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GEQLOGY (F THE CAMP AIR-WEST AREA,
MASON AND MC CULLCCH COUNTIES, TEXAS

The Camp Air West area is located on the northwestern flank of
the Llano uplift of Central Texas, 9.4 miles north of the city of Mason,
Texas, Rocks cropping out in the area include a Coarse=grained granite
of Precambrian age, the Riley and Wilberns formations of Late Cambrisn
age, the basal part of the Ellenburger group of Larly Ordovician age, and
limestone and sandstone of Early Cretacecus age.

The granite outecrop is the southwestern edge of the Katemcy
mags, thought to be part of the Town Mountain granite.

The Riley formation, estimated to be avout 700 feet thick in
the area, is coqirind of three weubers: the Hickory wember, a yellowishe
brown to very dark red, coarse-grained sandstone; the Cap Mountain member,
a gray to brownishegray, arenaceous limestone; and the Lion Mountain
menber, a coarse-grained, highly glauconitic, sandstone containing beds
and lenses of limestone compased essentially of trilobite fragments.

The Wilberns formation, estimated to be about 450 feet thick
in the area, is compased of the Welge member, a yellowish=brown, non-
glauconitic sandstone; the Morgan Creek member, a purplishered to gray,
brown, and green speckled, arenaceous, glauconitic limestone; the Point
Peak member, essentfally comprised of gray and greenishegray, thinebedded
siltstone with interbedded greenishmgray limestone and variecolored intrae
format{onal conglomerate; and the San Saba member consisting of stromato-
1itic bioherms at the base grading upward into yellow, gray, and brown
granular limestone and gray sublithographic limestone.
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The basal beds of the Ellenburger group are in gradational
contact with the underlying San Saba member of the Wilberns formation.
They consist of gray, thin-bedded to massive, sublfthographic limestone
and are estimated to be about E0 feet thick in the area,

Lower Cretaceous rocks exposed in the area are gray, fine~grained
limestones with basal conglomeratic sandstone beds, Fssentially flat-lying,
these strata rest with pronounced unconformity on the truncated edges of
the Paleozoic rocks. The equal truncation of Paleozofc rocks of varying
resistance underlying the Cretaceous strata suggests that a cond{tion of
peneplanation exfsted in the area prior to Cretaceous deposition.

Paleozoic rocks cropping out in the area strike N. 35° to 45° g,
and dip 3° to 5° NY¥,, so that successively younger rocks are exposed from
southesst to northwest. The essentially homocl{nal structure !s inter-
rupted by a serfes of northeastward striking, steeply dipping, normal
faults of relatively small dfsplacement.,

Ground~water and arable sofl are the most important natural
resources in the areas and the Hickory sandstone, furnishing as !t does
the major part of these resources, fs the most important geelogic unit

within the area.
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GEOLOGY OF THE Casl AIR-WEST AREA,
MASON AND MC CULLCCH COUNTIES, TEXAS

INIRC UCIION

STATEMENT OF THE PROBLEM

The purpose of this thesis 1s to present the results of a
geologic study of a small area within the Central Mineral regfon of
Texas, with the hepe of contributing thereby to the geolecic knowledge
of the reglon. Primary consideration is given to descriptions of the
stratigraphy and structure of the areaand to presentation of stratigraphic
and structural relationships on an serhl geologic map. Secondary cone
siderations include the physioyraphy, geologic histery, and economic

geology of the area.

LCCATTON

The Camp Air-West area, a rectangular area of approximately
twenty-seven square miles, is located on the northwestern flank of the
Llano uplift of Central Texas. The major part of the area lies ;n the
northwestern part of iason County, but the northern edge extends about
0.7 mile fnto the south~central part of McCulloch County (see fig. I).
The area is bounded by latftudes 30° 57.5' and 31° 02' North and by
longitudes 99° 1¢* and 99° 21° West.

- ACCESULIBILIIY

The wasonmbrady ldghway (U, 3. Eighways 377 and €7) runs
north=south through tie area 0.8 mile from the eastern border and gives
access to the ares from the towns of “.asony iexas, lying 9,4 miles to

the south, and Brady, Texas, lying 12,2 miles to the north. From the



small settlement of Ca‘s Air, located on tie YasoneBrady highway 1.6 afles
within the southern border, an unimproved fara road runs eastewsst across
the area, rrom tnis eastmwest rosu, anctier unimproved road banches
southward 1.6 miles west of Camp Afr and circles back eastward tc inter—
sect the Mason-Brady highway 1.1 miles south of Camp Air. Private ranch
and farm roads connect with the main rosds to give excellent access to

the eastern part of the area but only limfted access to the western part,

METHOGS OF INVESTIGAIION

The field fnvestigation upon which this report is based was
conducted between July 3, and August 29, 1956. U, 5, Lepartment of
Agriculture aerfal photographs CJC = 23 = 141 tnrough 145 and CXC = 4 =
133 through 137 give coverage of the area and were used as base maps for
plotting geologic information. 1o facilitate the field investigation of
faults and lithologic boundarfes, the aer{asl photographs were also used
to detect vegetative patterns and soil changes indicative of such features.

A Brunton compass was used to measure the dips and strikes of
outcropping bedded rocks, and the same instrument was used with a Jacob's
staff to reasure the thickness of dipping strata. A hand level and a
Jacob's staff were used to measure the horizontal Cretaceous beds.

In the preparation of cross sectiong, topoyraphic relief was
estimated from the aerial photographs by use of a stereoscope, and horie

zontal distances were scaled directly from tne photographs.

PREVIOUS INVESTIGATIONS
The earliest reference to the Llano region appearing in geologic

literature was made by Ferdinand Roemer (1846), This early account of the



geology of Texas was concerned primerily with Cretaceous rocks and fossils
from berdering areas, but brief mention was made of specimens of granfte
from outcrops north of Fredericksinrg. hoemer considered that the plutonic
rocks of the Central Mineral Region were part of the crystall{ne mass of
the Rocky Mountains, and that the Cretaceous rocks, which were knownto
overlap the granite near Fredericksburg, were the only stratified rocks
existing in central Texas. Roemer (1848), in a second paper on the
geology of Texas, gave an account of his travels with an exploring party
of German colonists to the San Saba River, In this paper he noted the
occurrence of cranfte, "Lower Silurfian®, and Carponiferous rocks In the
regfon. Later he published a more comprehensive report of his travels

in Texas, fncluding an account of the Paleozoic rocks and fossils of the
Central M{neral region and a geologic map of the state (Roemer, 1845),
Roemer (1852) gave a detafled account ot the Cretaceous rocks and fossils
of Texes. In an appendix te this paper he included deseriptions of
Paleozoic strata and fossfls of the Llano region,

In 1855 and 1836, Or, G. G, Shumard, while accompanying an
expedition of Army engineers passing through the Llano region, made notes
on his observations of the geology. These notes were incorporated in a
paper publfshed thirty years later (G, C. Shumard, 1886),

B. F. Shumard (1861) published descriptfons of the Upper Camw
brian rocks and fossils of the region aud correlated them with the Pots—
dam groun, HNis work in the reaion confirmed much of the earlier work of
Roemer.,

Descrintions of the Cambrian rocks were publfshed by Walcott

(1884) after he visited the region {n 1863,



R, T, M{11 (1887) briefly discussed the geology of the Llano
region in a review of Texas geoclogy, and two years later (H{ll, 1829)
named and established the age of the Carboniferous rocks cropping out fn
the vicinity of “srble Falls,

T. B, Comstock (1890) published a description of the geology of
the region with particular emphasis on the minerals and ores. He fntro-
duced the names Valley Sorings and Packsaddle te apply to the Precambrian
gnefsses and schists and the terms Hickory series, Ptley series, and
Katemcy series to anply to the Cambrian rocks exposed {n the uplift,

R. S. Tarr (1890 a and b) reperted on the topography and
drainage patterns of the regfen, He concluded that the major streams of
the region were developed orfginally on the relatively flatelying Cra=
taceous strata and that they had been superposed upon the underlying
Paleozoi¢ structure,

Patge (1911) named and described the Cap Yountain, ¥ilberns,
Ellenburger, and bmithwick formations and redefined the Valley Spréngs
one{ss and the racksaddle schist, Hts Cap Mountain formation fncluded most
of the Cap Mountain member and all of the Lion Yountain member of the
present Riley formatlon, while his *flberns formatfon fncluded the same
beds as the present "tlberns formatton with the exception of the San
Sapa limestone, He fncludea the fan vaba limestone in the Ellenburgexr
forwativn, raige adopted the name hickory sancstome in lieu of Hickory
serfes as usec by Comstock and placed the upper boundary of the un{t
within the lower beds of the present Cap ‘ountain limestone. Patge (1912)
published a detatled qeologic map of the Llano and Burnet guadranales

with an accompanying descxrfption of the geology,.



In 191b, the Sureau of Economic Ceology and Technology pub=
1ished the first comprehensive yeologic map of Texas (Udden et al, 1916),
On this map the rocks cropping oui in the Llano region were grouped into
five divisions: Cretaceous, rennsylvanian, undividad Palaczoic, Came
br{an-(rdovician, and Precambrian,

Plummer and Moore (1522) published a rap of the outcropping
Carboniferous rocks of the reglen and introduced the name Carpett to
apply to the shale beds bLelow the YMarkle falls limestone,

Girty and Hoore (1919) discussed the age of the Berd series,
and Girty, in the same paper, correlated the Barnett shale with the
Moorefield shale of arkansas ard the lower Canry shale of Cklahoma. He
concluded thet the correct age of the Darnett shale was Micsiscippian.
Girty (Roundy, Girty, and Goldman, 192(, pp. 3 = 4) established on
Early Mississippian age for the crimldal 1{zestone beds beneath the
Barnett shale. This new formaiion, whici was {irst discovered by F, V,
Roundy and K. C, Heald of the L. 5. Geoloyical Sturvey, was given the
name Chappel oy Sellards (1933, p. 9.

Dean (1931, studied the alual reels in the “"ilbsrns formae
tion and discussed them irn a paper real before the Paleontologicsl
Lociety of America,

The first attewt Lo establfsh faunal zones within the older
Paleozoic rocks of the Llano aree and to correlate them with Paleozolic
rocks outside the state was made y Dake and Bridge (1932).

Sellards (1933) reviewed the Precambrian and Paleozoic stra-
tigraphy of the Llano region.

Stenzel {1932) redefined the Valley Springs gnefss and postu-

lated that it was of igneous origin.



Sellards (1934) discussed the Paleozeic deformation of the
Llano region and proposed s Middle Mississippian age fer the inftial
doming. Precambrian structural conditions of the regfon were discussed
by Stenzel fn the same report (pp. 74=78),

The U. S. Geological Survey (Darton et al, 1937) {ssued a new
geologic map of the state showing the Paleozoic rocks of the Llano area
divided, in ascending order, into the Hickery sandstone, the Wilberns and
Cap Mountain 1i » the Ellenburger limestone, the Marble falls

limestone, the Smithwick shale, the Strawn group, and the Canyon group.

Bridge (1937) named the Lion Mountain sandstone member of the
Cap Mountain formation and relocated most of the fossil localities establishe
ed by Roemer, Bridge and Girty (1937) redescribed Paleozoic fossils that
had been described earlier by Reemer and published notes on the geology
of the regioen,

The first descriptions of ventifacts from the Hickory sandstone
were made by Barnes and Parkfnson (1939), In this paper, which fncluded

- a map showing localit{es where ventifacts had been found, they expressed
the belief that the Hickory sandstone contains some aeolisn deposits.

Keppel (1940) published the results of a study of the coarse-
grained granites of the Llano-Burnet area.

Cheney (1940) suggested a new classiffcatfon for the Pennsylvanian
strata of northecentral Texas, but his members and mest of his formatfons
are absent or difficult te recognize in the Liano area. In the same paper,
he noted that the Ellenburger limestone and later sediments thin toward
the Concho Arch, indicating an Early Ordovician age for the {n{tial
uplift of the arch,



Rgrnes (1941), in e paper read before the Ceological Socjety
of Amer{ca, described the overlap ¢f Lower Cretaceous sediments on the
Llano Uplift,

Clovd, Barnes, and Eridge (1¢45) subdividec the Fllenburger
group, in ascending order, into the Tanyard, Gorman, and Honeycut forma=
ttons. In the same paper, they proposed the name Riley formation to in-
clude the Hickory sandstone, the Cap “ountain }imestone, and the Lfon
Mountafn sandstone members, Barnes, Cloud, and karren (1945) published
the first descriptions of rocks of Devonfan age In the Llamo regfon, and
two years later (Barnes, Cloud, and Warren, 1947; they described two
more Devonfan formations.

Plummer (1945), in a repert on the water resources of Texas,
discussed the {mportance of the Hi{ckory samstone and the Ellenburger
limeptone as water bearing formatiens, Plumer (1947) published a sum=
mary of the classiffcatfon ef Lower Pennsylvantan strata {n Central Texas.
A posthumous nublication on the Carboniferous strat{graphy of the Llano
region by Plummer {1950) included resumes of the other Paleozoic systems
and of the Cretaceous aystem of the region.

Bridge, Barnes, and Cloud {1947) revfewed the Upper Cambrfan
stratigraphy of Central Texas and gave brief descziptions of each formae
tion and member, Cloud and Bridge (1947) published a cosprehensive paper
on the Ellenburger group of Central Texas, and {ncluded brief descrip~
tions of other Paleozoic strata cropping out at var{fous localities {in the
region.

Blank (1951 a and b) dfscussed the exfoltation of granite domes
in the Llanc region and the peculiar, doughnut shaped weathering features

found on the granite.



Polk (1952), Alexander (1952), Duval (1953), Parke (1953),
Grote (19 4), and Fritz (1954) prepared detailed maps and described the
stratigraphy and structure of small areas in the vicinity of Masson, Texas.
Rogers (1954) reperted on an arkosic conglomerate of probable Early Cre-
taceous age found as scattered deposits in Mason, Menard, and Kimble
Counties, Texas,

Barnes and Bell (19%4) reviewed the stratigraphy of the Llano
region and published measured sections of the Upper Cambrian formations.
Barnes (1956), {n a report on lead deposfts in the Upper Cambrian rocks
of Central Texas, briefly reviewed the structure and Upper Cambrian

stratigraphy of the region.



GEOGRAPHY

CLINATE

The climate of the Llano region is semi.arid. The annual raine
fall in Mason County averages about 20 fnches, most of which falls in
periodic heavy showers occurring during the winter and esrly spring months,
The tendency toward widely spaced heavy rains separated by long dry
spells causes a large amount of the rainfall to be lost as surface run-
off,

During the past six years the region has been subjected to a
severe drought, and the mean yesrly precipitation has dropped considerably
below the normal,

Temperatures vary between the summwer and winter extremes of
110° and «5%, and daily variations may be as much as 30°. Mean tempera~
tures are about 45° for winter months and 90° for summes months. The

average annual temperature is about 70°,

VEGETATION

The vegetation of the area is limfted to those types which
are hardy enocugh to subsist under conditions of thin topsoil and little
water. On areas underlain by granite, post oak and blackjack oak are the
dominant types. Weathered sandstone outcrops commonly support growths of
mesquite and needle grass, but in areas where the sandstone bedrock has
not decomposed, dense growths of oak occur. On the limestones, post oak,
Mexican pers{mmon, and many varities of cacti flourish, Cedar, which once
grew in abundance on the limestone hills, has been killed off by the

ranchers as a groundewater conservation measure.
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Vegetation {s particularly dense on the uncult{vated parts of
the Hickory sandstone, on the Cap Mountain and Morgan Creek limestones,
and on the calcitic reefs; but it is somewhat thinner on the San Saba
and lower Ellenburger limestones and s sparse on the weathered sandstone
outcrops, on the Point Pesk shale, and on the dolomitized reefs., Cree
taceous upland areas sLpport dense growths of oak, Mexfcan persimmon, and

prickly pear.

INCUSTRY

Economic development of the Camp Air-West area is limited to
ranching and farming, The ranching fndustry was originally devoted
principally to beef cattle, but overgrazing and years of drought have
curtailed the raising of cattle {n large numbers. In recent ysars the
ranthers have turned to goat raising as their chief source of income.

The small farms, located on the sandstone outcrop belts, were
devoted primarily to the raising of peanuts, melons, corn, and hay; but
the prolonged drought has made dry farming extremely hazardous., A few
of the farmers have installed frrigation wells, but the majority have

either moved away or turned to grazing small flocke of sheep.
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PHYSIOGRAPHY

TOPOGRAPHY

The Camp Afr-West area lfes on the northwestern flank of the
Llano Uplift, a structural dome of Paleozoic and Precambrian strata ex
posed in a topographic basin eroded through relstively flatwlying Cre-
taceous rocks, Within the basin, maximum relfef s about 1,600 feet.
Maximum relief in the Camp Air-West area is approximately 250 feet from
the bed of West Prong Creek {n the east to the top of the Cretaceous oute
crop in the southecentral part of the area,.

In the semi~arid climate of the regilon, limestone {s more
res{stant to erosion than is sandstone. As a result, ridges and upland
areas are developed on the limestone outcrops while benches and lowland
areas are developed on the sandstone outcrops. The resistance of the
coarse-grained granfte to erosion {s about equal to that of the sand=
stone, and it too normally underlies lowland areas,

The granite outcrop in the scutheastern corner of the thesis
area occupies a broad, rugged lowland in which the bedrock has been dis-
sected into a series of irregular knobs, The Hickery sandstone outcrop
to the west of the granite also has been reduced to a bread lowland, but
in contrast te the rugged granite outcrop, the Hickory sandstone outcrop
is gently undulating uu)} only scattered exposures of bedreck protruding
through the soil cover. #4n exceptfon to the gentle character of the
surface underlain by Hickory sandstone.is a large conspicuous hill rising
about 150 feet above the surrounding terrain, C,7 mile west of Camp Afr,
West of the Hickory sandstone outcrop, the_Cap Mountain limestone, Lion

Mountain sandstone, Welge sandstone, and Morgan Creek limestone form a
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series of elongated northeastesouthwest trending ridges and benches which
pass beneath the relatively flat Cretaceous tableland in the southern portion
of the area.

In the central part of the area, between the dip slope of the
westernmost ridge composed of “lorgan Creek limestone and the eastern edge
of the reef outcrop, a broad alluvium filled valley has been developed by
erosion of the Point Peak shale., From the western rim of the valley a
gently northwestward dipping, rugged, rubble-strewn surface, developed on
caleite and dolomite reefs, extends to the moderate slopes of the San
Saba limestone outcrop. In the northwestern corner of the area, gently
rolling hills and valleys have been developed on the Ellenburger limestone.

Faulting has affected topography by repeating the valley and
bench forming sandstones and the ridge forming limestones f{n the eastern
part of the area, but faults witl'\in the San Sabs and Ellenburger lime-
stones {ndiscriminately cross hills and valleys with no apparent effect

on topegraphy.

DRAINAGE
The Camp Alr-Yest area lies just north of the drainage divide

between the Llano River to the south and the San Saba River to the north,
Within the area, a local drainage divide is formed by the Cretaceous

outcrop in the south and the Morgan Creek ridge running diagonally across
the center of the area. Io the east, the small streams and gullies drain
into West Prong Creek, a tributary to Katemcy Creek. Katemcy Creek, fast
of the area, drains northward inte the San Saba River. : reams and gule
lies west of the divide drain into several small, unnamed tributarfes to

the San Saba Rfver., All streams in the thesis area are ephemeral,



Faults have had little effect on the drainage patterns in the
area. The major drainage lines cut obliquely across several faults
along their courses with no apparent tendency to exploit the fault zones.
Some small tributary gullies have formed along fault zones, however, and
it is robable that, were the climate more humid, faulis would have a

pronounced effect upon the minor drainage 1lines.
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STHATIChAPHY

GFNERAL STRATIGRAPHY
The rocks exposed {n the Camp Afr-Fest area range from a Pre=
cambrian granite in the southeast corner through Upper Cambrian sand-
stones, limectones, and shales {n the centrsl part and Crdovician lime-
stones in the northwestern corner to Cretaceous limestones {n the southe
central part. Recent alluvium and caliche mask the bedreck tn the val~

leys, on the dfp slopes of cuestas, and around the edges of the Cretaceous

outerop. is poorly t ghout the area except on the

scarp slopes of cuestas. For this reason no extensive sections were
measured and described, The Camp Af{reWest area lies approximately mid—
way between the localities of the Camp San Sabs and Calf (Camp) Creek
sections, described by Barnes and Bell (1954, pp. 45=€7} (see locations 1
and 2, Fig. 1 of this thes{s), and the rocks exposed in the area are
sjmilar in thickness and litholegy te those of both sections., In the
case of the San Saba limestone and the bioherm zone, the stratiyraphtc
relationship and l{thology occurring 1n the Camp Air-West area are transitional
betweer. the Cap San Saba section amd the Calf Creek section.
The stratigraphic column for the thesis area {s as tollows:
Cenozofc
Quaternary System
Recent alluv{um
Mesozoic
Cretaceous System
Lower Cretaceous \Comanchean) verfes

limestone and conglomeratic sandstone



Faleozoic
Ordovician Systeam
Lower Ordovician Ceries
Ellenburger limestone
Cambrian System
Upper Cambrian Series
Wilberns formation
Lan “aba limestone member
Point Peak shale mewber
iorgan Creek limestone member
Welge sandstone member
Piley formation
Lion Mountain sandstone member
Cap Mountain limestone member
Hickory sanstone member
Precambrian

Granite

PRECAMBRIAN
The Precambrian basement complex exposed in the Llano Uplift
includes schists, marbles, and gneisses of metasedimentary and possible
metaignecus origin that are intruded by predominantly acidic rocks in the
forms of batholiths and dikes.
In the Canp Afr-West area, th: only representative of the Pre-
cambrian complex i{s » coarse~grained grani{te exposed in the southeast

corner of the area.



Cranite

Jif fin : Ctenzel (1932} subdivided the granite in=
trusfves of Llano and Turnet Count{es into three groups on the basis of
litholocy and structmel rela*tonshtp«, EBic subddviziens, fiem olcest teo
youngest, are: the pink, coarse~grained, lown lountain granite; the gray,
medfumegrafned, Ostman ¢ranite: and the gray, fine-grained, 5ix-=fle
granite.

The cranite cioppfng out *n the southeast corner of the Comp
MrwT'est area fs pari of the ¥Vatenmcy nmass, a large ellfptfcal hody which
extende from the northecentral part of “ason County nto the southeastern
edae of “cCulloch County. Barnes and Tell (1954, p, 80) cenctdered this
mass to be part of the Town “'ounta'n granite.

Atholeay: Lotafled recascontc and microscoptc dmscriptions of
granite from the Katemcy mas< at 3 locatfon 0,% mfle southea~t of Katemcy
and at Flatrock done, 3 mfles west of Fredonia, Texas, were gfven by Barnes
(1947, pp. €1-22 and ©6-87). Keppel {194C, p. 975) publishc: the results
of a Rosiwal analysis of a3 specimen from Flatrock dome.

The granite exposed on the thesis area {s a nink, coarse-grained,
biotfte granfte. ‘“ecascopically, {t appears to he composed essenttally
of pink nicrocline, whtte feldsnar (probably placioclasa), clear quartz,
anc' biotfte. The nicroclfne occurs as phenocrysts averagina about 20
millimeters in length, but crystals as long as 3% millimeters are common,
Quartz grains average about 5 ~fllimeters {n diameter, but juxtaposttion
of grains in some cases has formed {rreqular, elongated, vein-like areas
15 to 20 millimeters {n length. The biotite occurs as scattered groups of

platy flakes of ¢ mi{lltmeters diameter in the matrix of white feldspar
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and quartz grains, Pegmatite sand aplite dfkes averaging a few inches in
width are common {n the exposure.

Weathering changes the color of the granite to a dull pinkish-
gray and leaves a rough surface by differential removsl of the matrix
around the phenocrysts, The entire outcrop has weathered to a series of
{rregular knobs. Along the western edge, near the contact with the over-
lying Hickory sandstone, these knobs protrude through a thick layer of
granite wash formed over the outcrop; but eastward they broaden, and the
mass {s devoid of sediments. Soluticn pits are common on the flstter
parts of the outcrop, and two small "doughnut™ weathering features simi-
lar to those described by Blagk (1951) were found near the western edge

of the exp 6. The dough d about 1.5 feet across their

outer rime,

At the one expesure of the Hickory contact found in the area
(locatfon 1, Plate I) the granite has been weathered in plave to a grayishe
white clay. In the process of kaeclinization, the ocutlines of feldspar
crystals have been retaineds; but they crumble when touched and appear to
be completely altered to clay. Depth to solid granite bedrock beneath
the contact could not be determined.

Stratigzephic relatfon: Elsewhere in the Llano uplift, granites
of this type are intruded into Precambrian schists and gneisses. In the
Camp Afr~West area, however, no evidence of the metamorphic rocke remains.
The granfte-Hickory sandstone contact is covered over most of the area,
but {n the exposure on West Prong Creek the basal Hickory sandstone over—
lies the granfte unconformably (Plate II). Apparently the metamorphic

rocks were stripped from this part of the area during the long interval
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Plate 11

Figure 2.
Quartz pebble conglomerate of the basal Hickory sandstone in contact with
weathered Precambrian granite in bed of West Prong Creek.
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of erosion between Precambrian ard Late Cambrian times, and the basal
Hickory sandstone was deposited directly upon the granite.

Bridge, Barnes, and Cloud (1947) reported that relief on the
Precambrian surface n; approximately 800 feet prior to deposition of the
Hickory sandstone. Evidence of considerable relfef on the Precambrian
surface occurs in the thesis ares one mile northwest of Camp Alr. There,
two miles northwest of the main granite outcrop, a small granite mass is
exposed on the upthrown side of a fault near the Hickory sandstone=Cap
Mountain limestone contact., This exposure, about 0.2 mile in width, {s
not continuous along the fault, but dips beneath the Hickory sandstone in
all ( frections. About 0.8 mile south of the exposure toward the mafn
granite outcrop, an frrigation well was drilled to granite at a depth of
245 feet (location 2, Plate I), A fault that would account for some of
the difference {n elevation {s known to trend toward the vicinity of the
well, but it could not be proved to pass between the well and the small
granite exposure. Since this exposure is not continuous along the re-
glonal strike, and because it is two miles removed and up-section from the
main granite outcrop, it is probably the top of a buried bill, The con=
tact between the Hickory sandstone and the granite hill is covered with
alluvium, but judging by soil celors {n its vicinity and by outcrops
along the regional strike sway from the hill, the top of the hill is esti~
mated te lie slightly above the middle stratigraphic level cf the Hickory

sandstone.

CAMBRIAN SYSTEM
Although Lower and Middle Cambrian rocks have not been recog-

nized in the Llano uplift, Upper Cambrian rocks form extensive outcrops
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throughout the regfon. Two formetions sre currently recognized - the
Riley formation, comprised of three members; and the Wilberns formation,
comprised of four members. All seven members of the two formations crop

out in the Camp Afr-West area.

Riley Formation

The name "Riley series” was proposed by Comstock (1690) te
apply to strata which comprise parts of the Hickory sandstone and Cap
Mountain limestone of the present classification. Comstock's classifi-
catfon had long been abandoned when Cloud, Barnes, and Bridge (1945,
Pe 154) introduced the name Riley fermation "... to inclwde all of the
Cambrian strata in Central Texas benesth the Wilberns formation". As
defined by these authors, the Riley formation is comprised, from bottom
to top, of the Hickory sandstone, the Cap Mountain limestone, and the
Lion Mountain sandstone members. lhe common contacts of the members
intergrade both laterally and vertically,

At {ts type area in the Riley Mountafns of southeastern Llano
County, the formation is about 780 feet thick; however, its thickness
varies considerably throughout the Llano region. The average thickness is
about 695 feet, according to Barnes and Bell (1954, p. 36). The varfatfon
in thickness is attributed to topographic relief of the Precambrian sure
face upon which the formatfion was deposited,

In the Camp Air-West srea, the thickness of the Riley forma-

tion is estimated to be about 700 feet,

Hickory Sandstone Member
Refinition gnd thickness: Comstock (1890) used the name Hickory,

taken from Hickory Creek fn Llano County, to apply to the lowermost of
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the three Cambrian series he established fn the regfon. Paige (1511)
used the name Hickory sandstone in lieu of Comstock's Hickory serfes and
placed the upper boundary of the unit within the lower calcareous sande
stone beds of the present Cap Mountain limestone. Cloud, Barnes, and
Bridge (1945, p. 134) classified the Hickory sandstone as the basal member
of the Riley formation and lowered the Hickory sandstene-Cap Mountain
limestone contact to the top of the non-calcareous sandstone beds below
the limsstone.

According to Bridge, Barnes, and Cloud (1947), the thickness of
the Hickory sandstone varies from slightly over 400 feet to a feather
edge and averages about 360 feet, The variable thickness is attributed
to the topographic relfef of the Precambrian surface upon which the mem=
ber was deposited, to unequal deposition, and to more rapid gradation into
li{mestone {n some areas. DBecause the effect of faulting is masked by
soil cover, the thickness of the Hickory sandstone within the Camp
Air-West area cannot be estimated with reasonable accuracy. The great breadth
of outcrop, however, indicates that the thickness must apprcach the maxfe
mun of 400 feet reported for the region.

Lithology: The Hickery sandstone is a light irayishewhite to brewn,
dull orange, and deep red, fine- to coarse=grained, nonecalcareous, es=
sentially non=glauconitic, quartz sandstone. The gray!shewhite color
occurs at the base where the member is a coarse-grained conglomeratic
sandstone varying laterally to a quartz pebble conglomerate. Ventifacts
occur in the basal beds of the member at several localities in the region,
aceording to Barnes and Parkinson (1939). Above the basal beds the grain

size decreases, and {n the middle stratfgraphic levels a brown to greemish=



gray, thin-bedded, shaley siltstone with lenses of fine=grained sandstone
octurs. In Its upper part, the Hiskory member is a brown to deep rustered,
medium. to coarse-grained sandstone. The deep red color is imparted by
hematite encrusting well rounded quartz grains and acting as cement. The
well rounded quartz grains encrusted with hematite give an ooclitic tex-
ture to the rock, and {t bears a marked physical resemblance to the well
known ocolitic iron ores from the Red Mountain formatfon of Sflurfan age
in the Seuthern Appalachian Mountains.

Cross~bedding {s pronounced fn the lower beds but is by no
means restricted to them. Highly crossebedded strata occur locally
throughout the entire stratigraphic extent of the member, Graded bedding
is also common throughout, but it toc fs more pronounced {n the lower
beds. Kipple marks have been reported from the middle and upper stratigra-
phic levels of the Hickory sandstene in many localitfes, and small
brachiopod shells, reported to be phosphattic, are common {n these beds,

The Hickery sandstons ¢rops out across the southeastern corner
of the Camp Air-West ares in a two mile wide belt trending northeast=
southwest. Most of the outcrop belt {s covered by soil, and bedrock 1s
exposed only at scattered localitfes. The Hickory sandstone granite contact
{8 expesed in West Prong Creek (lecation 1, PlateI), There, the basal
Hickory sandstone {s a gray{sh.white quartz pebble conglomerate, with
quartz pebbles averaging about 1.5 inches in length imbedded in a matrix
of coarse quartz sand (see Plate II). The quartz pebbles are very well
rounded and show no evidence of wind faceting. The conglomerate, about 3
feet thick, overlies kaolinized granite; however, at some places along

the exposure, the extreme basal part of the conglomerate is replaced
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laterelly by up to 0.5 foot of coarse-gratned sandstone., At the top of
the 3 foot {nterval the conglomerate changes abruptly to coarse-grained
sandstone. Cross-bedding 1s present 1‘n both the conglomerate and the
sandstone.

Northward along the creek from location 1, the lower Hickory
sandstone retafins 1ts high degree of cross-bedding but becomes finer
grained and changes to a light buff color in scattered exposures that
are successfvely higher stratigraphically (see Plate JII).

Two miles southwest of Camp Air, apparent lower Hickory sand=
stone is exposed along the upthrown stde of a fault (locatfon 3, Plate I),
At that location and scuthwestward along the northern side of the fault,
the Hickory member {s a light rustered, coarse-grained sandstone containe
ing scattered sub-angular pebbles of milky quartz that vary from C.5 inch
to 2 inches in length. A few brown chert pebbles and one quartzite venti=
fact measurfng 2.5 f{nches {n length were found at this locality., The
ventifact is composed of light gray quartzite faintly tinted with purple -
distinctly different {n color and hardness from the sedimentary quartzitecs
common to the Hickory sandstone. Quartzite of this type {s known to oce
cur in the region {n the lower Cretaceous beds only; and chert, although
common in some formations of the Ellenburger group, is also common in
Lower Cretaceous beds of the regfon,

Although the chert pebbles and the quartzite ventifact are ime
bedded in the sandstone bedrock and there is no evidence of stream
channeling, the most logical explanation for thetr presence {s that they
were deposited much later than Cambr{an t{me and most probably just prior
to or during Early Cretaceous time. They oceur at an elevattion approx{-

mately equal to the level of the basal Cretaceous strata exposed in the
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Plate III

Cross-bedding in Hickory Sandstone

Figure 1, Cross~bedding in lower beds of the
bed of West Prong Creek, The stratigraphtc
about 30 feet above the basal contact,

Hickory sandstone in the
position of these beds (s

Figure 2, Cross-bedding in the Hickory sandstone about 50 feet above
the basal contact, Exposure {s in the bed of West Prong Creek.




thes{s area and were possibly part of the pre-Cretaceous surface residuum
that became cemented into the partfally cis{ntegrated bedrock. Although
the sandstone containing the chert pebbles and gquartzite ventifact, is
1ithclogically characteristic of the lower part of the Hickory member,
there {s a possibjlity that it is of Cretaceous age.

At location 4, about 0.2 mile southeast of location 3 (see
Plate 1), light gray shales of the middle stratigraphic level of the
Hickory sandstone sre exposed in a road ditch, Two miles northeast of
Camp Afr (location 5, Plate I) and approximately along the strike from
location 4, ten feet of middle Hickory shales and sandstones are ex=
posec in the bank of a small creek. The entire section consists of light
grayish=green and pink, thinebedded, fissile shales alternating with 0.3
foot to 1.5 foot thick beds of pinkishebrown, very finew-grafned sande
stone. The lowermost bed, 1.3 feet thick, is comprised of chocolate
brown and brownishegray mottled sandstone.

About 0.8 mile north of Camp Air, a probable channel fill in
the lower part of the upper Hickory sandstone is exposed in a road cut
on the west side of the ason=Brady highway (location &, Plate 1)

(Plate IV}, A dark brown to red, coarse~grained sandstone bed with a
gently concave upper surfsce underlies orange, fine~ to medium-grained,
highly corss-bedded sandstone. The two sandstone units are separated

by a 0.3 fnch, nodular to botryoidal layer of ferruginous material. Both
units contain small brachiopod shells, but the shells in the upper unit
are much less numerous and are more fragmented than those of the lower
unit. Although the ends of the exposure are obs¢ured, and the lateral

truncation of beds along the sides cannot be observed, the cencavity of



Plate IV

Figure 2,
Possible channel fill in the Hickory sandstone exposed in roadecut 0.8
mile north of Camp Air, ?




the contact surface in contrast to the normal bedding surfaces, the
sharp lithologic change across the contact, and the high angle of cross
bedding in the upper unit strongly suggest a channel fill or a tidal
inlet fill.

About 1.5 miles north of Camp Air, the uppermost beds of the
l{ckory sandstone are exposed {r an abandoned iron-test pit (location 7,
Flate I). At that location, 26 feet of deep red to buff, fine- to
coarse-grained, thickebedded, jointed sandstone was measured below the
contact with the overlying Cap fountain limestone. At the base of the
section the sandstone is dark purplishered, coarse-grained, and thick=
bedded, with individual beds varying from 1 feot to 2.5 feet in thickness.
The individual sand grains are well rounded and ave coated with layers
of iron oxide, imparting an oolitic appearanrce to the rock. Near the
contact with the Cap "ountain limestone, the sandstone {s dark orown to
buii, fine~ tc mediun~grained, and slightly cross-bedded, with beds varye
ing from 0,5 foot to 2 feet in thickness.

The iron oxide of the Hickory sandstone, concentrated in {ts
upper lavels, was possibly deposited contemporaneously with the sand.
Abundant glauconite in the overlying sediments, especially in the Lion
jountain member, and the avundance of iron oxide in the Hickory membexr
attest to the high iron corcentration in waters of the Late Cambrian seas.
The fact that this iron was deposited as an oxide in the Hickory sand-
stone and in a reduced state -~ in the form of glauconite = in the Lion
‘ountaln sandstone might possibly reflect the relative rate of deposition
of the two members as well as the variatfons of bottom conditions between

them, 20Bell (1946) has shown that, although the reducing potential of



pottom deposits increases with depth below the depositional surface, the
reducing capacity of those deposits decreases rapidly with depth, and that
most chemical diagenesis occurs in the upper few inches of the newly de=
posited sediments. This decrease {n the reducing capacity is related to
2 similar rapld decrease in the number of bacteria.

Iron derived from source rocks and transported by streams to the
ocean would most likely be in the oxidized state, Where deposition was
slow and reducing cor;ditions existed on the bottom, the fron, though de-
posited as an oxide, would probably be reduced, and glauconite or other
ferrous iron compounds would form. Cross-bedding in the hickory sande-
ctone suggests that it was probably deposited in agitated, oxygenated
water; and, in this case, the fron would not be subjected te raduc!n‘g cons
ditions. However, with rapid deposition, the sediments would be burfed
below the zone of chemical diagenesis before reduction could take place
even though reducing conditions, tnstesd of oxydizing conditions, are as-
sumed for the Hickory environment.

Locally, the Hickory sandstane, paxticulaﬂy in the upper sira=
tigraphic levels, has been cemented to quartzite., The quartzite is conmon
along fault zones (Plate V) but {s not restricted to them in {ts oceurrence.
So-called quartzite dikes have formed aleng some joints and stand out
{n relief because of different{al weathering., A particularly extensive
occurrence of quartzite that appears to pear no relatfon to faulting is
located atop the hill 0,7 mile west of Camp Afr (location 8, Plate 1),
practically all beds cropping out on the hill top are altered to some
extent., In some cases the ferruginous material common to the sandstone

has been compltely removed, leaving the quartzite almost white.
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Plate V

Bl e st —rut g o

Resistant quartzite along fault zone in Hickery sandstone on
north side of néogd 1 mile west of Camp Alr,
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21though the quartzite is well indurated and breaks across the
sand grains, the alteration does not extend to great depth in indfvidual
beds. Some of the beds studled had a layer of quertzite 1 to 2 inches
tnick ¢n their upper surfaces but were relatively friable below the
quartzite layer. A definite gradation between sandstone and guartzite
occurs in these peds, but the transfition zone i{s thin, Some Lede studied
were altered tc depths in excess of 1 foot, OCverall, the alteration
seems to ke controlled by bedding planes and vertical joints.

The alteration of the samistone to quartzite was prebably accome
plisied by silica-Learing groundewater, but the factors {nfluencing {ts lo-
calized cevelopment are not evident, The Hickory member does not appear
to be more highly jointed than normal at this location; and for that
zeason, the concentratfon of quartzite cannot be related to a localized
fracture zone in the sandstone. The soluble silica necessary to form the
quartzite was probably derived from the weathering of glaucenite in the
overlying Cap Mountain li{mestone and Lion Mountain sandstone, snd {t s
scseible that the localized nature of the quartzite was cmused by fracture
zones in overlying beds that controlled the dowrward movement of grounce
water. The quartzite of the Hickory sandstone formed subsequent to
faulting ¥n the region and probably after uplift and erosion had elevated
the samdstone to the level of groundewater circulation.

Straticraphic. relationt The Hickory sandstone is separated from
tne Frecambrian basement rocks by a distinr;t unconformity, Its contact
with the overlyinc Cap .lountain limestone, however, is not so sharply
defined, veinc cradational octh laterolly and vertically. 1he beundary

established by Cloud, Barnes, ard Bridge (1945 is at the top of the
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nonecalcareous sandstone beds, and the contact is picked there for de-
tatled fleld studies. Because the transition from non-calcareous sand-
stones to limestone occurs over a relatively short interval, the estab~
1ished boundary is coincident, within the limits of mapping accuracy,
with a topographic and vegetationsl break occurring between the sandstone
and the limestone. The break is ususlly distinct on serial photographs

and, for mapping purposes, is the best criterfon for picking the contact.

Cap Mouptain Limestons Meabex
Definition apd thickpses: Faige (1911, p. 23) first used the
name Cap Mountain formation, taken from Cap Mountain, Llano County, te
apply to strata between the then recognized Hickery and Wilberns forma-
tiens, He placed the upper boundary of the formatfon above the present-

ly recongnized Lion Mountain sandstone and placed the lower boundary

above the calcareous sandst beds p. tly igned to the Cap Moun~
tain limestors. Cloud, Barnes, and Bridge (1945, p, 154) redefined the
Cap Mountain as a member of the Riley formatfon. They relocated the
boundaries to exclude the Lion Mountain sandstone and to {nclude the
calcareous sandstone beds assigned by Paige to the underlying Hickory
sandstone.

Ascording to Bridge, Barnes, and Cloud (1947), the thickness
of the Cap Mountain limestone varies from 135 feet to 435 feet and averages
280 feet. They attribute the variable thickness to a northwestward
lateral gradation of the lower beds inte the Hickory sandstone.

In the Camp Air-West area, the Cap Mountain limestone is about
Z70 feet thick.
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Lithology: The Cap Mountain limestone varies from dark reddishe
brown and buff, fine- to medium-grained, calcareous sandstons and brown,
arenaceous limestone at the base to gray, medium-grained, sandy, glauconitic
1imestone near the top, Immediately below its contact with the overly
ing Lion Mountain sandstone, the Cap Mountain limestone {s highly glauconitic
and contains a few thin shaley beds. The thickness of individual beds
varies from less than 0,5 foot to about 3 feet, but beds frem 0.5 foot
to 1 foot are predominant on weathered slopes., The thicker beds are more
common in the lower and upper levels of the member, particularly in the
zones of transition between sandstone and limestone., Glauconite is par-
ticularly abundant i{n the upper beds, but at some localities {t occurs
belew the middle stratigraphic level of the member i{n sufficient quantie
tfes to give the fresh rock a green speckled appearance,

Although it {s highly jointed througheut its vertical extent,
the Cep Mountain limestone {s relatively reaistant in the arfd¢ climate
of the region and tends to form elongated ridges or cuestas between low-
lands developed on the Hickory sandstone below and benches developed on
the Lien Mounta{n sandstone above.

The Cap Mountain limestone crops out in a northeast-southwest
trending ridge extending from the southecentral part to the mortheastern
corner of the thesis area, Bedrock is poorly exposed along the ridge
except at scattered localities along the scarp slope and {n the beds of
ephemeral streams. The best exposure of the basal beds i{s in the aban=
doned iron-test pit 1.5 miles nerth ¢f Camp Alr (locatfon 7, Plate I).
There, dark brown to yellowish=brown, calcareous siltstone and sandstone

beds are exposed above the contact with non-calcarsous sandstones of the
-
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Hickory member. The basal beds are 1 foot to 2.5 feet thick and are high=
ly jointed, Leaminae of ferruginous materisl are present along many of
the bedding surfaces. Upward, the beds thin and become more calcarecus,
grading into buff arenaceous limestone and finally into gray limestone.

The approximate middle stratigraphic level of the Cap Mountain
limestone is exposed at location 9 (Plote I) in the bed of a small
ephemeral stxeam, At that locality the limestone fs fine- to medium-
grained, silty, and gray, with specks and mottlings of brown., Individual
beds vary from 0.5 feot to 1 feot in thickness, and leaching along the
edges of some of the beds has preduced a honeycomb texture on the surface,

Beds of the upper stratigraphic levels of the Cap Mountatn
limestone are poorly exposed along the dip slope of the ridge, Above the
middle stratigraphic levels the member is a light gray, speckled with
brown and green, fine- to medium~grained, glauconitic limestone in 0,5 to
1 foot thick beds. The amount of glauconite and the thickness of beds
increase toward the top of the section, Near the contact with the over-
lying Lion Mountain sandstone, brown and gray, silty, glauconitic lime~
stone beds alternste with beds of gray shales and brown, glauconitic,
calcarecus siltstones,

Stratioraphic relatiop: Beth the upper and lower boundaries
of the Cap Mountain limestone are gradational. The contact with the under
lying Hickory member {s picked at the first significant occurrence of
cale{um carbonate for detailed field studfes and at the topographic and
vegetational breek between the limestone ridge and the sandstone lowland
for mapping purposes, The contact with the overlying Lion Mountain sand=

stone is picked, for mapping purposes, at the lower edge of the sparsely
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vegetated bench normally developed on the sandstone outcrop. For dee
tafled field studfes, the upper boundary is picked at the first bed of
trilobite “hash™ or the first bed of abundantly glauconitfc sandstone

above the thick bedded limestone.

Lien tountstn Sapdstene Meaber

Cefinition and thickness: Bridge (1937, p. 234) named the
Lion Mountein sandstone as the top member of the then recognized Cap
%ountain fermation. Cloud, Barnes, and Bridge (1945, p. 154), in re=
vising the Upper Cambrian stratigraphy of the Llanc region, retained the
unft with fts original boundarfes as the upper member of the Riley forma-
tion,

At its type locality on Lion Mountain in Burnet County, the
member is 20 feet thick, but the thickness varies throughout the uplift
to a maximum of 50 feet. The thickness of the Lion Mountain sandstone
could not be measured {n the thesis ares because of faulting and soil
cover, but ft is estimated to be in excess of 30 feet and is probably close
to 50 feet,

Lithology: The Lion Mountain member is a med{um= to coarse-
grained, highly glaucenitic sandstone with beds and l:nses of limestone
in the lower part. The limestone consists, for the most part, of an in
durated coquina of trilobite fragments, but some beds are non-fossiliferous
and some contain brachioped shells. Locally, thin shale beds occur bew
tween the limestone beds and between the limestone and sandstone litholo-
gles. The limestone {s well bedded near the base of the unit at some
localfties, but at higher stratigraphic levels {t o.ccurs as tangential

lenses of trilobfte coquina in the sandstone. In the northwestern part
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of the Llano uplift, the Lfon Mountain sandstone and the ov.rlying Yelge
sandstone typically undexlie benches between resistant ridges of Cap Moun=
tain limestone and Morgan Creek limestone. In the eastern part of the
region and in the sourthern part near the Llano River, however, the %elge
sandstone is more resistant to erosion than {s the Lion Vountein sand=
stone, and outcrops of the two members are separated by e small scarp de-
veloped on the Welge sandstone,

An abundance of hematite nodules which form as weathering
preducts of the highly glauconitic sandstone is characteristic of the
weathered outerop of the Lion Mountain sandstone,

The Lion Mountain sandstone crops out in two narrow, diagonal
belts trending northeastwerd scross the central part of the thesis area.
No exposures of fresh bedrock were found along the southeastern outcrep
belt, and the member was recognized there only from the occurrence of
hematite nodules and from occasfonal slabs of trilobite “hash® protrwiing
from the sofl cover. In the northwesternmost of the two eutcrop belts,
one good exposure of the upper beds of the member occurs in a small gully
0.2 mfle northeast of the Roy Schmidt ranch house (location 10, Plate I).
At that locality, the member fs an clive green, well-sorted, coarsewgrained,
glauconitic, quartz sandstone, with occas{onal layers of almest pure
glauconite and a few small, 1 to 2 inch thick lenses of trilobite "hash".
Well displayed in the exposure are fntermediate stages of weathering of
the glauconitic sandstone {nto deep red, ferruginous sandstone that ultie
mately forms the characteristic hematite nodules associated with weathered
outcreps of the member. Silica and fron oxide cements derived from the

chemical weathering of glauconite have formed deep red spots of induration
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on the surface of the bedded sandstone, The red tones deepen and the in-
duration increases with the degree of breskdown of the glauconite. Dif-
ferential weathering leaves the indurated parts of the bedrock as surface
residuum and continuation of the weathering process ultimately results
in the complete alteration of the sandstone fragments into highly fer=
ruginous quartzite pebbles and cobbles aptly described as hematite no-
dules.

The basal beds of the Lion Mountain member are covered by
scil on the thesis area but are exposed in several small gullics just
off the southwestern coerner of the area, In that vicinity, the lower 5
to 8 foot interval of the member consists of highly glauconitic, non-
fossil{ferous limestone and trilobite amd brachfopod "hash” in beds
averaging about 0,3 foot in thickness, Although the exposures are re-
stricted and the individual beds cannot be traced more than a few feet
laterally, the interval appears to be comprised of well developed beds
ard not of lenses. No evidence of this bedded limestone interval was
found on the eastern part of the thesis area where small lenses of trilo-
bite "hash" protrude through the soil cover within a few feet of the
thick upper beds of Cap Mountain limestone. The exposures off the south=
western corner of the area are thought to represent a local development,
possibly resulting from deposition in a local depression that remained
below the level of wave actfon longer than the surrounding area.

All of the trilobite limestone observed in the Lion Mountain
member is composed of fragments. This evidence of conditions of boitom
agitation appears anomalous in view of the abundance of glauconite in the

sandstone. The formation of glauconite requires reducing corditions, and
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oxyyenation of bottom waters by agitation would prevent {t- formation.
One explanation for the anomaly is that both the glauconite and the
trilobite fragments were derived from pre-exi{sting nearby sediments. It
is doubtful, however, that the great quantity of glauconite occurring
in the Lien Mountain sandstone could have been weathered from sediments
exposed to subeaerial conditfons and .ransported to the site of depesition
without extensive chemical alteration., Another possibility is that the
glauconite and trilobite fragments were derived from pre-existing uncon
sol{dated ocean bottom deposits brought up to the level of wave action
by regression of the sea. This is more plausible, but in this case the
occurrence of glauconite and trilcbite fragments should be restricted to
the lower beds of the member, It seems prubablel therefore, that the
Lion Jountain glauconite is authigenic, and another solutfon to its
anomalous occurrence in the pr esencé of avidence of agitation must be
sought .,

Cloud (1955) discussed the formation of glauconite in recent
and ancient sediments, concluding that it requires mar{ne waters, reducing
conditions, and appropriate source material. They further concluded that
its formation is favored by high organic content of bottom sediments and
slow or {ntermittent depositfon. As discussed earlier, Zobell (1946) has
shown that the reduction of material in ocean bottom sediments takes pluce
almost entirely within a few inches of the depce.itional surface,

If the conclustons of these authors are accepted, the occurrence
of abundant glauconite in the Lion Mountain sandstone might be explained
by assuming long periods of quiescence and slow sedimentation {n which

reducing conditions existed on the sea bottom, followed by perieds of wave



agitation during which the urconsolidated sediments were reworked, the
fine material was winnowed out, and the fragmented trilobite remains were
redeposited in depressions on the sea floor. In support of this possi-
bility, the following quotatfon from Lochman (1949, p. 36) s offered.

#Both in recent sedfments and in the geologic column,

glauconite may be associated with evidences of

agitated water - an apparent anomaly until it ts realired

that the phenomena ... indicate(s) a sporadic .., wave

or current action alternating with periods of quiet

water,”

Strati hic cn: The Lion fountain sandston~ {s the top
member of the '{ley formation and underlies the “elge sancstone of the
w{lberns fornat{on. The contact between the two sandstones has been
described as "sharp” by Bridge, Barnes, and Cloud {1947, p. 114, and by
many subsequent authors, The word "c arp" refers to the distinct and
abrupt lithelogic change from highly glauconitic sandstone to non-
glauconitic sandstone across the boundary at mest localities.

Only one exposure of the contact was found in the Camp AfiraWest
area. This exposure, occurring in a small yully just west of the .ason~
Brady highway 2.5 miles north of Camp Alr (location 11, Flate I, is
1imited in lateral extent to about two feet and cannot be considexed as
diagnostic; however, the contact does not asppear to L. an uncontornity.
The "sharp” change in litholccy may be the result of rapid envirommental
change ard nct of uplift and erosicn, Certainly no profound unconiormity
extets between the Filey and “ilkerns formatfons, since at nc place is
the Lion ountain sandstone repurted to be extensively erodeo, Cne would
have to imagine a remarkably level land area of great extent tc propose
an ercsicnal unconformity st the tcp of the Lion Yountain menber over the

entire Llano region that did not result in i{ts complete removal in the more

landward localities.
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The basal boundary of the Lion liountain sandston. [s one of
gradation into the underlying Cap Mountain limestorne. Tor mapping pur=
poses, the basal boundary {s picked at the topographic anc vegetaticnal
break occurring betweon the relatively thickly vegetated dip slope of the
ridge normally developed on the limestone member and the sparsely vege-

tated bench normally developed on the sandstone member.,

Wilberns Formatfon

Patge (1911, p, 23) named the “ilberns formation from exposures
at Wilberns Glen, Llano County. Cloud, Barnes, snd Bridge (1945, p. 155)
redefined the fermation and rafsed the upper boundary to coincide with
the Cambr{an-Ordovician boundary in the eastern part of the uplift where
an unconfermi{ty separates the two systems. According to Barnes and Bell
(19%4), however, later field work has shown that the Wilberns type litholo-
gy transgresses the systemic boundary toward the west where no unconformi-
ty occurs. According to Bridge, Barnes, and Cloud (1947) the Wilberns
formatfon, in normal sections, varies in thickness from 540 to 610 feet
and averages 580 feet, In the southeastern corner of the region, erosion
of the upper beds has reduced the thickness of the formation to 360 feet.
The aggregate thickness of members of the Wilberns formation cropping
out in the Camp Afr West area is about 490 fest. However, the accuracy
of measurements of most of the membeis is doubtful because of the effect
of faulting; and ft is possible that the thickness of the formaticn in the
area {s greater,

As presently subdivided, the lijlberns formstion consists of four
membera, In ascending order these are: the “elge sandstone, the forgan

Creek limestons, the Point Peak shale, and the San Saba limestone.
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Melge Candstope fenber

Lefinition and thickness: Barnes (Pridge, Parnes, and Cloud,
1947, p. 114) named the “elge sandstone from the ™elge land surveys In
Cillespie County, and chose the type section on Squaw Creek, 0.5 mile
north of the county line, 1In its type section, the Welge sandstone {s 27
feet thick, and its average thickness throughout the Llano region s 20
feet. The thickness of the member {n the thesis area could not be
determined accurately, but 1t Is estimated to be about 20 feet,

Lithology: The Melge member {s a yellowish-brown, non-glauconitic
tc slightly glauconitic, nom-calcareous, fine- to coarse-grained sandstone,
It 1s relatfvely nor-resistant in the :rid climate of the region, and its
normal topographic expression is a bench mergin with a similar feature
formed on the underlyinyg Lion Mountafn sardstone., In the sourthern and
eastern parts of the uplift, however, the Welge sandstone {s more resi{stant
than the Lion Mountain sandstone, and in these areas it tende to form
small scarps between the Lion 'ountain benches and the more pronounced
scarps developed on the ‘organ Creek limestone.

In the Canp “ir-"est area, the Welge sandstone crops out
along the northwestern margins of the Lfon Mountain outcrop belts dis-
cussed previcusly. Bedrock exposures are limited to scattered localities,
particularly aleng faults, where silicification has made the sandstone
resistant to erosion., In these exposures, the member {s a lfght yellowishe
brown to dark brown, fine- to coarse-grained, indurated guartz sandstone
varying to quartzite.

An excellent exposure of the member occurs in a creek bank

about 0.3 afle off the southwestern corner of the thesis area. At that
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locality, 18 feet of grayish-white, massive, fine- to medium-grained
sandstone crops out below the basal beds of the Morgan Creek limestone.

The contact with the underlying Lion Meuntain sand is not exposed,

end the full thickness of the Welge member could not be determined, There
{s a marked contrast between the color of the sandstone at this locality
and {ts color in expesures on the thesis area. The upper beds near the
contact with the ¥organ Creek llnnt;:m are light buff-colored, but the
exposure {s predominantly white, The normally reddish=purple beds of the

Welge sandst Morgan Creek limest transition zone and of the basal

Morgan Creek limestone are alsc much lighter in color than rermal, and
they appesr to have been extensively leached, It is probable that
ground-water seeping into the adjacent stream leached the ferruginous
materfal from both the sandstone and the overlying limestone, thus alter-
ing their characteristic colors.

Stratigraphic relation: At its upper boundery, the Welge sand-
stone grades into the Morgan Creek limestone. The zone of transition

between non-cal dst and limest {s relatively thin, and
for mapping purposes the boundary is placed at the topographic and vege-
tationsl break between the sparsely vegetated or cultivated ssndstone
bench and the more thickly vegetated limestone ridge. The lower boundary
i3 marked by an abrupt change from highly glauconitic sandstone of the
underlying Lion Mountein member of the Riley formation to the non-glauco-
nitic sandstones of the Yelge member of the W{lberns formation. In the
thesis area there {s no discernible change in topography or wegetatfon

across the lower bouncary.



Definition and thicknasst The Morgan Creek limestone was first
defined {n the litersture by Bridge, Barnes, and Cloud (1947, p. 114), At
its type locality, neer the junction of the noxth ard south forks of
Morgan Creek in Burnet County, the member {s 110 feet thick; but {ts
thickness var{es from 70 to 160 feet and averages 120 feet throughout the
Llane region. In the thesis ares, the Morgan Creek limestone {s 115
feet thick.

Lithology: The Morgan Creek limestone cons{sts of medfum- to
coarse-grained, highly glauconitic, limestone in beds varying from 0,3
foot to 1.5 feet in thickness. Near {tes lower boundary, the member con=
tains dull red to purplish-red, calcareous s{ltstone beds varying from
0.3 foot to 0.5 foot in thickness. These basal beds grade upward into
med{um-grained, sandy, glauconitic limestone. Upward {n the section the
beds thicken, the red coler grades to greenish-gray, amd the amount of
sand decreases. In the middle stratigraphic levels, the member cons{sts
of gray, speckled with brown and green, abundantly glauconitic, non-
fossiliferous to highly fossiliferous limestone in beds varying from 0.5
foot to 1 foot {n thickness. Small bioherms of gray micro~granular lime-
stone and thin beds of {ntraformational conglome:ate are common {n the
upper levels of the member at many localities, Near the contact with the
overlying Point Peak membex, shale beds alternate with the limsstone.

Locally, the Morgan Creek limestone is highly fossiliferous, con-
taining a variety of brachiopod and trilobite remains, Two fossils ocw
curring {n laterally perststent but vertically restricted zones are of

partfcular atd {n recogn{zing the member where the characteristi{c basal
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beds are missing or covered, The brachiopod Eqorthis texana, occurring
in a % to 10 foot zone approximately 40 feet above the base of the member
furnishes a good criterion for recognizing the lower strat{graphic levels,
whexeas a less restricted zone of cystoid (?) columns and plates, normale
1y occurring about 3C feet below the upper boundary, {s diagnostic of the
upper stratigraphic levels,

The Morgan Creek limestone crops out in two parallel ridges
trending northeastward across the central part of the Camp Alr-West area,
The easternmost of these exposures {s terminated by faulting in the east-
central part of the area, but the westarnmost exposure persists through-
out the ares except in the southern part where it {s covered by Cre=-
taceous strata, The basal red limestone beds of the member are well ex~
posed along the scarp slopes of the ridges, but caliche and soil mask
the bedrock on the dip slopes of the ridges except at scattered localie
ties where l{mited exposures of the middle and upper beds of the member
occur in small ephemeral streams and gullies. The basal beds of the mem-
ber are best exposed on the eastern slope of a hill {mmediately behind the
Roy Schmidt ranch house (location 12, Plate I), At that locality the
“organ Creek limestone {s in fault contact with theWelge sandstone, but
the fault is within one or two feet of the base of the limestone. Below
a 15 foot covered interval extending dowrward from the Cretaceous strata
atop the hill, a 25 foot interval of dull red, samly, coarse-grained lime-
stone in beds varying fiom 0,5 foot to 1 foot in thickness is exposed.

On the north side of the same hill, gray to greenish-gray and brownishe
gray, glauconitic limestone {n beds averaging about 0.8 foot {n thickness

is exposed in a small gully. This exposure is at the approximete middle



stratigraphic level of the member. Some beds at this locality are highly
fossiliferous, containing brachiopod shellsg but the zone of Egorihis
iexana was not found, The zone probably occurs in a covered {nterval below
these beds, On the western slope of the hill, bedrock is poorly exposed,
but several small bioherms of gray, micro~granular limestone protrude
through the soll cover. Seme of these masses are costed with a thin layer
of yellow to orange dolomite, and a few are comprised entirely of dolomite.

In a small ephemeral stream 0,7 mile west of the Roy Schmidt
ranch house (location 13, Plate 1), reddish-brown to gray and greenfsh-
gray limestone beds of the upper part of the member are exposed in a 3
foot interval extending about 40 feet laterally along the stream bank.
The more protected beds in this exposure aversge about 1 foot {n thicke
ness, but laterally along the outcrop, they have weathered to thinner beds
averaging about 0.4 foot in thickness. The occurrence of cystoid (?) columns
and plates in a reddish-brown limestone bed at the base of the interval
was of considerable aid in locating the 'organ Creek limestone-Point
Peak shale boundary {n this part of the thesis area.

Straticraphic relation: The Morgan Creek limestone over—
lies the Welge sandstone and underlies the Foint Peak shale., Both bounda=
ries are gradational, For mapping purposes, the lower boundary is most
conveniently picked at the top of the sparsely vegetated or cultivated
bench normally developed on the Welge sandstone. The upper boundary 1is
marked by a topegraphic and vegetational break between the ridge nor-
mally developed on the Morgan Creek limestone and a gentle, sparsely
vegetated, caliche-covered slope or bench normally developed on the Point

Peak shale.
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Point Pesk Shale Vember

Definitiop aod thickngys: The Point Peak shale member was
named by Bridge (Bridge, Barnes, and Cloud, 1947, p. 115) from Point
Peak near Lone Grove, Llano County. According to these authors, the
thickness of the member varies from a maximum of 270 feet in its type
section on the south slope of Point Peak to 2 minimum of 25 feet in the
Scott Klett ranch section along the Pedernales River in Blanco County.
The average thickness of the member in the Llano regfon fs about 160 foet.
Its thickness {n the Camp Air~West area is estf{mated too be about 110
feet,

Litholeav:s The Point Peak shale member consists of gray to
greenish-gray and brown, soft, calcareous sf{ltstones and shales with
interbeds of fine~ to med{umegrained glauconitic limestone and intrae
formational li{mestone conglomerate., Small sub-circular bioherms of gray
nmicro-granular limestone and yellowish«brown, fine-grained dolomite occur
locally throughout the stratigraphic extent of the member, but are most
abundant in the lower beds,

The limestone of the Pofnt Peak member is highly glauconitic,
and many of the beds are mottled with brown., Some beds bear a marked
resemblance to the upper beds of the Yorgan Creek limestone and to some
of the lower and middle beds of the overlying Sen Sabs limestone., The
intraformational conglomerate occurs in beds averaging about 0,3 foot in
thickness and consists of gray, brown, and green, angulsr to well rounded
and flattened limestone pebbles imbedded {n a matrix of gray to brown,
medium-qgrafined l{mestone. Limestone beds are most abundant near the lower

and upper boundaries of the member.



The normal topographic expression of the Point Peak shale ts a
gentle, sparsely vegetated, caliche-covered slope between more steeply
xising slopes developed on the Morgan Creek and San 5Gaba limestones. In
the Camp Afr-West area the normal topographic expression of the member
has been destroyed by the formation of subsequent drainage lines along
its outczop which has been reduced to a broad alluvium-filled valley
trending northeast-southwest across the central part of the area, 1In the
outcroo belt, the only bedrock exposures are occasional beds and slabs of
limestone and intraformational conglomerate and a few scattered masses of
gray wicro-granular limestone protruding through the soil cover. The
siltstone and shale beds of the member are completely masked by soil. The
exposures of limestone and intraformational conglomerate are closely
spaced near the boundaries of the member but are widely scattered in the
center of the gutcrop belt., The small bichermal masses of micro-granular
1lfmestone occur only near the lower boundary in the main part of the area,
but in the southwestern part of the area, west of the Cretaceous cutcrop,
they occur in abundance near the top of the member.

Stratigrachic zelatien: The Point Peak shale grades into the
San Saba limestone at fts upper boundary and into the 'lorgan Creek lime-
stone at fts lower boundary., Both boundaries vary considerably {n the
vertical direction because of facies changes from shale to limestone.
Oridge, Barnes, and Cloud (1947) noted that the upper boundary dropped
8C feet stratigraphically in a horizontal distance of 3 miles near Sudduth
in Burnet County. They noted a still greater drop fn the stratigraphic
position of the upper boundary along the Pedernales River in Blanco County,
Similar vertical varfatfons of the lower boundary were reported by the

same authors,
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The upper boundary of the member fs picked at the highest
significant shale bed where the bioherm zome does not intervene between
the Point Peak member and the overlytng van Saba menber. Where the bfo-
herm zone does cccur, placement of the upper boundary requires ihat the
exact relationship of the bicherms to the two members be determined,

The lower boundary is picked in the zone of transition between limestone
and shale at a point sbove which the limestone beds are thin and widely
separated, Tor mapping purposes this boundary is most conveniently picked
at @ topographic and vegetational break between the ridge developed on
the underlying Morgan Creek limestone and the bench or gentle slope de-

veloped on the Point Peak shale.

San_Saka Lisesions Mepbex

Lefinition snd thicknasg: Cowstock (18%0) first used the name
Lan Laba to apply to the uppermost of two "Silur{sn" series he proposed for
the Llenc region. Bridge (uridge, Larnes, and Cloud, 1947, p. L7, re=
vived the name and applied it to the limestone beds fntexvening beiween
the foint teak shale ana tic Lllenburyer limesione, sl least part, if not
all, of these becs were includea in the can Saba series of Comstock. The
aeinber is about 29% feet thick in iis type section which begins at the
Lan .aba River bridge on the Mason~Braay hiyhway in southern WcCulloch County
anc extencs nortfward lor O.7 mile.

In the Camp Afr-iiest area, the San baba limestone was mapped
as two units - a pasal unit containing stromatolitic bicherms and an upper
unit comprised of bedded limestone, lhe thickness of the bicherm unit {s
estimatec to be akout 11 feet, and that of the bedded limestone about

140 feet.
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Bloherm Unit

General statement: Throughout most of the Llano region, a zone
of atromatolitic bioherms occurs near the boundary between the Point Peak
shale and the S5an Saka limestone, The 20ne is nct continuous cver the
region, but is replaced laterally by shale or beddec limestone.

The probable alcal origin of these reef masses gucgests that
their development would be controlled by the zone of photosynthesfs which,
in turn, would be determined by depth and clarity of the sea. Thelr
sensitivity to water clarfty {s questionable, hcwever, in the light of
thefr occurrence entirely within the Point Peak shale at some locali~
ties {n the Llano region and entirely within the San Saba limestone at
others, The zone has not been studied in sufficient detail to determine
with certafnty the direction of transgression of the lithologic bourdary,
but it appears that the masses have their max{mum development in shale {n
the southern and eastern parts of the uplift and in liimestone in the
waestern and northern parts, The apparent adaptability of tie reef forme
ing aloae to varying envircrmental conditions suggests that the zone might
spproach a time plane. The dependency of the life process of trese
organisms on light is inescapable. However, their development under
conditions of both {ine~clastic and limestone depesition suggests that
thev existed under varying conditfons of liyht, and their growth must have
been afrected sppreciably by water depth as controlled by positicn of the
strand line. It {s douwtful, then, that the zone could be considered as
a time marker over a large area. In a locallzed area such as the Lleno
region, however, {ts deviation from a time plane would probably be small

and its transgression of the litholegic boundary between shale and limestone
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might be considered 8s evidence of non-parallelisw of time and lithologie
bourdarfes.

The occurrence of the bicherns in both the San laba limestone
and the Point Teck shale mekes it difficult te place the boundary ketween
the two members. Proper placement of the boundary may be determined by
the occurrence of shale above the bioherms or by the occirrence of granu=
lar, bedded linestone below thea. “here nefither of these conditione is
evicent, anc where tracfng of thke zone falls to incicate whether the bio-
herns are replaced laterally by shale or oy limestone, the boundary should
be placed above the bioherms to be consistent with previous werk in the
region,

In the Camp Alr-West area, the zone consists of scattered bio-
herms separated by bedded limestone and fntrafcrmational conglomerate and
replaced laterally by girvanells limestone. In the soithecentral part
of the area, near the Cretaceous outcrop, yellow and bro\wnish-gray.
granular, well-bedded limestone crops out Lereath the zone of bioherms
anc above the Folnt Feak shale. The lateral facies change to Girvanella
beds, and the occurrence of bedded limestone between and beneath the bio-
hermal masses were the ¢riteria used¢ for placing the zone in the Len
Saba limestone.

Lithology: The 1ithology of the bioherm zone {s highly varled.
1he large "cazbbage head" masses normally consist of gray, bluish-gray, and
brownish-gray, sub-lithographfc limesicne, but in scme areas on the
northwestern flank of the uplift, they are comprised of gray and pink
dolemite, Locelly, the masses are in juxtaposition and form a con-

tinuous, hummocky surface. More commonly, however, they are scattered;



and granular limestone, micro-granular 1iwestone, fntraformationil con-
qlomerate or shale beds fntervene hetween the "cabbage heads", Fossibly
the "cabuage heads” are Tndividual algal colanies.

The biclern zone tndetlics, = gently dipping, rubble-strewn
slope trending northeastward across the westecentral part of the thesis
area, Within the outcrop belt, three merginc but very dissimils: factes
oceur - a rnoxpal caleite reef facies, a Cirvanells lmestons facles, and
a dolom{te reef facies,

At the northern end of the belt, large sub~circular masses - the
typical stromatolitic Licherms -~ are well developed, They occur as
scattered masses of blue-gray subl{thographfc limestone separated by
beds of gray and greenish-gray, glauconitic limestone; yellowish-brown,
fine-grafned dolonite; and yray, yreen, and brown mottled {ntraformatfonal
conglomerate,

In the central part of the northern cne half of the outcrep,
the "cabbage head" masses are almost completely replaced by l1mestone. The
limestone of this facies {s of three types: gray, massive, micro-granular
1{mestone comnonly having networks of dclomite ridges on the upper surfacej
pearl aray, bedced, microwgranular limestone with stzeaks and mottlings of
bLrown; and brownish-gray, massive, siliy, mfcro-granvlar limestone that
weathers to rounced, noneycombed masses. Locally, all of these limestones
contain varying quantities of light ¢ray to {vory, subspherical, pea-sized
te mwarble-sized bodies of alcal oriain which appear as light "eyes" on the
weathered surfaces. Thess ludies, called girvanellas (Giavanella) Ly Fridge,
Barnes, and Cleud (1947), are most abundant throughout the interval {n the
pearl gray and brown mottled limestone, but thefr greatest single concentratien
1s 1n masses of brownishegray, silty, micro-granular limestone near the

western limit of the exposure,
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Bridge, Barnes, and Cloud (1947) discussed the occurrence of
Gizvapella beds in the San Saba limestone at varfous localities in the
Llano region. These occurrences vary from a 5 foot {nterval in the type
section near Camp San Saba to the entire stratigraphic extent of the meme
ber in a section north of Fall Creek near the juncture of San Saba, Llano,
ard Burnet Countfes. In the thesis area, the Gixvanglls interval is esti~
mated to be about 70 feet thick,

At the eastern edge of the exposure of the Girvanells factes in
the thesis area (see Plate I), the bodies are widely scattered in beds of
pearl gray, mottled with brown, micro-granular limestone, These beds are
massive {n fresh exposures but weather into thin slabs varying from 0,2
foot to 0,8 foot in thickness, Westward, the specimens of Girvanglla are
moxe abundant and ocour in gray, massive, micro-granular limestone and in
brownish-gray, massive, silty, micro-granular limestone as well as in the
pearl gray, mottled limestone. Near the western edge of the reef outcrop,
the Gizvanella bodfes are extremely abundant, occurring in very silty
micro-granular limestone that weathers into rounded honeycombed masses
{Plate VI). 1In the vicinity of these masses, the ground is littered with
¥ndividual specimens of Girvanella that have weathered from the limestone.

Southward, in the approximate center of the outcrop belt, the
Sixvanells facies merges with dolomitized bfcherms. In the zone of
transition, the Girvanells occur in small resfdual blocks and slabs of
gray and pink mottled dolomjte (Plate VII, Fig. 1), The entire southern
half of the reef outcrop belt consists of dolomitized reefs. The dolomite
is more susceptible to weathering than calcite, and as a consequence, the

majority of the reef masses have been reduced to s resf{duum of rounded



Plate VI

Girvapells Specimens

e S ity

AR N

Figure 1, Honeycombed masses of silty micro-granular limestone cone
taining gfrvanellas, Western edge of bioherm zene, Girvapella "facies",
Cs3 mile from northern border of area, '
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Figure 2, Specimens of Girvanella picked from surface residuum in vieinity
of honeycombed masses pictured in figure l.




Plate VII

Dolomite of the Biohexrm Unit

Figure 1. Dolomite containing girvanellas, At southern extremity of
girvanella "facies" of bioherm zone.

Figure 2, Deolomitized bioherm exposed in dry gully near private road to
Kelly Sehmidt ranch housey, four miles west of Camp Air,.




boulders. However, some of the larger masses have partially retained the
typical "cabbage head” structure (Fig. 2, Plate VII). The dolomite of the
reef masses varies from brownish-gray, cosrse-grained, and vuggy, to pink
and gray mottled, fine-grained, snd compact. It weathers to a dull

brownish=gray and develops & spongy texture on the out surface. Near the

hern ty of the exp » beds of yellewish~orange, fine-grained,
compact dolomite and greenish-gray and brown mottled, dolomftic lime-
stons crop out between the bicherms.

The bicherm seetien of the Camp Air-West area appears to be
transitional between the calcite reefs of the Camp San Saba section and
the dolomite reefs of the Calf Creek section described by Barnes and Bell
(1954, p. 45 = 67).

Stratigzgohic relation: At fts lower boundary, the bioherm
zone grades {nto the Point Peak shale, and at {ts upper boundary {t grades
i{nto the bedded limestones of the San Saba member. As discussed earlier,
facies changes from limestone to shale cause the zone, as it {s presently
mapped, to vary in position between the San Seba and Point Peak members.
Proper placement of the zone at any locality depends upon the determination

of {ts exact relationship to the two members,

Bedded Limestone Unit

Litholegy: The bedded limestone unit, which constitutes the
entire San Saba member in areas where the bicherm xone is absent cr within
the Point Peak shale, {s the most variable Upper Cambrian stratigraphfc
unit {n the Llanc regfon. It is characterized by marked facies changes
which, at some localities, involve the entfre unft. Most commonly it

consists of vari-colored, gray, green, brown, and yellow, granular limestones
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in {ts lower and middle levels and of gray micro-granular limestone in its
upper levels. Locally, however, sublithographic limestone occurs throughe
ocut the entire stratigraphic extent of the unit and may overlfe or be
{nterbedded with the bioherms.

In the eastern part of the Llano region the unft is compr{sed of
dolomite which grades westward {nto the normal limestone facies, and in
the extreme western part of the region intervals of bedded sandstone occur
with the limestone.

Bedded l{mestone of the San Saba meamber crops ocut {n two narrow
{rregular belts of low hills and moderate slopes trending diagonally across
the northwestern corner of the thesis area. The breadths of the two out-
crop belts are controlled by faulting and topography.

Granular limestones of the lower part of the unil are exposed in
a small ephemeral stream C.7 mile south of the northern border of the
area (locatfon 14, Plate 1). At that location, Girvanells beds of the reef
zone are exposed by "reversed" drag along the upthrown side of a fault,
Abcve the girvanella beds, light gray, mediumegrained, glauconitic lime-
stone with gzeen and brown flecks and mottlings alternstes with yellowish-
brown, fine-grained Ii{mestone and with gray and brown mottled, coarse-
grained limestone containing trilobite and brachiopod remains. The beds
vary in thickness from 0.2 foot to 0,5 foot and the entire interval is 20
feet thick. About 100 yards east of location 14, a 50 foot imterval of
gray, brown, and green mottled, medium-grained limestone; gray and brown
mottled, coarse-grained limestone) and vari-colored gray, green, and pink
mottled fntraformational conglozerste containing rounded and flattened

pebbles of highly glaucontitic limestone 1s exposed,



Near the southern end of the eastern outcrop belt, the lower beds
of the unit cap a small h{ll just west of the Kelly Schmidt ranch house
(location 15, Plate I). The sides of the hill are mostly covered with
sofl and limestone talus, but occasicnal beds of limestone are exposed,
The limestone at this locality i{s yellowish-brown, medfume-grained, and
non=glauconitic near the base of the hill and gray, speckled with green
and brown, medium-grained, and highly glauconitic near the top.

The lower part of the bedded limestone unit shows considerable
variation between {ts scattered exposures in the thesis area, Most of
the outerop belt is soil-covered and beds could not be traced laterally
more than a few feet, but outcrops aligned aleng the apparent strike of
the unit were found teo be very dissimflar lithologically. This apparent
rapid facies change was probably caused by the effect of the underlying
biohernal masses on deposition,

The upper beds of the San Saba limestone are exposed aleng a
small creek at the northern border of the ares (location 16, Plate I).
Immediately below the Ellenburger contact, picked at the first cccurrence
of the uncofled form of Lytospira gyroceras, the beds consist of light
gray, micro-granular limestone that weathers intc thin, nodular, shaly=-
appearing beds, Some beds are mottled with light brown and orange dolo-
mite. About 30 feet below the upper boundary, light yellowish-brown,
fine- to mediummgrained, limestone beds averaging about 0.3 foot in
thickness are interbedded with micro-granular limestones, and at 30 feet
below the boundary, {nterbeds of vari-¢olored gray, pink, and green
intrafermational conglomerate and greenish-gray, medium- to coarse-
gratned limestone occur, Some of the coarsewgratned limestone beds cone

tain trilobite and brachfopod remains.
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The lfght gray micro-granular limestone beds of the upper part
of the member are continuous across the San Sabs-Ellenburger boundary at
most localities in the area.

Stratigraphic rslatign: Bedded limestones of the San Saba mem-
ber grade {nto the underlying bioherm zone, or in {ts absence, into the
Potnt Peak shale. At its upper boundary, the member, {n the eastern part
of the Llano uplift, is separated from the overlying Ellenburger lima-
stone by an unconformity. Over most of the region, however, the nember is
1n gradational contact with the Ellenbuxger group, and on the northwestern
flank of the upl{ft, the San Saba limestone transgresses the Cambrian-

Ordovician boundary.
ORCGVICTAN SYUIE™

Ellenburger Group

Defingtion apd thickness: Patge (1912, p. 52) named the El-
lenburger limestone formatfion from the Ellenburger Hills in southeastern
San Saba County, As defined by Paige, the formation included some beds
presently assigned to the San Saba member of the Wilberns formatfon. Cloud,
Barnes, and Bridge (1945, p. 133) ratsed the formation to group status
and subdivided it, from bottom to top, into the Tanyard, Gorman, and
Honeycut formations, They adjusted the lower boundary of the group to
coincide with an erosional and faunal break representing the Cambrfan~
Ordovician boundary in the eastern part of the uplift, but subsequent
work in the region, according to Barnes and Bell (1954), has shown that
the base of the Ellenburger group lies well above the systemic boundary
{n the western part of the uplift where no unconformity occurs between

the two systeams,
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According to Cloud and Barnes (1945), the thickness of the
Ellenburger group, in complete sections, ranges from 1500 to 1BOC feet,
In the Camp Air—"‘est area, the Hlenburger limestone fs estimated to be
about €0 feet thick. Erosion has removed all but the basal limestone
beds of the group = probably the lower part of the Tanyard formation of
Cloud, Barnes, and Bridge (1945).

Jithology: Throughout the Llanc region the Ellenburger group
{s comprised essentially of relatfvely pure, light colored, thin-bedded
to massive, sublithegraphfc limestones and light to dark colored, microe
granular to coarse~grained dolomites, Intraformational conglomerates
occur locally in the lower part of the group.

As exposed {n the Camp Air-West zrea, the lower beds of the
Ellenburger group are comprised of pesrl gray, thin= to med fumebedded,
sublithographic limestone, with local developments of medium gray,
weathering to blue-gray, massive, sublithographic limestone., The pearl
gray sublithographic limestone appears to be thick-bedded in fresn exe
posures, but it weathers to thinebedded in creek banks and to smooth
surfaced slabs on slopes, Many of the beds are mottled with light brown
to orange dolomite “tratls”, These beds are continuous acress the San
Saba limestone-Fllenburger group boundary over most of the area, but
locally they are replaced at the contact by gray, massfve, sublithographic
or micro-granular limestone that weathers into large rectangular blocks 1
foot or more in thickness. The outer surface of these blocks weathers
to a dark bluish-gray, and they closely resemble some of the massive
reef limestone blocks of the bioherm zone. It fs probable that they are

local{zed algal reef developments.
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Intraformational conglomerates occur locally near the lower
boundary of the aroup,

Stratfaraphic zelations At fts lowexr boundary in the Llano up-
1ift, the Ellenburger limestone is {n gradational contact with the San
Saba mesber of the Wilberns formation except in the eastern part of the
region where it overlfes that unit disconformably., At {ts upper boundary,
the group is overlain unconformably by strata of Devonian, Carboniferous,

and Cretaceous age.
CRLIACEQLS LYSIER

Comanchean Series

General statement: Relatively flat-lying strata of Early Cre=
taceous age, resting with pronounced unconformity on older rocks, border
the Llano region on all but the northern side. Lquivalent strata de-
posited over the uplift have been removed by erosion with the exceptions
of occasjonal spurs jutting from the basin rim and scattersd remnants
capping {solated hills. :lummer (1950) discussed the overlap of basal
Cretaceous beds In the Llano region, and noted that these beds become
progressively younger from southeast to nortiwest. Barnes (1941) postu-
lated that the Edwards limestone was the first Lower Cretaceous stratigre-
phic unit to completely cover the region.

The Lower Cretaceous beds cropping out in the soutlern part of
the Camp Alr-West area are part of a large spur extending fnto north-
western Mason County from the basin rim {n eastern Menard County. The
relation of these strata to those of the standard section could not be
determined, and they were mapped only as limestones and sandstones of

Farly Cretaceous age,
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Liihelogy; Cretaceous strala underlie a troal, relatively flat
tableland fn the southerrn part of the thesis area. The rocks exposed
consist of buff, fine-grained sandstone; grayish-buff to grayishewhite,
calcareous, conglemeratic sandstome; graylsh-w.ite, nodular, shaley marl;
and light gray, very fine-grained limestone.

The conglomeratic sandstone, comprised of angular to well rounded
pebbles of gray chert, :nilky quartz, and white to purplish-gray quartzite
imbedded in a matrix of fine- to coarse-grained, calcareous sandstone,
crops out around the border of the Cretaceous exposure and forms an
abrupt escarpment on the eastern side. To the north and west, thie es-
carprent is not well developed, and the congloveratic sandstone is sepa-
rated in outcro: from exposures of Faleozoic rocks “y a gentle, detritus—
covexed slope., ‘‘easurements made along the northeastern border of the
outcrop indicate tial the congloneratic layer occurs © to 1% feet above
the Cretaceous<Pzleozoic contact and is about 10 feet thick. In that
vicinity, a 3 foot thick bed of lighi buff, f{ne~-grained quartz sandstone
1s exposed oelow the conglomeratic sandsione, hut other beds present are
covered by {loat.

Ttfferential weathering has produced a series of low benches,
underlatn by resistant limestone beds, that rise in broad stair-step are
rangement toward the southecentral part of the outcrop. On air photo-
graphs these benches appear as closed irregular lines surrounding the
higher parts of the exposure, Around t.e southeastern part of the oute
crop the benches extend to the edge of the escarpment, and the conglomeratic
sandstone, if present, fs covered by talus. )

An 88 foot section of Cretaceous limestones above the con=

glomeratic sandstone was measured and described at the sscarpment two
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miles southwost of Cemp Afr {location 17, Plate 1) (see sppendix).

Stratioraphic rslatign: The Lower Cretaceous strata exposed
in the thes{s area fi bly cverlie d Paleozoic xocks vary-

ing from the Hickory sandstone to the Foint Peak shale., Elsewhere in
the Llano region rocks of Early Cretacesus age are {n contact with older
strata varying in age from Precamirian to Pennsylvanian.

Rogers (1955) estimsted that the pre-Cretaceous ezosfonsl sux-
face in the Mason, Ximble, and Menard Counties area had an average
gradfent of eight feet per mile toward the soutlwest. The existence of
this slope could not be verified in the thesis axrea because no instru~
ments for determining exact elevations were available, However, the con-
dition of equal truncation evident on Paleozoic strata of varying resistance
from which the Cretacecus cover hss been recently removed attests to the
probability that the base level of erosion must have been closely ap~
proechad in the area prior to Cretsceous deposition and that a condition
of peneplanation must have existed, The hill of Hickory sardstone 0,7
ofle west of Camp Air (location 8, Plate 1) appears to be slightly higher
1in elevation than the base of the Cretacecus outcrop, and it possibly
stood as a monadnock on the pre-Cretaceous suxface.

QUATERNARY SYSTEM
Recent alluvium comprised of detrital material dexived from
Cretaceous bedrock has sccumulated around the edges of the Cretaceous out-
¢rop in the southern part of the thesis sTea. These deposits were mapped
at locelities where the {dentity of underlying bedrock was doubtful.
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STRUCTURAL GEOLDOGY
REGIONAL STRUCTURE

Primary

The Llano uplift is a structural dome of Precambrian and
Paleozoic rocks exposed in a topogrsphic basin rimmed by relatively
flat-lying Cretaceous rocks. Precsmbrisn basement rocks exposed in the
center of the uplift axe 7,000 to 10,000 feet higher, structurally, then
basement rocks {n bordering aress.

According to Cheney and Goss (1952), evidence {ndicating the
earliest Paleozoic uplift of the Llano ion with pect to ng

areas 1s a slight thinning of Mississippian sediments toward and over the
region, Structural development of the dome was essentfally completed by
Late Pennsylvanian (Late Lampassas or Early Strawn) t{me when, accord-
fno to Chaney and Goss (1952), the Precambrian basement surface had
reached {ts present elevation sbove basemant rocks {n the flanking Fort

Worth and Kerr basins.

Faults
Nature of faulting: Precsabrian and Paleozoic rocks exposed
{n the Llano regfon have been extensively cut by a series of steeply
dipping, predominantly northeastward striking, normal faults, most of
which are down thrown toward the northwest, According to Cloud and Barnes
{1948, dips of the faults range from 60° to 90% with the steeper dips
predominating. No evidence that movement other than dip-slip occurred

along eny of the faults has been presented,
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Iime of faulting: Chensy and Goss (1952, p. 2249) dated the
faulting in the Llano region as Late Lampassas to Eaxly Stram (Des “oines),
basing this conclusicn on subsurface informatizn from wells in !{lls County
just off the northeastern flank of the uplift where

“,.otypical Strawn sands and shales reveal....only

minor structural movement slthough the underlying

section shows 2 difference of 1,000 feet in thick-

ness in two walls 5 miles apart...”

Evidence from outcrops within the Llano region, presented by
Clowd and Barnes (1948), dstes the faulting as pre-Canyon (pre-Missouri)
ard posteStrawn (post-Des Moines)in age, These authors reported finding
rocks of the Strawm formation in fault contact with the Merble Falls
lizestone and noted that unfaulted beds of Canyon age rest upon faulted
Ellenburger limestone near Calf Creek in western #cCulloch County. MNo
evidence has been reported from surface outcrops to indicate whether
faulting was contesporanscus with Strawn deposition or was entirely post-
Strawn.

Cause of faultipg: Although the geology of the Llane region
has besn studied for s numbsr of years, no theory which explains ade-
quately the origin of faulting in the region has yet been presented in
the literature. Several theories relating the normal faulting {n the
region to compressional stresses ex{sting in the Quachita geosyncline
have been offered, but none of these have shown the machanics whereby the
stress distribution producting the geosynclinal folds was translated inmto
that resulting in releti{ve tension in the Llano uplift.

Clow and Barnes (1948) proposed that “theoretical tensfonal
couples developed from east and south” {from the Ouschita geosyncline)
produced the faulting {n the Llano region. The authors explained neither



64

the meaning of these "tensional couples” nor the stress distribution ob-
tatned with them, but concluded that they would result inm "fractures
sligned dominantly {n the northeast=southwest directfon™. Ancther pro-
posed hypothesis attributes the faulting to tensional stresses developed
over the crests of northeast-southwest trending folds. This requires a
maximum principal streas in a nortlwest directfon to form the folds, but
this stress direction {s not in agreemsent with that needed to explain the
faulting,

In considering the ultimate cause of faulting in the Llano
region, certain facts and assuwptions are pertinent, lhese are:

1. No evidence of movement other than dip-slip movement has
been found on faults in the Llano region, and they are, therefore, as-
sumed to be normal faults with negligible strike-slip components,

2. The predominant strike direction of major faults {n the
region is northeast, although some deviation from this direction occurs,
Cloud and Barnes (1948) reported thst a few of the major faults in the
region strike in the northenortheast to north-northwest directions.

3. The age of the normal faulting in the Llano region is
coincident, or pearly so, with orcgenic activity, possibly involving
thrust faults, in the Quachita trough.

4, Puring “orrow and Lampassas t{me, the (uschita trough at-
tained ts most pronounced development, undergoing rapid subsidence while
the Llano region, comparatively, subsided relatively little,

9. Curing Lampassas time the Fort Worth basin to ths northeast
and the Kerr basin to the southwest und great subsid relative to

the Llano region, as evidenced by the accumulatfon, reported by Cheney and
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Goss (1952), of 5,000 to ¢,000 feet of clastic sediments of Lampassas
age in these basins, while at the same time the Llano region received
only a few hundred feet oi dark limestone and shale,

6. Areas of thrust faulting and othexr intense deformation {n
many foldbelts of the worid, including the Louthern ‘ppalachian “ountasins,
the Canadian Rock{es, and the Iwiss Alps, are bordered Ly relatively
flatelytng undisturbed sedfments showing no evidence of the compressive
stresses that must have accompanied deformation of the foldbelts.

Cons{deration of the above data in the light of theories of
the mechanfcs of faulting presented by Anderson (1951,, Mubbert (1951},
and Hafner (1951), leads to the following conclusfons:

1. If the assumption of normal {aulting is valid and tho
stress distribution theori{es of indersons ''ubbert and liafrer are as=
suaed to apply, the direct{on of the maxirwn principal stzess acting tn
the Llano region was nearly vertical, and the magnitude of that stress
was essentially equal Lo overburden pressure.

2. The predominance of northeastward strikes of the faults
establishes the direction of intermediate principal stress as northeast-
southwest, tcwaxd the T'ort Worth and Xerr basins.

3. lhe direction of minimum principal etress, then, must have
been morthwest~southeast - in apparent opposition to possible compressional
forces existing {n the Cuachita trough,

4. According to the theorfes advanced by Arcierson, Hubbert, and
Hafner, thrust faults and normal faults cannot be formed by the same
regional stress distribution. This suggests that normal faulting {n the

Llano regfon bears no direct relatfon to deformstion of the Cuachita
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geosyncline, even though contemporaniety of deformation 4n the two areas
is assuned,

5, The faulting In the Llano region was possibly causet not by
compressionsl stresses from the Cuschita geosyncline but by a conditfon
of unbalanced stress distribution engendered by maximum subsidence in the
Cuachita trough to the southeast, which established the minimum princf-
pal stress direction, and intermediate subsidence fn the lort Vorth and
Kerr basins to the northeast aid southwest, which established the inter~
medtate principal stress direction.

Obviously, the complex faulting of the Llano region cannot be
treated so simply, and the above discussfon §s not proposed as a complete

explanation of the cause of that faulting.

Tolds

With few except?ons, folding {n the Paleozoic rocks of the Llano
uplift 1s gentle and {s of minor significance compared to the deformation
caused by faulting, Cloud and Barnes (1948; zepéttad folding associated
with, and incidental to, faulting and structuxal sinks in the bllenburger
1{umestone and associated with faulting in sany other lithologic units
cropping out in the uplift., Cheney (194GC) described four revlatively
minor arches, the hichlanc .prings, i‘ontotoc, Samn Gaba, and Lampassas
axes, trending northeast-southwest across tie region, :le considered these
structures to be "tflited segnments o’ the Concho arch occurring between
narrower blocks which nhave wmoved downward”. iwelve years later, Cheney
(1992, pe 22517, he referred to these axes as "pronounced ncrtheast trending
tolds”. ‘{nor iolds are common in the ’oint Peak shale and in the San

Saba limestone in the vicinity of the bichern zone.
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tolas {n the [ aleozoi¢ xocks of ihe Llano region have nct been

studied {n sufficlent det~il to deteraine tneir cause.

LCCAL STRUCTURE

ixiasry

Ihe l'aleczoic rocks expused In the Cany sjz-.est aiea strike
K, 5% « «5% 1, and cip 3€ = € M., foraing a gently dipping iomccline
that ts cut Ly & seriss of northeast-scuttwest irending, steeply dipping,
normal faults ¢ varyiny throw. The acrtrwestwaxd dip of the beddec rocks
{s noamal for tne lecatfon of the area wiil respect te¢ the central
crystalline core f tne uplift, and the northeastesouthwest trenc of the
faults 1s consistent with the regicnal fault trencs,

Cretacecus rocks expesed {n the southern part cf the area are

essentially flat-lying anc aze unatfected Ly faulting.

Faults

In comparison with faulting in other areas of the Llano region,
the faulting in the Camp Air-“est azea is of minor nature, No fault in
the area has a stratigraphic throw in excess of 20U feet.

The throws of faults occurring aitnin the Hickory sandstone
cannot be estimzteu with reasonalle accuracy because i diiffculties in
recognizing strotigraphfc levels witnin ine nenber and because oi the
irregular surface ci the . recawbrian basewent. /pparent lower !ickoxy
sandstone crops out on the nortimaestern side ot one such fault traced
northeastward from the Cretoceous outcrop for approximately v.7 mile
{locetion 2, #late 1., and beds approximately 5¢ feet acove the middle
stratigrephic level of the member are exposed on the southeastern side.
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Northeastward along the projected strike of the fault, no evidence of the
lower lickory sandstone occurrs; instead, the bedrock witlin a few hune
creq fect of the last trace of the fault appears to be characteristie of
the lower »eds of the upper part of the nember., TIf the estimsted thicke
ness of 40C feei for the * Zckory samdistene in the area s assumed to be
correct, a stratig.aphic throw in excess of 200 fcet {s indicated for
the fault. It is questionable whether a fault of this magnitude could
die out withtn 2 few hundred feet. sn alternative explanation is that
the fault 1s one of small throw essentially within the upper part of the
Hickory meswber, and that a basemnent hill similar to the one axposed one
mtle northwest of Camp ‘ir underlies that part of the fault where litholo~
gy similar to that of the lower Hickory sandstone {s exposed.

The most pronounced fault within the lifckory sandstone occurs
very near the contact between the Cap ‘lountain limestone and the Hickory
sandstone and persists almost the entire length of the thesis area. Its
zone is easfly traced in the sourthern part of the outcrop where ft {s
exposed at several localftfes along a small ephemeral siresn and where a
hill developed on upper Hickory sandstone on the up=thrown side of the
fault s topographically higher than the Cap ‘ountain limestone on the
down=thrown side. The stratigraphic throw of this fault is esti{mated to
be about 150 feet. MNorthward along fts strike, the trace {s marked by
occasional masses of quartzite protruding through the soil (Flate V) and
by changes in sofl coloxr. Une mile northwest of Camp Afr, s granfte hill
extending above the middle stratigraphic level of the Hickory sandstone is
exposed on the up-thrown stde of the fault. NKorth ef the granite hill,
the trece of the fault {s lost in alluvium, but {ts continmuance {s indicated
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by offsets {n the outcrop pattern and by shortening cf the secticn. About
1.3 atles north of Camp {3, on the 'ason="racy .iglway, @ siall graben
(or large slice) of Cap cuntain 1luestone and upper liickory sanustone

is forned Letween this fsult and one of sialler throws The liace of the
plane of the zwaller foult {8 exposol in tue 10ad cul on the western side
of the highway (locatton 12, ¥Flate 1),

Cther faclts fn the eastern and central part of the areaz include
one with approxinstely 70 feet of stratigraphic throw affectiny the oute
crop pattern of the £ “cuntain, Lion “cuntain, “elge, and drgan “reek
nebersy one very s1all but persistent fault paralleling the principal
“‘organ Creek limestone~"elce sandstone contact througlout mest cr the
area; and one of varfalle tlxow affrcling tic citcrop pattern of the
“orcan Creek and “oint "eak members in the centnr ¢f the area.

The first of those faulls 4s per-islent tlroughcut mest of the
ares, begfnntng in the extrene southweslern corner, passing beneath the
Cretaceous outcrep and continuing to tle northeostern corner where {ts
trace {5 lost in the !"fckory sandstcne, In the soutpnestexn and scuthe
central part cf the ares, 11 15 essentizlly a strike fault with Lion
Hounto{n sendctone exposed on tle up=thrown sice and ' crgen Creek limew
stone exposed on the down-tricun side. In the vicin{ty of the Foy Schmidt
ranch house, however, 1t veers slightly to tie east and trends obliquely
across the regfonal strike untfl, in the north-central part of its trace,
it terminates the southeasternmost outcrop belts of the ’lorgan Creek,
Welge, and Lfon Yountatn members, In that vicinity, §t {s intersected by
a fault of oppénte displacement, and northward from the point of inter-—

section the throw apparently decreases.



Tie intersecting fault has an ectimates stratigraphic throw of
about 5 fest and follows tie voper boundary of the Csp sountain limestone
throughout most of {ts trace froa the Cretsceous outcrop {n the south to
the pofat ©1 {ntersection.

lhe snall Fault crending parallel to Lhe ‘loryan Creex~ielge
contact in the cen.ral part of the area 1s little wore than a fraciure,
having a displacement of 1. to 15 feet, yet it is remarkably persistent
and can ve traced frea the vicinity of the Cretaceous outcrop in the
south te the northern part cf the area, where {ts trace fs lost in sotl.
Ihroughout nost of {ts extent, the trace is marked by blocks of uartzite
which at several lecalftfes pirotrude through the soil 4n such close
orox{ma{ty that they resenble a small dike.

The rematninc fault in the central part of the area has an
estimated stratfgraphic throw of approximately 80 feet near the vicinity
of the Foy ichaidt ranch house where the Fotnt l'eak member crops ocut on
the down-thrown side and the lorgan Creek linestone crops out on the
up-thrown side. lhe trace of this fault could not be found to the south
because of sofl cover. To the north it apparently decreases i{n tirow
and fntersects the swall fault strikimg parallel to the Morgan Cresk
outcrop.

Faulting 4n the nortilwestern corner of the area has formed a
graben of Ellenburger limestone bordered by San Ssba limestone. The
stratigraphfc throw of the easternmost of the bordering faults, estimated
to be about 80 feet in the ltne of sectfon A-A' (Plate 1) increases in
throw toward the south. An odd feature of this fault fs "reversed drag"
occurring on the up-thrown block near the northern border of the thesis
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area (location 14 and nox s Plate I). Reversed dreg is relstively
common on the down-thrown sides of normal fsults in poorly consclidated

sediments, but its on the up= side of faults {n con-

solidated Tock fs difficult to understand. Cloud and Barnes (1948) noted
the occurrence of “reversed” drag along other fsults {n the Llano region
and postulated that {t resulted either from ™ tosy”

1n a direction opposite to the original movement or from "slumping ox
pitching of the strata toward openings slong the zone of displacement”,
The first of these conjectures might well have caused the “reversed”
drag observed {n the thesis ares, but the second is more applicable to
the down-thrown side of normal feults where backward rotation of slump
blotks might produce "reversed” drag. Cpenings along fault zones which
might cause slumpage or pitching on either side of a steep fault are not
1tkely to occur at depths grester than a few tens of foet,

The fault bordering the northwestern side of the graben is
estimated to have a stratigraphic throw of about 150 feet {n the southern
part of its trace, but it diminishes in throw toward the north, At about

the mid-point of {ts trace acyoss the arss, it splits {nto two faults, the

t of which ts the t border feult of the graben
about 0.2 mile south of the northern burder of the area, The northwestern
branch continues norttward off the ares but appears to diminish in throw
to the north,

The trus nature of faulting within the area could nut be determined,

because no fault planes were exposed suificiently to permit detailed
stud{es of their surfeces. The most clearly exposed fault crosses the
Mason-Brady highway 1.3 miles north of Camp Alx (location 18, Plate 1} and

the trace of fts plane is expoeed in the west bank of the road cut. The
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plane dips approximately 75° to the southeast and movement along the
fault was probsbly entirely dip-slip, although no evidence could be
found to exclude the possibility of disgonal slip. It {s probable that
faults in the area are nosmal faults with high sngles of dip and that

movement along the faults wes predominently, if not entirely, dip=slip.

Folds
Folding in the Camp A{z-West area is restxicted to the vicinity
©f the bicherm zone where limestone beds of the San Saba wesber are locsl-
1y folded by compaction between the reef messes. The extent of this come
paction {s exemplified by a small domal structure partially exposec in a
small creek in the northwestern part of the srea 0.3 mile from the northern
border (location 19, Flate I) (Plate VIII),
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Plate VIII

& Flm 2.
Small domal structure formed in San Saba limestone by compaction around

bioherms. Exposed i{n valley of small ephemeral stream 0.3 mile from
northern border of area (location 19, Plate I). -
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SUMMARY CF REGIONAL
GECLUGIC HISTORY

PRECAMBRIAN HISTORY

The most ancfent rocks exposed {n the Llano region are
schists ard gnefeses of metasedimentary and possible metaigneous origin.
The occurrence of merble and grasphite {n the schists strongly suggests
that the sediments from which these rocks ortginated were deposfted in
marine waters supporting some form of primative life. Following depo-
sition of the early sediments, and possible early emplacement of {grecus
intrusives, the region was subjected to severe orogenic activity, Ex{ste
{ng rocks were tightly folded, metamorphosed, and intruded by granfte.
The general coarse-grained nature of the granite {ntrusives, taken as 2
criterion of deep seated emplacement, attests to a grest thickness of
Precasbrisn sediments in the region. Subsequent to the intrusion and
deformatfon, which probably occurrsd in three or mcre phases, the region
was uplifted and subjected to prolonged erosion, resulting i{n removal of
the mstamorphic rocks tc the extent thast the granitic masses were locally
exposed at the surfece.

PALEQZOIC HISTCRY
The interval of erosion which probably began nesr the end of
Precambrian time conmt{nued, so far as the geologic record shows, until
Late Combrian time, and dissection of the uplifted ares developed a
topographic relief of approximately 600 feet on the erosional surface.
‘“hen the sea again overlapped the region in Late Cambrian t{we, the

Hickory sandstone was deposited over the t ted folds of met h



rocks and over the granite, { porating in its lower beds

ventifacts, wind faceted sand, and other residuum of theercsion surface.
The shallow ses xemained over the region throughout Late Caabrian time; but,
subsequent to deposition of the Hickory sandstone, the supply of detritus
diminishec and the Cap HMountain limestone was deposited under conditions

of decreasing sedimentation snd a relatively quiet, reducing, bottom en-
vironment. A slight regression of the ses but possibly no grest {nflux

of sediments 1s suggested by the clastic and glauconitic nature of the

Lion Mountain sandstons.

Renewed transgression of the sea smxl an increase in the rate of
sedimentation and/or continual oxygenstion of bottom waters {s suggested
by the nea~glauconitic Welge sandstone, The abwupt change from the abun=
dantly glauconitic Lfon Mountatn sandstone to the noneglaucomitic ¥Welge
sandstone possibly indicates & rapid change from non-deposition or slow
deposition undexr reducing comdftions to rapid deposition under oxydizing
conditions,

Deposition of the highly glauconitic Morgan Creek limestone
probably took place in waters deeper than those of ¥elge sandstone
deposition; but, sgain, the abundance of glauconite suggests reducing
bottos cond{tfons and slow sedimentatfon that would sllow the sediments to
remain in the zone of chemical disgenesis over the time {nterval required
for the format{on of glavconite.

Shallowing of the sea and an {nflux of fine clastic saterial,
possibly reflecting the reduced elevation of the source area, {s sug-
gested by the Pofnt “eak shal., ' The formation of small algal bioherms and
intermittent beds of limestone posaibly resulted from perlodic fluctuations
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in the rate of sed tation which deepened the zone of photosynthesis by

allewing the seas to clear, Intraformational conglomerstes occursing in
the Potnt Peak meaber are indicative of {ntermfttent shallowing of the
sess possibly to the extent that the sediments were locally exposed on
tidal flate.

The occurrence of the massive bioherms near the San Sabe
1fimestone-Foint Peak shale contast, the cccurrence of Gizvapalla beds
{n the San Sabe 1 s and the of other limestones of

algal origin in the San Saba member and the lower part of the Ellenburger
group suggest that relatively quiet, clear-water condftions persieted
throughout the remainder of Cambrisn snd {mto Early Crdovicfan time, That
the sea remained shallow fs attested to by the inmtraformatfonal con~
glomerates occurring in the San Saba limestone and lower Ellenbuxger
1imestone, and by the occurzence of contraction polygons indicative of
gub-aerial exposure, reported by Cloud and Barnes (1948), fn beds of the
Ellenburger limestone.

General emargent corditions subjecting the Ellenburger limestone
to erosion probably existed in the region from the later part of Larly
(rdovician time through Silurian t{me, since no rocks belonging to this
time {nterval have been found in the Llanc regfon. During this {nterval,
erosfon and truncation of the Ellenburger group was greatest in the
western part of the uplift where, sccording to Cloud and Barnes (1948),
the entire Honeycut formzation was removed. The possibility that seas may
have reached the region tn “fddle Qrdovician time {5 sugoested by the
presence, noted by Daxnes, Cloud, and Warzen (1945), of ddle Qrdovician

conodonts incorporated {n “{ss{ssippian limestone {n Blanco County.
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Feturn of the sea in D'evontan tisme resulted in progressive
east~west overlap of the region Ly Levonfan sediments, according to Cloud
and Earnes {1948) who noted that the oldest known Devonian strata occur
in the eastern part of the uplift whareas the youngest known strata of
that system ocour {n the western part.

Following Fevonfan deposttion, the region was again subjected
to eroston; so that, with the refnvasion of the region by Missicsippian
seas, sediments were deposfted on bared Ellenburger strata as well as upon
Devonfsn strata. ‘“ississipptan xocks are ralatively wide epread over the
Llano regicn; and, according to Cloud and Barnes (1948), are moTe per-
sistent laterally than are beds of Devonfan age. Thinning of Mississippian
strata toward and over the uplift {s the esrliest known Paloozoic evidence
of the region betng uplifted relative to {mmed{ately adjacent parts of
the continental mass.

Withdrawal of the Mississippian seas from the region was fole

lowed by sub-serial erosion that locelly cut through the Mississippian

s snd exposed the Ellenburger l¢mestone, TFennsylvanian strata
exposed {n the region today ordinarily overlie Mississippian rocks um
conformably, but at some localities they are in contact with the Ellen=
burger limestone., During Late Lampassas and Early Strawn (Early Des
Moines) time, and possibly cotncident with the ¥ichite orogeny tc the
rortheast and with orogenic activity in the Ouschita txough to the south
and esst, tectonic acttvity {n the Llano region resulted {n extensive
faulting, The faulting resched its culmination before Canyon (s
souri) time, as evidenced by Canyon strata being unaffected by faults
which cut all rocks of pre-Calyon age,
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Subsequent to Canyon deposftion, the Llanc regicn was uplifted
relative to bordering areas and was subjected to extensive sub-aerfal
erosien that bared the Precsmbrian basement in the central part of the
uplift, There is no evidence {n the geologic record that the seas returned
to the region during the remainder of “aleczoic time, although Paleozofic
rocks younger than Canyon gccur {n the Fort “orth and Kerr basins to the
northeast and southwest of the uplift.

MESCZOIC HISICRY
Emergent conditions which began in Late Pennsylvanian time
continued until Early Cretaceous time, and the region was reduced to a
brosd surface with little relfef. Rocke ranging I{n age from Late Fennsyl-
venian to Precambrian were exposed at the surface, and sediments of the
Early Cretaceous sea progressively overlapping the region from south to
north were deposited on the truncated edges of the Paleozoic rocks and

over the exposed Precambrian basement.

CENCZCIC HISICRY
There {s no evidence that the sea ever returned to the Lliamo
Tegion after fts withdrawal at the close of Cretacsous tfme., Since that
time, exosion of the (retacecus rocks has resulted In the formatfon of a

topographic besinin which the Paleczotc and Frecambrian rccks are exposed.
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ECONOYIC CEOLCCY
The resgurces of the Camp Alr-¥est ares are limited to grazing
lands, arable sofls, and an excellent, though not unlimfted, water sup-
ply. The Hickory sandstone {s the most {aportant strestfgraphic unit
cropping out {n the ares, providing the majority of the soil suitable fer
farming and ylelding the major part of the water, Some weter production
1t obtained from the Welge d » the Ellenburger 14 y &nd the

Cretaceous sandstone, but ylelds from wells {n these units have staadily
decreased during the prolonged drought that has affected the region for
about eix years. Continuation of the drought will cause incressing de-
pendency on the Hickory sandstone as a source for water, not only for the
small farms located on its outcrop but also for the ranches located on the
limestone outcrops. Under present conditfons the watexr levels In wells
drilled near the up-dip limit of the Hickery sandstone outcrop are being
lowered steadily, snd Increastny down-dip demand on the agutfer will
cause an even faster depletion of the water available for up-dip users
unless a cooperative development plan {s followed.

Neither the limestcnes nor the coarse-grained granfte sre
sultable for building stones, and their only potential use {s for road

metal,
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APFENTIX



Section of Lower Cretaceous limestone st escarpment 2 mtles
southwest of Cawp Mr (location 17, Plate 1). The section begins at the
base of the escarpment on the eroded surface of the Hickory sandstone and

cont{nues westward tc a point 200 feet beyond the rim.

Thickness of {nterval
« Fast

Lower Cretaceous
15, Limestone; light gray, hard, f{ne-
grafned, silty limestone with smsll
vugs. Weathers to mottlad gray and

bxown with ncdular upper surface o o o o » ¢ %ot

14, Soil covered, very gentle slopee » o o o o o 20
13. Limestone; grayishe-white, hard, fine-

grained limestone in beds varying irom

0.2 foot to 0,7 foot in thickness. « « « » » 4l
1z, Limestone; dirty-white, thin-beddec

fine-grained, silty 11mestonse o » o o o « » 240
1l. Limestonci brown and white mottled very

hard, fine-grained, silty limestone with

gbundant small VUYSe o ¢ » o » o « » o o o o 22D
10, Limestone; white, weathering to dfrty-

buif, thinebedded, nodular, I{ne=yrained

1405t0N8e o » v o o s v o o o ¢ v o v s o+ L
9. Limestone; very light buff, fine-grained,

silty limestone with fine streaks of brown . 2.0



8.

€.

9.

4,

3.

2

Limestone; light brownish-white, shaley

to nodular, very fine~grainec, silty
IMmestonte « « o o o s o o s o o 0 0 08 ¢ ¢ »
Limostoney light pinkishewhite fine=grained
14mestonee « o « ¢ # ¢ s = s ¢ s s 2 0 0 o ¢
Limestone; light browntshewhite, shaley

to nodular, very fine-grained silty lime-
stone beconing very hard and very fos-
s¢1ifercus toward the top. iossils are
poorly nreservad gastropods and pelecypods o
Limestoney Light brown and white mottled,
hard, vuggy, fine-grained, silty lime
SLONRY ¢ o ¢ 0 ¢+ 4 s ¢ 5 0 ¢ % s o a8 0 o
Limestone; light brownish-white, aottled,
shaley to nodular, silty, limestone. . + + «
Limastone; 1light buff-white, weathering to
dull gray, fine-grained, very silty, lime-
stone with dark brown streaks of {ron

oxide on weathexed surface . o« v + o ¢ ¢ » «
Limestone; light buffewhite, fine-grained,
fosstliferous, very eflty limestone with
festers of hematite cn weathered surface.
fossilas are poarly preserved gastropods and
pelecypods. Unft containe 2 beds « one

4,5 feet thick and one 7,5 feet thick. . . .
Talus and caliche covered slope to base

of section on eroded surface of Hickery

5.6

3.2

7.0



sandstone, TInterval probably ‘ncliddes
conglomeratic sandstone beds exposed to
the north, '‘ay contsin heds of Hickory
sandstone n loser part. + o v w0 0 v .00 39,0

iotal measured thickness « « o o o E7.7
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