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DESCRIPTION

GEOGRAPHY.
LOCATION, AREA, AND CULTURE.

The Llano and Burnet quadrangles, in Texas, are bounded
by parallels 30° 30" and 31° north and meridians 98° and 99°

-west. Fach quadrangle covers one-fourth of a square degree,

or an area of about 1025 square miles. They include nearly

100° 99°

SR R COLEMAN| /] 4
i PamtRockl NN A
TOM . GONCHO |

i GREEN ! _" i
Ay N | Brady VU3 Labgasas
3|° : | Io

! S it \\ MMEENN \

SCHLEICHER, W’ %\)\\
® a
Eldoradp’r‘ Menaravill Ma,son ;) \\\\

_________ L S : .

o Sonora | Junct i

\‘?i
SUTTO . ES I =
/N/r BLE/, i
| 3-\%ﬁ:ilf}asPIE A

S I S — elicRstrg JBLAR o/

El

FicurRE 1.—Index ménp of central Texas.

The location of the Llano and Burnet quadrangles is shown by the darker ruling (No. 183).
Published folios describing other quadrangles, indicated by lighter ruling, are as follows:
Nos. 42, Nueces; 64, Uvalde; 76, Austin

all of Llano and Burnet counties and parts of Mason, San Saba,

Travis, and Williamson counties. (See fig. 1.) The greater

- portion of each quadrangle lizs within the county of the same

name. :
The more important towns are Llano, in the Llano quadran-

 gle, and Burnet, Marble Falls, and Beltram, in the Burnet

quadrangle

Llano County is distinetly a stock-raising country, but much
farming is carried on there. Burnet County is more character-
ized by farming but also raises much stock.

The region is accessible by the western division of the
Houston & Texas Central Railroad, which traverses the central
part of Burnet County and terminates at Llano, che county seat
of Llano County. A spur from Burnet to Lampasas, 20 miles
north, connects this railroad with the Gulf, Colorado & Santa
Fe Railway and a short spur runs to Marble Falls.

GENERAL GEOGRAPHY AND GEOLOGY OF THE REGION.

The broad physical and geologic features of the State of
Texas have been well described by Hill and Vaughan.* Hill
recognized six great provinces in the State—the trans-Pecos,
the Great Plains, the central, the east-central, the eastern, and
the southern—each of which he subdivided into small physio-
graphic units. Of the broader features of relief he says:?

In a broad sense the Greater Texas region consists of a vast and -
diversified plain bordered on the west and north by mountains. That

_ portion between the eastern front of the Cordilleras and the sea may

be primarily conceived as an elongated plain. This plain inclines
gently from the Cordilleras toward the sea. The inclination from
the foot of the Cordilleras to the Gulf is generally in an easterly
direction, but there are slight variations of direction. The area

“ having this general inclination may be specifically called the regional

coastward slope, and its variation in gradient and direction, as will
be explained later, has an important relation to the physiographic
history. Except in the extreme northwest corner of Texas, where the
great plains continue north .unbroken, and on the east, where the
Coastal Plain borders the sea or continues into Louisiana, the regional
coastward slope is terminated by the Cordilleran and the Ouachitan
mountain systems, which extend at approximately right angles to
each other, diverging so as to inclose the plain in a triangle having
its wide base toward the sea. The plain is rudely comparable to a

e Hill, R. T., and Vaughan, T. W., Geology of portions of the Edwards
Plateau and Rio Grande plain adjacent to Austin and San Antonio, Tex.,
with special reference to the occurrence of underground waters: Eighteenth
Ann, Rept. U. 8. Geol. Survey, pt. 2, 1898, pp. 183-322.

Hill, R. T., Physical geography of the Texas region: Folio 3, Fop. Atlas
U. 8., U. 8. Geol. Survey, 1900.

Hill, R. T., Geography and geology of the Black and Grand prairies,
Texas: Twenty-first Ann. Rept. U. S. Geol. Survey, pt. 7, 1900,

bPwenty-first Ann. Rept. U. 8. Geol. Survey, pt. 7, 1800, p. 29.

OF THE LLANO AND BURNET

QUADRANGLES.

By Sidney Paige.

wide, low stairway, leading upward from the sea to the Cordilleras,
in which the various subdivisions of the plain represent the treads,
local escarpments the risers, and the limiting mountains the balus-
trades. This analogy can not be carried far, for great irregularities
oceur in the width and tread of the steps, and the wear and tear of
time has scarred and disfigured their relief, etched valleys where the
drainage depressions have crossed the plains, and lowered the moun-
tain walls. Some escarpment steps in exceptional instances face west-
ward, or upstairs, while other subdivisions of the plain succeed one
another without any well-defined feature of relief. Furthermore, the
structure of the inclosing mountain systems is of two entirely different
types and periods of architecture, The formations which underlie
some of the plains are crumpled up in the Cordilleras and are depos-
ited against the Ouachitas. Hence, parts of the plains are older than
the Rocky Mountains and younger than the Ouachita uplifts.

Hill subdivides the Great Plains province on a geologic
basis into the Llano Estacado and the Edwards Plateau, the
former being underlain by nonmarine Tertiary sediments and
the latter, which merges imperceptibly northward into the
Llano Estacado, being formed by the resistance to erosion of a
marine Cretaceous limestone—the Edwards limestone. He
differentiates the central province from the great plains largely
because of its deeper erosion, the capping of Edwards limestone
having been in the central province in great part worn away.
The Llano-Burnet region lies along the northern border of the
Edwards Plateau near its easternmost extension and along the
southern edge of the central province. The area is basin-like,
being etched below the level of the Edwards Plateau, and its
form is due to a combination of structural and eroslonal condi-
tions which will be descrlbed later.
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FiGURE 2.—Geologic map of Texas.
Shows geologic relation of the central Texas region. Reduced from Geologic Map of North

America, U. 8. Geol. Survey, 1912,

As may be seen by reference to the general geologic map of
Texas (fig. 2) more than half the State is covered by marine
Cretacéous and Tertiary sediments. In a broad way these
rocks outcrop in successive northeastward-trending bands, the
youngest occupying the Gulf Coastal Plain and the oldest over-
lapping the older rocks of the northern and northwestern parts
of the State. Much of the northern part of the State is covered
by Carboniferous rocks and terrigenous deposits of Tertiary
sediment, and the western portion includes geologically com-
plicated and diverse mountain ranges.

TOPOGRAPHY OF THE LLANO AND BURNET QUADRANGLES;

RELIEF.

General features.—Though the Llano-Burnet region may
seem mountainous as compared with the relatively flat and
featureless plateau country to the south, yet the relief of the
region is hardly so great as really to warrant such a character-
ization. Llano River enters the Llano quadrangle at an eleva-
tion of 1175 feet. The highest points north of it within the
quadrangle attain about 1900 feet—a difference of 725 feet.
The hills near Hobson Mountain south of Llano reach alti-
tudes of 1625 feet. Putnam, Prairie, Riley, and Cedar moun-

tains reach elevations between 1800 and 1900 feet. Colorado
River leaves the Burnet quadrangle at an elevation of 650 feet.
The Cretaceous hills to the north do not rise much above 1500
feet—a difference of 850 feet. When measured from the gen-
eral level of the surrounding country differences of elevation
do not generally exceed from 400 to 600 feet, a vertical range
which precludes the term mountains, steep and rugged though
the hills may be. |

The area included in these quadrangles may be divided into
four physiographic units—the basin on pre-Cambrian rocks;
isolated mountainous masses within the pre-Cambrian basin;
the plateau on Paleozoic rocks; and the Edwards Plateau, on
Cretaceous rocks.

Pre-Cambrian basin.— The most casual observer of the
broad valley of Llano River will be impressed with its basin-
like form. From such an eminence as Town Mountain, near
Llano, a broad rolling plain may be seen stretching east, west,
north, and south, interrupted here and there by hills and
encircled by a scarp of Paleozoic rocks. Though many minor
irregularities are encountered in traversing this broad stretch
of territory, the shallow basin is mainly a feature of erosion in
a pre-Cretaceous land surface. The steps in the development
of this basin will be discussed more fully under “Physiographic
development.”

Isolated mountainous masses in the pre-Cambrian basin.—
The irregularities . within this plainlike area are of two
types—(a) such mountain-like elevations as Riley, Packsaddle,
Putnam, House, and Smoothingiron mountains; and () such
heights as the groups of hills west of Oxford and northeast of
Babyhead and the many isolated hills north and south of
Llano. These eminences are all more or less modified parts of
a pre-Cretaceous erosion surface, partly reduced remnants left
by the erosion which formed the pre-Cambrian basin.

The first type is characterized by a general table-like outline
formed by a capping of nearly horizontal beds, with steep
marginal scarps. Smoothingiron Mountain, in the northwest-
ern part of the Llano quadrangle, and Riley Mountain in the
southern part, are examples The main mass of Smoothing-
iron Mountain extends in a north-south direction about 1%

. miles and has a maximum width of about three-fourths of a

mile. The mountain rises steeply 400 feet from the relatively
even pre-Cambrian floor at its base. Its flat top is composed
of the basal Cambrian sandstone (Hickory). Riley Mountain
and its southern extension, Cedar Mountain, form a table-like
mass about 15 miles long and several miles across at its widest
point, standing well above the surrounding country. It is

~ formed by subhorizontal Cambrian strata. Both of these

mountain masses are broken by faults and folds which, as will
be pointed out at another place, have had an important bearing
on their formation.

The second mountain type is characterized by maturely dis-
sected mountain groups and by isolated asymmetric conelike
hills which rise abruptly from the surrounding plain. Such
forms are Hobson Mountain, the irregularly dissected group of
hills in the south-central part of the Llano quadrangle, and
the mountain group in the vicinity of Babyhead. Sharp, Fox,
Kings, Bullhead, and Watch mountains and Enchanted Rock
(Pl. X)) are likewise of this type. The slopes of these hills are
in most places steep, and their summits are either sharp ridges
or points. It seems probable that these eminences have been
rather recently uncovered by the removal of Cambrian strata. ’

Plateau on Paleozoic rocks.—Encircling the pre-Cambrian
basin just described is a more or less maturely dissected -
platean, a surface cut in Paleozoic rocks. This upland is
bordered by an exceedingly irregular scarp, a marked topo-
graphic feature of this region, of the same character as the
scarps smroundmg the isolated mesa-like mountain masses.
It owes its position to erosion governed by faulting, and its
structural significance will be discussed in another place.
When approached from the plains below it appears as a more

‘or less steep mountain flank, but when surmounted its true

character is at once apparent. ‘

The northern part of the Llano quadrangle lies within' this
platedu, the western portion of which is a rolling plain, becom-
ing more broken and irregular to the east, toward Colorado
River. Eastand southeast of this river the plateau is maturely
dissected, though on the southern border of the Burnet quad-
rangle its plateau-like form is partly reassumed. |
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These differences of dissection which in detail are imper-
ceptibly merged are clearly evident when separated areas are
examined. The extreme northwestern part of the Llano quad-
rangle, for example, compared with other portions of the

,plateau, is almost flat. In the northeast corner of the Llano
-quadrangle dissection has proceeded further, producing numer-

ous low rounded hills. In the northern part of Burnet quad-
rangle, along the Colorado, steep canyons are developed and the
country is in every way more rugged. This sharply dissected
portion does not continue southward. In the region southwest
of Burnet only a rolling remnant of the plateau remains, rep-
resented by Backbone Ridge and its northeast extension.

Hdwards Plateau.—The territory underlain by Cretaceous
rocks, topographically considered, is all a dissected portion of
the Edwards Plateau, and is confined in the main to the east-
ern half of the Burnet quadrangle. The remnants of the
plateau level formed by the Edwards limestone extend as a
number of ridges in a northwest-southeast direction from the
town of Burnet. Within this Cretaceous territory nearly flat-
lying rocks produce a distinet topographic type—benched and
terraced slopes, conical hills contoured by hard and soft beds,
and wide stretches of smooth, ggrass-eovered plains. (See PL
XI.): The extreme- southern portion is maturely  dissected,
though here also the nearly horizontal attitude of the alternat-
ing softer and harder layers results in forms of extreme regu-
larity. The relief in this portion is considerable, being greater
than in any other part of the Cretaceous area.

DRAINAGE.

The whole of the Llano quadrangle and about two-thirds of
the Burnet quadrangle is drained by Colorado River and its
tributaries. The northeastern third of the Burnet quadrangle
drains into tributaries of Brazos River, the chief of which
are North Rocky Creek and the forks of San Gabriel River.

Colorado River—Colorado River is a perennial stream
rising northwest of this region on the flank of the Llano
Estacado and flowing into the Gulf of Mexico. It enters the

Burnet quadrangle near the northwest corner and flows south-

ward and eastward in a series of winding curves, leaving the
quadrangle near the southeast corner. For the first 7 or 8
miles of its course in this area the river has cut deeply into
the Ellenburger limestone, forming precipitous bluffs along a
portion of this section. Passing through the canyon-like
stretch by a series of rapids and quiet reaches, the stream, after
crossing Cambrian strata for a few miles, enters the pre-
Cambrian basin, through which it meanders past generally
low banks. Where it again flows upon Ellenburger limestone
and then upon the Carboniferous rocks, however, in the south-
eastern part of the quadrangle, another canyon-like stretch is
developed, and at Marble Falls the river descends 25 to 30 feet

within a short distance. In this portion of its course, where

the river crosses areas underlain by shale, it has a relatively
broad flood plain.

Colorado River falls in its journey of about 70 miles across
the quadrangle from an elevation of approximately 1025 feet
to one of 650 feet. This gives a total fall of 375 feet and an
average grade of nearly 5.4 feet to the mile. Its volume of
flow varies through a wide range, and the stream is known and
feared for its sudden rises or floods. At low stages of water
the Colorado occupies only a portion of its bed, but during
periods of high water it becomes an impassable, raging torrent.

The more important tributaries of the Colorado from the
east and north are Deer, Beaver, Morgan, Sparerib, Hamilton,
and Cow creeks. From the west and south, besides Llano
River, the largest tributaries are Fall, Campground, Redrock,
Sandy, Pecan, Slickrock, Flatrock, and Doublehorn creeks.
Sandy Creek, which flows eastward and joins the river in the
Burnet quadrangle, drains the southeastern part of the Llano
quadrangle.

Liano River.—Llano River enters the Llano quadrangle
near Castell, flows eastward across the quadrangle, and joins
the Colorado_at Kingsland. The stream is perennial, though,
like the Colorado, subject to wide fluctuations in volume. Its
course in this area lies entirely within the pre-Cambrian basin,
and it descends by a series of deeps and shallows, due to the
variable hardness of the rocks over which it flows, from an
elevation of 1200 feet near Castell to one of 800 feet at its
mouth. The river carries a heavy burden of sand and during
low water occupies only a part of its channel. Its flood plain
is limited to narrow strips along its course.

Its principal tributaries from the north are Little Llano
River and Elm, San Fernando, Johnson, Pecan, and. Mitchell
creeks. On the south the larger streams are Hickory, Bull-
head, Sixmile, F]ag, Oatman, and Honey creeks.

Subsidiary drainage.—For convenience in pomtmg out the
salient features the smaller streams of the region may be
grouped with respect to the geologic age of the rocks over
which they flow. The streams in the area of pre-Cambrian
rocks owe their character both to the nature of the rocks and
to the maturity of the erosion which has taken place. The
pre-Cambrian area, as has been stated, is a broadly eroded,
shallow, and plainlike basin. .- The  streams within it are
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characterized by broad, open valleys and moderate gradients
and are generally overloaded with waste. In most of these
streams little or no water is visible during much of the year,
especially in seasons of light rainfall, and the slowly moving
currents can be found only by digging through a variable
thickness of sand. The streams rise rapidly during torren-
tial downpours but soon fall again and disappear beneath
the sand. During protracted droughts even relatively large
streams, such as San Fernando Creek, Johnson Creek, Sandy
Creek, and others of their type, become parily or wholly dry.

Many of the streams flowing in the areas underlain by
Paleozoic rocks have more sharply cut valleys than those just
described and are apt to flow for longer periods on account of
the more general prevalence of perennial springs in these areas.
Deer Creek, Beaver Creek, and Morgan Creck, for example,
have, along their lower or middle reaches, rather. steep walled
canyons cut in more or less horizontal limestone and are fed
by springs at several places along their courses. Unlike the
streams of the basin area, these streams are generally actively
cutting but are often limited in the dissection which they can
accomplish by a scanty supply of water. (See Pl VII.)

Most of the streams in the areas of Cretaceous rocks erode
their channels when water is supplied by abundant rains. The
valleys of many of these streams, especially in the southeastern
portion of the area, where the plateau is rather sharply dis-
sected, take the form of walled canyons, on account of the flat-
lying, alternating hard and soft limestone layers which here
make up the Cretaceous strata. Back from these bluffs the
valley sides slope away more gently, being cut as with a lathe
into terraced subconical hills. It may be said in general of the
minor streams that their flow is more or less intermittent and
directly dependent on a fluctuating and rather meager rainfall.
Exceptions are Cold Creek, Little Llano River, Hurley Creek,
and a few other streams fed by strong springs.

In the northeastern portion of the area, a region removed
from the stimulating effects of the Colorado drainage, the relief
is more gentle and the streams are characterized by relatively
broader and more open valleys.-

Springs. — Almost all the springs are situated in areas
bordered or underlain by Paleozoic rocks. They are especially
abundant along the outcrop of unconformities and are also
localized by such structural features as faults. In addition
they occur at other horizons in the Paleozoic sediments.

Of the springs associated with a definite horizon, the most
numerous' perhaps are those at the basal contact of the Cam-
brian strata. These springs owe their origin to downward-
percolating water reaching and flowing along the relatively
impervious pre-Cambrian floor. Where the unconformity cuts
the surface, as at the foot of the scarp surrounding the pre-
Cambrian basin, this underground flow issues as sprmos most
of which are of excellent quality.

Springs occur also, perhaps in as great numbers as those just
described, at or near the base of the Ellenburger limestone,
which is an especially favorable horizon for their formation.
The overlying Cambrian and Ordovician rocks, being wholly
calcareous, afford many opportunities for water channels to
develop. The water, working its way downward, reaches the
practically impervious beds of the Wilberns formation and
must perforce flow laterally. If opportunity is afforded, as
along scarps or in stream canyons, it issues as springs.

Fault planes, too, have played an important part in the
localization of springs. Cold Creek and Little Llano River
are instances of streams fed by springs which owe their posi-
tion to fault planes acting as barriers to underground flowage
and at the same time permitting water to rise along these planes
under more or less head. West of Burnet, at the fault contact
of the Hickory sandstone with the Ellenburger limestone, the
same condition exists." '

In the Ellenburger and also in the overlying Carboniferous
limestone springs occur at favorable localities, where water from
channels that have formed in the easﬂy dissolved limestone
finds egress to the surface. :

CLIMATE.

. The uncertainty of rains renders more or less precarious the
maturing of crops, and, although the droughts cause serious
injury to cattle owners, the small farmer is the greatest sufferer
during such periods. An average of about 20 inches of rain
falls during the year,” the heaviest precipitation occurring in
the spring and fall. The region is rarely visited by snow, but
destructive hail storms are not uncommon. High temperatures
at midday, ameliorated in the spring and fall by cool nights,
are the rule for half the year, but during the winter cold rains
and winds from the north, commonly termed “northers,” add

severity to the season, When grass is plentiful, however, stock -

does well without shelter.

VEGETATION.

- On the rolling plains of Llano County mesquite, persimmon,
several varieties of thorny bushes, and cacti of various types

e¢Summary of the chmatologxca] data. for the Unlted States,
U: 8. Weather Bureau,]908 PN

b ¥ rsections,

s .

abound, giving to the landscape a semiarid aspect. Many
varieties of grass afford good pasture for herds, and along
stream courses there are numerous deciduous trees, oak, gum,
elm, pecan, and cottonwood being the more important. The
cutting of cedar, which abounds on the slopes and tops of
ridges in the areas underlain by Paleozoic limestones, has been
carried on for years. Post oak and blackjack are the dominant
woods in areas underlain by granite, though these trees with
their associated types, live oak and shin oak, are well dis-
tributed over much of the region.

The rolling grass-covered plateau, stretching northward for
miles in San Saba County and northern and northeastern
Burnet County, affords grazing land for large flocks of sheep
and herds of cattle.

DESCRIPTIVE GEOLOGY.
' PREVIOUS WORK.

Before the detailed account of the geology of the Llano-
Burnet region is given, reference should be made to the results
obtained by earlier workers. Theodore B. Comstock?® gives a
brief and concise account of the results accomplished in the
region prior to his studies, and it is not advisable to repeat
such an account here. It is sufficient to mention the names of
B. F. Shumard, J. W. Glenn, Frederick Roemer, Arthur
Schott, S. B. Buckley, A. R. Roessler, W. E. Hidden, Robert
T. Hill, Ralph 8. Tarr, and Charles D. Walcott, all of whom
contributed to the knowledge of the region. Inasmuch as
certain important conclusions announced by a number of the
earlier writers, especially by Comstock, are at wide variance
with those reached by the author of this folio, it is necessary
to state clearly the more important differences.

B. F. Shumard? made valuable contributions to the knowl-

edge of the region by measuring a number of sections and

. making important collections of fossils. His work, with a few

exceptions, was excellent as far as it went. He gave the fol-
lowing section at Morman Mill:

Section at Morman Mill, Tex.
Feet.
1. Massive beds suberystalline calcareo-magnesian lime-
stone, variegated with brown and purple and forming

rough'eliffs _____ 290
2. Gray micaceous sandstone made up of fine grains
cemented with argillo-calcareous matter____._.________ 5

Shumard considered the limestone of this section as part of
his Calciferous sand group and the sandstone as Potsdam. He
therefore did not recognize the fault at that place. (See P1. II1.)
The limestone is mapped in this folio as the Ellenburger lime-

stone, of late Cambrian and edﬂy Ordovician age, and the sand-

stone is regarded as a lentil in Carboniferous shale. Again,
though Shumard seemed to recognize that his basal sandstones

“were “based on granite,” he appears to have regarded at least a

part of the granite as intrusive into Paleozoic beds, for he
speaks of these beds as being “highly metamorphosed near the
granite.” . No evidence of post-Cambrian intrusion was noted
by the authm of this folio, and the lowest Paleozoic beds were
invariably found overlymg intrusive rocks of the pre-Cambrian
complex.

Charles D. Walcott® states that the base of the rocks of ‘

Potsdam age rests unconformably on a great formation that is
stratigraphically the equivalent of Powell’s Grand ‘Canyon
series (Unkar and Chuar groups). For this series of pre-
Potsdam strata he proposed the local name Llano group. He
says: ““Massive reddish-colored sandstones rest on alternating
beds of shale, sandy shale, sandstone, limestone, and schist.
The strata exhibit but little evidence of metamorphism, being
indurated but little more than the beds of the 'overlying
Potsdam and Carboniferous.” On the same page he says:

“Across the valley of Honey Creek, 4 ‘miles west of Pack-

saddle Mountain, the strata of the Llano group have been more
metamorphosed, plicated, and broken by intrusive dikes
of granite.” '

The Llano series has proved to be a completely metamor-

phosed series of schists, marbles, and gneisses and can be‘

clagsified as Algonkian in contradistinction to Archean only on
the very broadest evidence, such as the preponderance of
metamorphic sediments over igneous material. ~ Roessler’s
description of these rocks as granitic, metamorphic, and igneous
was therefore concise and, possibly except for his reference of
the series to the Archean, correct. -

Lack of space prevents individual discussion of all the state-
ments made by Comstock which are now considered to be

" misinterpretations and to be readily traced to a few broad mis-

conceptions, as noted in the succeeding paragraphs.
1. He did not recognize in full the nature of the uncon-

formity at the base of the Cambrian and did not sufficiently

consider the unevenness of the floor of deposition and the con-
sequent variations in the texture and composition ‘of the beds,
deposited .on.it. ’

- eFirst Ann. Rept. Texas Geol. Survey, 1889, pp. 239-378.
®The primordial zone of Texas, with descriptions of new fossﬂs Am
Jour. Sei., 2d ser., vol. 82, 1861, pp. 213—221

¢ Am. Tour Scx 8d'ser,, vol 28, 1884 D 431k’ _



2. Though he seemed to recognize the presence of faulting,
he did not use this knowledge to explain- the presence of con-
temporaneous beds in apparently illogical positions.

3. He connected granitic intrusion (of pre-Cambrian age)
with movements due to faulting (of post-Paleozoic age).

4. He did not recognize the danger of correlating pre-Cam-
brian schists over distances as great as from Canada to Texas.

5. He recognized “trends” and unconformities in the pre-
Cambrian but failed to delineate any such divisions.

6. He was misled into making statements regarding the iron
ores of the region because of his misconceptions regarding the
pre-Cambrian structure and stratigraphy.

Each of these points will be very briefly discussed.

1. Comstock divided the strata which he assigned to the
 Cambrian into three series—the Katemey (Upper Cambrian),
the Riley (\llddle Cambrian), and the chkmy (Lower Cam-
brian). He says in describing his Hickory series:

Whenever I have seen good contacts of the Cambrian with the
Texan strata [one of his pre-Cambrian divisions] and in many cases
where the granites directly underlie the Cambrian, there is a set of
beds which differ from the typical Potsdam sandstone. In every case
in our region in which the upper contact of the terrane can be deter-
mined there is an unconformity, although this is not always detected
by casual observations. * * * Probably the best outerops of the
lowest member of the series are those in the neighborhood of House
Mountain in the valleys of Hickory Creek and its tributaries, * * *
in many other places, as at the summits of Smoothingiron, Fox, Town,
Sandstone, Sharp, Packsaddle mountains, etc.

These basal beds which Comstock describes are geologically
contemporaneous with all the basal Cambrian beds of the region.
Their varying altitude is due partly to faulting and partly to
folding, as in Smoothingiron Mountain, or to an original
unevenness in the pre-Cambrian floor. The unconformity at
the top of his Hickory series to which he calls attention has
never been observed by the writer.

2. In describing his Riley series he fails to recognize the
structure at the east end of Packsaddle Mountain, where faulting
has dropped the western. portion of the mountain with respect
to the smaller eastern portion. He does not recognize the fact
that Smoothingiron Mountain owes its relative elevation to a
downthrown block to the east and that the beds exposed on its
summit are equivalent, where faulting has not cut them out, to
those forming the base of the scarp to the northeast.

3. On page 286 he says:

On the top of Sandy Mountain * * * this Hickory layer has
been considerably altered by heat so as to exhibit in different parts
a gradual transition from above downward, between the compact
massive sand rock and a rock which most lithologists would call a
granite. Similar conditions exist on Sharp Mountain, House Moun-
tain, Smoothingiron Mountain, and elsewhere, but not on Packsaddle
Mountain. * * * Tt seems clear that the pulsations of the granite
magma produced several broad folds in the Hickory strata, leaving
certainly two great synclinal basins to be afterward partly filled by
the later Cambrian sediments.

He could not therefore have observed accurately the nature
of the granite intrusions, as is also shown by the following
statement on page 259:

Most of the exposures of granitic rocks in direct contact with the
Potsdam sandstone and later strata are of different character from
the Burnetan gneisses * * * and their relations to the overlying

beds show that their eruption has been later than the deposmon of
the capping material. .

The writer found no instance of contact metamorphism in
any post-Cambrian beds, nor was any intrusive into these beds
noted. Moreover, the basal Cambrian beds in many places
contain fragments of the underlying igneous rocks.

4 and 5. Comstock divided the rocks he called pre-Cambrian
into an Archean and an Eparchean system; the former contains
two unconformable groups and the latter a third group. Each
of his Archean groups he divided into three series and his
Eparchean group he also divided into three series—nine series
in all. It is impossible to follow his distinctions, nor were such
structures observed by the writer as would warrant any such
detailed division. Though the danger of making long-distance
correlations has been recognized for many years, nearly all his
divisions are compared or correlated with Canadian or other
distant occurrences.

6. In directing attention to prospecting for iron ores he lays

too much stress on the presence of bands of red soil as favor-
able indications and in a map® he shows a series of straight
lines, or “trends,” of economic importance, which do not
1epresent any structures observed by the writer.

DESCRIPTION OF THE ROCKS.

The Llano-Burnet region lies within and is nearly surrounded
by the lowermost Cretaceous rocks. Within the depression
which forms:this region ancient crystalline schists and granites
are exposed and upon them are deposited unconformably Cam-
brian, Ordovician, and Carboniferous strata. - The Lower Cre-
taceous rocks lie -as. a -blanket over- these older strata except
Where they have been removed by erosion.
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" much of which is of undoubted sedimentary origin.

- the Van Horn quadrangle.

have been separately mapped wherever ~possible.
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COMPARISON WITH OTHER REGIONS.

- As the rocks exposed in this region represent geologic time
intervals extending from possibly the earliest recorded sedimen-
tation to a relatively recent geologic date (the Cretaceous), it
may be well briefly to compare the nature of the pre-Cambrian
complex and the broad characteristics of the Paleozoic section
with those of the rocks in similarly denuded areas in mneigh-
boring regions. Such areas are found in the Ozark, Arbuckle,
and Wichita regions to the northeast, in the El Paso and Van
Horn quadrangles to the west, and at many localities in
Arizona and New Mexico.

On comparing the central Texas. reglon with the areas to the
northeast marked differences, both in the pre-Cambrian and
Paleozoic rocks, are at once noted. In central Texas the pre-
Cambrian complex is made up largely of schist and gneiss,
In the
Ozark region and in the Arbuckle and Wichita mountains the
pre-Cambrian rocks are wholly igneous, granite, granite por-
phyry, and some gabbroie rocks forming the floor on which the
basal Paleozoic beds were deposited. An examination of the
Paleozoic column reveals also wide differences in the sedimentary
record, that of central Texas showing great gaps that represent
intervals of time during which deposition was not taking place,
or areas where erosional unconformities have been produced.
In the Arbuckle Mountains the Upper Cambrian, Ordovician,
Silurian, Devonian, and Carboniferous (Mississippian, Penn-
sylvanian, and Permian) are represented. In the central
Texas region the late Cambrian and early Ordovician rocks are
decidedly thinner than to the northeast, and part of the
Ordovician, the Silurian and Devonian systems, and the Miss-
issippian and Permian series are lacking. In the Wichita
Mountains of Oklahoma much the same sequence as in the
Arbuckle region is believed to exist beneath the overlapping
Permian red beds, which cover a part of the Ordovician, the
Silurian, the Devonian, and a part of the Carboniferous strata.

The sections in southwestern Texas also show striking differ-
ences from those of central Texas. - The pre-Cambrian rocks
of the El Paso quadrangle have been divided into a lower for-
mation composed of 1800 feet of quartzite and a rhyolite
porphyry flow 1500 feet thick resting on the quartzite. On
this rhyolite flow were deposited the basal beds of the Cam-
brian system. In this region, moreover, post-Carboniferous
granite intrudes the Paleozoic formations. In central Texas
there is no post-Cambrian granite. In the Van Horn quad-
rangle, 60 miles east-southeast of the El Paso, metamorphic
rocks probably similar in type to those of central Texas are
reported to occur in the pre-Cambrian complex. In the Paleo-
zoic section the most marked differences lie in the presence in
the El Paso quadrangle of Upper Ordovician and Silurian
rocks. As in the central Texas region, however, Devonian
and Mississippian strata are absent. The sequence represented
in the Van Horn quadrangle is perhaps, of all those under
comparison, most similar in a broad way to that of central
Texas, for Silurian, Devonian, and Mississippian rocks are
absent and the Pennsylvanian series is represented. It is true
that the Van Horn area contains Upper Ordovician rocks,
which are not found in central Texas, but it is very probable
that the upper part of the Ellenburger limestone of central
Texas is equivalent to a portion of the El Paso limestone of
The Van Horn area differs dis-
tinctly, however, from the central Texas region in containing
a thick series of rocks which carries a fauna not found else-
where in America, having Permian affiliations, and named

Guadalupmn by G. H. Glrty

ALGONKIAN (?) ROCKS.

SUBDIVISIONS AND GENERAL DISTRIBUTION.

Four principal subdivisions of the pre-Cambrian rocks have
been recognized in mapping this area—(1) the Valley Spring
gneiss, which includes acidic gneisses, quartzite and its deriva-
tives, light-coloréed mica schist, and bands of wollastonite, with
some bands of dark basic schist; (2) a series of dark-colored,
predominantly basic rocks called the Packsaddle schist, com-
prising amphibolite, graphite and mica schist, limestone, and
basic intrusives (some intrusive granite is mapped with each of
these formations); (3) a very coarse grained pink granite which
could not be separately mapped in some parts of the area; and
(4) all the remaining granitic rocks, including a number of
varieties. These are all regarded as probably of Algonkian
age. The Valley Spring gneiss and the Packsaddle -schist
together compose the Llano series. In addition to these major
distinctions, bands of crystalline limestone and wollastonite
The out-
crops of a quartz perphyry of peculiar type, locally termed
opaline granite, a mass of serpentine (altered peridotite) near
Oxford, a mass of metadiorite, and a felsite dike east of Click
have also been mapped separately.

The areal distribution of the gneisses and schists is depen-

aent ~primarily on their major structural relations but is
modified by igneous intrusion. The major axes of folding

‘have a general northwest-southeast trend, but the continuity of

“these on the map from the less definite ones.

the formations is broken by faulting and by intrusive grdnite
masses. There are two major anticlinal axes, one passing
through the center of the mountains just west of Oxford, the
other extending from Packsaddle Mountain northwestward to
a point west of Babyhead. Between them lies a major syn-
clinal axis, which passes a short distance west of Llano. This
broad synclinal belt is occupied chiefly by the Packsaddle
schist; the anticlinal axes are marked by areas of the Valley
Spring gneiss. The Packsaddle schist overlies the gneiss and
therefore, where the relation is not disturbed by granite masses,
is found on the eroded flanks of these great folds. - The major
axes of folding do not represent a simple structure, for minor
folds, some of which have been recognized, are superimposed on
the major folds, and local complex1t1es of structure are numer-
ous. The thickness of the gneisses and schists has not been
determined.

LLANO SERIES.

Llano series is the name applied to the metamorphosed series
of schists, marbles, and gneisses which represent the pre-
Cambrian sedimentary rocks of this region. The series, which
is tentatively regarded as of Algonkian age, is divided into two

formations, the Valley Spring gneiss and the Packsaddle schist. -

VALLEY SPRING GNEISS.

Definition.—The name Valley Spring-gneiss, which is given
to the lighter-colored series of metamorphosed pre-Cambrian
sedimentary rocks, was first applied by T. B. Comstock® to one
of his pre-Cambrian subdivisions. The term is redefined by
the author of this folio, and its use strictly limited by the
geologic 1nterpretat10n herein set forth. The type locality is
Valley Spring, in Llano County. '

The mapping of this formation was attended locally by many
difficulties, partly in separating it from the Packsaddle schist
but chiefly in distinguishing it from granitic intrusions, which,
especially if slightly schistose, in many places closely resemble
the light schists of the Valley Spring gneiss and in some places

have been mapped with this formation, though not considered -

to be a part of it. As the contacts are exceedingly irregular,
the boundaries shown on the map do not, in all places, defi-
nitely separate distinct formations but rather indicate changes
in the dominance of rock type. In a region where there are
all gradations from pure granite to pure schist and where
molten magmas have intricately interleaved and in many
places have fairly impregnated a rock mass, generalized boun-
daries such as have been used are necessary to express the
geologic facts. In many other places, however, the boundaries
are sharp and definite, but it is not practicable to discriminate
In addition to
the difficulty above noted there is evidence that older gneisses
of igneous orlgm ave associated with the schlsts and gneisses of
sedimentary origin.

Distribution.—The Valley Spring gneiss, as’ has been said,
underlies the Packsaddle schist and structulally occuples the
major anticlinal axis. ‘

In the Llano quadrangle, therefore, two broad bands more
or less interrupted by granitic intrusions are well defined. One
extends from Pontotoc, near the northwest corner of the quad-

-rangle, southeastward to Sandy Creek, a few miles south of

Oxford. This band, with its inclusions of granite, is about 15
miles wide in its northwestern portion, but narrows to 3 or 4
miles at its south end and at the nose of a steeply pitching
anticline sinks beneath a band of Packsaddle schist Whlch is
broken by a granite mass.

The second area, about 7 miles wide at its north end, extends

from the region east of Magill Mountain in a narrowing band

o0 a point just north of Packsaddle Mountain, where again a
pitching anticline carries the formation below the Packsaddle
schist. / )

A third small area whose structure is ill defined, though
probably synelinal, lies south of Castell near the western border
of the quadrangle. : :

The formation is exposed in the Burnet quadrangle north-
east of Long Mountain. Here the aspect of considerable areas

suggests granitic gneisses and here, also, the structural relations

are obscure.
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Character.—The Valley Spring gneiss is domlnantly light

colored and pinkish toned and comprises feldspathic and -
quartatlc schists, quartzites, wollastonite bands, granular acidic-

gneisses (see PL. IT) and rare amphibolitic portions.

The light-colored portions are as a whole more or less
schlstose, are sugar-granular or aphanitic in texture, and are
in many places distinguished with difficulty from rocks which
may be granular granitic gneisses. These granular phases are
in places intensely plicated or contorted and apparently have
passed through severe pressure and heating. ~The quartzites are

‘light-colored, fine-grained, recrystallized equivalents of  very

quartzose sediments, and the amphibolites are not materially

different from those in the overlying Packsaddle schist. The

wollastonite bands are metamorphic equivalents of hmestones
and present the same structural relations. o

aFirst Ann. Rept. Texas Geol. Suivey, 1889, ~- "+l « o/ i
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The broadest and perhaps most marked distinction of the
rocks of this formation from those of the overlying one is their
more massive character. This difference is more apparent
when the formations are compared as wholes, rather than in
individual small areas. A study of areas occupied by this for-
mation leaves the impression that a thick series of sediments
of rather uniform composition has been subjected locally to
intense granitic intrusion and metamorphism, in a zone where
rock flowage and minor folding have been dominant. The
dark Packsaddle schist as a whole does not present the massive
appearance characteristic of the Valley Spring gneiss.

Petrography.—Below are given the results of the microscopic
examination of a number of specimens of the Valley Spring
gneiss.

.

Feldspar-quartz-mica gneiss.

Megascopic character.—Finely banded sugar-grained pink and black
gneiss. Bands one-sixty-fourth to one-fourth inch in width. '

Mieroscopic character.—Potassic feldspar, more or less altered, and
quartz about evenly divided with feldspar. Biotite (altered to chlorite in
part) in linear arrangement. Little calecite. Little apatite.

Feldspar-quartz schist.

Megascopic character.—Nearly white aphanitic schist. Bands of quartz
separated by 1-inch to }-inch aphanitic bands. :

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

Quartz-feldspar schist.

Megascopic character.—Pink, fine sugar-grained rock with only slight
schistosity in hand specimen. Flecked with small, evenly distributed grains
of magnetite.

Microscopic character.—Altered microcline dominant feldspar. 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 rocks. Banding
brought out by quartz and feldspar arranged in lines. Fine dust of mag-
netite, little muscovite, and little garnet.

Microscopic character.—Holocrystalline grains of quartz, potash feldspar,
mostly microcline, and abundant muscovite. Approximate composition:
68.6 per cent SiO,, 16 per cent Al,O,, 11 per cent K,O0, 1.48 per cent CaO,
2 per cent magnetite.

PACKSADDLE SCHIST.

Definition.—The dark-colored series of metamorphic rocks is
named the Packsadddle schist, from Packsaddle Mountain,
which crosses the line between the two quadrangles and at the
base of which the rocks are well exposed. The name was first
used by T. D. Comstock,* for the same rocks, but in this folio
it is redefined and limited strictly in usage according to geologic
principles as now understood, to include mica, amphibole, and
graphitic schists and crystalline limestone. Some lighter-
colored, more feldspathic bands, resembling quartzites, are
included. There are also intrusives of diorite and gabbro,
older than the granites and found locally in considerable
amount. They have been separately mapped in only one

‘locality, in the southeast corner of the Llano quadrangle and

the southwest corner of the Burnet quadrangle. Elsewhere
they have been included with the Packsaddle schist, though
they are not a part of it.

Distribution.—As the Packsaddle schist overlies the Valley

Spring gneiss and as the major axes of folding determine its

distribution, it flanks the major anticlinal folds and occupies
major synclinal areas. A broad band passes nearly centrally

‘in a northwest-southeast direction through the Llano quadran-

gle and divides northwest of Riley Mountain, one portion pass-
ing westward around the nose of the western anticline, the
other portion passing southeastward into the Burnet quadran-
gle and likewise swinging around the nose of a major anticline.
These two divisions both pass again northwestward, the western
one terminating near Llano River and the eastern one extend-
ing in a narrow interrupted band to the headwaters of Little
Llano River, where the formation passes beneath Paleozoic
rocks. :

In the Burnet quadrangle small areas of Packsaddle schist,

whose structural relations are not clear, are found west and
northeast of Long Mountain, and in the southwest corner of
the Llano quadrangle there are small areas in which much
granite has disturbed the rocks. North of Llano River, just

southeast of Rough Mountain, there is an isolated area of the

Packsaddle schist whose structural relations are those of a
shallow syncline lying upon the surrounding Valley Spring
gneiss.

Character—As a whole the schists are characterized by an
excellent cleavage, which in the main coincides with the
original bedding of the sediments of which they are the meta-
morphosed equivalents.

The graphitic schists contain varying amounts of graphite—
locally, it is believed, enough to be of commercial value. A
microscopic examination of a specimen of graphite schist from
Cottonwood Creek showed about 60 per cent of quartz, 30 per
cent of orthoclase, fairly abundant grains of augite, a little
titanite and apatite, and flakes of graphite lying parallel to the
schistosity of the rock. The graphitic schist is commonly,
though not everywhere, closely associated with limestone, which
is devéloped to varying degrees. There are numerous lime-

stone bands east of Oxford and many more in the region south

aFirst Ann. Rept. Texas Geol. Survey, 1889.
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and west of Llano. These limestone bands are in places inter-
bedded with the graphite schist, leaving little or no doubt as
to the sedimentary origin of the carbon mineral. Mica, tour-
maline, and quartz-feldspar schists are among the remaining
types of sedimentary origin. All these rocks contain much
quartz and are characterized by potash felspar and biotite, with
occasional pyroxene (augite). The tourmaline schist is an
exception in not containing feldspar. Magnetite, titanite, and
apatite are common accessories. '

Amphibolite schists are fairly abundant and are characterized
by very little or no quartz. Their origin is a matter of some
doubt. As they are interbedded with limestones, a sedi-
mentary origin is suggested. It is possible, however, that they
may represent old flows and sill-like intrusions, for amphibo-
lites of undoubted igneous origin are found in the region in
considerable masses, and in one place a rock transitional
between a basic porphyry dike and an amphibolite schist was
noted. :

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_._____ . ______________________. 1000
Hidden . ____ e 400

Thin-bedded feldspar-quartz schist; strike N. 40° W., dip
i B5° B oo e 3
Well-banded hornblende sehist ... ____________ . _______ 30
Quartzite (feldspar-quartz sehist) ... _.._________________ 1
Hornblende schist .- ____ 15
Thin-bedded micaceous schist _____.______________________ 5

More massive micaceous schist with pegmatite and quartz
injeetions_______ . 130
Graphitie slate sehist.___—_________. ______________________ -28
Crystalline limestone . .__________________= . 24
Graphitic slate schist____________ . ______________________ 35
Injection gneiss_ ... 30
Hornblende schist_ ... 91
Feldspar-quartz sebist_.___.____ . _____.._________ 62
‘Weathered hornblende schist______________________________ 120
Thin-bedded mica schist, massive asa whole______________ 60
Limestone . 8
Graphitie slateor sehist__________._______.________.________ 6
Limestone . e 4

Heavy thin-bedded mica schist full of quartz blebs and
stringers._ . 32
Friable mica schist (like peneil schist) .. ___..__________ 250
Hidden __ e 40
Miea sehist_ 50

Hidden ___ e 50

Petrography.—Microscopic examination of a number of
specimens of the Packsaddle schist gave the following results:

Quartz-feldspar schist.

Megascopic character.—Whitish-pink, sugar-grained, finely banded rock;
bands straight and narrow, made by pink and white constituents.
Speckled with magnetite having a slight tendency to follow bands. Rock
cleavable along bands.

Microscopic character.—Equidimensional grains of microcline, ortho-
clase, and quartz. Flakes of brownish-yellow biotite and magnetite (not
clearly in bands). Considerable alteration of feldspar.

Measurements showed 68 per cent of feldspar and 32 per cent of quartz,
which gives 76 per cent SiO,-}, approximately 12 per cent Al,0; and
approximately 12 per cent K,O.

Quartzitic feldspar schist.

Megascopic character. —Fine-grained, almost aphanitic grayish and pink
banded schists. : :

Microscopic character.—Even-granular, fine-grained holoerystalline rock,
two-thirds orthoclase (altered), one-third quartz. Light-green hornblende
(partly altered to ehlorite). Titanite. About 75 per cent SiO, and 12 per
cent Al,O,.

Amphibolite schist (1).

Megascopic character.—Dark-green to black, finely cleaved scilistose
rock.

Microscopie character.—Mass of hornblende laths in a matrix of feldspér 5

and quartz. Abundant grains of titanite. Little calcite, little apatite.
' B Amphibolite schist (2).

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

Microscopic character.—From 50 to 60 per cent of light-green hornblende,
considerable ‘augite, quartz, and orthoclase in the interstices of the horn-
blende laths. Quartz greatly in excess of feldspar.

Amphibolite schist (3).

Megascopic character. —Dark-green to black glittering schist.

Mieroscopic character.—Linear arrangement of abundant dark-green
hornblende laths in a matrix of microcline and quartz, the former in great
excess. Scattered grains of augite.

Amphibolite schist (4).

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 hornblende plates is filled with quartz.

Biotite-quartz-mica schist.

Megascopic character.—Gray even and fine-grained mica schist.
Microscopic characler.—Even granular quartz, orthoclase, and micro-
cline. Abundant biotite in laths parallel to schistosity. Some muscovite.

Mieca schist (1).

Megascopic character.—Gray banded schist. Bands due to lines of pink
feldspar in general 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 ortho-
clase. Abundant biotite in linear parallel arrangement. Abundant grains
of iron oxide.

.

Mica schist (2).

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, the former in slight excess. Biotite in fine parallel alignment.
About 6 to 9 per cent of mica.

Quartz-tourmaline schist.

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. Tour-
maline for the most part oriented parallel to schistosity and apparently
crystallized first, as it appears in fine lines in the quartz parallel to the
bands. Much of the quartz has wavy extinection.

Hornblende-biotite gneiss.

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

Microscopic characler.—Granitoid texture. Quartz, -albite-oligoclase,
and abundant biotite. Some hornblende and chlorite. Titanite. By
measurements, the following approximate chemical composition was calcu-
lated: 73 per cent 8iO,, 14 per cent Al,O,, 6 per cent Na,O, 1 per cent CaO,
6 per cent Fe, Mg, ete.

Mica schist (3).

Megascopic character.—Pink and black banded schist with finely devel-
oped schistosity due to mica.

Microscopic character.—Crystalline granular quartz. Microcline and a
little albite-oligoclase. Biotite in laths or plates parallel to the schistosity.

Quartz also arranged roughly in direction of schistosity. Microcline is-

slightly altered. Composition: 79 per cent 8i0,, 9.64 per cent Al,O,, 8 per
cent K,0, 3.86 per cent Fe, Mg, and Ca.

ORIGIN OF THE SCHISTS AND GNEISSES.

The schists described above, of both the Valley Spring and
Packsaddle formations, are all completely recrystallized rocks—
that is, the arrangement, the size, and, in part, the composition
of their mineral constituents are due to the influence of .heat
and pressure and, to some extent, to flowage as a mass. (See
Pl. 11.) The existence of bands of crystalline limestone
and of graphite and mica schist, traceable for long distances
and retaining the characteristics of beds, leaves no room for
doubt that, in great part, these rocks were formed by the meta-
morphism of a sedimentary series. It is believed that the
presence of iron ores also points to the same conclusion, a
matter more fully considered in a previous bulletin® by the
author. The amphibolites, as has been stated, because of their
basic character probably represent in part old basic intrusives
or flows, or perhaps sediments of a tuffaceous nature.

Gmeisses formed almost certainly by the metamorphism of
intrusive granites occur in the region. For example, a granitic

“crosscutting dike possesses much the same schistose nature as

the beds which it cut. Red Mountain, a granite ridge in the
southeast corner of the Llano quadrangle, is a noteworthy
exainple of the same phenomenon. The granite of this ridge
becomes progressively more gneissoid northwestward, until, at
a point near Walker Peak, laminated structure is so evident
that were the rock exposed only in this phase it could not be
distinguished from beds that are believed to represent sedimen-
tary strata.

Again, the gneissoid rocks in the area immediately east of
Long Mountain have much the aspect of granites with a foli-
ated structure, and in the northwestern part of the Llano quad-
rangle, south of Field Creek, near San Fernando Creek, similar
features may be noted. It should be understood, then, that
the Valley Spring gneiss probably includes material of igneous
origin.

As has been stated, bands of dark schist occur, though not
abundantly, in the Valley Spring gneiss, as well as bands of
wollastonite, the metamorphosed equivalent of limestone beds.
These bands suggest that metamorphism has been more intense
in that formation. In general, intrusion has been most exten-
sive along synclinal axes, as the position of the great granite
areas indicates, but evidently wherever the Packsaddle schist
is nearly obliterated by intrusions of granite, the underlying

Valley Spring gneiss must have been similarly destroyed.

IGNEOUS ROCKS.
FELSITE, DIORITE, GABBRO, AND SERPENTINE.
Distribution and character—The dark intrusive rocks are

most abundant in the southeast corner of the Llano quadrangle,
but they have not been separately mapped except in one locality.

A considerable mass of gabbro was observed in the vicinity of

Goldmine Creek, north of the Moss ranch, and, as has been
stated, some of the amphibolites included with the Packsaddle
schist may represent old intrusives of gabbroic or diabasic type.

In the area south of Click, especially, there are several bodies

of very dark green to black amphibolite, probably derived
from a gabbro or diorite magma. The talec deposits in this
vicinity are presumably alteration products of such rocks. The
serpentine rocks of Oxford are probably derived from perido-
titic magmas. s

Two dark aphanitic dikes which cut the schists and which
are apparently rather basic proved to be felsites, one a spheru-
litic mica felsite, the other a hornblende-mica felsite: The
hornblende of the latter fock showed a bluish pleochroism
parallel to the C axis, suggestive of a soda amphibole. Horn-
blendé-soda granite forms a small intrusive mass a short dis-
tance east of Click.

The rocks of this group were intruded earlier than the
granites, but, though it is possible that those varieties of the
granites which show evidence of pressure and metamorphism
may be of nearly the same age, no relations were observed that
might establish this point. '

aPaige, Sidney, Mineral resources of the- Llano-Burnet region, Texas,
with an account of the pre-Cambrian geology: Bull. U. 8. Geol. SBurvey
No. 450, 1911,



Petrography.—The results of a microscopic examination of a
number of specimens of these rocks are as follows:

Soda-hornblende granite (crushed), chip only, taken a short distance east of Click
post office.

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

Hypersthene-olivine gabbro, Goldmine Creek.

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

Microscopic character.—Holoerystalline texture. Labradorite in lath-
like prisms, diallage, hypersthene, olivine. Biotite and hornblende poiki-
litically ineclosing pyroxene and feldspar. Magnetite.

Amphibolite from high hill on Coal Creek.

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

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

Metadiorite porphyry in hornblende schist series near Aaron Moss ranch.

Microscopic character.—Altered andesine-labradorite phenocrysts in a
fine-grained groundmass of feldspar and green hornblende. Noteworthy
flowage of hornblende around the phenocrysts of feldspar. Shows an inter-
mediate stage in the formation of an amphibole schist.

Diorite from Cedar Mountain.

Megascopic 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 in groundmass

- of unstriated orthoclase. Some quartz and one quartz phenoeryst, 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 southwestern part of Burnet
quadrangle.

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

Microscopic character.—Mass of interlocking hornblende crystals with
interstices filled with untwinned plagioclase. Abundant grains of magnetite
largely confined to 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 is also abun-
dant in fine laths and tiny plates. Apatite needles are present. . The horn-
blende has a blue pleochroism parallel to the elongation (C), and extinetion
angles as high as 18°,

Diorite southeast of Rough Mountain, west of San Fernando Creek.

Megascopic character.—Medium-grained dark—green/ rock.

Microscopic character.—Holoerystalline texture. Weathered andesine-
labradorite and abundant hornblende in- large plates. Much pyrite in
large part confined to hornblende. Hornblende altering to iron oxide
along cleavage cracks. Some epidote, some apatite.

GRANITE.

Structural relations.—The granite is invariably intrusive. Tt
cuts the Valley Spring and Packsaddle formations in large and
small masses, in dikes and sills, and, in the form of pegmatite,

in both minute veinlets and huge dikes and sheets. It is

present nearly everywhere in the pre-Cambrian area.

Almost perfect gradation may be found between pure granite
and pure schist. Certain areas, such as that underlain by
coarse granite in the southwestern portion of the Llano quad-

rangle, the area immediately west of Cedar Mountain, and the -

area east of Lone Grove, are occupied by pure granite masses of
batholithic type. In other areas there is an intricate mixture;
the schists appear to have literally soaked up granitic material.
Such features are best developed at the edges of large granitic
masses, though not at all confined to these bodies.

The manner of intrusion differed in different places. Evi-
dently the schists were locally in a plastic state and flowed

‘under the pressure accompanying intrusion. Elsewhere, the

contacts of dikes being sharp, a condition of considerable rigid-
ity is indicated. Yet here and there the temperatures were so
high that schist masses lost their identity and passed by gradual
melting into solution. (See Pl. V.) In many places granitic
matemal following planes of least resistance, was forced between
the layers of the schists, forming injection gneisses.

Each of the phenomena noted above may be observed on

both a small and a huge scale. The combination is a fine .

examplé of the complex conditions existing about the borders
of a great batholithic mass.

Worthy of special mention are dikes, sills, and broad sheets
of pegmatite which occur in great abundance and in all sizes,
the broad sheets of special interest being locally developed at
contacts of schist with crosscutting granite masses. Such
sheets are prominent in the areas about Hog Mountain and, it
is believed, indicate the former proximity of schists now
removed by erosion.

Distribution.—Three types of granite have been separately
mapped on the areal-geology maps—a very coarse grained
rock, a medium to fine grained granite including some coarse-

grained varieties, and an opaline quartz porphyry. Micro-

scopic examination has shown that the differences between these
types are largely textural, the mineral constituents in the three
types being essentially the same:

The coarse-grained granite-has been mapped in two local-
ities—one in the ‘southwest corner of ithe Llano quadrangle,

Llano-Burnet.

b

forming a large oval area about Prairie Mountain as a center,
and the other several miles to the north, in the vicinity of

- Smoothingiron Mountain. The same type has been noted

east and southeast of Lone Grove and in other small areas, but
it could not be éonsiStently differentiated in mapping. The
age of this coarse granite is not concluswely known, but tenta-
tively it may be considered intrusive in the finer-grained
granites.

The second type, the prominent rock of the region, has a
widespread distribution. Though it comprises various textural
phases from very coarse to very ﬁne grained, it has been
mapped as a unit.

The opaline quartz porphyry invariably occurs as a dike
rock, cutting both the schists and the intrusive granites which
accompany them. Its outcrop may be followed, with inter-
ruptions, from a point about 3} miles east of Llano, on the
Llano-Lone Grove road south of Miller Mountain, northward
for 64 miles and northeastward to Wilberns Glen, where it
turns westward passing north of Babyhead and being last seen

"about a mile southwest of that town.

Petrography.—The very coarse grained gramte has a reddlsh
tone, due to the large, finely developed potash feldspars, many
of which attain a length of an inch and a breadth of half or
three-fourths of an inch, the average length being perhaps half
an inch. The space between these well-crystallized, finely
developed feldspars is filled with quartz. Biotite, the dominant
ferromagnesian mineral, is well developed and abundant in
stout columns. In the vicinity of Bullhead Mountain a
parallel arrangement of the large feldspars was noted, a
phenomenon probably due to movement while'the magma was
still more or less viscous.

In a specimen of very coarse granite from Watch Mountain, near Walnut
Springs, the feldspars are microcline, orthoclase, and albite-oligoclase, micro-
cline being dominant. The length of the crystals is one-half inch to 1
inch or more, the width one-fourth to one-half inch.. Quartz fills the space
between the feldspars. Biotite is abundant in stout columns one-eighth
inch or more in length. A perthitic intergrowth of miceroline and albite was
noted.

-The medium to fine grained granites include many varieties,
from fine to coarse, but they are in general similar in chemical
and mineral character. Differences in texture and in amount
of ferromagnesian minerals account for most of the variations.
‘An examination of numerous specimens revealed an abundance
of microcline, with orthoclase, albite-oligoclase, biotite, quartz,
and hornblende. The granites are distinctly potash rocks,
though soda is almost invariably present. The usual acces-
sory minerals, magnetite, apatite, titanite, etc., may generally
be found. Several hornblende granites were noted, but their
distribution is limited. Some petrographic notes on the gran-
ites of this class are presented below:

Granite from Parkinson group of quarries.

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

Mieroscopic character.—Composed largely of microcline with subsidiary
orthoclase, rare plagioclase. Micrographic intergrowth of quartz and some
feldspar. Rare zonal arrangement. Alteration has set in on nearly all the
feldspar. Quartz shows some strain phenomena. Biotite locally altered to
chlorite. Alteration of feldspar more pronounced at center than elsewhere.
One or two grains of magnetite.

Granite 2 miles west of Llano, at Kansas City quax:ry.

Megascopw character.—Medium to coarse gramed light-gray granite with
slightly gneissoid aspect. Quartz, feldspar, mica.

Microscopic - character.—Quartz 82 per cent, feldspar (microcline and
orthoclase) 62 per cent, mica (biotite with rare muscovite) 6 per cent; SiO,

71 per cent. Micrographic mtero'rowths finely developed in some quartz -

and in some feldspar.

, Hornblende granite, northwest of Hog Mountain, near wollastonite rock.
'

Megascopic chardacter. — Pinkish-toned medium erystalline granular,
spotted with blotches of hornblende of various sizes up to one-fourth inch.
Groundmass between the blotches is barren of ferromagnesian minerals.

Microscopic character. — Microcline, orthoclase, and albite-oligoclase
dominant in order named. Dark-green hornblende apparently poikiliti-
cally arranged about quartz. Measurements with microscope show quartz
81 per cent, feldspar 69 per cent; 8iO, 75 per cent. ‘

Granite from Norton quarry.

Megascopic character. —nght -gray gra.nlte abundant mica in very small
flakes evenly distributed.
Microscopic character. -—Mlcrochne, orthoclase, and little albite-oligo-

clase; quartz abundant. Biotite, Holocrystalline seriate porphyroid -

texture.

Red granite from Parkinson’s quarry “well,” camp No. 1.

Megascopic character.—Red ﬁne-gramed granite, with ferroma,gnesm.n’

minerals scant and in very small particles.
Microscopic character.—Seriate porphyroid texture. Microecline, ortho-
clase, and albite-oligoclase rather abundant. Quartz abundant. Little

- magnetite, mica, titanite, and hornblends. Ferromagnesian minerals very

scant. The feldspars where altered are replaced by a red decomposition
product.

Granite from Greys Mountain.

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

~ to rock.

Microscopic character.—Oligoclase and mlcroclme, former dominant and
both dominant over quartz. Biotite abundant but not evenly distributed.
Apatite. Feldspar altered. :

Hornblende granite, chip only, from Elver’s pasture, south edge of Llano quadrangle,
small creek above house.

Coarse granite. Orthoélase,*mmrochne, and ohgoclase Quartz. Horn-
blende, partly altered to chlorite. Feldspars badly altered. Zircom: Apa-
tite abundant. Titanite.

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

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

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

Granite from Heine’s well, near South Willow Creek, 4 miles north of Llano River,
1 mile west of San Fernando Creek.

Megascopic character.—Red granite, medium to fine grain, glassy aspect.
Microscopic character.—Microcline and orthoclase and quartz. Miero-
cline and orthoclase badly altered. -Scanty biotite, chloritized. Sericite
developed in feldspars. Red tone very probably accentuated by alteration.

Pink granite one-fourth mile west-northwest of Esbon post oﬂice, on Kings Mountain.

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

- Microscopic character —Microcline dominant feldspar; with orthoclase
and quartz. Biotite about average amount, in small flakes. Apatite
needles. Feldspar, especially orthoclase, badly altered, though the hand
specimen looks fresh.

Granite from breast of crosscut in shatt at Iron Mountam (1908).

Megascopic cha?acte; —Pink medium to fine grained gramte

Microscopic- character.—Microcline, orthoclase, and albite-oligoclase.
Quartz. Biotite. Little magnetite. _

The opaline quartz-feldspar porphyry is a rock having a
dark aphanitic groundmass, mottled with abundant phenocrysts
of pink feldspar and opaline quartz, the latter being very
prominent on weathered surfaces. These quartz phenocrysts

‘break ‘with a glassy fracture, are of light-bluish tone, and

possess a certain iridescence when polished. The microscope
shows the following features:

Phenocrysts of quartz, with a‘great number of minute inclusions, miero-
cline, and microperthite (albite and orthoclase). Groundmass of quartz,
orthoclase, and small flakes of biotite. A little magnetite with associated
sphene. Some fine zircons. Little apatite. Loecal chloritization of mica.

J. P. Iddings proposed the name llanite for this rock some
years ago. It is known in Llano County as opaline granite.
Iddings estimated that the rock is composed of quartz 34.6 per

cent, feldspar 55.7 per cent, biotite 8.6 per cent, fluorite 1

per cent, apatite 0.13 per cent.
In speaking of the bluish color of the quartz he says:

" The sky-blue, milky color of the quartz phenocrysts is undoubtedly
due to reflection of blue light waves from the minute colorless prisms
[inclusions], 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 a blue light produced by interference of the light
reflected from both sides of the minute tabular crystals, whose thick-
ness is also of the order of a fraction of a light-wave length. So that
both kinds of phenomena oceur within the quartzes.

‘ CAMBRIAN SYSTEM.
UPPER CAMBRIAN SERIES.

GENERAL DISTRIBUTION.

Upper Cambrian sedlmentary rocks rest unconformably upon
the pre-Cambrian schists, gneisses, and granites. They are
invariably found, therefore, except where faultlng has occurred,
at the base of and forming a part of the Paleozoic escarp-
ment. The areal-geology maps will clearly illustrate this
feature. Cambrian strata also form isolated elevations, such
as Riley, Cedar, Packsaddle, and Putman mountains, in the
erosional pre-Cambrian basin. As faulting has disturbed the
rocks in places, various portions of the Paleozoic section rest
against the pre-Cambrian basement; and as the pre-Cambrian
floor is very uneven, beds high in the section, such as the
glauconitic sandstones on Beaver Creek, locally overlap lower
beds and form basal members. (See Pl 1) The Cambrian

rocks are divided, from the base upward, into the Hickory
sandstone, the Cap Mountain formation, and the Wilberns.

formation. (See fig. 3.)

. HICKORY SANDSTONE.

Definition.—The name Hickory sandstone is adopted from

Comstock,” who applied the term Hickory series to beds in the
valley of Hickory Creek and its tributaries in Llano County.
In Llano and Burnet counties the formation ranges from a
thin bed to a section 350 feet or more in thickness. It
includes a conglomeratic base and a succession of white, red, or
brown siliceous and calcareous sandstones. Its upper limit is

- determined by the highest dominantly sandy beds. The iden-

tification of these upper beds at particular localities is neces-
sarily a matter of judgment, for, instead of an abrupt change,
there is a transition from sandstone to the’ hmestone of the
overlying Cap Mountain formation.

Character—As a rule the basal portion of the formation
consists of a few feet to about 75 feet of coarse material. At
some places this is composed of fine-grained, cleanly washed
sands; at others of coarse conglomerate with pebbles from 6 to
8 inches in diameter. The composition of the basal layer is
closely related to that of the underlying pre-Cambrian rocks.
For example, certain coarse granites containing pink feldspar
have furnished material to a pinkish-white conglomerate in

which rounded quartz grains averaging one-fourth inch in

diameter and numerous angular feldspar fragments are cemented
by a clean white matrix of small quartz grains, feldspar frag-
ments, and calcium carbonate. At another place a coarser,

“Comstock; T. B:, First Ann. Rept. Texas Geol. Survey, 1889.




red-stained conglomerate contains subangular quartz fragments
as large as half an inch and coarse feldspar fragments up to an
inch in length, cemented by fine-grained quartz containing
particles of iron oxide. : . A

In another coarse sandstone fragments of hematite 1 to 2
inches long make up the basal layer. The iron was probably
derived from the underlying schist in the form of magnetite
and later altered to hematite. In still another locality where
pegmatite dikes are abundant the overlying basal beds contain
many large angular masses of quartz. ~Again, where the lower
beds rest on a coarse-grained granite surface they are formed
largely of arkose. ‘ ’ ‘ ’

The conglomerate is overlain by sandstone, commonly cross-

bedded. In places this is colored deep red or brown by iron

oxide. Toward the upper portion of the formation the beds

become decidedly calcareous and grade into the limestone of the
overlying formation. , S ‘

Distribution.—The Hickory sandstone, where not displaced
by faulting, occupies the base of the Paleozoic scarp which
surrounds the pre-Cambrian basin and forms the capping of a
number of isolated hills, such as House, Smoothingiron,

Rough; and Putnam mountains. In some areas, such as those -

northeast of Pontotoc, northeast of Smoothingiron Mountain,
and south of Sharp Mountain, the formation is but a thin skin
or dpron extending out from the scarp.

Section.—The following sections -are representative of the
formation. The Packsaddle section illustrates the transition

* to limestone at the top of the formation.

‘Section of Hickory sandstone at northwest end of Prairie Mountain, show-

ing transition beds at top.

Feet.
Thin-bedded calcareous sandstone___________________________ 15
Solid sandstone, with lime and littleiron__ .___.____ . . _____ 5
Thin bedded calcareous sandstone___________________________ 15
Calcareous red and brown sandstone, more or less thin
bedded (red due toiron) . _____ . __________ ... 80
Heavy beds of sandstone, little lime at top ..._...______ e b
Heavy bed of sandstone _. ... __________________________ 5
Calcareous sandstone______________________-___________~._.._ 7
Heavy cross-bedded red iron-bearing sandstone _____________ 13
Bedded sandstone, 1 to 2 foot layers, little calcareous._______ 10
Compact massive sandstone, weathers brown________________ 20
Sandstone, more thinly bedded than that above; shows signs
of lime e 15
Heavy-bedded sandstone weathering brown and red; carries
iron and sufficient lime to effervesce _______________________ 65
Covered oo e e e 80
Red and white cross-bedded sandstone _____. .. ____________ 20
305

Feet.
Pure limestone .. 15
Red sandstone and limestone mixed _________________________ 20
Red sandstone with considerable iron _______________________ 10
‘White honeycombed sandstone______________________________ 10
Fine white conglomerate .__________ . ___________ 4
Very coarse conglomerate, almost a breccia of granitic mate-

Tial Lo 10

Sectéion of Hickory sandstone, Cap Mountain formation, and Wilberns
Jormation on Packsaddle Mountain.

‘Wilberns formation: . Feet.
Grayish slabby, slaty crystalline limestone, very little
glauconitic; more massive beds toward top of peak.. 40

Thinner-bedded crystalline limestone; some glauconite 20
Heavy-bedded pink limestone, somewhat oolitic; con-
tains some glaueonite . ______________.______________ 10
Cap Mountain formation:
Yellow and white sandstone with small amount of

glauconite grading up into sandy pink limestone____ 14
Glauconite sand and coarse quartz sands; iron eoncre-

tions on surface. ... 6
Massive-bedded grayish-brown ecrystalline limestone, .

somewhat oolitic; increasing glauconite toward top- 35
Flaggy suberystalline limestone with small amount of :

glauconite; yellowish discolorations_________________ 80

Hickory sandstone: .

Grading into purer limestone. Number of red bands of
sandstone alternating with beds of hard suberystal-
line limestone and fine-grained whitish sandy lime-
stone. Crystalline limestone contains some glauco-
nite grains__.__________ e S 35

Thin-bedded calcareous dirty-white sandstone, grading
upward into very fine-grained hard reddish-brown
sandstone. Weathers rough but generally shows
a brown sand on surface. Fresh fracture shows
reddish-brown sandstone with crystalline faces of
calcite. Makes cliffs which weather irregularly and
show bands of red, yellow, and dirty-brown cross-
bedded sandstones alternating with very calcareous
beds . e 200

Ledge of calcareous sandstone, conglomeratic and con-
taining a few shell fragments, also a few glauconite

grains ____ . 2
Massive and thin-bedded red and yellow sandstone
and some shale, probably covered . _.________________ 35

Covered; mostly sandy shales. At bottom a 2i-foot -
bed of red conglomeratic sandstone with flat pebbles.

A few shell fragments in thisledge - ________________ 10
Mostly fine-grained sandstone; dirty white, brown,
yellow, andred ________________ . __ 45

Massive conglomeratic sandstone, pink and white,
with white quartz pebbles mostly half an inch in
diameter, cross-bedded, prevailingly of reddish tones.
Near top, grains become smaller and more rounded.
Secondary infiltration of quartz in cross fractures
gives honeyecomb structure on weathering___________ 85

‘ 567

. CAP MOUNTAIN FORMATION.

Dqﬁnition.—,The Cap Mountain formation is named from
Cap Mountain, in the Llano quadrangle, where the entire

v

6 .

thickness is displayed. As previously stated, its base is not
sharply separable from the top of the Hickory sandstone, but
it is determined by the lowermost predominantly calcareous
beds. Its upper limit, however, is well defined by the top of
a glauconitic sandstone which is almost invariably present.
This sandstone bed, compoesed of quartz sand, calcium car-
bonate, and glauconite grains, ranges in thickness from a few
feet to over 50 feet in some places. Generally, however, it is
from 10 to 20 feet thick.

Character.—The formation includes about 90 feet of beds,
the lower portion grading from sandy limestone to faitly pure
limestone. The sandstone member, though of irregular thick-
ness, as just stated, is as a rule very well defined both below
and above. The limestone is well bedded, in places flaggy,
bluish or grayish, and mottled: by impure streaks of brown

- sandy material.

Glauconite.—The distribution of glauconite in this forma-
tion and in the Cambrian strata generally is interesting. It
occurs in the lower part of the formation as scattered grains in

the pure limestone and is most abundant in the cross-bedded:

sandstone marking the top of the formation. Above this
sandstorie the glauconite gradually diminishes in amount.
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places spreads as a thin veneer over considerable territory.
The outerop of the Cap Mountain formation is more ribbon- -
like and, except where cut out by faulting, as along the scarp
north of Phillips Rock and in the north scarp of Backbone
Ridge, is invariably present in the rimlike Paleozoic escarp-
ment. It is found also on the flanks of a number of the
mountain masses, such as Cap, Riley, Cedar, and Long
mountains. . ‘

WILBERNS FORMATION.

Defimition.—The Wilberns formation, named from Wilberns
Glen, on Little Llano River, in the Llano quadrangle, is of
irregular thickness, in places attaining 220 feet. It is com-
posed of limestone and shale, with intraformational conglom-
erates. The base of this formation is well defined by the top
of the glauconitic sandstone which forms the upper member of
the Cap Mountain formation. Its upper limit is at the base of
the overlying massive chert-bearing beds. This horizon is not
difficult to locate and the contact therefore is not difficult to
follow. The exact stratigraphic relation, however, is not
always so clear. In Riley Mountain, at the locality where the
cherty limestone is mapped as bounded by an assumed fault,
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FI6URE 8.—Generalized columnar section for the Llano and Burnet quadrangles.
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Where observed in the limestone, the glauconite grains exist
essentially as such, but in the sandstone the material is more
apt to form the matrix in which the well-rounded clean quartz

grains are embedded. Partial analysis of a specimen from a .

bed carrying perhaps as high a content of glauconite as any
other in the field gave the following result: '
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