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STRATIGRAPHIC SEQUENCE AND STRUCTURE OF PRECAMBRIAN

METAMORPHIC ROCKS IN PURDY HILL QUADRANGLE,

MASON COUNTY, TEXAS

by

Emilio Mutis-Duplat

ABSTRACT

Precambrian metamorphic rocks exposed in the Purdy

Hill quadrangle include, from oldest to youngest, Valley

Spring Gneiss, Lost Creek Gneiss, and Packsaddle Schist*

On the basis of composition and structural and textural cri-

teria, Valley Spring Gneiss is divided into three mappable

units which in turn are subdivided into compositional facies.

Lost Creek Gneiss is of granitic composition and grades into

augen gneiss and migmatite* Valley Spring and Lost Creek

Gneisses may originally have been a complex mixture of vol-

canic and intrusive rocks with interlayered sedimentary

rocks* Packsaddle Schist is composed of metasedimentary

rocks* Precambrian igneous rocks were intruded both dis-

cordantly and concordantly into the metamorphic rocks.

They range in composition from granite to diorite, with gran-

ite predominating* Precambrian igneous and metamorphic rocks

are unconformably overlain by sedimentary rocks which range

in age from Late Cambrian to Early Cretaceous*

The contacts between Precambrian metamorphic
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formations are conformable, and the rocks seem to have had a

common deformation history* The structural features in the

quadrangle are a fan anticline with satellitic tight and

overturned folds that plunge northwest in Valley Spring and

Lost Creek Gneisses, grading upwards to open and normal folds

with the same trend in Packsaddle Schist, and a series of

mostly northeast- and east-trending Paleozoic normal faults.

Well-developed foliation, parallel to original bedding, is

present almost everywhere in the metamorphic rocks. Locally

the foliation is accentuated by color banding or layering

which is somewhat discontinuous. Lineation is rarely ob-

served except in schistose rocks.

Rank of regional metamorphism corresponds to amphi-

bolite facies, and mineral assemblages do not show increase

of rank with increasing stratigraphic depth in exposed rocks.

Maximum temperature and pressure during regional metamorphism

are estimated to have been about 600°-630° C and 4 kb fluid

pressure on the basis of the disequilibrium mineral assem-

blage diopside-tremolibe-calcite-quartz•



TABLE OF CONTENTS

p aK e

Introduction
® © « o * ® ® ® o © © » © o © © ® « © » • 1

Purpose of study o © © * © ® © © ® ® © « • ® « * »
1

Location
oaoo®Bo®ao»eee#®»e»«a 3

Field work and sampling procedure* • « * » * . * « 4

Staining, point-counting, and thin-

ssction studyo © © © » » « © © • • « » © ® • » •

Previous work in the Llano uplift. ©©»»«©«» 5

Metasediment ary rocks.
® ... ® 3

Meta-igneous rocks
©.©©..a©®.®.©* 7

Igneous rocks©
® © * « « a » » » • « ® • • « ®

9

Geochronology and Precambrian events
© © ® . .

10

Summary »®oo®®»©©©.»«e®..a.®
10

Previous work in the Purdy Hill quadrangle ... ©
11

Reference system © • * ® ® © ® © © © ® ® © © » * ® 13

Stratigraphy ® » © © © © © © © • ® * © © © * ® ® © « ® 14

Precambrian metamorphic rocks® 15

Valley Spring Gneiss
© © © ® • * ® . © © . . . 16

Unit 1 » ®
18

Umt2.00.5a...®®...®.®. 24

Unit 26

Lost Greek Gneiss® • ® a © » © ® © ® © « * « ® 2V

Packsaddle Schist© © • « © ® » © • . ® ® * « ® 30

Correlation of Precambrian metamorphic

rocks in the northwestern and south-

eastern parts of the Llano uplift© ©
• • © • 38

Mlgmatltes a»oaaa(s®»»®®s®®a®..» 40

Precambrian meta-igneous rocks © » « • • © ® ® .
• 47

Precambrian igneous rocks© « • ® ® « ® . ® ® • * . 49

Kat em cybatholith® © © « » • © ® « « » a • ® ® 1 0

Small intrusive bodies and dikes
© « ® • • . . 52

Sedimentary rocks© * © » © © ® © • ® ® © * * • ® ® 56

Structural geology .a©.©©®®©®. •••••• ® 61

FoldS»«o©o©»©eao»»e®e®»»oa*. 63

Faults ® 73

Petrography© * ® a © © © ® ® » ® © © © ® ® © » ® ® . ® 78

Metasedimentary rocks©
* • • ® © © ® . . . * . • . 79

Epidote-rich quartz-feldspar gneiss

and epidotite© © © © © © © © © ® • ® * © » • *79

Augen gneiss ®o©®®®o»«®«.®.*..
82

Marble and calc-silicate gneiss® « 84

Amphibolite© © » © » • • © © • ® . ® © • • » • 90

viii



IX

Page

MlgHiatlte© o o o o o 0 a o a e e ® » e • • a • 93

Meta-igneous rocks
. © • ©.««•• 96

Garnet metagabb rO 9 ® © O O * « O »••••»• 96

Met am orph i sm
a©©©©©©©©©®®®©®*®®*®® 98

Rank of regional metamorphism. 98

Metasomatism and retrograde metamorphism 104

Geologic history » © © ® © © ® ® © © © ® » ® » ® » « © 108

Appendix - Petrographic descriptions • © © • • © • © •
110

References cited
® © © © © © © «

© « . ® ® © © © • . ® 14V

Vita®©.©©©.©©©©©©©©.®..®®®®.© 133

TABLES

Table Page

1. Subdivisions of Precambrian metasedimentary

rocks, southeastern part of Llano region. «...
8

ILLUSTRATIONS

Figure Page

1. Geologic map of Precambrian rocks of Llano

uplift, central Texas
•••••••••••••• 2

2« Correlation of Precambrian metamorphic rocks

in the northwestern and southeastern parts

of the ulano uplift « » ® o © © © » © * • © © » © 39

3. Fold axes in Precambrian metamorphic rocks

in Purdy Hill quadrangle and part of Fly

Gap quadrangleo ©©©©©©©©bo • ® » • © o ® 62

4* Idealized cross-section along line AA f
© © © • . © 65

5. Cross-section along line BBL
. 76



X

Plat e Page

1. Geologic map of the Purdy Hill quadrangle,
Mason County, Texas *«•••• . • pocket

2.

Figure 1. Microcline porphyroblasts in Lost

Creek Gneiss.
. . © . . . . « © . . . . . 29

Figure 2© Contorted foliation in Lost Creek

Gneiss
* . . © . . . . . . » . . . « © ® .

2*9

3.

Figure 1© Layering in Lost Creek Gneiss
.©.©©.

31

Figure 2. Layering in Lost Creek Gneiss
• . . . © « 31

4.

Figure 1. Granodiorite intruding Lost Creek

Gneiss© . « © ® .... © . « ... . .. 32

Figure 2© Aplite intruding Lost Creek Gneiss.
... 32

5 •

Figure 1* Agmatic structure of migmatite 43

Figure 2. Closer view of agmatic structure

of migmatite* . 43

6.

Figure 1© Agmatic structure of migmatite in

unit 2 of Valley Spring Gneiss.
. . . © . 44

Figure 2. Folded migmatite in unit 2 of Val-

ley Spring Gneiss
...... . 44

7.

Figure 1. Texture of Katemcy batholith granite. © © 51

Figure 2© Granite dome in Katemcy batholith
.... 51

8.

Figure 1. Vertical and concordant contact be-

tween granite and gneiss * 53

Figure 2. Aplite dike cutting across the foli-

ation of gneiss • 53

9.

Figure 1, Faulted contact between middle unit

of Hickory Sandstone Member and Lost

Creek Gneiss o • o * • * . • . • . e , . . 75

Figure 2© Closer view of same fault
....©••. 75



XI

Plat e Page

10.

Figure 1. Photomicrograph (crossed nicols) showing

intergrown garnet and epidotea » • . • • •
81

Figure 2« Photomicrograph (crossed nicols) showing

part of microcline porphyroblast • • « • •
81

11.

Figure 1. Photomicrograph (plane light) showing

anthophyllite in metasedimentary calc-

silica te gneiss® o o o a o e • o a 9 o a a 89

Figure 2» Photomicrograph (crossed nicols) show-

ing the disequilibrium mineral assem-

blage diopside(di)-tremolite(tr)-
calcite( cc)-quartz(q) © ®aaa«*.o.o 89



INTRODUCTION

Some of the oldest rocks known in Texas crop out in

the Llano region of central Texas s The Llano region* also

known as the Llano uplift and the Central Mineral Region,

comprises all of Llano County and parts of Blanco, Burnet,

Gillespie, Lampasas, Mason, McCulloch, and San Saba Counties

(fig. l). The Precambrian formations include a complex group

of metamorphic rocks which have been intruded by numerous ig-

neous bodies. Because the Precambrian rocks are less resist-

ant to erosion than the surrounding sedimentary rocks, today

they form a topographic basin although structurally they are

part of an uplift.

Purpose of Study

The Llano region exposes more than 28,000 feet of

layered metamorphic rocks that were invaded by granites about

1,100 million years ago (Muehlberger and others, 1966; 1967).

In the southeastern part of the region (McGehee, 1963) there

is a sequence of metasedimentary rocks (Packsaddle Schist)

underlain by metasedimentary and metavolcanic(?) rocks of

granitic composition (Valley Spring Gneiss) . To the north-

west, where less mapping has been done, this twofold division

cannot be recognized with certainty, and another distinctive

formation, the Lost Greek Gneiss (an augen gneiss of uncertain

1



Figure 1. Geologic map of Precambrian rocks of Llano uplift, central Texas.

After Muehlberger and others (1967, p. 2356).

2
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origin), has been recognized (Ragland, I960). Additional de-

tailed mapping, petrographic study, and structural interpre-

tation of the rocks in the northwestern part of the region

are essential for determining the stratigraphic succession

and origin of the older rocks of the region, and the Purdy

Hill quadrangle lies in a critical area. Consequently, the

purpose of this study is fourfolds (l) to present a geologic

map of an area that has not previously been mapped in detail;

(2) to provide a petrographic description of a suite of typi-

cal rocks from this region; (3) to give an interpretation of

the stratigraphic sequence and structure of the Precambrian

rocks in the mapped area; and (4) to correlate these rocks

with the Precambrian rocks in the southeastern part of the

Llano uplift.

Location

The Purdy Hill quadrangle, located in the northwestern

part of the Llano uplift (fig* l), is a 7.5-minute quadrangle

that lies between latitudes 30°45 ? 00” and 30 0
52 ? 30

tf

N., and

longitudes 99
o 07 f 3O” and 99°15 ? 0O n W* Maximum relief within

the area is about 690 feet. Several paved and unpaved roads

cross the quadrangle, putting every outcrop within no more

than a mile’s walking distance. The exposures are not abun-

dant; they range from very poor to excellent, and most expo-

sures are poor®
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Field Work and Sampling Procedure

Field work was done between mid-July and mid-September,

1968, throughout the summer of 1970, and on several weekends

during the fall of 1970 and the spring of 1971® The area was

mapped at a scale of lg24 ?
000

e

During the field work 234 rock samples were collected.

Localities and specimen numbers are shown on plate 1. The

samples were taken so that within each lithologic unit they

were, as closely as possible, representative of the bulk li-

thology of the unit. Samples were also taken from those rocks

that had a mineralogic composition different from that of the

typical rocks of the unit®

Staining, Point-Counting, and Thin-Section Study

Thin sections were made of all the rock samples col-

lected during the field work. For each specimen a slab was

cut and stained, for potassium feldspar and plagioclase follow-

ing the method described by Laniz and others (19 64 )- The slab

was taken from the area adjacent to that from which the thin

section was cut. The stained slabs were then point-counted

for quartz, potassium feldspar, plagioclase, and "others,"

using a binocular microscope and a standard point-counter •

Two hundred and eighty points were counted for each slab.

This number was chosen on the basis of grain size and in order
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to obtain an equal spacing between points. The minerals

grouped as '’others' 1

were identified and subdivided by sepa-

rately counting them in the thin section. The percentages

obtained in point-counting the slabs were checked against

visual estimates of the thin sections.

The thin sections were studied by standard methods

using the flat stage® The composition of plagioclase was de-

termined by comparison of the relative indexes of refraction

and by Michel Levy’s method, that is, measurement of the max-

imum extinction angle of albite twins cut normal to (010) •

The petrographic descriptions of the specimens are

presented in the Appendix®

Previous Work in the Llano Uplift

Comprehensive reviews of the geologic work in the

Llano uplift have appeared in recent publications (Glabaugh

and McGehee, 1962$ Flawn and Muehlberger, 1970). In order to

provide a geologic setting for the area described in this re-

port, however, a short review is given below®

Metasedimentary rocks

The first significant study of the Precambrian of

Texas was made by Walcott in 1884? who gave the name Llano

Group to a series of "slightly metamorphic” sedimentary rocks

that he found in central Texas, and which he assigned to the
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Precambrian. Walcott also recognized the presence of an un-

conformity between the Llano Group and overlying Paleozoic

rocks
*

A few years later Comstock (1BB9; 1890) published the

results of his studies in the ’’Central Mineral Region.” His

map was generalized, but he proposed an elaborate correlation

of the Llano region rocks with Canadian Precambrian rocks•

Paige (1912, p. 20-22) regarded some of Comstock’s geological

conclusions as incorrect®

Paige (19095 1911; 1912, p® 26-33) in doing detailed

geologic mapping for the U. S® Geological Survey, simplified

Comstock’s nomenclature and, applied the name Llano Series "to

the metamorphosed series of schists, marbles, and gneisses

which represent the Precambrian sedimentary rocks,” and subdi-

vided them into a lower Valley Spring Gneiss (the light-colored

series) and an upper Packsaddle Schist (the dark series).

Several contributions to the knowledge of the Precam-

brian rocks of the region were made by Stenzel (1932a; 1932b;

1934; 1935; 1936; 1939) ,
who theorized that the Valley Spring

Gneiss is an orthogneiss intrusive in the metasedimentary rocks

of the Packsaddle Schist® Later workers have found little evi-

dence to support Stenzel’s conclusion®

Students from The University of Texas at Austin have

made detailed studies of the Precambrian of the southeastern

Llano region under the supervision of Prof. S« E® Clabaugh.
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Table 1, taken from Clabaugh and McGehee (1962, p. 69), sum-

marizes the stratigraphy of this regiono

McGehee (1963* p® 26 35) subdivided the Packsaddle

Schist into four memberss Honey Creek Member, Sandy Creek

Member, Rough Ridge Member, and Click Member, from oldest to

youngest. In a later paper McGehee (in press) raised the

rank of the Packsaddle Schist to that of a group, and the

/

four members were raised to the rank of formations; the name

Honey Creek Member was shortened to Honey Formation.

In the northwestern part of the uplift Ragland (i960)

found between the Valley Spring Gneiss and the Packsaddle

Schist a distinct lithologic unit, an augen gneiss, to which

a separate name could be given® To this unit Ragland (i960,

p. .14) assigned the name Lost Creek Gneiss, and it was shown

for the first time on a published geologic map by Barnes (in

Barnes and Schofield, 1964, pi® I)•

Meta-igneous rocks

Vo E 0 Barnes has made a series of investigations of

the Precambrian meta-igneous rocks as part of the program of

the Bureau of Economic Geology.

The main units recognized by Barnes and his colleagues

are as serpentine and soapstone, the oldest unit

(Barnes and others, 1942? Barnes, 1943? Romberg and Barnes,

1949? and Barnes and others, 1950)? metagabbro and metadiorite



Table I.

Subdivisions of Precambrian metasedimentary rocks,

southeastern part of Llano region

(From Clabaugh and McGehee, 1962, p. 69)

8

F ormatlon Subdivision Lithology Thickness (Feet)

PACKSADDLE
SCHIST

pse

Dominantly hornblende schist, poor continuity

because of Intrusive igneous rocks; thickness uncertalr 3, 800

7, 220

Leptite and quartz-feldspar-mica schist; grades

into hornblende schist toward southeast 2,920

Green actinolite schist, well foliated; grades into

mica schist and hornblende schist toward southeast 500

pad

Leptite and quartz-feldspar-mica schist 1, 165

5, 245

Gray biotite gneiss with large cordierite porphyro-

blasts near base 515

Gray leptite with subordinate muscovite schist which

locally contains pink andalusite porphyroblasts 3, 565

pec

Hornblende schist 790

2, 130

Leptite and quartz-feldspar-mica schist 835

Hornblende schist 260

Quartz-feldspar-mica schist and leptite 245

psb
Graphite schist and hornblende schist in lower part,

hornblende schist and leptite in upper part 1, 765

psa

Marble with graphite schist interbeds 200

6, 046

Dominantly muscovite schist, changes to leptite,

graphite schist, and hornblende schist toward

southeast; one prominent marble unit 2, 276

Graphite schist 930

Hornblende schist 630

Graphite schist and marble 540

Hornblende schist, leptite, and marble 1,470

VALLEY
SPRING

GNEISS

vs c

Pink quart 5-feldspar gneiss, well foliated,

conspicuous development of feldspar augen near top 130

vsb Gray quartz-feldspar-biotite gneiss 250

vsa

Pink quartz-feldspar gneiss, moderately to poorly

foliated, injected by much pegmatitic material,

especially in lower part of unit 8, 000

(base not reached)
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(Barnes, 1943; and Clabaugh and Barnes, 1959); Big Branch

Gneiss, a metamorphosed igneous rock of quartz diorite compo-

sition (Barnes, 1943); and Red Mountain Gneiss, a metagranite,

the youngest unit (Paige, 1912; Barnes, 1943; Romberg and

Barnes, 1949; Barnes and others, 1950; Boyer and Clabaugh,

1959; and Clabaugh and Boyer, 1961) •

Igneous rocks

The first classification of the Precambrian granites

was made by Comstock (1890, p. 639), based on the "affinity

of the structural character" (Comstock, 1889, p. 365)*

Paige (1912, p. 34-41) subdivided the igneous rocks

on the basis of probable age relationships.

On the basis of color, grain size, and. probable age

relationships Stenzel (1932b; 1934; 1935) classified the

granites as followss Town Mountain granites (red, coarse

grained), the oldest; Oatman Creek granites (gray, medium

grained); Sixmile granites (gray, fine grained); and "opaline"

quartz porphyry and felsites, the youngest. Studies made by

other workers (Keppel, 1940; Goldich, 1941; and Hutchinson,

1956) have favored this subdivision. A brief and concise de-

scription of these types of granites has been presented by

Clabaugh and McGehee (1962, p« 66-67)•

The quartz porphyry, llanite, was described in detail

by Iddings (1904) and Burmester (1966), It is considered to
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be one of the youngest of the Precambrian granitic rocks in

the Llano region (Zartman, 1965), and Burmester (1966, p. iv

and 55) believed that the granitic magma that produced llanite

"probably was not derived from any rock type exposed at the

surface in the Llano region, but from lower crust or mantle."

Geochronology and Precambrian events

A large number of isotopic age determinations of rocks

from the Llano region has been made during the last 15 years*

These dates have been summarized by Zartman (1965) and Muehl-

berger and others (1966; 1967)*

According to Zartman (1965, P» 966) the sequence of

Precambrian geologic events was as follows;

1. Deposition of the Valley Spring and Packsaddle

precursors and accompanying igneous activity*

2. Early cycle of plutonism characterized by ultra-

basic, intermediate, and acidic intrusions.

3* Regional medium-grade metamorphism contempora-

neous with or immediately following 2.

4* Widespread granitic plutonism with accompanying

pegmatites and aplites*

5* Late-stage felsic dikes including llanite.

6. Subsequent tectonic quiescence except for late

Paleozoic(?) normal faulting.

Events 1 through 5 occurred over a period that ended

i

approximately 1,000 million years before present (Zartman,

1965; and Muehlberger and others, 1966; 1967)*

Summary

The following is a summary of the stratigraphy of the
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Precambrian rocks in the Llano region:

Igneous rocks

4« Quartz porphyry (llanite) and felsites

3* Sixmile granites

2. Oatman Creek granites

1. Town Mountain granites

Meta-igneous rocks

4* Red Mountain Gneiss

3. Big Branch Gneiss

2# Metagabbro and metadiorite

1* Serpentine and soapstone

Met asedimentary rocks

4* Click Formation

3. Rough Ridge Formation

3* Packsaddle Schist<

2. Sandy Creek Formation

1. Honey Formation

2. Lost Creek Gneiss

1. Valley Spring Gneiss

Previous Work in the Purdy Hill Quadrangle

Keppel (1940, p. 959-991) presented a reconnaissance

map and briefly described the Katemcy batholith, whose south-

eastern end crops out in the northwestern corner of the Purdy

Hill quadrangle#
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Barnes and others (1942, p. 121) described a rock sam-

ple collected on the east-trending unpaved road that crosses

Willow Creek in the northeastern corner of the quadrangle.

Barnes brought this sample of augen gneiss to the attention

of P. C. Ragland, suggesting "that it might correlate with the

meta-igneous Red Mountain Gneiss of the southeastern part of

the Llano region" (Barnes and Schofield, 1964, p* 3)* Ragland

(1960) mapped the distribution of the augen gneiss, today

known as Lost Creek Gneiss, and concluded that the gneiss is

metasedimentary• Ragland’s map includes part of the north-

eastern corner of the Purdy Hill quadrangle.

Alexander (1952) mapped a small area in the southwest-

ern corner of the quadrangle. However, he was primarily con-

cerned with the sedimentary rocks.

Barnes (in Barnes and Schofield, 1964, pi. I) published

a geologic map that includes the northwestern half of the Purdy

Hill quadrangle. This map shows the general distribution of

the Precambrian formations as well as the detailed distribution

of the sedimentary rocks.

Mutis-Duplat (1969) mapped an area of about 12 square

miles of Precambrian igneous and metamorphic rocks in the

southeastern part of the quadrangle. The metamorphic rocks

were subdivided into Valley Spring Gneiss (about 7,000 feet)

and Lost Creek Gneiss (about 3,000 feet). The top of the Lost

Creek Gneiss, however, is not shown, and the Valley Spring
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Gneiss was further subdivided into nine lithologic units.

The report presents more problems than solutions, and this

fact prompted the continuation of the work in the present in-

vestigation .

Reference System

References in the text to localities on the geologic

map of the Purdy Hill quadrangle (pi. l) use a notation based

on 1,000-meter Universal Transverse Mercator grid ticks, zone

14, shown at the borders of the map. For example specimen 1

was collected at (3407100 N., 486500 E.).



STRATIGRAPHY

The rocks that crop out in the Purdy Hill quadrangle

are of various ages, origin, and mineralogy. In general they

can be grouped into Precambrian metamorphic and igneous rocks,

and Paleozoic and Mesozoic sedimentary rocks.

Although this report is primarily concerned with the

Precambrian metamorphic rocks, some time was devoted to the

mapping and study of the igneous and sedimentary rocks in

order to find clues for the structure and evolution of Pre-

cambrian metamorphic rocks.

The most convenient metamorphic rock terminology is

the one suggested by McGehee (1963, p. 257-261). Some ex-

ceptions, however, are pointed out below.

Quartz and feldspar, if present and regardless of

their order of abundance, are added first as mineral-prefixes

to the names of the metamorphic rocks. Added next are the

names of the most important mafic minerals in increasing

order of abundance.

Amphibolite is defined as a metamorphic rock that

contains more than 30 percent amphibole. If the amount of

amphibole is less than, or equal to, 30 percent, the rock is

classed as gneiss or schist on the basis of texture.

Calc-silicate gneiss is defined as a gneiss that

contains more than 30 percent calc-silicate minerals. In

14
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describing individual samples, however, the calc-silicate

gneisses are named as stated above.

Epidotite "... is a compact massive rock composed

mostly of epidote (or zoisite) with minor amounts of amphi-

bole, pyroxene, feldspar, chlorite, quartz, sphene, calcite,

vesuvianite, garnet, etc.” (Flawn, 1951, p. 775). With re-

spect to the amount of epidote required for the rock to be

called an epidotite, Flawn (1951, p. 776) states: "to set

an arbitrary minimum limit is to remove the flexibility of

the definition that is given by the phrase composed mostly

of epidote." The rocks called epidotites in this report,

however, contain more than 55 percent epidote.

Migmatites are named and described according to the

nomenclature devised during the 21st International Geological

Congress (S/rensen, 196l) as well as the terminology for mega

scopic structures presented by Mehnert (1968, p. 7-42).

Grain size terms used in this report are defined as

follows: fine grained, less than 1.0 mm in average diameter;

medium grained, 1.0-s*o mm; and coarse grained, greater than

5.0 mm•

Precambrian Metamorphic Rocks

All Precambrian metamorphic rocks that crop out in

Purdy Hill quadrangle belong to the Llano Group, which is sub

divided into three formations: Valley Spring Gneiss, the
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oldest. Lost Creek Gneiss, and Packsaddle Schist, the young-

est, Meta-igneous rocks are also considered part of the Llano

Group, but they are described separately.

Valley Spring Gneiss

The oldest Precambrian metamorphic rocks in the area

are those of the Valley Spring Gneiss. They crop out only in

the eastern half of the Purdy Hill quadrangle.

On the basis of color, mineralogy, and structural and

textural criteria, the Valley Spring Gneiss is subdivided into

several units which in turn are subdivided into facies (not to

be confused with metamorphic facies; the term is used here to

denote compositional variations within the units). Composi-

tional facies within metasedimentary rocks have already been

mapped elsewhere in the Llano uplift (Burnitt, 1961)*

The subdivisions of Valley Spring Gneiss and their

approximate thicknesses are as follows:

Unit 3» Thickness, 150 feet.

Medium-grained, strongly foliated quartz-muscovite

schist
•

Unit 2, Thickness, about 2,500 feet.

Facies 2 , Predominantly fine-grained to locally

medium-grained, well-foliated, biotite-

rich quartz-feldspar schist and gneiss.

Thickness, 700 feet.
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Facies _l. Predominantly fine-grained to locally

coarse-grained, well-foliated quartz-

feldspar gneiss with mica or amphibole,

locally some migmatite bodies. Thickness,

1,500-2,500 feet.

Unit 1. Thickness, about 4,200 feet.

Facies L Fine- to medium-grained, well-foliated,

epidote-rich quartz-feldspar gneiss with

amphibole or biotite. Maximum thickness,

800 feet.

Facies J3. Fine- to medium-grained, non-foliated to

poorly foliated quartz-feldspar-muscovite

gneiss with alternating layers of fine-

to medium-grained quartzite. Maximum

thickness, 1,400 feet.

Facies 2
. Predominantly fine-grained, non-foliated

to well-foliated quartz-feldspar-mica

gneiss. Thickness, up to 4*200 feet where

other facies are absent.

Facies 1. Fine- to medium-grained, well-foliated,

biotite- or hornblende-rich quartz-

feldspar gneiss and schist, some layers of

fine- to medium-grained marble, calc-

silicate gneiss, and amphibolite. Thick-

ness, up to 4,200 feet where other facies
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are absent.

The apparent thicknesses presented above may not-rep-

resent true thicknesses as duplication of layers may have oc-

curred where folding was intense.

The number sequence of facies within individual units

is arbitrary and does not necessarily bear a simple relation-

ship to stratigraphic sequence.

Unit 1

The lowermost unit of Valley Spring Gneiss is wide-

spread in the east-central part of the quadrangle, and shows

the greatest lithologic variation. For mapping purposes it

was subdivided into four facies. The contacts between the

facies vary from sharp to gradational.

Facies _1 crops out in the center of the unit. It is

dominantly dark and is composed of alternating layers of mica'

or amphibole-rich quartz-feldspar gneiss and schist. It is

readily identified in the field because of the abundance of

interlayered biotite-rich schist which makes up as much as

40-50 percent of the entire facies. It contains several con-

cordant marble, calc-silicate gneiss, and amphibolite layers

which are not present in the other facies.

The grain size varies between less than 1.0 mm and

1.5 mm. Garnet porphyroblasts, up to 2«5 mm in diameter, and

hornblende porphyroblasts, up to 6.0 mm in diameter, are lo-

cally present in the schist.
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Both gneiss and schist are well foliated, and minera-

logic banding, which is commonly discontinuous in the gneiss,

is very conspicuous. In many localities, particularly in the

schist, there is a well-developed lineation produced by the

parallelism of axes of small folds.

The minerals typically present in the gneiss are

quartz, microcline, plagioclase, biotite, and amphibole ±

epidot e
•

The minerals typically present in the schist are

quartz, ± microcline, plagioclase, biotite, amphibole, and

garnet. Some schists locally contain at least 50 percent

amphibole and biotite.

Marble, calc-silicate gneiss, and amphibolite are

commonly, but not always, associated. Amphibolite occurs on

either side of the marble.

The marble is grayish white, with weathered surfaces

commonly stained by iron oxide, and fine to medium grained.

It is usually well foliated but locally massive. The miner-

als typically present in the marble are calcite, quartz,

plagioclase, tremolite, and muscovite. Locally serpentine,

microcline, biotite, hornblende, epidote, diopside, and scap-

olite are also present. The thickness of the marble layers

rarely exceeds 30 feet, and commonly they can be followed for

only a few thousand feet along the strike.

Calc-silicate gneiss was found only at locality 2



20

(3407500 N., 486020 E.). The length and thickness of the

layer are unknown. The gneiss is fine to medium grained and

well foliated. It is composed of quartz, epidote, scapolite,

garnet, and amphibole.

Amphibolite is dark green, fine to medium grained,

and very well foliated. Amphibolite associated with marble

is composed of tremolite, hornblende, magnetite, and second-

ary hematite. Amphibolite not associated with marble is com-

posed of plagioclase, hornblende, and epidote. The thickness

of amphibolite layers is about 3-5 feet, and they can be fol-

lowed along the strike for up to a few hundred feet.

At locality 66 (3408830 N., 485450 E.) a concordant

gneissic layer is exposed. It has a thickness of 8-10 feet

and a length of slightly over 1,200 feet. The gneiss is fine

to medium grained, well foliated, and shows abundant but ir-

regular stains of malachite. It is composed of quartz, pla-

gioclase, calcite, tremolite, microcline, and magnetite. At

one time this layer was investigated for its copper content,

but the prospect pit is today filled with dirt.

The gneiss and schist of facies 1 are commonly in-

truded by concordant bodies of granite and aplite, pegmatite

and aplite dikes, and quartz veins. Small migmatite zones

with abundant biotite are almost always present in the vicin-

ity of the igneous intrusions.

Facies 2 is present east of facies 1. There is no
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sharp lithologic contact between facies 1 and 2. The amounts

of schist, amphibole, and biotite that characterize facies 1

gradually decrease with a corresponding increase in the amount

of gneiss as well as the proportion of quartz and feldspar.

Where the schist and amphibole are completely absent and the

amount of biotite is greatly diminished, the gneiss shows a

light-pink color. This light-pink gneiss constitutes facies

2*

The grain size varies between 0.2 mm and 1.5 mm, with

predominance of the finer material. The foliation is faint

when the texture is equigranular granoblastic, but is at

places well defined by elongation of quartz and feldspar

grains as well as by subparallel to parallel orientation of

mica flakes and plates. Banding, which is somewhat discon-

tinuous, is locally present and is produced by alternation of

thin layers rich in quartz and feldspar with those rich in

mica. Lineation was rarely observed in the gneiss of this

facies•

The minerals typically present in the gneiss are

quartz, microcline, plagioclase, and biotite, ± muscovite, ±

chlorite, ± epidote, ± garnet. Hematite occurs throughout as

a product of alteration.

The gneiss of facies 2 is cut by few aplite and peg-

matite dikes, and rarely, by quartz veins.

Facies £ is present just south of facies 1. It is



22

predominantly light pink, although locally, because of the

great concentration of quartz, it is almost white. It is

composed of quartz-feldspar-muscovite gneiss and quartzite.

The grain size varies between less than 1.0 mm and

3.0 mm. The texture is characteristically granoblastic with

quartz porphyroblasts up to s*o mm in diameter. Locally,

concentration of muscovite flakes imparts a well-defined

foliation to the gneiss. Where lineations (produced by par-

allelism of axes of small folds) are present, they are strong

and well formed.

The minerals typically present in the gneiss are

quartz, microcline, plagioclase, and muscovite.

The quartzite is characteristically non-foliated and

contains as much as 90-95 percent quartz. It commonly occurs

in layers, about 2-3 feet thick, alternating with gneiss.

The gneiss and quartzite of facies 3 are cut by few

aplite dikes, and at places, by quartz veins. To the south-

east the rocks pinch out against a metagranite body.

Facies is present north of facies 1. It is charac-

terized by the presence of epidote, which is very conspicuous

in hand specimen. Rocks of this facies are predominantly

light gray or light pink with abundant green spots, and are

epidote-rich quartz-feldspar gneisses which carry amphibole

or biotite.

Wherever quartz-feldspar gneisses with conspicuous



23

epidote were found, they were included in this facies. There-

fore, this facies does not constitute a continuous sequence,

but rather a series of bodies or layers within other lithol-

ogies. Within facies 2, for example, the epidote-rich gneiss

forms a series of layers with total thickness about 200 feet.

The contacts with adjacent rocks vary from sharp to grada-

ti onal.

The grain size of the gneiss varies between 0.5 mm

and 1.5 mm. The rock is well foliated, and locally the folia-

tion is accentuated by mineral lamination of thin layers rich

in plagioclase and mafic minerals, alternating with layers

rich in quartz and microcline. Lineations were not observed

in rocks of this facies.

The minerals typically present in the gneiss are

quartz, microcline, plagioclase, biotite, amphibole, epidote,

and chlorite.

The quartz-feldspar gneiss does not show much minera-

logic variation, except for local concentration of mafic min-

erals. At locality 51 (3409710 N., 486380 E.) a biotite

schist is exposed. It has a thickness of about 3 feet and a

length of less than 10 feet. It is dark gray, fine to medium

grained, and shows a very well-developed foliation accentuated

by alternating bands of light-colored and dark minerals. It

is composed of quartz, microcline, plagioclase, and abundant

biotite.
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The gneiss of facies 4 is cut by aplite and pegmatite

dikes and quartz veins.

Unit 2

The middle unit of Valley Spring Gneiss crops out in

both the northern and southern parts of the eastern half of

the quadrangle. This unit is generally similar throughout

and local migmatite bodies are abundant. The rocks of unit 2

characteristically form a low, hilly belt that can be followed

for several miles in the neighboring quadrangles. For mapping

purposes unit 2 was subdivided into two facies.

Facies _1 constitutes the prominent lithology of the

unit and comprises quartz-feldspar gneiss with mica or amphi-

bole. The gneiss is dominantly light gray, although locally,

because of concentration of quartz and feldspar, it is light

pink or almost white. The quartz content of the gneiss is

greater in the northern than in the southern part, whereas

migmatites are absent in the northern part. The gneiss of

this facies commonly interfingers with, or is gradational

into, biotite-rich gneiss and schist of facies 2.

Grain size of the gneiss varies between 0.5 nun and

2.0 mm, with predominance of the finer material. Locally,

quartz porphyroblasts up to 4*o mm in length are present.

In general the gneiss is well foliated, and the foli-

ation is locally accentuated by thin lamination of layers

rich in light-colored minerals alternating with those rich in
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dark minerals* Lineations, produced by parallelism of axes

of small folds, are well developed at many exposures.

The minerals typically present in the gneiss are

quartz, microcline, plagioclase, biotite, ± amphibole, 1 epi-

dote, ± muscovite, ± diopside, ± garnet, and chlorite.

At locality 39 (3410500 N., 486640 E.) a sample was

taken from a xenolith of gneiss in a thin dike of aplogranite.

The gneiss is dark gray, fine grained, and very well foliated.

It is composed of quartz, microcline, plagioclase, hornblende,

epidote, and biotite.

Migmatites are well exposed on Willow Creek, south of

the east-trending unpaved road that crosses the creek in the

southeastern part of the quadrangle. In general they are well

foliated•

Close to the migmatites, at locality 175 (3404420 N.,

487560 E.), a sample of epidotite was collected. The rock is

dark green, fine grained, and well foliated. It is composed

of epidote, plagioclase, and hornblende.

The gneiss of facies 1 is concordantly intruded by

granite and aplite, and discordantly cut by aplite, pegmatite,

and quartz syenite dikes, and several quartz veins.

Facies 2 includes biotite-rich quartz-feldspar gneiss

and schist. The rocks are dominantly gray, and they inter-

finger with, or grade into, the gneiss of facies 1.

The grain size varies between less than 1.0 mm and
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slightly over 1.0 mm, with predominance of the finer material.

Amphibole porphyroblasts up to 2.5 mm in length are present in

places.

Both the gneiss and schist are very well foliated, and

the foliation is commonly accentuated by mineral lamination of

thin layers rich in quartz and feldspar alternating with those

rich in biotite and magnetite. Lineations, produced by paral-

lelism of axes of small folds, are present at most outcrops.

The minerals typically present in the gneiss and

schist are quartz, microcline, plagioclase, biotite, ± amphi-

bole, epidote, garnet, and magnetite.

The gneiss and schist of facies 2 are commonly in-

truded by aplite and pegmatite dikes.

Unit 3

The uppermost unit of Valley Spring Gneiss is limited

to a small area whose best outcrop is at locality 59 (3411140

N., 487900 E.). This unit, readily identified in the field,

is composed of quartz-muscovite schist. The rock is predom-

inantly brown because of extensive staining of muscovite by

hematite. The grain size varies between 1.5 mm and 2.0 mm.

The rock is strongly foliated and the foliation is accentuated

by mineral lamination of thin layers alternately rich in

quartz and muscovite, the two main constituents of the rock.

Because this "sparkling" schist becomes a prominent

unit in Fly Gap quadrangle, which is the next quadrangle east
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of Purdy Hill quadrangle, it was mapped as a separate unit

within Valley Spring Gneiss.

Lost Creek Gneiss

Lost Creek Gneiss is the name proposed by Ragland

(i960) for the augen gneiss of Mason and McCulloch Counties.

The gneiss was named after a small creek immediately to the

north of Purdy Hill quadrangle. Ragland (i960, p. 14) defined

the formation as follows:

The Lost Creek Gneiss is a medium- to coarse-grained

quartzo-feldspathic gneiss with pink porphyroblasts of

microcline up to 2 centimeters in diameter. In gen-

eral, the Lost Creek Gneiss contains a higher percent-

age of mafic minerals (biotite and hornblende) than

does the Valley Spring Gneiss. Banding and foliation

are very well developed to the north in the Lost Creek

Gneiss and are poorly developed to the south; i. e.,

the rock becomes more granitic in appearance to the

south .

Furthermore, "The Lost Creek Gneiss apparently lies along the

contact between the Valley Spring Gneiss and the Packsaddle

Schist" (Ragland, 1960, p. 13)•

Unfortunately this definition of Lost Creek Gneiss has

led to the misconception that the gneiss is always an augen

gneiss. Moreover, it does not mention the presence of migma-

tites, a characteristic that was discovered during the present

investigation. Therefore, a redefinition of Lost Creek Gneiss

is proposed here as follows:

Lost Creek Gneiss is a fine- to medium-grained,
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non-foliated to very well-foliated quartz-feldspar-hornblende-

biotite gneiss grading into augen gneiss and migmatite. The

Lost Creek Gneiss lies stratigraphically between Valley Spring

Gneiss and Packsaddle Schist,. Contact with Valley Spring

Gneiss is in general sharp, but contact with Packsaddle Schist

varies from sharp to gradational. This definition emphasizes

the main characteristics of Lost Creek Gneiss: granitic com-

position, presence of augen gneiss and migmatite, and varia-

tion in the development of foliation.

Lost Creek Gneiss crops out mainly in the eastern half

of Purdy Hill quadrangle. To the north it grades into Packsad-

dle Schist, and to the south it interfingers with both Valley

Spring Gneiss and Packsaddle Schist. The thickness of Lost

Creek Gneiss in Purdy Hill quadrangle is about 3,200-3,500

feet. The gneiss is predominantly pink, but locally it is gray

or green because of concentrations of biotite or hornblende.

Grain size varies between 0.2 mm and 2.0 mm, Micro-

cline porphyroblasts, up to 3.0 cm in diameter, are observed

at many outcrops (pi. 2, fig. l)•

Wherever the gneiss is well foliated the foliation is

accentuated by parallel alignment of microcline porphyroblasts,

or by parallel to subparallel orientation of mafic minerals.

Intensive plication or contortion of the gneiss does not per-

mit accurate determination of the general attitude of the foli-

ation at many localities (pi. 2, fig. 2). To the northeast

the rock is non-foliated, and granitelike knobs are common.
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PLATE 2

Figure 1. Microcline porphyroblasts in Lost Creek Gneiss.

Locality 179 (3402520 N., 407170 E.).

Figure 2. Contorted foliation in Lost Creek Gneiss. Local-

ity (3402500 N., 485000 E.).
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Banding is locally displayed in the outcrop by segregation of

thin layers alternately rich in quartz and feldspar, and in

biotite and hornblende (pi. 3). Lineation, produced by paral

lelism of axes of small folds, is observed at many outcrops

(pi. 3, fig. 2).

The minerals typically present in the gneiss are

quartz, microcline, plagioclase, biotite, and hornblende ±

epidote, ± garnet.

Migmatites are very well exposed and abundant at many

places. The best exposures are found in the migmatite com-

plex on Little Willow Creek (3405000 to 3406000 N., 481000 to

483000 E.), and at localities 163 (3404300 N., 481830 E.),

and 179 (3402520 N., 487170 E.). Contact between the migma-

tite complex and surrounding Lost Creek Gneiss is gradational

wherever it was observed.

Lost Creek Gneiss has been intruded by small dikes of

granodiorite (pi. 4, fig* l) and aplite (pi. 4, fig* 2).

Packsaddle Schist

The youngest Precambrian metasedimentary rocks in the

area are those of the Packsaddle Schist. They crop out in

the northwestern half and southwestern corner of the quad-

rangle. The contact between Packsaddle Schist and underlying

Lost Creek Gneiss is relatively well exposed. In the south-

western corner of the quadrangle the contact is sharp and at

places Packsaddle Schist interfingers with Lost Creek Gneiss.
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PLATE 3

Figure 1. Layering in Lost Creek Gneiss. Note thickening of

light-colored layers at hinges of small folds.

Locality 14 (3405070 N., 485240 E.).

Figure 2. Layering in Lost Creek Gneiss. Note lineation in

lower part. Locality (3403900 N., 487880 E,),
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PLATE 4

Figure 1, Granodiorite (light) intruding Lost Creek Gneiss.

Locality 180 (3402200 N., 407660 E.).

Figure 2. Aplite (right) intruding Lost Creek Gneiss. Local

ity (3402500 N., 405800 E.).
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To the northeast the contact is gradational for the most part.

In this area the augen of Lost Creek Gneiss become more len-

ticular and finally grade into quartzo-feldspathic layers of

uniform thickness which constitute the base of Packsaddle

Schist. In the northwestern corner of the quadrangle Pack-

saddle Schist has been invaded by granite of the Katemcy bath-

olith along a generally discordant and very sharp contact.

Abundant xenoliths of Packsaddle Schist are observed within

the granite for a distance of not more than 50 feet from the

contact. The longest dimensions of the xenoliths are oriented

parallel to the contact, and foliation in xenoliths is paral-

lel to foliation in country rock. The granite is finer

grained along the contact and exhibits a narrow chill zone

about 6-10 feet wide where observed. Local concentrations of

biotite along the contact of the Packsaddle Schist with the

Katemcy batholith are very common, but no evidence of thermal

metamorphism or assimilation of country rock by the granite

was noted. Foliation in the country rock dips away from the

granite in the east, and apparently dips underneath the gran-

ite in the south.

Lateral variation and poor outcrops do not permit sub-

division of the Packsaddle Schist. Nevertheless, it is pos-

sible to recognize a stratigraphic sequence as follows: fine-

to medium-grained, well-foliated quartz-feldspar-biotite

gneiss with layers of fine- to medium-grained, well-foliated
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marble, cale-silicate gneiss, and amphibolite, and poorly

foliated quartzite, followed upwards by fine- to medium-

grained and very well-foliated biotit e-hornblende schist

and gneiss, and layers of amphibolite and muscovite schist®

The thickness is estimated to be at least 7,000 feet.

Quartz-feldspar gneiss in the Packsaddle Schist is

light pink to locally green or gray where concentrations of

mafic minerals occur. Well-developed foliation, produced by

parallel to subparallel orientation of mafic minerals, is ob-

served at most outcrops. Banding is very well displayed by

segregation of thin layers alternately rich in quartz and

feldspar, and in biotite and hornblende. Poorly developed

fissility is observed at many places at the contact between

light and dark layers. Weathering has produced sharp edges

that contrast with smooth surfaces typical of Lost Creek

Gneiss. Lineation, produced by parallelism of axes of small

folds or streaks of platy minerals, is not particularly com-

mon. At localities 125 (3410600 N., 482770 E.) and (3410520

N., 482070 E.) well-developed augen gneiss, similar to the

augen gneiss in Lost Creek Gneiss, was found. Grain size of

quartz-feldspar gneiss varies between less than 1.0 mm and

2.0 mm. Minerals typically present are quartz, microcline,

plagioclase, biotite, and hornblende, ± epidote, ± garnet,

± diopside. In general plagioclase is more abundant than

microcline.
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Quartzite is a minor component, limited to few out-

crops in the surroundings of localities 94 (3413200 N.,

485100 E.) and 96 (3413600 N., 4&5300 E.), where it occurs

in layers, up to 2 feet thick, alternating with gneiss. It

is white, non-foliated to poorly foliated, with sugary tex-

ture, and contains as much as 95-9 B percent quartz.

Calcite marble and calc-silicate gneiss are more con-

spicuous in Packsaddle Schist than in Valley Spring Gneiss.

They commonly occur in the northwest central part of the quad-

rangle, and in the vicinity of the Katemcy batholith. The

shape of the marble bodies resembles that of boudins, and evi-

dence of extreme flow-deformation at the megascopic as well

as microscopic scale tend to confirm the possibility that the

shape of these bodies is the result of T,

mega-boudinage."

McGehee (1963, p. 45) believed that this process is responsi-

ble for the shape of the marble bodies in Packsaddle Schist

of the southeastern Llano uplift. Each body is a composite of

marble layers alternating with calc-silicate layers. Calc-

silicate portions form resistant projecting ridges on weathered

surfaces. Foliation, concordant with that of surrounding

gneiss and schist, is well displayed by most of the marble and

calc-silicate layers, but locally the layers are non-foliated.

The marble is white to grayish white, and the calc-silicate

gneiss is light brown, yellowish brown, or dark gray. Grain

size varies between 0.3 mm for calc-silicate portions, to 4«0
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mm for marble portions. Marble is composed of calcite,

quartz, microcline, diopside, tremolite, and locally olivine,

phlogopite, and serpentine. Calc-silicate gneiss is composed

of quartz, plagioclase, diopside, ± epidote, db garnet, ± horn-

blende, ± calcite, and locally forsterite, spinel, tremolite,

microcline, anthophyllite, and prehnite. Thickness of indi-

vidual bodies is variable and can be as much as 600 feet.

Amphibolite occurs throughout the sequence. It is

dark green to black and well foliated to locally non-foliated.

Grain size varies between 0.4 mm and 1.0 mm. The rock is com-

posed of quartz, plagioclase, hornblends, dt diopside, and lo-

cally biotite, cordierite(?), and prehnite. Thickness of

amphibolite layers is about 5-10 feet, and the layers can be

followed along the strike for only a few tens of feet.

The uppermost part of the section is composed of

biotit e-hornblende schist and gneiss with interlayered amphi-

bolite and muscovite schist.

Biotite-hornblende schist and gneiss are light brown

to dark green or brown. Because of the high degree of

weathering they disintegrate easily. They are very well foli-

ated, and banding, which is commonly discontinuous, is very

well displayed by the gneiss. Lineation, produced by paral-

lelism of axes of small folds or streaks of platy minerals,

is not particularly common in the gneiss but generally abun-

dant in the schist. Grain size is usually fine, up to 0.7 mm.
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Minerals typically present are quartz, microcline, plagio-

clase, hornblende, and biotite ± garnet, ± diopside.

Muscovite schist is characterized by a silvery sheen.

At places the high content of muscovite makes the schist rel-

atively soft and therefore easily decomposed on weathering.

The schist is fine to medium grained and strongly foliated.

The foliation is accentuated by mineral lamination of thin

layers alternately rich in quartz and muscovite, the two main

constituents of the rock. Microcline is also present in small

amount.

At locality 142 (3408950 N., 478870 E.) a sample of

epidotite was collected. The rock is light green, fine

grained, and well foliated. It is composed of epidote and

garnet with minor quartz.

At locality (3411760 N., 482400 E.) a brecciated rock

is exposed. It is composed of fragments of very fine-grained

quartzite and aplite, and medium-grained quartz-feldspar

gneiss .

Rocks of the Packsaddle Schist have been intruded by

several igneous bodies that range in composition from diorite

through quartz syenite and granodiorite to granite. Aplite

dikes and quartz veins are abundant, and pegmatite dikes oc-

cur throughout.
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Correlation of Precambrian metamorphic rocks in the north-

western and southeastern parts of the Llano uplift

A direct correlation between Precambrian metamorphic

rocks in the northwestern and southeastern parts of the Llano

uplift cannot be made with the geologic data available at

present. Therefore, the schematic correlation presented in

figure 2 must be considered preliminary and subject to revi-

sion. The section for the southeastern Llano uplift is that

presented by McGehee (1963 and in press), and data for the

northwestern Llano uplift are presented in this report.

Two formations have been recognized in the southeast-

ern Llano uplift: Valley Spring Gneiss (at least 8,000 feet)

and Packsaddle Schist (more than 20,000 feet). The sequence

in the northwestern Llano uplift is as follows: Valley Spring

Gneiss (7,000 feet), Lost Creek Gneiss (3,200-3,500 feet), and

Packsaddle Schist (7,000 feet). The bottom of the Valley

Spring Gneiss and the top of the Packsaddle Schist have not

been observed in either area.

The following three facts are apparent in figure 2.

l) Rocks described in this report as unit 1 of Valley

Spring Gneiss do not have equivalents in the southeastern

Llano uplift. Otherwise the lithologies are fairly similar.

2) Lost Creek Gneiss has not been described from the

southeastern Llano uplift, but it is possible that the augen
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Figure 2. Correlation of Precambrian metamorphic rocks in the

northwestern and southeastern parts of the Llano up-

lift. SE part after McGehee (1963). Not to scale.
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gneiss (130 feet) at the top of Valley Spring Gneiss in the

southeastern Llano uplift corresponds to Lost Creek Gneiss of

the northwestern Llano uplift. This might indicate that the

source of Lost Creek Gneiss precursor was located toward the

northwest.

3) Lowermost Packsaddle Schist (= Honey Formation) of

the southeastern Llano uplift is characterized by the occur-

rence of marble, cale-silicate rock, and graphite schist.

Marble and calc-silicate rock occur in lowermost Packsaddle

Schist of the northwestern Llano uplift, and marble becomes

very prominent west of Purdy Hill quadrangle. Graphite

schist, however, has not been found so far in the north-

western part of the Llano uplift. Furthermore, thickness of

Packsaddle Schist in the southeastern Llano uplift is about

three times the thickness in the northwestern Llano uplift.

In conclusion, it seems that sedimentary facies

changes are an important factor in Precambrian metasedimen-

tary rocks of the Llano uplift. The extent and significance

of these facies changes remain to be determined.

Migmatites

The term migmatite was introduced into the geologic

literature by Sederholm (1907, in Sederholm, 1967, p. 86) as

follows:
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The most typical varieties within this group of

gneisses are characterized by a pronounced zonal

variation of dark and light bands, and frequently
a strong folding and twisting of the layering.
Side by side with these typical veined gneisses, in

which the more micaceous components may be either

sedimentary schist or strongly stressed, schistose,
mica-rich gneissose granite, there are also other

rocks which do not correspond to the conception of

gneiss according to its present usage, but which

none the less have obviously a similar origin.
The mixture of two genetically different constitu-

ents is characteristic of them also. One is intru-

sive relative to the other, but they are less well

separated. ...
Because the mixture of different

constituents is the characteristic feature of all

these different rocks, I would suggest for them the

name migmatites. from migma. a mixture. This rock

group occupies in a sense a transitional position
between the granites and the crystalline schists of

partly sedimentary, partly igneous eruptive origin,
and has no sharp boundary with any of them.

Later usage of the term burdened it unnecessarily with

many genetic implications. Mehnert (1968, p. 8), in a text-

book which is more descriptive than genetic, suggested the

following definition for practical use in the field:

A migmatite is a megascopically composite rock con-

sisting of two or more petrographically different

parts, one of which is the country rock generally
in a more or less metamorphic stage, the other is

of pegmatitic, aplitic, granitic or generally plu-

tonitic appearance.

The petrographically different parts of a migmatite

are the neosome, newly formed rock portion, and paleosome, the

unaltered or only slightly modified parent rock or country

rock (Mehnert, 1968, p. 7-8).

The occurrence of migmatite is characteristic of the

Lost Creek Gneiss. Locally migmatite is present in Valley
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Spring Gneiss, but it was not found in Packsaddle Schist.

Agmatic (breccia) structures predominate throughout

(pi. 5; pi. 6, fig. l), but diktyonitic (net), raft (schollen),

folded (pi. 6, fig. 2), schlieren (pi. 3, fig. 2, upper part),

and banded structures were observed as well.

Fragments of paleosome are surrounded by ’'veins” of

neosome in migmatites with agmatic structure. Many paleosome

fragments are angular, others are subrounded; some show rec-

tilinear boundaries, others are partly bent and folded. Some

were preserved in the process of splitting apart into smaller

fragments. Length and thickness of neosome "veins” and paleo-

some fragments vary from less than one inch to several feet.

Some paleosome fragments are long and narrow and resemble

veins similar to neosome "veins,” If the neosome is removed

from the surface of the outcrop, fragments of paleosome can

be put back together without gaps. "Marker beds” in the

paleosome have been systematically dislocated on both sides

of neosome "veins,” Furthermore, foliation in the neosome is

parallel to that in the paleosome regardless of the angle at

which the neosome cuts the paleosome. The contact between

neosome and paleosome is sharp, and reaction of paleosome

with neosome was not observed at the megascopic or micro-

scopic scale. These features of the agmatic structure seem

to indicate that the migmatites were produced by simple brec-

ciation of the paleosome accompanied by injection of neosome



43

PLATE 5

Figure 1. Agmatic structure of migmatite. Migmatite complex

in Lost Creek Gneiss. Locality (34059C0 N.,

481880 E.).

Figure 2. Closer view of agmatic structure of migmatite.

Same locality as above.
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PLATE 6

Figure 1. Agmatic structure of migmatite in unit 2 of Valley

Spring Gneiss. Northwest of locality 175 (3404420

N., 487560 E.).

Figure 2. Folded migmatite in unit 2 of Valley Spring Gneiss.

Near locality 173 (3404700 N., 487400 E.).
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into the fractures* Moreover, the neosome was not completely

liquid at the time of injection, because paleosome fragments

detached from the wall rocks did not sink in the neosome but

appear to have ’’floated 1’ in it.

In migmatites with diktyonitic structure the paleo-

some has been intimately penetrated by a net of neosome

"veins” less than one inch wide, and the contact between neo-

some and paleosome is generally very sharp. Foliation in the

paleosome is bent at the contact with the neosome, indicating

shear movement in country rock. Foliation in the neosome is

either absent or very faint. If the area of the neosome is

removed from the outcrop, the void left can be filled by

straightening the deformed portions of the paleosome® There-

fore, it seems that these migmatites were formed by forcible

injection of neosome.

Raft structure is exhibited by those migmatites in

which somewhat rounded and partially dissolved fragments of

paleosome, up to several inches in diameter, appear to float

in the neosome like rafts. Some paleosome fragments show de-

formed structures produced by shearing and rotational move-

ment. Thus, paleosome fragments resemble xenoliths without

preferred orientation. The structural features strongly sug-

gest emplacement of neosome by magmatic sloping.

Folded migmatites show conspicuous layering (plo 6,

fig. 2) and resemble the small folds whose parallel alignment
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defines b-lineations. It is likely, therefore, that folded

migmatites were produced by the same mechanism that produced

b-lineations (see section on structural geology).

Schlieren structure in migmatite was observed only at

locality (3403900 N., 487880 E•)• It is produced by alterna-

tion of light and dark streaks which are more or less elon-

gated (pi. 3, fig. 2, upper part). Generally the structure

is the result of laminar flow. When the streaks are exactly

parallel, narrow, and straight, the structure is called banded

(Mehnert, 1968, p, 39)• Banded or layered structure was ob-

served at many places in the migmatites. Thin light-colored

layers of neosome, less than one inch thick, alternate with

dark layers of paleosome up to several feet thick. Contact

between neosome and paleosome is very sharp, and reaction be-

tween neosome and paleosome was not observed at the megascopic

or microscopic scale. Furthermore, foliation in neosome, if

present, is parallel to that in paleosome. Therefore, it is

inferred that neosome was injected into fractures developed

parallel to the foliation in the paleosome. The mechanism is

the same that produced agmatic structures, but in layered

structures brecciation of paleosome did not take place. Some

layered migmatites were later folded giving rise to folded

structures
•

The petrography of migmatites is discussed in detail

in a later section.



Precambrian Meta-Igneous Rocks

Precambrian meta-igneous rocks occur throughout the

area. They range in composition from ultramafic rock to

metagranite and meta-aplite, and always show a well-developed

foliation parallel to that of the enclosing metamorphic rock.

At locality 55 (3410030 N., 487570 E.) tremolite-

chlorite schist is exposed. The rock is locally known as

"soapstone." The intrusion extends along strike for a dis-

tance slightly over one-fourth of a mile, and has a maximum

width of about 70 feet. The rock is dark green with some

surficial hematite stain. It is medium grained and strongly

foliated. The foliation is accentuated by mineral lamination

of thin layers alternately rich in tremolite and chlorite,

the two main constituents of the rock.

In the Packsaddle Schist at many places actinolite-

chlorite schist was observed, but it was not possible to

determine the shape and size of the intrusions. A sample

collected at locality 148 (3407950 N«, 477380 E.) is dark

green, fine to medium grained, and strongly foliated. Actin-

olite and chlorite, the two main constituents of the rock,

are segregated in alternating thin layers.

At locality 90 (3409140 N
O , 480980 E*) a mafic to

ultramafic rock intermediate between olivine gabbro and peri-

dotite is exposed. It is light green to dark green and brown,

47
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and fine to medium grained. The rock is composed of horn-

blende, cummingtonite, biotite, plagioclase, olivine, talc(?),

and secondary calcite.

Metadiabase dikes are not uncommon intruding Valley

Spring and Lost Greek Gneisses, Four dikes were observed in

the area at localities 6 (3409560 N., 485860 E 0), 29 (3405570

N., 482400 E.), 97 (3414560 N., 486000 E 0), and (3405770 N„,

481700 E,). The rock is dark brown to black and fine to me-

dium grained. It is composed of plagioclase, hornblende,

biotite, magnetite, and locally muscovite and quartz.

At locality 177 (3402260 N., 484480 E.) garnet meta~

gabbro is exposed, but because of weathering it was not pos-

sible to determine the size and shape of the intrusion. It

is enclosed in Lost Creek Gneiss. The rock is black with

pink garnet porphyroblasts up to 3.0 mm in diameter. It is

composed of garnet, plagioclase, and hornblende. A similar

garnet metagabbro intruded into Valley Spring Gneiss was de-

scribed by Jordan (1970) from the north-central part of the

Llano uplift.

Epidotite dikes were observed at localities 9

(3408710 No, 485830 E.) and 106 (3413800 N., 486860 E.) O
The

dike at locality 106 crosses the contact between Valley Spring

and Lost Creek Gneisses and extends over a distance of about

1,200 feet. The rock is dark green, fine grained, and very

well foliated. At locality 9 the rock is composed of epidote
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and plagioclase. At locality 106 the rock is composed of

epidote and hornblende*

At locality 10 (3408700 N., 485200 E.) a sample of

metagranodiorite was collected. The rock is dark gray, fine

to medium grained, and very well foliated. It is composed

of quartz, microcline, plagioclase, hornblende, biotite, and

epidot e.

Metagranite and meta-aplite are the most abundant

meta-igneous rocks. In outcrop they display a well-developed

foliation parallel to that of the country rock. Both are

fine to medium grained. They are composed of quartz, micro-

dine, plagioclase, and biotite. Epidote is locally present

in meta-aplite.

Precambrian Igneous Rocks

Metamorphic rocks of the mapped area are both con-

cordantly intruded and discordantly cut by unmetamorphosed

Precambrian igneous rocks which range in composition from

granite through granodiorite, quartz syenite, and monzonite,

to diorite, with granite predominating. These igneous rocks

are not typical of the formally-named granites described from

other parts of the Llano region.

For convenience of mapping and discussion, igneous

rocks were grouped into those of the Katemcy batholith and

small intrusive bodies and dikes.
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Katemcy batholith

The Katemcy batholith crops out in the northwestern

corner of the quadrangle, where it intrudes the Packsaddle

Schist
o

The granite is pink throughout• Away from the con-

tact it becomes porphyritic coarse grained, with microcline

phenocrysts as much as 4 cm long (pi. 7, fig. l). At places

the phenocrysts show turbid cores,, Locally the granite be-

comes fine to medium grained and non-porphyritic„

Barnes and others (1942, p 0 84) gave the following

description of the Katemcy batholith granites

A granite mass is located about 6 miles north of

Mason and east of the old Katemcy road®
®®.

The

mass of coarse-grained granite attains a height
about 100 feet above the general land surface and

is about 0.3 mile across and nearly a mile long®

Megascopic description©-The granite is coarse-

grained, porphyritic, and deep pink® The feldspars

are deep pink containing considerable orange color®

The feldspars average about 22 mm in length, and

the largest ones measured are 40 mm long® They are

enmeshed by a 7 mm-grained mixture of quartz, gray-

ish feldspar, and femic minerals, all of which are

somewhat aligned® The granite takes a good polish®

Microscopic description®-The granite is composed

predominantly of microcline, plagioclase, quartz,
and biotite® Accessory minerals are magnetite, zir-

con, fluorite, and apatite® Minerals formed by

alteration are chlorite and sericite® The feldspars

are rather uniformly but sparsely clouded® Some of

the quartz grains are reticulated containing long
slender needles of rutile and plates of ilmenite®

Microperthite is common, and micropegmatite is

scarce. The quartz has undulatory extinction and
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PLATE 7

Figure 1. Texture of Katemcy batholith granite. Note micro-

cline phenocrysts. Locality (3410550 N.,

E.) .

Figure 2. Granite dome in Katemcy batholith. Looking north-

east. Locality (3413400 N., 452C00 E.),



mosaic structure detectable when near extinction..

The plagioclase is oligoclase in composition.

At some places the granite crops out in the form of

rounded hills or domes of bare rock a few tens of feet in

diameter and rising a few feet above the land surface (pi. 7,

fig. 2). These granite domes have been studied in detail by-

Blank (l95l) who believed they were formed by a process of

exfoliation "caused by stresses inherited from the conditions

under which the rock was formed” (Blank, 1951, P° 388).

Small intrusive bodies and dikes

Many of the small intrusive bodies are elongated and

are as much as li miles in length. The thickness varies from

a few feet to a maximum of about 1,200 feet. Dikes have

lengths that vary between a few feet and several hundred feet,

and thicknesses between less than one inch and several tens

of feet
e

The general trend of the small igneous bodies is ap-

proximately parallel to foliation trends in the enclosing

metamorphic rocks. This indicates that most of the small

igneous bodies were emplaced as sill-like masses (pi. 8, fig.

1) .

At places a faint foliation produced by slight pre-

ferred orientation of biotite and elongation of quartz grains

near the contact with metamorphic rocks is observed. This

52
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PLATE 8

Figure 1. Vertical and concordant contact between granite

and gneiss. Locality (3409950 N., 487000 E.).

Figure 2. Aplite dike cutting across the foliation of gneiss.

Locality (3409400 N., 487100 E,).
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foliation is believed to be a primary feature, probably flow

structure, related to the emplacement of the body rather than

to post-emplacement deformation*

Inasmuch as the different bodies are closely similar

in mineralogy and texture, they are described together* Lith

ologic variations will be pointed out wherever necessary*

The rocks are granitic in composition with few excep-

tions, The granites are pink, anhedral granular, and fine to

medium grained. At places, microcline phenocrysts as much as

3.0 cm in diameter are found.

Minerals typically present in the granite are quartz,

microcline, plagioclase, biotite, muscovite, and locally horn

blende and fluorite.

At locality 60 (3410550 N,, 486600 E.) a sample was

collected from an aplogranite body that extends in a north-

east direction for a distance of slightly over three-fourths

of a mile. The rock is fine to medium grained, and the tex-

ture is aplitic. It is composed of quartz, microcline, pla-

gioclase, and fluorite.

Granodiorite was found in a small dike at locality

146 (3407960 N., 477170 E.) and a small body at locality 180

(3402200 N., 487660 E.), The rock is light to dark gray,

fine to medium grained, with anhedral-granular texture. It

is composed of quartz, microcline, plagioclase, biotite, horn

blende, and epidote.
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Quartz syenite was found in small bodies at localities

45 (3410210 No, 486640 E.) and 82 (3410430 N
O ,

481100 E
0 ) 0

The rock is pink to gray, fine to medium grained, and the tex-

ture is anhedral granular to porphyritico It is composed of

quartz, microcline, plagioclase, biotite, epidote, and locally

hornblende.

Leucomonzonite is present in a small dike that crops

out at locality 49 (3404880 N„, 483440 E
e ) o

The dike has a

length of 20 feet and thickness of 4 feet, The rock is brown

and composed of microcline phenocrysts as much as 2.5 mm in

diameter, and magnetite grains as much as 1.5 mm in diameter,

in a very fine-grained groundmass in which plagioclase pre-

dominates «

Diorite was found in small dikes at localities 48

(3405300 No, 482880 E 0) and M4f (3409000 N., 480910 E.), and

in small bodies at localities 134 (3409400 N«, 481040 E•)
,

135 (3409680 No, 480470 E.), and 155 (3403900 N», 482930 E®)*

The rock is dark gray to black, fine to medium grained, and

with anhedral- to subhedral-granular texture® It is composed

of plagioclase, hornblende, biotite, and locally quartz, epi-

dote, and microcline.

Pink aplite dikes are present throughout the area and

cut almost all metamorphic rocks (pi, 8, fig® 2)® The rock

is fine to medium grained, and with aplitic texture. It is

composed of quartz, microcline, plagioclase, and locally



56

epidot e«

Pegmatite dikes are very common but not as abundant

as aplite dikes• At many localities aplite dikes grade into

pegmatites which in turn grade into quartz veins. Average

mineral size of pegmatites is about 3®o cm, but some crystals

are as much as 5.0-8.0 cm long. In general the grain size is

variable® The principal minerals are microcline and quartz

with minor plagioclase and mica.

Quartz veins or lenses and pods of quartz and feld-

spar occur in minor amounts throughout the metamorphic rocks.

Rarely do the quartz veins exceed 10-15 feet in length and

1-3 feet in width. The quartz is always milky white (bull

quartz). In the past some quartz veins have been prospected

for molybdenite.

Sedimentary Rocks

Precambrian metamorphic and igneous rocks are uncon-

formably overlain by sedimentary rocks which range in age

from Late Cambrian to Early Cretaceous. The stratigraphic

sequence and approximate thicknesses are as follows, from

youngest to oldest?

CRETACEOUS

Fredericksburg Group* Thickness, 123 feet.

Edwards Limestone« Thickness, 88 feet.

Fine-grained, dolomitized limestone,
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chert nodules at the base®

Comanche Peak Limestone
® Thickness, 35 feet®

Fine-grained, dolomitized lime-

stone
»

Trinity Group. Thickness, up to 40 feet®

Hensell Sand« Thickness, up to 40 feet®

Fine-grained, poorly sorted, dolomitic

sandstone
®

PENNSYLVANIAN

Marble Falls Limestone® Thickness, 25 feet®

Fine- to medium-grained, massive

limestone
®

CAMBRIAN

Wilberns Formation® Thickness, 157 feet®

San Saba Member® Thickness, 90 feet®

Fine- to medium-grained limestone,

some dolomite®

Point Peak Member
® Thickness, 35 feet®

Calcareous shale, fine-grained glau-

conitic limestone, some fine-grained,

compact dolomite®

Morgan Creek Limestone Member
<> Thickness, 20 feet®

Medium- to coarse-

grained, abundantly glau-

conitic limestone®
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Welge S andst one Member
» Thickness, 12 feet.

Medium- to coarse-grained, well-

sorted, non-glauconitic sand-

stone.

Riley Formation,, Thickness, 225 feet.

Lion Mount ain Sandstone Member« Thickness, 10 feet.

Fine- to medium-grained,

moderately sorted, glau-

conitic sandstone; some

glauconitic limestone

beds and lenses.

Gap Mountain Limestone Member
. Thickness, 35 feet.

Fine-grained limestone

grading down to calcite-

cemented sandstone, sand

grains rounded to angular®

Hickory Sandstone Member
. Thickness, 180 feet*,

Upper unit® Thickness, 30 feet#

Medium- to coarse-grained, friable,

iron-cemented sandstone; grains poorly

sorted, exceptionally well-rounded

quartz.

Middle unit. Thickness, 90 feet.

Thinly bedded, argillaceous, silty,

in places micaceous sandstone; grains
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poorly sorted; rounded to subrounded

quartz; forms low hills*

Lower unit* Thickness, 60 feet®

Fine- to coarse-grained, friable sand

stone; grains poorly sorted, rounded

to subrounded quartz; locally quartz-

pebble conglomerate at the base®

The top of the Edwards Limestone, bottom and top of

the Marble Falls Limestone, bottom of the Morgan Creek Lime-

stone Member, and top of the Welge Sandstone Member were not

observed.

The sedimentary rocks were deposited upon surfaces of

low relief, and at places Hickory Sandstone and Hensell Sand

filled valleys cut into Precambrian rocks.

The lower unit of the Hickory Sandstone Member is

poorly exposed, while the middle unit shows good exposures

forming a belt of low hills® The lower unit stores ground-

water because of its high porosity, while the middle unit

does not. Local drillers are aware that Hickory Sandstone

contains groundwater which is essential for irrigation pur-

poses. Therefore, many wells have been drilled in the area,

commonly at or near the top of hills where the middle unit is

well exposed. This widespread practice results in an extra

investment of money and time because the middle unit has to

be drilled through before the lower unit, and consequently
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the groundwater, are reachedo

Although sedimentary formations were mapped in the

area, no detailed stratigraphic or petrographic study of

these rocks was undertakeno Sedimentary rocks in the area

were mapped by Barnes (jin Barnes and Schofield, 1964, pi. I),

and only some revisions were made during this investigation..



STRUCTURAL GEOLOGY

The dominant structural features in the quadrangle

are; (l) a fan anticline with satellitic tight and over-

turned folds that plunge northwest in Valley Spring and Lost

Creek Gneisses, grading upwards to open and normal folds with

the same trend in Packsaddle Schist, and (2) a series of

mostly northeast- and east-trending Paleozoic normal faults

(pi. 1 and figs. 3,4, and 5).

The contacts between Precambrian formations are con-

formable, and no evidence has been found that any of these

formations had an independent deformation history before the

folding which preceded the intrusion of major igneous bodieso

That the major folds were formed before the large granitic

plutons were emplaced is shown by the crosscutting relation-

ship of some plutons to the fold axes, as in the northwestern

part of Purdy Hill quadrangle and the southwestern part of

4

Fly Gap quadrangle (fig. 3), whereas at other places in the

Llano uplift continuous folds tend to curve around the mar-

gins of the plutons and to be compressed into tighter folds

near them® The northeast-trending syncline in Fly Gap quad-

rangle is exceptional in that it parallels the discordant

southeast margin of the Katemcy batholith and trends at right

angles to most of the folds in Purdy Hill quadrangle (fig. 3)

«

Well-developed foliation is present almost everywhere

61



Figure
3.

Fold

axes
in

Precambrian

metamorphic
rocks
in

Purdy

Hill

quadrangle
and

part

of

Fly

Gap

quadrangle.

62



63

in the metamorphic rocks
o Locally the foliation is accentu-

ated by color banding or layering which is somewhat discon-

tinuous (pi. 3)• Lineation is rarely observed except in

schistose rocks.

The contact between Cambrian and Precambrian rocks is

commonly along fault-controlled northeast-trending belts.

Faults occur on the eastern sides of the belts of Cambrian

rocks, and unconformable contacts are exposed on the western

sides* Strike of beds in Cambrian rocks is in general paral-

lel to faults, and dip is southeast, towards the faults on

the eastern sides of the belts. This pattern indicates a re-

gional tilt to the southeast after faulting of Cambrian rocks.

Folds

Folds in metamorphic rocks of Purdy Hill quadrangle

are outlined by the stratigraphic sequence and the attitude

of the foliation, and at places, by the attitude of the linea-

tion as well. The terminology devised by Turner and Weiss

(1963, Po 104-143) for description of folds is used through-

out this report. Furthermore, a tight fold "is one in which

the deformation has been sufficiently intense to cause flow-

age of the more mobile beds so that these beds thicken and

thin," and an open fold "is one in which this flowage has not

taken place" (Billings, 1954, p. 45) •

The most prominent fold in Purdy Hill quadrangle is
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an asymmetric fan anticline in the east-central part of the

area (pi* 1 and fig. 3). Unit 1 of Valley Spring Gneiss oc-

cupies the core of the fold, and unit 2 is present on both

limbs (fig. 4). The axis of the anticline strikes approxi-

mately N. 50° W. and plunges northwest,. The plunge steepens

toward the northwest as the axis approaches the Katemcy batho-

lith, and in the vicinity of the batholith the plunge becomes

nearly vertical (fig. s)* The axial surface of the fold is

cylindrically folded. Below the present ground surface the

axial surface dips approximately 70° NE., and when projected

above, the dip becomes approximately 60° SW• Therefore, the

fold is a plunging synformal anticline which is nonplane

cylindrical. The foliation strikes parallel to the fold axis

on the southeast limb of the fan anticline. On the northeast

limb the strike of the foliation varies from parallel to the

fold axis near the axis, to almost perpendicular to the axis

farther away northeast. The change in strike of the foliation

on the northeast limb is related to a northeast-trending sym-

metric syncline in nearby Fly Gap quadrangle (fig. 3). The

axis of this syncline strikes approximately N, 45° E. and

plunges northeast. As the axis approaches Purdy Hill quad-

rangle the plunge steepens to vertical merging upwards into

the dip of the foliation on the northeast limb of the fan

anticline. Consequently, the syncline cannot be recognized

in Purdy Hill quadrangle. The axial surface of the syncline
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is vertical® Therefore, the fold is a plunging upright syn-

cline which is plane cylindrical® From the geometry of the

folds it is evident that they differ in tectonic style, and

the syncline is a cross fold formed on the northeast limb of

the fan anticline® Thus, it appears that the folds represent

"either different geometric aspects of one deformation or two

partially or completely unrelated phases of deformation"

(Turner and Weiss, 1963, p» 125)* The absence of strong tec-

tonic disturbances in the vicinity of the Katemcy batholith

precludes the possibility that the syncline is related to em-

placement of the batholith* If the syncline is younger than

the fan anticline, the older foliation developed parallel to

the fan anticline axis should be cut and offset by a younger

foliation developed parallel to the syncline axis® However,

no younger set cutting the older foliation is present in the

area. On the other hand, if the folds are syntectonic, foli-

ation parallel to either axis developed simultaneously and

will not cut or offset each other because attitude of folia-

tion will be intermediate at those places where influences

of both folds are approximately the same* Attitude of folia-

tion on plate 1 shows this to be the case* Therefore, it

seems safe to conclude that the folds record "different geo-

metric aspects of one deformation." The syncline in Fly Gap

quadrangle was identified during reconnaissance of the west-

ern part of the quadrangle, undertaken in order to find an
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explanation for the change in foliation strike on the north-

east limb of the fan anticline., Consequently, further con-

clusions as to the origin and full significance of the syn-

cline in space and time are not warranted by the geologic

data at hand, Accurate mapping of the syncline and detailed

petrofabric study undoubtedly will throw more light on the

problem.

Southwest of the fan anticline a series of tight folds

developed (pi. 1 and fig. 3). All folds are asymmetric, over-

turned, nonplane cylindrical, and plunge northwest. Fold axes

strike parallel to the axis of the fan anticline in the vicin-

ity of this fold. Farther southwest, however, fold axes

strike approximately N. 30° W. Axial surfaces dip consis-

tently northeast with angles varying from 35° to 45°• Each

fold shares limbs with its immediate neighbor on either side

of the axial surface.

The southwest contact between Valley Spring and Lost

Creek Gneisses is roughly parallel to fold axes. About half-

way between the eastern border of the quadrangle and the main

northeast-trending fault that crosses the quadrangle, the for-

mations interfingero A similar interfingering was found along

the same contact in nearby Fly Gap quadrangle. Interfingering

between Valley Spring and Lost Creek Gneisses seems to be a

consequence of flow produced by tight folding, and proof of

flow in Lost Creek Gneiss was found at many localities (see
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for instance pi. 3, fig® l)• However, Lost Creek Gneiss does

not appear to have deformed by flowage at other places? tight

folding locally produced fractures in Lost Creek Gneiss and

Valley Spring Gneiss as well. This fracturing is indicated

by the presence of migmatites with agmatic structure (pi. 5;

pi. 6, fig. l) .
These migmatites are aligned parallel to the

fold axes, and located at those places where the limbs of the

folds underwent maximum extension (pi. 1 and fig. 4)®

The contact between Lost Creek Gneiss and Packsaddle

Schist is approximately parallel to fold axes in the south-

central part of the quadrangle, and the formations inter-

finger (pi. l). This interfingering was produced by flow of

Lost Creek Gneiss which permitted local development of an

asymmetric syncline overturned southwest. Tectonic style of

this local fold is identical with that of major folds®

Three folds were recognized in the northwest half of

the quadrangle (pi. 1 and fig. 3). Two of them, south of

Katemcy batholith, developed in Packsaddle Schist. The third,

east of the batholith, developed in Lost Creek Gneiss and

Packsaddle Schist. These folds do not seem to have been dis-

turbed by emplacement of the batholith, and foliation of meta-

morphic rocks apparently dips underneath the batholith in the

south, and dips away from the batholith in the east.

The anticline and syncline developed in Packsaddle

Schist are asymmetric, upright, plane cylindrical, and plunge
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northwest. The limb which they share is steeper than the

others. The northwest plunging nose of the anticline is well

outlined by the attitude of foliation. From southeast to

northwest the strike of the anticline axis varies from N, 55°

W. to roughly due east, and plunge steepens from nearly hori-

zontal to approximately 50° NW• Strike of the syncline axis

varies from N, 15° W. to approximately parallel to the anti-

cline axis.

The small anticline present east of Katemcy batholith

is symmetric, upright, plane cylindrical, and plunges approx-

imately 40° N¥, The nose of the anticline is well outlined

by the attitude of foliation.. Near the contact of the batho-

lith with Packsaddle Schist, however, the foliation dips

southeast, indicating a slight disturbance produced by em-

placement of the batholith.

Before outlining a mechanism for the formation of

folds in Purdy Hill quadrangle, it is necessary to examine

minor structural elements such as foliation and lineation.

Foliation, as used in this report, "is any layering

or parallelism of roughly planar elements due to metamorphism"

(McGehee, 1963, p 0 195)® Foliation in met asedimentary rocks

in Purdy Hill quadrangle, as elsewhere in the Llano uplift,

developed parallel to original beddingo Evidence for this

assertion is parallelism of foliation with lithologic con-

tacts. Furthermore, foliation outlines folds, bends around
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them, and dips at all angles.

Small parallel folds produce a lineation in some of

the metamorphic rocks, and this lineation seems to be depen-

dent upon the type of rock, because it predominates in those

with abundant micaceous minerals. Furthermore, lineations

observed in the area lie always in the plane of foliation,

and none of the rocks exhibits more than one well-developed

lineation. Three sets of lineations were recorded® One set

is a b-lineation, parallel in direction and amount of plunge

to axes of major folds; the second defines an a-lineation,

and the third is parallel to the strike of major folds, but

plunges in the opposite direction. The small number of lin-

eations found in the area, however, prevents a meaningful

interpretation.

The style of folds developed in the northwest half of

the quadrangle is different from the style of folds developed

in the southeast half (pi. 1 and fig. 3)® Folds developed in

the southeast half are tight and overturned, whereas those in

the northwest half are open and normal (= upright). Trend of

fold axes, however, is the same throughout the quadrangle.

Because the axial surfaces of the folds strike northwest, one

may infer that the maximum compressive stress responsible for

the folding was oriented north east-southwest o The difference

in style of folds seems to be a result of behavior of dif-

ferent types of rocks under approximately uniform physical
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conditions* Folding in the southeast half of the quadrangle

was controlled primarily by the ductile behavior of Lost

Creek Gneiss (see below) which allowed tight folding to take

place* Flow, on a smaller scale, did occur in the northwest

half of the quadrangle, as indicated by the shape and micro-

scopic features of marble bodies (pi. l)• Under compression,

marble bodies initially developed local necks (two such necks

are shown on plate l), and as compression increased, separa-

tion along the necks took place, and "mega-boudins" were the

end-product. Less competent rocks flowed into the fractures

and sealed them.

’’The geometry and internal features of folds are so

closely dependent upon the mechanisms of folding that the

mechanisms can confidently be inferred from fold character-

istics observed in the field” (Donath and Parker, 1964? P»

60). Furthermore, mechanisms of folding depend upon the duc-

tilities of the rocks involved, and should explain major as

well as minor features of the structure.

The mechanism of folding inferred from fold charac-

teristics in Purdy Hill quadrangle is as follows! a thick

sequence of sedimentary and interlayered volcanic(?) rocks

was deposited in a geosynclinal environment. When northeast-

southwest compression started, the rocks were folded by flex-

ural slip, and foliation developed parallel to original bed-

ding. As deformation increased, some fracturing took place
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and magma was injected into these fractures* With further

increase in deformation, preferred orientation of mica, par-

ticularly in Lost Creek Gneiss, became inclined at a high

angle to maximum principal compression; under those circum-

stances the rock developed high ductility and flowed® There-

fore, flexural-slip folding was replaced by flexural-flow

folding at some places.

The sequence of events just outlined is obviously an

oversimplification. Nevertheless, it explains the character-

istics of folds in Purdy Hill quadrangle.

The usage of flexural-slip and flexural-flow folding

in this report follows that of Donath and Parker (1964)> who

gave the characteristics of the resultant folds® The geome-

try of the flexural-slip fold is that of the parallel or con-

centric fold, and the geometry of the flexural-flow fold is

that of the similar fold. Folds in Purdy Hill quadrangle

exhibit geometries of concentric and similar folds (fig® 4)®

Differences in ductility of the rocks involved explain dif-

ferences in style of folds between southeast and northwest

halves of the quadrangle® Flexural slip explains foliation

developed parallel to original bedding, and why foliation

outlines and bends around major folds® As stated by McGehee

(1963, p. 197), two types and directions of lineation could

develop from a single tectonic event by flexural slips
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b-lineation would develop by rotation; slip of adja-
cent layers over one another would force non-plastic

minerals to orient normal to the direction of slip®

a-lineation would be something of a slickensides ef-

fect; the predicted type of lineation would be some-

thing like miniature versions of sole markings of a

glacier .

Macroscopic fracturing during flexural-slip folding (Donath

and Parker, 1964, P« 5l) allowed injection of magma into

these fractures, and migmatites with agmatic structures de-

veloped. Contacts of magma with country rock ’’acted as shear-

controlling surfaces for the development of foliation” in

migmatites parallel to that of the country rock (Matt Walton,

1962, _in McGehee, 1963, p. 198). Flow within mica-rich gneiss

such as Lost Greek Gneiss takes place parallel to the folia-

tion, and depending upon the orientation of the foliation with

respect to the maximum principal compression, rotation of the

foliation is produced (Borg and Handin, 1966, p. 285, 313, and

317)• This rotation explains abrupt changes in attitude of

foliation within short distances in Lost Creek Gneiss.

In conclusion, the mechanism of folding inferred from

fold characteristics in Purdy Hill quadrangle explains major

as well as most minor features of the structure®

Faults

The presence of Precambrian faults could not be estab-

lished definitively in Purdy Hill quadrangle. It is likely

that Precambrian faults exist but were obscured and ’’healed”
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during the orogeny that accompanied regional metamorphism.

Indication of Precambrian faulting was observed at two places

only. At locality (3411420 N., 485700 E.) an east-trending

shear zone was recognized in Lost Creek Gneiss. The shear

zone, which has a length slightly over 30 feet and is about

2-3 feet wide, does not affect Paleozoic rocks exposed nearby.

Furthermore, rotation of foliation along the strike of the

shear zone requires horizontal movement and horizontal orien-

tation of principal stress, which is typical of Precambrian

faults in the southeastern part of the Llano uplift (McGehee,

1963, p. 188-189)« The other indication of Precambrian fault-

ing is in the northeast corner of the quadrangle where a

northwest-trending Paleozoic fault seems to be superimposed

on a Precambrian tear fault.

Precambrian and Paleozoic rocks were displaced by a

series of mostly northeast- and east-trending Paleozoic faults

(pi. l). The only fault plane exposed clearly is that of the

largest northeast-trending fault that crosses most of the

quadrangle. This fault plane is well exposed at locality

(3405770 N., 481700 E.), and the dip of the fault is approxi-

mately 80° NW. (pi. 9)» Because the traces of Paleozoic

faults are nearly straight and offset is either absent or very

small wherever they cut each other, it is inferred that Paleo-

zoic faults are near-vertical dip-slip faults (figo s)® Ver-

tical displacement on Paleozoic faults ranges from a few feet
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PLATE 9

Figure 1. Faulted contact between middle unit of Hickory-
Sandstone Member (left) and Lost Creek Gneiss

(right). Fault dips 80° NW. Locality (3405770

N., 481700 E.).

Figure 2. Closer view of same fault. Note metadiabase dike

to the right of fault.
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to a maximum around 2,600 feet on the western border of the

quadrangle where Marble Falls Limestone is in fault contact

with the Katemcy batholith® In Purdy Hill quadrangle the

faulting can be shown to have occurred, between Marble Falls

(Pennsylvanian) and Hensell (Cretaceous) time; elsewhere in

the region uppermost Pennsylvanian sedimentary rocks were

deposited after the faulting occurred (S® E® Clabaugh, Feb-

ruary 29, 1972; personal communication)®

The Hickory Sandstone along the faults ’’has the typ-

ical veined appearance so common to it in the vicinity of the

faults” (Barnes and Parkinson, 1939, p. 669)® Because of sil

icification, the fault zones, which are seldom wider than a

hundred feet, tend to form ridges of Hickory Sandstone which

can be followed across country for distances up to several

miles »



PETROGRAPHY

On the basis of origin, mineralogy, and texture meta-

morphic rocks in Purdy Hill quadrangle are subdivided into?

A) Met asedimentary rocks?

a) Quartz-feldspar-hornblende-biotite gneiss®

b) Muscovite-rich quartz-feldspar gneiss®

c) Epidote-rich quartz-feldspar gneiss®

d) Augen gneiss®

e) Biotite schist®

f) Muscovite schist®

g) Marble and calc-silicate gneiss®

h) Amphibolite®

i) Migmatite®

j) Epidotite®

B) Meta-igneous rocks?

a) Tremolite-chlorite schist®

b) Actinolite-chlorite schist®

c) Mafic to ultramafic rock®

d) Metadiabase®

e) Garnet metagabbro®

f) Epidotite®

g) Metagranodiorite®

h) Metagranite.

i) Meta-aplite®
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Because of mineralogy or texture, some of these rocks

are more important than others in unraveling the metamorphic

history of the area. Therefore, this section is devoted to

detailed description of those rocks which are more likely to

reflect the physical conditions of metamorphism®

Metasedimentary Rocks

Epidote-rich quartz-feldspar gneiss and epidotite

Epidote seems to be characteristic of the northwest-

ern part of the Llano uplift, where it is widespread in all

Precambrian metasedimentary rocks» Moreover, epidote predom-

inates in unit 1 of Valley Spring Gneiss, In four thin sec-

tions of epidote-rich quartz-feldspar gneiss from unit 1,

quartz content ranges from 7 to 32 percent and averages 20

percent, microcline ranges from 5 to 34 percent and averages

15 percent, plagioclase ranges from 10 to 51 per-

cent and averages 3B percent, epidote ranges from 4 to 13

percent and averages 8 percent, hornblendeitremolite ranges

from 8 to 14 percent and averages 10 percent, biotite ranges

from 1 to 18 percent and averages 7 percent, and accessory

minerals include magnetite, sphene, and apatite ± garnet, ±

zircon. Overall grain size averages leO mm, A sample from

unit 2 at locality 176 (3404150 N., 487760 E
a ) contains 25

percent quartz, 50 percent microcline, 4 percent plagioclase
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of composition

and 5 percent minor magnetite, sphene, and apatite. Grain

size is up to 1.0 mm. The gneiss is conspicuously laminated

at the megascopic as well as the microscopic scale. Thin lay-

ers are alternately rich in quartz and microcline, and in pla-

gioclase, epidote, and other mafic minerals. Garnet is always

intergrown with epidote. Furthermore, chlorite is abundant as

an alteration product and in at least one sample is present as

radiating clusters.

Two samples of epidotite believed to be metasedimen-

tary were collected® One sample is from unit 2 of Valley

Spring Gneiss and was co llected at locality 175 (3404420 N.,

487560 E.), This sample contains 56 percent epidote, 19 per-

cent plagioclase of composition and scapolite, 18 per-

cent hornblende, and 7 percent magnetite and sphene. The

other sample is from Packsaddle Schist, and was collected at

locality 142 (3408950 N., 478870 E.). It contains 70 percent

epidote, 6 percent quartz, 18 percent garnet, and 6 percent

magnetite, sphene, and clinozoisite• Epidote and garnet are

intergrown in sample 142®

Two facts are significant in the occurrence of

epidote-rich quartz-feldspar gneiss and epidotite. In the

first place, intrusive rocks are found nearby* Moreover,

epidote and garnet are intergrown wherever they occur to-

gether (pi. 10, fig• l). These facts provide important
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PLATE 10

Figure 1. Photomicrograph (crossed nicols) showing inter-

grown garnet and epidote. Some quartz is also

present. Specimen IA-2.

Figure 2. Photomicrograph (crossed nicols) showing part of

microcline porphyroblast. Note well-developed
grid twinning and absence of inclusions. Specimen
109.
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information about physical conditions of metamorphism, and

they are discussed in detail in a later section®

Augen gneiss

Presence of augen gneiss is one of the characteristics

of Lost Creek Gneiss® Augen gneiss, however, is also present

in small amount in Valley Spring Gneiss and Packsaddle Schist*

A sample of augen gneiss was collected from unit 1 of

Valley Spring Gneiss at locality 67 (3409980 N®, 485860 E.)*

The rock is light pink, well foliated, and composed of 25 per-

cent quartz, 25 percent microcline, 37 percent plagioclase of

composition 8 percent biotite, and 5 percent magnetite,

apatite, sphene, zircon, and rutile* Grain size is up to 1,5

mm. Microcline occurs both as matrix and porphyroblasts up

to 3*o mm in diameter. Microcline porphyroblasts give the

rock its augen texture in hand specimen®

In two samples of augen gneiss from Packsaddle Schist,

quartz content averages 24 percent, microcline averages 30

percent, plagioclase of composition averages 33 percent,

biotite averages 3 percent, and accessory minerals include

amphibole, muscovite, magnetite, apatite, sphene, and zircon*

Grain size is up to I*o mm* Quartz porphyroblasts range from

2.0 mm to 4*5 nun in length, and microcline porphyroblasts

range from 6*o mm to 2*5 cm in diameter* Quartz and micro-

cline porphyroblasts give the rock its augen texture in hand
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specimen, and they are oriented parallel to the foliation*

In 14 samples of augen gneiss from Lost Creek Gneiss,

quartz content ranges from 25 to 46 percent and averages 32

percent, microcline ranges from 25 to 45 percent and averages

33 percent, plagioclase of composition ranges from 10

to 73 percent and averages 26 percent, biotite ranges from 1

to 14 percent and averages 4 percent, and accessory minerals

include hornblende, epidote, muscovite, magnetite, sphene,

apatite, and zircon* Grain size averages 1.5 nun, Microcline

occurs both as matrix and porphyroblasts that range from 1.8

mm to 1.2 cm in diameter. Quartz porphyroblasts that range

from 1.5 mm to 3«0 mm in length are not uncommon. Plagio-

clase of composition constitutes 73 percent of sample 91

(3413800 N., 485300 E.), whereas microcline makes up only 15

percent. In this sample plagioclase is present in porphyro-

blasts up to 4.5 mm in length.

Porphyroblasts in augen gneiss (pi* 10, fig* 2) are

composed of single microcline or perthite grains, aggregates

of microcline or perthite, or microcline and perthite aggre-

gate together in a single grain* Porphyroblasts are gener-

ally disc-shaped, and the long diameter parallels the folia-

tion, which commonly bends around the porphyroblasts as if

it had been pushed apart during growth of the grains, Micro-

cline shows poorly to well-developed grid twinning* Inclu-

sions of other minerals in microcline, particularly quartz
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and plagioclase, are common. The outline of porphyroblasts

varies from ragged and irregular to smooth and regular. The

sharper the outline, the less the number of inclusions and

the better the twinning, Plagioclase inclusions in micro-

cline are generally rimmed by albite, and composition of

plagioclase in the groundmass and inclusions is the same,

Myrmekite is abundant at the contact between microcline and

plagioclase, and the plagioclase is always sericitized.

Augen gneiss is found always in the vicinity of ig-

neous intrusions. As a matter of fact, the presence of

augen gneiss indicates a nearby intrusive body.

Marble and calc-silicate gneiss

Marble and calc-silicate gneiss characterize both

facies 1 of the lowermost unit of Valley Spring Gneiss and

the Packsaddle Schist.

In 14 samples of marble from Valley Spring Gneiss,

calcite content ranges from 54 to 85 percent and averages 68

percent, quartz ranges from 4 to 24 percent and averages 14

percent, and plagioclase of composition ranges from

1 to 22 percent and averages 9 percent. Muscovite is present

in 10 samples, ranges from 1 to 6 percent and averages 3 per-

cent. Microcline is present in nine samples, ranges from 1

to 9 percent and averages 3 percent. Tremolite is present

in six samples, ranges from 1 to 8 percent and averages 4
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percent, Biotite is present in five samples, ranges from 1

to 5 percent and averages 3 percent. Two samples contain ser

pentine and one of them contains scapolite. Minor amounts of

epidote and diopside are present in one sample that contains

8 percent hornblende. Accessory minerals include magnetite,

apatite, and sphene. Grain size ranges from 1.5 mm to 2,0

mm, and calcite grains are as much as 2,5 mm in diameter. In

hand specimen most of the marble shows well-developed folia-

tion, In thin section the texture is generally granoblastic,

Calcite is always anhedral-granular and commonly the grains

show rounded to subrounded inclusions of quartz and feldspar.

Twin lamellae and rhombohedral cleavage are conspicuous.

Quartz and plagioclase are anhedral-granular. Albite and

Carlsbad twins in plagioclase are poorly to very well devel-

oped. Tremolite is present in the form of elongated, color-

less prismatic crystals up to I*s mm in length which have

extinction angles that vary between 12° and 20°.

Calc-silicate gneiss in Valley Spring Gneiss was

found only at locality 2 (3407500 N., 486020 E,), The rock

is composed of 21 percent quartz, 37 percent epidote and

clinozoisite, 27 percent scapolite, 7 percent garnet, 6 per-

cent hornblende and tremolite, and 2 percent plagioclase,

sphene, and apatite. Grain size is up to 1.5 mm, and the

texture is porphyroblastic. Quartz is present in both the

matrix and as porphyroblasts as much as 3.0 mm in length,
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and contains abundant inclusions of sphene and epidote and

few of apatite and feldspar., Epidote is green but the color

is not uniform and varies between yellowish green and light

green. Yellowish-green epidote is slightly pleochroic. Some

grains of epidote occur as porphyroblasts as much as 1.8 mm

in diameter, and poikilitically enclose quartz and scapolite.

Other grains of epidote are intergrown with garnet or com-

pletely surround the garnet crystals. Pink garnet occurs in

porphyroblasts up to 2.0 mm in diameter, and poikilitically

encloses quartz, plagioclase, and sphene. The amphibole is

green, slightly pleochroic, and occurs both in the matrix and

porphyroblasts up to 1.8 mm in length. Calcite occurs

throughout as an alteration product.

Marble and calc-silicate gneiss are closely associ-

ated in Packsaddle Schist. Commonly marble layers alternate

with calc-silicate layers. Calc-silicate gneiss not associ-

ated with marble was found near the Katemcy batholith at lo-

calities 88 (3409520 N., 477680 E.), 93 (3413100 N„, 484850

E.), 96 (3413570 N., 485430 E.), and 131 (3410230 N., 481130

E.) .

In 20 samples of marble from the Packsaddle Schist,

calcite content ranges from 60 to 92 percent and averages 82

percent. Quartz is present in 11 samples, ranges from 3 to

6 percent and averages 5 percent. Microcline is present in

11 samples, ranges from 5 to 20 percent and averages 12
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percent. Diopside is present in 13 samples, ranges from 5 to

20 percent and averages 14 percent. Tremolite is present in

eight samples, ranges from 3 to 5 percent and averages 4 per-

cent. Other minerals present are serpentine, phlogopite,

olivine, and chlorite. Accessory minerals include biotite,

muscovite, epidote, sphene, and magnetite. A small amount of

plagioclase of unknown composition was observed in one sample.

Grain size ranges from 1.5 mm to 4*o mm. In hand specimen

most of the marble shows well-developed foliation. In thin

section the texture is generally granoblastic. Bent and bro-

ken crystals of calcite as well as exsolution lamellae are

common. Wherever present, serpentine replaces diopside and

olivine, and occurs along boundaries between calcite grains.

Some calcite grains poikilitically enclose olivine crystals

and apparently protected them from serpentinization. There

are also some grains of olivine that occur at boundaries be-

tween calcite grains and were not serpentinized. No explana-

tion for this anomalous situation is known.

In three samples of calc-silicate gneiss interlayered

with marble, diopside content averages 50 percent, calcite

averages 30 percent, forsterite averages 20 percent, spinel

averages 5 percent, and prehnite averages 20 percent. Acces-

sory minerals include quartz, microcline, and sphene. Diop-

side grains are mostly shattered and altered, and calcite is

present as columnar or fibrous grains. Another sample is



composed of 65 percent diopside, 25 percent tremolite, 10

percent calcite, and minor magnetite, sphene, and topaz.

In four samples of cale-silicate gneiss not associ-

ated with marble, quartz content ranges from 3 to 39 percent

and averages 21 percent, and plagioclase of composition

ranges from 13 to 46 percent and averages 29 percent. Diop-

side is present in three samples, ranges from 22 to 39 per-

cent and averages 26 percent. Hornblende is present in two

samples and averages 11 percent. Epidote is present in two

samples and averages 23 percent. Garnet is present in two

samples and averages 3 percent. Accessory minerals include

actinolite, scapolite, magnetite, biotite, sphene, and apa-

tite. Grain size ranges from 0.3 mm to 1.0 mm. Quartz por-

phyroblasts range in length from 1.0 mm to 1.3 mm, and horn-

blende porphyroblasts are as much as 2,5 mm long. Where

diopside and hornblende occur together, they are intergrown.

An interesting sample of calc-silicate gneiss was

collected at locality 139 (3409520 N., 479400 E.), in the

vicinity of a marble layer. The rock is composed of 12 per-

cent quartz, 32 percent untwinned plagioclase of unknown com-

position, 36 percent diopside, 11 percent anthophyllite, and

9 percent hornblende, magnetite, and apatite. The gneiss is

fine grained, up to 0.8 mm. Quartz occurs both in the matrix

and as porphyroblasts up to 1.2 mm long. Anthophyllite is

present only in porphyroblasts as much as 1.3 mm long (pi. 11,

88
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PLATE 11

Figure 1. Photomicrograph (plane light) showing anthophyllite

in metasedimentary calc-silicate gneiss. Other

minerals are diopside (high relief), quartz and

feldspar (low relief), and magnetite (black).

Specimen 139*

Figure 2, Photomicrograph (crossed nicols) showing the dis-

equilibrium mineral assemblage diopside(di)-

tremolite(tr)-calcite(cc)-quartz(q). Specimen M4d,
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fig. l)» Anthophyllite in the Llano uplift has been reported

only in meta~igneous rock, namely soapstone (Burnitt, 1961,

p. 65-71) • Therefore, this is the first report of anthophyl-

lite in metasedimentary rocks.

Of particular importance is the mineral assemblage

calcite-tremolite-diopside, with or without quartz, which

occurs in marble and calc-silicate gneiss from the Packsaddle

Schist (pi. 11, fig. 2). This assemblage provides critical

information about physical conditions of metamorphism, and it

is discussed in detail in a later section®

Amphibolite

Amphibolite also characterizes both facies 1 of the

lowermost unit of Valley Spring Gneiss and the Packsaddle

Schist.

Two thin layers of amphibolite were sampled in Valley

Spring Gneiss, and in one of them the amphibolite is associ-

ated with marble. This sample from locality 1 (3407100 N„,

486500 E.) is composed of tremolite (extinction angle be-

tween 12° and 19°), hornblende (extinction angle between 24°

and 29°), and minor biotite, muscovite, talc, magnetite, and

apatite. Secondary chlorite and hematite occur throughout.

Grain size is up to 1.0 mm. In general the crystals are

oriented parallel to the foliation, but some are inclined

at an angle or even almost perpendicular to the foliation.
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Light-green, non-pleochroic tremolite is present in the form

of prisms with irregular terminations. Some prisms are slen-

der and even fibrous
o Blue-green and very slightly pleo-

chroic hornblende occurs in porphyroblastic prisms as much as

2.0 mm long, some showing twinning in subhedral basal sec-

tions. Some hornblende porphyroblasts poikilitically enclose

patches of fine-grained muscovite. Biotite is always brown

and scattered throughout. Talc and chlorite occur in irregu-

lar patches distributed throughout. Some chlorite crystals

show well-developed polysynthetic twins. Magnetite is pres-

ent as irregular grains, some elongated parallel to the foli-

ation. Magnetite exsolution plates are not uncommon in some

amphibole crystals. Amphibolite not associated with marble

was found at locality 167 (3405450 N
c ,

486940 E,), The rock

is composed of 62 percent hornblende, 27 percent plagioclase

of composition 4 percent epidote, and 7 percent sphene,

apatite, and magnetite. Grain size is up to 0.7 mm. It is

worth noting that this sample was collected close to an

aplite dike (sample 23) that contains 3 percent epidote.

Amphibolite occurs throughout Packsaddle Schist, but

was not found associated with marble or calc-silicate rock.

In seven samples, hornblende content ranges from 35 to 60

percent and averages 50 percent, and plagioclase of composi-

tion An^^_29 ran S es from 21 to 42 percent and averages 33 per

cent. Quartz is present in six samples, ranges from 4 to 17
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percent and averages 10 percento Diopside is present in

three samples, ranges from 1 to 22 percent and averages 9

percent® Biotite in two samples averages 3 percent® Acces-

sory minerals include magnetite, sphene, apatite, and locally

epidote and ilmenite. Grain size ranges from o*4 mm to I*o

mm* Hornblende occurs both in the matrix and porphyroblasts

up to I*3 mm long® It is typically blue green and strongly

pleochroic in the larger grains* Zoning was not observed in

plagioclase* Quartz is present in the matrix and as por-

phyroblasts up to 1.2 mm long.

An interesting sample of amphibolite in the Pack-

saddle Schist was collected at locality 150 (3406210 N
O ,

477360 E,)« The rock is composed of hornblende, sphene, and

minor magnetite, ilmenite(?), and apatite® Hornblende is

blue green and strongly pleochroic. The rock is crossed by

bands about 2.5 mm wide composed of cordierite(?), inter-

grown prehnite and quartz, and minor amounts of calcite.

Later fractures, up to 1.0 mm wide, are filled with prehnite

and calcite. Prehnite occurs in small radiating crystals.

Field relationships and very low content of opaque

minerals strongly suggest met asedimentary origin of amphi-

bolite in Valley Spring Gneiss and Packsaddle Schist in the

Purdy Hill quadrangle.
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Migmatite

Although migmatite is characteristic of Lost Creek

Gneiss it also occurs locally in Valley Spring Gneiss« It

was not found in Packsaddle Schisto

A sample of migmatite was collected in Valley Spring

Gneiss at locality 174 (3404450 N
O ,

487400 E.)o The neosome

is fine grained, with grains up to 0.7 mm, and composed of

33 percent quartz, 51 percent microcline, 1 percent plagio-

clase of composition An
OQ ,

12 percent biotite, and 3 percent
29

minor magnetite, apatite, and zircon. The paleosome is fine

to medium grained, with grains up to 2.5 mm, and composed of

29 percent quartz, 43 percent plagioclase of composition

l4 percent biotite, 11 percent hornblende, and 3 per-

cent minor magnetite, sphene, apatite, and zircon. Both

parts of the migmatite are well foliated.

Migmatites in Lost Creek Gneiss at localities 163

(3404300 N., 481830 E.) and 179 (3402520 N
O

,
487170 E,) are

petrographically very similar to those in Valley Spring

Gneiss
o

South of locality 180 (3402200 N., 487660 E 0) an in-

teresting migmatite was observed in Lost Creek Gneiss. This

migmatite was formed in two generations. During the first

generation, a granodiorite neosome was injected into a paleo-

some of amphibolite and quartz-feldspar gneiss. During the
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second generation, a neosome of aplitic composition was in-

jected into the previously formed migmatite o

The most striking migmatites in Purdy Hill quadrangle

occur in the migmatite complex on Little Willow Creek

(3405000 to 3406000 N., 481000 to 483000 E 0). Mineralogic

composition of the neosome as determined from four samples

(28, 30, 156, 159) collected in the complex, is as follows?

quartz content ranges from 32 to 44 percent and averages 39

percent, microcline ranges from 1 to 45 percent and averages

24 percent, plagioclase of composition ranges from 15

to 47 percent and averages 29 percent, biotite ranges from 1

to 15 percent and averages 7 percent, and accessory minerals

include muscovite, magnetite, sphene, and apatite* The aver-

age composition corresponds to granodiorite*

In three samples of granodiorite (31, 157, and 162)

also collected in the complex, quartz ranges from 25 to 30

percent and averages 28 percent, microcline ranges from 20 to

29 percent and averages 24 percent, plagioclase of composition

ranges from 32 to 35 percent and averages 34 percent,

biotite ranges from 6 to 15 percent and averages 11 percent,

and accessory minerals include hornblende, muscovite, magne-

tite, sphene, epidote, apatite, and zircon*

Modes of neosome and granodiorite are essentially the

same within limits of error in point-counting• Furthermore,

granodiorite is the most abundant igneous rock in the complex;
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it was not found in the paleosome of migmatites in the com-

plex, and it forms a small meta-igneous body southwest of the

complex. Therefore, it seems that granodioritic magma was

intruded in three different stages. The first intrusion took

place during the initial stages of the orogeny that accompa-

nied metamorphism, and the meta-igneous body resulted from

this intrusive period. Near the peak of metamorphism, grano-

dioritic magma was intruded again, this time into the frac-

tures produced during folding, and most migmatites were

formed. After the peak of metamorphism was passed, grano-

dioritic magma was intruded again, and it resulted in small

unmetamorphosed bodies in the migmatite complex and else-

where.

Although neosome of granodioritic composition pre-

dominates, other compositions such as granitic, aplitic, and

pegmatitic are also present at several placeso Fabric and

mechanism of injection of neosomes of different lithologies

is the same throughout the area®

Composition of paleosome is variable in the complex.

The rocks range from metadiabase through amphibolite, meta-

diorite, and metatonalite to quartz-feldspar augen gneiss.

Field relationships strongly suggest that amphibolite in the

complex is metamorphosed gabbro, and its composition fits in

the igneous association. On the other hand, because migma-

tites occur in Lost Creek Gneiss, quartz-feldspar augen
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gneiss is the metasedimentary rock that should be widespread

as paleosome. Therefore, it seems that a process of magmatic

differentiation took place whereby the last intrusive rocks

were less mafic than the earlier ones*

Detailed study of microfabrics of migmatites is in

progress, and the results will be reported elsewhere*

Meta-Igneous Rocks

Garnet metagabbro

Garnet metagabbro in hand specimen is black, dotted

with pink garnet porphyroblasts up to 3®o mm in diameter*

Weathered surfaces are stained by iron oxide* The rock is

composed of garnet crystals with rims of myrmekitelike inter-

growth of plagioclase and hornblende, apatite, and minor mag-

netite, sphene, biotite, and secondary prehnite® In thin

section garnet contains abundant inclusions of plagioclase

feldspar which are distributed in subparallel arrangement®

Helicitic structure is shown by some of the larger crystals®

Pale yellow-green, pleochroic hornblende occurs both in the

matrix and reaction rims® Some hornblende grains in the

groundmass are optically continuous with adjacent grains in

reaction rims, indicating that hornblende formation through-

out the rock was contemporaneous with breakdown of garnet®

In reaction rims hornblende occurs as fingerlike grains
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radiating from the garnet crystals* Plagioclase occurs in

reaction rims, as inclusions in garnet, and in small grains

in the groundmass, It is very fine grained and untwinned to

very poorly twinned, and therefore, the composition could not

be determined optically* Fine-grained prehnite seems to re-

place plagioclase in the groundmass* Foliation in the rock

is produced by parallelism of hornblende in the groundmass

as well as parallelism of trains of garnet crystals*



METAMORPHISM

Rank of Regional Metamorphism

Typical mineral assemblages found in Purdy Hill quad

rangle are as follows;

A* Pelitic

1o Quartz-microcline-plagioclase-biotite

-hornblende-epidote-garnet

2
o Quartz-microcline-plagioclase-biotite

-muscovite-epidot e-garnet

3 o Quartz-muscovite(-microcline)

Bo Quartzo-feldspathic

4 a Quartz-microcline-piagi oclase-biotite

-hornblende(-muscovite-tremolite-epidote

-garnet)

5® Quartz-microcline-plagioclase-diopside

-hornblende(-tremolite-epidote)

C 0 Basic

6
0 Hornblende-plagioclase-biotite(-muscovite)

7o Hornblende-plagioclase-garnet

D. Calcareous

8. Calcite-quartz-phlogopite(-microcline)

9. Calcite-quartz-tremolite(-microcline

-plagioclas e)

10. Diopside-tremolite-calcite

98
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11
9 Diopside-tremolite-calcite-quartz

12
9 Diopside-phlogopite-calcite(-forsterite)

13
o Diopside-forsterite-calcite(-quartz

-microcline-plagioclase)

14. Diopside-epidote-garnet(-quartz-plagioclase)

15• Diopside-epidote-calcite(-quartz-microcline

-plagioclase)

16
o Diopside-epidote-hornblende(-quartz

-mi crocline-plagioclase)

17 o Epidote-hornblende-tremolite-garnet(-quartz

-plagioclase-scapolite)

E
e Magnesian

18• Cummingtonite-hornblende-forsterite-talc(?)

-plagioclase-biotite

19 o Anthophyllite-hornblende-diopside-quartz

-plagioclase

20. Tremolite-hornblende-talc

21. Tremolite-chlorite

22
e

Actinolite-chlorite 8

Biotite, muscovite, and serpentine are present in many

of the calcareous assemblages o

These mineral assemblages are characteristic of the

amphibolite facies of regional metamorphism as defined by

Turner (1968, p 0 307-309) and Winkler (1967, p. 22, 119-123,

ur*

and 179-188). The range of temperature-presstes conditions
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corresponding to this rank of regional metamorphism was esti-

mated by Turner (1968, p. 366) to be 430°~700° C and 2-10 kb

water pressure. Winkler (1967, p. 181 and 183-184) estimated

the range to be 540±20°-725° 0 and 2-3 kb water pressure®

Rank of regional metamorphism in the amphibolite

facies in the Llano uplift has been recognized by Clabaugh

(1958) and McGehee (1963) in the southeastern part, by Work-

man (1968) at Blount Mountain in the central part, by Jordan

(1970) in the Babyhead area in the north-central part, and by

this work in the northwestern part. Therefore, it seems that

metamorphic rank in the amphibolite facies has been fairly

well established for a large portion of the Llano uplift.

In the southeastern part of the Llano uplift silliman-

ite and andalusite are widespread and almandine garnet is rel-

atively uncommon (McGehee, 1963, p» 16?)® According to So E«

Clabaugh (March 1, 19722 personal communication) sillimanite

also occurs at many other localities throughout the uplift

and it is probably most abundant and most coarsely crystalline

south of Enchanted Rock batholith where almandine is also abun

danto Andalusite also occurs at other localities, but it

tended to be destroyed by retrograde replacement by muscovite.

Kyanite has not been found in any rocks in the Llano uplift.

Andalusite or sillimanite have not been found in Purdy

Hill quadrangle, but this may be partly a consequence of poor

l

exposures as well as inappropriate bulk composition of most
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of the rocks* Garnet, on the other hand, seems to be more

abundant than in the southeastern part of the Llano region*

The folding also seems to have been more intense in the north

western part of the region, producing many overturned folds

near Mason (pi* l)* The intense folding and relative abun-

dance of garnet suggest that greater deformation and perhaps

deeper burial were endured by rocks in the northwestern part

of the Llano region* Therefore, the so-often quoted state-

ment that ’’the intensity of deformation and of metamorphism

seems to be greater in the southeastern part of the Llano

area than in the northwestern part” (Barnes, 1954, in Flawn

and Muehlberger, 1970, p« 88) does not seem to be entirely

true
•

Progressive metamorphism of siliceous dolomites and

limestones has been the subject of considerable research dur-

ing the last few years. Zones of progressive regional meta-

morphism of siliceous carbonate rocks in the Alps were mapped

by Trommsdorff (1966), steps in progressive metamorphism of

siliceous dolomites and limestones were thermodynamically

evaluated by Turner (1967), and the equilibrium conditions

determined experimentally for some of the reactions were

summarized by Metz and Trommsdorff (1968)« Because several

authors (Ramberg, 1952, p, 150; Winkler, 1967, p. 119;

Turner, 1968, p e 309) re gard the first appearance of diopside

in rocks of appropriate composition as the initiation of the
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amphibolite facies, Metz (1970) undertook detailed experimen-

tal investigation of the equilibrium conditions of the reac-

tion

tremolite + 3 calcite + 2 quartz 5 diopside + 3 + H^O

whereby diopside is formed almost exclusively during meta-

morphism of siliceous dolomites. There is a very good agree-

ment between theoretical predictions, experimental data, and

mineral assemblages observed in the field. Therefore, these

data can be used with confidence in the determination of the

most probable physical conditions of regional metamorphism in

Purdy Hill quadrangle. In this respect, the mineral assem-

blage diopside-tremolite-calcite-quartz (ll) is critical be-

cause it shows that the reaction given above was in process

but did not go to completion.

The results of the experimental work by Metz (1970,

p. 235 and 247) on equilibrium conditions for the diopside-

forming reaction indicate the dependence of equilibrium tem-

peratures on the fluid pressure for various compositions of

the fluid phase® This dependence, however, is not very

strong for values of the mole fraction, between o®2 and

2

0.8, for which variations in temperature do not exceed about

30° C. Furthermore, it is probable that values of

nature commonly exceed 0.25 (Winkler, 1967, p. 31) •
There-

fore, a reasonable estimate of depth, and consequently of
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fluid pressure, allows use of the reaction as a temperature

indicator,, Moreover, the presence of almandine garnet in the

northwestern part of the Llano uplift as well as flow deforma-

tion in marble and calc-silicate gneiss indicate that moder-

ately high pressure was attained,, Therefore, an estimate of

about 4 kb fluid pressure seems reasonable,, Under that pres-

sure this diopside-forming reaction occurs at temperatures be-

tween 600°-630° Co The mineral assemblage diopside-tremolite-

calcite-quartz (ll) indicates that at some places the reaction

did not go to completion. It is not uncommon for reactions

involving production of to be self-inhibiting by causing

a rise of Xp n , thereby requiring still higher temperature
u

2

for further reaction to occur. However, if the temperature

had exceeded the maximum point on the curve (about 630° C at

4 kb fluid pressure) the reaction should have gone to comple-

tion and one of the minerals would have disappeared at equi-

librium. Consequently, the range 600°-630° C is a probable

upper limit where diopside, tremolite, calcite, and quartz

coexist, assuming (l) that the reaction occurred readily (as

decarbonation reactions generally do in experimental systems),

(2) that the minerals actually were all present at the thermal

maximum, rather than one or more having been introduced subse-

quently by retrograde or other changes, and (3) that the fluid

pressure was 4 kb. If the fluid pressure was 5 kb, the reac-

tion temperatures would have been about 30° C higher; if it
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was 3 kb, they should have been about 30° C lower* The ab-

sence of kyanite in the region suggests pressures were not

much greater than 5 kb, and the pervasiveness of the regional

metamorphism suggests that pressures below 3 kb are unrealis-

tic. A maximum temperature of about 600°-630° C is consistent

with the minerals present in the surrounding rocks and migma-

tites; microcline instead of orthoclase, and hornblende in-

stead of hypersthene* Moreover, the mechanism inferred for

the formation of migmatites is confirmed, because anatexis

( = partial melting) does not start before a temperature of

about 680° C is reached under 4 kb water pressure (Winkler,

1967, p« 195).

Metasomatism and Retrograde Metamorphism

Metasomatism and retrograde metamorphism in Purdy

Hill quadrangle are indicated bys

a) abundance of epidote,

b) formation of microcline augen,

c) formation of amphibolite associated with marble

layers in Valley Spring Gneiss,

d) scapolitization of plagioclase,

e) transformation of diopside and forsterite into

serpentine,

f) replacement of biotite by muscovite and chlorite,

g) presence of fluorite in country rock near granite



105

contacts,

h) breakdown of almandine into hornblende and pla-

gioclase, and

i) presence of prehnite®

Epidote is abundant throughout the area, particu-

larly in Valley Spring and Lost Creek Gneisses® Epidote-

rich rocks occur mainly in the vicinity of intrusive rocks,

and furthermore, several samples show intergrowth of epi-

dote and garnet® These occurrences of epidote are consis-

tent with low temperature calcium metasomatism (Deer and

others, 1962, p. 96 and 20?) induced by intrusion of the

Katemcy batholith and minor igneous bodies® It is interest-

ing to note that some samples showing epidotization also

show partial replacement of plagioclase by calcium-rich

scapolite.

Ragland (i960) made a detailed geochemical and pet-

rological study of Lost Creek Gneiss, and on the basis of

zircon morphology he concluded that the gneiss is metasedi-

mentary. As the original rock he suggested a shale with

high illite content® The formation of microcline porphyro-

blasts is outlined by Ragland (i960, p. 47) as follows?

1. Introduction of potassium-rich solution and poi-
kilitic enclosure of plagioclase and quartz®

2. Solution of plagioclase and quartz and crystal-
lization of potash feldspar ("clearing the core")®

3. Change of conditions of temperature, pressure,

or composition, which could cause recrystalliza-
tion of plagioclase (oligoclase) and quartz
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simultaneously as myrmekite*

4« Enrichment of residual solution in sodium, caus-

ing crystallization of albite around rims of

myrmekitic plagioclase and within porphyroblasts

(which forms intergrowth with potash feldspar

resembling replacement perthite)•
5® Continued crystallization of potash feldspar to

develop porphyroblasts from initial poikilitic
anhedral masses with ragged outlines to porphy-
roblasts with smooth* ellipsoidal outlines which

are practically free from inclusions.

Investigation of Lost Creek Gneiss in Purdy Hill quad-

rangle was limited to field observations and study of several

samples under the petrographic microscope. Field work indi-

cates that augen in Lost Creek Gneiss are limited to the

vicinity of igneous intrusionso Petrographic observations

indicate that the augen grew in the solid state® Therefore,

potassium metasomatism is the most likely mechanism® However,

potassium metasomatism tends to destroy myrmekite (Barker,

1970, p® 3345)® Therefore, step 3 above does not seem likely®

It is more probable that myrmekite was formed after the augen

were fully grown® Furthermore, the plagioclase in samples of

augen gneiss is always sericitized® Consequently, sericitiza-

tion of plagioclase could release sodium and calcium which by

replacement of potassium in small grains of microcline pro-

duced myrmekite (Barker, 1970, p. 3345)*

Recently Orville (1969) suggested the origin of thin-

layered amphibolites by bimetasomatic reaction between an

original carbonate-rich layer and the enclosing carbonate-poor

politic rock® This type of metasomatism is inferred if the
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following are observed (Orville, 1969, p. 84);

1. Close and systematic relationship between inter-

layered marbles, cale-silicate layers, amphibo-

lite, and pelitic schist or gneiss.

2, Calc-silicate or carbonate-bearing layers within

otherwise normal amphibolite.

3® Increase in Ca-content of country rock adjacent

to amphibolite layers, probably reflected in

higher anorthite-content of the plagioclase phase

as well as increased amount of plagioclase.

4• Decrease in total (Mg+Fe)- content of country rock

adjacent to amphibolite layers*

5. Consistent absence of muscovite from country rock

adjacent to amphibolite layers, except, perhaps,

as retrograde sericitic alteration.

6. A biotite- and plagioclase-bearing rock present

as an intermediate assemblage between hornblende-

bearing amphibolite and muscovite-bearing schist.

There is one thin-layered amphibolite associated with

marble in facies 1 of the lowermost unit of Valley Spring

Gneiss at locality 1 (3407100 N., 486500 E,), This amphibo-

lite meets the above conditions as follows; it contains

interlayered marble and is in turn interlayered with biotite-

plagioclase gneiss and schist (l, 2, and 6); plagioclase-

content of the gneiss and schist apparently increases in the

vicinity of the amphibolite (3); muscovite is absent in the

country rock adjacent to the amphibolite (5); and the gneiss

and schist separate the amphibolite from muscovite-bearing

schist higher up in the stratigraphic sequence (6), Condition

4 cannot be tested without chemical analyses, which were not

performed, but there is no reason to believe that this condi-

tion does not hold. Therefore, metasomatic origin according

to the proposed model is inferred for this amphibolite.



GEOLOGIC HISTORY

The geologic record in the Purdy Hill quadrangle be-

gan with the accumulation of several thousand feet of alter-

nating sand, mud, arkose or rhyolite and pyroclastic debris,

and at places thin calcareous beds (Valley Spring Gneiss) in

the near-shore margin of a subsiding geosyncline, followed by

either predominantly arkosic sediments or rhyolitic sheets,

or both (Lost Creek Gneiss), Deeper marine conditions began

to prevail, and deposition of sand in the lower part of the

Packsaddle was followed by predominance of mud and some car-

bonate at higher levels in the Packsaddle, After deep burial

all sediments were consolidated and compacted, intruded by

mafic, intermediate, and silicic igneous rocks, subjected to

a single episode of regional metamorphism, folded, faulted,

and uplifted to form a mountain range® As folding increased,

fractures developed near the hinges of the tightest folds,

and magma was injected into these fractures and metamorphosed

with the country rock, forming migmatite® During the last

stages of metamorphism a great mass of granite (Katemcy bath-

olith) invaded the metamorphic rocks® Temperature of meta-

morphic rocks was still too high for contact metamorphic

phenomena to develop, but extensive metasomatism (formation

of augen in rocks of appropriate composition and epidotiza-

tion) and some retrograde metamorphism took place. The last

108
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products of magmatic activity were the numerous sills and

dikes, particularly of granite, aplite, and pegmatite, that

were injected with development of some metasomatism (epidote

enrichment, scapolitization, and related phenomena) <>

Precambrian rocks were eroded to a surface of low

relief, and Paleozoic sedimentation began with deposition of

conglomerate and sand during Middle Cambrian, followed up-

wards by alternation of calcareous sediment, sand, and some

mud. During Pennsylvanian time, arching of the Llano uplift

resulted in near-vertical normal faults and regional tilt to

the southeasto Erosion developed a surface of low relief on

which limestone, marl, and sandstone were deposited during

Early Cretaceous
o

These younger rocks were largely removed

after Balcones faulting and uplift, and Precambrian and Pale-

ozoic rocks were exposedo Much of the area today is covered

by Quaternary gravel and alluvium deposits o



APPENDIX

PETROGRAPHIC DESCRIPTIONS

A brief petrographic description of each specimen

studied is given below e Descriptions of specimens from the

same lithologic unit are grouped together in order that min-

eralogical variations within a given unit may be readily seen a

Specimen numbers correspond to locality numbers as shown on

plate 1.

Quartz and feldspar, if present and regardless of

their order of abundance, are added first as mineral-prefixes

to the names of the metamorphic rocks• Added next are the

names of the most important mafic minerals in increasing order

of abundance®

Precambrian Metamorphic Rocks

Yalle^
=

Spring
=

Gneiss

Unit 1

Facies It

Gneiss: 11, 12, 19, 24, 25, 52, 62, 63, 64, 66,

67, 71, 170, 172.

Schist: 18, 34* 35®

Marble and Calc-Silicate Gneiss: 2, (Msa, Msb),

M6, (M?a, M7b, 169a, 169b), 8, (l6Ba,
168b, 168c, l6Bd, l68e), 171®

Amphibolite: (l, IA, 18, IC, ID, IE), 167•

110



111

Facies 2 ;

Gneiss; 16, 17, 36, 37, 61.

Facies _3 •

Gneiss; 5,7, 40,

Facies Jj. ;

Gneiss; 3,4, 41, 65°

Schist; 51•

Unit 2

Facies 1:

Gneiss; 27, 38, 39, 42, 50, 56, 58, 102, 104, 105,

107, 115, 1760

Epidotite: 175 »

Migmatite; (174a, 174b)«

Facies 2%

Gneiss; 26, 43,

Unit 3

Schist: 59 •

Unit 1

Facies _!« Fine- to medium-grained, well-foliated,

biotite- or hornblende-rich quartz-feldspar

gneiss and schist, some layers of fine- to

medium-grained marble, calc-silicate gneiss,
and amphibolite.

Specimen lie Quartz-feldspar-tremolite-biotite gneiss.

Composed of quartz (21 percent), microcline and microcline

perthite (19 percent), plagioclase of composition An2£ (38

percent), biotite with some associated tremolite (19 percent),
and minor epidote, magnetite, apatite, sphene, and zircon (3

percent). Secondary muscovite, calcite, and dusty hematite.
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Fine-grained, up to o<>6 mirio Quartz and microcline porphyro-
blasts up to 100 mm in diameter® Well-foliated o

Specimen 120 Quartz-plagioclase-epidote-biotite-amphibole
gneiss o Composed of quartz (18 percent), plagioclase of com-

position An24 percent), hornblende and tremolite (12 per-

cent), biotite (7 percent), epidote (3 percent), and minor

magnetite, sphene, apatite, and zircon (4 percent) o Secondary

chlorite, sericite, calcite, and hematite® Fine- to medium-

grained, up to I®o mm B Quartz porphyroblasts up to 108 mm in

diameter® Well-foliated®

Specimen 19® Quart2-feldspar-epidote-amphibole gneiss®

Composed of quartz (30 percent), microcline (l percent), pla-

gioclase of composition An2y and antiperthite (54 percent),
hornblende and tremolite (9 percent), epidote (2 percent),
and minor biotite, magnetite, apatite, and sphene (4 percent).

Secondary chlorite, sericite, calcite, and hematite® Fine-

grained, up to 005 mm, Quartz porphyroblasts up to 205 mm in

diameter® Well-foliated®

Specimen 240 Quartz-feldspar-epidote-amphibole-biotite

gneiss® Composed of quartz (19 percent), microcline (14 per-

cent), plagioclase of composition An2g (38 percent), biotite

(12 percent), hornblende and tremolite (8 percent), epidote

(4 percent), and minor magnetite, apatite, sphene, and zircon

(5 percent)® Secondary muscovite, chlorite, calcite, and

dusty hematite® Fine-grained, up to o®s mm® Few quartz por-

phyroblasts up to 1.0 mm in diameter® Well-foliated®

Specimen 250 Quartz-feldspar-biotite gneiss® Composed
of quartz (29 percent), microcline and microcline perthite (24

percent), plagioclase of composition An2y, antiperthite, and

myrmekite (24 percent), biotite (19 percent), and minor mag-

netite, apatite, epidote, sphene, and zircon (4 percent)®

Secondary muscovite, chlorite, sericite, calcite, and hema-

tite® Fine- to medium-grained, up to 1.5 mm° Well-foliated®

Specimen 52® Quartz-feldspar-epidote-biotite-amphibole

gneiss® Composed of quartz (7 percent), microcline and micro-

cline perthite (35 percent), plagioclase of composition An26*
antiperthite, and myrmekite (28 percent), hornblende and

tremolite (16 percent), biotite (8 percent), epidote (2 per-

cent), and minor magnetite, sphene, apatite, and zircon (4

percent). Secondary chlorite, sericite, calcite, and hema-

tite® Fine- to medium-grained, up to I®o mm® Quartz porphy-
roblasts up to I®s nim in diameter, and hornblende porphyro-
blasts up to 2®5 mm in diameter® Well-foliated®
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Specimen 62© Quartz-feldspar-biotite gneisso Composed
of quartz (11 percent), microcline and microcline perthite
(32 percent), plagioclase of composition An2B> antiperthite,
and myrmekite (33 percent), biotite, muscovite, chlorite, and

magnetite (24 percent) with minor sphene, epidote, apatite,
and zircon. Secondary sericite, calcite, and hematite© Fine-

to medium-grained, up to 1.0 mm© Quartz porphyroblasts up to

1.5 mm in diameter© Well-foliated©

Specimen 63
© Quartz-feldspar-epidote-amphibole-biotite

gneiss© Composed of quartz (4 percent), microcline and micro-

cline perthite (21 percent), plagioclase of composition An2£>
antiperthite, and myrmekite (42 percent), biotite (23 percent),
hornblende and tremolite (2 percent), epidote (2 percent),
and minor magnetite, apatite, sphene, and zircon (6 percent)©

Secondary chlorite, sericite, calcite, and hematite© Fine-

grained, up to 0.8 mm© Well-foliated.

Specimen 64© Quartz-feldspar-mica gneiss© Composed of

quart"z (31 percent)
,

microcline and microcline perthite (4

percent), plagioclase of composition An24 (44 percent), bio-

tite, muscovite, and chlorite (l? percent), and minor mag-

metite, apatite, epidote, sphene, and zircon (4 percent)©
Secondary sericite, calcite, and hematite© Fine-grained, up

to 0.7 ram. Well-foliated©

Specimen 66© Quartz-feldspar-tremolite-calcite gneiss©

Composed of quartz (31 percent), plagioclase of composition

A1126 (37 percent), calcite (14 percent), tremolite (12 per-

cent), and minor microcline, clinozoisite, biotite, magnetite,

zircon, sphene, epidote, and apatite (6 percent)© Fine- to

medium-grained, up to 1.0 mm© Quartz porphyroblasts up to

2.0 mm in diameter© Well-foliated© Shows abundant but irreg-
ular stains of malachite©

Specimen 67. Quartz-feldspar augen gneiss© Composed of

quartz (25 percent), microcline and microcline perthite (25

percent), plagioclase of composition An26> antiperthite, and

myrmekite (37 percent), and biotite, magnetite, apatite, and

sphene (13 percent)© Secondary chlorite, sericite, calcite,
and hematite© Medium-grained, up to I©s mm© Microcline por-

phyroblasts up to 3.0 mm in diameter© Poorly foliated©

Specimen 71« Quartz-feldspar-amphibole-biotit e gneiss©

Composed of quartz (25 percent), microcline (18 percent),
plagioclase of composition An2A and myrmekite (32 percent),
biotite (13 percent), hornblende and tremolite (8 percent),
and minor magnetite, epidote, sphene, apatite, and zircon

(4 percent). Secondary chlorite, sericite, calcite, and



114

hematite® Fine- to medium-grained, up to 1.0 mm® Quartz por-

phyroblasts up to I*B mm in diameter. Well-foliated.

Specimen 170. Quartz-plagioclase-epidote-biotite gneiss.

Composed of quartz (26 percent), untwinned plagioclase of un-

known composition (42 percent), biotite (19 percent), epidote

(4 percent), and minor magnetite, sphene, apatite, and musco-

vite (9 percent). Secondary chlorite, sericite, and calcite.

Fine-grained, up to 0.5 mm. Quartz porphyroblasts up to 2.0

mm in diameter, and biotite porphyroblasts up to 1.5 mm in

length. Well-foliated.

Specimen 172 . Quart z- pi agio cl as e- epidot e-ho mb lend e-

biotite gneiss. Composed of quartz (ll percent), plagioclase
of composition An2Q (47 percent), biotite (17 percent), horn-

blende (12 percent), epidote (2 percent), and minor magnetite,

apatite, and sphene (ll percent). Secondary calcite. Fine-

to medium-grained, up to 1.0 mm. Plagioclase porphyroblasts

up to 2.0 mm in diameter, and hornblende porphyroblasts up to

2.5 mm in length. Well-foliated.

Specimen 18. Quartz-plagioclase-garnet-biotite schist.

Composed of quartz (33 percent), plagioclase of composition

An29 (10 percent), biotite (46 percent), garnet (10 percent),
and minor magnetite, apatite, and sphene (l percent). Fine-

grained, up to 0.9 mm. Garnet in porphyr oblast s up to 2.5 nim

in diameter.

Specimen 34« Quartz-feldspar-hornblende-biotite schist.

Composed of quartz (14 percent), microcline (9 percent), pla-

gioclase of composition An2s (29 percent), biotite (39 per-

cent), hornblende (7 percent), and minor magnetite, apatite,

sphene, epidote, and garnet (2 percent). Secondary calcite

and hematite. Fine- to medium-grained, up to 1.0 mm.

Specimen 35« Quartz-feldspar-biotite-hornblende schist.

Composed of quartz (l percent), microcline (38 percent), pla-

gioclase of composition (l7 percent), hornblende (23 per-

cent), biotite (18 percent;, and minor magnetite, epidote,

sphene, apatite, garnet, and zircon (3 percent). Secondary
chlorite. Medium-grained, up to 1.5 mm. Green hornblende,
some of it in porphyroblasts up to 2.5 mm in diameter. Opti-

cally negative; 2V varies between 60° and 70°, and the ex-

tinction angle between 18° and 22°. Biotite in porphyroblasts

up to 2.0 mm in length.

Specimen 2. Quartz-amphibole-garnet-scapolite-epidote

gneiss. Composed of quartz (21 percent), epidote and clino-

zoisite (37 percent), scapolite (27 percent), garnet (7
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percent), hornblende and tremolite (6 percent), and minor pla-

gioclase, sphene, and apatite (2 percent). Secondary calcite.

Fine- to medium-grained, up to 1.5 mm. Quartz in porphyro-
blasts up to 3.0 mm in diameter. Epidote and amphibole in

porphyroblasts up to 1.8 mm in diameter. Garnet in porphyro-
blasts up to 2.0 mm in diameter. Well-foliated. Intergrown

garnet and epidote, or epidote completely surrounding garnet

crystals.

Specimen Msa. Calcite marble. Composed of calcite (69

percent), quartz (14 percent), plagioclase of composition An£9
(10 percent), tremolite (3 percent), muscovite (2 percent),
and minor magnetite, biotite, apatite, and sphene (2 percent).
Secondary chlorite and sericite. Fine- to medium-grained, up

to 1.5 mm. Calcite porphyroblasts up to 2.0 mm in diameter.

Poorly to well-foliated.

Specimen Msb. Calcite marble. Composed of calcite (75

percent)
, quartz (4 percent), plagioclase of composition

(14 percent), muscovite (5 percent), and minor magnetite,

tremolite, sphene, and apatite (2 percent). Secondary chlo-

rite. Fine- to medium-grained, up to 1.5 mm. Poorly to well-

foliated. Some calcite grains show bent lamellae.

Specimen M6. Calcite marble. Composed of calcite (64

percent),quartz (15 percent), plagioclase of composition An2Q
(17 percent), muscovite (2 percent), tremolite (l percent),
and minor magnetite, sphene, and biotite (l percent). Second-

ary hematite and chlorite. Fine- to medium-grained, up to 1.5

mm. Poorly to well-foliated.

Specimen M7a. Calcite marble. Composed of calcite (59

percent), quartz (19 percent), microcline (l percent), plagio-
clase of composition An 2B (14 percent), muscovite (6 percent),
and minor magnetite, sphene, and apatite (l percent). Second-

ary chlorite. Fine- to medium-grained, up to 1.5 mm. Calcite

porphyroblasts up to 2.0 mm in diameter. Well-foliated. Some

calcite grains show bent lamellae.

Specimen M7b. Calcite marble. Composed of calcite (78

percent), quartz (11 percent), plagioclase of composition An2g
(4 percent), biotite (3 percent), muscovite (2 percent), trem-

olite (l percent), and minor magnetite, sphene, microcline,
and apatite (l percent). Secondary chlorite. Fine- to

medium-grained, up to 1.5 mm. Calcite porphyroblasts up to

2.0 mm in diameter. Well-foliated.

Specimen 169a. Calcite marble. Composed of calcite (63

percent), quartz (10 percent), microcline (2 percent),
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plagioclase of composition (9 percent), serpentine, and

minor magnetite, scapolite, and sphene (16 percent) o
Fine-

to medium-grained, up to 2.0 mm. Well-foliated. Most calcite

grains show bent lamellae* Serpentine concentrated mostly in

band about I*o-2.0 mm wide.

Specimen 169b. Calcite marble. Composed of calcite (85

percent)
, quartz ("8 percent), untwinned plagioclase of unknown

composition (l percent), muscovite (l percent), serpentine,
and minor magnetite, biotite, and sphene (5 percent). Fine-

to medium-grained, up to 2.0 mm. Well-foliated* Some calcite

grains show bent lamellae. Band about 4*o mm wide composed of

fine-grained calcite and some quartz.

Specimen 8. Calcite marble. Composed of calcite (57

percent)
, quartz (14 percent), plagioclase of composition An3Q

(22 percent), tremolite (4 percent), and minor sphene, mag-

netite, apatite, and epidote (3 percent). Fine- to medium-

grained, up to 2.5 mm. Tremolite is present in the form of

elongated, colorless prismatic crystals up to 1.5 mm in length
which have extinction angles that vary between 12° and 20°.

Well-foliated.

Specimen 168a. Calcite marble. Composed of calcite (63

percent), quartz Cl 4 percent), microcline (l percent), plagio-
clase of composition An3Q (15 percent), biotite (4 percent),
muscovite (2 percent), and minor magnetite, sphene, and apa-

tite (l percent). Secondary chlorite. Fine- to medium-

grained, up to 1.5 mm• Well-foliated*

Specimen l68b» Calcite marble. Composed of calcite (66
percent), quartz (21 percent), plagioclase of composition An2g
(6 percent), muscovite (5 percent), and minor magnetite,

sphene, microcline, and apatite (2 percent). Secondary chlo-

rite and hematite. Fine- to medium-grained, up to 1.0 mm.

Well-foliated.

Specimen l6Bc. Calcite marble. Composed of calcite (54
percent)

, quartz (*24 percent), microcline (3 percent), plagio-
clase of composition An26 (2 percent), tremolite (8 percent),
biotite (4 percent), muscovite (2 percent), and minor mag-

netite, sphene, and apatite (3 percent). Secondary chlorite.

Fine- to medium-grained, up to 1.5 mm. Calcite porphyroblasts

up to 2.0 mm in length. Well-foliated. Some calcite grains

show bent lamellae.

Specimen l6Bd. Calcite marble. Composed of calcite (78
percent) ,

quartz ("6 percent), microcline (2 percent), un-

twinned plagioclase of unknown composition (2 percent),
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tremolite (8 percent), and minor magnetite, sphene, and apa-

tite (4 percent). Secondary chlorite and hematite. Fine- to

medium-grained, up to 1.0 mm® Calcite porphyroblasts up to

1.5 mm in length. Well-foliated,

Specimen l6Be, Calcite marble. Composed of calcite (76

percent), quartz (13 percent), microcline (3 percent), plagio-

clase of composition (3 percent), muscovite (3 percent),
and minor magnetite, sphene, and apatite (2 percent)® Second-

ary chlorite and hematite. Fine- to medium-grained, up to

2.0 mm, Calcite porphyroblasts up to 2,3 mm in length. Well-

foliated
,

Specimen 171, Calcite marble. Composed of calcite (66

percent), quartz (21 percent), microcline (3 percent), un-

twinned plagioclase of unknown composition (l percent), horn-

blende (8 percent), and minor sphene, magnetite, epidote, and

diopside (l percent). Fine- to medium-grained, up to 2,0 mm.

Well-foliated,

Specimens 1. IA. 18, 1C
t ID. and lE. Hornblende-

tremolite amphibolite. Composed of tremolite (extinction

angle between 12° and 19°)> hornblende (extinction angle be-

tween 24° and 29°), biotite, muscovite, talc, magnetite, and

apatite. Secondary chlorite and hematite. Fine- to medium-

grained, up to 1,0 mm. Most of the crystals are oriented

parallel to subparallel to the foliation, but some of them

are at an inclined angle or even almost perpendicular to the

foliation.

Specimen 167, Amphibolite, Composed of plagioclase of

composition Ano£ (27 percent), hornblende (62 percent), epi-
dote (4 percent;, and minor sphene, apatite, and magnetite
(7 percent). Secondary sericite and calcite. Fine-grained,

up to 0,7 mm. Well-foliated,

Facies 2 • Predominantly fine-grained, non-foliated to

well-foliated quartz-feldspar-mica gneiss.

Specimen 16, Quartz-feldspar-epidote-hornblende gneiss.

Composed of quartz (9 percent), microcline (52 percent), pla-
gioclase of composition An2y and myrmekite (20 percent), horn-

blende (8 percent), epidote (6 percent), chlorite (3 percent),
and minor sphene, biotite, apatite, and magnetite (2 percent).
Secondary sericite. Fine- to medium-grained, up to 1,0 mm.

Quartz porphyroblasts up to 2,5 mm in diameter, Well-foliated,

Specimen 17» Quartz-feldspar-mica gneiss. Composed of

quartz (6l percent), microcline (23 percent), plagioclase of
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composition An3q and antiperthite (12 percent), and chlorite

and biotite (4 percent) with minor magnetite, tremolite,

sphene, epidote, and apatite. Fine- to medium-grained, up

to 1.5 mm, granoblastic texture. Quartz porphyroblasts up

to 400 mm in diameter.

Specimen 36. Quartz-feldspar-mica gneiss. Composed of

quartz(lB percent), microcline (18 percent), plagioclase of

composition An29 (54-percent), and biotite, muscovite, chlo-

rite, and magnetite (10 percent) with minor sphene. Second-

ary hematite. Fine-grained, up to 0.2 mm, equigranular-

granoblastic texture.

Specimen 37
o Quartz-feldspar-mica gneiss. Composed of

quartz (49 percent), microcline (19 percent), plagioclase of

composition An29 (28 percent), and biotite, muscovite, and

magnetite (4 percent) with minor epidote, sphene, apatite,

and garnet. Secondary calcite and hematite. Fine- to

medium-grained, up to 1.0 mm. Well-foliated.

Specimen 61. Quartz-feldspar-mica gneiss. Composed of

quartz(lB percent), microcline (22 percent), plagioclase of

composition (3B percent), and biotite, muscovite, chlo-

rite, and magnetite (22 percent) with minor apatite, epidote,

garnet, and fluorite. Secondary hematite. Fine-grained, up

to 0.5 mm. Well-foliated.

Facies _3« Fine- to medium-grained, non-foliated to

poorly foliated quartz-feldspar-muscovite

gneiss with alternating layers of fine- to

medium-grained quartzite.

Specimen 5* Quartz-feldspar-muscovite gneiss. Composed

of quartz (?6 percent), microcline (15 percent), plagioclase

of composition (8 percent), and minor muscovite, mag-

netite, apatite, sphene, and zircon (l percent). Secondary

hematite. Fine- to medium-grained, up to 2.0 mm, granoblas-

tic texture. Quartz porphyroblasts up to 3*5 mm in length.

Specimen 7. Quartz-feldspar-muscovite gneiss. Composed
of quartz (?0 percent), microcline (21 percent), plagioclase

of composition An2s (7 percent), and muscovite and magnetite

(2 percent) with minor sphene, apatite, and epidote. Second-

ary chlorite. Medium-grained, up to 3»0 mm, granoblastic tex-

ture. Quartz porphyroblasts up to s*o mm in length.

Specimen 40* Quartz-feldspar-muscovite gneiss. Composed
of quartz (60 percent), microcline (20 percent), plagioclase

of composition An29 percent), and muscovite and magnetite
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(6 percent) with minor sphene, garnet, and epidote. Second-

ary hematite* Medium-grained, up to 2.0 mm, granoblastic
texture. Quartz porphyroblasts up to 3®5 nim in diameter.

Facies jJj.• Fine- to medium-grained, well-foliated,

epidote-rich quartz-feldspar gneiss with

amphibole or biotite.

Specimen 3, Quartz-feldspar-amphibole-epidote gneiss.

Composed of quartz (32 percent), microcline and microcline

perthite (34 percent), plagioclase of composition (10

percent), epidote (13 percent), hornblende and tremolite (8

percent), and minor chlorite, apatite, sphene, and magnetite
(3 percent). Fine- to medium-grained, up to 1.5 mm. Quartz

porphyroblasts up to 3.0 mm in length. Well-foliated.

Specimen 4. Quartz-feldspar-epidote-biotite-hornblende

gneiss. Composed of quartz (7 percent), microcline (8 per-

cent), plagioclase of composition An3q (51 percent), horn-

blende (l 4 percent), biotite (10 percent), epidote (8 percent),
and chlorite and magnetite (2 percent) with minor sphene, apa-

tite, and garnet. Secondary calcite and hematite. Fine-

grained, up to 0.5 Me Well-foliated ,

Specimen 41» Quartz-feldspar-epidote-hornblende gneiss.

Composed of quartz (23 percent), microcline (14 percent), pla-

gioclase of composition An2s (45 percent), hornblende (10 per-

cent), epidote (4 percent), and chlorite and magnetite (4 per-

cent) with minor sphene, apatite, biotite, and garneto Sec-

ondary hematite. Fine- to medium-grained, up to 1,0 mm.

Well-foliated.

Specimen 65• Quartz-feldspar-epidote-amphibole-biotite

gneiss. Composed of quartz (17 percent), microcline (5 per-

cent), plagioclase of composition An27 (46 percent), biotite

(18 percent), hornblende and tremolite (8 percent), epidote

(4 percent), and minor chlorite, magnetite, apatite, sphene,

and zircon (2 percent). Fine- to medium-grained, up to 1.0

mm. Well-foliated.

Specimen 51* Quartz-feldspar-biotite schist. Composed
of quartz (43 percent), microcline (10 percent), plagioclase

of composition An2B (6 percent), biotite (38 percent), and

minor magnetite, apatite, sphene, chlorite, muscovite, garnet,

epidote, and zircon (3 percent). Secondary calcite. Fine-

to medium-grained, up to 1.0 mm.
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Unit 2

Facies L Predominantly fine-grained to locally coarse-

grained, well-foliated quartz-feldspar gneiss

with mica or amphibole, locally some migmatite

bodies.

Specimen 27. Quartz-feldspar-epidote-biotite-hornblende
gneiss. Composed of quartz (25 percent), microcline and micro-

cline perthite (32 percent), plagioclase of composition An2B

(29 percent), and hornblende, biotite, chlorite, epidote, and

magnetite (14 percent) with minor sphere and apatite. Second-

ary chlorite, calcite, and hematite. Fine-grained, up to 0.5

mm. Well-foliated,

Specimen 38° Quartz-feldspar gneiss. Composed of quartz

(75 percent), microcline (11 percent), plagioclase of composi-

tion An2>7 (ll percent), and minor biotite, epidote, hornblende,

diopside(?), apatite, sphere, and magnetite (3 percent). Fine-

to medium-grained, up to 2.0 mm, granoblastic texture.

Specimen 390 Quartz-feldspar-biotite-epidote-hornblende

gneiss. Xenolith of gneiss in aplogranite® Composed of quartz

(16 percent), microcline (41 percent), plagioclase of composi-

tion An2 l
and myrmekite (l 6 percent), hornblende (20 percent),

epidote *4 percent), biotite (2 percent), and minor sphere,

apatite, zircon, and magnetite (l percent). Secondary chlorite,

sericite, and hematite. Fine-grained, up to 0.6 mm. Well-

foliated.

Specimen 42. Quartz-feldspar-mica gneiss. Composed of

quartz(42 percent), microcline (19 percent), plagioclase of

composition An27 (32 percent), biotite, muscovite, chlorite,

and magnetite (7 percent) with minor apatite, epidote, sphere,
and zircon. Fine-grained, up to 0.6 mm, granoblastic texture.

Specimen 50« Quartz-feldspar-amphibole(?) gneiss. Com-

posed of quartz (24 percent), microcline (25 percent), plagio-
clase of composition An24 (40 percent), and amphibole(?) and

magnetite with minor apatite (ll percent). Fine-grained, up

to 0.5 mm. Well-foliated. Amphibole(?) altered to a mixture

of chlorite, calcite, epidote, and iron oxide.

Specimen 56. Quartz-feldspar-diopside-amphibole gneiss.

Composed of quartz (12 percent), microcline (52 percent), pla-

gioclase of composition An32 (17 percent), hornblende and

tremolite (10 percent), diopside (6 percent), and minor epi-

dote, magnetite, sphene, and apatite (3 percent). Secondary
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chlorite and hematite. Fine-grained, up to 0.5 mm. Well-

foliated.

Specimen 58. Quartz-feldspar-mica gneiss. Composed of

quartz(23 percent), microcline and microcline perthite (45

percent), plagioclase of composition An2s and myrmekite (24

percent), and biotite and magnetite (8 percent), with minor

muscovite, apatite, fluorite, sphene, and zircon. Secondary

chlorite and sericite. Fine- to medium-grained, up to 1.0

mm. Microcline porphyroblasts up to 2.0 mm in diameter.

Well-foliated .

Specimen 102. Quartz-feldspar-biotite-hornblende gneiss.

Composed of quartz (31 percent), microcline (37 percent), pla-

gioclase of composition An27 (3 percent), hornblende (13 per-

cent), and biotite, magnetite, and sphere (l 6 percent) with

minor apatite and zircon. Fine-grained, up to 0,5 mm. Quartz

porphyroblast about 3*5 mm in diameter, and hornblende por-

phyroblasts up to 1.5 mm in length. Well-foliated.

Specimen 104* Quartz-microcline-muscovite gneiss. Com-

posedof quartz ("82 percent), microcline (11 percent), musco-

vite (6 percent), and minor magnetite, apatite, and epidote

(l percent). Fine-grained, up to 0.7 mm. Quartz porphyro-

blasts up to 1,8 mm in length. Well-foliated.

Specimen 105 « Quartz-feldspar-biotite-muscovite gneiss®

Composed of quartz (76 percent), microcline (8 percent), pla-

gioclase of composition An2B (l percent), muscovite (10 per-

cent), biotite (4 percent), and minor magnetite, apatite, and

epidote (l percent). Fine- to medium-grained, up to 1.0 mm,

Well-foliated•

Specimen 107 * Quartz-felds par-biotite gneiss. Composed
of quartz(6B percent), microcline (20 percent), plagioclase
of composition An27 (6 percent), biotite (5 percent), and

minor magnetite, apatite, and epidote (l percent). Secondary
chlorite. Fine- to medium-grained, up to 1.2 mm. Quartz por-

phyroblasts up to 2.0 mm in diameter, Well-foliated.

Specimen 115* Quartz-feldspar-hornblende gneiss® Com-

posedofquartz(66 percent), microcline and microcline

perthite (25 percent), untwinned plagioclase of unknown com-

position (2 percent), hornblende (4 percent), and minor gar-

net, sphene, magnetite, apatite, and epidote (3 percent).
Fine- to medium-grained, up to 1.0 mm. Well-foliated®

Specimen 176. Quartz-feldspar-epidote-hornblende gneiss.
Composed of quartz (25 percent), microcline and microcline



122

perthite (50 percent), plagioclase of composition An33 (4 per-

cent), hornblende (10 percent), epidote (6 percent), and minor

magnetite, sphene, and apatite (5 percent). Secondary chlo-

rite. Fine- to medium-grained, up to 1.0 mm. Well-foliated.

Specimen 1?5» Epidotite. Composed of epidote (56 per-

cent), plagioclase of composition and scapolite (19 per-

cent), hornblende (18 percent), and magnetite and sphene (7

percent). Fine-grained, up to 0.5 mm. Well-foliated.

Specimen 174a» Paleosome of migmatite. Composed of

quartz (29 percent)
, plagioclase of composition & n 2L per-

cent), biotite (14 percent), hornblende (ll percent;, and

minor magnetite, sphene, apatite, and zircon (3 percent).
Secondary calcite. Fine- to medium-grained, up to 2.5 mm.

Well-foliated.

Specimen 174 b.
Neosome of migmatite. Composed of quartz

(33 percent), microcline (51 percent), plagioclase of composi-

tion An29 (l percent), biotite (12 percent), and minor mag-

netite, apatite, and zircon (3 percent). Fine-grained, up to

0.7 mm. Well-foliated.

Facies 2. Predominantly fine-grained to locally medium-

grained, well-foliated, biotite-rich quartz-

feldspar schist and gneiss.

Specimen 26. Quartz-feldspar-biotite gneiss. Composed
of quartz (12 percent), microcline and microcline perthite

(49 percent), plagioclase of composition An23, antiperthite,

and myrmekite (21 percent), and biotite and magnetite (18 per-

cent) with minor apatite, sphene, epidote, and garnet. Sec-

ondary sericite. Fine- to medium-grained, up to 1.0 mm.

Well-foliated.

Specimen 43» Quartz-feldspar-biotite gneiss. Composed
of quartz (10 percent), microcline (56 percent), plagioclase
of composition

(21 percent), and minor magnetite, amphibole, apatite, sphene,

and epidote (2 percent). Fine-grained, up to 0.5 mm. Amphi-
bole por phyroblast about 2.5 nun in length. Well-foliated.

Unit 3. Medium-grained, strongly foliated quartz-muscovite
schist.

Specimen 59« Quartz-muscovite schist. Composed of

quartz (58 percent), muscovite (37 percent), and minor fluo-

rite, magnetite, apatite, epidote, sphene, and plagioclase(?)
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(5 percent). Medium-grained, between 1.5 and 2*o mm. Lamina-

tion of quartz- and muscovite-rich layers.

---2®s

Fine- to medium-grained, non-foliated to very well-foliated

quartz-feldspar-hornblende-biotite gneiss grading into augen

gneiss and migmatite.

Gneiss: 14, 20, 21, 33, 47, 70, 91, 98, 99, 100, 101,

103, 108, 109, 123, 124, 154, 165, 179*

Migmatite; 163a, 163b*

Migmatite Complex: 28, 28a, 29, 30, 30a, 31, 156, 157,

158a, 158b, 159, 160, 161, 162.

Specimen 14* Quartz-feldspar-garnet-biotite gneiss.

Composed of quartz (29 percent), microcline (24 percent), pla-

gioclase of composition An29, antiperthite, and myrmekite (23

percent), biotite (18 percent), garnet (6 percent), and minor

epidote, apatite, sphene, and zircon. Fine- to medium-

grained, up to 1.0 mm. Well-foliated*

Specimen 20. Quartz-feldspar augen gneiss. Composed of

quartz(32 percent), microcline and microcline perthite (34

percent), plagioclase of composition An34 (20 percent), and

biotite (l 4 percent) with minor magnetite, apatite, sphene,
and zircon. Secondary hematite. Fine- to medium-grained, up

to 1.5 mm* Microcline porphyroblasts up to 2.5 mm in diam-

eter. Well-foliated.

Specimen 21. Quartz-feldspar augen gneiss. Composed of

quartz(2l percent) ,
microcline and microcline perthite (39

percent), plagioclase of composition An23 (28 percent), and

biotite and hornblende (12 percent) with minor magnetite,

apatite, and zircon. Fine- to medium-grained, up to 1.5 mm.

Microcline porphyroblasts up to 2.0 mm in diameter. Well-

foliated.

Specimen 33* Quartz-feldspar augen gneiss. Composed of

quartz(lB percent), microcline and microcline perthite (35

percent), untwinned to very poorly twinned plagioclase of un-

known composition (31 percent), and biotite, muscovite, mag-

netite, and epidote (l 6 percent) with minor sphene, apatite,
and zircon. Fine- to medium-grained, up to 1.5 mm. Micro-

cline porphyroblasts up to 2.5 mm in diameter. Well-foliated.
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Specimen 47 . Quartz~feldspar gneiss. Composed of quartz
(49 percent)

,
microcline (24 percent), plagioclase of composi-

tion An2£ (25 percent), and minor magnetite, biotite, sphene,
and apatite (2 percent). Fine- to medium-grained, up to 1.0

mm, granoblastic texture.

Specimen 70* Quartz-feldspar augen gneiss. Composed of

quartz(3s percent), microcline and microcline perthite (30

percent), plagioclase of composition An2B (20 percent), and

biotite, magnetite, and hornblende (15 percent) with minor

apatite, sphene, epidote, and zircon. Medium-grained, up to

2.0 mm, Microcline porphyroblasts up to 6.0 mm in diameter.

Well-foliated.

Specimen 91« Quartz-feldspar augen gneiss. Composed of

quartz(lo percent), microcline (15 percent), plagioclase of

composition Anq9 (73 percent), and minor sphene, magnetite,

amphibole, and mica (2 percent). Fine-grained, up to 0.8 mm.

Feldspar porphyroblasts up to 4»5 mm in length. Sphene por-

phyroblast about 2.0 mm in length. Well-foliated.

Specimen 98, Quartz-feldspar augen gneiss. Composed of

quartz(4spercent), microcline and microcline perthite (41

percent), plagioclase of composition An2B (10 percent), and

minor biotite, magnetite, and apatite (4 percent). Secondary
chlorite. Fine- to medium-grained, up to 1.0 mm. Quartz

porphyroblasts up to 1,5 nun in length. Microcline porphyro-
blasts up to 2.5 mm, in diameter. Well-f oliated.

Specimen 99* Quartz-feldspar augen gneiss. Composed of

quartz(37 percent), microcline and microcline perthite (38

percent), plagioclase of composition An2s and myrmekite (19

percent), and biotite with minor hornblende, magnetite, and

apatite (6 percent). Secondary sericite. Fine- to medium-

grained, up to 1,2 mm. Quartz porphyroblasts up to 2.0 mm

in length. Microcline porphyroblasts up to 2.0 mm in diam-

eter. Well-foliated.

Specimen 100. Quartz-feldspar augen gneiss. Composed
of quartz(46 percent), microcline and microcline perthite

(36 percent), plagioclase of composition An2s and myrmekite

(14 percent), and biotite with minor magnetite, apatite, epi-

dote, muscovite, sphene, and zircon (4 percent). Secondary
chlorite and sericite. Fine- to medium-grained, up to 1.5

mm.. Microcline porphyroblasts up to 1.2 cm in diameter.

Well-foliated•

Specimen 101. Quartz-feldspar gneiss. Composed of

quartz(3B percent), microcline and microcline perthite (38
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percent), plagioclase of composition AnoQ and myrmekite (20

percent), and minor biotite and magnetite (4 percent). Sec-

ondary chlorite and sericite, Fine- to medium-grained, up to

1.0 mm. Well-foliatedo

Specimen 103« Quartz-feldspar augen gneiss. Composed
of quartz (41 percent), microcline and microcline perthite
(31 percent), plagioclase of composition An33 and myrmekite
(26 percent), and minor magnetite, muscovite, and apatite (2

percent). Secondary sericite. Fine- to medium-grained, up

to 1.5 mm. Quartz porphyroblasts up to 2.0 mm in length.
Microcline porphyroblasts up to 7.0 mm in diameter. Well-

foliated
,

Specimen 108. Quartz-feldspar augen gneiss. Composed
of quartz(3s percent), microcline and microcline perthite
(45 percent), plagioclase of composition An2s and myrmekite

(l 6 percent), and minor biotite, magnetite, epidote, apatite,
and zircon (4 percent). Secondary sericite. Fine- to medium-

grained, up to 1.2 mm. Microcline porphyroblasts up to 3»5

mm in diameter. Non-foliated.

Specimen 109° Quartz-feldspar augen gneiss® Composed

of quartz(2spercent), microcline and microcline perthite

(35 percent), untwinned plagioclase of unknown composition

and myrmekite (29 percent), and biotite and hornblende with

minor magnetite, sphene, and apatite (ll percent)® Secondary

chlorite and sericite® Fine- to medium-grained, up to 1.0

mm. Quartz porphyroblasts up to 3,0 mm in length, Micro-

cline porphyroblasts up to 2.5 nim in diameter. Hornblende

porphyroblasts up to 1,3 mm in length. Well-foliated,

Specimen 123. Quartz-feldspar augen gneiss. Composed

of quartz (36 percent), microcline and microcline perthite

(27 percent), plagioclase of composition An29 anc* m7 ririekite

(21 percent), and biotite with minor magnetite, epidote, apa-

tite, sphene, and zircon (l 6 percent). Secondary chlorite

and sericite. Fine- to medium-grained, up to 1.3 mm. Micro-

cline porphyroblasts up to 6,0 mm in diameter. Well-foliated•

Specimen 124. Quartz-feldspar augen gneiss. Composed
of quartz (36 percent), microcline and microcline perthite

(37 percent), plagioclase of composition An2B and myrmekite

(22 percent), biotite (3 percent), and minor magnetite,

sphene, apatite, epidote, and zircon (2 percent). Secondary

sericite. Fine- to medium-grained, up to I*s mm® Microcline

porphyroblast about 1.8 mm in diameter, Well-foliated®

Specimen 154» Quartz-feldspar-biotite gneiss. Composed
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of quartz (24 percent), microcline and microcline perthite
(40 percent), plagioclase of composition An24 and myrmekite
(15 percent), biotite (14 percent), and minor magnetite, epi-

dote, sphene, and apatite (7 percent)® Secondary sericite.

Fine- to medium-grained, up to 2*o mm, Well-foliated®

Specimen 165, Quartz-feldspar-hornblende-biotite gneiss®

Composed of quartz (36 percent), microcline (34 percent), un-

twinned plagioclase of unknown composition and myrmekite (13

percent), biotite (9 percent), hornblende (5 percent), and

minor magnetite, sphene, and apatite (3 percent)® Secondary
sericite. Fine- to medium-grained, up to 1.5 Well-

foliated
•

Specimen 179® Quartz-feldspar augen gneiss. Composed
of quartz (36 percent), microcline (25 percent), untwinned

plagioclase of unknown composition and myrmekite (19 percent),
biotite (12 percent), hornblende (3 percent), and minor mag-

netite, sphene, epidote, apatite, and zircon (5 percent).
Secondary chlorite and sericite. Fine- to medium-grained, up

to 2.0 mm. Microcline porphyroblasts up to 3.0 cm in diam-

eter. Well-foliated.

Specimen 163a. Migmatite. Composed of quartz (19 per-

cent), microcline (34 percent), untwinned plagioclase of un-

known composition, antiperthite, and myrmekite (29 percent),
hornblende (9 percent), biotite (7 percent), and minor mag-

netite, sphene, apatite, and zircon (2 percent). Hornblende

and biotite more abundant in the paleosome. Secondary seri-

cite. Fine- to medium-grained, up to 1,5 mm. Microcline

porphyroblasts up to s*o mm in diameter. Hornblende porphy-

roblasts up to 2.3 mm in length. Biotite porphyroblasts up

to 3*o mm in length. Well-foliated.

Specimen 163b. Migmatite, Composed of quartz (28 per-

cent), microcline (35 percent), untwinned to poorly twinned

plagioclase of unknown composition and myrmekite (23 percent),
biotite (7 percent), hornblende (5 percent), and minor mag-

netite, sphene, apatite, and epidote (2 percent). Secondary
sericite. Fine- to medium-grained, up to 1.2 mm, Microcline

porphyroblasts up to 2.0 mm in diameter. Well-foliated•

Specimen 28. Migmatite, Neosome composed of quartz (38

percent), microcline (45 percent), plagioclase of composition

An24 and myrmekite (15 percent), and minor hornblende, mag-

netite, biotite, and sphene (2 percent). Secondary sericite.

Paleosome composed of quartz (30 percent), microcline (21 per-

cent), plagioclase of composition An24 myrmekite (19 per-

cent), hornblende (22 percent), epidote (l percent), and
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minor magnetite and. sphene (7 percent)® Secondary sericite.

Fine- to medium-grained, up to 1.0 mm. Well-foliated.

Specimen 28a® Biotite-hornblende metatonalite. Com-

posedofquartzTlb percent), microcline (2 percent), un-

twinned to poorly twinned plagioclase of unknown composition
(31 percent), hornblende (43 percent), biotite (5 percent,
and minor sphene, magnetite, and apatite (3 percent). Sec-

ondary chlorite® Fine- to medium-grained, up to 3°o mm®

Hornblende prophyroblasts up to s®o mm in length® Subhedral-

granular texture*

Specimen 29® Metadiabase® Composed of plagioclase of

composition amphibole, magnetite, biotite, and musco-

vite. Medium-grained, up to 2®o mm* Ophitic to subophitic
texture® Plagioclase is lath-shaped, shows a moderate to

heavy clouding of the crystals which gives them a brownish

coloration under plain light, complexly twinned, and has

irregular or wavy extinction.

Specimen 30. Migmatite. Neosome composed of quartz (32

percent), plagioclase of composition An33 (47 percent), bio-

tite and muscovite (17 percent), and minor microcline, apa-

tite, sphene, and magnetite (4 percent). Secondary muscovite*

Paleosome composed of quartz (19 percent), plagioclase of com-

position An32 (39 percent), and biotite (42 percent) with

minor magnetite, epidote, sphene, apatite, and zircon. Fine-

to medium-grained, up to I*s mm* Well-foliated®

Specimen 30a® Paleosome of migmatite (metatonalite)„

Composed of quartz (22 percent), microcline (4 percent), pla-

gioclase of composition An3y and myrmekite (51 percent), bio-

tite (18 percent), and minor sphene, magnetite, muscovite,

apatite, epidote, and zircon (5 percent)® Secondary chlorite

and sericite® Fine- to medium-grained, up to 1,5 mm® Well-

foliated
•

Specimen 31. Biotite granodiorite• Composed of quartz

(30 percent), microcline (20 percent), plagioclase of compo-

sition An32 (35 percent), and biotite (15 percent) with minor

sphene, muscovite, apatite, epidote, and magnetite. Medium-

grained, up to 2*5 mm® Anhedral-granular texture®

Specimen 156® Neosome of migmatite® Composed of quartz

(44 percent), microcline (36 percent), untwinned plagioclase

of unknown composition and myrmekite (18 percent), and minor

muscovite, magnetite, biotite, and sphene (2 percent)® Sec-

ondary sericite® Fine- to medium-grained, up to 1.2 mm.

Poorly foliated.
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Specimen 157« Muscovite-biotite granodiorite• Composed
of quartz (30 percent), microcline (29 percent), untwinned to

poorly twinned plagioclase of unknown composition and myrme-
kite (34 percent), and biotite and muscovite (7 percent) with

minor sphene, epidote, magnetite, and apatite, Secondary
chlorite and sericite

o
Fine- to medium-grained, up to 1,3 mm.

Microcline phenocrysts up to 200 mm in diameter. Subhedral-

granular texture.

Specimen 158a, Biotite-hornblende metadiorite. Com-

posed ofquartzu percent), plagioclase of composition
(42 percent), hornblende (43 percent), biotite (ll percent),
and minor sphene, magnetite, epidote, and apatite (2 percent).
Secondary chlorite, sericite, and calcite, Medium-grained, up

to 3o 5 mm, Anhedral-granular texture.

Specimen 158b. Paleosome of migmatite (metatonalite),

Composed of quartz (22 percent), microcline (l percent), pla-

gioclase of composition An2Q (42 percent), biotite (26 per-

cent), muscovite (2 percent), and minor magnetite, sphene,

epidote, and apatite (7 percent). Secondary chlorite and

sericite. Fine- to medium-grained, up to 1.2 mm. Quartz por-

phyroblast about 4»5 mm in length. Well-foliated,

Specimen 159» Migmatite. Composed of quartz (33 per-

cent), microcline (13 percent), plagioclase of composition

an<f myrmekite (37 percent), biotite (12 percent), musco-

vite (2 percent), and minor magnetite, apatite, and sphene (3

percent). Secondary sericite, Microcline and muscovite are

limited to the neosome, and plagioclase predominates in the

paleosome. Fine- to medium-grained, up to 1.0 mm. Poorly
foliated.

Specimen 160, Quartz-feldspar augen gneiss. Composed
of quartz (24 percent), microcline (41 percent), untwinned

plagioclase of unknown composition and myrmekite (24 percent),
biotite (5 percent), hornblende (3 percent), and minor mag-

netite, sphene, epidote, and apatite (3 percent). Fine-

grained, up to 0,8 mm, Microcline porphyroblasts up to 1.5

mm in diameter. Well-foliated,

Specimen 161, Migmatite, Composed of quartz (12 per-

cent), microcline (4 percent), plagioclase of composition An2s
(27 percent), hornblende (49 percent), biotite (l percent),
and minor magnetite, sphene, and epidote (7 percent). Second-

ary calcite, Microcline and biotite are limited to the neo-

some, Fine- to medium-grained neosome, up to 1.0 mm. Fine-

grained paleosome, up to 0,3 mm. Well-foliated.
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Specimen 162® Hornblende-biotite granodiorite. Com-

pos ed oT~^Trai^z~T2s percent), microcline (22 percent), un-

twinned to poorly twinned plagioclase of unknown composition
and myrmekite (32 percent), biotite (12 percent), hornblende

(3 percent), and minor magnetite, sphene, epidote, apatite,
and zircon (6 percent)® Secondary chlorite and sericite®

Fine- to medium-grained, up to 1.5 mm® Microcline pheno-

crysts up to 300 mm in diameter® Subhedral-granular texture.

=§£==!=------Shi st

Fine- to medium-grained, well-foliated quartz-feldspar-biotite
gneiss with layers of fine- to medium-grained, well-foliated

marble, calc-silicate gneiss, and amphibolite, and poorly fo-

liated quartzite, followed upwards by fine- to medium-grained

and very well-foliated biotite-hornblende schist and gneiss,
and layers of amphibolite and muscovite schisto

Gneiss? 80, 81, 89, 92, 94, 95, 111, 113, 114, 116,
119a, 119b, 122, 125, 126, 127, 128, 129, 130,

133, 136, 138, 141, 143, 144, 145, 166, 178®

Schists 152®

Marble and Calc-Silicate Gneisss (Mia, Mlb, Mlc. Mid,

Mle, 86), (M2a, M2b, 84), (M3a, M3b, 83), (M4a,

M4c, M4d, M4g, M4p), 88, 93, 96, 112, (120a,

120b, 120c), (121a, 121b, 121c), 131, 139.

Amphibolite: 132, 137, 140, 147, 149, 150, 151, 1530

Epidotites 142.

Specimen 80. Quartz-plagioclase-garnet-hornblende gneiss.

Composed of quartz (34 percent), plagioclase of composition

A n
33

(31 percent), hornblende (22 percent), garnet (8 percent),
ana minor magnetite, biotite, and apatite (5 percent). Sec-

ondary chlorite and calcite® Fine-grained, up to 0.4 mm.

Quartz porphyroblasts up to 1.5 mm in length® Garnet porphyro-
blasts up to 300 mm in diameter® Non-foliated•

Specimen 81® Quartz-feldspar gneiss® Composed of quartz

(18 percent), microcline (18 percent), plagioclase of composi-

tion An
2 g (56 percent), and minor hornblende, biotite, mag-

netite, diopside, sphene, and apatite (8 percent). Secondary
chlorite® Fine-grained, up to o®s mm. Quartz porphyroblasts

up to 200 mm in length® Plagioclase porphyroblasts up to 1,2



mm in diameter. Well-foliated®

Specimen 89 > Quartz-feldspar gneiss® Composed of quartz
(27 percent), microcline (26 percent), plagioclase of composi-
tion A (37 percent), and minor hornblende, biotite, mag-

netite, and sphene (10 percent). Fine- to medium-grained, up

to 1.2 mm. Well-foliated.

Specimen 92. Quartz-feldspar gneiss. Composed of quartz

(39 percent), microcline (35 percent), plagioclase of composi-
tion (22 percent), and minor biotite, hornblende, mag-

netite, sphene, and apatite (4 percent). Fine-grained, up to

0.5 mm. Quartz porphyroblasts up to 1.2 mm in length. Micro-

cline porphyroblasts up to 1.4 mm in diameter. Well-foliated.

Specimen 94« Quartz-feldspar gneiss. Composed of quartz
(32 percent), microcline (7 percent), plagioclase of composi-
tion (56 percent), and minor garnet, magnetite, epidote,

apatite, and sphene (5 percent). Fine-grained, up to 0.5 mm.

Non-foliated.

Specimen 95 » Quartz-feldspar gneiss. Composed of quartz
(32 percent), microcline (2 percent), plagioclase of composi-

tion Ano, (6l percent), and minor muscovite, magnetite, and

epidote C 5 percent). Secondary chlorite. Fine-grained, up to

0.5 mm. Non-foliated.

Specimen 111. Quartz-feldspar-mica gneiss® Composed of

quartz(39 percent), microcline (21 percent), untwinned to

poorly twinned plagioclase of unknown composition (28 percent),
biotite and muscovite with minor garnet, magne.tite, apatite,
and sphene (12 percent). Secondary chlorite, sericite, and

calcite. Fine- to medium-grained, up to 1.5 mm. Quartz por-

phyroblasts up to 2.3 mm in length. Garnet porphyroblast

about 1.8 mm in diameter. Well-foliated.

Specimen 113» Quartz-feldspar augen gneiss. Composed

of quartz (32 percent), microcline (27 percent), plagioclase

of composition An£9 and myrmekite (33 percent), and minor bio-

tite, muscovite, magnetite, sphene, apatite, and zircon (8

percent). Secondary sericite. Fine- to medium-grained, up

to 2.0 mm. Quartz porphyroblasts up to 4*5 mm in length.

Microcline porphyroblasts up to 6.0 mm in diameter. Well-

foliated
o

Specimen 114» Quartz-feldspar gneiss. Composed of

quartz (43 percent), microcline (5 percent), plagioclase of

composition An26 (41 percent), and amphibole(?) with minor

magnetite, apatite, and sphene (11 percent). Secondary talc,

130
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chlorite, and calcite. Fine-grained, up to 0.5 mm* Poorly

foliated® Talc, chlorite, and calcite almost completely re-

place amphibole®

Specimen 116. Quartz-feldspar gneiss® Composed of

quartz (29 percent), microcline (19 percent), plagioclase of

composition An2y (45 percent), and hornblende with minor mag-

netite, biotite, apatite, and sphene (7 percent)® Fine-

grained, up to o®B mm® Well-foliated o

Specimen 119 a . Quartz-feldspar-garnet-biotite gneiss*

Composed of quartz (42 percent), microcline (24 percent),
untwinned plagioclase of unknown composition (18 percent),
biotite (ll percent), garnet (3 percent), and minor musco-

vite, magnetite, and apatite (2 percent). Secondary chlo-

rite. Fine-grained, up to o*4 mm. Garnet porphyroblasts up

to 1.0 mm in diameter. Well-foliated»

Specimen 1.19 b • Quart z-f elds par-hornblende-diopside

gneiss. Composed of quartz (14 percent), microcline (10 per-

cent), plagioclase of composition An2B (56 percent), diopside
(10 percent), hornblende (9 percent), and minor epidote,

sphene, and apatite (l percent). Secondary calcite. Fine-

grained, up to 0.7 mm. Diopside porphyroblasts up to 1,2 mm

in length. Hornblende porphyroblasts up to 1.0 mm in length.

Well-foliated.

Specimen 122. Quartz-feldspar gneiss* Composed of

quartz (33 percent), microcline (41 percent), plagioclase of

composition An26 (18 percent), and biotite and garnet with

minor magnetite, amphibole, apatite, and sphene (8 percent).

Secondary chlorite. Fine-grained, up to 0.5 mm. Well-

foliated. Concordant band about 1.2 mm wide composed of

quartz (20 percent), microcline (65 percent), plagioclase of

composition An2d (10 percent), and biotite and garnet with

minor magnetite (5 percent). Medium-grained, up to 1.5 mm.

Quartz porphyroblasts up to 2.5 mm in length. Microcline

porphyroblasts up to 3*o mm in diameter.

Specimen 125. Quartz-feldspar augen gneiss. Composed
of quartz (23 percent), microcline (32. percent), untwinned

to poorly twinned plagioclase of unknown composition and

myrmekite (32 percent), and biotite with minor amphibole,

magnetite, apatite, and sphene (13 percent). Secondary seri-

cite. Fine- to medium-grained, up to 1,5 mm. Quartz porphy-

roblasts up to 2.0 mm in length. Microcline porphyroblasts

up to 2.5 cm in diameter. Well-foliated.

Specimen 126. Quartz-feldspar gneiss. Composed of
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quartz (31 percent), microcline (.14 percent), plagioclase of

composition

magnetite, and epid.ote(?) (6 percent)® Secondary chlorite

and sericite. Fine- to medium-grained, up to 1.3 mm. Well-

foliated
,

Specimen .127 «
Quart z-feldspar-biotite gneiss. Composed

of quartz (2l'percent), microcline (l? percent), plagioclase
of composition An2g and myrmekite (40 percent), biotite (IB
percent), and minor magnetite, sphene, muscovite, apatite,
and epidote (4 percent). Secondary chlorite and sericite.

Fine-grained, up to 0,5 mm, Well-foliated
o

Specimen 128. Quartz-feldspar-biotit e-hornblende gneiss 0

Composed of quartz (23 percent), microcline (32 percent),
plagioclase of composition An

2 g (33 percent), hornblende (6

percent), biotite (2 percent), and minor magnetite, sphene,

apatite, and zircon (4 percent). Secondary chlorite. Fine-

to medium-grained, up to 1.5 mm
o

Microcline porphyroblasts

up to 205 mm in diameter. Well-foliated
e

Specimen 129° Quartz-feldspar-hornblende gneiss e
Com-

posed of quartz (°2l percent), microcline (23 percent), plagio-
clase of composition Angg (44 percent), hornblende (6 percent),
and minor magnetite, sphene, biotite, and apatite (6 percent).

Fine-grained, up to 0,8 mm, Microcline porphyroblast about

1,3 mm in diameter
o

Well-foliated•

Specimen 130° Quartz-feldspar gneiss. Composed of

quartz (21 percent), microcline (28 percent), plagioclase of

composition An 2 y (42 percent), and minor hornblende, biotite,

magnetite, sphene, and apatite (9 percent). Fine-grained, up

to 0.5 mm. Well-foliated.

Specimen 133° Quartz-feldspar gneiss. Composed of

quartz (35 percent), microcline (l 6 percent), plagioclase of

composition An
2 g (45 percent), and minor magnetite, biotite,

muscovite, sphene, and apatite (4 percent). Secondary chlo-

rite and sericite. Fine-grained, up to o®7 mm. Plagioclase

porphyroblasts up to 1.3 mm. Well-foliated.

Specimen 136, Quartz-feldspar gneiss, Composed of

quartz (35 percent)
,

microcline (13 percent) , plagioclase of

composition An2g (49 percent), and minor biotite, muscovite,

amphibole, magnetite, sphene, and apatite (3 percent)• Sec-

ondary chlorite and sericite
o

Fine- to medium-grained, up to

1,0 mme Quartz porphyroblasts up to I*6 mm in lengtho Pla-

gioclase porphyroblasts up to 2,0 mm in diameter,. Well-

foliated,
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Specimen 138. Quart z-f eldspar-diopside-hornblende
gneiss. Composed of quartz (35 percent), microcline (5 per-

cent), plagioclase of composition An29 (50 percent), horn-

blende (6 percent), diopside (2 percent), and minor sphene,

apatite, and magnetite (2 percent)„ Fine-grained, up to 0
0

6

mm, Plagioclase porphyroblasts up to 1,3 mm, Well-foliated,

Specimen 141, Quartz-feldspar gneiss. Composed of

quartz (33 percent), microcline (34 percent), plagioclase of

composition An2£, and myrmekite (29 percent), and minor bio-

tite, muscovite, hornblende, magnetite, sphene, and apatite
(4 percent). Secondary chlorite and sericite, Fine-grained,

up to 0,5 mm * Quartz porphyroblasts up to 2,0 mm in length,
Microcline porphyroblasts up to 1,3 mm in diameter, Biotite

porphyroblast about 1,2 mm in length, Well-foliated,

Specimen 143 o Quartz-feldspar gneiss. Composed of

quartz (20 percent), microcline (30 percent), untwinned pla-

gioclase of unknown composition (42 percent), and minor bio-

tite, muscovite, magnetite, sphene, and apatite (8 percent).
Secondary chlorite, sericite, calcite, and hematite. Fine-

grained, up to 0,6 mm, Well-foliated,

Specimen 144« Quartz-feldspar-biotite-hornblende gneiss.

Composed of quartz (21 percent), microcline (8 percent), pla-

gioclase of composition An2£ (42 percent), hornblende (21 per-

cent), biotite (4 percent), and minor magnetite, garnet, diop-

side, sphene, and apatite (4 percent). Secondary sericite and

calcite. Fine-grained, up to 0,5 mm, Well-foliated,

Specimen 145
c

Quartz -plagioclase-hornblende-garnet-
biotite gneiss. Composed of quartz (31 percent), plagioclase
of composition An29 (41 percent), biotite (15 percent), gar-

net (5 percent), hornblende and intergrown brownish-red mica-

like mineral (5 percent), and minor muscovite, magnetite, and

apatite (3 percent). Secondary chlorite and sericite. Fine-

grained, up to 0,7 mm. Garnet porphyroblasts up to 1,5 mm in

diameter. Well-foliated,

Specimen 166, Quartz-feldspar-biotite gneiss. Composed

of quartz (31 percent), microcline (24 percent), plagioclase

of composition and myrmekite (24 percent), biotite (18

percent), and minor muscovite, epidote, sphene, magnetite,

apatite, and zircon (3 percent). Secondary chlorite and seri-

cite, Fine- to medium-grained, up to 2,0 mm. Well-foliated.

Specimen 178, Quartz-feldspar gneiss. Composed of

quartz (27 percent), microcline (44 percent), untwinned pla-

gioclase of unknown composition (19 percent), and hornblende,
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diopside, and magnetite with minor sphene, biotite, epidote,

and apatite (10 percent)© Secondary sericite a Fine-grained,

up to 0o? mm, Well-foliated©

Specimen 152, Quartz-muscovite schist© Composed of

quartz (64 percent), microcline (7 percent), and muscovite

(29 percent) o Abundant apatite needles as inclusions in the

quartz. Fine- to medium-grained, up to 1
0

0 mm.

Specimens Mia, Mlb, Mlc, Mid, Mle, and 86© Calcite mar-

ble and calc-silicate gneiss. Marble composed of calcite (up

to 90 percent), quartz (up to 6 percent), microcline (up to 3

percent), diopside (up to 3 percent) or tremolite (up to 3 per-

cent), and minor biotite, epidote, sphene, and magnetite.

Medium-grained, up to 2,0 mm, granoblastic texture, Calcite

grains show abundant bent lamellae as well as exsolution la-

mellae, Cale-silicate gneiss composed of diopside (up to 30

percent), calcite (up to 30 percent), forsterite (up to 10

percent), spinel (up to 5 percent), minor quartz, microcline,

and sphene, and abundant prehnite (up to 20 percent) as sec-

ondary mineral© Medium-grained, up to 2,0 mm o Poorly foli-

ated, Diopside grains are mostly shattered and altered, and

calcite grains show abundant bent lamellae© Calcite is pres-

ent in columnar or fibrous grains ©

Specimens M2a« M2b, and 84 0
Calcite marble

s Composed
of calcite (up tToBS percent), serpentinized diopside (up to

20 percent), and minor forsterite, phlogopite, and magnetite*,

Fine- to medium-grained, up to 2*5 mm, granoblastic texture®

Calcite grains show abundant bent lamellae*, Forsterite

grains poikilitically enclosed, by calciteo Serpentine occurs

primarily at calcite grain boundaries®

Specimens M3a» M3b, and 83° Calcite marble and calc-

silicate gneiss. Marble composed of calcite (up to 80 per-

cent), quartz (up to 3 percent), microcline (up to 10 per-

cent), diopside (up to 13 percent), and minor plagioclase,

mica, sphene, and magnetite. Fine- to medium-grained, up to

400 mm, granoblastic texture, Calcite grains show some bent

lamellae. Calc-silicate gneiss composed of diopside (63 per-

cent), tremolite (25 percent), calcite (10 percent), and minor

magnetite, sphene, and topaz. Fine- to medium-grained, up to

1,5 mm. Poorly foliated.

Specimens M4a, M4c. M4d, M4g, and M4p© Calcite marble.

Composed of calcite (up to 80 percent')” quartz (up to 3 per-

cent), microcline (up to 20 percent), diopside (up to 13 per-

cent), tremolite (up to 5 percent), and minor phlogopite,
muscovite, magnetite, and sphene. Fine- to medium-grained,
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up to 300 mm, granoblastic texture
o

Specimen 88
® Quartz- plagioclase-hornblende-diopside

gneiss. Composed of quartz (6 percent), plagioclase of com-

position Anoj_ (46 percent), diopside (22 percent), hornblende

(15 percent}, and minor magnetite, biotite, sphere, and apa-

tite (ll percent) o
Fine- to medium-grained, up to 1

0
0 mm®

Diopside porphyroblasts up to 2®o mm in diameter
o

Hornblende

porphyroblasts up to 2®5 mm in length® Well-foliated e

Specimen 930 Quartz-plagioclase-garnet-epidote-diopside

gneiss® Composed of quartz (3 percent), untwinned plagio-

clase of unknown composition (34 percent), diopside (39 per-

cent), epidote (l 6 percent), garnet (5 percent), and minor

magnetite, sphere, and apatite (3 percent)® Quartz limited

to a band about I®o mm wide® Secondary sericite and calcite®

Fine-grained, up to o®3 mm® Well-foliated®

Specimen 96® Quartz-feldspar-garnet-epidote gneiss®

Composed of quartz (35 percent), microcline (7 percent), un-

twinned plagioclase of unknown composition (15 percent), epi-

dote (30 percent), garnet (5 percent), and minor actinolite,

magnetite, sphene, and apatite (8 percent)® Secondary seri-

cite® Fine-grained, up to o®3 mm® Quartz porphyroblasts up

to I®3 mm® Well-foliated®

Specimen 112® Calcite marble® Composed of calcite (92

percentJ, quartz (3 percent), microcline (2 percent), and

minor phlogopite, magnetite, and topaz (3 percent)® Medium-

grained, up to 300 mm, granoblastic texture® Calcite grains
show bent lamellae®

Specimens 120a» 120b
9

and 120c® Calcite marble® Com-

posed' microcline (up to 15

percent), phlogopite (up to 4 percent), and minor magnetite

(up to 3 percent)® Fine- to medium-grained, up to 2®o mm,

granoblastic texture®

Specimens 121a
t 121b, and 121c® Calcite marble composed

of calcite (up to 60 percent), serpentine (up to 50 percent),
phlogopite (up to 20 percent), chlorite (up to 3 percent), and

minor magnetite (up to 5 percent)® Fine- to medium-grained,
up to 1•5 mm, granoblastic texture®

Specimen 131» Quartz-piagioclase-scapolite-hornblende-
diopside gneiss® Composed of quartz (39 percent), untwinned

to poorly twinned plagioclase of unknown composition (24 per-

cent), diopside and intergrown hornblende (30 percent), scapo-
lite (2 percent), and minor garnet, magnetite, sphene, and
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apatite (5 percent). Secondary sericite and calcite® Fine-

grained, up to 0»5 mm. Quartz porphyroblasts up to I®o mm in

length® Poorly foliatedo

Specimen 139• Quartz-plagioclase-anthophyllite-diopside
gneisso Composed of quartz (12 percent), untwinned to very

poorly twinned plagioclase of unknown composition (32 percent),
diopside (36 percent), anthophyllite (ll percent), and minor

hornblende, magnetite, and apatite (9 percent)® Fine-grained,

up to o®B mm
Q Quartz porphyroblasts up to I®2 mm in lengtho

Anthophyllit e porphyroblasts up to 103 mm in lengtho Poorly
foliat ed«

Specimen 132® Amphibolite® Composed of quartz (4 per-

cent), plagioclase of composition (2l percent), horn-

blende (69 percent), and minor diopside and magnetite (6 per-

cent)® Secondary sericite
o

Fine- to medium-grained, up to

100 mm® Well-foliatedo

Specimen ,137 q Amphibolite 0 Composed of plagioclase of

composition (3B percent), hornblende (39 percent), diop-
side (22 percent), and minor sphene, apatite, and magnetite
(l percent)® Fine-grained, up to o®B mm

G
Hornblende por-

phyroblasts up to I®2 mm in lengtho Well-foilatedo

Specimen 140° Amphibolite o Composed of quartz (7 per-

cent), plagioclase of composition Angg (41 percent), horn-

blende (45 percent), biotite (5 percent), and minor magnetite
and apatite (2 percent) o Secondary chlorite and sericite

o

Fine-grained, up to 0
0

6 mm® Well-foliated*

Specimen 147<> Amphibolite® Composed of quartz (6 per-

cent), untwinned to poorly twinned plagioclase of unknown

composition (32 percent), hornblende (58 percent), and minor

sphene, epidote, apatite, and zircon (4 percent)® Secondary

sericite® Fine- to medium-grained, up to I®o mm® Hornblende

porphyroblasts up to I®3 mm in length® Well-foliated®

Specimen 149® Amphibolite® Composed of quartz (14 per-

cent), plagioclase of composition (42 percent), horn-

blende (35 percent), and minor biotite, magnetite, ilmenite,

sphene, apatite, and epidote (9 percent)® Secondary chlorite

and sericite® Fine-grained, up to o®s mm® Quartz porphyro-
blasts up to 100 mm in length® Hornblende porphyroblasts up

to I*3 mm in length® Well-foliated®

Specimen 150® Amphibolite® Composed of hornblende and

sphene, and minor magnetite, ilmenite(?), and apatite® Cut

by bands about 2®5 mm wide composed of cordierite(?),
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intergrown prehnite and quartz, and minor amounts of calcite.

Later fractures, up to I*o mm wide, filled with prehnite and

calciteo Fine-grained, up to o*s mo Well-foliated.

Specimen 151» Amphibolite* Composed of quartz (14 per-

cent), plagioclase of composition An3£ (32 percent), horn-

blende (52 percent), and minor sphene and apatite (2 percent)*
Secondary sericite* Fine-grained, up to o*s mm. Plagioclase

porphyroblasts up to 1,0 mm in diameter* Well-foliated,

Specimen 153, Amphibolite* Composed of quartz (17 per-

cent), plagioclase of composition An3£ (26 percent), horn-

blende (65 percent), and minor diopside, sphene, and apatite
(2 percent)* Secondary sericite. Fine-grained, up to 0,4 mm®

Quartz porphyroblasts up to 1,2 mm in lengtho Hornblende por-

phyroblasts up to I*4 mm in length* Well-foliated,

Specimen 142, Epidotite, Composed of quartz (6 percent),

epidote (70 percent), garnet (IB percent), and minor magnetite,

sphene, and clinozoisite (6 percent)* Fine-grained, up to o*3

mm. Well-foliated* Intergrown epidote and garnet*

Meta-

Specimen $.5, Tremolite-chlorite schist* Composed of

tremolite (48 percent), chlorite (48 percent), and minor mag-

netite and apatite (4 percent). Medium-grained, up to I*s mm*

The extinction angle of tremolite varies between 12° and 18°,

Bands of tremolite alternate with bands of chlorite.

Specimen 148, Actinolite-chlorite schist* Composed of

actinolite (48 percent), chlorite (48 percent), and minor mag-

netite (4 percent)* Fine- to medium-grained, up to I*o mm.

Conspicuous flow texture* The extinction angle of actinolite

is about 18°* Bands of actinolite alternate with bands of

chlorit e
*

Specimens 90a. 90b, and 90c, Mafic to ultramafic rock

intermediate between olivine gabbro and peridotite* Composed

of hornblende, cummingtonite, biotite, plagioclase of composi-

tion An33_49, olivine, talc(?) and calcite. Late quartz vein

about 2*5 mm wide* Fine- to medium-grained, up to 1,6 mm*

Specimen 6, Metadiabase* Composed of plagioclase of

composition 9
hornblende (?)

,
and magnetite* Fine- to

medium-grained, up to 1,5 mm* Ophitic to subophitic texture,

Plagioclase is lath-shaped, shows a moderate to heavy clouding
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of the crystals which gives them a brownish coloration under

plain light, complexly twinned, and has irregular or wavy ex-

tinction
o

Specimen 97 <> Metadiabase. Composed of plagioclase of

composition hornblende, biotite, micrographic inter-

growth of quartz and alkali-feldspar, magnetite, and minor

quartzo Fine- to medium-grained, up to 1.2 mm, Ophitic to

subophitic texture, Plagioclase is lath-shaped, shows a mod-

erate to heavy clouding of the crystals which gives them a

brownish coloration under plain light, complexly twinned, and

has irregular or wavy extinction.

Specimen 177» Garnet metagabbro® Composed of garnet

crystals surrounded by myrmekitelike intergrowth of plagio-
clase of unknown composition and hornblende, apatite, and

minor biotite, magnetite, sphene, and secondary prehnite.
Garnet porphyroblasts up to 3.0 mm in diameter. Well-

foliated
.

Specimen 9 ° Epidotite. Composed of plagioclase of com-

positionAng2 (20 percent), epidote (75 percent), and minor

amphibole, pyroxene, clinozoisite, magnetite, sphene, apatite,

and zircon (5 percent)® Secondary calcite
o Fine-grained, up

to 0.8 mm. Well-foliated®

Specimen 1060 Epidotite. Composed of epidote (75 per-

cent), hornblende (20 percent), and minor sphene, apatite, and

calcite (5 percent). Fine-grained, up to 0.3 mm, Calcite in

porphyroblasts up to 1.2 mm in diameter® Well-foliated.

Specimen 10® Metagranodiorite• Composed of quartz (26

percent), microcline and microcline perthite (18 percent),
plagioclase of composition Ano£ (25 percent), hornblende (14

percent), biotite (12 percent;, and minor magnetite, epidote,

apatite, and sphene (5 percent). Secondary calcite and hema-

tite. Fine- to medium-grained, up to 2.5 mm. Subhedral- to

anhedral-granular texture. Well-foliated.

Specimen 130 Metagranite. Composed of quartz (l 6 per-
cent), microcline (41 percent), plagioclase of composition

An
2 7

(30 percent),biotite, muscovite, and magnetite (13 per-

cent) with minor apatite, sphene, zircon, and rutile. Fine-

to medium-grained, up to 1.5 mm. Quartz porphyroblasts up to

2.5 mm in diameter. Anhedral-granular texture. Well-

foliated.

Specimen 173b. Metagranite. Composed of quartz (26 per-

cent), microcline (50 percent), untwinned plagioclase of
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unknown composition and myrmekite (ll percent), and biotite

with minor magnetite, epidote, and zircon (13 percent)® Sec-

ondary sericiteo Fine- to medium-grained, up to I*s mm*

Anhedral-granular texture» Well-foliated
o

Specimen 68® Meta-aplite ® Composed of quartz (26 per-

cent), microcline and microcline perthite (42 percent), pla-

gioclase of composition An2£> and myrmekite (29 percent;, and

biotite with minor magnetite, sphene, apatite, and rutile (3

percent)® Secondary sericite® Fine- to medium-grained, up

to 1* 5 mm® Aplitic texture® Well-foliated®

Specimen 173a® Meta-aplite® Composed of quartz (26 per-

cent), microcline (64 percent), untwinned plagioclase of un-

known composition (7 percent), and minor biotite, magnetite,

apatite, sphene, epidote, and zircon (3 percent)® Fine-

grained, up to 008 mm® Microcline porphyroblasts up to 1«5

mm in diameter® Aplitic texture® Well-foliated®

Precambrian Igneous Rocks

Specimen 22® Biotit e-muscovite granite® Composed, of

quartz(22 percent), microcline and microcline perthite (40

percent), plagioclase of composition An29 and myrmekite (31

percent), and muscovite and biotite (7 percent) with minor

magnetite and apatite® Secondary sericite® Medium-grained,

up to 2®o mm® Quartz phenocrysts up to 3®o mm in diameter®

Anhedral- to subhedral-granular texture®

Specimen 23° Aplite® Composed of quartz (36 percent),
microcline (60 percent), untwinned plagioclase of unknown com-

position (l percent), epidote (3 percent), and minor musco-

vite, apatite, sphene, clinozoisite, and magnetite® Fine- to

medium-grained, up to I®o mm® Aplitic texture®

Specimen 32® Hornblende granite® Composed of quartz

(13 percent), microcline (48 percent), plagioclase of composi-

tion An23 (25 percent), and hornblende (14 percent) with minor

magnetite, epidote, sphene, and apatite® Fine-grained, up to

0.5 mm® Hornblende phenocrysts up to 3®o mm long® Porphy-
ritic texture®

Specimen 44« Muscovite-biotite granite® Composed of

quartz (31 percent), microcline and microcline perthite (38

percent), plagioclase of composition An (13 percent), bio-

tite, muscovite, and magnetite (18 percent) with minor apa-

tite and zircon® Fine- to medium-grained, up to 2®o mm®
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Anhedral-granular texture®

Specimen 45® Quartz syenite® Composed of quartz (7 per

cent), microcline and microcline perthite (59 percent), pla-
gioclase of composition An27 and myrmekite (19 percent), horn

blende (8 percent), biotite (3 percent), epidote (l percent),
and minor aegirine(?), sphene, apatite, and magnetite (3 per-

cent)
0 Secondary sericite® Fine- to medium-grained, up to

100 mm® Green hornblende in phenocrysts up to s°o mm long®

Optically negative; 2V varies between 85° and 90°, and the

extinction angle between 18° and 25°« Extinction angle of

aegirine(?) is about s°» Porphyritic texture
o

Specimen 46® Biotite granite® Composed of quartz (18

percent)
,

microcline and microcline perthite (44 percent),
plagioclase of composition (3O percent), and biotite (8

percent) with minor fluorite, apatite, epidote, and sphene®
Fine- to medium-grained, up to 2»0 mm® Quartz phenocrysts

up to 400 mm in diameter® Anhedral-granular texture®

Specimen 48® Hornblende diorite® Composed of quartz (2
percent)

,
microcline (l percent), plagioclase of composition

(43 percent), hornblende (38 percent), biotite (10 per-

cent), and minor magnetite, sphene, and apatite (6 percent)®
Secondary calcite and hematite® Fine- to medium-grained, up

to 1«5 mm® Green hornblende with extinction angle between

20° and 28°® Optically negative; 2V varies between 80° and

85°o Anhedral- to subhedral-granular texture®

Specimen 490 Leucomonzonite® Composed of microcline

phenocrysts (50 percent) as much as 2®5 mm in diameter, and

magnetite grains (7 percent) as much as I®s mm in diameter,
in a very fine-grained groundmass (43 percent) in which pla-

gioclase, oligoclas e(? ), predominates® Some chlorite flakes,

quartz, and hematite dust®

Specimen 53* Muscovite-biotite granite® Composed of

quartz (26 percent), microcline (45 percent), plagioclase of

composition An2s (21 percent), biotite, muscovite, and mag-

netite (8 percent) with minor epidote, apatite, sphene,

rutile, and zircon® Fine- to medium-grained, up to 2®o mm®

Anhedral-granular texture®

Specimen 54* Muscovite-biotite granite® Composed of

quartz (25 percent), microcline and microcline perthite ( 40

percent), plagioclase of composition An
2 2

(25 percent), bio-

tite, muscovite, and magnetite (10 percent) with minor apa-

tite, sphene, rutile, and zircon® Fine- to medium-grained,

up to I*s mm® Microcline phenocrysts up to 300 mm in
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diameter, Anhedral-granular texture®

Specimen 570 Muscovite-biotite granite o Composed of

quartz (21 percent), microcline and microcline perthite (40

percent), plagioclase of composition An
2o and myrmekite (31

percent), biotite, muscovite, and magnetite (8 percent) with

minor apatite, sphene, rutile, and zircon® Secondary seri-

cite® Fine- to medium-grained, up to 1«5 mm® Microcline

phenocrysts up to 4«0 mm in diameter® Anhedral-granular tex-

ture
*

Specimen 60® Aplogranite® Composed of quartz (40 per-

cent), microcline and microcline perthite (44 percent), pla-

gioclase of composition (l3 percent), and minor fluorite,

magnetite, biotite, apatite, sphene, and epidote (3 percent).
Fine- to medium-grained, up to I*s mm® Aplitic(?) texture.

Specimen 690 Muscovite-biotite granite® Composed of

quartz (23 percent), microcline and microcline perthite (41

percent), plagioclase of composition An (25 percent), bio-

tite, muscovite, and magnetite (11 percent) with minor apa-

tite, sphene, and zircon. Fine- to medium-grained, up to I*s

mm. Quartz phenocrysts up to 4°o mm in diameter, Anhedral-

granular texture®

Specimen 79 »
Muscovite-biotite-hornblende granite® Com-

posed of quartz (32 percent), microcline (33 percent), plagio-

clase of composition and myrmekite (30 percent), and

hornblende, biotite, and muscovite (5 percent) with minor mag-

netite, apatite, and sphene* Secondary chlorite, sericite,

and calcite 9 Medium-grained, up to 300 mm, Anhedral-granular

t exture•

Specimen 82, Quartz syenite. Composed of quartz (5 per-

cent), microcline and microcline perthite (46 percent), pla-

gioclase of composition An
29

and myrmekite (31 percent), and

biotite with minor magnetite, apatite, sphene, zircon, and

epidote (18 percent). Secondary sericite and hematite dust.

Medium-grained, up to 2,5 mm, Anhedral-granular texture®

Specimen 87° Biotit e-hornblende granite. Composed of

quartz (21 percent), microcline and microcline perthite (33

percent), untwinned plagioclase of unknown composition and

myrmekite (27 percent), hornblende (9 percent), biotite (7

percent), and minor magnetite, apatite, sphene, and zircon (3

percent). Secondary sericite. Medium-grained, up to 3,0 mm,

Anhedral- to subhedral-granular texture.

Specimen 110® Aplite. Composed of quartz (25 percent).
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microcline (39 percent), plagioclase of composition (30

percent), and minor biotite, magnetite, apatite, and zircon

(6 percent) o Fine-grained, up to 0.8 mm. Aplitic texture^

Specimen 117
Q

Muscovite-biotite granite» Composed of

quartz(32 percent), microcline (33 percent), plagioclase of

composition An2g (28 percent), and minor biotite, muscovite,

magnetite, and zircon (7 percent)• Medium-grained, up to 2.0

mm ° Quartz phenocrysts up to 3°2 mm in diameter
o Aplitic(?)

texture
„

Specimen 118„ Muscovite-biotite granite. Composed of

quartz(25 percent), microcline (40 percent), plagioclase of

composition and myrmekite (29 percent), and minor bio-

tite, muscovite, magnetite, apatite, sphene, and zircon (6

percent). Medium-grained, up to 3.0 mm. Quartz phenocrysts
up to 4*o mm in length. Microcline phenocrysts up to 6.0 mm

in diametero Aplitic(?) texture.

Specimen M4f» Hornblende-biotite diorite. Composed of

quartz (5 percent), plagioclase of composition (35 per-

cent), biotite (35 percent), hornblende (22 percent), and

minor magnetite, sphene, and apatite (3 percent) 0
Fine-

grained, up to 005 mmo Anhedral- to subhedral-granular tex-

ture. Cut by a band composed of quartz (40 percent), plagio-
clase of composition Anoo (55 percent), and biotite (5 per-

cent ) o

Specimen 134° Biotite-hornblende diorite* Composed of

plagioclase of composition (4l percent), hornblende (50

percent), biotite (6 percent), and minor magnetite and sphene

(3 percent)® Fine- to medium-grained, up to 1.5 mm.

Anhedral- to subhedral-granular texture.

Specimen 135 ° Epidote-biotite-hornblende diorite. Com-

posed of plagioclase of composition An 17 (30 percent), horn-

blende (55 percent), biotite (6 percent), epidote (3 percent),
and minor magnetite, sphene, muscovite, and apatite (6 per-

cent). Fine- to medium-grained, up to 1.0 mm. Anhedral- to

subhedral-granular texture.

Specimen 146. Muscovite-biotite granodiorite• Composed

of quartz (28 percent), microcline (28 percent), untwinned

plagioclase of unknown composition and myrmekite (35 percent),
and biotite with minor muscovite, magnetite, and apatite (9

percent). Secondary sericite. Fine- to medium-grained, up

to 1.5 mm. Anhedral-granular texture.

Specimen 155 q Epidote-biotite-hornblende diorite*
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Composed of quartz (9 percent), plagioclase of composition
An

33 (46 percent), hornblende (21 percent), biotite (17 per-

cent), epidote (3 percent), and minor sphene, magnetite, apa-

tite, and zircon (A percent) *
Fine- to medium-grained, up to

105 mm
o Anhedral- to subhedral-granular texture*

Specimen 164* Muscovite-biotite granite* Composed of

quartz (32 percent), microcline (31 percent), plagioclase of

composition An2g and myrmekite (29 percent), and biotite and

muscovite with minor epidote, magnetite, apatite, sphene, and

zircon (8 percent)* Secondary sericite. Fine- to medium-

grained, up to I*2 mm. Microcline phenocrysts up to 2*5 nim

in diameter* Anhedral-granular texture*

S pecimen .180* Epidot e-hornblende-biotit e granodiori te *

Composed of quartz (17 percent), microcline (21 percent),
plagioclase of composition An and myrmekite (44 percent),
biotite (8 percent), hornblende (6 percent), epidote (l per-

cent), and minor sphene, magnetite, apatite, and zircon (3

percent)* Secondary sericite* Medium-grained, up to 2*o mm,

Anhedral-granular texture*

Paleozoic Sedimentary Rocks

Ml®Z_Format ion

Hickory Sandstone Member

Lower unit« Fine- to coarse-grained, friable sandstone;

grains poorly sorted, rounded to subrounded

quartz; locally quartz-pebble conglomerate

at the base
o

Specimen 15° Sandstone* Composed of rounded to sub-

rounded quartz grains (95 percent) and weathered feldspar (l

percent) in siliceous and iron oxide matrix (4 percent).

Poorly sorted* Coarse-grained, up to B*o mm* Color banding

because of leaching or prominent iron staining* Cross-bedded*

Specimen 7B* Sandstone* Composed of rounded to sub-

rounded quartz grains (85 percent) and minor amounts of micro-

cline, biotite, and sphene (l percent) in very fine-grained,
siliceous matrix (14 percent)* Poorly sorted* Fine- to

medium-grained, up to s®o mm.

Specimen 85« Sandstone. Composed of rounded to
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subrounded quartz grains (65 percent) and minor amounts of

niicrocline, biotite, sphene, magnetite, and zircon (3 percent)
in very fine-grained, siliceous matrix (32 percent)® Poorly

sorted® Fine- to medium-grained, up to 300 mm,

Specimen 187 ®
Sandstone® Composed of rounded to sub-

rounded quartz grains (60 percent) and minor amounts of micro-

cline and biotite (l percent) in very fine-grained, siliceous

matrix (39 percent)® Poorly sorted® Fine- to medium-grained,

up to 3°o mm®

Middle unit. Thinly bedded, argillaceous, silty, in

places micaceous sandstone; grains poorly

sorted; rounded to subrounded quartz;
forms low hills®

Specimen ?2® Sandstone® Composed of rounded to sub-

rounded quartz grains (40 percent) in very fine-grained,

argillaceous and siliceous matrix (60 percent)® Poorly to

moderately sorted® Fine- to medium-grained, up to I*2 mm®

Specimen 730 Sandstone® Composed of well-rounded to

subrounded quartz grains (60 percent) in very fine-grained,

ferruginous matrix (40 percent)® Moderately to well-sorted®

Fine-grained, up to o®B mm®

Upper unit
®

Medium- to coarse-grained, friable, iron-

cemented sandstone; grains poorly sorted,

exceptionally well-rounded quartz®

Specimen 75» Sandstone® Composed of very well-rounded

quartz grains (45 percent) in fine-grained, ferruginous and

calcareous matrix (55 percent)® Well-sorted® Fine-grained,

up to 005 mm
o

Cap Mountain Limestone Member® Fine-grained limestone grading
down to calcite-cemented sand-

stone, sand grains rounded to

angular«

Specimen 74° Quartzitic limestone® Composed of rounded

to angular quartz grains (30 percent) in very fine-grained

calcite (70 percent)® Fine-grained, up to o®2 mm®

Lion Mountain Sandstone Member,, Fine- to medium-grained, mod-

erately sorted, glauconitic

sandstone; some glauconitic

limestone beds and lenses®
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Specimen 76
o

Glauconitic limestone.. Composed of quartz

grains (10 percent), glauconite (20 percent), iron-rich dolo-

mite (20 percent), and cellophane (2 percent), in very fine-

grained calcite (4& percent)® Fine-grained, up to o®3 mm®

Tnlobites and phosphatic brachiopods®

Formation

Welge Sandstone Member
o

Medium- to coarse-grained, well-

sorted, non-glauconitic sandstoneo

Specimens 77a and 77b® Sandstone® Composed of rounded

to angular quartz grains (40 percent) in very fine-grained
calcite (60 percent)® Moderately sorted® Medium-grained, up

to 1o 2 mm
o

Morgan Creek Limestone Membere Medium- to coarse-grained,

abundantly glauconitic lime-

stone.

Specimen 1850 Glauconitic sandstone o Composed of well-

rounded quartz grains and ovoid glauconite grains in medium-

grained calciteo Poorly sortedo Fine- to medium-grained, up

to 1
0 5 mm o

Specimen 186® Glauconitic limestone® Composed of angu-

lar quartz grains, ovoid glauconite grains, and iron-rich dol-

omite in fine-grained dolomite® Fine-grained, up to o®3 mm®

Echinoderm and trilobite fragments, foraminifers, and cepha-

lopoda o

Point Peak Member» Calcareous shale, fine-grained glauconitic

limestone, some fine-grained, compact dol-

omite o

Specimen .182® Glauconitic limestone® Composed of angu-

lar quartz grains, ovoid glauconite grains, and fossil frag-

ments in fine- to medium-grained calcite® Glauconite grains

as much as I®o mm in diameter®

Specimen ,184° Dolomite<> Composed of silt-sized quartz
and dolomite stained by iron oxide»

San Saba Member„ Fine- to medium-grained limestone, some dol-

omite
o

Specimen 183° Limestone® Composed of calcite and some



146

dolomite crystals as much as 100 mm in diameter. Very fine-

grained, less than 0.1 mm.

||rble__Falls _Lime_st one . Fine- to medium-grained, massive

limest one,

Specimen 181. Fossiliferous limestone. Composed of

algae, foraminifers, bryozoans, and trilobite fragments in

very fine-grained calcite. Abundant limonite stains.

Cretaceous Sedimentary Rocks

SiSiiii-rr-iSS a Fine-grained, poorly sorted, dolomitic sand-

stone.

Specimen 188. Dolomitic sandstone. Composed of angu-

lar with occasional rounded quartz grains and rare microcline

crystals (25 percent) in very fine-grained dolomite (75 per-

cent). Poorly sorted. Quartz grains as much as 1.0 mm in

di amet er.

Comanche_Pe§k_Limest one. Fine-grained, dolomitized limestone.

Specimen 189« Dolomite® Composed of very fine-grained,

less than 0«1 mm, and crystalline dolomite®

Edwards_Limestone ® Fine-grained, dolomitized limestone,
chert nodules at the base.

Specimen 190. Dolomite. Composed of very fine-grained,

less than 0.1 mm, and crystalline dolomite® Shows a very

faint lamination of organic(?) material.
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