drill, blast,

sort, and size the ore underground. The ore is carried out

in sacks on the men’s backs or, in the shallower pits, is

pushed out in wheel barrows.

No development work is done and mining follows only

the richer and more accessible parts of the deposit. The

ground stands well and few pillars are left. Some of the

stopes are 50 to 75 feet high and almost as wide.

In prospecting for ore, shallow test pits are sunk

along the rhyolite contact. If no showings are found in

the first few feet, the pit is abandoned and another started
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elsewhere. If sufficient ore is found, the fluorspar is

followed down and laterally. When the hole becomes too

deep for the miners to readily carry the ore out in sacks,

narrow cuts are driven in from down-slope positions to

eliminate part of the vertical haulage. In the deeper parts

of the orebody, access is gained by narrow adits driven to

intersect the orebody as low as possible.

The ore is loaded on trucks and most is delivered

via La Linda, and Heath Crossing to the Marathon railhead.

No reliable figures are available for the tonnage

produced from the mine to date; it probably exceeds 100,000

tons. Reserves are difficult to estimate because of the

primitive mining methods and the utter lack of development

or exploration work. About 15,000 to 20,000 tons of 60 per-

cent or more can be classified as measured ore; it con-

sists of the ore left behind by wasteful mining methods and

ore in sight that has not yet been mined. Indicated ore

is estimated to be 30,000 tons of 80 percent or more

Inferred ore is 150,000 tons based on continuity of ore to

depths reached in the nearby Cuatro Palmas mine, assuming

no increase or decrease in width and length of the orebody.

It must be pointed out that the Malabrigo mine area

bears great promise for the discovery of new orebodies and

extension of known orebodies. The clear structural control,

and the district-wide occurrence of fluorspar along



118

rhyolite- n

Georgetown TT contacts suggest that exploration is

almost certain to disclose new orebodies. In the vicinity

of the Malabrigo mine about a mile of rhyolite is in con-

tact with the favored host rock and, for most of its

length, little prospecting has been done. Although no

reasonable basis exists for assigning a tonnage figure to

f,

possible or ultimate reserves” an estimate of one million

tons does not seem excessive.

Amezcua Mine

The Amezcua mine lies near lat 29°20 t 20 ,t

N, long

102°36 1 45 t,W
•

The mine was first opened in 1955 by the pres-

ent owner, Rene Amezcua of Del Rio, Texas, but operations

were suspended in 1959* No reliable production figures are

available, but probably around 10,000 tons of ore was pro-

duced
•

Most of the mine workings are in a sink or collapse

structure developed in the uppermost member of the Devils

River Limestone. The early discoveries, however, were made

in solution-widened joints in limestone adjacent to the

sink. The sink is approximately 1,200 feet long and averages

400 feet wide. Its depth is unknown, but the lowermost work-

ings are at least 200 feet below the surface.

Much of the fluorite is yellowish, and some of it

contains inclusions of hydrocarbons. The fluorite is
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generally well crystallized with cubes up to 5 nun on a side,

but some is stalactitic and fine grained; other fluorite is

composed of friable aggregates of small crystals.

The fluorite occurs in a sink filled with a rubble

of limestone and clay. Most of it occurs as incrustations

or open-space fillings along and between boulders of lime-

stone, Some of the fluorite, however, appears to be a re-

placement of limestone rubble. Some of the ore is in

botryoidal, mammillary, and colliform masses. The most

abundant gangue materials are calcite, gypsum, limonite, and

hematite. The ore produced was carefully hand-sorted to

about 80 to 90 percent Much of the ore produced was

silicic; some contained as much as 10 percent The

silica probably was not introduced by solutions, but re-

sulted from the incorporation into fluorite of the silicic

residue after solution of calcite from impure limestone.

The Amezcua mine was worked by primitive methods and

most of the ore was carried in sacks up ladders for consid-

erable heights, A narrow adit intersects the workings about

the 100-foot level. The workings’ are a maze of low, twisting,

narrow passageways, for mining followed only the richest part

of the orebody and no development work was done. The reserves

are consequently difficult to evaluate. Probably a few

thousand tons averaging 30 percent or more remain in

sight, but at the present market price cannot be considered
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ore. Careful drilling of unexplored parts of the collapse

area will find additional ore, and may well turn up a major

orebody.

Prospects

There are a number of fluorspar prospects in the map

area. Most are along narrow joints or veins and bear little

promise for large tonnages of ore. Some are along small

sinks or collapse areas, and none show extensive mineraliza-

tion. Other prospects lie along rhyolite-limestone contacts;

the only such prospect with significant fluorite outcropping

is along the eastern margin of the La Salada intrusion near

lat 29 0 23 f N, long 102°41 t 30t,W. At that place a number of

small, discontinuous outcrops of fluorite can be found for

several hundred feet along the contact. Many test pits have

been sunk in limestone and marble near the northern and

eastern segments of the La Cueva intrusive complex, where

minor concentrations of fluorite occur along joints and

bedding planes.

Origin of Fluorite

The association of fluorite with alkalic igneous

rocks has long been recognized. Smythe (192?) considered

fluorine to be a characteristic volatile element of alkalic

magmas. Lindgren (1933, p. 163-169) noticed the concentration
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of fluorite deposits along the Rocky Mountain front and

proposed a genetic connection with the alkalic rocks of

that part of the cordillera. Peters (.1958) suggested that

fluorine tends to remain in a specific region for long

periods of time, and that the present distribution of

fluorspar deposits along the eastern margin of the cordil-

lera is the result of high fluorine content in the basement

rocks.

The widespread occurrence of fluorite and alkalic

igneous rocks in the Pico Etereo fluorspar district and

elsewhere strongly indicates a genetic relationship. The

orebodies probably formed from hydrothermal solutions de-

rived from deep reservoirs where magma had undergone long

differentiation and separation into an alkali-rich fraction.

The structural control of mineralization in the district is

obvious* Deep fracturing resulted from a period of exces-

sive magmatic pressure o Rhyolitic magma was injected into

the fractures and the intrusion of the highly viscous magma

brecciated and shattered Devils River Limestone near intru-

sive contacts. The deep-seated fracturing allowed fluorine-

bearing solutions to move up and along fractures until they

reached places where the temperature and pressure environ-

ment allowed them to react with a favorable host rock to

form fluorite. The space which some of the fluorite occupies

was inherited from fracturing along intrusions and accentuated
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by solution of calcite by the ore-forming fluids or perhaps

by earlier meteoric waters.

Recommendations

The Pico Etereo area is a fertile ground for the

application of geological principles to the search for new

orebodies. The two largest known orebodies in the district

are the Cuatro Palmas and Cerro Aguachile. No reserve fig-

ures are available for these two orebodies, but proven ore

must be at least a million tons and possibly several times

that amount. Significantly, the only drilling in the dis-

trict has been on these two orebodies. The Malabrigo mine

is unexplored and may ultimately prove to be as large as the

Cuatro Palmas or Cerro Aguachile deposits. Moreover, al-

though all mines in the district were begun in outcropping

fluorite, there is no assurance that all of the orebodies

that crop out have been found.

The known occurrences of fluorite in the district

can be summarized as follows: (l) veins, caves, and sinks

that seem to be remote from igneous contacts; (2) cavern

deposits in ’’Georgetown limestone” along rhyolite contacts;

and (3) replacement deposits in ’’Georgetown limestone” near

rhyolite contacts. Most of the unpromising prospects can

be placed in the first group. The Malabrigo orebody can be

placed in groups two and three, and the Cuatro Palmas and
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Aguachile deposits belong to the last group. The tendency

of the larger orebodies to be associated with rhyolitic in-

trusions in contact with the uppermost member of the Devils

River Limestone is obvious.

There is almost no possibility that the fluorite ore-

bodies were derived from the adjacent rhyolite masses; their

persistent association reflects the fact that deep-seated

fractures were major channelways for rhyolite and, at a

later stage, for the mineralizing solutions. The ring-dike

at Cerro Aguachile is such a deep-seated fracture, for it

occupies an annular fault where a central prism of sedi-

mentary rock subsided several thousand feet. The Cuatro

Palmas mine is located along a related feature, a dike in-

jected into an arcuate fault zone that also resulted from

subsidence of the nearby Cerro Aguachile. The Malabrigo

mine is located along a rhyolite intrusion near the margin

of a central block uplifted by magmatic intrusion.

Recognizing the structural and stratigraphic controls

of mineralization is the key to finding new orebodies. A

systematic exploration program consisting of detailed mapping

and prospecting along rhyolite contacts, particularly along

arcuate dikes associated with central uplifts, followed by

drilling is almost certain to add to the reserves of the

district. The pipe structure near lat 29°21 T N, long

102°36is a favorable prospect for fluorspar or other
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minerals. Although megascopic examination of the pipe

agglomerate showed no mineralization, the pipe itself may

have acted as a deep-seated feeder or conduit for ore-

bearing solutions.

The existence of orebodies that do not crop out

seems certain. The best possibility to find concealed ore-

bodies would be to drill to intersect the rhyolite-

T,Georgetown” contacts on the convex sides of the arcuate

dikes associated with central uplifts. If the arcuate

dikes dip in a centripetal direction as inferred, the ore-

bearing solutions ascended beneath the relatively impervi-

ous or non-reactive sheet of rhyolite until they reached

a favorable environment for deposition. In summary, in-

tensive prospecting of structural features that fit the

district-wide pattern of deep fracturing will probably be

successful.

BASE METALS

The only known occurrences of base metal minerals

in the map area are small contact-metasomatic concentrations

of magnetite, pyrite, chalcopyrite, and. galena along the

contact aureole of the La Cueva intrusive complex. The min-

erals occur as small deposits localized along fracutres and

bedding planes. It seems unlikely that any deposit of appre

ciable size exists at this locality, because widespread
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mineralization is lacking and the few deposits exposed are

minute. Moreover, typical contact-metasomatic deposits are

characterized by small size and irregularity of mineraliza-

tion.

The Pico Etereo fluorspar district is notable for

the ostensible lack of other mineral deposits with the ex-

ception of the beryllium-bearing fluorspar of Cerro Agua-

chile. Approximately 25 miles to the west, however, the

Boquillas mine was worked intermittently for lead from the

1880 T
s until about World War I. The lead mineralization,

as well as copper and zinc, occurred as vein deposits in

the n Glen Rose Limestone. M About 75 miles to the south of

the map area new deposits of lead ore, mostly carbonates

and sulfates, are being exploited at the present time.

Intensive exploration of structural features favor-

able for the accumulation of fluorspar may disclose ore-

bodies of other minerals. The structural controls should

be equally operative for other minerals as well as for

fluorspar, but other deposits, if present, may be found at

different stratigraphic horizons.



GEOLOGIC HISTORY

In Jurassic time, the southern part of the North

American continent extended over much of the state of

Coahuila and the eastern part of the state of Chihuahua

(Kellum et al., 1936, p. 1,001). The Mesozoic Gulf of

Coahuila was bordered by the stable Tamaulipas Peninsula

and Coahuila Platform (fig. 17)*

A transgressing Cretaceous sea in Mexico extended

over the shelf area between the Coahuila Platform and the

Tamaulipas Peninsula in late Aptian or early Albian time.

The sea continued its northward transgression during early

Cretaceous time, and deposition continued until the end of

the Comanchean Epoch. An epeirogenic uplift is indicated

by the regional unconformity between the Comanchean and

Gulfian series. Following re-submergence of the shelf area,

sedimentation continued through at least Campanian time.

At least 1,100 feet of Gulfian strata remain in the map

ar ea.

The latter part of the Late Cretaceous Epoch was

marked by the beginning of the Laramide orogeny, during

which the Cretaceous sedimentary rocks were subjected to

east-west compression that resulted in the fold trends seen

today. This deformation culminated in the Eocene Epoch.

In Eocene time an episode of intense volcanic activ-

ity began. Recurrent volcanic activity mantled the surface

126
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with ash and lava flows. Intrusion of a batholith at depth

uplifted the Pico Etereo area, and the batholith fed many

smaller intrusive bodies. Periods of excessive magmatic

pressure produced domal uplifts and arcuate fracture and

fault zones. Rhyolitic magma from the upper parts of the

batholith ascended the fractures and faults to form arcuate

dikes and subsidiary laccoliths and bysmaliths. Alkali-

rich fluids were concentrated near the roof of the batho-

lith and released as fluorine-bearing hydrothermal solu-

tions which ascended the fracture zones and reacted with

limestone to form large deposits of fluorspar.

Following vulcanism Tertiary block-faulting produced

isolated intermontane basins between folds of the Coahuila

marginal folded belt (fig. 17), and the basins thus created

were largely filled with bolson deposits. Late integration

of the Rio Grande and its tributaries drained many of these

basins, removed part of the fill, and left behind extensive

but relatively thin Quaternary gravels.
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LOCATION OF THIN-SECTION SAMPLES
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COMPOSITION OF THIN SECTIONS
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TABLE
1.

No

.

Rock

Name

Estimated

Mineral

Composition
percent

Remarks

2

vesuvianit
e

hornf
els

j

50

garnet

(grossularit
e

?)

25

vesuvianite
5

wollastonite
18

calcite

tr

pyrite

2

talc

(?)

tr

fluorite

granoblastic
texture.

3

porphyrit
ic

rhyolite

f)

5

alkalic

feldspar

g)

50

alkalic

feldspar

g)

30

quartz
13

limonite

2

opaques

groundmass
laths

of

feathery

alkalic

feld-

spar

and

quartz.

5

monzonit
e

30

plagioclase

(oligoclase
?)

40

cryptoperthite
18

augite
6

quartz

4

opaques

1

biotite

tr

epidote

1

apatite

tr

zircon

constituents
anhedral,

quartz

myrmekitic.
augite

altering
to

chlorite.

6

1

porphyritic quartz-poorrhyolite

f)

3

perthite
g)

85

alkalic

feldspar

g)

10

quartz
1

chlorite
1

opaques

tr

apatite

groundmass
tablets
of

alkalic

feldspar
and

interstitial
quartz,

chloritic

alteration

of

pyrlboles.

9

porphyritic trachyte

f)

5

alkalic

feldspar

g)

65

alkalic

feldspar

8

brown

chlorite

20

altered

mafics

1

calcite
1

opaques
tr

zircon
tr

apatite

bostonitic
texture,

highly

altered,

mafics

altered
to

chlorite
and

iron

oxides.

f)

=

phenocrysts
g)

=

groundmass
tr

=

trace
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No.

Rock

Name

Estimated

Mineral

Composition
percent

Remarks

10
: ,

porphyrit
ic

rhyolite

f)

7

cryptoperthit
e

f)

5

quartz

g)

70

alkalic

feldspar

g)

10

quartz

3

chlorite

5

opaques

tr

epidote

groundmass

indistinct,

pyriboles

altering
to

chlorite
and

limonite.

11
u

.

sodic

syenite

85

cryptoperthit
e

8

aegirite-augit
e

2

sodic

hornblende
2

nepheline

tr

analcite

2

apatite

tr

sphene

1

opaques

tr

albite

aegirite-augit
e

zoned

and

rimmed

with

sodic

hornblende.

albite

rims

cryptoperthite.
analcite

interstitial.

■

H

sodic

syenite

85

cryptoperthit
e

12

aegirite
1

analcite

tr

apatite

2

albite

tr

zircon

albite

rims

crypto-

perthite,

analcite

interstitial,

i

lu

sodic

syenite

85

cryptoperthit
e

6

aegirite-augit
e

4

sodic

amphibole

2

albite
1

analcite

tr

epidote

1

opaques

tr

calcite

tr

sphene

tr

nepheline

aegirite-augit
e

zoned,

albite

rims

crypto-

perthite.

crypto-

perthite

altering
to

sericite,

nepheline

interstitial
and

re-

placed
by

analcite.

18

plagioclase- augit
e- analcit

e

syenite

50

alkalic

feldspar

10

plagioclase

(andesine?)

10

biotite
5

brown

chlorite

12

analcite
7

augite

tr

olivine

4

opaques

tr

epidote

1

apatite

tr

calcite

plagioclase
as

cores

in

alkalic

feldspar,

flakes
of

biotite

wide-

spread.

biotite
re-

placed
by

chlorite,

feldspar

replaced
by

analcite,
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No

.

Rock

Name

Estimated

Mineral

Composition
percent

Remarks

20

porphyrit
ic

basalt

f)

5

plagioclase

(labradorit
e?)

g)

50

plagioclase

(labradorit
e?)

20

chlorite
8

calcite
15

opaques
2

apatite

tr

analcite

pilotaxic

texture,

chlorite

replaces

original

olivine,

pyri-

boles,

and

plagioclase.
calcite

replaces
plagioclase.

21

porphyrit
ic

rhyolite

f)

8

alkalic

feldspar

f)

2

quartz.

g)

70

alkalic

feldspar

5

altered

mafics

g)

13

quartz
2

opaques

tr

apatite

groundmass

indistinct,

feldspar

phenocrysts
highly

altered
to

clay

and

sericite.

25

sodic
micro- syenite

80

cryptoperthit
e

10

aegirite-augit
e

9

opaques

tr

nepheline

tr

apatite

tr

zircon

tr

albite

tr

analcite

cryptoperthit
e

rimmed

with

albite. aegirite-augit
e

zoned.

26

basalt

40

plagioclase

(labradorite?)

15

calcite
35

chlorite
10

opaques

highly

altered.

iron

oxides

and

chlorite

widespread.

calcite

replaces

original

olivine

phenocrysts.

29

latit
e

35

plagioclase

(oligoclase?)

10

albite
40

alkalic

feldspar

13

chlorite
2

opaques
tr

riebeckite
tr

iddingsite?

trachytoid.

feldspar

in

tablets.

plagio-

clase

highly

altered

and

mantled
by

alkalic

feldspar.

groundmass

obscured
by

wide-

spread

chlorite.
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No
,

Rock

Name

Estimated

Mineral

Composition
percent

Remarks

30

porphyritic phonolit
e

f)

12

analcite
g)

65

alkalic

feldspar

10

aegirit
e-augit
e

2

iron

oxides

1

biotite

tr

calcite

1

apatite

tr

nepheline

8

opaques
tr

riebeckite

analcite

replacement
of

original

olivine(?).
tufted

clusters
of

aegirit
e-augit
e

altered

to

chlorite
and

iron

oxides.

32

basalt

f)

40

calcite

g)

45

plagioclase
7

brown

chlorite

2

opaques
6

zeolite
(?)

highly

altered.

iron-

stained

indistinct
groundmass.

calcite

replacement
of

original

olivine.

zeolite
(?)

replaces

plagioclase.

33

porphyritic basalt

65

plagioclase
(Ab,

_)

3

albite
20

brown

chlorite

2

iddingsite
10

opaques

tr

calcite

albite

rims

plagioclase

tablets.

widespread
alteration
of

pyriboles

to

chlorite.

olivine

altered
to

iddingsite.

34

basalt

20

plagioclase
10

calcite

5

opaques

65

palagonite

tr

zeolite(?)

devitrified
glassy

matrix.

36

sodic
micro- syenite

80

cryptoperthite
15

sodic

pyroxenes

2

calcite
1

apatite
2

opaques
tr

riebeckite

tr

epidote

cryptoperthit
e

alter-

ing

to

sericite,
clay,

calcite,
and

iron

oxide.
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No

.

Rock

Name

|

Estimated

Mineral

Composition
percent

Remarks

3

7

sodic
micro- syenite

75

cryptopert
hit
e

12

aegirite-augite
3

nepheline
2

albite
1

apatite

3

chlorite

tr

plagioclase
4

opaques

cryptoperthite
rimmed

with

albite.

nepheline

interstitial.

chlorite

replaces

aegirite-

augite.

aegirite-

augite

strongly
zoned.

41

porphyrit
ic

rhyolite

f)

10

sanidine
g)

65

alkalic

feldspar

5

altered

mafics

g)

20

quartz
tr

apatite

tr

opaques

euhedral

phenocrysts
of

sanidine
in

indistinct

groundmass
of

alkalic

feldspars
and

quartz•

42
I

1
j
1

porphyrit
ic

rhyolite

f)

12

cryptoperthite
g)

65

alkalic

feldspar

g)

13

quartz
3

brown

chlorite

7

opaques
tr

hematite

tr

zircon

groundmass

trachytoid.

chlorite

alteration
of

pyriboles,

quartz
as

irregular

patches
in

groundmass.

43

porphyritic rhyolite

f)

12

sanidine
g)

65

alkalic

feldspars

4

brown

chlorite

g)

15

quartz

tr

apatite

4

opaques

tr

albite

groundmass

indistinct

aggregate
of

alkalic

feldspar
and

quartz,

narrow

albite

rims

on

sanidine.

45

agglomerate

Abundant
%

rhyolite

quartz

trachyte

limestone

calcit
e

Sparse; muscovite-
chlorite-
graphite

schist quartzose

sandstone

sub-rounded
to

sub-

angular.

fragments

enclosed
in

rhyolitic

matrix.
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No.

Rock

Name

Estimated
Mineral

Composition

Remarks

percent

49

porphyritic sodic
trachyte

f)

30

cryptoperthite
g)

55

cryptoperthite
12

aegirite-augit
e

1

biotite
1

apatite
1

opaques
tr

sodic

amphibole

tr

riebeckite

tr

chlorite

trachytic.

aegirite-

augite

zoned,

aegirite
rims

biotite.

50

gabbro

70

plagioclase
(Ab_g)

10

titanaugite
8

biotite
4

chlorite
1

epidote
6

opaques
tr

nepheline

tr

sphene

tr

analcite

tr

calcite

subophitic.

plagio-

clase

strongly

zoned,

cores

labradorite
and

margins

andesine.
titanaugite

altering

to

chlorite.

plagio-

clase

altering
to

calcite.

51

sodic

syenite

85

cryptoperthite
14

aegirit
e-augit
e

tr

riebeckite
tr

biotite

tr

opaques

slightly

granulated.

52

sodic

syenite

70

cryptoperthite
5

plagioclase

(andesine?)

3

sodic

hornblende

12

biotite
5

augite

3

opaques

2

apatite

tr

sericite

plagioclase
forms

indistinct
cores

in

cryptoperthite.
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No.;
1

Rock

Name

Estimated
Mineral

Composition
percent

Remarks

53

gabbro

50

plagioclase

(andesine?)

25

alkalic

feldspar

6

sodic

amphibole

4

titanaugite
8

quartz

tr

sphene

2

biotite

tr

apatite

2

chlorite

tr

epidote

1

olivine

tr

opaques

strongly
zoned

plagio-

clase

in

granulated
groundmass
of

alkalic

feldspars
and

minor

quartz.

quartz

abun-

dant

along

fracture--

probably

introduced.

54

gabbro

70

plagioclase
(Ab.

r)

8

biotite

45

12

titaniferous
augite

3

olivine
2

chlorite

tr

sphene

5

opaques

tr

epidote

subophitic.
plagio-

clase

zoned.

olivine

altering
to

chlorite.

55

porphyritic rhyolite

f)

20

sanidine
g)

55

alkalic

feldspars

g)

15

quartz
8

brown

chlorite

2

opaques
tr

hematite

tr

biotite

sanidine

altering
to

sericite
and

clay,

groundmass

indistinct,

chloritic

alteration

of

biotite
and

pyri-

boles.

57

hornblende micro- syenite

85

cryptoperthite
7

sodic

hornblende

2

augite
2

nepheline
1

apatite
3

opaques
tr

analcite
tr

chlorite

trachytoid
texture,

nepheline
inter-

stitial.



137

No.

Rock

Name

Estimated

Mineral

Composition
percent

Remarks

58

porphyrit
ic

rhyolite

f)

10

sanidine
f)

8

quartz

g)

55

alkalic

feldspar

g)

13

quartz

tr

zircon

8

aegirite-augite
3

brown

chlorite

1

epidote

tr

albite

1

opaques

tr

apatite

sanidine

rimmed

with

albite,

indistinct
groundmass.

quartz

in

irregular

patches,

small

irregular
grains

of

aegirite-augite
throughout

groundmass.

59

porphyrit
ic

sodic
micro- syenite

f)

18

anorthoclase
g)

60

alkalic

feldspar

15

aegirite-augite
3

augite
3

chlorite

tr

apatite

tr

nepheline

tr

olivine

tr

albite

tr

opaques

trachytoid.
iron-

rich

chlorite
from

alteration
of

olivine.

6l

quartz
plagioclase syenite

10

plagioclase

(andesine?)

70

cryptopert
hit
e

7

sodic

hornblende
8

quartz

tr

sphene

1

biotite

tr

augite

3

chlorite

tr

zircon

tr

riebeckite

tr

opaques

plagioclase
as

faint

cores

of

crypto-

perthite.

quartz

interstitial.

62

porphyrit
ic

rhyolite
—

f)

15

sanidine
f)

8

quartz

g)

40

alkalic

feldspar

g)

30

quartz
3

limonite
and

brown

chlorite
4

opaques
tr

sphene

tr

zircon

sanidine

altering
to

clay

and

sericite,

patches
of

quartz
in

indistinct

groundmass.

iron

oxides

and

chlorite

altering

from

pyriboles.
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No
.

Rock

Name

Estimated
Mineral

Composition
percent

Remarks

63

porphyritic quartz-plagio- clas
e syenite

f)

12

plagioclase

(andesine?)

g)

60

cryptoperthite
6

sodic

amphibole

8

quartz

tr

sphene

12

albite

tr

biotite

1

opaques

tr

zircon

plagioclase
strongly

zoned.

cryptoperthite
rimmed
by

albite.

quartz

and

some

albite

interstitial.

64

porphyritic sodic
trachyte

f)

25

anorthoclase
g)

55

alkalic

feldspar

12

aegirite-augit
e

1

sodic

amphibole

3

opaques
3

limonite

tr

nepheline

tr

apatite

tr

olivine

1

trachytoid.

margins

of

anorthoclase
cloudy,

some

aegirite-augite
replaces

original

olivine.

limonite

widespread.

66

prophyrit
ic

rhyolite

f)

12

alkalic

feldspar

f)

5

quartz

g)

60

alkalic

feldspar

g)

12

quartz
5

sodic

amphibole

6

limonite
and

brown

chlorite
tr

hematite

tr

hornblende

feldspar

phenocrysts
altered
to

clay

and

sericite.

quartz

forms

irregular

patches

in

indistinct
ground-

mass.

iron

oxide

and

chlorite

widespread.

67

sodic
micro- syenite

80

cryptoperthite
10

biotite
4

chlorite
1

apatite
2

opaques
tr

plagioclase
tr

albite
tr

analcite
2

calcite

feldspars

slightly

altered
to

sericite
and

clay.

chlorite

replaces

biotite
and

pyriboles.

interstitial
albite.

ocellar

analcite,
cal-

cite,

and

biotite.
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No.

Rock

Name

Estimated
Mineral

Composition
percent

Remarks

"6

sodic
syenite

80

perthite
10

hornblende
7

aegirite-augit
e

1

albite

tr

opaques

1

apatite

tr

analcite

tr

biotite

tr

augite

perthite

rimmed

with

albite.

augite

rimmed

with

aegirite~augite.
aegirite

altering
to

sodic

hornblende.

70

porphyritic rhyolite

f)

1$

sanidine
g)

60

alkalic

feldspar

g)

15

quartz
5

limonite
and

brown

chlorite
5

opaques

tr

apatite

tr

hematite

tr

zircon

feldspar

phenocrysts
altered
to

clay

and

sericite.

quartz
as

irregular
patches
in

groundmass.

chlorite

and

iron

oxide

alter-

ing

from

pyribole.

71

porphyritic analcit
ic

j

trachyte

f)

15

anorthoclase
g)

65

cryptoperthit
e

8

sodic

amphibole

3

diopsidic
augite

3

aegirite

tr

apatite

3

analcite

tr

biotite

1

opaques

tr

nepheline

trachytoid.

anortho-

clase

rimmed

with

cryptoperthit
e.

sodic

amphibole

replacing

aegirite.

augite

rimmed
by

aegirite.

analcite

interstitial.

72

porphyritic quartz-poorrhyolite

f)

10

alkalic

feldspar

g)

10

quartz

g)

75

alkalic

feldspar

3

opaques
2

limonite
and

brown

chlorite
tr

apatite
tr

epidote

feldspar

phenocrysts
altered
to

clay

and

sericite.

iron

oxides

and

chlorite

replace-

ment

of

pyriboles.
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No.

Rock

Name

Estimated
Mineral

Composition
percent.

Remarks

76

porphyrit
ic

latit
e

f)

20

plagioclase
(Ab^)

g)

50

cryptoperthit
e

15

augite

tr

sphene

2

hornblende

tr

apatite

7

biotite

tr

chlorite

5

opaques

tr

epidote

euhedral

andesine

pheno-

crysts

set

in

granular

matrix
of

cryptoperthit
e

and

partly

resorbed

augite.

77

porphyrit
ic

rhyolite

f)

7

alkalic

feldspar

f)

15

quartz

g)

65

alkalic

feldspar

g)

5

quartz
5

limonite
and

brown

chlorite
1

calcite

tr

apatite

2

opaques

tr

epidote

phenocrysts
of

feldspar

highly

altered
to

clay

and

sericite.

Chlorite

and

iron

oxide

from

alteration
of

pyriboles.

78

porphyrit
ic

rhyolite

f)

12

alkalic

feldspar

g)

70

alkalic

feldspar

f)

13

quartz
5

chlorite
and

brown

limonite
tr

opaques
tr

apatite

tr

epidote

feldspar

phenocrysts
altered
to

clay

and

sericite.

chlorite
wide-

spread-replaces
pyri-

boles.

quartz

forms

small

patches
in

ground-

mass
.

81

porphyrit
ic

olivine basalt

f)

15

olivine

g)

20

olivine

g)

60

plagioclase
(Ab,
,.)

5

opaques
tr

augite
tr

chlorite

olivine

fresh.
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No

.

Rock

Name

Estimated
Mineral

Composition
percent

Remarks

82

porphyrit
ic

olivine basalt

f)

10

olivine

g)

65

plagioclase
(Ab.
_)

g)

5

olivine
12

altered

pyriboles

3

chlorite
5

opaques

trachytoid.

83

gabbro

70

plagioclase
(Ab,-c)

12

biotite
10

titaniferous
augite

2

hornblende
2

apatite

tr

olivine

1

chlorite

tr

epidote

2

opaques

tr

calcite

subophitic.

plagio-

clase

cores

labradorite

and

margins

andesine.

augite

rimmed

with

chlorite.

85

quart

z-bearing
micro- syenite

80

cryptoperthit
e

12

altered

mafics

2

albite

tr

opaques

6

quartz

tr

apatite

cloudy

tablets
of

cryptoperthit
e

rimmed

with

albite.

quartz

interstitial.

86

gabbro

75

plagioclase
(Ab.-)

5

biotite
10

titaniferous
augite

2

apatite

tr

sphene

4

chlorite

tr

calcite

3

opaques

tr

epidote

tr

clinozoisite
tr

riebeckite

subophitic.

plagio-

clase

slightly

zoned,

chlorite

altering

from

augite.

87

porphyrit
ic

rhyolite

f)

16

sanidine
f)

8

quartz

g)

65

alkalic

feldspar

1

brown

chlorite

f)

5

quartz

5

opaques

glomerocry
st
s

of

sanidine

altering
to

sericite
and

clay.

Indistinct
feathery

groundmass.



142

No,

Rock

Name

Estimated
Mineral

Composition
percent

Remarks

88

porphyrit
ic quartz-poorrhyolite

f)

15

sanidine
f)

5

quartz

g)

65

alkalic

feldspar

g)

5

quartz
3

brown

chlorite

7

opaques
tr

biotite

tr

zircon

very

fine-grained
groundmass.

quartz

forms

small

patches

throughout

groundmass.

chloritic

alteration

of

biotite
and

pyri-

boles•

89

porphyritic quartz- bearing trachyte
f)

10

sanidine
g)

75

alkalic

feldspar

8

altered

mafics

4

quartz

tr

sphene

3

opaques

tr

zircon

felty

goundmass
of

alkalic

feldspar

with

a

few

patches

of

quartz.

90

rhyolite breccia

Abundant: rhyolite limestone Sparse: quartz quartzose

sandstone

fragments
in

a

limonite-
stained

matrix
of

rhyolite.

93

conglomeratic sandstone
i

Abundant; calcit
e

clay rhyolite trachyte limestone Sparse: quartz quartzose

sandstone

muscovite-
chlorite-

graphite

schist

subangular
to

sub-

round

fragments
in

a

matrix
of

calcite

and

clay.
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No,

Rock

Name

Estimated

Mineral

Composition
percent

Remarks

91

porphyrit
ic

quartz-poorrhyolite

f)

15

alkalic

feldspar

g)

65

alkalic

feldspar

g)

10

quartz
2

brown

chlorite

5

altered

mafics

3

opaques

tr

apatite

indistinct

feathery

matrix
of

alkalic

feldspar
dotted

with

quartz.

phenocrysts
altering
to

sericite

and

clay.

95

microgranite

35

quartz
2

brown

chlorite

50

perthite
7

augite

tr

sphene

3

epidote

tr

zircon

3

opaques

tr

hematite

granoblastic
texture,

myrmekitic
quartz.

96

sodic

syenite

70

cryptoperthit
e

2

plagioclase
(Ab/

n

)

12

augite
3

aegirite
2

nepheline
1

analcite
3

chlorite
2

apatite
5

opaques
tr

albite

albite

rims

crypto-

perthite.

nepheline

interstitial.
plagio-

clase

forms

small

cores

of

cryptoperthit
e.

aegirite
rims

augite.

chloritic

alteration

of

biotite.

analcite

interstitial
and

fills

vugs
.

97

porphyrit
ic

sodic
trachyt
e

f)

15

cryptoperthit
e

g)

60

alkalic

feldspar

10

aegirit
e-augit
e

5

sodic

amphibole

2

titaniferous
augite

3

chlorite

1

olivine

1

apatite

tr

albite

3

opaques

tr

biotite

trachytic.

titan-

iferous

augite

rimmed

with

zoned

aegirite-

augit
e.
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No.

Rock

Name

Estimated

Mineral

Composition
percent

Remarks

|c°
!ctn

sodic

syenite

90

cryptoperthite
6

aegirite-
augite

1

analcite

tr

albite

1

apatite

tr

calcite

2

opaques

tr

nepheline

analcite
fills

vugs,

aegirite-
augite

slightly

zoned.

99

porphyrit
ic

sodic
trachyte

f)

15

cryptoperthite
g)

75

alkalic

feldspar

10

hematite
tr

riebeckite

tr

quartz

trachytic.

100

porphyritic analcit
e trachyte

f)

5

cryptoperthite
g)

75

cryptoperthite
8

aegirite-augite
1

albite

tr

chlorite

8

analcite

tr

plagio-

3

opaques

clase

chlorite

replaces

original

olivine,

analcite

widespread

as

small

patches

replacing

feldspar.

102

analcit
ic

syenite

70

perthite
2

sodic

hornblende

15

albite

tr

calcite

4

analcite

tr

chlorite

6

aegirite

tr

epidote

2

opaques

tr

biotite

albite

forms

broad

rims

on

crypto-

perthite.

analcite

interstitial. chlorite

replaces

biotite.

103

analcit
ic

syenite

80

perthite
10

aegirite-augite
3

nepheline
4

analcite
1

albite
2

opaques

tablets
of

perthite

with

abundant

inter-

stitial

nepheline
and

analcite.

aegirite-

augite

strongly

zoned,

thin

albite

rims

on

perthit
e.
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* i

£

Rock

Name

Estimated

Mineral

Compos
ition

percent

Remarks

104

gabbro

75

plagioclase
(Ab^)

10

biotite
1

brown

chlorite

8

augite

tr

olivine

2

apatite

tr

epidote

3

opaques

tr

calcite

subophitic.

olivine

replaced
by

chlorite.

1

105

sodic

syenite

85

perthite
3

aegirite-augit
e

4

sodic

hornblende
1

biotite
4

augite

tr

olivine

2

opaques

tr

analcite

tr

nepheline

tr

apatite

augite

replaced
by

sodic

hornblende
and

aegirite-
augite.

analcite

inter-

stitial
.

108
i

sodic

syenite

85

perthite
5

aegirit
e-augit
e

3

sodic

hornblende
1

biotite
2

nepheline
1

albite
1

chlorite
1

opaques

1

analcite

nepheline,

analcite,
aegirite-augite,
and

hornblende
tend

to

occur

as

glomero-
porphyritic

clusters,

perthite

appears
to

be

replacement
rather

than

exsolution.

On

o

i—i

sodic

syenite

65

cryptoperthit
e

8

titaniferous
augite

5

plagioclase
3

hornblende
8

biotite

1

olivine

4

apatite

1

analcite

1

chlorite

tr

sphene

4

opaques

tr

nepheline

plagioclase
forms

irregular

indistinct

cores

in

crypto-

perthite.

analcite

fills

fractures
and

vugs
.
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No.

Rock

Name

Estimated

Mineral percent

Composition

Remarks

Ill

analcit
ic

85

crypt
opert
hit
e

albite

rims

feldspar.

syenite

5

sodic

hornblende

analcite

interstitial.

2

albit
e

1

apatite

3

analcit
e

1

opaques

1

biotit
e

tr

chlorite

2

augit
e

tr

nepheline

112

gabbro

75

plagioclase
(Ab

)

subophitic.

olivine

3

biot
ite

and

augite

altering

5

titanif
erous

augit
e

to

chlorite.

4

chlorite
1

hornblende

4

opaques

1

ri

ebe

ckit
e

tr

olivine

1

epidot
e

tr

calcite

5

apatite

tr

analcite

113

sodic

syenite

75

crypt
opert
hit
e

feldspar

rimmed
by

12

sodic

amphibole

albite.

amphibole

3

titaniferous
augi
t

e

replacing

augite.

1

albit
e

faint

plagioclase

2

biotit
e

tr

olivine

cores

in

crypto-

2

chlorite

tr

nepheline

perthit
e.

3

opaques

tr

zircon

tr

plagioclase
tr

riebeckite

114

gabbro

85

plagioclase
(Ab

40
)

subophitic.

olivine

4

biotit
e

and

augite

altering
to

1

zoisite

chlorite.

1

epidot
e

3

opaques

5

augit
e

tr

olivine

1

apatite

tr

calcite
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No.

'—
~1

Rock

Name

Estimated

Mineral

Composition
percent

Remarks

quartz-bearing monzonit
e

55

cryptoperthite
25

plagioclase

(oligoclas
e?)

6

quartz
1

biotite
6

hornblende

1

opaques

1

augite

1

apatite

3

chlorite

tr

zircon

tr

titanaugite

plagioclase
rimmed
by

cryptoperthite. groundmass
largely

cryptoperthite
with

interstitial
quartz

and

mafics.

116

gabbro

75

plagioclase
(Ab.

_)

5

biotite

45

12

titaniferous
augite

2

chlorite
2

epidote

tr

analcite

2

opaques

tr

olivine

tr

apatite

tr

calcite

subophitic.

augite

altering
to

chloriteo

117

gabbro

50

plagioclase
(Ab.

_)

10

olivine

45

15

titanaugite
5

apatite

10

biotite

7

opaques

2

chlorite

tr

sphene

abundant

olivine,

plagioclase
zoned.

118

sodic

syenite

90

perthite
and cryptoperthite

6

aegirite-
augite

1

albite

tr

apatite

1

analcite

tr

nepheline

1

opaques

tr

sodic

amphi-
bole

feldspars
rimmed

with

albite.

aegirite-

augite

intensely
zoned,

analcite

interstitial.



148

No

.

Rock

Name

Estimated
Mineral percent

mmm

Composition

Remarks

119

gabbro

85

plagioclase
TaFTT)

subophitic.

feldspars

;

5

b

iot
it

e

altered
to

sericite

■ i

i

1

sodic

amphibole

and

clay,

analcite

3

hornblende

tr

sphene

interstitial,

!

2

augit
e

tr

analcite

1

apatite

tr

calcite

t

2

opaques

tr

epidote

121

porphyritic

f)

30

plagioclase

(labradorite
?)

chlorite

widespread.

basalt

g)

35

plagioclase

(labradorit
e

?)

alteration
of

original

25

iron-rich

chlorite

olivine
and

other

2

calci
t

e

mafics.

calcite
and

2

analcit
e

4

opaques

analcite

replacement

2

apatite

tr

epidote

of

original

olivine.

122

sodic

syenite

90

cryptoperthite
and

analcite

interstitial.

pert
hit
e

6

sodic

hornblende
1

aegirite-augite
2

opaques

tr

apatite

t

r

albit
e

tr

nepheline

tr

biotit
e

tr

analcite

123

diabase

f)

10

plagioclase
(Ab

0

)

microlites
of

plagio-

3

olivine

clase

in

augite.

g)

60

plagioclase

(andesine
?)

5

sodic

amphibole

10

augit
e

2

biot
it
e

3

chlorite
7

opaques
tr

analcit
e

tr

riebeckite



149

No

.

Rock

Name

Estimated
Mineral

Composition
percent

Remarks

125

porphyrit
ic quartz-poorrhyolite

f)

12

alkalic

feldspar

g)

65

alkalic

feldspar

g)

12

quartz
8

brown

chlorite

3

opaques
tr

zircon

tr

epidote

phenocrysts
altered
to

sericite
and

clay,

quartz
as

irregular

patches
in

indistinct

groundmass.

126

porphyritic basalt

j

f)

15

calcite

g)

60

plagioclase

(labradori
te?)

20

brown

chlorite

5

opaques
tr

analcite

calcite

replaces
orig-

inal

phenocrysts
of

olivine
and

plagio-

clase.

chlorite
wide-

spread
as

alteration

of

olivine
and

other

maf
i

c

s.

127

quartz monzonit
e

45

cryptopert
hi

te

25

plagioclase

(andesine?)

15

quartz
8

sodic

amphibole

3

augite
4

opaques

encloses

xenolith
of

subophitic
gabbro.

)

128

analcit
e

syenite

80

cryptoperthite
10

aegirite-augite
6

analcite
1

albite
1

nepheline
1

opaques
tr

apatite
tr

biotite

interstitial
analcite

abundant.

aegirite-

augite

shows

reverse

zoning.

albite

rims

feldspar.
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	Figure 6. Photomicrograph of sodic syenite showing perthite and zoned aegirite-augite. Sample 102. X-nicols. Scale: 200 x.����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Figure 7« Photomicrograph of gabbro showing plagioclase, olivine, and augite. Sample 54° X-nicols. Scale: 5 Ox.�le: 200 x.����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
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	Figure 11. Photomicrograph of ijolite showing aegirite and nepheline. Sample 7. X-nicols. Scale; 85x.�〰㈰〰㙦〰㘶〰㈰〰㜲〰㘹〰㙤〰㈰〰㜳〰㘹〰㙣〰㙣〰㈰〰㜳〰㘸〰㙦〰㜷〰㘹〰㙥〰㘷〰㈰〰㘱〰㙣〰㜴〰㘵〰㜲〰㘵〰㘴〰㈰〰㜰〰㘸〰㘵〰㙥〰㙦〰㘳〰㜲〰㜹〰㜳〰㜴〰㜳〰㈰〰㙦〰㘶〰㈰〰㜳〰㘱〰㙥〰㘹〰㘴〰㘹〰㙥〰㘵〰㈰〰㘹〰㙥〰㈰〰㘱〰㈰〰㘶〰㘹〰㙥〰㘵〰㉤〰㘷〰㜲〰㘱〰㘹〰㙥〰㘵〰㘴〰㈰〰㙤〰㘱〰㜴〰㜲〰㘹〰㜸〰㈰〰㙦〰㘶〰㈰〰㜱〰㜵〰㘱〰㜲〰㜴〰㝡〰㈰〰㘱〰㙥〰㘴〰㈰〰㘱〰㙣〰㙢〰㘱〰㙣〰㘹〰㘳〰㈰〰㘶〰㘵〰㙣〰㘴〰㜳〰㜰〰㘱〰㜲〰㉥〰㈰〰㔳〰㘱〰㙤〰㜰〰㙣〰㘵〰㈰〰㌳〰㉡〰㈰〰㔸〰㉤〰㙥〰㘹〰㘳〰㙦〰㙣〰㜳〰㉥〰㈰〰㔳〰㘳〰㘱〰㙣〰㘵〰㍡〰㈰〰㌲〰㌰〰㌰〰㈰〰㜸〰㉥〰〰㌳〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌴〰㌰〰㌰〰㌳〰㌳〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌴〰㌰〰㌰〰㌶〰㌶〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌴〰㌰〰㌰〰㌶〰㌳〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌴〰㌰〰㌰〰㌳〰㌹〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌵〰㌰〰㌰〰㌳〰㌴〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌴〰㌰〰㌰〰㌳〰㌸〰㌰〰㌰〰㌳〰㌰〰㌰〰��ऀ	烹休쁚ᘂ��
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	Figure 21. Eastward view of Amezcua arcuate dike, anticline, and asymmetric laccolith from lat 29°22’N, long 102°39tW. Uplifted Devils River Limestone caps laccolithic mass of rhyolite. Northward (to left) laccolithic mass passes into arcuate dike along steep limb of Amezcua anticline.�　㌀㌀㌀㔀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀㐀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀㐀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀㠀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀㔀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀㈀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㘀㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀㈀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀㐀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀㈀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀㔀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀㤀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀㔀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀㐀老�⫚ᬀ蠜䄑탩帑ure 20. Northward view of La Hormiga from lat 29°25fN, long 102°42tW. Rhyolite of arcuate dike is along base of Devils River Limestone scarp, but limestone lies on both sides of dike and wraps around its abrupt ends.�㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀㔀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀㐀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀㌀㌀　㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀
	Figure 22, Northward view from lat 29°18fN, long 102°3STW of uplifted Devils River Limestone capping laccolithic intrusion of rhyolite subsidiary to Amezcua arcuate dike.�　㌀㔀　　㌀㌀　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　　　　　　　　　�㌀　　ᄀ�駛切ヂ䜑码儀　㌀　　�鳛切ࢣ脐ရᐂఀ�黛切棍刑ჩἂ
	Figure 23. Northeastward view of Amezcua arcuate dike from lat 29°20t4S"N, long 102°37tW. Dike lies along steep limb of Amezcua anticline and dips steeply southward (to right) .�㌀　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　　　　　　　　　�㌀　　ᄀ�駛切ヂ䜑码儀　㌀　　�鳛切ࢣ脐ရᐂఀ�黛切棍刑ჩἂ　　　∀"懚切퀣뜐ჼ줉㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　㌀　　　ᤀ�
	Figure 24* Westward view of Malabrigo anticline from lat 29°21TN, long 102°30tW showing rhyolite intrusion along steep flank of asymmetric anticline. Devils River Limestone capping intrusion dips steeply away from observer.�〰㈰〰㙣〰㘹〰㙤〰㘲〰㈰〰㙦〰㘶〰㈰〰㐱〰㙤〰㘵〰㝡〰㘳〰㜵〰㘱〰㈰〰㘱〰㙥〰㜴〰㘹〰㘳〰㙣〰㘹〰㙥〰㘵〰㈰〰㘱〰㙥〰㘴〰㈰〰㘴〰㘹〰㜰〰㜳〰㈰〰㜳〰㜴〰㘵〰㘵〰㜰〰㙣〰㜹〰㈰〰㜳〰㙦〰㜵〰㜴〰㘸〰㜷〰㘱〰㜲〰㘴〰㈰〰㈸〰㜴〰㙦〰㈰〰㜲〰㘹〰㘷〰㘸〰㜴〰㈹〰㈰〰㉥〰〰㌳〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰㌰〰㌰〰㌳〰㌰〰hw
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