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GEOLOGY OF THE CAMP SAN SABA-WEST AREA,

MASON AND McCULLOCH COUNTIES, TEMAS

ABSTRACT

‘The Camp San baba-West Area is located on the morthwesterns flank
of the Llamo Uplift, about b miles south of the town of Brady, The area
is most easily accessible by U.S. Highway No. 87, amd covers approxi-
mately 30 square adles. Rock units of Lete Cambrian, Early Ordovician,
and Early Cretaceous age are present within the area, The Upper Cambrian
strata have been divided into the liiley and Wilberns formations in
ascending order,

The Riley formation 1s composed in ascending order of the Hickory
sandstone, Cap Mountain limestone, and Lion Mountain sandstone members,
The Hickory member comsists of yellowish-brown to red, coarse-grained,
nonglauconitic sandstones, These strata yrade upward into the dark
reddish-brown, arenaceous limestones of the lower portiom of the Cap
Mountain mewber. The middle and upper portioms or the Cap Nountainm
limestones are gray to brown, silty, slightly gleucomitic and tossil-
iierous, sne grade upward into the coarse-grained, highly glauconitic
Lion Mountain sandstome, The contact between the Riley and Wilberns
formations is very sharp.

The ¥ilberns iormation has been divided im ascending order into the
following members: welge sandstone, Morgan Creek limestone, Poimt Peak
shale, and “am Sqaba limestone, The Welge sandstonme is yellowish-brown,
medium-yrained, and in most places nonylauconitic., This sandstone

grades upward into the reddish-purple, arenmaceous, glauconitic limestones
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of the lower part of the Morgan Creek meuber. These limestones are
gradually replaced upward in the member by greemish-gray glaucomitic
and fossiliferous limestone. The Morgan Creek member is trensitionally
succeeded by green, calcareous shales, limestones, and conglomerates of
the Point Peak shale member. A thick zone oi stromatolitic bioherms
occurs at the top of this member. In most parts of the Llano regionm,
these reef wasses are considered to compose the upper portion of the
Point Peak wember. However, this writer has mapped them as the basal
unit of the ban Saba member, because in the central part of the thesis
area the stromatolites occur interbedded with the San Saba lizestones
and in the southern portion of the area they sre underlain by these
limestones. The part of the Sam Saba member above the bioherms is
termed the "calcitic facies", and is composed of brown to gray, granu-
lar, fossiliferous and sparingly ylauconitic limestone.

lhe Cambrian strata are conformably overlain by Lower Ordevician
limestones of the Ellemburger yroup. These limestones are light gray,
sub-lithographic, and essentially monglauconitic. They are succeeded
upward in the sectiom by darker gray, dense, saccharoidal dolomite.
The Lllenburger group has been divided into forwmations in some aress,
however, in the thesis area it has been mapped as a single unit,

Neither faulting wor folding of great magnitude has occurred in
the thesis area. The taults, which are normal faults, have a general
northeast trend and are almost restrfcted to the western and southern
portions oi the area, The displacements on the faults in the mapped
ares do mot exceed 150 feet. oSmall folds of local occurrence have been

formed as a result of ditferential compaction over bioherms and
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"reversed” dray along faults. The western limb of am anticline that
plunges north probably is present in the eastern part of the area. Two
collapse structures are preseat on the westers bank of Katemcy Creek.
Where undisturbed by faulting and foldiny the strata have an average
reglonal dip of 49 N,52%,

The most important resource fn the area is the supply of yround
water provided by the Hickory sandstone and Ellenburger limestone
aguifers. The possibility of oil and gas production is very slight,
Boulders ot limestone and sandstone obtained from both the bedrock anmd
from stream-transported depesits have been used for the buflding of

homes and stone fences.
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GEQLOGY OF THE CAMP SAN SABA-WLST ARLA,
MALON AN MeCULLOCH COUNTIES, TEXAS

INTROUUCTION

PURPOOE OF INVESTIGATION
The primary afm of this paper is the detailed study of the yeology
of the Camp San Laba-West Area. The preparation of a geologic map of
the area irom field observations, and the study of the structure and
stratigraphy of the Upper Cambrian rocks exposed in the ares, are the
two problems oi primary interesi. An attempt is made to interpret the
geologic history of the area, and & resume’ oi the economic resources

is included.

LOCATION

The Camp San Saba-West Area is located on the northwestern flank
of the Llano Uplift, in Masom amd KcCulloch Counties, As shown in
figure 1, the eastern and northern boundaries are natural geographic
ones, i.e. Katemcy Creek and the San >aba River, respectively, The
southern boundary extends 5.6 miles due west from the Junction ot
Katemcy Creek and Katewcy Road, which rorms the southeastern cormer oi
the area, The western boundary extends due north irom the western end

of the southern boundary to the an saba River.

ALCLSHIBILITY
All but the extrewe northwestern portion o. the Camp Lan aba-lcst

Area is reacily accessible by vehicle. The eastern Lal{ of the area is
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crossed by the north-south U.t, Hichway 07. The area may be easily
reached from the towns of Mason, to the south, and Brady, to the north,
via this highway, which are respactively 13 and & miles distant,

Since a large amount of the cemtral and eastern parts of the area
are commposed of small ranches and farms, many all-weather ranch reads
and rocky ranch trails are present, The western portion of the area is
made accessible by a ranch road connecting all the windmills on the
Schridt property, and by the Frank Kidd ranch road extending west from
U.S, Highway &7. The northwestern region, where the topographic relief

is greatest, is accessible only om foot.

METHOLS Of FIELL WORK

The field work was done between July 3 and August 17, 1956, all
wapping was done on acetate-covered contact prints of vertical aerial
photographs prepared by the U, >, iepartment of Agriculture during
december, 1939 and January, 1940. The scale of the photographs is
approximately 1:20,000 or one inch equals 1667 feet, The thesis srea
is contained on photographs CJC 4 - 30 through CJC 4 - 34, CJ¢ 23 - 138
through CJC 23 - 141, and CJC 4 - 131 through CJC 4 - 133, Most forma-
tional contacts and faults were traced in the field, and their locations
were plotted on the acetate overlays during the process. Other less
distinct contacts and faults weroe detected by a stereoscopic examination
of the photographs. These observations were verified in the field, and
their locatioas plotted.

All strikes and dips shown on the enclosed geologic map of this area

were measured with a Brunton compass, ‘Their localities were chosen for



the purpose of illustrating the near-surface geologic structure of the
area, and the values were determined by averaging several readings
token in the immediate vicindty of each point., A magnetic declination
of ten deyrees east was set on the compass,

All yeoloyic data plotted on the acetate overlays of the individ-
ual photographs were transferred to an acetate base map of the thesis
area. This wap was drawn as an overlay of all the photographs used

after they had been fitted together to form @ mosiac of the whole area,
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PREVINUS INVE:

TGATIONS

Review of Literature

Prior to this report, omly the extreme northeastern cormer of the
Camp San Saba-West Area had been mapped in detail and published iz the
geologic literature. However, detailed work in the adjoining areas on
the south and east was being dome during the same time that this inves-
tigation was being carried on.

Ur. Ferdinand Roemer (1547) published the first descriptions o:
the rocks and fossils o: the Llano regiom. Fkhile accompanying an
exploring party ol German colomists, he passed through the gemeral
locality of the thesis area. Although on the basis of information he
received from others, loemer wade some erromeous speculations comcern-
ing the central portion of the Llanmo Uplift area, his own observations
were confined to the southern amc western periphery of the uplift. In
a wore extended investigetion over a grester area, Roemer (1849, 1852)
studied the formations, collected fossils, and published descriptions
of these fossils in additfon t¢ an interesting account of his observa-
tions and travels. He was the first to announce the presemce of Larly
Paleozoic, Carboniferous, and Cretaceous rocks in the Llano Uplift
region. lie described thirteen species of fossils irom the Ordovician
and Carboniferous systems with such accuracy that many of his descrip-
tions have remained unchanged to this day.

While accompanying an expedition of Army emgineers to explore
parts of west Texas and New Mexico during 1665 and 1666, Lr, G, G.

Shumard (1886) made brief geological notes along the return route from



Fort Mckavett down San .uba River valley to Fort kasom and on to
iredericksburg,

B. F. ochunard (1861) verified much of Ruemer's original work,
and was the first to describe the rocks end fauna of the Potsdam group
of Late Caubrian age. le rirst described the rocks composing the
"Frimerdial Zome" of lexas, and alse describied nine mew species of
fossils of Cambrian age.

Jules Marcou (1855) compiled the iirst geologic map that showed
the extent of Carboniferous strata in the Central Mineral regionm.

5. B. Buckley (1874), “tate Geologist of Texas im 1874, arbitrar-
ily classified granites oi the Llano region as being Azoic in age. He
went on to state that these granites are younger than the metamorphic
rocks with which they are associated.

Investigations of this reyion ceased until 1663 when C, L, Walcott
(1884) visited the area, studied the rocks, and definitely established
the Potsdam group as being Cambrian in age. Shortly thereafter,

R. T, Bill (1607) brieily mentioned the Llano reyion in his review of
the yeology of Texas, moting the importance of Walcoti's work, Two
years later, Hill (1809) named and definitely established the correct
age of the Carboniferous rocks at Marble lalls, Also, in the first of
his two papers on the geographic features oi Texas, Hill (1890) dis-
cussed the erosion of Upper and Lower Cretaceous strata from the
central portion of the Llano reyion.

It was mot until 1G9 that & systematic geological survey of the
Llano region was carried out, This iavestigation was done under the

auspices of the newly created Geological and Mineralogical “urvey of



Texas, with L. 1, busble us ®tate Geoloyist. Several publications
resulted frow this survey, imclucing one by 1. B. Comstock (1U50) on
the gyeology and nimeral resources of the Llano region. lie was the
iirst to civive the Precawbrian metamorphic rocks and granites of the
Archean anu iparchean eras. In his discussion Lomstock made the first
reierence to the nawes Valley .pring amd Packsaddle series for the
gneisses and schists occurring in the region. lle also introduced the
terms Hickory series, Riley series, amd Szn ‘aba series. Comstock's
kiley series fncluded part of the rocks in the presesi Riley formation,
and his -an Saba series included all or a large part of the San Saba
wember as it Is defimed at present.

Other publications resulting frow this fnvestijation of the region
were a report on the coal resources to the north and the drainage pat-
tern of central Texas by B, S. Tarr (1U90), enme by J, A, Taff (1692)
on the Cretaceous rocks, and two reports by ¥. I, Cummins (1690, 1u91)
on the stratiyraphy of the Carboniferous rocks north of the region.

k. T, bumble (JL90} studied and described the Pennsylvamian rocks
in the northernm part oi the region and gave them the name Bend for
McAanelly's Bend on the Colorado iiver. Yome years later, Dumble (1690)
published the geologic history of Texas and devated a section of this
work to the Central Mimeral region, Humble mentioned the Granite High-
lands (1096, p. 4C2), which is the hilly regiom oi Precambrian rocks
iringed by Paleozoic strata that extends from Burnet County westward to
the eastern part of Hason County,

In 1098, >idney Paige (1912) compiled a detailed map of the Llano

and Burnet quadrangles which are in the cemtral part ot the region.



baige (1911) also nameu an cescribeu ihe lilberms, Cap Mountain and
tllenburger "formations”. lie yave an excellent description oi the
Precasbrion yeology and discussed the econokiv resources of the Llamo-
Burnet arew, Paige rede,ined the Valley tprim, {neiss and Packsaddle
schist, which ie believed to be of sedimentary oriyin, and classified
thew as being ot Alyonkian aye., Iu his discussion Paije refers to the
lickory sandstione instead o: using Comstock's term "Hickory series”.

The first cowprehensive yeoloyic map o1 Texas was compiled by
J. A, Udden, C. L, Baker, and Emil Bose in 1916, and published by the
Bureau of Lconowic Geoloyy and Technoloyy. It was drawn to a scale of
1:1,500,000. The Ellenburger yroup, Wilbernms formation and Riley
tormation are shown as a combined unit, and the Precambrianm rocks are
undiiferentisted. ., B, Plummer and R. C, Moore (1922) presented a
new map o the Carboniferous forwations of central iexas and differ-
entiated the lower Bend shale as a separate formation having a distiac-
tive {auna. The name Barnett was given to this new unit.

€, H, Girty and . C, Moore (1919) discussed the age of the
Barmett in a report on the Carboniferous rocks, and Girty concluded
that it was of Late Mississipplan age, Sazples ot crinoidal limestone
collected by F. V. Roundy and L, C. Heald in 1919, were studied and
found to be of tarly Mississippian sge by Roumdy, Girty, and M, I,
Coldwam. The formation was referred to as "limestome of Boone age"
until k. H, Sellards (1932) redescribed the strata and named them the
Chappel iormation,

The occurremce of alyal limestone in the Zilberns shales in Mason

County was meationed by A, H. Deen (1931).



C. L, Dake and Josiah Bridge (1932) attempted the first zonation
and faunal correlation of the Lower Paleozoic rocks inm the area with
similar strata in other states. Although a lithologic sequence was
found to exist within the Ellenburger group, no formatiomal boundaries
were proposed at that time. However, after examining the Cryptozoan
reef structure in the upper Wilberns formation ot the Camp “an Saba
area, Dake and Bridye felt that these beds might be designated as a
separate tormation at some later dare, They recommended that the old
term "ban Saba formation™ be re-defined and applied.

H. B, >tenzel (1932) re-defimed the Valley Springs gneiss and
stated that it was ol igneous origim and inmtruded the Packsaddle schist.
In his report on the stratigraphy of Texas, bellards (1932) briefly
reviewed the Precambrianm, Casbrian, and Ordovician systems of the Llano
region, bellards (1934) also discussed the deformation of the (eatral
Mineral region duriny Paleozoic time in his report on the structural
and ecomomic yeoloyy of Texas, In this report, the Precambrian struc-
tural conditions of the Llano region were reviewed by “tenzel (Sellards,
1932). Later, Steazel, (1935) reported on the Precambrian unconformi~
ties found in Llano County,

A Bbew state geoloyic map (Vartom, et al, 1937) was prepared by
N. H. Larton arter he had visited the ares im 1933, collected unpub-
lished data from geologists who had worked in the aresa, and checked
certain forwational contacts in the field. Larton plotted the outcrop
areas ol the Hickory sandstone, Wilberss limestone, Cap Mountain lime-

stones, and Lilenburger limestone for the first tiwe om this map,



Bridge (1937) studied the Lower Paleozoic rocks on the west side
of the Llano Uplift, and named the Lion Mountain sandstone member of
the Cap Mountain formation. He made many collections oi fossils and
relocated most of Roemer's original type localities. Roemer's Paleo-
2oic fossils were redescribed by Bridye and Girty (1937) who also pre-
sented some excellent notes on the geology of the region.

V. £. Barnes and G. A, Parkimson (1939) first described the venmti-
iacts which occur in the basal part of the Hickory sandstone of the
Llano region, They regarded the Hickory as consisting, in part, of
teworked eolian deposits, and included a map o1 Hickory sandstome out-
crop areas showing vemtifact localities in Masom, Llano, and Blanco
counties in the report,

The larger bodies of Precasbrian coarse-yrained granites in the
Llano-Burnet area were studied by i. Keppel (1940) with particular
emphasis on their structure and texture,

An unpublished report concerning the stratigraphy of the Upper
Canbrian strata in the Llano Upliit was given by Bridge and Barnes
(1941) before tbe Geological Society of America meeting in Callas,
Texas, during vecember, 194l. They indicatec that the Vilberns forma-
tion could be divided into iour members; however, mo names were pro-
posed. These members were a basal sandstone, a glaucomitic limestone,
a green calcareous shale, and a limestone at the top., Later, Barnes
(1944) nawmed these units in ascending order the Welge sandstone, Morgan
(reek lisestone, Point Peak shale, and, as equivalent facies, the -an
Saba limestone and Pedernales dolomite. He assigned formational ramk

to all the pre-Wilberns units except the Lion Mountain sandstome, which
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he designated a member of the Cap Nountain limestone.

Plummer (1943) wrote a paper concerming the discovery of a white
juartz sand near the middle part of the Wilberns formation in north-
western Mason County. This exceptionally pure sand was found om
Leon Creek southeast o1 the town of Lrna,

In a progress report om the stratiyraphy of the Ellenburger graup
of central lexas, (louu, Barmes, anc Bridge (1945) revised the earlier
nomenclature, introduced the term “"Lllenburger yroup”, and restricted
this group so that it included only rocks of Larly Ordovician age,
The group was divided for the first time into three formations, which
were nawed in ascending order the Tanyard, Gorman, and Honeycut, The
authors also revised the stratigraphic classification of the Cambrian
rocks. The Riley series was re-detined as a .ormation and was divided
into the Hickory sandstone, LCap Mountain limestome, and Lion Mountain
sandstone embers, The top of the Cambrian system was placed at the
upper boundary of the wilberns rermation,

Plumper (1946) discussed the fmportance oi the Hickory sandstone
and tllenmburger liwestone as ayuiters in his report on the water
resources of Texas,

Bridge, Barnes, and Cloud (1947) presented the stratigraphy of the
Upper Cambrian rocks in the tentral Mineral region in 1947. Their
section consisted of seven members and two tormations, These umits
were named 8nd re-delined, and a detailed description ot each was in-

cluded in the paper.
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Vlwaser (1947) published a sumuary of the classitication of the
Lower Pennsylvanian strata in cemtral Texas. Later, Plummer's (1950)
detailed analysis o the Carboniierous siratigraphy and paleontology
in this region was published posthumously. 7This report included a
brief report on the pre-Larboniferous strata of central Texas.

A basic study of the vllemburger rocks of the Llano region was
prepared by Cloud and Barmes (1948). restures having a possible sig-
nificance in the search for petroleum were stressed inm this report,
and the pre-Cllemburger strata of several localities in the Cemtral
Mineral reglon were briefly described. H, R. Blank (1951) discussed
and described deyradational processes in operation om the granitic
wasses in the Llamo Uplift area.

A. R, balwer (1954) studied and described the fossils of the Riley
tormation of central Texas, oix trilobite zones were memtiomed, the
boundaries or which do not coincide with those of the members aud sub-
wmembers oi the Riley tormatjou,

Barnes and %, C. Bell (1954) compiled an excellent resuse’ of the
Cambrian localities and measured sections in their guidebook for the
San Angelo Geologic Society's Cambrian field trip to the Llano area.
They stated that the previously mentioned term "Pedernales dolomite”
hiad ceaseu to be used in favor of the mame of its equivaleat facies on
the western side of the Llano erea--the "san -aba limestone”. 1lhe
detailed yeology of the extreme mortheastern cormer of the Camp ~an
vaba-West area was also shown on & uap prepared by Barnes and Bell

(1954, p. 20).
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Barnes (1956) presented a report on the lead and zinc deposits in
the central Texas area, DUikes of diabase alony the Marble Falls fault
were recognized for the tirst time and found to be of Carboniierous or
younger age.

In addition, several small sections of Masom County to the south
of the thesis area were wapped and reported upon by ¥. L, Alexander
(1952), T. P. Polk €1952), V. M, buvall (1953), K. P, Parke (1953),

J. F, Fritz (1954), end b, R. Grote (1954). Theses are being prepared
by N. C. Scaife and W, L. Sweet on areas adjoining the Camp San Saba-

West area on the south and the east,

o f G ic Hi { the L. Re

The large quantity of Precambrian gneiss, schist, quartzite, and
marble occurring in the Llano region seems to indicate that a great
series of sediments were laid down over the area during this time, At
least the marble, and possibly a large part of the other metssediments
were deposited under marine conditions. The variation of lithologic
types occurriny above the marble appears to indicate an influx of
clastic waterial following a period ot stability during which clastic
depesition was not taking place., The yraphite inm some of the metased-
iments probably represents carbonaceous wmatter which was imcluded within
these rocks during deposition, and may indicate the presence of life,

As deposition continued the sediments were deeply buried and com-
plexly folded and taulted with some attendant metamorphism. Lxtemsive
igneous intrusions followed, probably causing another phase o: subsequent

metamorphism, The coarse-grained texture of the Town Mountain granite
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seems to indicate deep-seated crystallization of its parent wagma, tow-
ever, the fine-grained Sixmile aud Oatman granites appear to have
crystallized under comditions of wore rapid rates of cooling. It was
pointed out by Sellards (1932, p, 35) that these granitic intrusfoms
occurred before the deposition of Paleozoic strata, because at no place
in the region did they penmetrate the Paleozoic beds. A period of ero-
sion followed the promounced folding, and bared the Precasbrian meta-
morphic rocks and gramites to form a surface of considerable relief.
This period of denudation probably occurred during the Early and Middle
Cambrian epochs and part of Precambrian time,

The first Paleozoic sea entered the area during Late Cambrian time
and reworked the existing eolian sediments to iorm the basal, coarse,
cross-bedded sands o1 the Hickory member, This transgressive sea was
rather shallow because hills 88 high as 600 feet did not receive sedi-
ments until Cap Mountain time. The ventiiects in the basal portion ot
the Hickory member appear to indicate that an eavironment suitable for
eolian deposition still existed duriny early lickory times. Barnes and
Parkinson (1939) bave lound dreikanters as high as 4 reet above the base
of the Hickory and concluded this indicated a continuation of ventifact
formation after the deposition of the Hickory had begun., However, these
materials may have been transported from a positive ares from whick the
detrital saterisl had not beem removed, Also, a sliyht fluctuatiom of
the early Paleozoic strand line in the area studied by Bridge and Park-
inson could have caused reworkiny and redeposition of the relatively

thin initial layer. 1t seems much easier to visualize the ventiiact
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tormation occurring over & very long period of time rather than during
the relatively short interval required to deposit the initial four feet
of sediments.

The presence of ripple marks and phosphatic brachiopods in the
upper portion or the Hickory member indicates that shallow water condi-
tions prevajled durimg this time., However, as the supply of cosrse
detritus was depleted, the marine sandstones graded into the glaucomitic
linestones oi the Cap Mountain wember. These limestones accumulated
under relatively quiescent conditions in a shallow, cool, nmeritic
environment, In late Riley and early %ilberns time, minor reylonal
uplitting occurred and the lands again supplied sediments to¢ the regres-
sive-transgressive sand zomes that compose the Lion Mountain sandstone
and Welge sandstone sequesmce. The fact that these members were formed
in marine waters is evidemced by the presence of glauconite and marine
iossils. The sharp lithologic change between the two wembers may be
the expression of a short hiatus, which would support the idee oi minor
regional uplift.

The close of Welge sedimentation was marked by a decrease in the
supply oi coarse waterial and the yradual transyression oi marise
waters. This marine invasion of the land areas {s represented by the
occurrence of granular arenaceous limestones in the lower portion of
the Morgan Creek member, The abundant glauconite and marine fossils,
including brachiopods and trilobites, in the middle amd upper parts of
the member indicate deposition in a peritic emvironwent. The presence
of stromatolitic bioherms im the upper portion suggest warm shoal waters

and the shallowing of the sea,
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Lburing middle Wilberns deposition, asrgillaceous material was
introduced into the sedimentary sequence im a very quiet sea. This is
evidenced by the very well bedded silts and shales of the Point Peak
member. The scattered limestome ledyes and marine {ossils within the
member indicate that the waters were marine, and since wost of these
limestones occur as pebbles in jutrarormationul comglomeraies, the
waters aust have been very shallow, Paige (1912, p. 74) stated:

Near the upper portion of the Wilberms thinm altermating

shale and limestone beds, numbers of shale pebble conglom~

erates, 'edgewise’ (shale iragmentis) conyglowerates, sum-

cracked surf{aces and fragments,..all suggest the preseace

ol widespread flats, alternately tlcoded by tice and dried

by sun,

There must have been extensive shoaling and warming of the waters be-
cause ot the large amount of stromatolitic growth occurring near the
close ot the deposition of the Point Pesk and during the beginning of
>an daba deposition,

A yradual deepening of the waters is represented by the silty,
glauconitic limestones or the ~an baba member in the northwestern and
western parts of the Llano region. The occurremce of locally thick
calcareous sands within the member has indicated to Cloud and Barmes
(194t, p. 112) the continued or intermittent presence oi a large
island or land mass to the west. However, the increasiny proportion
o1 sub-lithographic liwestone and dolomite within the San -aba member
toward the eastern part ot the Llamo Uplift appears to indicate a
weneral shoaliny of the region in that direction, [Lurinmy latest

Cambrian time the yradient of the sea floor was to the northwest and

elther tiltiny of the region in that direction or a lowering of sea



level resulted in the emeryence of the southeastern part of the Llamo
reyion and truncation of the highest Cambrian strata,

In the western part of the Llano Uplift, deposition was contin-
uous across the Lambrian-Ordovician boundary. Uuring Early Ordovician
time the Llano reyion remained relatively stable, and the absence ot
clastics in the -llenburger sugyests that the western positive area
had ceased to contribute sediments., The sea which covered the area
during tids time was warm, intermittently turbulent, and relatively
shallow. Cloud and Barmes (194b, p. 32) have stated that these strata
are:

«escommonly although not yenerally stromatolitic, indicating

at least a partial alyal and generally a shallow water ori-

yin. Deposition in shellow water is also indicated by

ripple marks and intraformational breccias... .

A wide yap in the geologic record follows the Lower Ordovician
deposition. The comspicuous absence of Upper Ordovician and Silurian
strata throughout the reyion indicates that yenerally emergent condi-
tions with accompanyiny erosion prevafled during these intervals. This
was probably the longest period o: Paleozoic cmergence of the Llano
region before Levonian time according to Cloud and Barnes (1948,
pe 113), Although maxiwum truncation of the Ellenburger yroup by ero-
sion occurred in the western part of the uplift, the oldest Levonian
strata are found in the east and the youmgest in the west, rom these
data, Cloud anu Barnes (194u, p. 113) concluded:

.econe way provisionally infer that the region was tilted

to the east and largely truncated betore ievoaian time,

followed by an east to west Uevonian marine invasion anc
continuing truncationm of the emergent areas,



Irregularities in the Uevonian overlap and temporary withdrawals o
the sea are suggested by the occurrence of Levonian rocks as pocket-
and crack-fillings.

Though locally ciscontinuous, beds of Yississippian age are wide-
spread in the Llano region and are much more persistent laterally than
beds of knoun Levonian age (Cloud anc Barnmes, 194, p. 42). The
tississippian strata thin toward the ceater of the reylon, thus indi-
cating yradual uplifi oi the Llano region during tiis period. Cloud
anc Barmes have stated that "It is known that marine invasions occurred
at several times during Mississippian and Pennsylvanian time;..". A
return to swamp-like conditlons, accordiag to raige (1912, pp. £0), 1s
indicated by the black shales that compose the top of the iemnsylvanian
seyuence.

ixtensive faulting oi the Llano region occurred during Carly
Feansylvanian time. Must of these fault movements took place after the
deposition ot the rocks of the Bend yroup and prior to the deposition
ou the rocks of the Lanyon group. The rocks of Canyon and younger ages
are essentially iree {rom taulting,

idespread emergent conditions prevailed in the Llane Uplift after
Pennsylvanian time, and the region persisted as a positive area in the
Yexas foreland during the rermian, Triassic, and Jurassic periods.
come re-elevation oi the area probably accompanied this lony hiatus.
However, by Cretaceous time erosion had reduced the surface to a region
of lo. reliei and exposed all older strata in the area, includinyg a

larye expanse of Precambrian rocks. As the Cretaceous sea invaded
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the region, basal sands and horizoatal beds ol limestone and clay were
deposited throughoui the area, Aiter the early Cretaceous sedimentation,
yentle, vertical upliit with no subsequent faulting and folding occurred.
The resulting truncation by erosion again bared the ancient Paleozoic
an¢ brecambrian rocks,

The Lluno region appears to have stood above sea level since
vretuceous tine, ior, with the exception oi scattered stream deposits,

Bo strata o1 younyer aje are present,
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GE OGRAPHY

CLIMATE

A semi-arid climste prevails over the Llano region in which the
Cemp tan baba-West area is located. The average annual precipitation
in Mason and McCulloch Counties is approximately 23.5 inches, however
it may vary irom a somewhat lower value up to alout 45 inches, Al-
though most of the rainfall occurs in the winter and spring, it is
very umevenly distributed during these seasons. Often ose-third of
the annual precipitation comes within a single week, and the rains
may be followed by mamy weeks of drought, tor the past six years
severe drouyht conditions have prevailed in the area,

The average annual temperature of the area is T0,5° i, Luring
the winter months from November to April the daytime temperatures
vary from 40° t. to 70° r, with frost irequent at night, especially
when the wind is f{rom the north, Through the hot and dry summers,
the daytime temperatures range irom G0° . to 109° :, and average
approximately 90% F. The prevailing southeasterly breeze tends to

make the evenings and nights moderately cool during this season.

VEGLTATION
The vegetation present in the thesis area belonmgs to the plant
types which are adapted to moderate precipitation, rather severe tem-
perature ranges, and rocky slopes. Mesquite, oak, elm, and cedar
trees are lound on most of the areas of higher elevations, while

sycamore and pecan are most prevaleat in the valleys. A few willows



and elms are found aleny the wore persistent streams in the area.

The distribution and relative nhum.iuce ot plant life on a
residual soil depends im part upon the type ol bedrock. Accordingly,
certain varieties of flora tend to grow more readily on certain stra-
tigraphic units, and the contacts between some of these units are
marked by obvious changes in vegetation, The limestone :ormations
are characterized by am abundance oi Mexican persimmon, Spamish
bayonet, catsclaw, agerita, and prieckly pear, Also, cedar, scrub oak,
and live oak are found to grow abundantly in scattered clumps on the
Lower Ordovician limestomes. Mesyuite, bee-bush, catsclaw, lady
tinger, amd Mexican persimmon are more common to the sandstone and
shale formationms cropplay out in the area. The grasses which occur
throughout the area are buffalo, curly mesquite, crowfoot, tobosagrass,
needle, sideoats and hairygrama, and several other varieties of lesser

importance,

INLUSTRY

The major industries in Mason and McCulloch Counties are medium
scale ranching, stock larwing, and farming. The most important pro-
duct of the ranching industry is beef cattle, with the raisinyg of
sheep and yoats assuming a secondary role. Peanuts, cottom, corm, hay,
and watermelons are the principal agricultural products grown im this
region. Most of the fields used for cultivation are rather small and
lmited to bottom land or slopes and benches associated with the less

resistant sandstones and shales,



Prolonged drought conditions in all the southwest have caused a
considerable decline in marketable products from this srea. ‘lhe
cities of ¥ason and Brady serve as the shopping and trading centers

for Kason and McLulloch Counties.
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PHYS TOGRAPHY

PHYSICAL /TATURES

The Camp :an ‘mba-iwest area lies on the northwestern flank ot the
Llano Uplift o: central Texas. Although the Llano region has the topo-
graphic expression o: @ broad erosiomal basin, it is structurally a
large domal uplift. Rocks of Precasbrian age are exposed im the
central part of the basin which is bordered by a higher ares of nere
resistant Faleozoic and Cretaceous strata, The highest elevations in
the reyion occur on the plateau between Mason and tredericksburg, and
are in excess oi 2200 feet. oince the lowest point im the basin is at
an elevation of 650 feet, the total relief is approaimately 1600 feet.
lhe Comp “an .aba-West area is located in the outer portion ol the
high areas that Lorm the rim about the Llano region. The uppermost
part of this rir is composed of limestones ol Early Cretaceous age aund
is located approximately three miles nortiwesi oi the an Saba River.
The lowest point in the thesis area is about 1500 feet above sea level
and occurs at the noriheast corner where Katemcy Creek eopties into the
tam -aba River. The highest elevation in the mapped area s approxi-~
mately 1900 feet. Thus, the total relief in the Camp San Ssba-Kest
area is about 400 feet,

Three oistinctly different varietfes o1 physiographic expression
are present in the area. The sandstones and shales ot the Upper Can~
brian sequence have been eroded in most localities to form low, rela-
tively flat lands. These strata come to the surface in the eastern

and southeastern parts of the ares, and furnish most of the soil that
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is suitable for cultivatiun, The linestonc portions ol the Upper Cam-
brian series frow prominent northeasi-trending ricyes and cuestas which
exhibit steep escarprent slopes and yeatle ¢ip slopes. In the norual
outcrop pattern these Lore resistant units are separeted by the lovland
flat areas formed by the previously mentioned softer units,

The Lower Ordovician limestones are exposed at the surface in the
northwestern part of the area and form a rolling topography. Relief is
greater in the outcrop ares of the Lllemburger group tham on the older
strata in the thesis area, with the exception of en erosional remnant
in the torw of @ hill composed largely of bioherms but capped by ban
saba limestone. This hill is located due east of the C, Myrick farm-

house in the north-central psrt of the area (plate I).

EROSTONAL AGENCIE:

The primary agent of erosion to which the rocks of the Llano
region have been exposed is runming water. Alter the concentrated but
usually short-lived rains typical in this area, runof{ waters in the
portions of the crainsye system with higher gradients attain velocities
(reat enough Le transport large emounts of sedinent, These waiers are
especially eitective In areas that support only sparse vegetation,
¥ith the exception of the cultivated areas, the effects of aseplian
erosion are neyligible,

vome of the topographic features present fn the thesis area have
been developed as a result of faulting which places less resistant

strata ayainst more resfstant strata, Fracturing along some of the



25

faults has further weakened the strata, making the rocks alomy these

faults more susceptible to erosion.

DCAINAGL

The Llano reyion is drained by four primcipal streams, which are
the Colorado iver on the east, the " an Saba River on the morth, the
Llang River in the cenival part, anc ihe Pedermales Eiver on thc
south, These streams have been superiwposec upon ihe Paleozoic and
Precambrian rocks of the reyion. As pointed out by Tarr (1890, p. 360),
tke patiern oI the major stream courses was establiched during Teriiary
time on an easinard-tilted plain ol Cretaceous strata. The streams
have been entrenched into the older rocks, and have held their yemeral
direciions across the regiom without regard to the Precanbrian core and
encircling Paleozvic rocks. The numerous swall tributary streams, how-
ever, are adjusted to local siructure,

The San Saba Kiver, which forus the northern boundary o1 the thesis
area, drains all of the water f(rom the area. Raimiall im the eastern
and southeastern paris of the area is carrded by small obsequeat tri-
butaries into Katemcy Creek which Jorms the eastern boundary and
enpties into the Lan Saba River al the northeast cormer o1 the area.

In the western and northwestern seclors waters are draimed by way af
small subsequent tributaries directly imto the river,

All streams in the thesis area, except the San Saba River, are
intermitient and flow only during periods ot heavy rainiall. Katemcy
Creek carries a heavy load of granite wash obtained irom the yranite

masses through which it flows.
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SIRATIGRAPHY

GLNERAL & TATTMENT

Strata ol the Carbrian, Orcoviciam, and Creiaceous systems are
exposed in the (amp San -aba-Wcst area, Althowyls Lhey do not crop out
in the thesis area, Precambrian yranites are cxposec a short lstance
to the south. The only rocks youn,er thaa Uarly Ordovician comsist ..
@ very thin veneer of busal Crotaceous scCiventt ,ccurring as an
erosional rewnant which caps a hill in the southwestern part of the
area, and ninor deposits of Recent alluviun, The «_;ol()glc coluwn of
the area is as follows:

TLENARY

Kecent
MESQLOIU ERA
uretaceous ystea
Unidentified basal sand
PALLZOIC BRA
Ordovician Lystem
Lower Ordovician
Ellenburjer yroup
“ambrian ‘ysteuw
Upper Cacbrian
ilberns rormation
5an baba limestone member

Point Peak shale rember



Moryan Creek limestone member
Welge sandstone member

Riley formation
Lion Mountain sandstone member
Cap Mountain limestoune meuber

Rickory sandstone merber

CAMBRIAN SYSTEM
Rocks oi Late Canbriam age crop out over all but the northwestern
corner of the thesis area., These strata are composed of sandstones,
limestones, and shales with stromatolitic bioherms occurriny in the
upper part of the seyuence. The currently accepted division of the
Upper Lawbrian rocks fnto two formations and seven members is a result

of the combined work of Dridge, Barmes, and Cloud, (1947, pp. 109-124).

R 2 t

‘The term "Riley series™ was first applied by Comstock (1490,
p. 285) to part of the strata that compose the present Riley tormation.
This unit was reduced to formatiounal ramk and redefined by Cloud,
Barnes, and Bricge (1945, p. 154) 8s including all of the Cambrian
strata in central Texas beneath the Wilberns formation. It is composed,
irom base to top, of the Hickory sandstone, Cap Mountain limestone, s
Lion Mountain sandstone members which are separated by yradatiomal
contacts,

The Riley formation was named for exposures in the Riley Mountains

ol southeastera Llano County where it is T80 feet thick. Because of



the topographic irregularity of the overlapped Precambrian surface,

the thickness in measured sections ranges dowmward to about 600 feet.
Also, im southwestern San taba County the Cap Mountain limestone member
rests directly on Precambrian rocks, therefore at that place probably
less than 200 feet of the Kiley formation is present., The average
thickness of the unit is given by Bridge, Barpes, and Cloud (1947,

p. 110) as 660 feet, The lower 40| feet of the Riley formation is mot
exposed im the thesis area, and the estimated thickness o! the remain-

ing part of the formatiom that crops out in the area is U0O feet,

Hickory Sandstone Member

Definition and thickness--The term "liickory” was tirst used as &
series name by Comstock (1890, p. 205) and was applied to beds cropping
out in the valley of Hickory Creek in Llano County. Later, Paige (1912,
ps 42) renamed these rocks "Hickory sandstone” and placed the upper
boundary of the unit at the highest dominately sandy beds im the basal
Upper Cawbrian strata, These boundaries were redefined and amended by
Cloud, Barames, and Bridge (1945, p. 154) when they reduced the Hickory
to member status within the Riley formation.

The Hickory sandstone member is reported by Bridge, Barnes, and
Cloud (1947, p. 112) to vary in thickmess from the vanishing point to
about 415 feet, and the average thickness is estimated as 360 feet,
Although the base o: the Hickory sandstone does mot come to the suriace
in the thesis area, a thickness of approximately 525 feet of the member

is exposed in the area, This unusually great thickness may be attri-
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buted in pari to abaormal thickening of the member, or to the occur-
rence of several faults of such small displacements as to make them
fmpossible to identiiy on the outcrop.

Lithology--The Hickory sandstone member overlies the Precambrian
rocks with a marked umconformity, and Is described by Bridge, Barnes,
and Cloud (1947, p, 113) as noacalcareous, nonylauconitic, yellow,
brown and red sandstomes. In the thesis area, the lower portion of the
Hickory is composed o1 reddish-brown to tan, very coarse-grained, non-
fossiliferous sandstones. These strata are for the most part massively
bedded. The shape of the juartz grains varies from subangular to
rounded and their degree of sortinmy is poor.

The middle portion of the lickory beds consists of altermating
layers of light-colored samdstones mnd reddish silty shales. The sand-
stones are soft, gray to tam, friable, medium- to fine-grained, well-
bedded and in many places imtricately cross-bedded, The shales are
somewhat darker in color, very fime-grained, and thinly to indistimctly
bedded. 7These shales are persistent and do not appear to be laterally
yradational into sandstones, Although some widely separated, coarse,
quartz grains are presemt throughout this portfon of the member, gener-
ally, the sorting is much better than that of the underlying lower
Hickory ‘andstone. Where the sandstones are exposec in vertical stream
banks, they tend to torm prominent ledyes which protrude outward over
the undercut shale beds.

In the upper portion, the Hickory beds are reddish-purple, medium-

grained, well-bedded sendstones containing a ferruginous cementiny



waterial, which tends to make the rocks moderately hard. It fs well
sorted and composed of rounded, yuartz grains that are 5o coated with
ferruginous material that they tend to give the rock an Bauuc appear-
ance, The residual solls resulting from this portion of the member have
a characteristically dark red color.

tipple warks are iounu at sowe places in the upper part of the
Hickory member. Those shown in fiyure 1 of plate II are assymmetrical,
but nave rounded crests and troughs. They measure .5 imches from crest
to crest, and the approximate depth oi the troughs is three-elghts of anm
inch,

Phosphatic brachiopeds (plate II, {igure 2) have bsem reported to
occur in the middle and upper Hickory sandstones accordiny to Parke
(1953, p. 20). However, they appear to be almost completely restricted
to the upper Hickory im the thesis ares.

Topoyraphy anmd vegetation--The ilickory sandstone forms relatively
flat, open (ields in the topoyraphically low, southeastern portion of
the thesis area. Most ol these fields are put under cultivation
annually. A tew yentle hills interrupt the alamost {lat terrain near
Katemcy vreek, OQutcrops ol the lickory sandstonme that could be mea-
sured and described were not found im the wapped area,

Woderately dense vegetation consisilay or scrub oak, wesyulte,
elm, Yexican persiwmon, and several varieties o: cacti and yrasses is
present on the uncultivated portions of the Hickory outcrop. Bee-bush

and verious yrasses are usually found borderiny tie open Iields.



PLATE 1I

Ripple Marks and Fossils in the Hickory Sandstone Member

Figure 1.--Hickory sandstone ripple marks in stream bed two-
thirds mile morth of the M. Cohen ranch house.

Figure 2.--Hickory sandstome with phosphatic brachiopods
three-fourths mile northwest of the M. Cohen
ranch house.




Cap lountain Limestone YMerber

Lefinition and ihickness --The term "Cap Mountain” was introduced
by Paige (1912, p. 4%) =5 a lorvatfonal mame, This umit incluced all
or the present Riley tornation above Falge's lickor; sundstone, and
was named for exposures on Cap Nountain in eastern Llamo County. The
Cap Mountain limestone vas later re-delined by Cloud, Barnes and
Bridge (1945, p. 154) and included as a mewber in the filey toruetion.

The thickness of the Cap Nountain wmewber throughout the recion
ranges itom about 13% 1o 455 feet, anc averages sbeut SG0 1eet accord-
ing to Bridge, Barmes, amd Cloud (1947, pP. 113). 1In the thesis ares,
the minivun: thicksess of this mewber is 225 feet, The abnormal width
of the outcrop of the Lap Mountain (plate 1) s caused by faulting.

Litholoyy--The contact between the Cap mountain liuestose nember
is one of gradation, and is placed at a distinct topoyraphic change in
slope and a vegetational change which shows well on aerial photographs,
In most places this chanye is 2t the base of the low escarpment of a
Cap Mountain cuesta. Nore specifically, Brid;e, Darnes, and Cloud
(1947, p. 113) stated:

This boundary is at the top oi a noncalcareous sandstone

zone beneath a zone of alternating impure, dark-brown

limestones and calcareous sandstomes whici becoze more

calcareous upward; rinally grading iato fairly pure,

yranular limestones that comprise the bulk of the member,

The lower beds of the Cap ¥ountain limestone cxposed in the area
are chiefly dark reddish-brown, medium-bedded and in part distinctly
cross-bedded, calcareous sandstones of medium- to iime-grained texture,

alternating with, and radimy laterally into, grayish-brown, fine



yrained, arenaceous limestones. These beds yrade upward into light-
browa or gray, medium- to coarsely-crystalline, arenaceous limestones
that contain many layers of yellowish-brown, fine-grained, noncalcar-
eous sandstome (plate III, iigure I), Cross-beddiny is yenerally
better developed than in the basal beds. The sandstone layers appear
to persist over comsiderable lateral distances.

In the middle portion of this uember, calcium carbonate is more
abundant and the rocks consist of fairly pure, {ine-grained, light
gray limestones that contain some grayish-yellow dolomite. These
strata are well-bedded, and conmtaim thim layers and small cavity
fillings of brownish-yellow silistone,

The upper portion of the Cap Mountsin member is compogsed of liyht-
gray, medium- to coarse-graimed, sparingly fossiliferous, glauconitic
limestones. These limesiome beds are very sandy near the top of the
interval, and thick, shaly and silty beds are coumon (plate IIX, rIfgure
2). fipple marks and cross-bedding are well developed in some of the
more sandy limestone layers {plate IV).

Topoyraphy and tation--In the Carp ban Saba-West ares the
lower zones of calcareous sandstone and arenaceous limestone form
cuestas along the comtact of the Cap Mountainm limestome and the Hickory
sandstone. The sandy soils developed on the dip slopes of these
cuestas are usually cultivated and used for the raising of crops.

The thick limestoue beds of the middle and upper portions of the Cap
Mountain member iorm prominent ridyes of moderate relief. However,
an abundance of residual sofl occurs on the wember, and it is virtu-

ally impossible to measure the thickness of the unit accurately.



PLATE III

Upper and Lowexr Portions of the Cap Mountain Limestome Member

——

Figure 1.~--Lower Cap Mountain limestones exposed im quarry

S00 feet morth of the jumction of U, S, Highway
67 and the Katemey road.

Figure 2.--Silty beds in the upper Cap Mountain limestones
in the northeastern part of the thesis area.




PLATE IV

Cap Mountain limestone ripple marks exposed in a stream bed in the
portheastern portion of the Camp Sam Saba-West area,




Vegeilation yrowin, on the Cap Mountain limestone is rather dense
and evenly distributec. scrub oak, mesquite, cedar, Mexican persinwon,
prickly pear, turkey pear, catsclaw, tpanish bayonet, and numerous
grasses grow on ibe weathered outcrops oi these sirata, However, some

o1 the natural veyetation has been cleared by the ranchers,

Lion Mountain Sandstone Member

Detinivion and thickpess--The Lion Mountain sandstone was origi~
nally defined by Barnes (1937, p. 234) as the top member or the Cap
Mountain "formation”, and was named for Lion Mountain in northwestern
Burnet Lounty. Later, Cloud, Barnes, and Bridge (1945, p. 154) included
this sandstone as the upper member of tie Riley formation in their re-
classification ot the Upper Cambriam strata of this region,

In the type sectiom, according to Bridye, Barnmes, and Cloud (1947,
p» 114), the Lion Mountain sandstone is omly about 20 teet thick. How-
ever, it attains a maximum weasured thicknmess of 50 feet at other local-
ities, and gverages approximately 37 feet thick throughout the region.
The thickuess of the Lion lountain sandstone in the Camp San Saba-West
area is estimated to be 35 feet.

Lithology--The Lion Mountain sandstome mewber has a yradational
contact with the umderlying Cap Mountain lizestone member. The contact
is yenerally placed at a vegetational and slight topographic chanye
that is visible on aerial photographs. The member is described by
Bridge, Barnes, and Cloud (1947, p. 113) as a highly glauconitic sand-

stone containing thin lemses ot linestone in its lower part,
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In the thesis area, the Lion Mountain sandstome is principally a
bright green, coarse-grained, distinctly cross-bedded, highly glauco-
nitic sandstone. The omly good exposure of these sandstones in the
mapped area occurs in a creek bed alony the south side of the Camp San
>aba cemetery (plate I),

Lenses of limestome that are essentially composed of trilobites
are common in the lower part o: the Lion Yountain member (plate V),
These limestones are light purplish-gray, very coarsely textured, and
tend 10 occur in planes which are parallel to the prominent lines of

cross-bedding, The trilobite fragments within them do not seem 1o

have any particular patters or arrang + and quently, these
lenses have been termed "trilobite hash 2:

Numerous black, round hematite nodules which have a metallic ap~
pearance are found on the weathered outcrop of this member. In most
exposures the relative abundance snd size of these nodules increase
toward the top o1 this member. These modules are believed to be de-
rived from the chemdcal alteration of glauconite,

Zopography and vegetation--The Lion Mountair sandstome member
weathers to produce a narrow beach or open field, which is usually
cultivated, Vegetation on the parts of the outcrop that are not plowed
is rather sparse, primarily consisting oi mesquite, scattered clumps of
scrub oak, needle yrass, lady finger, and turkey pear,

The contact between the evenly distributed vegetation on the Cap
Mountain member, and the characteristically sparse vegetation of the
Lion Mountain beds is very apparent at many places on the merial photo-

graphs,



Lenses of "trilobite hash" in the Lion Mountain sandstome member
exposed in a stream bed 300 feet southeast of the Camp San Saba
cemelery.




*ilberns Formation

bidney Paige named the %ilberns formation in 1911 (p. 23) for
¥ilberns :len in northeastern Llano county, and later described the
unit in detail (1912, p. 46-51). Fresent usage retalns the lower
boundary as established by Paige, but the upper limit was re-defined
by Bridye, Barnes, and (loud (1945, p. 140) to coincide with the
Cambro-Urdovician boundary.

The Wilberns tormation is divided into rour meuvers, and these
were tirst described in detail by bridge, Barnes, and tloud (1947,
pe 109-124),

Through most o1 the iLlano region the hilberns formation ranges
irom 540 to 610 feet thick. In the Camp ban Saba-West area the

Wilberns formation is estimated to be 615 feet thick.

Yelye Sandstone Member

Lefinition and thickmess--The welge sandstone member was named
by Barnes frow the Welye land surveys between Threadgill and Squaw
Creehs in northern Gillespie County (Bridge, Barmes, and (loud, 1947,
pe 114). At this locality the member is 27 feet thick. It is persis-
tent throughout the Llano Uplift, averaying 1 and ranging from 9 to
35 feet thick, The thicker sections occur alony the morthern and
western sides of the uplift. The thickness of the ¥elge sandstone in
the mapped ares is about 32 feet.

Lithology--The contact of the Welge sandstone member with the under-
lying Lion Mouniaip sandstome member is abrupt and may be unconformable.

In their study of the regiom, Bridge, Barmes, and Cloud (1947, p. 110
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described the Welge member as a brown, mostly nonglaucomritic sandstone,
and noted the sharp contact at its lower limit. This comtact is well
exposed in the thesis area in the creek bed (plate VI, figure 1) a
short distance upstream frowm the previously mentioned Lion Yountain
locality.

The Welge sandstone is well exposed only in the northeastern cor-
ner oi the wapped area, and is a yellowish-brown to reddish-brown,
wostly monglauconitic, poorly sorted sandstone. At the better locali-
ties it is thichly bedded to moderately cross-bedded, and composed of
medium- to coarse-grained, subrounded to well rounded quartz grains,
some of which sparkle in the sunlight because oi the presence of second-
ary crystal growth. The basal part of the member consists of a thin
zone of yellowish-orange to white, very thinly bedded, tine-grained
siltstone that yrades upward into the overlying sandstone,

The base is warked by a sharp change irom the yreenfsh, highly
glauconitic, cross-bedded sandstones of the Lion Lountain member to
the thin, light-colored laminae of the lower Welye siltstome. This
contact is exposed at only a few places however, and since it is not
marked by a topographic or veyetatioumal change in the thesis area, it
is difiicult to determine accurately in the field.

lppoyraphy and vegetation--ixcept in ihe northeastern corner of
the mapped area, there is little variation between the topoyraphy or
the Welje sands:iode and the anderlyin, Lion Mouniuis sandstome. In
almost all localities the Welye is represeuted by a very yeatle rise

in slope, and in most localities it weathers to form a slightly darker
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PLATE VI

Basal Contact and Ledges of the Welge Sandstone Member

Figure 1.--Lion Mountain--Welge comtact exposed in a stream bed 200
feet south of the Camp San Saba cem tery.

Figure 2.--Welge sandstone ledges exposed 400 feet upstream from the
locality described in Figure 1 above.
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sofl than does the underlying Liom Mountain sandstone, Where exposed
in a vertical stream bank, it weathers to form massive ledges (plate
vi, iigure 2).
>imilarly, there is very little difference in the veyetation growing
on the Welge and Lion Mountain sandstomes. Mesquite, scrub oak, turkey

pear, lady finger, and various grasses are common 1o both.

Morgan Creek Limestone Member

Lefinition apd thickness--The Morgan Creek limestome wember was
nawed by Bridge from exposures on both the morth and south iorks of
Morgan treek in northwestern Burnet County (Bridge, Bernes, and Cloud,
1947, p. 115). In the type section, which is exposed on the point just
north of the junction of the two forks, it is about 110 feet thick. The
Morgan Creek liuestone ranges from 70 to 160 feet thick and averages 120
teet. A thickness of 114 feel was measured on the north bamk of the Sap
vaba River in the vicinity of Fiatrock ¢rossing (plate VII) one-half
wile northeast of Camp Sam aba by Barnes and Bell (1954, p., 57).

Lithology--The Morgan Lreek member overlies the lelge wember con-
formably. The contact is gradational aed in most areas it is placed at
a topoyraphic and veyetational change that is normally represented by a
Morgan Creek escarpment. The comtact is at the base of the iirst
reddish-purple, srenaceous limestome bed, As 8 unit, the member is a
medium- to coarse-grained, abumdantly glauconitic, well-bedded limestone
according to Bridge, Barmes, and Cloud (1947, p. 1158).

The limestones of the Horgan Creek member are exposed throughout

the length of the thesis area. In the lower part of the member, the
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PLATE VII

Morgan Creek limestomes exposed on the Sam Saba River one-fourth
mile downstream from Flatrock Crossing
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linestones are reddish-purple, coarse-grained, yranular, slightly glau-
conitic, and very sandy., These medium-bedded layers erode into indis-
tinct ledges and gradually grade upward into qgray to greeaish-gray,
wedium-grained, glauconitic fossiliferous limestones. The fossils
within this interval consist of trilobites, cystoids, and conaspids,
The conaspid fauns, according to Bridge, Barnes, and Cloud (1947,

p. 115), is divided into the Eoorthis and Billimgsella subfaunas,

with Eoorthis occurrinyg in abundance 44 feet above the base, Elviaia,
Pterocephalia, and other trilobites, according to Barnes and Bell
(1954, p. 40) occur just below the Eoorthis zome, and thumb-nsiled-
shaped Billiggsella commenly occurs withis the fnterval from just
below this zome to several ieet above ft.

Isolated stromatolitic reefs comsisting of denmse, gray limestone
occur near the top of the Noryan Creek member, These masses range up
to 1U imches in thickmess, are 20 to 25 feet in diameter, and are sbout
100 to 200 feet apart. The bedded limestones surrounding the reefs
appeer t0 be arched over them. Some of the imterreef layers are silty
or aryillaceous, and cross-bedding is common within them.

Jopoyraphy and vegetation--A distinct tovographic and vegetational
change occurs between the biorgam Creek limestome and Welge sandstone
menbers, The limestones form a prowinent ridge of comsiderable relief
alony the up-dip margin of the helge sandstone bemches. The Morgan
Creek mesber erodes to form distinct northeast-trending ridges in the
area, and does not form tillable areas,

Vegetation on the member is abundant and rather uni formly distri-



buted. “crub oak trees are the most abundant, but Mexican persimmon,
turkey pear, agerita, Spanish dagger, and various grasses are also

common.,

Point Peak Shale Member

Lefinition and thickpess--The Point Peak shale weaber was nawmed by
Bridge (Bridge, Barmes, and Cloud, 1947, p. 115) from Foint Peak, which
is an isolated hill about four wiles mortheast of Lome Grove in Llano
County. In the type section, located on the south slope of the hill.
the member is about 270 ieet thick. The average thickness o2 the Point
Peak shale is estimated as 160 feet, and it thickens from the south-
eastern to the northeastern part oif the Llano region.

As oriyinally defined, the upper portion of the Point Peak member
was composed ol a thick zone of stromatolitic bioherms, However, Bridge,
Barnes, and Cloud (1947, p. 117) closed their discussion of the Point
Feak-San baba boundary by stating:

Most ol these zones of stromatplitic bioherms are large

enough to be wapped separately and should be so mapped to

obtain wore information about their vertical and lateral

distribution.

In the (amp :am Saba-West area, the suthor has mapped these strouato-
lites as a separate zome that composes the lower portion of the ‘an
baba limestone wember. To facilitate the discussion, the reasons for
this departure irom the standard stratigraphic division of the Wilberns
formation will be explained in that portiom oi the text devoted to the
bioherm zone.

The thickness oi the Point Peak shale member, excluding the bioherm

2zone, was measured at Camp San Saba te be 94 feet,
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Litholoyy--The lower contact ol the loint Peak member is transi-
tional with the upper Xorgan Lreek limestone, but is easily recoynized
by a distinct veyetational and somewhat less promounced topographic
change. The litholoyy of the member is described by Bridge, Barnes,
and Cloud (1947, p, 115) as comsisting of well-bedded, soft, greenish,
calcareous shales containiny subordinate amounts of fine-grained dolo-
mite, medium- to fine-grained glauconitic limestone, and intraformational
conglowerates.

Although the outcrop o: the Point Peak shales traverses the length
of the Camp »8n Saba-West area, they are better exposed in the northern
part., The mewber is malmnly composed oi well-bedded, brownish- and
greenish-gray, fine-graimed siltstones interbedded with seott, thinly
bedded, very fine-grainmed, calcareous shales. ‘ome of these shales are
micaceous and most of them occur as iilms or thin-layers between the some-
what thicker siltstome beds. Thin layers of light gray, fime- to medium-
grained limestones which contain some glauconite occur in the basal por-
tion of the member, and closely resemble the upper Morgan Creek lime-
stones.

Small individual reet colonies of gray to pinkish-yray, very deuse,
sublithoyraphic limestone are scattered through the upper portion of the
wember, The thin shale beds curve swootihly over and around these inclu-
sions.

Approximately 40 feet above the base of the Point Peak member,
scattered layers of inmtratormationmal, edgewise conglomerate begin to

appear. These edgewise conglomerates are crowded with yellowish-green,
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flat pebbles ot fine-grained limestone in & matrix of brown, fine-
grained limestone, In the upper portion of the member, the conglom-
eratic layers occur mostly at, or a few inches below, the base of the
ree! masses, and appear to have been formed im an environment in which
conditions of shoaling predominated.

Topography and vegetation--The l'oint Peak member consistently
forms a flat open bench bordering the dip slope of a Morgan Creek
cuesta. lowever, a few hills capped by the more resistant bioherms
and composed almost totally of Point Peak shales (plate VIII, figure 1)
occur in the northern part of the area.

Veyetation on the Point Peak is limited, consisting primarily of
scattered mesquite, alony with grasses, and cacti. The contrast be-
tween the light colored soils and sparse veyetation on the Point Peak
mesber and the dense yrowth supported by the Morgan (reek member is

very distinct on aerial photographs,

5an ~aba Limestone Member---Bioherm Zone

Defipition and thickpess--Although the zome of stromatolitic bio-
herms was oriyinally considered to belony to the San Saba member,
Bridye, Barnes, and Cloud (1947, p. 117) included these reef wasses
with the Point Peak member in their subdivision of the Upper Lambrian
series in the Llano region. The basis tor this reclassirication was
that the zone is not comtinuous over the whole region and that the
boundary between the rFoint Peak member and the ‘an Saba member had been
previously established at the top oi the highest significant shale in

areas where the stromatolites were absemt. Additional evidence for
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PLATE VIII
Exposurés of the Point Peak Shale Mewber

Figure 1,--Hill composed of Point Peak shale and capped by bioherms,
one-sixth mile northwest of the junction of U, S, Highway

87 and the F. Kidd ramch road,

ne~-half{ mile south of the

Figure 2.~- Point peak shale in road cut o
§. Bighway 67,

highway bridge over the 5am Saba River on U,
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the placing of the bioherm zone with the Point Peak mecber is the pre-
sence of shale above the bioherms and below well-bedded, granular lime-
stones oi the San ‘aba member in the area west of the Mason-Brady high-
way near the San .aba River. South oi Mason the bioherm wasses are
well exposed in the south bank of the Llamo River above one-fourth oi

a mile downstream from hite's Crossimy. At this locality, they

occur as large, discontinuous reef masses and are overlain by Point
Peak shale.

In a later study of the Upper Caubrian series in the ilmmediate
vicinity o: Camp Lan Laba, Barnes aud 1llinwood (see Appendix) placed
the bioherm zone in the lower portion o. the !-an “aba uenber in their
measure¢ anc cescribed section near Camp ban Saba. la this sectiom,
accorciny vo Barnes amd Bell (1954, p. 25) the sirowatolites have been
placed with tie >an ..aba mewber because they extend high into this mem-
ber.

In the area adjoininm, the Cacp San “aba-West zrea on the east,
oweet (1957) has placed the bioherm zone in the base ol the an .aba
member. This wes dome because the zome is composed ol a thick comtin-
wous sequence of reer limestomes that occur at the top o: the shale
sequence and are overlain by limestunes o: the Yan ‘“aba wember.

Lurinyg the wapping operations, a careful study was pade of the
biolerm zosc exposed in the area. The overlyin, shales (plate IN)
werc Jound to be present in the northern part o. the srea, and yool
exposures were corfof alonc the upper lirmit of the stromatolites.

These shales are somewhat simflar to those of the Point Pesk member
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PLATE IX

San Saba shale overlying the bioherm zome due west of the C. Myrick
ranch house.




with the exceptions that tiey are poorly bedded and do not appear to
contain thin {ilms of shale between the layers of siltstome. llowever,
in the ceatral portion of the area the shales plach-out, and well-bedded,
granular limestones oi the >an Saba wesber occur as interreef limestone
and as beds overlying the reef masses. In the southern part of the area,
limestone ot the San “aba wewber actually occurs below the bioherm zone
and above shales o the Point Peak wember. This relationship, according
to N, C. scaife (personal communication), is well exposed about two-
thirds of a mile south or the thesis ares. bSowme of the interreef lime-
stones (plate I) contain marble-sized, subspherical stromatolites that
have been termed "Girvamella". Girvapella bearing beds are reported by
Bridge, Barnes, and Cloud (1957, p. 119) to occur mainly in the San
vaba wember. In the vicinity of Point Peak, about 150 feet of these
beds are present within the nember, and in a section morth of iall Creek,
Girvanella beds comstitute the entire San .aba limestone member.

tince the zone of stromatolitic masses occurs partially or totally
within the “as Laba ueuber in the thesis area, the lower boundary of
this member has been placed at the base of the bioherm zome. Thereby,
the reef zome is mapped separately and composes the basal portion of
the ban taba. These comclusions seem to be in agreement with Barnes
and Liliowood, (Barmes sad Bell, 1954, p. 20) who have placed the bio-
bers: zone in the base o1 the San Saba member in their yeologic map of
the ares about Camp San Gaba,

The bioherm zonme occupies a different space relationship in dif-
lerent parts of the westernm half of the Llano region. This zone trams-

yresses from the upper pert ot the Point Peak mewber in the area south



of Hason to the lower portion of the ~an Suba member morth of Mason.
Since the deposition of the Upper Cambrian series fn the Llamo region
was predominately controlled by diastrophic movements and the resulting
oscillations in the strand lines of the Late Cambrian seas, it tollows
that the tormational and member boundaries transgress lines oi time
equivalence, However, the transgression of the bioherms across the
boundary between the Foint Peak and San faba members does not appear to
be the result o1 the way this boundary was defined. Because the Tange
ot environmental conditions under which the growth of reefs may occur
is very limited, the more likely explanation for the change in the
stratigraphic position of the biohermal masses is that they were grad-
ually woving northward rollowing @ change in environment. Therefore,
the bioherm zonme would nmot serve as a yood time marker,

The thickness of the bioherm zome ranges from a maximum of about
230 feet in the morthern part of the mapped area to a minimus of sbout
115 feet in the southern part, and has an average thickness of sbout
175 feet, The abnormal width o1 the outcrop in the northern part of
the area is primarily due to the more or less gentle slopes lormed by
the weathering oi the bioherm zone,

Litholouy--The bioherm zone is primarily composed of stromatolitic
bioherms and interreef livestone. The stromatolites in the Camp San
Saba vicinity were briefly described by Bridge, Barnes, and (loud
(1947, p. 117) as bluish-yreen, sublithographic to microgranular lime-
stones. The bioherms exposed in the thesls area generally conform to

this description, and weather to form a rugyed terraln of swall boul-



ders and closely spaced, low hummocks, Most of these hummochs exhibit
"cabbaye heud” siructures on the weatherec surfaces {plate %) and
locally coalesce to fore. biostromes., A somewhat raised, reticulate
pattern oi yellowish-brown, silty, dolomitic linestone is also conmon
on the veathered surfaces,

Varying degrees of dolomitization occur im many places and scew
to be alwost completely restricted to the stromatolitic masses, In
some bioherms only the outermost portion has been altered to light
yray saccharoical colomite, and in others pinkish-gray patches o! dolo-
mitic material are scattered throughout the roch., A few have been
almost completely dolowitized and are very hard and brownish-yellow in
color, In the southermmost part of the area, the complete zone has
been altered to a light yray, saccharoidal to microgranular, dolonite.

‘The interrcef limestones sre brown to brownish-yray, fine- to
meGlun-grained, well-bedded liwestones, which in some parts of the area
contain lentils o: intraiornailonal comylorerate and dark gray limestone.

Topo. raphy and veyetation--There is a ¢istinct topojraphic aud
vegetational change between the bioherw wone and the Foint Peak cenber,
In many places the reslstant bioherms cap escarpments that extend along
the upper linit of the Point veak bench, and tead to rorm a rugjed, dis-
sected terrain. The veyetation on this zone is very demse sud evenly
distributed. It comsists primarily of scrub oak with some: resquite,

and an abundance of catscla., Mexican persimmon, an¢ spaniskt bayonet.
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PLATE X

Stromatolitic bioherm with "cabbage heads™ ome-eighth mile south of
C. Myrick ranch house.




San baba Limestone Member--Calcitic iacies

Lefinition and thickness--The San Saba limestone member was named
by Bridge (Bridge, Barnes, and Cloud, 1947, p. 117) irom exposures along
and near the San baba Hiver, northwest of Camp Sen “aba in Mctulloch
County. The type section is exposed alony both sides of U. 5. Highway
U7, beginning at the highway bridge across the .an Saba River on the
north boundary o1 the Camp San Saba-iest area and extending northward
for 0.7 mile.

The name an baba was originally used as & series term by Comstock
(1390, p. 301) who applied it to all or some part of these beds, Later,
Luke and Bridge (1932, p. 729) called these beds "Post Wilbe ns(‘;‘,, cor-
related them with the Fort 11l and rignal Mountain formations of the
Arbuckle and Witchita mountains, and suggested that Comstock's name San
bdaba night well be revived for a part of then,

‘The thickmess oi the San baba member in the type section is about
260 ieet, and in the thesis area it {s approximately 200 feet.

Lithology--The contact between the calcitic facies of the San Saba
wewber and the underlying bioherm zome is 8 gradational contact and has
been placed at the base oi the first bed of granular, wore or less ylau-
conitic limestone occurrimg above the bioherms. A distinct vegetatiomal
chanye is easily discernible on aerial photographs alomg this boundary,
and alds in detining it in the iield.

In their classical description of the ban Saba member, Bridye,
Barnes, and (loud (1947, p. 120) noted that its lithology was variable

and that warked changes of iacies occurred irom one locality to another.



For the purpose oi securing an accurate area-wide description of the
lithology oi the calcitic portiom, the better cxposures have been
describec and their locations shown on the geologic map o1 the area.
The lower portion is well exposed at and sround localities 1 amd 2,
(plate I) and consists of hard, light brown to brownish-gray, medium-
yrained to granular, well-bedded, glauconitic limestone containing
scattered sireaks anc nottles ot dark oranye, silty limestone, How-
evei. the basal beds at locality 1 show & marked difference from those
exposed at locality 2. bveveral of these beds contain lemses o: light
yray, very coarse-grained, silty limestome which is crowded with &
large number of small brachiopod shells, and could be termed a
"brachiopod hash", Other beds within this fnterval cousist ou greenish-
gray, coarse-grained, intraformational limestome conglomerate which
contains reworked particles oi greenish-gray, sublithographic linestone,
lense-shaped particles o. gray limestone, and small, browa, tightly
coiled gastropods. These beds grade laterally into the previgusly dis-
cussed yranular liwestones which compose the yreater part of tne lower
portion,

In locality 2, the lower limestones o: the an .oba member appear
to contain less arenaceous material and are more coarse~grained than
those exposed at locality 1., For tle most part, the Intraformational
conylouerates and lateral variations that commonly occur at locality 1
are mot present in the seyuence of beds expesed at locality 2. The

strata in the latter are oi much more unfform lithologic character,



The 1itholony of the middle part of the “an “aba limestone is
essentially uniform throughout the thesis area, and this part of the
rerber is very well exposed im and about locality 5, These strata
consist in their lower part of light gray to brownish- and purplish-
(ray, well-bedded, mediur~ to fine-grained, essemtially non-ylauco-
nitic, silty limestones, A few beds oi intreformational lizestone
conglomerate occur sithin this interval. These conglomerates are com-
posed of larye flat pebbles of brownish-gray, sublithographic limestone
enbedded in a matrix of finely crystalline, light brown limestone.
¥any of the beddiny planes have an undulating sppearance end may have
been formed by interiering wave action. ¢Clobular particles ot glauco-
nite are more abundant where these strata grade upward into qreenish-
brown and gray, fine-grained, well-becced, silty limestones which com-
posc the upper imterval, The relative distribution of the glauconite
varies from one layer to the next, with some layers comtaining up to
50 percent ylauconite. Solution cavities are common in this part of
the member and many of them have been filled or lined with secondarily
deposited calcite,

The upper portion of “an ‘aba calcitic facies is composed of lime-
stone in the central and southern portions of the area, however, in the
northern part these limestones grade into dolomite, “The latter is well
exposeé in the area about location 5, and the former about location 4.
The linestones within this interval are mostly hard, light gray to
brownish-gray, fine-yrained to sublithographic limestones, A few of the

beds contain scattered ylobules ot ylauconite, and a small number of
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fossils. Zoaes oi irre,ular iatercalations or mottllings ot yellowksa-
brown, slightly colomitic, silty liuestone are comaon withia this
interval. This silty material appears to be more resistant Lhan the
more nearly pure limestene because it iorms raised, reticulate patteras
on the exposed surfaces. .amy ot the bedainy planes withla this inter-
val have an irregular, rippled appearance.

The dolomite within the upper San “aba interval Is very harc,
liynt yray to wnite, and bas a sacchareoidal texturs. :catiered swall
solution cavities anc cavity iillings are visilile on the ireshly broken
surfaces. X¥ost oi these iecatures are limed or :illec wiin calcite, and
the dolomite immediately surrdunding them has a light orange color.
ihese siraia weatler 10 iora wore or less smooth cobbles anu small
boulders which are yemerally strewn over partially covered slopes. lhe
areas underlain by doloumite are easily duistinguisheu from those under-
lain Ly the limestones o. the mewber, because o1 the lack ol ieyetation
on the dolomite beus,

fhere 1s litile sinilarity beiween dolondte of the © n . abe lime-
stone anc the colorite 9. the overlyisy Lllenburyer yroup. ihe ollen-
burger columite is ¢enerally carker in culor, aucé In wosi places
weacuers to torm a hignly vupular rocl that has a “spoage-like" appear-
ance. uartz druse and chert, which occur im Limor juantliies in the
£lleabucyey dolowile se uence, are iotally absen. in chat v te appex
San uba,  aoeevtr, e woloidce aathin ihe .30 sba wemLec wppoars io
be a locul veriatiun becuuse it is wwsent ot the Lype sec.ion 8 lew
miles to the mortheast and at the Cali (reek section a few miles to the

west,



I raph vegeta ~-1n gemeral the San Saba member forms a
rolling topography with no appreciable local relfef. In the northern
part of the area, a low, almost vertical escarpment is forwed by the
shale interval at the base oi the calcitic facies, and this escarpment
causes a distinct change in slope between the overlying :am Sabs lime-
stones and the stromatolites of the bioherm zome.

Vegetation on the San Saba is scattered and consists of clumps of
scrub oak and cedar alony with Mexicanm persimmoun, *panish bayonmet,
prickly pear, and turkey pear, A distinct vegetational change is
visible between the .an 5aba limestones and the underlying San raba

bioherm zone.



ORGOVICIAN SYSTEM

Ellenburger Groyp

Leijpition and thickness--The "Lllenburger limestone” was first
named by Paige (1911, pp. 51) from the £llenburger Hills in south-
eastern San 5sba County. This term remained uachanged until 1945,
when it was revised to Ellenburger yroup and restricted to include beds
of Larly Ordovician age by Cloud, Barnes, and Bridge (1945, p. 133},
They oivided the group into the Tanyard, Gorman, and [loneycut forma-
tions in ascending order,

e maxizum thickness of the L[llemburger yroup of the Llamo Uplift
is approximately 1020 feet im the southeastern cormer of the upliit.
From there it thins both northward and westward by truncation of the
upper beds, being only 670 feet thick alonyg the Llano River in westeran
Mason County and slightly over 600 feet thick in McCulloch County.

Only the lower 225 feet of the yroup is present in the Camp -an baba-
kest area. A study of the highway U7 section as described by Cloud and
Barnes (194G, p. 140) seems to indicate that the Ellesburger strata in
the Camp ban Saba-West area are wholly within the Tanyard lormation,

Litholoyy--In the thesis area, the Cambrian-Ordovician boundary is
transitional and is difficult to establish within the limits of a few
ifeet. This contact was determined by strikin; a mean between the last
occurrence 0: ylauconite in the dan -aba member and the firsi occurrence
ot the uncoiled torm of the gastropod Lytospira gyroceras. The strata
that compose the lower portion of the Lllenburger yroup are described

by Cloud and Barnmes (1946, p, 36) as gray, sublithographic, thickly to
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thinly bedded limestone and gray, fine-grained, irregularly bedded
dolomite.

Lllenburger limestone and dolomite crops out in the northwestern
part of the thesis area, The limestones are mostly thick-bedded, light
gray to ivory in color and very hard. They have a sublithographic tex-
ture. Many intervals of more thinly bedded limestome occur in the
upper portions oi the section, and a small amount of browaish-gray
chert is present. These limestones weather to a flat gray color, and
torm large slabby blocks which are usually lower in the centers than on
the edges. bmall rosettes of reddish-tiaged quartz druse occur sporadi-
cally on the weathered surface. In many places where they are exposed
in stream cuts, the busal strata have a very vuggy appearance.

The limestone sequence yrades upward into light to medium yray,
sacchareidal dolomite, which also exhibits shades of yellowish- ,
brownish- , and piskish-gray, bome light tam to nearly white chert
nodules and lenses occur within these strata, and minor amounts or
quartz druse are present on a few of the beds. The dolomite weathers
to forw slopes strewn with blocks which sre fairly smooth to pitted or
so highly vugular as to be "sponge-like" in appearanuce,

Topoyraphy and vegetstion--The Ellenburger consistently forms a
rolling type or topography with rounded hills separated by relatively
deep valleys. tome of the highest hflls in the area are either capped
by, or composed entirely or illemburger beds,

These strata exhibit a very characteristic vegetational pattern

that consists ol numerous, more or less isolated clumps ot irees



separated by yrassy, open areas, The clumps of trees are mainly com-
posed of cedar, scrub oak, and live oak, while growths of prickly pear,
catsclaw, Spanish dayger, Mexican persinmon, and bee-bush predowinate
in the open areas, In addition to their characteristic vegyetational
expression, the rcllenburger beds also appear lihter in color on aerial

photographs than do the usderlyiuny San caba liuwestones.
CRETACL OIS SYSTIM

Geperal . tatement

iocks oi iarly Lretaceous aye are present only in ihe extirewe
southwestern part of the thesis area. In this locality they occur as
an erosional remmant cappimy a uill which is composed mainly of Point
Peak shale. The Cretaceous strata consist of only a thin veneer of
basal sand and conglomerate, and are expressed on the surface by red-
dish soils containing numerous pebbles of chert, yuarizite, and yuartz,
The aye ot these deposits was determimed by a comparative study with
the exposures ol the basal Cretaceous strata occurring on adjacent

hills to the south oi the thesis ares.
CUATERNARY SYHTEM

General Statement
.uaternary sediments are limited to stream alluvium which consists
of sands and yravels derived rrom rocks ol Precambrian, Paleozoic, and
Cretaceous age. These deposits occur in isolated patches alomg the banks
oi the ban faba River and hatemcy Creek, and cover a considerable part

of the area in the vicipity ot Camp “~an Saba,



11 CEQLOGY

GENERAL STATLMENT

The Llano region is a structural dome which has been truncated by
subsequent erosfon so that the Paleozoic and Precambrian rocks have
been exposed in its central portfon. The Lower (retaceous beds, how-
ever, are ilat-lying and appear to have originally covered the entire
area, The greater portion of these strata have since been removed by
erosion, and thereby an inlier exposing pre-Mesozoic rocks has been
iormed., These older rocks dip gently away ivom the center of the up-
litt. The area of exposure of the pre-Mesozoic strata is more or less
eliptical in shape. The long axis tremds in a west-northwest direction
and is about 70 miles in lemgth. The length of the short axis is approx-
imately 40 miles. Irom subsurface intormation, the total uplift of the
Central Mineral reyion was estimated as 6000 feet on top of the Precam-
brian surtace by tellards (1932, p. 30).

The Paleozoic rocks of the Llano Uplift have been exteansively dis-
ruptec by faults. They are normal and range im dip from about 60 to 90
deyrees, Lisplacements along these fractures range from & few feet up
to 3000 feet. Generally, the faults of major displacement tremd in a
northesst-southwest direction; however, those of minor magnitude are not
always in agreement with this alligoment. Many of the latter occur in
complicated zones which appear to be caused by the disinteyratiom of
larger faults, by two major faults merging or passing within a short
distance o! one another, or by abrupt changes in the strikes of major

laults. There are no taults of major displacement within the thesis



area, where undisturbed by iauliing, the Paleozoic strata in the
mapped ares have an average reyional dip of 49, N,520W,

The Paleozoic rocks ot the Llamo region have been only gently
folded, The only folds o! considerable extent that are presemt com-
sist o1 possible broad warps which occur at scattered localities.
Local folds that have been formed by slumping into lfimestone sinmks,
compaction over and around frregularities of hard limestonme, and
drag alony faults are presemt, The only baleozoic [olds presemt in
the thesis area are o1 a very minor nature, and are due 1o "reversed”
drag along faults and differential compaction above and below biokerms
(plate xI). The western limb of a northward plunging anticline may be

present in the eastern portion of the area,

FAULTING

Letection of faulting

Although sowe of the faults in the thesis area were detected di-
rectly from tield observations, the majority were discovered by inves-
tigating alligoments or abrupt offsets in the vegetational pattern,
which were observed on amerial photographs. zince the units that crop
out fn the mapped area vary in their lithologic characteristics and, to
a lesser deyree, in their respective flora, many faults are evident
somewhere alony their traces as a change inm vegetation. All observa-
tions ol possible faults on the photographs were carefully Investiyated
in the field to determine their existence. The field indicatjoms that

were used to detect taulting were distinctive variations in the normal



PLATE XI

Folding of San Saba limestone over a bioherm ome-fourth mile upstream
from the large stock tamk in the morthern part of the C. Myrick ramnch,




strike and dip oi the strata, repetition and omission o1 strata, abrupt
termination of beds or key horizons alomg their trends, and the actual
obgervation of the tault surface in localities where it has been exposed

by erosion,

Lescription of Faulting

The majority ol the faulting in the thesis area occurs in the
southern and westera parts of the region. The faults in the western
portion form a northeastward trending, narrow zone that enters the area
in the southwest corner and dies out in the fmmediate vicinmity of the
Frank Kidd ranch house. The southern portion of this zome is conposed
of two nearly parallel imults that are downthrown toward each other to
form a yraben., o~ince the displacement oi the fault that torms the
eastern boundary of this structure is about 120 ieet and the displace-
@ent of the fault that forms the western boundary is approximately 145
leet, it appears that these faults do not compensate one another. How-
ever, the throw of both faults increases to the south, These faults
merge about halfway along the extent ol the zone. At the northern end,
another grabem is tormed on the eastern side of the zome. In this por-
tion, "reversed” drag is conspicuous along the fault that composes the
eastern boundary of the zome, with anomalous dips as high as 329Nk not
uncomnion, The taults in this zone are coniined to rocks of the San
saba member and the lower portion of the Lllenburger ygroup at the sur-
iace,

The westera zome of feultiag appears to Lermimate at the long,

east-west tremding fault thet is located one-half mile north of the



fault movements hac ceasel prior to iretaceous sedimentatfon for
nowhere dic they extend up into the Cretaceous sirata, Cloud and
Barnes (194u, p. 120) have reported seeiny "...rochs of the ! trawn
fornstion in fauli contact with Narble Falls limestome™. In the vicim-
ity ot Cali Creek, about seven niles west oi the morthwestern cormer of
the area, feulted rocks ot the Fllenburger group are overlapped by
unfaulte¢ beds of Canyon ajye. The major late Paleozolc faulting is
thereby indicated to have been a pre-Canyon event, and accordiay to

Sellards (1934, p. U5) is of Bend and probably »trawa age.

Q; Y3 t4n

In their discussion of the geologic structure orf the Llano regica,
Cloud anc¢ Barpes (194u, p. 11U) stated that the Llanmo Upliit comprised
a relatively resistant wass that was bordered on its eastera amd south-
ern sides by the Ouachita geosyncline (Llanoris geosyncline ol Sellards,
1952). Active compression oriyinating from the late Paleozoic 1elding
ot the geosynclinal area was believed to have developed "temsional
couples"” that would cause fractures alligued dominately in the morth-
east yuadrant, However, the existemce in the earth oi the theoretical
"tensional couples” postulated by Cloud and Barpes is difficult to
visualize.

Stress distrfbutions associated with normal faulting have been
postulated aiter the well-iounded lohr-toulomb theory ot fracture by
L. K. Anderson (1945, p. 7), K. K. Hubbert (1951, p. 359), W. Hafner
(1951, p. 307), and others, Ior homogencous conditions, typical normal

saults occur whem the maximum principal stress directior is vertical,
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the minimuxm principal stress direction is horizontal and perpendicular
to the strike, and the intermediate stress direction is horizomtal and
parallel to the strike, The dips of the faults in the Llano area are
somewhat higher than the dips of most normal faults, and therefore this
simple stress distribution does not apply completely,

>tress directions involved in the 1auliing of the Llano area were
apparently wore complicated, although they are not believed to be a
result ot "temsional couples” or other "tension" as suggested by Cloud
and Bernes. Rather, it appears that inhomogeneities in the Llano
region resulted in wodified stress distributions so that a resultant
regional maximum principal stress direction was not vertical, but was
close to the vertical. The corresponding intermediate stress direction
was nearly horizomtal amd treadiny northeasterly, and the minimum
principal stress direction was neaxly horizomtal and trending north-
westerly.

It appears that the Late Paleczoic uplifting of the Central Mimersl
region was the predominate factor in the faulting of the Llano Uplift.
The stress distributjon postulated for the Llano ares is yuite differ-
ent irom that o1 the foldiny in the Ouachita geosyncline. Presumably
the .o leatures were not iormed by a common stress distribution.

The Lamp ban Saba-West area lies between two major faults, the
Blockhouse kanch fault on the west, as shown by Barnes and Bell (1954,
p. 20), and the Katemcy Creek iault, mapped by .weet (1957), on the
east. The taulting in the thesis area may have been caused by more or

less regional adjustments attendant to the formation of the major faults,
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FOLDING

As previously mentioned, folding of a minor nature only is present
in the thesis ares. Gemtle undulations or domsl structures of local
occurrence are comnon in the upper portiom of the Point Peak member and
the lower portion of the caleitic facies of the San Saba member (plate
XI). These features have Leen formed as a result of difierential com-
paction both above and below the hard bioherms,

The small folds formed as a result of "reversed" drag along a fault
are restricted to the western fault zone. Cloud and Barges {1948,

p. 116) stated:

Along several of the faults of the Llano region the rocks

iomediately adjacent to the faults dip in a direction

opposite to that of the mormally expectable drag, The

reason lor the ‘reversed’ drag is not apparent from field

observations, but it is comjectured to be caused either

by a noncompensatory movement opposite to the oriyiaal

displacement, or possibly by slumping or pitching of the

strata toward openings along the zone of displacement,

The 'reversed' drag seems to be mostly associated with

the steeper faults, .

On the suriace exposures in the Camp an Smba-'¢st area, only
limestones of the calcitic racies of the :am -aba menber have been
affected by the "reversed” dray phenomena. In this instance, these
spurious dips seem to be more easily explained by the presence of a
broad vepressiom in the upper surface of the bioherm zome. This shal-
low, low area was assymmetrical toward the northwest and was formed
prior to the deposition of the calcitic facies.

The western limb of an anticline that plumges north probably is
present in the eastern part of the thesis ares, The mapped units in

this portion of the area dip gently to the northwest and form an out-
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crop pattern of northeastwardly trending bands of strata (plate I).
However, these units are truncated by a fault that is generally paral-
lel to the eastern boundary of the thesis area, and for the most part
is located a few tens of feet east of the area. On the eastern side

of this tault, iz the Katemcy-voca area that has been mapped by ‘weet
(1957), the outcrop pattern is very similar to that previously des-
cribed fn the thesis area, with the fmportant exceptions that the
mapped units exhibit a northwestward trend and dip gemtly to the morth-
east. The nnlacr.unl relationships between the units exposed on oppo-
site sldes of the fault may indicate the presence of an anticline that
is interrupted by a fault, The axis ol this structure is in genmeral
probably parallel to the southern one and one-half miles of the easiern
boundary of the Camp Lan Saba-West area, This structure would adjoin
the northward plunging syncline that is located in the Katemcy-Voca
area and has been described by :weet (personal communication). He has
stated that the synclinal structure is probebly a tectonic fold, and
the indication of an anticline adjoiming the syncline would definitely

strenythen that conclusion.

COLLAPSE $TRUCTUKES
ihere are two collapse structures present im the Camp San baba-
west‘nren. The northeramost ot these structures is located on the west
bank of Katemcy Creek, approximately 300 feet south of the San Saba
River. This structure forms a conspicuous hill that rises to @
height or sbout 15 feet out of the relatively flat terrain of the Welge

sandstone member, und is composed of recoynizable blocks of limestone



irom the ¥oryan Lreek mewber and an aba menber that are embedded in
8 motrix oi selye sandstome. The cdlimensions ol the limestone blocks
vary .rom a few inches up to several feet, and the larger, slabby
pleces are oriented in wemy diiferent directions. 'ouwe oY the linestone
blocks appear to be beddeC, whereas others indicate no traces of bedding
whatsoever.

ihe wore southerly collapse struciure is also locuted on the west
bank oi Latency reek, and is approxinately three-fourths ol s uile
north oi the . Cohen ranch house {plate XII), A&i this locality, a
ill that is about 20 feet high rises abruptly out of the upper Hickery
sandstone, In wost respects, this siructure is very similar to the ome
describeG above. lowever, the blocks oi liwestome that cumpose the
greatest purt ol this siructure wore closely resemble the limestones
of the tap Mountain member than those ol the i-ilberns formatfon. Also,
these rocks appear to have been more strongly deformed than were those
in the previously described collapse siructure, and they are ewbedded
in upper lickory sandstone.

Two collapse structures that are located approximately one und one-
half miles west of -treeter on Bluif Creek have been described by
Barnes (Barnes and Bell, 1954, p. 17). Both of these structures occur
within the Hickory sandsione member., In the first of these structures,
recoynizable blocks of limestome from the calcitic tacies and the bio~
herm zone of the San .~aba mewber were present, whereas in the second,
limestones from the Marble !alls formation have been identitied. In

neither of these structures has a hill oi sny apprecisble heiyht been
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PLATE XII

Collapse structure in the upper Hickory sandstone three-fourths mile
northeast of the M, Cohen ranch house.
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lormed, and ior the most part the blocks o: limestome do not reach the
large dimensions of many of the blocks that compose the collapse struc-
tures in the thesis area. Darnes has postulated that the solution of
the Precambrian marble that underlies the Hickory sandstone in the
Streeter area has allowed the overlying rocks to collapse. Since mo
Precambrian rocks mre exposed in the Camp ‘an Saba-West areas, it is

not known whether signiticant masses of marble exist in this area. An
alternate explasation might be that the undercutting oi the more resis-

tant limestonmes by stream action may have resulted in their collapse.
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Although the regiomal geologic history of the Llamo Uplift has
been discussed beginning on page 15, this portiom of the text is im-
cluded to call attentiom to certzin geologic features in the Camp San
Saba-test area that have a bearimg upon the interpretation of the geolo-
gic history of the vegion. Some of these features are in accord with
the regional interpretations, but others suggest that slight modiifica-
tions of the regiomal iaterpretatfons might be made. The absence of
Precembrian rocks im this area limits the discussiom to events of
Paleozoic age.

kith the exception of a few instances, the series of yeologic
events inferred by the stratigraphic sequence exposed in the thesis
area are in very good agreement with those of the Llane region. The
deposition of the llickory member appears to bave occurred under the
same type of conditious im the mapped aree as it did elsewbere in the
region. Along the littoral zome and the shallower parts of the meritic
2one of the Early Cambriam seas that tramsyressed the area, pre-existing
eolian deposits were reworked to form coarse, cross-bedded beach sands.
‘The prevalence of shallow waters throughout the span of Hickory sedi-
mentation is isdicated by the presemce of phosphatic brachiopeds and
ripple warks to within a few feet of the top of the Hickory sandstone
mesber. The yradation of the marine sands of the upper Hickery imte
the celcareous sandstones and aresaceous limestomes of the lower por-
tion of the Cap Mouatain member im the thesis area is also im accordaace

with the regional history,
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The tirst significant devisiion of evemts in the thesis area from
those typical to the reyion ss a whole appears to have occurred during
the deposition of the upper Cap Mountain limestomes. An abnormally
laryge amount of silt occurs in this portion of the member, and possibly
indicates that the regressive-transyressive oscillations ol the Late
Cambrian seas, that is recorded by the Lion “ountain sandstomne and
wWelge sandstone sequence, had begun at an earlier time in the vicinmity
of the Camp -an Saba-¥est area than in some of the other parts of the
Llano Upliit., tursher evidence tor this presumption is the fact the
welge sandstone is thitker in the northern and western parts of the
reyion than it is in the eastern and southerns portions. This would
indicate that the latter areas were farther from the source area than
were the former. Theretore, the thesis area was probably not inundated
by the tramsgressing sea that deposited Morgan Creek limestome until a
later time than were the areas om the south and east.

The deposition of the Morgan Creek limestone in the mapped area
appears to have occurred under conditions that prevailed throughout the
Llanoe region during the time of deposition of this mewber. A meritic
environment and the presence ot shallow, warm waters during the deposi-
tion of the middle and upper portions of the member respectively, are
indicated by the presence of glauconite and marine fossils in the middle
part ol the mewber, and stromatolitic bioherms in the upper part, In
the thesis area, lower Point reak sedimentation was very similar to
that ol the previous regional determinations. However, the bioherm

zone that occurs in the top of the member in the southern part ot the



region, is located in the basal portion of the “an “aba limestone mem-
ber in the thesis area, The tranmsyression of the reef masses across
the boundary separatiny the two menbers appears to be the result ol the
bioherms moving morthward due to a chanyimy enviromment. This would
indicate that the stromatolites occurred at a later time im the Camp
San haba-iiest area than they did to the south of the area, Throughout
the remainder of San vaba deposition and the lower portioen of the
Ellenburger sedimentation the events occurring in the thesis area seem
to have been very similar to thcse occurrinmy ia the rest of the Llano
region, The %an aba mesmber received some silty material from a con-
tinuous or intermittent source area to the morthwest. Deposition was
continuous across the Cambrian-Ordovician boundary, however the absence
of aremaceous material in the Ellenburger limestone indicates that the

western source area had ceased to supply sedimentis.
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LCONOMIC GEQLOGY

The most important geologic resources of the Cawp San Saba-West
area are an sbundance of gemeral-purpose yround water and a moderate
awount of tillable soil. A large percentage of the yound water is
obtajned from the Hickory sandstone, and lesser amounts are furnished
by the San Sabs and Lllemburger limestones. The Hickory is ome of the
most importaat ayuifers in Texas and is an inynluxble asset to farmers
during the long dry summers and the preseat drought. Some frrigation
wells have beea drilled im the area and equipped with pumps which
enable them to produce several hundred yalloms per mimute. Curing
seasons of normal climatic couditions, numerous sprimgs occur im the
Sam Saba and Ellemburyer limestones, however, the prolonged drought
conditions of the past few years have caused them to cease to flow,

The Hickory, Lion Mountain, and ¥Welge sandstomes, lower Cap
Kountain limestone, and Poiat Peak shale all form slopes, bemches, or
low, flat areas of sandy soils suitable for cultivatioa. With the
exception of the large area underlain by the Hickory member in the
southeastern portion, the tillable areas are of relatively limited
extent,

Some of the resistast sandstome in the upper portion of the
Hickory has been used locally for buildin; stome and road metal. 4lso,
in clearing land tor cultivatiom, many of the carly settlers used
limestone and sandstone obtained both from the becrock and frow
stream-transported deposits to build houses and rock feaces; wost of

which are still beiny used at the preseat tiwe.
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Tue discovery ol petroleun in the area appears highly improbable.
Cloud and Barmes (1946, p. 33) have stated:

retroleun will probably not be found by drilliny inm the
Llano region because of the complex faulting of the
potential source beos and their presest exposure to Lhe
atmosphere.
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Capp Sam Saba section, McCulloch County, Texas
The Camp 5an -aba Seciion is principally exposed om the morth
bank of the an taba River. All but the upper 179 feet of the mea-
sured thickness occurs in the vicinity of Flatrock Crossing, which is
half s mile mortheast of Camp :-an Saba, The upper interval occurs on
& hill about 4500 feet N, 62° W, from the highway bridge over the Sam
Saba River. The Camp Sam aba Section was measured and described by
Barnes and Lllinwood during the fall of 1949 (Barmes aand Bell, 1954,
p. 45) and is quoted in its entirety below:
Thickness Feet
in feet above
base
Lllenburger group:
Tanyard formation:
Threadgill member:
1. Limestone--sublithographic, beds mostly 4 to 6
inches thick, some beds are slightly dolomite
mottled, trails are scarce, and quartzose chert
is rare. Ffossils are Lytospira and Ophileta
throughout the section and Figklenburgia
helleri at 579 feet . + v ¢ v 4 o v s s s s o s o o 15 5T7-592 =
2, Limestone--mostly sublithographic, sowe fine to
very fine grained, yellowish gray, some beds
mottled pale to dark yellowish oramge, and
trails and other beddiny marks are common, but
not nearly so abundant as in equivaleat rocks in

the southwestern part of the Llano wplitt.



86

irom 516 to 519 feet, mostly covered, probably
nodular; 519 to 521 feet, thin bedded; 521 to 522
feet, ome bed slightly dolomite mottled; 522 to 524
feet, mostly covered; 524 to 525 feet, medium bedded,
small pebble intraformatiomal conglomerate at top;
525 to 527 feet, prominent delomite mottled bed with
Ophileta on top surface; 527 to 529 feet, poorly
exposed; 529 to 530 feet, medium bedded, patches of
intraformational comglomerate on top surface; 530 to
537 feet poorly exposed, sowe dolomite mottlimg; 537
to 530 1eet, ome bed with Ophilets and nodules ot
limonite pseudomorphic after pyrite on top surface;
536 to 550 ieet, poorly exposed but appears to be
thin bedded, in part dolomite mottled, and intrafor-
mational conglowerate float is common; 550 to 554
teet, medium bedded, considerable dolomite mottling,
and swall marble-size nodules o1 quartzose chert
near middle; 554 to 555 feet, one bed, some quartzose
chert along trafls (?); 555 to 556 feet, poorly
exposed; 558 to 567 feet, beds mostly 6 to 12
inches thick, a few warkings on bedding surfaces;

567 to ST7 feet, poorly exposed, thim bedded . . . 61 516-577

tilberns iormatiom:
San bSaba nember:

The top of the Wilberns formation is arbitrarily



o7

chosen using lithelogic characteristics, the limesione

beneath the boundary beiny predominantly sublithographic.

The choice of the boundary was also influeaced by the

highest occurrence of glauconite.

3., Limestone--mostly very fine grained, some fine and
medium yrained, mostly somber hues of pale yellowish
brown aad when glauconitic having a yreenish cast,
limonite common, pale to dark yellowish orange dolo-~
mite common as mottles and patches, and beds mostly
6 to 12 inches thick, Ordovician trilobites are
common in some beds; the lowest such occur at the —
base of this unit,

tTom 490 to 496 feet, glauconitic, trilebitic,
and at 492 feet imvolute gastropods; 496 to 497
teet, fine grained, mottled by dolomite; 497 to
503 feet, time to very fime grained, the latter
beinyg thin bedded; 503 to 505 feet, covered; 505 to
507 1eet, very fine grained, nodular, thin bedded,
and Ordovician-type gastropod outlines are om sur-
face at 505 feet; 507 to 508 feet, very fine grain-
ed; 506 to 509 feet, fine grained, mottled by dolo-
mite; 509 to 510 teet, covered; 510 to 51l feet,
fine grained, wottled by dolomite; 511 to 514
feet, mostly covered, a bed at shout 512 feet con-

tains many trilobites; 514 to 516 ieet, lower —



portion very fine grained. middle portion fine
yrained, mottled by dolomite, and upper part fine
to very fime grained and glaucomitic . . . .+ . . .
Limestone--alternating zones of thin-bedded, very
fine yrained to sublithoyrsphic, yellowish gray
limestone, and beds oi fine grafned limestone
which are mostly imtraformational conglomerate.
Lolomite nottles and patches are common. No
trilobites have been found.

From 470 to 471.5 ieet, very fine grained,
with a 3-inch intraformational conglomerate at
470 feet; 471.5 to 472.5 feet, fine grained, with
grayish orange dolomite patches; 472,5 to 476.5
feet, poorly exposed, mostly very iime grained;
476.5 to 477.5 feet, two beds of intraformational
conglomerate; 477.5 to 480 feet, not exposed, prob-
ably very fine grained; 480 to 480.5 feet, one bed
oi intraiormational comglomerate; 460,5 to 4Hl.5
feet, poorly exposed, very fine grained; 461.5 te
462,5 teet, {inc qrained, one bed; and from 462.,5
to 490 feet, poorly exposed, some beds are pelleted,
some are intratormational couglomerate; at 465 feet,
a coarse grained bed contains many Crdovician (?)
yastropods; at 486 ieet a 3-inch bed contains glau-

comite which is being replaced by dolomite, and at

26

=2

490-516 —



£o

about 487 to 40 feet, fine yrained and mottled by
abundant dark yellowish orange colomite . . . + . . 20 470-490

SHIFT about 50 feet eastward and continue down in

section.

5. Limestone--zones of very {ine yrained, thin-bedded
shaly limestone, altermating with thicker beds of
mostly tine to mediur grained limestome, The very
fine yrained limestone is between yellowish gray
and light olive yray and is mottled by grayish
yellow dolomite, Ripple narks and intraformationmal
conylomerate incicate shallow water deposition, Neo
irilobites have been found.

From 437 to 437,5 teet, intratormational com-
¢lomerate or breccia is composed of very small frag-
pents; 437.5 to 428 feet, Iine yrained; 436 to 4US
feet, very fine grained; ;130 to 439.5 feet, coarse
orained, glauconitic; 439,5 to 440 feet, very fine
grained; 440 to 440.5 feet, fine graimed, dark
yellowish orange bedding plane patches of dolomite;
440.5 to 441.5 fcei, mediun grained, slightly glau-
conitic, top surface has lorye ripple marks; 441.5
10 442 feet, very fime ;rained, recessive argilla-
ceous; 442 to 445 feet, fine to vedium grained,
bottor. bed hes dark yellowish orange dolomite

patches followed upward by intratormational breccia,



top bed is rostly a small-pebble, intraformational
conglomerate, end at 445 feet, @ spall, medium
spired, gastropo¢ coyuinite is replaced by dolo-
nite; 445 to 451.5 {eet, very fime grained to sub-
lithoyraphic; 451.5 to 460 feet, very iine yrained,
one bed; 452 to 461 eet, very :ine ¢rained to sub-
lithoyraphic; 461 to 461,5 Ieet, one bed of infra-
Cormational conglomerate; 461,5 to 464 feet, very
<ine yrained, 2-inch intraformational conglomerate
at 462.0 feet; 464 to 466.5 feet, mostly iniraforma-
tional conylomerate; 406.5 to 467 feet, {ine
grained, one bed; 467 to 470 feet, mostly fine
yrained and heavily mottled by dark yellowish orange
GolomEte & o 4 v v 0 o v s e s s e s e s e s es 33 437-470
6. Limestone--mostly fine and medium yrained and sore
very fine and coarse graiaed, nostly pale yellowish
brown and yellowish gray mottled by minute specks
of yrayish orange and dark yellowish orange dolo-
uite, and beds mostly é to 12 inches thick, Lark
yellowish orauge dolomite patches are cocwmoa on
several bedding surfaces., No trilobites have been
LOUMG o o o o 6 o v s s b e e e s e e s e e e 7 430-437
SHIFY down i'lat Branch about 400 fect anc conmtinue down
in section.

7. Limestonme--fine grained, very finme yrained, sub-



lithographic, and nediun grained, mostly pale
yellowish brown minor splotchinys ot dark yellowish
orange and moderate yellowish brown in a flew beds,
some beds are pelleted, ylauconite is abscat, and
some beds contain pebble-like okjects and are prob-
ably intrafornational conglomerates. No trilobites
have been found.

from 416 to 429 feet, the rock ia the line of
section forms a resistant ledye bLut laterally the
rock is thinm bedded. frow 427 to 423 feet, the live-
stone is medular caused by irre,ular shale films. A
few beds elsewhere in the interval have the same type
lithology. An intraformational comglomerate extends
irom 427 to 427.5 f6€L + ¢ v o v s o ¢ v o o o 2 o 14
Limestone--mostly very fine yrained to sublitho-
graphic, some pedium jrained; pale yellowisi brown;
beds are of irregular thickness beiny mostly 1 to C
inches thick, Small jastropods are abundant in top
bed. Highest Caobrian trilobites so far found occur

in this undt . . o v o ¢ a0 0 e 0 0 0 a0 e b e 3

SHIFT about 1 mile eastaard to Hudson {reek, usiny the

hyolithid bed to make the shift and the overlyin. thin

bedded sublithoyraphic to very [lime grained light (ray

weathering limestone as a check.

91

416-430

413-416



9.

10.

Linestone--mostly coarse grained, some medium
grained, and a very small smount of fine grained,
mostly yellowish yray to darker and mottled by pale
yellowish orange and grayish orange dolomite which
appears to be replaciny fossil fragments and other
objects, Glauconite and oolites are common and
mudballs are present im sowe beds, The coarse
grained beds are mostly trilobite shell debris,

Owenella are common and the top bed is composed of

hyolithids o ¢ o v o o o o v o s 6 0 0 0 0 0 oo 22 391-413-

Limestone and shale--the limestone is coarse
grained, glauconitic, light olive gray mottled
grayish oramge, oolitic, mudballs comson, dolo~
mitic, and beds are 1 to 6 inches thick. The dolo-
mite 15 minute patches as if replacing fossil debris
and other objects. TIrilobites and Owenella are
cowrmon.

The shale is silty, grayish yellow, and contains
thin glauconitic streaks and thin fine grained lime-
stone beds. From 377 to 303 feet, mostly limestone;
303 to 364,.5 feet, wostly shale; 364.5 to 305.5 feet,
mostly limestone; 365.5 to 306 feet, mosily shale;

366 to 991 feet, limestone with thin shale part-

—

IS & v ¢ 4 4 0 s e s e s e e e e e e s e

4 377-391 ..



1l1.

12.

Limestone--coarse to medium grained, mostly glauco-
nitic, mudballs and oolites common, beds mostly 6
to 12 inches thick, and dolomite prevalent through-
out as minute wottlings, mostly as replacements of
objects. An intraformational conglomerate at 371
feet contains highly glauconitic pebbles. Trilo-
bites are abundant, meny beds being highly fossil-
iferous; they correiate with the upper Trempealeauan
of the standard section.

From 365 to 366 feet, covered, except for one
6-inch bed near middle. This interval can be seen
along face of bluff 125 feet to the morth . . . . . 24
Limestone--sublithographic to very fine grained,
yellowish gray, massive, and slightly rough
weathering. Hudsonm (reek is crossed at 34l feet
in section.

From 330 to 341 feet, pelleted; 341 to 342
1eet, non-pelleted; 342 to 340 feet, pelleted; 348
to 350.5 feet, nodular, mottled, greenish shaley
material in lower part, and moderate yellowish
brown dolomite which appears to follow burrows is
in upper part; from 350.5 to 353 feet, sublitho-
graphic limestone mottled by light brown dolomite,
one bed,

A sharp change in litholoyic cheracter at the

93

353-371"



13.
14,

top of this inmterval appears to coincide with the
top of a reer 100 yards to the east. . « « « + o «
Covered « + o « o o « s a s s v ¢ 0 o 5 s 0 00 o
Dolowite--fine grained, im part mottled, grayish
orange, in part very pale orange and in part a
color between pale and dark yellowish orange.

Some of the dolomite is calcitic, it is in part
smooth weathered and im part weathers rough,
Bedding is indistinct but beds appear to be about

6 to 12 inches thick + 4 4 v ¢ o s ¢ 0 o o ¢ o s &

SHIFT downstream about 500 feet and continmue down -

in section along east bawk of Budson Creek.

15,

Limestone--microgranular to {ine graimed and
coarser, well bedded in beds mostly 1 to 12 imches
thick, some beds highly glauconitic, ané others are
noa-glauconitic,

From 300 to 302 feet, very [ime gralnmed, thia
bedded, and nmodular with shale films about the
nodules; 302 to 306 feet, very fime yrained, yellow-
ish gray wottled by pale yellowish orange dolomite,
massive, and rough weathering; 306 to 308 feet,
medium grained, oolitic in upper part, coarse glau-
confte common, mottled by minute specks of pale
yellowish oramge dolowite, weathers smooth, and
bedding indistinct; 300 to 310 feet, very {ime

grained, yellowish gray, nodular with shale tilms

94

336-353
336-336

330-336



16.

about nodules, thin bedded, and recessive; 310 to
513 feet, same 85 above except wore massive and
rough weathering; 313 to L14 feet, medium yraimed,
swooth weathering, and mottled by minute specks of
very pale yellowish oranye dolomite which appears
to be replaciny tossil fragments; 514 to 325 feet,
very iine graiaed, nodular, moitled by pale yellow-
ish orange delomite, and massive in bluf{ but thin
bedded away Lrom blurf; 323 to 324 feet, medium
grained, slightly glauconitic, colomitic, and
suooth weathering; 24 to S30 reet, very line
yrained, rough weathering, and motiled by pale
yellowish orange dolowdite o o « « o o o o o 2 o &
Lovered in line or section. Laterally appears to
be interreci limestone . ¢ o ¢ o ¢ o 0 o o 0 o o

The stromwatolitic biohermal portiom of the San Saba

wember is crossed, using an averaye oi the dips from

below and above the reef., 1lhe thickness oi the reef,

thereiore, nay be in exror. The top of the reefl is very

irregular, fluctuating threugh at least L0 ieet of sec~

tion within ome-hali wile oi the line o1 section.

17,

Limestone and some dolotkite--intervals of ree: and
interreei beds are as 1olloms: 1rom 247 teo 251
wcet, dark yellowish orange interreef dolomite;

51 to 259 feet, reei with individual stromatolites

30

5

300-330

295-300



16,

19.

sbout 1 foot across, which are yellowish gray and
have a comcemtric structure brought out by facipient
dolowitization, the dolomite being pale yellowish
orange; 259 to 270 feet, light brown to grayish
orange dolomite imterrees beds; 270 to 276 ieet,
reef with foot-sized stromatolites which sre about
one~third dolomite cmusisg the conceatric structure
to be well displayed; 276 to 277 feet, light brows
10 dark yellowish orange imterreef dolomite; 277 to
280 feet, dolomite mottled reei anc imterreef beds
on & dip slope; 280 to 265 feet, pale red to light
brown interreef dolomite beds; 285 to 295 feet,
dolomitic reef as sbove, and some interreef dolomite
beds at about 290 fo8le ¢ o o o v ¢ s ¢ ¢ 0« 4 o o 48 247-295
Limestone and covered-lower 5 feet very fime to
coarse graimed and dolomitic. Rest of iaterval
covered. Local foldimy of beds suggests that shale
is present in the covered interval . . . . .. . . 16 23)-247
Liwestone-~coarse grained, wostly pale ycllowish
orange to grayish ovange, snd thick bedded, the
botiowm bed beimy 7 feet thick, followed by a l-foot
bed, a 4-ioot bed, and & top 2~foot bed. Large
ripple marks om top bed are indistimct. Ten imches
of intraformational couglomerate forms the basal

portion of the interval . . 4 0 4 e o s 0 e 0 s 14 217-231



9

Eastward the rock in this interval changes to

stromatolitic reef so if section had heen continued

before offset, this imterval would be logged as reei.

Point Peak Shale meuber:

20.

silistone, intraformational comglomerate, amc
shale-~the siltstone is mostly yellowish gray to
darker ia color, slightly micaceous, and im beds
1/4 to 1 fmch thick separated by shale films.
Intrazormationsl conglomerste is at the follow-
ing levels: 206 feet, of variable thickuess averag-
ing about 2 iaches in thickmess; 207.% feet, 1 to &
inches thick with two doughnut-shaped stromatolites
at saze level; 206 to 209 feet; 211 to 211.5 feet;
and 215 10 215.5 fe@t ¢ o . v s v o v v e e e b e 12 204-217

SHIFT downstream eastward about 1200 feet and contimue

section down blutf.

21,

Limestone--in the line of sectiom the interval

consists of stromatolitic reefs and interreef

coarse grained lipestome. As this interval is

traced laterally upstreac the limestone is replaced

by shale and the reefs are sporadically distributed.

*ilicified brachiopods at 204 feet belomy to the

genera Billingeells and Pleciotrophi’d « + « « ¢ « o 3 201-204
5iltstone, intraformational conglomerate, and shale--

the siltstome beds are mostly ome-quarter to 1 inch



23,

24,

- thick with a few as much as 2 imches thick alternat-

ing with light brownish gray shale.

From 188 to 1u8.5 feet, shale; 188.5 to 189
feet, intraforsational conglomerate; amd from 189 to
201 feet, siltstome, thin shale {ilms, and four imtra-
formational coaglomerstes, 2-inch ones at 192 feet and
195 feet, @ 3-iach oue at 195.5 feei, and & G-inch ome
from 197.5 to 196 f8L « ¢ ¢ o 4 s 0 o ¢ 0 00 v o 13
Limestone--wicrogranulay to sublithographic, stromato-
litic reef liwestone, coarse yrained interree! lime-
stone beds, and fntraformational comglomersie., The
reei is pale red, mottled light browuish gray snd
light olive gray; and the coarse grained limestone
is light olive yray, im part mottled by dark yellow-
ish orange. Plectotrophjs cross sections are abumdant
but only very poor material breaks out . . .. . . 2
Siltstone, shale, and intraforsational conylomerate--
the siltstone is yellowish gray to derker, micaceous,
in beds mostly 1 to 4 inches thick, amd each bed com-
posed ot mamy closely spaced laminae. Trails are
coumon but act abundant.

The shale fs light brownish gray, slightly mica-
ceous, 8ad occurs as beds and :ilms between siltstone
beds.

from 169 to 171,5 feet, siltstone; 171.0 to 172

96

168-201

186-166



1eet, shale; 172 to 174 ieet, siltstone and consid-
erable shale; 174 to 177 feet, mostly 1 to 6-iach
beds of siltstome; 177 to 182,5 ieet, mostly 1 to
one-quarter imch beds of siltstone with shale films

b trails abund and a 2-iach intraforma-

tional conglomerate at 176 feet; 182.5 to 103 feet,
intraforumtional conglomerate; 183 to 186 feet,
thin bedded siltstone and shale, somewhat

slumped + « ¢ ¢ s s e st e e s e 0 0 e s e e e

SHIFT D00 feet eastward using interval trom 1Ué to 186

feet ior. making the shitt,

25,

si}tstone, shale, and intraformational coaglomerate--

irom 160 to 180 reet, mostly siltstowe in ome-quarter

to 4-inch beds, alternating witk thim shkale films,
trails uncommon, some minute interferemce ripples,

and at about 162,5 :1eet and 179 feet, 4-inch iatra-

formational comglomerates; from 160 to 186 feet, very

poorly exposed silistome comtains some poorly preserved

orbiculodGs o ¢ ¢ 4 o o 4 e s e e e e e w0 a0y

LONTINUE. downstreaw alony foot of bluff,

26.

siltstone and shale--the siltstone is in beds, wostly

between 1 aud 4 inches in thickmess separated by thin

{ilms of shale, trails are uncommon, amd a trilebite
found as float is probably from this iamterval . . .
>ilistone and }imestone--trom 136 to 149 feet,

silty limestome or celcareous siltstome, wostly

17

26

5

169-166

160-166

155-160



thinly bedded and alterneting with shale films;

exposures are sporadic except for top 5 leet,

~ CROS5 fence at this poimt,—

From 149 to 155 feet, the rock is siwilar and
wostly thinly bedded except for some 2 to J-ianch
beds in upper part, Trails and mimute interfer-
ence ripples are common. In the lower 4 feet,
exposures are sporadic and in the upper 2 feet,
exposures @X¢ good . . . 4 ¢ o v s s s e s e e 17
Lizestone and shale--mostly fime grained, silty
limestose separated by this greenish gray shale
films, The limestone is wedium light gray, mostly
weathers to pale olive, and contsins very fine
grained glauconite and mica,

From 123 to 126,5 feet, fine grained, modular
but mossive, furrowed, aad a few inches of coarse
grained limestone at 125.5 feet; 126.5 feet, alter-
nations of psper-thin shale beds and ome-hali imch
limestose beds; 126,5 to 130 fest, fime grained,
nodular, much burrowed, and fairly well bedded; 130
to 131 feet, tine yraiued, and beds I to 2 inches
thick; 131 to 134 feei, fine grained limestone and
shale alternations, very thialy bedded and saaly im
lower part becoming less shaly upward and containing
beds up to an iauch im thickmess; 134 to 135 feet,

sedium grained limestone forming @ resistant ledge;

100

138-155



101

135 to 138 feet, fine yrained limestone in beds mostly
1 to 2 inches thick separated by thin shale films

along irregular bedding planes . . . v « v s o o & 15 123-130

Korgan Creek limestone member:

29. Limestone--coarse and fine grained. The coarse
yrained limestome is glaucomitic, mosily 6 to 12
iaches thick, some 3 feet thick, mostly yellowish
gray with a light olive gray cast and the remminder
is mostly light brownish gray. Small pale to dark
yellowish orange dolomite specks up to 1/0 inch ia
size are common.

The fine graimed limestone is mostly pale
olive, glaucomitic, burrowed, modular, ssd silty to
aregillaceous.

Upper Iranconians trilobites occur throughout
this unit.

From 90 to 90.5 ieet, fine graimed; 90,5 to
94.5 feetr, coarse graimed, abumdant oolites in the
middle; 94.5 te 95.5 feet, fine graimed; 95.5 to 9G
feet, coarse graimed, 98 to 99 leet; iine grained;
99 to 100 ifeet, coarse grained, moderate yellowish
brown weatheriny dolomite paiches om top surfaces,
and dolomitized objects throughout; 100 to 103 feet,
coarse grained, and many Billingsella aad a few
oolites in top bed: 103 to 103,5 feet, tine graiued;



103.5 to 104.5 feet, coarse grained and slightly
oolitic; 104.5 to 106 feet, fine yraimed; 106 to
109 feet, coarse graimed, pisolitic (?), and
moderate yellowish brown weathering dolomite
patches on top surface; 10% to 110 feet, coarse
yrained, oolitic, small dolomite patches on top
suriace, and trilobitic; 110 to 111 feet, fime
yrained limestome, coarse gralmed limestone, and
stromatolites, The coarse grained limestone is
oolitic, cross-bedded, and forms lower portiom of
interval. The fine grained limestome is yreenish
yray, has mica along its beddiny surfaces, and 1is
in thin beds separated by shele films, The reeis
are up to 16 imches thick, 20 to 25 feet in diameter,
and about 100 to 200 feet apart, The beds arch over
the reefs and some yirvanella are associated with
them.

From 111 to 112 feet, coarse yraised, mottled
by dusky yellow dolomite, and some Billlagsella:
112 to 113 feet, {ime graimed, recessive; 113 to
119 feet, coarse grained, much dolomite mottlimg,
fossil meterial is replaced by dolomite rhombs, and
Billiggsella are cosmon at several levels; 119 to
120.5 ieet, fime graimed; 120.5 to 122 ieet, coarse

grained, dolomite mottles and replacements common,
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and upper surface has interferemce ripples om it; 122

to 122.5 feet, iime grained, recessive; 122.5 to 123
feet, coarse graimed, light browaish gray, and dolo-
mite replacessuts COMRION . « o o+ o s s 006 s . 8
Limestone--mostly microgranular to fime graimed,
yellowish gray and light olive gray, stromatolitic

reef heads separated by medium to coarse graimed

septa. The reef is about 15 imches thick amd im

places rests on fine grained limestome . . . . . . 1
Limestone--slternating coarse and fine grained

beds. The coarse graimed limestonme is stylolitic,
mostly ylauconitic, mostly between yellowlsh gray

and light olive gray and some is pale red but much

less abundant tban {n interval below., Cross-bedding

is detectable in many beds but im wagy if presemt

canaot be seem because of stylolites. Beds are

mostly 6 to 12 inches thick but thicker ones are

coamon. Calcareous brachiopods are abundant in

many beds in the lower part of the imterval,

The {ine yrained limestome is glaucomitic,
silty, argillaceous, mostly pale olive and light
olive gray to pale yellowish brown, and extensively
burrowed, giviny it a nodular appearance,

irowm 43 to 43.5 feet, a coyulunite of small

calcareous brachiopods; 43.5 to 45 ieet, coarse
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grained with 4-inch fime grasized bed in middle, top
bed contains sbundant Iryimgella; 45 to 45.5 feet,
fine graiped; 45.5 to 46 feet, a coarse graimed
Egortbls coquinite; 46 to 48 feet, an alternation
of coarse and {ine grained beds, the coarse graimed
ones being wostly a coquinite of Loorthis im lower
pert and Billingsells in upper part; 4% to 50.5
feet, fine grained, modular, slightly argillaceous,
acrotretids abundaut near middle ot bed, and some
Billingsella: 50.5 to 51.5 feet, coarse grained,
coquinite of Billingsella; 51.5 to 54.5 feet, fine
grained, modular, argillaceous, and some corneous
brachiopod fragments; 54.5 to 55 feet, coarse
grajned; 55 to 56 feet, fime graimed, srgillaceous;
56 to 56.5 feet, coarse graimed; 56,5 to 57.5 feet,
fine graimged; 57.5 to 58 feet, medium grained, and
many grayish oranye to dark yellowish orange mud-
balls; 58 1o 59.5 feet, fime graimed: 59.5 to 60.5
feet, coarse graimed, light brownish gray, ocelitic,
and contains Billimusella: 60.5 to 61.5 feet, fime
grained; 61.5 to 62 reet, medium grained, comtains
pale yellowish oramge dolomite patches, and near
bottom mudballs; 62 to 62.5 feet, grayisk eolive
green greemsand, and coarse yrained limestone cross-

beds; 62.5 to 63 feet, shale, recessive; 63 to 66



feet, coarse grained, slightly oolitic limestone,
streaked light browalsh yray; 66 to 67.5 feet,
medium grained, mottled; 67.5 to 69 feet, coarse
grained, sandy cross-bedded, and highly glauco-
mitic; 69 to 71 feet, fime grained; 71 to 71.5
feet, coarse graimed, oolitic; 71.5 to 73 feet,

Iine grained, 73 to 76 feet, coarse and medium

yrained, hat sandy, cr bedded, and con-
tains many Billingsella end cystid plates and

columnals; 76 to 77.5 feet, fime graimed; 77.5

to 76,5 feet, coarse graiamed, yraylsh red and
contains cystid plates; 70.5 to 79.5 feet, iine
grained, thin bedded, coatains numerous trails

but is little burrowed; 79.5 to 80 feet, coarsa
graimed; G0 to Ul feet, medium and fise grained,
light olive yray mottled by dark yellowish orange,
and more argillaceous towards top; 61 to U5.5 feet,
coarse graiped, and a mimor amount of wedium to
fine yrained, bottom bed highly solitic; 85.3

to 86 feet, fime grained:; Y6 to 47.5 feet, coarse
grained, and some fine graimed at top; 67.5 to &9
feet, coarse yraimed and contains a number of
moderate yellowish brown dolomite specks . . . . .
Limestone--mostly coarse yraimed, stylolitic,

sandy, glaucomitic, amd in beds mostly 6 to 12

105
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inches thick. Some of the liwestose is fine graimed.
From 15 to 15.5 feet, fime graimed, hetween
yellowish gray mud light olive gray, glaucomitic,
silty, and highly burrowed; 15.5 to 19 feet, coarse
grained, grayish red; 19 to 20 feet, fine graimed,
highly burrowed; 20 to 22 feet, coarse grained,
grayish red to light browaish gray, and contajns
pale yellowish orenge mudball conmglomerate, the mud-
balls of which inm the top 2 iuches are rimmed by
dark yellowish orange; 22 to 24 feet, fime
grained, between greenish gray aad light olive gray,
highly burrowed and with a layer of mudball-like
material on top surface; 24 to 25 feet, cosrse
yrained, pale red to light brownish gray, somewhat
cross-bedded, and contajns some rismed mudballs;
25 to 25.5 feet, recessive, not exposed; 25.5 to
25 teet, coarse graimed, pale red to light browmish
gray, and contains some rimsed mudballs; 26 1o
31.5 feet, fime grained and burrowed, except ior 5
inches of coarse grained cross-bedded limestone at
29 feet and about 3 inches at 30.5 feet; 31.5 to
3.5 feet, coarse graimed, pale red to light olive
gray, and contains @ few mudbells; 32,5 to 33 feet,
iine yrained, silty, light olive gray, argillaceous,

burrowed, and weathers to moderate yellowish brown:
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33 to 34 feet, coarse yrainmed, pale red to light olive
gray, and comtains a few mudballs; 34 to 34.5 feet,
fine grained, silty, argillaceous, burrowed, light
olive gray weathering to medium yellowisb brown; 34.5
to 35.5 feet, coarse yrakimed; 35,5 to 36.5 feet,
mostly fine yrained, some coarse yralved; 36.5 1o 37
feet, coarse grained; 37 to 27.5 feet, 3U to 38.5
feet, [ine graimed; 36.5 to 39 feet, coarse grained,
except for 2 inches oi fime grained, dark yellowish
orange dolomite patches are common, two beds, the
lower ome 3 feet and the upper ome 1 foor thick
and serving 85 @ ford o + 4 ¢ ¢ o 0 v 000 000w 2 - 15-43
33. Lipestone--coarse grcined, highly sandy with
bottom iew feet possible more than 59 percemt sanmd,
mostly grayish red and a small amount of light
browaish gray, glauconite common, and beds

sostly between 4 and 10 inches in thickness . . . . 6 9-15

Welye sandstone wember:

34, Sandstome--medium to coarse graimed, coarsening
toward top where yranules are up to ome-Guarter
inch in dismeter. bSome beds contain scattered
glauconite aod the sandstone is massive and calcar-
eous toward the top. LI1yht olive gray where glau-

conitic, otherwise yellowish brown and pule to dark
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yellowish oramge except for top bed which is pale
yellowish brown, The sand graims are well rounded,

mostly rough and poorly sorted .« ¢ o ¢ s v 2 o 0 . 9 0-9

Total thickness weasured .« « « o o o o ¢ o o s o o 97

The base of the section is located on the morth bank of the
San Saba Kiver about 1000 feet dowsstream from Flatrock Crossing.
The section starts at the lowest exposed bed at the edge of a

boulder-strewn alluvial plain.
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