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MINERAL RESOURCES OF TH‘E LLANO-BURNET REGION,
TEXAS, %TITH AN ACCOUNT OF THE PRE-CAMBRIAN
GEOLOGY.

By SioneY Parce.

s

INTRODUCTION.

Thie field work on which the following repert is based was begun in
the summer of 1908 under the direction of A. C. Spencer, who was
assisted by the writer, and was completed in the fall of 1909 under the
direction of the writer, who was assisted by Fred H. Kay. A. C.
Spencer and W. S. Bayley cooperated in-the field work, and Mr. .
Spencer has contributed descriptions of certain of the iron-ore de-
posits. Howland Bancroft also spent a short time in the field. A
general report- on the Llano and Burnet quadrangles, to be pub-
lished in folio form, is now in preparation.? The present report deals
chiefly with the geo]oolc relations of the pre-Cambrian rocks and the
associated iron ores. The stratigraphic and structural relations of
the Paleozoic and Cretaceous rocks are only briefly treated, but will
be discussed more fully in the later report.®

The writer wishes to express his indebtedness to Dr. Spencer,
whose acquaintance with pre-Cambrian structure and iron ores has
been of great value in both the field and the office work. * Thanks are
due also to Prof. W.'S: Bayley for counsel and suggestion, and to Mr.
N. J. Badu, of Llano, whose knowledge of Llano County was of great
assistance durmg the field work.

The central Texas region lies in the broad rocrlonal coastward slope,
of which Texas forms a part and which constitutes a great geologic
province reaching from the Cordilleras to the Gulf of Mexico. (See
PL.1) In this region, about midway between the Cordilleras and the
Gulf the peculiar condition exists that erosion has exposed rocks of
pre-Cambrian and Paleozoic ages within and about the rim of an oval
structural and topographic basin which is nearly surrounded by Cre-
taceous rocks on its outer border. This area of old rocks is largely
included in the Llano:;and Burnet quadrangles. (See Pl. II.)

a Paige, Sidney, Llano-Burnet folio, Geol. Atlas U. 8., U. §. Geol. Survey. (In preparation.)
’ 7



8 MINERAL RESOURCES OF LLANO-BURNET REGION, TEXAS.

As the principal mineral resources of the region are confined largely”
to the Llano quadrangle, this report deals almost entirely with that
area.

The Llano quadrangle includes portions of Llano, Mason, and San
Saba Counties in central Texas. (See Pl III, in pocket.) It is
bounded by parallels 30° 30" and 31° and meridians 98° 30’ and 99°
west, and covers 1,024 square miles. The region is accessible by the
Houston & Texas Central Railroad, which terminates at Llano, the
county seat of Llano County. This road connects at Lampasas, about
20 miles north of Burnet, Burnet County, with the Gulf, Colorado,
& Santa Fe Railway. Llano is the principal town of the quadrangle.

TOPOGRAPHY.

A casual observer, standing on an eminence, such as Town Moun-
tain, near Llano, will be impressed with the basin-like form of the broad
valley of Llano River. From such an eminence a broad rolling plain’
may be seen stretching east, west, north, and south to the horizon,
which is marked by an encircling scarp of Paleozoic rocks. Within
this broad area, however, there are many minor irregularities.
These irregularities are of two types—first, mountain-like masses,
such as Riley, Packsaddle, Putnam, House, and Smoothingiron Moun—
tains; and second, smaller masses, such as the group of hills west of
Oxford and that northeast of Babyhead, as well as the many isolated
hills north and south of Lllano. The masses of theé first type are char-
acterized by cappings of nearly horizontal beds and steep marginal
scarps, and present to the observer mesa-like outlines; those of the
second type are maturely dissected hills and isolated cones that rise
rather abruptly from the surrounding plains. The form of the masses
of both types depends on the nature of the rocks composing them.
Encircling the pre-Cambrian basin described above is a plateau of
Paleozoic and Cretaceous rocks, more or less maturely dissected.®

The northern border of the Llano quadrangle lies within the Pale-
ozoic plateau; its western part is a rolling plain, which to the east
and approaching Colorado River becomes more broken and irregular.
The Paleozoic scarp to the west and south does not lie within the
Llano quadrangle.

DRAINAGE.

The region included in the Llano quadrangle is drained almost
entirely by Llano River and its northward and southward flowing
tributaries. The quadrangle is nearly halved by Llano River, which
flows eastward across it and enters Colorado River at Kingsland, in
the Burnet quadrangle.

a For a detailed classification of Texas plateaus see Hill, R. T., Physical geography of the Texas region:
Top. Atlas U.S.,folio 3, U. 8. Geol. Survey, 1900; Geography and geology of the Black and Grand prairies,
Texas: T wenty ﬁrst Ann. Rept. U. S. Geol. Survey, pt. 7, 1901.



U. S. GEOLOGICAL SURVEY

BULLETIN 450 PLATE Il

)

98¢
P \
¥ \
B ? ok
\! (&
\ ¢ Y YEHOI’: 12 -
\ 5 ()/r{ ‘i B}‘oﬁﬁ&veﬁ
\ o
ff’ (P ¢ / -
X 0 2% £ Rilleen h
&#\ Copperas P
g e&\

o

2 &) BakeVictor

«Gravis

GENERAL GEOLOGIC MAP SHOWING LOCATIONS OF BURNET AND LLANO QUADRANG
With principal quarries, mines, and prospects

1
Scale 750000

10

1910

30 Miles

10 O
[ e —_—

ENGRAVED AND PRINTED BY THE U508

LES, TEXAS

LEGEND
SEDIMENTARY ROCKS

)
gt

Cretaceous

i o
¥
I

.

Paleozoic

METAMORPHIC AND
IGNEOUS ROCKS

—
|

Algonkian(?)

Note: Dotted boundaries
are ondy approximate
West of mertdiarn 99°they
cannot be placed on the

meap

|
| & |
L -t

Quarry

T
X |

SHEN

Mine and prospect

1. Barringer Hill

la. Fergusonite and gadolinite
ib. Gadolinite in pegmatite

. Allanite and fluorite

2. Magnetite

. lron Mountain prospect

. Olive mine

3. Heath gold prospect

4. Graphite prospect
5. Serpentine and talc
6. lalc

7. Lead-galena

8. Pyrite bodies

Geology within Llano and Burnet quadrangles by
A. C. Spencer, Sidney Paige, W. S. Bayley, and
Fred H, Kay. Dotted boundaries compiled from
maps by Robert T. Hill.



GEOLOGY. 9

On the north, Elm, San Fernando, Johnson, Pecan, and Mitchell
Creeks and Little Llano River are the important affluents of Llano
River; on the south, Hickory, Bullhead, Sixmile, ¥Flag, Oatman, and
Honey Creeks are the largé streams. Sandy Creek, in the southern
‘part of the quadrangle, an exception, flows eastward into the
Colorado.

Nearly all the streams of the region within the pre-Cambrian basin
carry a great and increasing burden of sand. During most of the
year their beds are apparently dry, and it is only by digging that
water can be found. Llano and Little Llano Rivers and a few other
splmg-fed streams, are exceptions. The infrequent but torrential
rains, the stripping of the granite areas of vegetation by the over-
stocking of ranches, the alternation of intense heat by day and of
coolness by night, which tends to disintegrate the rocks, all combine

to bring about this condition of the streams.

GEOLOGY.

GENERAL FEATURES.

The rocks of the Llano-Burnet region fall naturally into three broad
“subdivisions—(1). pre-Cambrian schists, gneisses, and granites; (2)
Paleozoic sandstones, limestones, and shales; and (3) Cretaceous
sandstones, clays, and limestones. The Cretaceous rocks are con-
fined almost entirely to the Burnet quadrangle and appear in the
Llano quadrangle in but one small area.

The Paleozoic strata, which completely surround the pre-Cambrian
area, are more or less folded and faulted, and are separated from the
pre-Cambrian by an unconformity representmg a great time interval.
The Cretaceous formations rest in almost undisturbed position on the
Paleozoic rocks, but are separated from them by a great erosional
unconformity. - -

ALGONKIAN (?) ROCKS.

GEOLOGIC UNITS.

Pre-Cambrian rocks underlie the larger part of the Llano quad-
rangle. A strip along the northern edge, however, ranging in width
from 3 to 10 miles, and Riley and Cedar Mountains, Putnam Moun-
tain, and a few other isolated areas are covered by Paleozoic sedi-
ments. In the geologic mapping of the area (see P1. ITI) four major
divisions of pre-Cambrian rocks have been discriminated, namely,
(1) the Packsaddle schist, a series predominantly of basic type, includ-
ing amphibolite and mica schists and old basic intrusive rocks;
(2) the Valley Spring gneiss, a schist-gneiss series, including quartzites
or their derivatives, light-colored mica schists, and acidic gneisses;
(3) a very coarse grained pink granite, which could not be separately
mapped over the area; (4) all the remaining granitic rocks, including
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a number of varieties. All these rocks are believed to be of Algon-
kian(?) age. In addition to these major distinctions, bands of crys-
talline limestone and wollastonite were mapped wherever possible.
Likewise the outcrops of a quartz porphyry of peculiar type, locally
termed opaline granite, have been indicated, and a serpentine mass
near Oxford has been shown. Iron-ore prospects and some lean
banded ores are also represented. The area surroundmg the Llano-
Burnet region is- shown on a general map (Pl. II), on which the
several economic resources are indicated.

A glance at the map forming Plate II1 (in pocket) will show clearly
in a general way the northwest-southeast trend of the schist-gneiss
series; also the comphcated and irregular distribution of the granitic
intrusive rocks.

GRANITES.

GEOLOGIC RELATIONS.

The granite in this area is invariably intrusive and is almost omni-
present. It cuts the schist series in large and small masses, in dikes,
in sills, and, 1f pegmatite may be considered a phase of gr anite, 1t is
found both in minute -
veinlets and in huge dikes
and sheets. The area con-
tains rock of every grade
between pure granite and
pure schist. Certain local-
ities are characterized by
pure granite masses of

F1GURE 1.—Local flowage of schist at granite contact. batholithic tvpe, such as

a, Schist; b, granite.
the area of coarse granite

in the southwestern portion of the quadrangle, the area immediately

west of Cedar Mountain, and the area east of Lene Grove. Other

areas show an intimate mixture of granite and schist, the schist.
being literally the sponge which has soaked up and become perme-

ated with granitic material. Such permeation is best developed

about the edges of the large granitic masses, though not at all
confined to those bodies. (See Pl. V, B, p. 76.)

The manner in which intrusion was effected varied. In some’
places portions of the schists were in a plastic state and flowed under
the influence of pressure (see fig. 1); at other localities the contacts
of the cutting dikes are sharp, 1nd1catmcr a condition of considerable
rigidity ; elsewhere the temperature of the intruding mass was so high
that masses of the schist lost their identity and passed by gradual
melting into solution (see PL. IV, 4; also fig. 18, p. 62); and elsewhere,
again, granitic material, following planes of le‘tst resistance, forced’
itself between the layers of the schists and formed injection g 0'nelsses
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A. ASSIMILATION Oi-; SCHIST FRAGMENT ALONG BORDERS AT CONTACT WITH GRANITE.

See page 10.

B. BANDING OF MAGNETITE ORE.

See page 58.
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The results of the processes outlined above may be seen both
on a small and on a huge scale, and afford a fine example of the
conditions existing about the borders of a great batholithic mass that
lies in contact with a deeply buried sedimentary series.

The dikes, sills, and broader masses of pegmatite, which occur in
great abundance and in all sizes, are worthy of special mention, par-
ticularly the broader masses, which are locally developed at contacts
of schist. with crosscutting granite dikes. In the areas about Hog
Mountain such sheets are finely developed, -and it is believed that
they indicate the proximity. of schists now removed by erosion.

TYPES AND DISTRIBUTION.

Three types of granite have been distinguished on the geologic map—
(1) a very coarse grained homogeneous rock; (2) a medium to fine
glamed granite, including some coarse- grained varieties; and (3) an
~opaline quartz-feldspar porphyly Microscopic examination has
shown that the distinction is largely textural, the mineralogical con-
stituents in the three types being essentially the same.

The coarse-grained granite has been mapped in two areas—one in
the southwest corner of the quadrangle, a large subcircular area with
Prairie Mountain as-a center; the other farther north, in the vicinity
of Smoothingiron Mountain. Granite of the same type occurs east
and southeast of Lone Grove and in other localities, but in areas so
small that it could not be consistently differentiated in mapping.
Conclusive evidence in regard to the relative age of this coarse granite
was not discovered, but tentamvely it may be con51de1ed intrusive in
the finer-grained granites.

The glamte of the second type, the Wldespread dominant rock of
the region, includes various textural types, ranging in texture from
very coarse to very fine grained, but has been mapped as a unit.

The granitic rock of the third type, the opaline quartz-feldspar
porphyry, invariably occurs as a dike rock cutting both the schists
and the intrusive granites which accompany them. Its outcrop may
be followed, with interruptions, from a point about 3} miles east of

"Llano, on the Llano-Lone Grove road, northward through Miller -
Mountam for 64 miles, where it bends to the northeast and forms a
hook passing * around the town of Babyhead and ending about a
mile southwest of that place.

" PETROGRAPHY.
OOARSP -GRAINED TYPE.

The very coarse grained granite is of reddish tone, due to the large,
finely developed potash feldspars, the largest an'inch long and three-
fourths of an inch broad, the average length being perhaps half an
inch. The space 'between these well-crystallized, finely developed
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crystals is filled with quartz. Biotite, the dommant ferromagnesian
mineral, is well developed . in. stout columns and rather abundant.
Locally a parallel arrangement of the large feldspars was noted in the
vicinity of Bullhead Mountain, a phenomenon probably due to move-
ment under pressure while the magma was yet in a more or less
viscous state.

A microscopic examination shows the followmg characteristics:

Very coarse granite from Watch Mountain, near Walnut Springs: Feldspars are
microcline, orthoclase, and albite-oligoclase. Microcline dominant. Length one-half
inch to 1 inch or more, width one-fourth to one-half inch. Quartz filling space be-

tween feldspars. Biotite mica abundant in stout columns one-eighth inch or more in
length. Perthitic intergrowth of microcline and albite noted.

MEDIUM TO FINE GRAINED TYPES, INCLUDING SOME COARSE VARIETIES.

The granites mapped under this head include many varieties, from
fine to coarse grain, but are, in general, chemically and mineralogi-
cally similar. Differences of texture and variations in the quantity
of the ferromagnesian minerals account for most of the varieties.

An examination of numerous specimens reveals an abundance of
microcline, with orthoclase, albite-oligoclase, biotite, quartz, and horn-
blende. The granites are distinctly potash rocks, though they
almost invariably contain soda. They also contain the usual acces-
sory minerals—magnetite, apatite, titanite, etc. Several hornblende
granites were noted, but their areal extent is small.

Petrographlc notes made on granites of the medlum to fine grained
type are given below: :

Granite from Parkinson group of quarries.

Megascopic character —Medium-grained to fine-grained gray granite. Biotite, quartz,
and feldspar. Mica evenly distributed in fine flakes.

Microscopic character —Largely composed of microcline with subsidiary orthoclase,
rare plagioclase. Micrographic intergrowth with quartz in some feldspar. Rare zonal
arrangement. Alteration has set in on nearly all the feldspar. Quartz shows some
strain phenomena. Biotite occasionally altered to chlorite. Alteration of feldspar
more pronounced at center than elsewhere. Grain or two of magnetite.

Granite from Kansas City quarry, 2 miles west of Llano.

Megascopic character—Medium to coarse grained light-gray granite with slightly
goeissoid aspect. Quartz, feldspar, mica.

Microscopic character —Thirty-two per cent quartz; 62 per cent feldspar, microcline,
and orthoclase; 6 per cent mica (biotite) with rare muscovite; 71 per cent 8i0,. Micro-
graphic intergrowths of quartz and feldspar-occasionally finely developed.

- Hornblende gram:te Jrom northwest Hog Mountain, near Wollastonite rock.

Megascopic character.—Pinkish toned medium crystalline granular, spotted with
blotches of hornblende of various sizes up to one-fourth inch in diameter. Ground-
mass between the blotches Is barren of ferromagnesian minerals.
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Microscopic character —Microcline, orthoclase, and albite-oligoclase feldspars domi-
nant in order named. Dark-green hornblende apparently poikilitically arranged
about quartz. Measurements with microscope show 31 per cent quartz, 69 per cent
feldspar, 75 per cent SiO,.

" Granite from Norton quarry.

Megascopic character. —Light-gray granite; abundant mica in very small flakes,
evenly distributed. . :

Microscopic character.—Microcline, orthoclase, and little albite-oligoclase; quartz
abundant. Biotite mica. ’

Red grantte from Parkinson’s quarry “‘well,’’ camp No. 1.

Mega:s'cop'ic character—Red, fine-grained granite, with ferromagnesian minerals scant
and in very small particles.

Microscopic charac/ter.hMicrocline, orthoclase, and albite-oligoclase rather abundant.
Quartz abundant. Little magnetite, mica, titanite, and hornblende. TFerromag-
nesian minerals very scant. Ieldspars where altered are replaced by a red decom-
position product.

Granite from Grays Mountain.

Megascopic character.—Coarse pinkish. granite. Feldspars as large as one-fourth
inch in length and mica very abundant; sufficient to give dark tone to rock.

Microscopic character.—Oligoclase and microcline. TFormer dominant. Both dom-
inant over quartz. Biotite abundant, but not evenly distributed. Apatite. TFeldspar
altered. .

Hornblende granite (a chip only) from south edge of quadrangle near small creek above house
in Elver’s pasture.

Coarse granite. Orthoclase, microcline, and oligoclase feldspars. Quartz. Horn-
blende, partly altered to chlorite. Feldspars badly altered. Zircon. Apatite
abundant. Titanite.

Pink granite from west of road, east of direct route from Castell to Berry Spring (Goodes
Spring).

Megascopic character.—Fine-grained pink granite, containing circular areas im-
poverished of ferromagnesian minerals, in the center of which are aggregations of
titanite and magnetite. *

Microscopic character.—Microcline, orthoclase, and albite-oligoclase feldspars with
biotite, and segregations of magnetite and titanite. Part of the quartz one of the first
minerals to separate out. Apatite needles abundant.

Granite from Heine’s well, south of Willow Creek, 4 miles north of river, 1 mile west of San
Fernando Creck.

Megascopic character —Red granite, medium to fine grain, glassy aspect.

Microscopic character —Microcline and orthoclase feldspars and quartz. Microcline
and orthoclase, badly altered. Scanty biotite; chloritized. Sericite developed in
feldspars. Red tone very probably accentuated by alteration.

Pink granite from one-fourth mile west-northwest of Esbon post office on Kings Mountain.

Megascopic character—Fine-grained, light-pink granite, ferromagnesian minerals
evenly distributed in tiny flakes.

Microscopic character —Microcline feldspar dominant; with orthoclase and quartz.
Biotite (about average amount) in small flakes. Apatite needles. Feldspar, espe-
cially orthoclase, badly altered, though the hand specimen looks fresh.
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Granite from breast of crosscut in shaft at Iron Mountain, (1908).

Megascopic character—Pink, medium to fine gramed granite.
Microscopic character. —Mlcroclme orthoclase, and albite-oligoclase feldspa.rs
Quartz. - Biotite mica. Little magnetite.

OPALINE QUARTZ-FELDSPAR PORPHYRY TYPE.

This rock, as its name indicates, is a quartz-feldspar porphyry.
When rough in the hand specimen, it has a dark-reddish aphanitic
groundmass mottled with abundant phenocrysts of pink feldspar
and opaliné quartz, the quartz being very prominent on weathered
surfaces. The quartz phenocrysts break with a glassy fracture, are of
light-bluish tone, and possess a certain iridescence when polished.
.The microscope shows quartz phenocrysts (with a great number of
-minute inclusions); microcline feldspar phenocrysts; microperthite
phenocrysts (albite and orthoclase); a groundmass of quartz and
orthoclase, and small flakes of biotite mica; a little magnetite with
associated sphene; some fine zircons; little apatite; local chloritiza-
tion of mica. _ '

Dr. Joseph P. Iddings proposed the name of llanite for this rock
some years ago.% It is known in Llano County as opaline granite:
Dr. Iddings® estlmated that the rock is probably composed as fol-
lows: .

Mineral composition of opaline granite, Llano County, Tezx.

Quartz.......... e e 34.6
Feldspar............. e e 55.7
Biotite . - oo 8.6
Fluorite. . eeoeeeeaoa.. e e e e e 1
Apatite . ...l O .13

In speaking of the-bluish color of the quartz he says:

The sky-blue milky color of the quartz phenocrysts is undoubtedly due to reflecs
tion of blue light waves from the minute colorless prisms whose width is a fraction
of the length of light waves. It is similar to the blue color of the sky. It is probable,
however, that there is also blue light produced by interference of the light reflected
from both sides of the minute tabular crystals, whose thickness is also of the order
of a fraction of a light-wave length. So that both kinds of phenomena occur within the
quartzes.

SCHISTS AND GNEISSES (LLANO SERIES),

DIVISIONS'AND DISTRIBUTION

The schlsts and gneisses of this area comprise the Llano series, and
_all are believed to be of Algonkian age. Two broad divisions may
be recognized and have been mapped on Plate III (in pocket)—the
one, a series dominantly basic and generally of dark color containing

much limestone, biotite, amphibolite, and graphite schists and

“ termed the Packsaddle schist, a name applied originally by Com-

a Phillips, W. B., Tests on.Texas building stones: Mining World, June 24, 1905.
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stock?® to marbles and shaly beds near Packsaddle Mountain. In this
report, however, the name is redefined and limited strictly in its
usage by principles to be presented below. The other, a series
. dominantly acidic, of light color, containing some altered limestone
and termed the Valley Spring gneiss, a name also applied by Com-
stock? and also redefined in thisreport. Bands of acidic material are
found in ‘the first series and bands of basic dark material have been
included in the second. There is a transition zone between the two
series, locally offering difficulties to the placing of definite bounda-
ries. Likewise, within ‘the acidic series, the distinction between
invading granites and gneisses is often exceedingly difficult to recog-
nize, because of a gneissoid texture that the granites locally possess.
The distribution of the two series is dependent primarily on major
structural relations, modified by igneous intrusion. Their general
northwest-southeast trend is determined by the major axes of fold-
ing, and the lack of continuity along their trends is due to the pres-
ence of granltc (see P1.III). Two major anticlinal axes are present,
one passing northwest and southeast through the center of the moun-
tainous mass just west of Oxford, the other passing from Packsaddle
Mountain northwest to a point several miles west of Babyhead.
.Between these two anticlinal axes a major synclinal axis passes
northwest and southeast a short distance west of Llano. The broad
band-determined by this synclinal axis is composed largely-of the
Packsaddle schist, while the anticlinal axes mark areas of the lighter
Valley Spring gneiss. The basic Packsaddle schist overlies the acidic
type, and therefore is found on the eroded flanks of these great folds,
where not disturbed by granite masses. The major axes of folding
do not represent a simple structure, minor folds, some of which have
been separately mapped, being superimposed upon the major folds,
with the result that local complexities of structure are frequent. No
estimate has been made of the thickness of the series.

PACKSADDLE SCHIST.

DISTRIBUTION AND GENERAL CHARACTER.

The Packsaddle schist series includes mica, amphibole, and gra-
phitic schists, and crystallinelimestone. In theseries are alsolighter-
colored, more feldspathic bands, resembling quartzites. Intrusive
rocks of earlier age than the granite, of the diorite-gabbro. type, are
also present locally in considerable amount. They have been sep-
arated from the Packsaddle schist in only one instance, in the south-
east corner of the Llano quadrangle and the southwest corner of the
Burnet quadrangle

a Comstock, I'. B., Prellminary report on the geology of the central mineral region of Texas: First Ann.
Rept. Texas Geol. Survey, 1889,
b Loc. cit.
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As a whole, the Packsaddle schist is characterized by an excellent
cleavage which for the most part accords in attitude with an original .
bedding in sediments, of which the schists represent the metamor-
phosed equivalents. Frequently, though not invariably, the graphitic

_schists are closely associated with limestones. The limestones are
developed to a varying degree, as a glance at the map (Pl. III) will
show. East of Oxford numerous limestone beds are present, and
the region south and west of Llano includes many bands. In general
they occur wherever the Packsaddle schist is found, but, though most
abundant in the Packsaddle schist and in a measure characteristic

.of that schist series, they do also occur in the lighter series (Valley
Spring gneiss), though usually in a still more altered form; that is,
as wollastonite bands. The graphitic schists carry varying propor-
tions of graphite—locally, it is believed, a sufficiently high content
to be of commercial value. (See p.77.) A microscopic examination
~of a specimen of graphite schist from Cottonwood Creek showed about
60 per cent of quartz, 30 per cent of orthoclasefeldspar, fairly abundant
_grains of augite, a little titanite, a little apatite, and flakes of graphite
arranged parallel to the schistosity of the rock. Often crystalline
limestone bands are interbedded with the graphite schist, leaving
little or no doubt as to the sedimentary origin of the carbon mineral.
Among the remaining types of a sedimentary origin are mica, tour-
maline, and quartz-feldspar schists. - All these rocks carry a high
content of quartz, and are characterized by potash feldspar and biotite
with here and there some pyroxene (augite). The tourmaline schist is
an exception and does not carry feldspar. Magnetite, titanite, and
apatite are often accessories. Amphibolite schists are fairly abun-
dant and are characterized by a very low content or lack of quartz.
There is some doubt regarding their origin. As they are interbedded -
with limestones, a sedimentary origin is suggested; their origin as
old flows and sill-like intrusions, however, must be kept in mind, as -
possible or even probable, for basic intrusive rocks are found in the
region, and in one place a type transitional from a basic porphyry
dike to amphibolite schist was noted. Amphibolites of undoubted
igneous origin may also be seen in considerable masses.

The following section was measured on the west fork of Oatman
Creek, about 3% miles south of Llano: '

Section of Packsaddle schist on Oatman Creek east-southeast of Bachelor Peak.

Feet.
Schist with pencil cleavage. .. . ... ... .. ... ... 1, 000
Hidden. .. oooooi et 400
Thin-bedded feldspar-quartz schist (strike N. 40° W., dip 65° E.). ~ 3
Well-banded hornblende schist. . .................o.ooiiii.. 30
Quartzite (feldspar-quartz schist)........ e 1
Hornblende schist. . ... .. e e e e e 15

Thin-bedded micaceous SChIBt. .« - v v vennenneeneeeeeneanenns. 75
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Feet.
" More massive, micaceous schist with pegmatite and quartz injec-
tions.......... e ettt vaea i 130
Graphitic slate schist........ ... . ... .. i 23
-Crystalline limestone. .. .. e 24
Graphitic slate schist. ... ... ... ... i 35
Injection gneiss....... ... i 30
Hornblende schist. ... ... .o iiL e 91
Feldspar-quartz schist.................. .. e e 62
Weathered hornblende schist........... e . 120
Thin-bedded mica schlst massive asa whole._.......... ... ... “60
Limestone...................... . . 8
Graphitic slate orschist....... ... ..ol PP 6
Limestone....... e e 4
Heavy, thm-bedded mica schist full of quartz blebs and stringers: 32
Friable mica schist (like pencil schist).._ ....................... 250
Hidden .. ooueee e ... 40
- Mica schist.................. e 50
Hidden..............o.......... e e eaeeieenae e 60
Mica schist. .o.oooo e 20
To granite contact. . ..........coooi i 60
2,619
PETROGRAPHY. -

The results of a microscopic examination of a number of specimens
of the Packsaddle schist are as follows: -
Quartz-feldspar schist. REREIRIE .

Megascopic character—A. whitish-pink, sugar-grained, finely banded rock bands
‘ straight and narrow, made by pink and white constituents. Speckled with magnetite
‘showing a slight tendency to follow bands. Rock cleavage follows bands. -

" Microscopic character—Equidimensional grains microcline feldspar, orthoclase
feldspar, and quartz. Flakes of a brownish-yellow biotite mica and magnetite not
clearly in bands. Considerable alteration of feldspar. Measurements showed 68
per cent feldspar, 32 per cent quartz—whlch gives 76 per cent S8i0,, approximately
12 per cent A1203, and approximately 12 per cent K,0. :

Quartzite-like feldspar schist.

Megascopic character.—Fine-grained, almost aphanitic, grayish and pmk banded
schist.

Microscopic character—Even granular, ﬁne—graqu, holocrystallxne rock, two-
thirds “orthoclase feldspar (altered), one-third quartz, light-green hornblende
(partly altered to chloiite), and titanite. About 75 per cent SiO, and 12 per cent

ALO,. T T
s Amphzbolzte schist. '

Megascopw ckarﬁcter —Dark-green to black, finely- -cleaved schlstose rock.

Microscopic character.—Mass of hornblende laths in a matrix of feldspar. Abundant

grains titanite. Little calcite, little apatite. ‘

Amphibolite schist.

Megascopic character. —Dense, slaty, almost aphanitic, dark-green . to black rock
showing on weathered surfarce evidence of schistosity.

Microscopic character.—From 50 to 60 per cent hght-green hornblende, considerable
xlmu%n;e, orthoclase, and some plagioclase feldspar in the 1nterst1ces of the hornblende
aths

74625°—Bull. 450—11——2 N o e
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Amphibolite schust.

Megascopic character.—Dark-green to black glittering schist.
Microscopic character.—Linear arrangement of abundant dark-green hornblende

- laths in a wmatrix of microcline and quartz, the former in great excess. Scattering

grains of augite partly altering to hornblende. Epidote, -magr.etite, apatite.
Amphibolite schist.

. Megascopic character.—Dark-green to black very fine grained glittering schist.

Microscopic character.—Interlocking grains of prismatic light-green hornblende
evenly though not entirely equidimensional. The little space between the horn-
blende plates is filled with feldspar.

Biotite-quartz-mica schist.

Megascopic character —Gray even and fine grained mica schist.
Microscopic character.—Even, granular quartz, orthoclase, and microcline. Abun-
dant biotite laths parallel to schistosity. Some muscovite.

Mica schist.

Megascopic character—Gray banded schist. Bands due to lines of pink feldspar in
light-gray background. Feldspar is arranged in lentils which produce the bands.
Abundant fine flakes of black mica.

Microscopic character.—About equally divided quartz and altered orthoclase feld-
spar. Abundant biotite in linear parallel arrangement. Abundant iron oxide grains.

Mica schist.

Megascopic character.—Dark-greenish, nearly black aphanitic glassy rock showing
on surface striations which reveal its schistose nature.

Microscopic character.—Orthoclase and quartz in equidimensional grains, former in
glight excess. Biotite mica in fine parallel alignment. About 6 to 9 per cent mica.

Quartz-tourmaline sclnst

Megascopic character.—Dense dark-blue to black hornfels-like rock, with fine bands
of quartz showing schistosity.

Microscopic character—Fine bands of quartz and tourmaline. Tourmaline for the

" most part oriented parallel to schistosity and apparently crystallized first, as it appears

in fine lines in the quartz parallel to bands. Much of the quartz has wavy extinction.
' Biotite feldspar gneiss.

. Megascopic character.—Blue-gray, granular, fine-grained rock with gneissoid aspect,
rather evenly granular. Mica prominent as dark constituent.

Microscopic character.—Granitoid texture. . Quartz, albite-oligoclase, and abundant
biptite. Some hornblende, titanite, and chlorite. By measurements the following
approximate chemical composition was calculated: 73 per cent SiO,, 14 per cent
AlLOy, 6 per cent Na;0, 1 per cent CaO, 6 per cent Fe, Mg, etc.

Mica schist.

Megascopic character—Pink and black banded schist, with finely developed
schistosity due to mica.

Microscopic character. —erstallme granular quartz. Microcline and little albite-

oligoclase. Biotite, in ‘laths or plates parallel to the schistosity. Quartz arranged-

roughly in direction of schistosity. Microcline is slightly altered. Composition: 79
per cent gilica, 9.64 per cent alumina, 8 per cent potash, 3.36 per cent iron, magnetite,
sodmm, and calcium, *

i
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VALLEY SPRING GNEISS.

DISTRIBUTION AND GENERAL CHARACTER.

The mapping of the Valley Spring gneiss was locally attended with-
many difficulties, partly connected with separating it from the Pack-
saddle schist, but primarily because of its relation to granitic intru-
sions, which, as has been pointed out, are widespread and of all degrees
- of magnitude. As the Valley Spring gneiss often closely resembles the
granites, especially where slight schistosity may have been impressed
upon the granites, and as contacts are exceedingly irregular (a feature
characteristic of the borders of large intrusive masses), all the boun-
daries shown on the map must not be considered as definitely sepa-
rating distinct formations, but rather as indicating changes in the
dominant rock type. In a region where intrusion has so completely
interleaved and at places actually impregnated a rock mass, and

where all gradations from pure granite to pure schist exist, such
boundaries as have been used are necessary to express the geologic
facts. In many places, however, the boundaries are sharp and form
definite lines, but it is not practicable on.the map to discriminate
between the two classes of boundaries. Itis believed, also, that with
the schists and gnelsses of sedimentary or1g1n are included old gneisses
of igneous origin.

Perhaps the most distinctive difference between the light Valley
Spring gneiss and the dark Packsaddle schist lies in their difference
of massiveness. This difference applies more particularly when the
groups are taken as a whole and not when small areas are compared.
The mountainous tract west, southwest, and northwest of Oxford,
including Hobson and Blount mountains, and the area south and
west of Babyhead, and including Babyhead Mountain, contain such
massive rocks, typically representing the Valley Spring gneiss. A
study of these areas leaves the impression that a thick series of
sediments of rather uniform composition has been involved in a zone
of intense granitic intrusion and metamorphism, locally in a zone
where rock flowage and minor folding have been dominant. The
dark Packsaddle schist nowhere presents as a whole this massive
appearance. '

It has already been noted that dark bands occur, though not abun-
" dantly, in areas mapped as Valley Spring gneiss, and also bands
composed of the metamorphosed equivalents of limestones—that is,
wollastonite. These bands of wollastonite lend plausibility to the
hypothesis that metamorphism has been most intense in the light
seriés (the lower series), though this hypothesis does not exclude the
generalization that intrusion has been most intense along synclinal
axes, as the position of the great granite areas indicates, for evidently
wherever the dark series is nearly obliterated by areas of granite the
underlying light series must have been similarly affected.
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PETROGRAPHY.

The results of a midroscopic examination of a number of specimens
of the Valley Spring gneiss are given below. :

Feldspar-quartz-mica gnezss

Megascopic character.—Finely banded sugar-grained pmk and black gneiss. Bands
one-sixty-fourth to one-fourth inch in width. _
Microscopic character.—Potassic feldspar, more or less altered, and quartz about

_evenly divided with feldspar. Biotite mica (altered to chlorite in part) in linear

arrangement. Little calcite. Little apatite.
. Feldspar-quartz schist.

Megascopic character.—Nearly white aphanitic schist. Banding due to quartz _bands
separated by 1-inch to }-inch aphanitic bands.

Microscopic character —Fine-grained, granular quartz and microcline, the former
much in excess. Feldspar greatly altered.” Little muscovite.

Quartz-feldspar schist.

Megascopic character —Pink, fine sugar-grained rotk with only slight schisfosity in

~hand specimen. Flecked with small grains of magnetite evenly distributed.

Microscopic character.—Altered microcline feldspar dominant. Little albite-
oligoclase. Quartz abundant, though less than feldspar. Few flakes of biotite.
Magnetite scattered.

Quartz-feldspar schist.

Megascopic character—Even-toned pink fine-grained rock. Banding brought out
by quartz and feldspar, arranged in lines. I'ine dust of magnetite, little muscovite,
and little garnet.

Microscopic character —Holocrystalline grains quartz, potash feldspar, mostly micro-

‘cline, and abundant muscovite. Approximate composition: 68.6 per cent silica, 16

per cent alumina, 11 per cent potash, 1.48 per cent calcium, 2 per cent magnetite.

ORIGIN OF THE SCHISTS AND GNEISSES.:

The schists described above, those of both the light and the dark,
series, are all completely cr ystalllzecl, that is, the arrangement, the
size, and the composition of their mineral constituents are due in
part to the influence of heat and pressure and in part to flowage as
a mass. The presence of crystalline limestones and of graphite and
mica schists, traceable for long distances and retaining the charac-
teristics of beds, leaves no room for doubt that these rocks were
in great part formed by metamorphism from a sedimentary series. .
It is believed also that the presence of iron ores leads to the same
conclusion—a point which will be more fully considered at another
place. As has been pointed out, the amphibolites, because of their
basic character, probably represent in part old basic intrusives or
flows, or perhaps sediments of a tuffaceous nature. -

Gneisses derived by metamorphism from intrusive rocks of a

~ granitic type are almost without doubt present in the region. One

crosscutting dike possesses much the same schistose nature as the
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beds which it cuts. Red Mountain also, a granitic ridge in the south-
east corner of the Llano quadrangle, is a noteworthy example of the
same phenomenon. This ridge trends northwest, and the dike
which forms it can be traced to a point near Walker Peak. Toward
the northwest a gradual change takes place in the appearance of the
mass, and the rock at its northwest end shows decided lamination.

Indeed, were the rock exposed only in the condition seen at this end,"
it could not be distinguished from beds which are believed to repre--
sent sedimentary strata.

In the area immediately east of Long Mountam also the gneissoid
rocks have much the aspect of granites impressed with foliate struc-
ture; and south of Field Creek, near San Fernando Creek, in the
northwest part of the quadrangle, similar features were noted. It
should be understood, then, that the series of gneisses and schists of
the acidic type mapped as Valley Spring gneiss probably contains
material of igneous origin. It may be said here that no genetic
relation could be shown between the iron-ore deposits and these old
granitic intrusive rocks.

BASIC INTRUSIVE ROCKS OF A. GABBRO-DIORITE TYPE.

GENERAL CHARACTER AND DISTRIBUTION.

The dark intrusive rocks are most abundantly developed in the
southeast corner of the Llano quadrangle, and, though they have
not been generally separated from the accompanying dark Packsaddle
schist, they have .been mapped in one instance. A considerable
mass of gabbro was observed in the vicinity of Goldmine Creek,
. north of Moss ranch, but it has not been mapped; and, as has been
stated, the dark Packsaddle schist probably includes amphibolites,
which represent old intrusive rocks of gabbroic or diabasic type.

The area south of Click is especially characterized by very dark
green to black amphibolite rocks, which were probably derivatives
of a gabbro or diorite magma. The talc deposits in this vicinity are
alteration products of such a series, and the serpentine rocks of
Oxford are probably derived from a peridotitic magma.

Two dark fine-grained dikes (aphanitic in texture) which cut the
schist series and which might have been expected to show a rather
basic character proved to be felsites, one a spherulitic mica felsite,
the other a hornblende-mica felsite; the hornblende of this latter
rock showed a bluish pleochroism parallel to the C axis, suggestive
of a soda amphibole. A short distance east of Click a small intru-
sive mass proves to be a hornblende-soda granite.

The rocks of this gabbro-diorite group were intruded earlier than
the greater part of the granites. - It is possible that some of the latter
rocks, which show evidence of pressure and metamorphism, may
have been nearly of the same age, though no relations were observed
which might establish this point.
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The results of a microscopic examination of a number of specimens
are as follows: ' '

Soda-hornblende granite, chip only, taken a short distance east of Click poét oﬁceH

Microscopic character.—Holocrystalline albite feldspar and considerable quéitz; a
little microcline feldspar. Large plates of green hornblende are abundant. Abun-
dant titanite surrounding grains of titaniferous magnetite. The rock has suffered
crushing and shows abundant granulation at the edges of the feldspar grains; the
amphiboles are locally broken and bent and drawn into shreds.

Hypersthene olivine gabbro from Goldmine Creek.

Megascopic character.—Dark-blue to black medium-grained rock.

Microscopic character.—Holocrystalline texture. Labradorite in lathlike prisms.
Diallage, hypersthene, and olivine. Biotite and hornblende poikilitically inclosing
pyroxene and feldspar. Magnetite.

Amphibolite from high hill on Coal Creek.

Megascopic character—Dark-green hornblende rock with slight tendency, due to
pressure, to cleave more easily in one direction than in another.

Microscopic character.—Mat of light-green hornblende with plagioclase feldspar in
interstices. Shows evidence of crushing. -

Metadiorite porphyry in hornblende schist series mear Aaron Moss ranch.

Microscopic character —Altered andesine-labradorite feldspar phenocrysts in a fine-
grained groundmass of feldspar and green hornblende. Flowage of hornblende
around the phenocrysts of feldspar noteworthy. Shows an intermediate stage in the
formation of an amphibole schist.

Diorite from Cedar Mountain under Cambrian.

Megdscop'ic character —Medium-grained dark gray to green rock.
Microscopic character —Holocrystalline andesine-labradorite and hornblende in

large plates.
Spherulitic mica felsite.

Megascopic character —Black aphanitic dike rock.

Microscopic character—Mass of very fine blades of biotite mica in groundmass of
unstriated feldspar. Some quartz, and one quartz phenocryst, showing absorbed
edges. A spherulitic arrangement of the feldspar is noteworthy and the mica
seems to be arranged in a manner controlled perhaps by this spherulitic structure.

Amphibolite (meta-gabbro?) (partly crushed) from southwest part of Burnet area. near
edge of Llano area.

Megascopic character—Dark-green medium to fine-grained hornblende rock.

Microscopic character.—Mass of interlocking hornblende crystals with interstices
filled with untwinned plagioclase feldspar. Abundant grains of magnetite largely
within the hornblende. :

Mica-hornblende felsite.

Megascopic character.—Nearly black aphanitic dike rock.

Microscopic character.—Abundant hornblende in laths.and grains set in a matrix of
very finely granular feldspar and quartz. Biotite mica is also abundant in fine laths
and tiny plates. Apatite needles are present. The hornblende has a blue pleo-
chroism parallel to the elongation (C), and extinction angles as high as 18°.
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Driorite from southeast of Rough Mountain and west of San Fernando Creek.

Megascopic character—Medium-grained dark-green rock.

Microscopic character —Holocrystalline texture. Weathered andesine-labradbrite
feldspar and abundant hornblende in large plates. Much pyrite in large part confined
to hornblende. Hornblendé altering to iron oxide along cleavage cracks. Sbme
epidote. Some apatite.

PALEOZOIC ROCKS.

The Paleozoic formations in the Llano-Burnet region, as stated in
an earlier portion of this report, surround a basin cut in pre-Cambrian
rocks, and much of the section therefore is exposed about the edges
of this relatively low-lying area.

The pre-Cambrian rocks, composed in large part of metamorphosed
marine sedimentary beds, passed through all the stages of deposition,
deep burial, folding, metamorphism, intrusion, elevation, erosion, and
subsidence beneath the sea before the basal Paleozoic beds were
deposited. It is evident, therefore, that & vast interval of time
separates the perlods durm g which the two series were formed. This
time interval is expressed by the unconformity between the Paleo-
zoic beds and the underlying schists and granites. As this report
treats prmmpally of the pre-Cambrian rocks and the relations of the
economic resources thereto, the Paleozom rocks will be very briefly
discussed.

UPPER CAMBRIAN ROCKS.

The Upper Cambrian rocks of this area are believed to be essen-
tially the equivalent of the Reagan sandstone in Oklahoma. They
rest upon a pre-Cambrian complex of metamorphic rocks—the schists,
gneisses, and intrusive rocks described above—and have been
divided into three formations, namely, proceeding from the base
upward, the Hickory sandstone, the Cap Mountain formation, and
the Wilberns formation.®

A variable thickness of conglomerate and sandstone, up to 250
feet, comprises the lower formation to which the name Hickory sand-
stone is given, a name originally applied by Comstock ® to sandstonés
in the valley of Hickory Creek and its tributaries. Next, but with
a gradual transition from sandstone to limestone, are beds predomi-
nantly limestone, capped by a variable thickness (from 15 to 75 feet)
of cross-bedded glauconitic sandstone; these strata, 90 feet thick,
constitute the second formation, the Cap Mountain, which is typi-
cally exposed at Cap Mountain, in the Llano quadrangle. The third
formation, the Wilberns, from 170 to 220 feet thick, includes lime- |
stones and shales, the shales occupying approximately the upper
third of the formation. It is typically exposed near Wilberns
Glen, in the Llano quadrangle.

aFor detailed descriptions of these formations see Llano—Bumet folio, Geol. Atlas U. 8., U. 8. Geol.
Survey. (In preparation.)

b Comstock, T, B., Preliminary report on the geology of the central mineral region of Texas: First Ann,
Rept. Texas Geol Survey, 1889.
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CAMBRO-ORDOVICIAN ROCKS.

The Cambro-Ordovician rocks have not been subdivided. They
are represented by the Ellenburger limestone (locally dolomitic).®
There is believed to be an unconformity near the top of the formation,
for, according to Ulrich, fossil evidence precludes the idea that con~ -
tinuous sedimentation could have been in progress during the deposi-
tion of the entire series of beds. The formation is composed. of
' chert-bearing limestones and dolomites, which are typically exposed
in the Ellenburger Hills, in the Burnet quadrangle In the greater
number of places where the base of these beds was observed, appareft
conformity with the Wilberns formation existed, though in several
places on Riley Mountain an angular hmestone conglomerate was
present. Here, also, some evidence of overlap was observed, “but
the writer, in view of the fact that faulting was found to be preva-
lent, wishes to leave-this pomt open until opportunity may be offered
to study the locality again. In the majority of places, however,
where the conglomerate was noted, concordance of beds was the
rule. Many observations were made where no unconformity could
be detectéd, and also where apparent transition of the two forma-
tions could be followed. It must be noted, however, that the basal
beds of the Ellenburger limestone varied in texture and appearance;
and as this phenomenon is in itself a suggestlon of unconformlty,
any conclusion must for the present remain tentative.

At the top of the Ellenburger limestone a conglomeratic limestone
bed is generally, though not always, present, and the lowest portion
of the upper Carboniferous succeeds. The deposition of upper Car-
boniferous limestone on beds of Cambro-Ordovician age marks a
great gap in sedimentation, a period.of great duration including
lower Carboniferous, Devonian, Silurian, and part of Ordovician
time, during which no deposition was taking place.

The Cambro-Ordovician rocks occur at the crest of the Paleozoic
scarp (unless faulting has intervened) and form the greater part of
the Paleozoic surface in Llano and Burnet Counties.

Complete sections of the Ellenburger limestone are not easy to
obtain. The general massiveness of the formation, gentle folds and
faults, combine to prevent continuous record. Thicknesses up to 600
feet may be observed in the bluffs of the Colorado, between Tanyard
Crossing and Deer Creek, and it is probable that the formation is
composed of beds aggregating 1,000 feet in thickness.

CARBONIFEROUS ROCKS.

Beds of Carboniferous limestone and shale of lower Pennsylvanian
age are present in this region and have been divided into two forma-
tions—the Marble Falls limestone, composed of limestone, and the

a Tor detailed description of the formation see Sidney Paige, Llano-Burnet !ollo, Geol. Atlas U, 8.,
U. 8. Geol. Survey. (In preparation.)
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Smithwick shale,® composed of nearly black shale accompanied by -
sandstone lentils.

As has been already noted the Carboniferous is in most places
separated from the underlying Cambro-Ordovician by a thin lime-
stone conglomerate, and, in one instance, a very coarse, angular
conglomerate or breccia was observed. In some localities, however,
little or no discordance could be seen, as in the restricted basin 5 miles
northeast of Blufton in the Burnet quadrangle.

The Marble Falls limestone is believed to be not over 450 feet,
possibly 500 feet, in thickness. The Smithwick shale, which imme-
diately overlies the Marble Falls limestone, because of its soft nature
is not exposed i such attitude as to permit a section measurement.
Moreover, its top is overlapped by Cretaceous sediments. Probably
_ the beds exposed in Burnet County do not exceed 400 feet in thickness.
The Carboniferous is confined almost entirely to the southeastern

' portion of the Burnet quadrangle, though a small area emsts in Riley
Mountain.
STRUCTURE.

A reference to the small map of Texas (Pl. I, p. 7), showing the
geologic relations of the Llano-Burnet region and surrounding area,
will immediately call forth the suggestion that some unusual con-
dition has caused the exposure of these ancient pre-Cambrian rocks;
and on turning to the detailed map (Pl. III, in pocket) and studying
the faulting which has taken place, one is compelled to ascribe to this
faulting, combined with differential erosion, the presenb basin-like
form of the area.

The faults which border this basin, mdlcated by heavy black lines,
all have one important similarity. The downthrown block forms the
scarp side of the fault and presents a more or less vertical face toward
the basin, or, in other words, the basin area, now topographically
lower than the surrounding scarp and largely characterized by pre-
Cambrian rocks, is structurally elevated with respect to that scarp.

Such an elevation in past time must have exposéd the rocks which
were carried up by it to accelerated attack by the elements with the
result that the overlying sediments were stripped off and the core of -
schists and granite uncovered. From this point on, the metamorphic
complex disintegrated more rapidly than the surrounding linestone-
capped strata, and the present erosional basin was formed. The
Paleozoic sediments involved in the suggested uplift are locally folded,
and are inclined at varying degrees from the horizontal.

The structure of the pre-Cambrian schists (except the displacement
they have suffered due to late faulting) is of a much earlier date and
of a much more complex nature than the structures just described.

¢ For detailed descriptions of the Smithwick shale see Llano-Burnet folio, Geol. Atlas U. 8., U. 8,
Geol. Survey. (In preparation.) *
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‘The rocks have suffered deep-seated regional metamorphism, have
been impressed with a foliate structure, have usually steeply inclined
dips, trend generally to the northwest, and are intruded both by old
dioritic and gabbroic rocks and by late granitic and pegmatitic types.
The major structural lines are indicated on the geologic map (P1. III).
Two nearly parallel anticlinal axes are specially noteworthy, one. a
few miles west of Oxford, the other, a few miles east.of Lone Grove.
The latter ends to the southeast in the Burnet quadrangle (not shown
here), and is beautifully accentuated by heavy bands of limestone,
bending around the nose of the arch.

~ Several of the many minor folds are indicated on the map. The
great granite masses oceupy positions corresponding to synclinal axes,
as, for example, the mass in the southwestern part of Llano quadranvle
and the mass in the western part of Burnet quadrangle. The central
syncline does not seem to have suffered such intense intrusion.

North of Llano River in the western portion of the Llano quad-
rangle the anticlinal arch flattens and the schists dip at lower angles.

The manner in which intrusion has taken place has already been
described and need not be repeated. A study of the map will indi-
cate, in part, the éxtreme point to which this process has been carried.
A discussion of the probable forces involved in the production of the
post-Paleozoic faulting can not be given in this paper. - -

R
IRON ORES. ¢

GENERAL DESCRIPTION.
By A. C. SPENCER. |

Iron ores composed essentially of magnetic iron oxide (magnetite)
- (Fe;0,) or of admixtures of magnetlte with hematite (Fe,0,) occur
in deposits Of noteworthy size in Llano and Mason Counties, Tex.
During the progress of géologic mapping of the Llano quadrangle in
1908 and 1909 thirty-two more or less distinct occurrences of such
iron ore weie noted and studied with such detail as was warranted by
generally poor natural exposures and a very small amount of explo-
- ratory development.
Though a few localities are in eastern Mason County, most of the.
- iron showings are in that portion of Llano County which lies north
of Llano River. All of the known occurrences of magnetite are
described, but it is believed that not more than perhaps three of the
deposits promise to become of industrial value. No assurance can be
given that the three most likely deposits can be developed into profit-

& The examination of the iron-ore deposits was assumed as an especial task by Mr. Spencer in view of his
familiarity with the magnetite ores of the northeastern portion of the United States, but the more notable
showings were also studied by Mr. Paige. The notes of both have been used in the following descriptions.
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able mines in advance of adequate exploration by means of diamond
drills or by prospecting shafts in addition to those already opened,
and it is considered that the less promising deposits will not war-
rant any large expenditure for prospecting unless the market value
of iron ores increases. ‘

The permissible scope of the geologic work did not admit of mag-
netic surveys, but it is suggested that such surveys should be carried
on in connection with any future exploration of the more promising
magnetic deposits of this district. Surveys with compass and dip
needle would perhaps serve as adequate guides in the preliminary
magnetic exploration of thesé iron-ore deposits, after which, if the
results obtained warranted such a course, more refined methods and
studies might be applied.

Fmancml interests that may take up the problem of the practlcal
development of the Llano County iron ores will doubtless give due
consideration to the possibility of applying magnetic concentration,
as processes of this sort are becoming more and more firmly estab-
lished in various parts of the world.

The deposits of magretite in Llano and Mason counties, Tex.,
are typically layered or stratiform ore bodies conforming in attltude
with the layering of the somewhat schistose rocks by which they are
‘inclosed. The feature of layering is more marked in the leaner ore
bodies than in the deposits of higher grade, but may be made out in
nearly every locality where the ore-bearing rocks are adequately
exposed for any sort of an examination. A single exception is noted
in the case of a small ore mass opened by the Gallihaw shaft, which
occurs in a dike cutting across the layering of the local gneiss.

In so far as the geologic mapping may be relied on the deposits are
associated mainly with the lower of the two sets of gneisses which -
have been broadly separated. The difficulties of consistently dis-

. criminating between these rocks have, however, proved to be so great

that it must be freely admitted that the immediate country rocks of
the ores may be representatives of the upper set of schists in certain
localities. If any mistake has been made in the proper classification
of the country rocks, it is in places where the upper schists have suf-
fered excessive metamorphism and where they constitute areas of
minor extent.

Two extensive occurrences of magnetite were found within areas
which are undoubtedly underlain by the upper dark schists, the
Packsaddle schist, and & small amount of magnetite was noted at
one other place in this rock. The Olive deposit, which is included in
the foregoing, occursin the dark Packsaddle schist near beds of lime-
stone and very near the edge of a great intrusion of coarse granite.
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SPECIAL LOCALITIES.

OLIVE PROPERTY.

By A. C. SPENCER.

The Olive iron-ore property is located on Little Llano River about
6 miles east by northeast of Llano, 1 mile south of Lone Grove post

office, and 1 mile north of Llano River and the line of the Houston

& Texas Central Railroad. The property has been more exten-
sively developed than any other in the district.

shaft in 1892 or 1893.

It was opened by a

An extensive area of granite covering the western-central part of
the Burnet quadrangle and the adjacent portion of the Llano quad-

rangle is bounded on the southwest and west by a band of limestone-*

bearing schists extending along the railroad southeast and northwest

from Graphite station and up the valley of Little Llano River.

The

Olive shaft is situated on the east bank of the Little Llano just west,
of the main boundary between the schists and granites, and therefore
within the schists which belong to the upper set, of metamorphosed
sedlmentary rocks characteristic of the region.

The rocks exposed in the vicinity 1nclude granite, hornblende-mica
_schist, graphite schist, and crystalline limestone.

The granites are

intruded into the other rocks in an intricate manner which can not
be fully made out because of rather poor exposures, so that the repre-
sentation of areal relations given on the geologic map is of necessity
very much generalized. The material on the waste dump 1ncludes
-all the rocks mentioned except graphite schist.

The stock pile contains perhaps 400 tons of ore of very good phys-
ical appearance.. Most of the ore contains hornblende, and some of

it carries iron sulphide in addition to magnetite.

It is all more or

less distinctly layered in its make up. As the result of 17 years’
exposure many of the ore chunks present a somewhat weathered
appearance, the partial disintegration being due to oxidation of the
iron sulphide present. Where this mineral is lacking, the ore shows

no effects of weathering.

The following analyses show the character of the ore:

Analyses of wron ore from Olive mine, Llano County, Tex.

Metallic

Sulphur.

Phos-

' iron. _Silica. phorus.
) PP 57.80 8.40 0.28 Trace.
2 PO L 5435 10.16 .55 .021 -
R 57.5 8.6 Trace. Trace.

1 and 2 are samples taken by Robert Linton, of Atwater, Linton & At:wa.ter, mining engineers, for

Johnston, Elliot & Co., of Dallas, Tex.
3. 8§ H. Worrell, analyst UmverSIty of Texas.
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Mr. Robert Linton has furnished also the following analyses, said
to have been made in 1893 for the owners of the Olive property.
Though the name of the analyst is not given, there is no reason to
believe that these are not good commercial analyses. The samples
taken together are stated to have come from the third mine level and
to represent a section across 9 feet 6 inches of ore, 9-feet 2 inches of
which is covered by samples 5 to 11 in the following table. These
samples show an average content of iron of 58.71 per cent and of
pliosphorus of 0.0325 per cent, this average being figured with due
consideration of the widths of ore stated in the table.

The analyses show a strictly Bessemer type of ore with a moderate
iron content. Sulphur, though 1athe1 high, is not sufficient to lower
-the value of the ore appr ecmb]y

Analyses of iron orcﬁ'om third mine level, Olive mine, Liuno County, Tex.

.-:Anlglg.ms :)\l{lodrg] Feq03. Fe. |. P. 8. Si0s. Mn. TiOs. Total.
Ft. in.
2 91.76 64.33 | 0.0264 0.58 100. 51
1 87.17 61.02 L0177 .93 101. 44
3 R 24.08 . 0607 2,21 25.98 ...
2 3 89.27 62.49 .0104 .32 98.47
2 69. 81 48.87 0279 .64 89.90 -
10 60. 50 42.35 L0569 .53 83.49
1 2 61.06 42.74 . 0663 .47 86.73
8 88.34 | -6L.84 .0168 .64 99. 53

The Olive ore was discovered at a point about 95 feet north by
northeast of the working shaft. There is no surface showing and the
ore is said to have been uncovered by accident in a shallow excava-
tion. The first development was by means of an incline about 30
feet deep and of a southerly drift, which was afterwards connected
with the vertical working shaft. The latter, which was started in the
hanging wall, encountered the ore below the level of the drift men-
tioned above. - It was carried down through and below the ore, and
three crosscuts were run out to the ore.

The following notes by J. B. Dabney, former superintendent of
the Olive mine, are furnished by Mr. N. J. Badu, of Llano:

The vein lies northeast and southwest. The ore was good on the first heading, but
not 8o good as on the second, third, and fourth levels. On the fourth level the ore
pinched to 2 feet. The heading on this level was carried 20 feet beyond the vein and
then abandoned. Next an incline was driven to the vein which, as near as I can
remember, was 8 feet wide. From the bottom of the incline the vein was opened to
right and left.

The cross section of the mine given herewith (fig. 2) is adapted from
a sketch by Mr. Dabney on the sheet bearing the notes already given.

On his sketch he notes the thickness of the vein above the first level
as 3 feet; between the first and second levels, 6 feet; between the
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third and fourth levels, 8 feet; at the fourth level, 2 feet; and at the

‘bottom of the incline, 8 feet.

- For the sketch plan of the mine workings here given the writer is
indebted to Mr. Robert Linton, who secured it from mine records
which passed through his hands during the summer of 1909.

From the data

Looking north at hand it may be

surface concluded that the
// Olive ore body
. Ty strikes approxi-

mately northeast

and southwest and

dips rather steeply

toward the north-

west and beneath

Little Llano River.

CROSS SECTION The relative posi-
' tions of the mine

levels and the apex

of the vein at the

discovery shaft

suggest that the

ore body may be a

230 pod-shaped mass,
' plunging in a

‘ . woFeet Southerly direc-
ii " tion, but it is not
-known that any

D;;:ccf;’:zry horizontal limit of

the ore was estab-

& ' lished at any point:
\' PLAN ) Observable re}a-

: tions at the Olive

mine do not lead
to any conclusion

[y concerning the

4 C—= ! mode of origin to
Tncie® be assigned to the
deposit. Lying at
the edge of a great
granite intrusion, the ore might have been segregated as an effect
of igneous metamorphism. However, the material on the waste
dump can not be regarded as in any way particularly character-
istic. of intense igneous metamorphism, the limestone and schist
being quite like the general run of the rocks which compose the

upper of the two sets*of schist (Packsaddle schist) which have

Fi1GURE 2.—Cross section and plan of Olive mine.
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been delineated on the geologic map. The Olive deposit is
one of two which may be ass1gned to this set of rocks without
reservation.

It is suggested that magnetic observations might prove of practical
value in any future exploration of the Olive ore body.

BADER TRACT.

By A. C. SPENCER.

The property known as the Bader tract lies about 9 miles west of
Llano and 9 miles south of the Iron' Mountain mine. This parcel
is adjoined upon the north by a tract known as the Otto, the east
and west property line being somewhat less than 2 miles north of
Llano River. Iron ore has been found at several p}aces along a
north by northwest trending zone about 500 feet, in w1dt;]a and nearly
7,000 feet in length. A shaft in the extreme southwest corner of the
: Otto tract encountered magnetite, which represents the most northerly
known extension of the Bader ore range. Farther norfhwest there is
no trace of any exploratory work such as trenches, and careful search
on the part of the geologists failed to reveal so much ad a fragment of
magnetite beyond the west line of the Otto tract. That the ore