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GEOLOGY OF THE GROSSVILLE SCHOCL ARFA,
MASCH COUNTY, TEZAS

ABSTRACT

The Grossville School ares is located in south-central Mascn
County, Texas, on the southwestern flank of the Llano Uplift, a large
topographic besin, The ares is spproximately 2.5 miles south of the town
of Mason, Lrainege in the area is acoowplished by tributaries of the
Llano River,

Rock units of Precambrian and Late Cambrian age are exposed
in the thesis area, The Precambrian rocks sre divided intc metemorphie
and igneous rocks: the retamorphic rocks have two units, the gneiss and
the schist) and the igneous rccks have two units, the medium-grained
granite and the fine—grained granite, which are the result of textural
gradation vithin an ignecus masse.

The Upper Cembrian rocks are divided intc the Riley and Wil~
terns formations, The Riley formation is divided intc three members:
the Hickory sandstone, the Cap Mountain limestone, and the Lion Moumtain
sandatons, The Hickory sspdstone 1s chiefly reddish-brown, non-glsuconitis,
and coarse-gruined. The dark red sandstones in the uppsr part of the
member grade upward into the brown, calcarecus pands and srensceous lime-
stones of the lower porticn of the Ceyr Mountain member. The upper part
of the Cap Hountein mezber consists of gruyish-browm, alightly glaveonitie
and fossilifercus limestone beds. Tiease beds are In turn overlain by the
highly glauconitic Lion Mountain sandstone member, vhich contains
characteristic *trilobite hash" lenses and has hematits nodules dotting

the landscape of its upper reaches,



The Wilberns formation consists of the following members: the
Welge sandstons, the Morgan Creek limestcns, the Point Pesk shals, and
the San Saba limestons. Ths yellowish-brown, escentially non-glauecnitie
beds of the Welge sandstone overlie the upper beds of the Lion Mountein

mezber, The Welge dst bads are comy 4 prinoipally of quarts

grains which glitter in the sunlight. These beds grade upward intoc the
purple, arsnagecus beds of the lower part of the Morgan Cresk limestone,
which in turn grade upward into greenish-gray, coarse-yrainad, very glavoo-
nitic and fossiliferous limestone beds of the upper part of the member.

A thin sone of small, purpls to gray bioherms 1s encountersd in the upper
portion of the Morgan Cresk member. The Morgan Creek limestone beds are
overlain by interbedded green to Kray, calcareous shales, limestcnes, and
conglomerates of the Point Peak shale member. This member containe a
zome of large stromstclitio bioherme in ite upper portion, Fine-grained,
thin-bedded, glausonitic limestcn beds of the San Saba member also oscur
in the biohern zone, This tone is overlain by graylsb-brown, arsnacecus
limestene beds of the San Saba member,

The strikes cbserved on the foliation planes of the Precambrian
retamorphic rocks were yenerally in a vest-northwest direction, Swmall
isoelinal folds are evident in the achist unit in seversl places, Possi-
ble larger-scale Precexbrian folding wes indicated by the variations in
dip of the Precembrian metamorphic rocks, The Paleosmcic strate penerelly
have & northeastesouthwest strike with a mcderate moutheastward dip. They
have beer inteasely faulted by a nort esst-scuthwest -~ trending cajor
feult system, along with vurious other smaller faults. The two major

faults bound a graben in the southern part of the thesis ares, in which a



probable synclinal fold in the hilly south-central portion 1s located,
Smaller folds due to fault dre: snd differentisl ecmpactiin around bio=
herms ares also fcund in vari:us parts cf the ares,

The peolegic hiptery of the gener=l ares indicates & trans-—
greszion of Paleozoic sees cver an eroded Precarbrian surface of high re=
lief, and the depositicn of strata cf Cawbrian, Ordovician, Devonian,
Kissisrippian, Pennsylvenien, and Cretececus age, most of which Fave beem
removed by erosicn, The Paleczeic deformeticn observed in the thesis arsa
probably took place during post-Bend and pre-Canyon {Middle rennsylvanian)
time,

The most imjortant natur- ! rescurce of the aree is ground vater,
and the Hiockery sandstcne is the most important aquifer, Farming and
ranchin; ars the rmain sources of revenue, Rocks in the area have been
used locally for building stone an- road metal. There is very little

posoibility ef future oil and gas producticm in the area,



INTROTUCTION

LOCATIGN AND ACCESSIBILITY

The Grossville School area lies southsast of the eity of Mason,
in the south-central part of Mason County, Texss, It is on the western
flenk of the Llamo Uplift, It incliudes about 17 square miles and approxi-
mates the shape of & reotangle, with the northwest cormer at the inter-
section of Farm Road 1723 and the James Hiver road, the southwest corper
&t the right angle bend in the James River road approximately one mile
north of the Llanc River, the mortheast cormer at the interseotion of a
iine drawn east from the morthwest corner and a lins drava north from the
Junetion of Comanche Creek with the Liano River, and the southeast corper
at the intersection of a line drawn east from the southwest cornmer and s
line dravn south from the northesst corner. The vestern boundary follows
the James River road, while the other boundaries are arbitrary lines con-
neoting the above mentioned corners. The abandoned Grossville Sehool,
from which the area is named, is locuted in the weat—central porticn, The
northwest corner of the area is approximstely 2.5 miles scuth of the
Mason City Limit,

Accessibility of the thesis area 1s fairly good. U, S, Highway 87
outs across the mortheast portion, and Fars Road 1723 extends from the
northvest corner diagonally acroes the srea toward the southeast. The James
River road marks the western boundary., Cross-roads betwsen these main roads
provide eapy access to all parts of the area except the southeast corner,
Frivate ranch rosds, rough but passable, provide access to this corner,
thus saking all parts of the area fairly easily reached.
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Reproduced from Highway Map of Mason County, Texas,
prepared by Texas State Highway Department, 1956

LOCATION MAP OF GROSSVILLE SCHOOL AREA
MASON COUNTY, TEXAS



FRUCEDURL U} FI'LL NI CFFICE WORK
The field work «n if ‘s thesis yroject was carried cut at various
tives between June 6 ang Se;tember 7, 1956, The criginal mapping in the
field way done on acetate covering individuel U, G. Dejartwent of agrie
culture serial photogrepls dated November 2, 1948, Their approximste
soele is cne Inel equals 1607 fest. The es entlal photographs used in

coverage of the crea were 95, 96, and 7 of cerier LFZ-7E; 20, 21, 22, 51,

Sz, 53, 9, 92, auC 53 of series DFI-3E; and 182 of series DFY-5E, The
greund chown on photographe LFZ-3F-?1 #nd [FZ-3F-52 lay entirely within
the thesie area, while thet shown on the others lay omly partly within it,
The orlyinel repping war then trai-ferred to on acetste hase map tovor—
ing the wiclie area an’ later t¢ the finighed map.

« pockel stersoscope was used in ecnjuncticn with the aerial
rhotegrajhs t¢ ald in the initisl loeetien of meny geologlc Teatures,
whick were laler ccnfirmed by actusl cbeervetion snd study in the {leld.
¥ost of the faults and fcrmaticn contacts wera welked out in the fleld
bsfors beiu; placed cn the wap, A few faults and contacts were plotted
mairly on the tasie ¢f stersoscopic exaninsticn of the aerial photographs,
Hest of the etrikes and (1.2 plotied on the geclogic map represent an
averuye <L severel readings vxle with a Brunton compsse in the imrediete
vicinity of each pcint,

The examinetion of thin-secticns prepered frow rrecambrian roak
sar; les cbtalned in the field was carried out between February 11 and
March 28, 197:,

The messured and cescribed section in the Appendix represents
4n sxposure of unfsulted sedimsntary rocks in the hilly south-ceatral por-

tion of the thesis area,



The horisontal distences used for the » 1l cross t
vere soaled from ths asrial photographs, snd the relative elevations vere
determined from a st ic of the photographs, supple-

mentsd by observations made in the field.

REVIEW OF THF LITERATURE

Fordinand Rosmer (1846) wvas the first to study the intricats
geology of the Llanc region and to publish his observations, In the years
1845, 1845, and 1847, Roemer traveled with a group of Germam ocolonial
explorers north from Frederisckeburg to the Nasoa, Menard, and Walout
Springs areas, The trip afferded Roemsr am opportunity to study the
formations of the ares and their fossil content. He later published his
aceount of the trip, together with descriptioms of the rosks and fossils.
Roemer was the firat to recognise snd cite the older Palecsols, Cartoniferous,
and Cretacecus rocks im the Llamo region,

In 1855 and 1856, an expedition of Army engineers traveled
through the Llanc region while exploring in central and western Texas and
in Mew Mexico, Dr. G. G, Shumard (1886), acoompanying the expsdition,
studied the geology of parte of the Sem Saba River Yalley end the vicinity
of Fort Mason, and later published a brief description of his findings,

Gn the basis of their foseil oontent, B, . Shumard (1861) ocor-
related the rocks of the Llano region with those of the Potsdaxm grou, (Up-
per Cambrian) of the New York sequence, The rocks studied were in Purnet,
San Sada, Llano, McCullooh, Mascn, and Lampasas counties.

in Avcic elassification was given to the granites «f the Llamo
region by 8, B, Buckley (1874), then State Geologist, in his brief resuss

of the geology and mineral resources of the area.



Waloott (1884) confirmed the Late Cambrian age of Shumard's
pravicusly described Potsdam group in the lLlamo area, amd also studied the
metanorphic rocks and granite masses, He gave the neme Llano group to the
metamorphic rocks, assigned an REarly Cambrian age to them, and gave a
pre-Potedam age to the granite mssses,

The Llanc region was menticned briefly by Rill (1887) in his
review of the geology of Texas, Later, Hill (1889) assigned a Carboniferous
age to rocks exposed at Marble Falls. Erosion processes affecting these
and other Carboniferous rocks exposed in the lLlano region wers also dis-
eussed by R11l (1890) in his publication on the major geographic features
of Texas,

A raport discussing the geology and mineral resources of the
reglon vas made by T, B. Comatook (1890) im oonnection with the first de—
tailed and systesatic geclogic imvestigation of the Llamo Uplift by the
nevly formed (1889) Texss Geclogieal Survey, Im his report, Comstock in
troduced the terms Hiokery series, Riley serise, and Sen Jaba series for
the sedimentary rocks, and the terms Valley Spring series and Fasksaddle
series for the metamorphic rocks exposed in the region. His sedimentary
seriss have pince besn revised. He reported the occurrence of the Hickory
and Riley series in Masoa County between the oity of Mason and the Llanmo
River, The economio geology of the region was also discuseed in detail,

The drainmage pattern of the Llasc regiom, and its origin in
particular, was discussed by Tarr (1890) in his paper concerning central
Texae drainage features,

The Second Annual Raport of the Texas Geological Survey, eom- .
cerned primarily with the state's mineral rescurces and their exploitation,



ineluded a report by 7. T. Tumhle (1291) in which he gave the nume Dend to

Pennsylvanian rocks exposed on the Colorado River, Isolated ex, onures of

Devonisn rocks In the Llano rejlen also were inaicatci by Comatook (1891)
this report,.

In 1911 276 1912, the rocks in the central part of the Llanc
reglcu were studieo ectencively by Sidney Paipe (1911), who named and
described tne #ilbernz, Jup Mountein, Fllenburger, and Smithwiok forma-
tiens, A discussicn of the minersl resourges and Precexbrian zeclogsy of
the resicy was iaciuded in a later report (1912), as ves a detailed
geologic rap of the Lleno-urnet area, Tn the description and mep, Come
stuck's term “Lick.:y serier" wss drepped in fzvor of Hickory sandstone,

“he first ccnprohennive geclogie map of Texas was prepared by
Uddes, gt al. (191€), and ‘ubli-hed by the Buresu of Foonomic Geology and
Tecinilogye In the mey the Ialsozcic rooks of tie Lluno region were dim-
videc into the reansylvacian, :sleczole (undivicea), and Cambrian-Ordovician,
The Yrecambrian vocks wers uncifferantisted,

‘“he wilber.s reefs Jere mentioned and discussed by Laen (1931)
in his paper ¢n th Canbrisn slral reefs of iexas,

Cs L, bake wnn Joslah Dricge (1932}, whe, together witk i, O,
Ulrish, tald studied *hs clier raleozoic rocks of the Llanc reghn in
1930, correlated wunite o. ihe "llenburger limestone there with simiiar
Gracvieian strats ol otler stutes, partieuinrly the vissouri seciicn, ihis
ccrrelaticon wae based on frunzl content, o beundaries for iLhe Siicne
burger cequence wers sugrested.

“he eariier work of Paige on the Irecacbrisn rock siracture and

succes-irm wae rovised and enlarged by Stenzel (1932),



The stratigraphy of the rocks of the Llano region was briefly re-
viewe. by 3ellerus, Adkins, and Plummer (1932) in their report on the
stratigraphy of Texsa.

In a later report om the structural and sconomic geolegy of
Texss, Sellards and Baker (1934) describsd the deformation of the Llamo
region during Paleoscic times. Precambrian structural features in the
region were discussed by Stensel in this report.

A report on Presambrian unconformities in the Llano region vas
presented by Stensel (1935), An intrusive sequence was slso outlined
in this report.

In 1933, N, H, Darton studied the geolegy of the Llano regiom,
checked his findings with those of previous workers in the area, and ine
corporated all of the information obtained into a new state geologio map,
vhich he preparvd with the aid of other geologists (Darton, g% al., 1937).
Outcrops of some of the formations mentioned previcusly were plotted on
this map for the first time,

Bridge (1937) studied the lower Paleosoie rocka of the western
side of the Llano Uplift and their faunal content, He collected many
foseils, redescribed Roesmer's earlier type localities, and named and
desoribed the Lion Mountain sandstone member of the Cap Moumtain formation.
Later in the yesr, Rosmar's Faleosolo fossils wers redeacribed by Bridge
and Girty (1937), whoss report included excellent comments cn the general
geology of the area,

Barunes and Parkinson (1940) described the ocourrence of
dreikanters in the basal Hickory sandstone and mapped dreikanter losalie

ties in Mason, Llano, and Blanco counties.



D. Koppel {1940) studied the coarss-grained yranite masses of
csntral Texas, giving partioular atiention to their struoturs anu texture,
He reported the coourrence of concentric textural patterns in such massif.

Cheney (1940) included a reclassification of the Pennsylvanian
beds ir his article concerniny the stratigraphy apd structure of the
Paleoscic rocks of the north-centrsl Texas region, Ris sugpesticns were
based largely oo subsurface data asquired from a study of well logs cut—
sice the Llano erea.

The #4ilberns formation was divided intc its five present members
by Bridge and Barnes (1541). GCorrelation uas alsc sttempted betweea
sevorel stratigrephic units within the Llamo Uplift region.

4 study of the granitic rocks of central Texas was made by
voldich (1941). Frox the data cbtained, he offered a theory of evolution
of tliose granites which expiained their chemical and textural oharacteristies.

Burnes, Cewson, and Parkinson (1942) presented a report on the
building stones ¢f oentral Texas which ccntained exeellent gescriptions of
these rocks at certain locolities., i grunite mass which extsnds intc the
northwestern portlon of the thesis xrea was cescribed in this report,

4 quarts send horizon in the middle Wilberns formation of morth-
western lason County wae Gescribea in detail by Plumeer (1943a).

Gypsum in the Edwards limwatone of central Texas was discussed
in are.ort by Barnes (1943a). In additicn tc this Cretacecus limestons,
the ialecscic and irecambrian rocks im that regicn were also cescribed,
“he names of the Upper Cambrian units of the Llanoc Uplift wers published,
anu the members of the Wilberne fornaticn were jiven their present termi-

nology. Thecs members had been described but mot named in an earlier



unpublished manuserdpt by Bridge amd Barnes 1n 1941. In the later rejort,
the Ifon Mountain sandstons was still placed as a member within the Cap
Mountain formation, ae defined by Bridge,

The Big Branch yneise in Llano County was named and desoribed
by Barnes (1943b) in his report cn soapstona and serpentine in the Compe
tral Mineral region of Texas, This report included a miew‘ ¢f Precembrisn
straticraphy,

Ground water cocurrences in the Hiekery sandstcne and the Ellen—
burger 1inestone were discusced by Plummer (1943b) in hie regort on
Texes water rescurces,

Devonian rocks in the Llano regicn were first described by
Barnes, Cloud, and Warren (1945). The Fillar Bluff and Stribllne formae
ticns were nawed and assigned tc the Lower and ¥iddle Tevcnian,

In a prorress re,ort on the stratigraphy of the Fllenburger
group, Bridge, Barnes, and Cloud (1945) redefined units of the Lower
Paleczoie rocks in central Texas, The Riley bede were reduced tc formation
status. The pre-Wilberns strata of Late Cambrisn age =~ the Picrory sand=
stone, Cap Mountain limentcne, and the Lion Mountain sandstcne, vere rede-
fined us members of this formaticn, The top of the Cambrian was placed at
the upper iimit of the w{lberns forraticn. The Fllenburger lirestone was
designated as Farly Ordoviciar 1n nge, and it was redefined as *he Ellen-
burger rreup.  New membere cf the *1lenburger group were defined and cailed
the Tanyard, Gorman, and Feneyout formations.

The Uprer Cambrian was again revized and redefined by Bridge,
Barnes, and ©loud (1947). The two forrations anc eight rembers were
described thorouzhly, thus providing s standard reference to the Upper

Cazmbrian strata of the Llanc region,



A summary cf “he classificaticn of Lower Pennsylvanian strate
in ceuntral Texas was ,Te:ented by Flumrer (1947).

The Tevcnian stratigraphy in the region was agein descrihed by
Barnes, Clcud, and Jarren (19.7), ard tuc ycunger formaticns, the lear
Sprin; and zesch fcreati-ns, vere added tc the clder Levcnian 11llsr Bluff
and Stribl i {vrrationa,

The Tllenburger of the regi n was theroughly described by Cloud

ana Parnes {19.7), and d=finu¢ -2 & grour eruclsting cf the Tanyard
3 & 15 »

Sorman, snd Remeyett forratlr ma, respectively, fre: the base to Lhe top.
frief dewcriytions of pre-Tllenburger strete at varicus localities were
alec siven,

Grovity cbservatlons vere correlated with the geclogy of the
Coal Creek serpentine rass in Blanco and Gilleapie counties by 'ormberg
and barnes (1945). The Red Mountain smelss wss named by Barnes in this
report,

Flumrer (1950) prerented a report and large-acale map pertain-
ing tc the atratigraphy and palecntology of ihe Cartoniferous rocks of
central Texas. FPre-Carbonifercus stratigraphy was alsc mentioned and
described briefly,

Barnes, Shock, and Cunningher (1950), in their repcrt on the
ut{lisati~n of serpentin: ef the llanc regicn, incluzed an excellent ree
view of the geologic history of th= regicn, particulsrly Lhe Precarbrian
history.

¥xfciiatine and certaln other wesiherin; feutures found on
sove ’recambrisn granite masies in the Central Mineral region were described

by Blank (1951a and b),
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Tha geclogy of an aroa a fev miles siuth cf Mascn, Texas, was
deseribed and mapped in deteil by nlexander (1952). This area extends
8lightly into the northwest porticn of the Oroseville Tchool ares.

Chency and Coss (1952) described the ori;in and develcpment of
the siructurer in the Lleno regicn in their article cn the tectonics of
central Texas,

Barnes, Clcud, and Dunoan (1953) were the rirst tc re;crt Upper
Crdovielan rocks fa cintral Texas, These rccks sere nawed the Nurnam
limestene and were correloted with aimilar beds found in tho ¥isslasippt
Vallsy,

Parke {1953) desoribed anc mayped In aeball the gecley: £ an
area slightly scathwert ¢ the olty of Mascn, Texus.

Tre Fnohanted Noel plutcn was extensivel; :tulled and re.orted
en by Putchinson (1953}, Tts relatlonshiy with the surrcunding rocks was
also desoribed,

Tuvall (1973) deseribed and zapye? in cetail thte  eolc;v of an

ar~ to thr ~cuth ¢ ry Thin area orbend s <14V 715 lnte the

wecterr jerticn of the Croscville Schocl -res.

“he ‘recarbrian to [enncylvuinisn reela in the .sctern rart of
the Llano regicn were descrlivec by barnes ond Bell {19°4) in « cuide book
preparad for a Iicld trip tc that regicn,

were Cescribed

U faunan of the dlos foreatl L odn cendtral T

1n dtall ané 11lus*s tod fnoa rejert by Yulner {197°4)¢ The strotioruphy

cf the rezier wan slco briefl, revieved.

Tre zecle e of nnoarea loeatel o few milc  cuthwe.t of lasen,

Texas, was Cescrlbeu anc magjed in detail by Fritz (17.4).



A resure cf tre geclery of the easterr part ¢f the Llanc Urlift,
inclidi. s detailed ¢lic.esten of the atratipr<-hy, war contained in a
gutée bool prejared by Parnes, Pavlevic, and Tezzard (19%6),

ilawn (19 €) precentec a : etailed rere™t on thr geclegy of the
Irecarhrian hasement ockc cf Tewn~ ane ecutheast New Mexioco. [n this
re ort, *he Mlane Rpli™ re-icm wes included in the discussirn of the
Triat eraten, Dota derived from enbourface study wers intecrated with
published dsta cn ex-osed bagement rocks. & Cleoussi-n of petrerrapbic and
streturn]l nowrroleture ond conespt~ wor irclnded in the e ort,

Sarnes (1956) re.crted cn the lead dereaits frund in the Mpper
Carbrian rccks of central Texas, Detalled siratizraphic ascticns of the
Cembrian roet~ Jare included in this rerort, and I mecns rocks of Care
benifert s or younyer -a were reco.niv<d in the re-fen for the firet

Line,



CTLGRAIRY

CLIMATE

The Grossville Sehool area is located in a seat-arid to sub-
bunid region of Texas, The Texas Almansc (1956-57, p. 677) states that
the average annual rainfell in Mason County is 22,50 inches. The annual
rainfall varies ccneiderably from year to your, and in ture is irregularly
distributed throughout the year, heavy reinms «lternating with long dry
periods. A large part of the amsusl reinfall may cccur within a single
week. 7The heaviest rains usually ocour in the spring and winter months,
while the suzmer months are gemerally hot amd ary.

The uean ennual temperature in the area is about G4 degrees F.,
The temperature ranges from about =5 degress F. in winter to about 110 de-
grees l'.‘ in summer, The aversge deytime temperature during the summer is
about G0 degrees F, A 30 degres variance in temperature in a single day

Eay ccour in either summer or winter,

URGTTUAT ION
"he ve_etatien found 45 *te "reacville Tobood ara 1 hat typi-
cel cf reziin Witk n svely Lerrain, wnewenly Clst. lhuwtel el Tiuticn,

At ocevers Serrersture rango,

The petare ¢ F the sollc U vived fror the ddfter st e

Jrectlyoalfects the oty or and alanc acc of (lent Life fcaw dn o017 erent

arbe o f tRe gresy The teacy cilr Wbioh Cewedl devele, fren Lbe cree
1 7 . 1

earbrissn ve e ane il mpport re udte, corul calk, llaeh Cack sk,

il S bt Varteth-

3 AT feact! and  vesces, Telecn fo 1. wne e ile

usually support ihe growtl ol scattered caly crdur, agarita, catsclaw,



prickly pear, Spanish dag.er, and Mexiean peraimmon, This type of vege-
tation is especially characterirtisc of the limestone hills in the south-
central part of the thesis area., The soils derived from Faleosoic shale
commonly support mesquite, bes-brush, catsclaw, and various grasses,

with the vegetational growth generally being sparse. Rather dense growths
of resquite, scrub cak, Spanish dagger, eactl, and various grasses are
characteristic of the uncultivated sandstone outcrops, Pecan and willow
trees are present along Comanche Creek and a few of its tributaries, The
grazses present in the area ere curly mesquite, needle, bufimlo, and crow-

foot.

INDUSTRY

Regicnally speaking, the Llanc area is primarily a ranch sountry,
with secondary importance given to ocultivated crops. According to Flum-
mer, (1947, p. 11), about 60 percent of the land is used for grasing
cattle, sheep, and goats; & percent is used strictly for orops; and 32
percent for stock farms on which both mmell crops and small herds of cattle
and sheep are raised.

In the thesis ares, most of the farms are of the stock farm
type, in which farming and smail-scale ranching are combined, Most of the
income 1s derived from the production of beef cattle, sheep and wool pro-
ducticn being secondary, Hereford cattle predominate in the ares, but
Bralma and Jersey cattle also are raised, Jimmie Zesch has introduced
Santa Gertrudis ard Angus cattle. The hilly portions of the ares are
utllised mainly for goat anc sheep grazing, Hog and poultry raising is
also carried on to a limited extent,
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Most of the cultivated fields are centered in the central and
northern poerticns of the thesis area, where rolling or relatively flat
lend predominates. Corn, wheat, cats, lay, barley, grain sorghum, and
peanuts coustitute the principel crops, and watermelons, fruits, and vege-
tables also are grown, Due to the lack of rainfall in the pact few years,
farming has been on the decline, a decline that may ultimately be counmter-
acted, however, Ly the steadily increasing use of ground water for irri-
gation,

Hunting and fishing in the genersl Mascn region interest visi-
tors as vell as the area residents, Many sportsmen are especially attracted
to the vieinity during the deer-hunting semson. Wild turkey, quail, and
dove are also found in abundance, The fishing is excellent along the
Llanc River and in several of the larger =tock tanks in the area, Some

szall-scale trapping is elso carried on occoasionally,



PHYSICGRAPHY

GEOMCEPEOLOGY

The Grossville School area lies on the southwestern flank of the
Llano Uplift, which, slthough structurally a dome, is topographically a
broad basin, The basin is floored by Precambrian ignecus and metazorphic
rocka and Paleoscic sandstcnes and lizestones, the Paleosoic rocks gensral~
1y ocourring as downdropped fault blocks, +ithin the basin the Paleoscle
limestones generally form flat-topped bills, the Frecambrian graoites
round-topped knobs, and the ;neisses sharp ridges, whersas the schists and
sandstones form most of the lowlands, An escarpment of relatively flat—
lying Cretaceous lizestone emcloses wost of the regicn, The total relief
in the Llano regicn io about 1,600 feet. In lason County the elevation
ranges from 1,300 fert to 2,200 feet above sea level,

Both Precambrian and lFalecsolc rooks outorop in the thesis area.
The maximm elevation in the area is probably about 1,700 feet above sea
level, and the total relief is about 300 feet. The highest elevations
are found on Tod Hill in the northwestern part and in the limestcne hills
in the south-central part of the thesis area, The lowest elevations are
found elong Comanche Creek, The Precarmbrian rocks and the Hickory sande
stone mexber outcrop in the northwest, north-central, northeast, and south-
east portions of the area, and in these places a flat or gently rolling
topography predominates, with very little relief, Some hills composed of
Hickory sandsicne are found, however, especially in the northwestern part,
and several granite and gneiss knobs or low hills also rise above the gon -
tly undulating surfaoce in some parts of the aree, Much of the Hickory sand-

stone menber and parts of the highly westhered Precambrisn surface are
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under cultivation, Gently-dipping limestcnes of the Cep Mountain merber
fors low hills in the southwestern part of the area, In the graben pore
tion in the scuth-central part, the Paleoscic rocks (pmdomixmmlr lime-
stones) rise rather sharply to fors a very hilly secticn of high relief,
dissected by small creeks, Sharp, rather emsily traceable ledges are

fcund in this hilly seetion,

FROSIOK

Running water is the rost effective srosicpal agent at work in
the thesls srea, particularly in the sparsely vegetated portions. Raina,
when they oeour, are generally concentrated, and the rainwater reroves
wuch cf the limited surface soil. High winds have some erosional effect
on loose sand in areas of very sparse vegetation,

Some of the topographic features evident in the thesis ares
sre the result of faulting, Movewent along meny of the faults has brought
lers resistent Precambrian rocke up against wore reszistant Paleozole rocks,
with the result thet the structurally high bloek has been reduced by
erosicn to s topographicelly low area, The more resistant Peleosoic rocka
are generally high topogrephically. Yrosion alac works more ecesily in

fractured areas associated with some faults,

DRAINAGE
The Llano Uplift regicn is drained by the Coloredo Aiver system:
the San :sba River on the morth, the Colorado niver on the east, the Llano
River in the central part, and the Federnales River on the south, The
major stream drainage pattern was ; robebly initiated on an eastward-tilted
Cretacecus plain in lertiary time, The rivers and all but their mmaller
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tritutaries were later superimposed on the demod Frecambrian snu c8leo-
#ols rocks witk only clight departure from their original couries. The
rivers now penerelly rest wpon harder Frees:brian and teleogoic rocks,
the gsofter streto having been erveed. the Llanc River, which flows
eastward to mest vhe Cclorico River in Llano County, is locited from ,5
to 3 miles south of the -cuthern borcer ol the thesis area,

The princt;al stream of the thesis zred, Gomanche Creek, flows
over Procarbrisn snd ~aleoz ic reeks in a southeasterly cirectinn, dis-
rogariing ube siructure, and enters the Ilano River &t a point ,5 miles
south of the scutheest ccrner, AJl but the s uthwest and scuth-central
rorti'ns cf the ares are urairec by Comanche Creek andits tributaries.
These portions are drained by sualler scuthward-trenéing tributaries of the
1lano River,

Fanlts ané fault scarps are ctanging the general Jendritle
drainage pattc m ¢f some of .he miner streams to a more anjular pattern,

“he streams in the thesis area are gll intermittent, and only

during periods of heavy roinfall is water flowage in thase streams initi-
ated, Ranch tinka have veen bullt across gever2l ot the smaller creeks
in the area, and flowinz wells in the southwestern part maintein linitec
reols in several small creeks,

Comanche Creek anu many of its larger iritutaries have their beds
eovercd by thick layers of ungular gravel derived from the easily ercded

basement rocks,
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STRATIGRATHY

GENERAL STATFMFNT

Rocks of Precambrian and early Faleozoic age are exposed in
the Grossville School area. The age of the Precambrian rocks is not known
but has been postulated by Faige (1912, p. 25) and Sellards (1932, p. 31)
to be Algonkian, Flawn (1956, facing p. 68) has postulated a late Middle
Precanbrian age for tynse rooks, Until eonclusive evidence is presented,
however, this dating must remain uncertain. The Palsoscic rocks exposed
in the area are Late Cambrian in age, snd are separated from the under-
lying Precarbrian rocks by an an;ular unconformity, Lower and Middle
Cambrisn rocks are abcent in the entire Llanc region and throughout Texas.

The geologie oclumn for the thesls area follows:

Paleoczcic systems
Cambrian syster

A1lberns formation
San Caba limestone member
Point Feak shale mexber
Yorgan Creek limestonse member
Welge sandstone member

Riley formation
Lion Mountein sandstone merber
Cap Mountain limestone member
Bickory sandstone mexber

Precambrian rocks

Igneous rocks
Medlum-grained and fine-grained

granites

Metamorphic rooks
Gneiss and schist units
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PRYCAMDRIAN ROCKS
Precambrian igneous and metamorphic rocks are exposed in a
large porticn of the thesin area, mainly in the eastern and central parts,
Granite and gneiss predominate, but schist and pegreatite veins are also

found in varying amounts,
Meteporphic Rocks

Ceneral ‘tatement

The term Llano group was applied to the series of sedimentary
rocks exposed in the Llano region by waleott (1884, p. 431), who assigned
an Farly Cambrian age to the grcup, Comstock (1290, Po 558) was the first
to divide the metasedimentary rock group irto two units, the Valley Spring
gneles and the Packsaddls sehist, The type localities for these two unite
are both in Llano County, at Valley Spring snd Packsaddle Mountain, respsc-
tively, HNo definite thicknesses are glven for the units at either type
locality,

Palge (1911, p. 25, and 1912, p. 18) surmarized ithe geclogy of
the Llano region and reviewed the work which had been done in the area
previously. He redefined the above units and applisd the names to the
metarorphic rocks which he had mapped in the Llanc-Burnet area. Faige
gave an Algonkian (Froterozcilc) e;e to these rocks, MHe said that the
Velley 5pring gnelss was the older of Lhe twe, and that es-entially both

were originally sedimentary rocks which had been sub quently metamorph

He did say that possibly some of the metamorphic material in the Valley
Spring gneiss may have been ignecus originelly. Many of the rocks have
been altered by metamorphise to such an extent that it is wvery difficult
to determine whether they were originally ignecus or sedimentary,
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Jellards (1932, p. 32) agreed with Falge on the ralative ages of
the two formations, seying that the Valley Spring gneiss was the older.
Stensel (1932, p. 143), howevaer, after & study of the Va_ ley Spring gneise,
stated that it was ignecus in origin and younger than the racksaddle
schist, He described the yneiss es an orthognelss, intrusive, with con-
fcrrable contaote, intc the schist, The Packsaddle schist was thus the
only Frecaxbrian sedimentery fermation under this interpretation,

Sellards (1932, p. 32) defined the Vallay Spring gneiss as a
gneiss, mostly 1ight oolored, comsisting essentially of feldspathic and
quartzitic materials, He baeed the separation of the Valley Spring gneiss
from the overlying lacisaddle schist partly on the more massive character
of the gneiss and partly upon its greater content of felsic materisls,

He also stated that the gneiss mot only oontuins schist, but alsc grades
into the schist in such e way as to make definite separation in many lo=-
calities very difficult, if not impossible. 7This is especially true in
the thesis area, where in many places the gneiss grades into the schist
almost imperceptably, meking separaticn alwost impossible. (his same con-
dition is true throughout most of the western flank of the Llanc uplift,

Yellards (1932, p. 33) defined the rackssddle schist as a thick

unit of metamorpbosed sediments, originelly econsisting mostly of shales

with some dst and limest s into which acldic and soxe basic

igneocus rocke were intruded. The original sediments, being metamorphosed,
becawe schists - mica, hornhlende, amphibole, and graphite - depending on
the character of the roek from which thay were derived., The sandstones
were altered to gneiss or schizt, and the limectcnes to marble,

A third metamorphic unit, the Big Branch gneiss, a dark, fine-

to medium-grained, quarts~diorite gmeiss, was described by Barmes (1943,



Pe “5+56) from exposures alon. the Bip Branch of Cacl Creek in Gillespie
and Blanco counties, He stated that this gneiss intruded both the Packe
saddle achist and the Valley Spring; gmeirs, and thet it was in turn in-
truded by the gramites, pegmatites, and splites of the area.

Faige (1912, p. 33) recognized one other gneiss in the Llanc
regicn, at Hed Mountain, a granite ridge in the southeast cormer of the
Llano quadrangle. He said that this gneiss was formed almost certainly
by the metamorphism of intrusive granites, The granite of the ridge be-
comes rore ghelseoid northeastward until it can hardly be distinguished
from beds that are believed to represent sedimentary strata, Barnes (Rom~
berg and Barnes, 1949, Fig, 1) designatec theve rocks as the Red Hountain
gnelss, but did not describe them in detail,

In the thesis area, two main groups of netamorphic rocks, a
gneiss unit and a schist unit, have been recognized. As mentioned before,
the gneiss grades almost imperceptably into the sohiat in most places,
and, for this reascn, these two unita were not mapped ssparately. The
gneiss unit predominates and was mapped as the main metamorphic unit,
Definite schist localities were also marked on the accempanying geologie

map,

Gneiss Unit
1] latio
ihe gneips anit ir exposed in several pert: of ihe thesis ares,
‘he best exposures are found along hoth banks and in the bed of Comance Creek
in the scutbsast part of the area, ani at various localities in the north-
contral and northwestern parts. In the central, emst, and southeast por-

tions of the srea the gneiss is overlain unconformably by basal Hickory
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sandstone ae csits, while in the northwest -ortion it 1s adjacent to the
granites, In the northeast portion of the area scattered remmant: of
bazal Hickory eandatone are found on the surface of the cneiss unit, In
several ‘placer *he sneies is faulted against the "iekory member, and a few
miner faults which cut the gneiss only were located from serial photo-
graphs,

Alony Comanche Creek the gneiss is found in very large masses
or kncbs which protrude as much as 50 feet above the surrcunding topogra-
phy (Plste ITI, Pipure 1), This type of exposure does n-t predominate,
however, and in wost other places the gnelss is exposed cnly in low mounds
or as boulders, or else has been completely broken down, leuving a gently
rolling topography, with a few pagmatite remnants veing the only rocks
visible (Flate III, Fiure 2),

The color and mineralogic composition of the gneise unit are
very similar to thome of the Valley Spring gnelss. This identification,
if correct, would make the sneiss unit older than the granites in the
area, which are belng related tc the Town Mountain type. No actual contact
of the gneims with the rranites was seen in the &area, but the proximity of
the two units in several places with mo apnarent gradation suggests that
the granite is intrusive into the gneiss. wilson (1957), however, in the
nearby Big Bend of the Llano Xiver ares, has cbasrved and described a
transition zcne between what appears to be the : me granite snd gueiss units,
‘this, together with the fact that the mineralogis composition of the gnelass
iz very cimilar to that of the granites exosed in the thesis ares, sug-
costa a jossible igneous oripin for the gnelss as postulated by Stenzel,

slthough resulting from a later intrusicn then the one he sugpested,



Plate III
Surface Expression of Precambrian Gneiss

Figure 1.—14:'5}0 Precambrian gneiss mass, located on west bank of Comanche
Creek one-half mile south of ¥, Hoerster ranch house

Figure 2,-~Typical gently undulating topography of Precambrian gneiss,
locking northwest from a point seven-eighths mile northeast of H, Kettner
ranch house
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Megasgoplo depcriptiop

The gneiss is generally fine-grained, and has a light reddish-
pink color in fresh exposures, It weathers fairly repidly to light-brown
to reddish-brown colors. The minersls easily distinguished in hand speci-
mens are pink feldsper, colorless to cloudy quarts, and black biotite,
The feldspar grafne are most sbundant, probably comprising from 25 to 40
peroent of the rock, end they give the gnefsr 1ts characteristic pink
color. The rerainder of the rock 1s made up of quarts and bictite, to-
gether with smaller amounts of other minerals. The grain size is faire
1y uniform, ususlly being less than 1 mr., sxcept that the biotite grains
are very small, and are generally seen only as specks,

The gneiss is deeply weathered in many places, and the westhered
gnelss grestly resembles the wveathered fine-grained granite found in the
area, Blotite szeems to be absent on the weethered surfaces of the gneiss.

The foliation planes are very distinct in the gneiss unit in
several parts of the area, and strike and dip measurements vera obt iined.
Hicrogcopic gescriptiop

A8 the gneiss unit is extensively weathered in many places,
great care was taken to cbtain & hand semple from the ceater of & relative-
ly fresh boulder, wbich was f-und several hundred yards to the east of
Comanche Creek in the extreme southeastern part of the thesis urea, A
thin section out perpendicular to the foliation planes was preparsd from
this hand sample and studied.

The mineralrs found in the thin section were quarts, microcline,
plagioclase (andesine), biotite, orthoclase, apatite, 1lmenite, sirconm,
and sllanite (7, (Plate IV), Chlorite and leucoxene wers found as

alteration products,.



Plate IV
Photomicrographs of Gneiss

» A

j-h

Figure 1.--Photomicregraph of gnelss, showing some constituent minerals
(B - blotite, N - microcline, Q - quarts, I - ilmenite, L « leucoxene) (x20)

Figure 2,~-3ame as Figure 1, but with crossed nicols
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The most abundant minerals p in the thin secticn vere

quarts and microcline. The quarts was present in anhedrel grains ranging
from ,10 mm, to 1.3 mm, in dimmeter, the aversge being about .50 mm, The
extinction was generally undulatory and a characteristic first order white
tc gray interference cclor was evident in a majority of the graims.

Microcline was also very abundam, and, together with the
quarts, seemed to comprise at least 70 percent of the rook as seen in the
thin secticon. The microeline grains ranged from ,20 to 1.50 mm, in
diameter, the average being sbout .75 mn, These grains were easily identi-
fisd by their charseteristic "gridiron™ or "quedrille" structure,

Flagloclase was present in ambedral grains ranging from .25 mm.
to 1,10 mm, in diameter, the average bein; about .60 mm. Albite twinning
and the index of refracticn were the di=tinguishing factors used to
classify the plagioclase as andesine, the maximum extinetion angle measured
on an albite twin being about 16 degrses, and the index of refrsction being
greater than balsem,

Seattered anhedral to subhedral grains of pals green to brownishe
green biotite were also relatively sbundnunt, These gralns showed good
cleavage in one directicn, the extinctlon being parallel to the cleavage
traces. The absorption of these grains was stronger when the cleavage
traces were para.lel to the vibration plane of the lower nicol, The grains
were longer in the direction of clenvage, with a few grains reaching a
lenstk of about .80 mm. The average length was .45 mm,

Ortroclase was present in anhedrel to subhedral, generally
oolorless grains, averaging about .60 mm. in diameter. The dlameters

ranged from .20 t¢ 1.5 mm. The index of refraction of the grains was
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lower than balgam, and the interfarence colors seemed to be a little lower

© than those of the quarts grainas, Carlsbad twinning was very svident on
several of the grains, and was one of the characteristics used in identi-
fieation,

Jeveral fairly large, irregular grain: of ilmenite were promi-
nent, The grains were black and opaque, had a metallic luster, and an
average diameter of 1,00 mr, The chief characteristic used to identify
the {lmenite was the presence of an opague, grayish-white alteration
produst, leucoxane, which ccmpletely or partially surrounded several of
the grains.

Small, subhedral apatite grains wers slsc present, soms as ine
clusions in seversl of the microcline and plagiceclase grains, These
apatite grains had a very weak birefringence, anc sn averags diameter of
abrut ,1€ mm, omall quarts inclusions, :enerally sliphtly larger than the
apatite inclusions, were also present in many of the micrceline md plagio-
clase grains,

Several small graine of ziroon were present, generally as in-
elusions in larger grains of other minerals, usually bictite and quarts.
They were surrounded by strony pleochrolc halos, generally in the biotite.

A few reddish-brown grains which appearsd to be darker toward
the edger were also prement, These grains were generally less than ,10 mam,
in diaweter, They were surrounded by streng pleochroic helcs in the bio-
tite., Possible radicectivity was alsc exhitited by this mineral, especial-
ly in one case vhere a grain wae adjacent to a bistite grain and appearsd
to have broken down the surrounding area of the biotite and changed its
characteristics, This mineral was tentatively 1dentified as allanite (i),

which has besn changed to a metamict mineralcid.



Chlorite occured a: an alteration product, and was generally
closely associated with the bictite, The chlorite had a ocharacteristic
pale- to medium-green color,

Topography and vegetatlop

The gnelss unit in extrersly suscertible tc weathering ang very
oasil eroded, Therefors, in areas where the gneiss is exposed, a gently
reling topography is dominant. This unit generally forms lowlands, with
a few low hills compcred of more resistunt outcrops. wWeathered exposures
greatly resemble the weather.d fine—grained granite in sany places, The
pegmatites which are frund in the gmeiss unit are gensrally rora resiatant
than the gneiss, and quarts and microcline fragrents are found scattered
on the surfaces & the low hills, as well as on the lowlands (Flate V,
Figures 1 anc 2),

The land in most cases has been cleared of drush and appears
as low, rolling, grassy country, with a few trees dottinc the landseape.
The vegetation is penerally sparse and forms irregular patches, with
mesguite and eataclaw predeminating, Minor amcunts of egarita, prickly
pear, shin oak, cedar brush, %tasajillo, end variour rrasses nre also

found,

Schist Unit
Qcourrence and relationships
Good exposures of the schist unit are found in only a few parts
of the thesis area, Tha beet exposures are fcund along both bamks and
in the bed of Comanche Creek in the north-central and ceatral parte, In
most cases these schist exposures grade into the gnelss unit along the
etrike, and are of limited areal extent,



Flate V

Gneiss and Quarts Fragments on Precanbrian Gneiss Terrain

Figure 1,~5mall gneiss and quarts fragments on gently undulating Pre-

caxbrian gnelss terrain, located one-half mile northeast of ¥. Kettner
ranch house

Figure 2,-~large milky quartz fragments on Precambrian gneiss terrain, lo-
cated three-fourths mile northeest of H, Kettner ransh hcuse




Fal

A few falrly good exposures of the schist are found alon, several
of the larger tributaries of Comanche Creck. Txcallent eXpOSuLreE cecur
alcng thie creek irrediately to the north of the thesis srea and near the
U, S, Wirhuny 87 bridge.

The achist exposures seer to grade intc the gnelse unit in such
& way 3s tc make defin!te separation very ¢iffieult in rany caces, The
8crist arcas marked on the accempanyin: reclosic map sre thoee places in
which *he sehist unit !- fsirly well defined, Tn othrer placas only lso-
latecd patcher (r remnants of the schist are present and grcde into the
gneiss, In many places regratite veins and veinlets, comrosed chiefly of
quartz, have intruded the rchist (Plate VI, Pipure 1}, and in others the
schist aprears tc Le intercalsbted with hi hl - metamorphosed gnefsa (Flate
VI, FPizure 2),

In view cf the previcusly described ccrrelaticn cof the gnelas
unit Jith the Velley Spring cnelse, the sehist unit rny be tentatively
ccrrelstcd with the Facksaddle schist, The gradaticnal r-latirnshiyn of

the ymeiss and =ec'ist meniicned stove has been sald by Sellards (1932,

Pe 32) to ceour between the Valley Sprin: ;nelsc and the I'ackseddle schist

in rany parts of the llanc ares,
‘e idc deperirtic

The schigt i1¢ greerish~black in eolor on fresh rurfaces, with
thin white to cray parallel layers traversing the greenish-black matorial,
No definite cdetermination cf the minerals cculd be accomplished by a
regascopic study of the rock, but the greenish-tlack mineral which glves
the schist its csenercl eclcr &;pearc tc be horntlende, This mineral come

rrisee apiroximately 50 to 70 percent of the rcok. Abundant biotite is



Flate VI

Occurrence and Relationships of the Schist Unit

Figure 1,-~Pegmatite veins and veinlets intruding schist unit, located in
bed of Comenche Creek one-half mile northuest of F. Grote ranch house

Figure 2,--Schist intercalated with the gneiss unit, located in bed of
Comanche Creek one<half mile morthwest of F, Grote ranch house
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aloe precrent im some ewpcsures ¢f Lre schlst unit, bub there cxrorures are
very badly weathnr-ed, thus precluding the posaibility of obtainin: cood
tiin pection samples {rew them, lherefcre the thin <ectlcn semples ware
olteined “ror the hornblend: schist, ar it is herder anc less wenil.red,
Compared to the rnelrs, “he schlst contedns relstively srall ameunte of
foldsiar an yaert2 o olher .l ater oclored rinerals,

The sehiel le ergsrbadlllne suo ban a righly develcpec schi~tesity.

places il 4 nijhly eruweclicuted, widle in others i gplits very

¢ wooti-surimesa layers alon, .re ulrectlen of schistesity,
ani iy ~eun crumble uader 5114l pressura,
Aeather.d sirraces . .he schisl Tave e 1edlumeDrown t¢ rurplishe

black eoler, anu iron exide stalns are gulte com cia Ths schist iz hipghly

weathersd in many ; 16Ce8, e tus | recues. o deep, darv black refl,

lerescop intden

wWe samples of relulively frosh horabl-mee ochish were obtained
fror :sporate e coires 3everan hunured e b apart alon,, Comanche Croek at
the norinern limit ¢f the wreas .hln secuicus cul at ri it auples to the

foiiati-n were prejarc! frov 4 sangles nd rhudied.

i*e minerals zeen Ir Uell “hin sectiins serc ths same, hut the
gecticne cid aiffer dn groin size end facric, Une thin seetiin had a
resale fabrlc In which the :reins wore nesrly eguidiwenszicnal {(¥late VII),
Fhirp, siraiiht ccnlscls were evideul btotusen the aljacent .auins, which
had en avercye olameler of .15 m, he _raive tesmel Lr be more nlongated
anc &lijne¢ in th- oireeticu o elewpati . in the other tiin .ecti n, They
were gliso inequirrnuler, wits th: aversge ¢rain sise being about 430 mm.,

although the biotite ;[ rains elon;ated perallel to the cleavaje traces were

generally longer,



Plate VII

Photomierograph of schist, showing mosaic fabric (crossed niecols, x30)
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The piner.ls ©und in the thin sections were hormblende, uarts,
orthoolase, nagnetite, plarlcclase (andesine), apatite, gircon, sphene,
and elbite {., {llate VI.I),

Heratlende was the rort gbundent, minersl p, essrt ana scemed to
corprise ut seast 50 percrnt of Lhe mohist, as seen iz the -hin sections,
The schiet was thus classiied as hornblende sahist. Ihe Lornblende sralne
were pleochrode frer Ligctt pale sreen to dwrk brownish—gre.n, an. cceurred
both in besal sectirny snd ar (ruine -lemgrbed parallel bo the ClLeRVaEEe
traces, On uie elengutee  rins, the o tinetion urrles -esgured varled

from sbxut 10 . "G degreer, Twinning wee evident in meny o lhese grains.

Ihe extinebicz was sym-strical to *he alesvage traces in “he basal sec—
ticns, ihe clameler of the barel sections rangod fivm o158 m, to .60 Ty
the average Le.ny sboat .35 mm. The elongutsd praine rsnged from .30 to

1.5 mr, in length, the aversse bedn;, stvot 85 mm, Inelusions of nmall,
QoLOriess, suuttdroi te euhecra. rrains were ccrmon in the hornhl-ude and

in seversl i .k oiiL.c winersls, There inclusicns secmsd to have a biaxial
nepative (¥) interforsncs fisure, an! their incex of refracilen wus vary
close to Lhut of ialsam, 7he minaral wan eiiher orthealace 2T a slagloclase,

prebably altlte {1},
)

Luartz enc criteclase were Loth relstively sbunuani in the ackiat,
The quarts cccurree i siell, snhecral, enerally colorless praine which
usually had sm Jatery exbinetlin an. s first orier white o -rey inters
ference color, herw _raias renced froi .15 %o 1.6 mw. in dlameter, and
AVAraieq uioul 30 mm,

trihociase Was , resent in colorless to clondy, enhedral to

suchedral pralns, Uno relief was lower than balsam, ani several grains
& il



Plate VIIL

Photomicrographs of Schist

Figure 1.--Photomicrograph of schist, showing some constituent minerals
(b - hormblende, basal section; He - hornblende, cleavage grain;
0 - orthoclase; M - magnetite; Q - quarts) (x70) '
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Figure 2,--Seme as Figure 1, but with crossed nicols




showed cleavage traoces., Carlsbad twinaing was evident on some of the graims,
and vas used as & distinguishing charseteristis, A biaxial nsgative imter-
ferengs figure wes obtained from severml of the grains. The geaias ranged
from .10 to 50 mm. in diameter, the sverags being about (30 mm, Possi~

ble cscurrences of this mineral as inclusions have already besn menticned.

Many small grains of magnetite were detscted in the schist.

The grains were suhedrsl to anhedral, several distinot crystals being
evident, The grains were black and opaque, with s metallic luster, and
their average dlameter vas about .10 mm,, although it ranged from .04 mm,
to .20 mn, In most cases the magnetite grains were sdjscent to the horm-
blende, but this was probably accidental, ss the magnetite was primery and
not en alteration product ¢f the hornblemds.

Many anhedral to subhsdral grains of plagicclase, averaging
about .30 mm, in diaseter, also ogourred im the sshist. Albite twinning
and the index of refrmotion were the distinguishing characteristios used
to identify the plagicolase es andesins, The index of refraction was

greater than thet of balsam, and the 4 sxtinction angle d on
an albite twin was 19 degrees. A fev small grains of hornblends wers
found as inclusions in the plagioclase.

Small, subhedral to eubedral apatite grains occurred both as
isolated greine and as inclusions in other minerals. Theme graioe had
moderste relief, weak birsfringence, and an average dlamster of ebout .16
mm, A good interfersnce figure was unobtainable,

A few mmell sircom grains were also present, generully as anhedral
inclusions in larger gruins of other minerals, mostly biotite. Strong
Ppleocchroic halos surrounded most of the sircon grains, which averaged about
<07 =, in dismster.



Many srmall {rregular graine and euhedral crystals of sphens vers
present (Plste IX), many occurrimg as inclusions in the hormblends, These
grains shoved very high relisf, had s pale grayish-white color im ordimary
1ight, and were different shades of blue and yellow, vith an anomelows

blue coler p 13 ng, under d nicols, The irreguler grains
averaged about .08 mm. in diameter, whils the crystals averaged about .12
me, in length, and 04 mm. in width,

Tepogrephy 4nd verstation

Since the schist i3 very eesily eroded and therefore not well
expossd, no characteristic topography can be presented for this uwnit,
The hornblende schist produces a rich, blask soll, which iz very pro.
nounced in limited parts of the area,

Because of its limited exposures, no definite vegetational
charscteristics can be preszented for the schist unit. In gemeral, how
sver, the same type of vegstation found on the scils of the gneiss unit
may also be found on the scils that have been derived from the echist

unit,

lgneous Rocks

General Statement

Extensive granitic intrusions have invaded the Preoambrian sedi-
mentary formaticns of the Llanc Uplift, Smsller intrusions of mors basic
roeks, such as diorite and gabbro, are alsc found, According to Sellards
(1932, p. 33), the larger masses of the basic intrusives are in the south-
sustern portion of the region,

Faigs (1912, pe 25) classified the granites into thres types,
mainly on the basis of their textural differences. MNore recent studies by



Plate IX

Photomicrographs of Schist

Pigure 1.,--Fhotomierograph of schist, showing grain of sphene under
cross bhairs (x110)

Figure 2.,—~Same as Figure 1, but with erossed nicols




Eeppel (1940) and Goldich (1941) have lsd to a criticism of this type of
elassifieaticn, It has been recognized that textural gradations and con~
sentric textural patterns within single granite masces are common, and
thus a differentiation of types based chlefly on textural differences is
extrerely hezardous, This textural gradstion ig evlident in the thesis
ares.

Stensel {1932, p. 143 and 144, and in Sellards and Baker,

1934, p. 74~75) divided the Precarbrisn of the Llano uplift into three
series from the point of view of structure, the oldest being the "folded~
frame" metamorphic rocke, and the younger two being ignecus rocks, Thess
igneous rocks are the batholithio intrusicns, which ecmprise the various
granites and their aplite and pegmatite dikess and the later or younger
dike intrusicns, which comprise the opaline quarts-porphyry rucks and fel-
sites, O5tensel in turn divided the granites cf the batholithle intrue
sicns into (from oldest to youngest) the Town Mountain granites, cone
sisting of course-grained to porphyritic granites, commonly with sbundast
foldspara; the Oatman Creek granites, consisting of mediumegraiuned, gray
to pink, catwclastic granites; and the Sixmile granites, comaisting of
finer-grained, gray, bictite granites, A1l three names are from looali-
ties in central Llano County.

Two &ifferent textural types of intrusive granitss, a medimm-grained
granite and a fine-grained granite, are expo' ed in the thesis area, These
types do not represent two separate granitic intrusioms, but rather a
probable textural gradation within a single granite mess, In the thesis
area, as elsevhers in the Llanc regicm, the granite rars is ascompenisd
by pegmatite dikes and veins which are also exceedingly commcn in the
metamorphic rocks,
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Medium-Greined Granite
Qcqurxeuce and rejstionshipe

A pedium-grained greanite is exposed in the extreme northwest
porticn of the thesis area, This granite 1s probably part of a larger
granite rass locatsd fcur mlles south ¢f Mascn which was described by
Barnes, Dawson, and Parkinson (1947, p. 82)., According to them, the
freshest grenite 1s exposed slong a creek, with the granite exposure being
about 400 feat acroes, and with the cutcrop extending scutk of the creek
for about 70C feet before beiny overlapped by the Cembrisn sandstone,
Only that porticn of the granite exposed in the thesis area was mapped by
the present suthor, Ale ander (1952, Plate I) showed the granite mass
exterding several hundred feet to the west of the thesis ares before being
cut off ty the 3imon fault, The northern limit has not been deterzined,

In the thesls area, this granite is overlapped on the south amd
acuthwest by the Hickory sandstcne mewber, There 1z evidence that the
granite grades intc a finer-grained tyje toward the sdges of the exposure,
Thie 13 ecpecially true to the southeast of the main medfum-grained mass,
Here the fine-prained granite is adjacent to the medium-grained granite,
enéd no abrupt change is evident,

No actusl contacts, elther concordant or discordant, betvsem the
granite and the gnelss, are evident in the area. The proximity of the
twc units in several places, however, seems tc indicate that the gremite
is intrusive into the gneiss, If intrusive, the medinm-greined granite is
definitely yourger than the gneiss and other metemorphic rocks and probably
of the same age as the fine-grained yrarite, the textural difference being
the result of gradatiom within one mass.



Barnes, Cawscn, and I'arkinscn (1947), although describing the
medium-greined granite mass, 4id not sttempt to correlate it cirectly with
one of the three granite divisions of Stenzel (1¢32, and in Sellards amd
Buker, 1934). They have, however, described it as a smaller unnamed mass
under the general hsading of red and pink granites. This would seem to
relate the granite with the other pink, mediwm- to oourse-gralmed granites
in the Llano region, which have been called the Town Mountain by Sten
zel, Alsc the mineralogic compo-itivn of the granite in the thesis area
1s very similar to that of a typical Town rfountain granite, the Pnchanted
Roek bedy, which contuins micrecline, plagicclase, quarta, blotite, horne
blende, magnetite, titanite, apatite, zirecn, sericite, and chlorite (Barnes,
Dawscn, and Parkinson, 1947, p. 45). It is alio very similar to that of
other known Town Mountain masces, According to 3tenzel, the Town Moum~
tain granite is the oldest in Lre Llano regicn, Flawn (1956, p. 27) dated
the ace of the batholithic intruslons in the Llano regicn at 1,000 mil-
lien years, which weuld glve them a later Miucle Precambrian age accord-
ing to his chart (1956, facing p. 67),

L e 1o

This granitc is medium~ to coarse-grained and has a pink to
red general appesrance with black sjots, The minerals easily scen im a
hand specim-n are elear tc cloudy quartz, trown to black bictite, redium
to large pink to red feldspar grains, andé black hormbiende. The minerals
seem to be fairly well distrituted, with the feldspar preins beiny most
prominent, ocomprising about 35 tc 45 percent of thu rook, and giving it
the pink to red genmeral color. *qual parts of quarts and biotite make up
211 but about 5 to 10 percent of the remainder of the rock, with this part
being composed of hornblende sud other acoessory snd related mimerals,



43

The average crain size ranges frcm 5 to 7 rr, Some of the falde
spar grains ars slightly above this average, several being as large as
20 rm. in diameter, The quartz, blotite, am other grains compensate for
this by generally belng s}izhtly under the average, Several pegmatites
were obscrved in this ;ranite,

The rock teccres 1izht pink to gray on weathering, and becomes
scmewhat frisble, The granite 1s dweply weathered in most places, and the
weathering ic esreclally evident at the granite quarry at the Jjunctien
of Farm Road 1723 and the Jares River rcad (Ilats X, Figure 1), The bic=
tite is almost entirely abseat cn the weatrered surfaces and its sus-
ceptibllity tc mlteraticn is prebebly the chief causo of the intense
weatbering evident in the granite, Bofore the granite could be used as
butlding stene, rne foot or more of the =urface materisl weuld have to be
discarded.

Aceording to Rarnes, Dawasrn, and Errkinson (1947, p. 85), the
main joints in the 7r nite mass trend ¥, 22° ¥, and N, 72° 7., and other
rather prominent Joint directicns are also present, This author obaserved
several different joint directions in the granite, the main joint directioms
mentioned above being prominent, Barnes, Dawson, and Parkinson (1947,

D. 85) also reportsd that the granite takes e good polish,
M 15 egerintio

Great care was taken to cbtain the frestest possible pample of
the pranite from which & thin secticn eculd be prepared. The sample
described in the following paragraphs was cbtalned fror the center of a

nearly frrsh boulder nerr the pranite quarry,



Plate X
Surface Expression of Medium-G rained Cranite

Figure 1,~-Quarry in medium-grained granite, located slightly east of
Farm Road 1723, in extreme northwest cormer of thesis area

Figure 2.-M.‘Im—grai§nd granite boulder, located in same area as given
for Figure 1




The ainerels found im this thin section vere microcline, plagio-
slase (oligoclase), quarts, biotite, bornblends, sircon, and magnetite
(Plate XI). Chlorite formed by alterstion was found, and microperthite
was also common, Barnes, Dawson, and Parkinson (1947, p. 85), in eddition
to the above essentia] minersls, reported the pressnce of apatite,
fluorite, and a fow crystels of altered allanite, They alsc reported ser-
icite and caloite es minerals formed by slteration, and the presence of
micropsgmetite, Although these minerale wers mot observed in the partiou-

“lar thin section stuwiied by this writer, they would probably be found if
ssveral this sections of the granite had been prepared and studied,

The most abundent mineral present in the thin section was
miorocline. It wes colorless and generally present in anhedral grains.
This minersl was easily distinguished by its characteristic "gridiron*

or "quadrille” polysy io twi The 2ge disneter of the grains
vas 1,0 m,, dut ranged from .25 to 2,15 mm, Small quarts inclusions were
present in several of the micrccline grains, In many cases albite was
intergrown vith the microcline to form "microperthite,.”

Albite twinning was the distinguishing oharacteristic used to
olassify the plagioclase as oligoclase, the largest extinection angle
measured on an albite tvin being 11 degrees. Carlsbed twinning ves slsc
found in & few grains, The grain diameters ranged from ,20 mm, to 1,75 -, ,
the aversge being about .50 mm,

The quarts generally odcurred in amhedrel grains with an average
diametar of .75 mm. Large single grains reached 2,25 mm. in dizmeter,
and small grains found in groups were sometires omly .30 mm. in diaceter,
A few basal sections of the quariz were found which gave fairly good inter-



Plate XI

Photomierograph of medium-grained granite, showing some of the primary
minerals (Crossed micols, x 30)

(0 «~ oligoclase; B ~ biotite; Q - quarts)
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ferense figures, A characteristic first order white %o gray interfersnes
solor vas evident, and the extinotion was irregular or undulatory, No
cleavege or twinning ves found,

The blotite occourred in subbedral to anhedral grains, pleo-
chroic from 1ight greenish-brown to dark yellow=b: Good el

was shown im one direction (001), A distinctive oharacteristic of the
grains was that the absorption wes stronger when the clsavage traces
wers parallsl t¢ the vibration plane of the lower nicol. The grains were
naturally longer in the directicn of cleavage, with a few graina reach=
ing a maximum length of 4 mm., The average length was 1.5 mm, Much of
the biotite was altersd in some degree to chlorite. This chlorite had
a dull green eolor, showed weak birefringence, and usually partially or
totally surrcurkied the biotite grains. Ziroon imolusions surrounded by
etrong pleochroic halos were found in some of the biotite and quarts
grainas,

A f% anh 1l to subhedrel, greenish-b: hornblende grains

were found, and identified by their characteriatic cleavage in two direc-

tions at angles of 56 and 124 degrees. This cleavage and other character-

istics were rather hard to distinguish, howsver, and in most cases the

hornblende appsared to be somevhat altered. Considering its relative

abundance in hand samples, the emell amount found in the thin section

probably does not represent accurately the amount of hornblende present

in the granite, and other sections probably would show a greater abundanoe.
4 few small, irregular xagnetite grains im the thin section

were identified by their characteristic black color and their opagueness

even in thin secticn, They averaged edx ut .30 mm, in dismeter,



ZIepogruphy and vegatatlon
4 distinctive characterigtic of the medium-grained granite im

the thesis area is its susceptibility to weathering. As menticned before,
this characteristic is shown especially well 4n the granite quarry acuth
of Mazon at the juncticn of Faym Road 1723 and the James River road, Here
the granite 1s deeply weathered, and rubbing it will cause the surface
material to easily fall away, As o result of this veathering, layers of
granite wash or “grus® from a few inches to several feet thick may over-
14¢ the bedrock (Plate X, Figure 2). In other parts of the ares, the
granite is exposed in small knobs, sometiies as large an small ridges,
with a resultant slightly to moderately rolling or undulating topographye
Irregular beulders genarally make up these kmcbs and ridges.

Sparse to moderate vegetation is found om the medium-grsined
granite areas, The vegetatlon consiste primarily of shin oak and post
oak and mesquite, together with sseller amounts of Spanish dagger,

prickly peer, tasajillo, and various gresses,

Fine~Grained Granite

Qocurrenge snd relatlopshies

The fine-grained granite is exposed in the morth-cemtral to
northwest portion of the thesis area, where it is found in saall knobe
composed of irregular boulders, The granite 1s overlain on the south
and weat by lower Hickory sandstone, On the east and north it is gensral-
1y adjscent to the gneiss, but no sctusl ocontact with the gneiss vas
found, To the north snd northwest the granite appeers to grade into the
medium-grained granite, Several fsults bring the finewgrained grenite
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inte fault o ntact with lowsr tc middle Hickory sandstons in some parts
of the area,

The assumption bas previously been made that the medium-grained
granite snd the fine-grained granite are componsnts of the same granite
mass, Thus the correlation of the medium~grained granite with the Towm
Mountair granite would also hold trus for the fine-grained granite, giving
it a late Hiddle Precazbrian age.

Hegaagopic degqription

This granite is fine- t¢ medium-grained and has a pinkishersd
general appearance with black spots. Both the minerals and their proe
portions seen in a hand specinen are the same as those of the medium-grainsd
granite cemcribad previcusly, with quartz, bictite, feldsper, and hornblende
predorinating,

The grzin sise is fairly uniform in this granite, the greins
having an average dlameter of 3,5 mm, The feldspar grains are generally
slightly longer than the others, averaging about 4.5 mm. in length,
Fegmatites were observed in this ;ranite in several places,

The rock becomes friable and light grayish-pink on weathering,
The weathering characteristics described for the medlumegrained granite
hold true for this grenite, and deeply weathsred fine-grained grunite
boulders lying in & deep granite grus are found on the Xilton Zesch proper=
ty just scuth of Farm Road 1723,

Joints, althouch mcre obscure in this yranite, In general ap=
proximatsly followed the trends described for the mediuwm-grained granite,
Moreacontc desgription

4 thin sectlon of the fine-grained granite was obtained from a
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sanmple soquired from the oenter of a nsarly fresh boulder located sbout 50
feot to the sast of Parm Road 1723 approximately one-half mile south of
the medivm~grained granite quarry,

The fine-grained granite has essentially the same mineralogis
eomposition as the mediumegrained granite. Only a few sxasptions to this
sinllarity vere moted,

Mierceline, plagicclase (oligoclase), quarts, and biotite were
the primary minerals found in the fine-grained granite (Flate XII), The
dismeter of the microcline grains ranged from .20 to 1,75 mm., the average
being .60 =, The quarts grains were generally smaller, averaging about
+50 mm, in diameter,

Many extination angles were measursd on ths slbite twins of the
plagicalase, the largest being 10 degress, This olmssified the plagio-
clase as oligoclase, The grain dismeters ranged from .15 mm, to 1.25 mm.,
averaging about .50 mm,

The biotite grains, although olongated, were gemerslly small
in size, the average length being .35 mm, The range in lengths was from
+10 ==, to .90 mm,

Only a few traces of hornblende wers svident im this thin section,
The hornblends was more abundant in hand samples, howsver, snd additional
thin sections would probably show 1t in larger smounts,

Small quarts crystals wers found as inelusions, gensrwlly in the
microcline grains, Smalil, isolated sireon graius, with characieristie
pisochroic balos, were present in & few quartz grains, Chlorite was found
as an slteration product, generally associated olesely with the bictite,
Microperthite vas alsc evident, apparently in wore sbundance tham in the
medium-grained granite, KFo magnetits grains vere evident in this thia



bl

Plate XIX

Photomierogreph of finewgrained granite, showing some of the primary
minerals (crossed niccls, x20)

(M ~ miorocline and microperthite, B = biotite, § - quarts)

-
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section, but probably weuld ve found if aduiticnel thin secticns haa Leen
prepared and studled.
lo o 2 retation

Yhe fine—pgrained granite is penerally more resistunt than the
medium~yrained granite, onc 1t {e usually found in knebe or boulders,
e stly smaller than those of the medium-grained grenite, ihe weathered
fine-gruised granite is very similar to the weatiersd ynels: Jound in the
area, & flat to moderately rolling topography is usually eviaent where
this granite is found,

The vegetatlion ic eseentially the a.me as that found on
wedium-gruined jranite areas, It econsists primacily of kesquife und
various iy;ee of cal, with smaller amcunts of Spanish dag-er, tasajille,

prickly pear, Mexican persimmon, and warious prasses,

Pegmatite Dikes and Veins

Hany pegmatite dlkes, veins, ana veinlets composed of quarts
and feldspar cocur in the renites, ¢neiss, and schist. lhese pegmatites,
especially the quartz pegmat_tes, arc much more resistant Lhan tle gnelss
and pchist, and occur ss remnants scattered over the characteriitic low
undulating topography, az seen on the Francis Xetiner property just south
of U, §, Bichway 87, In several instsnces the sirike ol the quarts veins
was measursble, and wag {~und %o approximate a yeneral K, 70° 4. direction,

The guarts of the pagmatites has been intemsely [ractured, and
48 generally waseive, and white, although in some areas il is stained by
abundant iron cxides. Pink and red microcline yrains comprise the felde

apar, rany of thes grains'roacl;iﬂé. diameters of two or more inches,
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Bay_Formilen

Definition amd Thickness
In the Llano region, rocks of Late Cembrianm age rest uncon-
£ ly on the Pr brian b t, These rocoks belong to the Riley

formation, which contains the lowest Palsosole strata in the Llano
region, Cloud, Barnes, and Bridge (1945, p. 154) proposed the neme Riley
formation to include all the Cambrian styata in central Texas that lie be-
lov the Wilberns formation, They designated three units in the Riley
formation, namely, from base to top, the Hiokory sandstons member, the :
Cap Mountain limestone mswber, snd the Lion Mountain sandstone member.
The above-defined Riley formation should nmot be confused with the "Riley
series,” involving some of the same rocks, used by Comstook snd Dumble
(Comstook, 1890, p. 564). This term has sinos besn rejected for use in
the claseification of the United States Gsclogical Survey.

The Riley formation is nemed for, and has its type locality im,
the Riley Mountains of llano County, vhers the rembers sre

very well exposed, The total thickness of the formation in the Moore
Hollov area of the Riley Mounmtains, as measured by Cloud (Cloud, Barnes,
and Bridge, 1945, p. 154), is 180 feet, Dus to the very irregular topogra~
phy of the Precaxbrian ercsi:nal surface, the thickness of the Riley
formation in other measured sections is highly wariable, and generally
ranges from about 600 fest to almost 800 fest, but it may be less than 200
feet. This latter thisk is d in San Saba

County, where the Cap Mountaim limestons mamber rests directly on Precsmbrien



rocks, The average thickness of the formaticn, according to Barnes and
Bell (1954, p. 36), is sbout 695 feet, The formation is thickest in
southegstern Llanc County and 1a thinnest in the northwestern corner of
the Llanc region, In the Grossville School area, the thicknese of the
Riley formation is estimated to be about 715 feet,

Bickory Bandstone Member

Refinitdon and thigkness

The name Hickory was first used by Comstook and Dumble (Gom-
stock, 1890, p. 564) as s series, named for Hickory Creek, in Llsmo
Gounty. FPaige (1912, p, 42) revised it to the Hickory sandstone, The
unit wvas finally brought to its present member status by Cloud, Barnes,
and Bridge (1945, p. 154), vho lowered the upper boundary of Paige's unit,

Bridge, Barnes, and Cloud (1947, p. 112) gave the Kickory sand-
stone pember an average thickness of about 360 feet, with a range of from
about 415 feet to a fut:hor edge, Ais stoted by them, this variance in
thickness is due to the variation in Precambrian topography, depositiomal
irregularities, and latersl gradation of the upper beds to limestons, The
measurement of the complete member in the Grossville Sokool arec oculd
not be accomplished due to the nature of the exposures, but the total
thickness is estimated to be about 400 feet,
Adshelogy

The Eiekory sandstone member is exposed im a large part of the
thesis ares, Most of the member is exposed, although a complete section
is not found in any one part of the area,

The Riokory member is essentially a marime, yellow-browa to red,
medius-grained sandstone that is very rich in iron oxides (limonite and
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bematite), It is generally monsalcareous and monglawconitic,

The Rickory sendstone was deposited on an eroded Prosambrisn
surface of very high relief. Bridge, Barnes, and Clowd (1947, p. 113)
estizated as much as 800 feot of relief in scme portions of the Llamo
regicn at the time of depcsition of the Hickory member, Thus, it is
readily understood thet its thickness varies greatly from place to plaee.

The besal Hickory sandstons is a light gray to yellowishebrown,
thick- to massively bedded, coarse-gruined sandstons, Cross bedding
{Plate XIII, Figure 1) is sometimes evident in these lower beds, end
continues cn up into the middle portion of the member. Large quarts
grains or pebbles are found in these basal beds and wers probably re—
werked from the underlying Frecambrian rocks. These large greins range
from subangular to rounded, and are found in irregular bends, The siss of ;
the grains decreases above the base, The rock is very hard, almost
quartsitic, in scme places, but 1s soft to friable in others, depending
on the abundance of cementing material, Several large pebhles, 3.5 inehes
or more in diareter, are found in the thesis ares, and even larger cnes
have boen reported elsevhere, The pebbles are often wind-faceted and
stained by the abundant iron oxides, Seversl pebbles have as many as
six faces, although most of them have only two or three, Some original
erystal faces are recogniseble on a few of the pebbles, indicating the
possibility that the faces cn many of the other pebbles are alsc original
oerystal faces that have been frosted by wind acticn, These ventifacts are

usually found near the Hickory dst - Pr brisn rock tact in

the thesis area, and are especially well exposzed at the contact near the

Francis Kettner farm house,



Plate XIII
Sedimentary Features in Hickory Sandstone

Figure 1.~Cross bedding in Hickory sandstone, located on west bank of
Comanche Creek one-eighth mile seuth of ¥, Kettner ranch house

Figure 2,~Ripple merks in Hickory sandstone, located one-sixth mile
south of M, Simon ranch house




Thin beds of fine siltstone and shale are interbedded with the
sandstone (Plate IIV) in the lower-middle and middle portions of the mem-
ber, and instraformational oonglomerstes are alsc sometimes present. The
beds are soft to medium-hard, and the grain size ranges from fine to
medium, with a few larger subrounded quarts grains still cecurring.
Fucoids (possibly seaweed) show as ridges on the surfaces of some beds,
and ripple rarks (Plate XIII, Figure 2) are alsc evident in this part of
the seetion, FPhosphatiec brachiopods, rwstly Lingulg, ere abundant in
this part of the member,

The upper part of the middle Hickory sandstone is & thin- to
medium-bedded, dark, brownishepurple, well-cemented sandstons gontaining
bard, rounded, medium, poorly sorted mand grains., Abundant hematite
gives a characteristic purple color to the beds, A few phosphatic
brashiopods are scattersd in these beds, but they bsoome decldedly sparse
in the upper portions of the member,

The upper Hickory sandstone consists of dark brown to dull red,
magsive ssndsione, with rounded sand grains cerented with ferruginous
cement, This portiun is gensrally less resistant, easily weathered, and
often oultivated., It is much righer in iron oxides, and many of the quarts
grains are colored by homatite., Very small spherical balls or bean shaped
bodies of hematite present in this part of the merber may represent oxie
dised glauecnite, Very thin shale partings lle between the sandstone
layers and nay te coated with caliche, The renber becomes slightly cal-
oarecus towarcs the top, 4 deep red scil, tke result of abundant iron

oxides, 1s characteristic of this part of the mexber,
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Plate XIV

Figure 2

S1lty beds in Hickory sandstome, logated on west bank of Comanche Greek
one-fourth mile south of F, Kettner ranch house
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Zomegrachy and vegetation

The Hiokory sandstone menber is generally characterised by low
topographic relief, due to the rapid disintecration of the sandstone,
Both the lower and extreme upper portloms of the member weather to form
level sandy soils which are utilised for farming, The Hickory member slso
contalus well-cemented sandatcnes, however, which do mot weabher easily,
These sandstones have rather bold topographic relief, and usually form
gentle cusstas and isolated hills, as secn in the western part of the
thesis area,

Vegetation is necessarily sparse on those parts of the Hickory
sandstone merber which have boen cleared, with only aclumps of grasses and
mesquite trees being present yenerally. lense vegetaticn, consisting
wainly of several types cf oak, along with wesquite, Spanish persimmon,
prickly pear, tasajillo, and various grasses, makes passage diffficult
where the lanc has not been cleared,

Cap Mountain Limestons Member !

Refinitlon and thicknesg

The Cap Mountain limestone member, as now recegnised, is a
redefinition by Cloud, Barnes, ami Fridge (1945, p. 154) of the original
Cap Mountain formation, as defined by Paige (1911, p, 45). Paige's forma-
tion included the present Lion Mountain sandstone member at the top, with
the lower boundary scmevhers above the present top of the Hickory sand-
stone, Thus, the mexber, as presently defined, includes fewer strata at
the top and more at the base than Paige's original definition,

The typs locality 1s at Cap Mountain in eastern Llamo County,
According to Bridge, Barnes, and Cloud (1947, p. 113), the thickness of



the member ranges from 135 to 455 feet, with an average thickness cf about
280 feet., The varimticn in thickness is cdue mainly to the gradsticn of
the lower beds laterally into the underlying Hickory sandstone member.,
The C2p Mountain limestone merber is well expozed in the thesis ares, and
its thicknese is estimated to be about 250 feet. Duvall (1953, p. 26)
estimated this thicknens for the member in the South Mason-Llano River
arem, just to the west,

Lithology

The dark red tc brown, noncalearsous candstones of the Hickory
mexber grade gradually into the lighter brown, arenaceous limestones of
the overlying Cap Mountain member, and the contact is very difficult to
distinguish in the thesis area, The essentinl factor in differentiation
is the calcium carbonate content; the ferruginous cemsnt of the Hickory
sandstone decreases steadily while the caloareous cement increcaes. Thus,
the vandstcne becomes increasinply harder as it srades upward into sandy
limestone, The contact is generally picked st the base of the first pre-
dominantly caloareous bed, Small caloite grains, possibly cavity fillings,
are evident, snd their first appearsnce can be used to supplement the
baris menticned ebove for determination of the contact, The sharp topo-
graphic and vegetational break st the comtact menticned by Bridge, Barnee,
and Cloud (1947, p. 113) is not too evident in the thesis area.

The Cap Mountain member is assentially a fine-grained, medium-
to raesively bedded, sandy limestone. It is light ten to yellow~brown om
the fresh surface, and weathere to a brownishegray or pink color, Limonite
stains may be present, The lower part of the mewber is made up of al~

ternating layers of mediumegrained, brownishered, arensceous limestons amd
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calcareous sancstohs, Scattered calcite and glauconite graine are present,
Higher in the wevber, the limestcne layers becore fosailiferous and com=
tain 2 few phosrhatic brachiopods, and the sandstone layers becore thinner,
finer—grained, lighter in color, and almost abssnt in the upper reaches,
althcu? some [ine-graired send stringers dc persist threughout it, The
limestone becomes gramular and ma:sively bedded, A chsracteristic POPOT=
ty of this part of the member i{s the precence of brcwn spois, probably
limonite, scattered in the tan to grayish-brown, bedded limestone. This
gives a mottled eppearance to the becs which is similar to parts of the
San Saba limeatone member.

The bedding of thie member 1# generally better exjosed than
that of the underlyin; Fickory member because of the hirher calcinm car-
benate content, Thue, prominent limestrne lnd-es, many of which exhibit
koreycombed surfaces, arc distinctive characterictics, and constitute
most of the merber, They cap meny q{ the low rolling bille in the southe
western part of the thesis ares, Th; ledzes show. the affect of Jointing
in places and may break off in bledi:s', gensrally in the lower, more
arenececus porticns of the member,

The dsereese of limonite in *ne upper parts of the member makes
the ¢olor lirtter, The limestone is enerally brownish to pinkish-gray,
fine~ tc redium-grained, glauconitie, =1lightly fossiliferous, and much
less sandy than the lower porticna, Also, there are sorme thin ghala layers
near the top of the member,

The contact of the Cap Mountain limestone member with the over—
lying Lion Mountain sandstone merber is transitionsl snd has been pioked
on topogrsphic and vegetaticnal changes, as vell as ch in the app

and ocontent of the beds.



Tovograchy and vegetation
The Cap Mountain limestone member is gensrslly resistant and

ususlly forms hills or cuestas where it crops out, as is seen in the
southwestern part of the thesis area, The basal beds weather to produce
level sandy soils which may be found in some areas, with the overlying
beds forming the cuestas,

The vegetation is rather sparse on the lower level areas, with

& and tt meaquite pr ing, but 4s relatively thick on
the cussta scarp slopes. Vegetation on these slopes generally consists
of mesquite, scrub oak, Mexiocan persimmon, Spanish dagger, tasajillo,

prickly pear, and catsclaw,

Lion Mountain Sandstone Mexmber
Definition snd thicknsos

The Lion Mountain sandstone was nawed as the uppermost member
of the Cap Mountain "formation" by Bridge (1937, p. 234), It vas nemed
from Lion Mountain in the northwestern part of the Burnet quadrangle.
Cloud, Barnes, and Bridge (1945, p. 154) retained the unit and type lo-
oslity, but mede it the top member of the Riley formatiom, since Cap
Mountain as a formation name had been dropped,

The thickness of the Lion Mountain sandstone member is only
about 20 feet at the t:pe loeality, It extends throughout the Llamo
region, however, and attains s thickness of 50 or more feet 1in other parts
of the region, It is well exposed in the thesis ares, where a thickness
of 64 foet was measured, An unusual thickness of 106 fest of Lion Moun-

tain sandstcne about four miles northwest of the thesis area, as measured



by Alexander (1952, p. 35), may be due to repetition by faulting or um-
certain determination of boundaries,
Ldthology

The contact of the Lion Mountain sandstone member with the under-
lying Cap Mountain limestone member is gradetional and therefors not very
distinot, The contaot is picked on the basis of both topographic and vege-
tational changes, and is generally mapped at the lower limit of a chare
acteristic sparsely vegetated bench. The Lion Mountain sandstone beds
weather moro easily than the Cap Mountain limestone beds, and the contact
is usually marked by a change from the searp slope of the Cap Mountain
momber to the relatively flat weathered surface of the Lion Mountain

ber. Ch in the of the limest are sometimes char-

acteristic, and a purple color is a good indicator of the Lion Mountain
mexber, The Licn Mountain member 4s compossd of thinmer beds than the
upper part of the Cap Mountain member, and is also coarser and much more
sandy,

The Lion Mountain member is easentially a sosrse-grained,
glauconitic, caloarecus sandstone, The abundent glauconite 1s an important
characteristic, es no other mwembers exposed in the ar-a gontain as much,
The lower part of the mamber ccntains tangential lonses of limestone com-
posed easentlally of abund trilobite fregments and som« brachiopod

fragments ("trilobite hash®), The lsnses are light gray to durk green in
color, well-cemented, very glauconitic, and often cross-bedded, Some
thin beds of siitstons and fine-grained sandstone occur above these lenses.
These beds are generally soft and weather eanily,

The upper portions of the member consiot of thine to mediume



bedded sandatons whieh gontains a few phosphatie brachiopod fri ]

This sandstone is highly glauconitic and weathers to a dull green or dark
grayish-brown, while the fresh surface shows & lighter oolor, with glauccnite
very evident,

The Lion Mountain sandstone ground surface is easily recog-
bisable due to the abundant ocsurrence of "ironstone psbblea” dotting
the landscepe (Plate XV), Thess mumorous, rounded, dull to shiny black
pebbles are composed essentially of hezatlite and sand, and are believed
to be veathering products of the glausonlte,

A disconformity marks the upper Iimit of the Lion Mountain
sandstone member, a disconforeity which also marks the upper boundary of
the Riley formation and the lower boundury of the Wilberms formation,
Iopegrachy and vegetation

The Lion Mountein sandstone mvmber topographically forms a
beneh of variable width above the Cap Mountain limestone member. Due to
this bench and its characteristic vegetation, the member has a Gistine-
tive appearance on serial photographs, appearing as a light band of varia-
ble width, generally narrow., It can be confused only with the bench oo=
ourring at the top of the Hiekory member,

The typieal bench formed by the Lion Mountain member has clusps
of scattered vegetation, making it distinot from the uniform vegetation of
the overlying and underlying members, For the most part, the vegetation
pre: ent oonsists of grasses, Mexican persimmon, scrub oak, prickly pear,
tasajillo, and scattered mesquite,
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Figure 2

Typieal sparsely vegetated Liomn Mountain s andstone bench, with trilobite
hash fragnents and hematite nodules, located one-third mile north of
A, Schmidt ranch house




¥ilberny Fornation

Definition and Thickness

Cambrian rocks of the Wilberns formation lie above the Cambrian
Riley formation and immediately below the Ordovician Ellenburger group,
Paige (1912, p. 46) originally named and described the Wilberns formation
from exposures at Wilberns Glen in Llano County, 7This original unit did
not include the San Saba member of the present Wilberns formation, In-
stead, the San Saba member, although recognised by Paige as being of
Cambrian age, was placed in the Ellenburger group because of lithologie
sinilarities and the difficulty involved in determining the Ellenburger—
San Saba contact. Paige's (1912, p. 46) lower boundary has persisted, but
the upper boundary was redefined by Cloud, Barmes, and Bridge (1945,

p. 150) and placed at the top of the Cambrian, The present five gradational
menbers of the formaticn wers described in detail by Bridge, Barnes, and
Cloud (1947, ps 114~123). The fifth member, the Pedernsles dolomite
member, is not present in the western part of the Llano regicn,

According to Bridge, Barnes, and Cloud (1947, p. 114), the
thickness o the Wilberns formation in the L}Anc Uplift region generally
ranges from 540 to 610 fest, In the southeastern corner of the regiom,
however, it is onl. about 360 feet thick, due to trunmcaticn and discon—
formity at the upper part. Uiscounting this area, the average thickness
is about 580 feet, The thickness of t..ha formaticn in the Grossville
Se-col arca is estimated to bs about 313 fest, but this is not a full sec~
tirn, e 8 few feet of the basal San Saba member constitute ths highest
part of the Wilberns formation in the area, Most of the San Saba member

has been eroded. Alexander (1952, p. 37) measured 625 feet of Wilberns
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formation in the South Mason area, and Duvell (1953, p, 32) measured 596
feet in the South Mason-llano River arca.

Welge Sandstone Mamber
Definition and thicknees

The Welge sandstone member, the basal mamber of the Wilberns
formation, was named by Barnes (1944, p. 34) from strata exposed in the
Welge land surveys between Threadgill and Squaw Cresks in Gillespie
County, The wenmber was firat desoribed fully by Bridge, Barnes, and
Cloud (1947, pe 114).

According to these authors, the thickness of the member at its
type loeality along Squav Cresk, balf a mile north of the Gillespie County
line, is 27 feet, The thickness ranges from 9 to 35 feet throughout the
Llano region, averaging 18 feet, The northern and western ends of the
region contain the thicker sections, 4 thickness of 19 fest was zeasured
in the Grossville School area, Alexander (1952, p, 37) measured thicke
nesses of 26 anc 29 feet in the Scuth Mason area, and Duwall (1953, p. 32)
neasured 17 feet in ths South Mason-Llanc River area,

Lithology

Excellent exposures of the complste Welge sandstone section are
present in the hilly scuth-ceniral portion of the thesis ares. The oone
tact of the Welge member with the underlying Lion Mountain member is very
distinet and easily traced in most parts of <he area. In certain plases,
however, weathering of the lower beds of the Jelge sandstone has casked
the contaet (Flate XVI, Figure 1), and the contact in these places s
usually picked on the basis of a vegetailonal change, the vegetation of
the Welge member being much denser.



Plate IVI

Surface Expression of Welge Sandstone Member

Figure 1,~Masked Lion Mountain sandstons - Welge sandstone contact, loe
cated one-third mile morth of A, Sehmidt ranch house

Figure 2,--Weathered Welge sandstone ledges, located west of Farm Road
1723, seven-eighths mile northeast of A, Schmidt ranch house




The Welge rember ie a rather uniform fine- to medium-grsined,
well-cemonted sandstone, A charactcristic of the quarts graius is their
degres of roundness, which is usually greater than that of quurts grains
of the Hickory sandstons, The sand grains aleo have a higher degree of
sorting than thome of the Hlskory sendatone, The fresh surface of the
beds {a 1ight gray or brown, weatherinz to red or yellowish-brown. Many
of the quarts rrains glitter or sparkle in the sunlight due tc the reflec=
tion from thelr recomposed or reerystallised fages. Very little glsugonite
is found in this nember, although soattered grains are comtained in some
beds.,

Mot of the Velge member 1s thick- tc massively bedded, The
lower sandstone beds occasicnally show cross bedding., The presence of
eesily weathered silty shale layers in the upper part of the Lion Moun~
tain mexber probably acoounte for the faot that meny lodges of Welge sand-
stone are slumped in the area (Plate IVI, Pigure 2),

This wember is transitional intc the Morgan Creek limestons,
end the upper Welge sandstone bads beoome calcarsous as the contact is ap-
prosched, The upper limit of the Welge member is placed at the bsse of
the firet characteristic purple limestons bed of the Morgan Creek member,
Zopeerechy and vegetation

In the thesis erea, the Welge sandstons member geusrally forms
an abrupt soarp at the upper edge of the benoh formed by the Lion Mountain
sandstone member. This feature is very evident where the Welge sandstone
ledges are distinot. Im other places, however, weathering and slumping of
the lover Welge sandstone lsdges have masked the ocontact.

This member 1s very heavily vegetated, and is charscterised bya



dark, narrov line of vegetation that is pronounced on aerial Photographs,
Mesquite, whitebrush, tasajillo, scrub oak, and Mexican persimmon are the

pr types of wvegetati

Morgan Cresk Limestons Member

Definitiop snd thickness

The Morgen Creekx limestone member wes first named by Josish
Bridge from outcrops on the north and south forks of Horgan Creek in
Burnet County. The type secticn is located at a roint just north of the
Junotion of these two forks, This member was included by Paige (1912,
P+ 46-47) in the lover part of his original Wilberns formaticn, and was
first fully described by Bridge, Barnes, and Cloud (1947, p. 114-115),

According to Bridge, Barnes, and Cloud (1947, p. 114), this
member £s about 110 feet thick at ite type section, In other areas the
thickness ranges from 70 to 160 feet, averaging about 120 feet, The thicke
ness in the thesis area is estimated to be about 140 fest, Alexander
(1952, P. 39) remsure 179,2 feet of Mergan Greek limssicne in the South
Mason area, and Duvell (1953, p., 34) messured 154 fest in the South Masone
Lleno River area,
Lithology

The oontact between the Morgan Creek limestcne membar and the
underirin;’ Welge sandstone member is transitional, and is usually mapped
at the base of the lowest purplish-red, somewhat arenacecus limestine
bad, a distinotive basal Morgan Creek member marker, These beds grade
inte buff and gmanish.;gx-ay, medium~ to coarse-grained, slightly fos—
silifervun, less sandy limestones (Plate XVII, Ficure 1), which make up

most of the member, The entire member ccntainz an sbundance of glauconite,
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Plate IVII

Surfage Expression of Morgan Creek Limestone Member

Figure 1,~Morgan Creek limestone beds, loeated in gully bed one-half
mile northeast of A, Schmidt ranch house

Figure 2,-.Morgan Oreek limestoné slope, leecated on south side of hill
one=fourth mile northeast of A, Schmidt rench house




The limestone ledges of the entire member are generslly very
hard and resistant to veathering, and many are easily traced for long
distances. The average thickness of an individusl bed is one foot. Thine
ner, soft, caloarscus slaystones are interbedded vith the limestones in
places, b » and ther easily, ing some of the more resistant

ledges to be broken down also (Plate XVII, Figure 2),
Well-rounded quarts and glauconite grains are espscially evi-

dent in the lower part, and beds appearing tc contain equal parts of

oslcite, glauconite, end quarts are a lower Morgan Creek member characteristic,
A sone oonteining Eorthis texaus is gonerally present about 60

feot above the buse of the member, The material of this sone has often

besn called a "brachiopod hash” b of the adund of brachiopod

These brachiopods, along vith trilobites, are also found scattered from
this sone on up to the top of the member in thin- to nedium.bedded, gray,
slightly argillaceous limestones, Thin, silty, calsareous shale beds al~-
ternate with the limestone toward the top of the member,

A sone of small, gray to light purple stromatolitic bicherms is
found just below the top of the meuber (Plate XVIII), The sone is very
irregular and has & variable stratigraphic position, but it generally
ranges from two to nine feet below the top of the member. The individual
bioherms are spheroidal to ellipsoidal in shaps, and vary from three or
four inches to one foot or more in diamster, The material ranges from
impure sub-lithographic limestone which is impregnated with brown and green
steine, probably from the infiuence of hematite and glaucomite, to very
pure, sub-lithographic limestone, The small sise of the bioherms dis-
tinguishes thea from those found in the Point Feak shals,
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/Plate XVIII

s located near top of

Ay Schmidt ranch house
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"Baby" bioherms near top of Morgan Creek limestone
sngll hill one~fourth mile northeast of
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The Morgan Creek member is transitional inte the nml,ﬂu Point
Pesk pezber and the contact is ususlly based on the first appoara?‘nm of
good thin siltstone layers, Gentler slopes and vegetational ohanges slso
generally appear at the contact, /{

Topography agd vegotation

The Morgan Creck limestone member generally forme a pt‘vumt
stesp slope above the Welge sandstons poarp and below the rather gently
sloping Point, Peak shele member, The Morgan Creek limestone is usually a
distinotly bedded menber, and mamy individual beds are tracesbls for leng
distances on aerial photographs,

Vegetation on this member is plentiful and rather uniform, but
not as dense as that of the underlying Welge member., Spanish daggery
scrub oek, agarita, prickly pear, and tasajillo predominate,

Point Peak Shale Hember
Refinition and thickpses

The Point Peak shale member was nawed by Josiah Bridge from ex~
posures on Foint Peak, an isolated hill about four miles northeast of Lone
Grove, Llano County, The typs section is located on the south slope of
Point Peak, The mesber was first described fully by Bridge, Barnes, and
Cloud (1947, p. 115=116).

According to Bridge, Barnes, and Cloud (1947, p. 115), the
thickness of this member at its type section is about 270 feet. The
average thickness is about 160 feet, the member being thicker in the south-
eastern portion of the Llano area, and thinner in the mortheast portion,
The menber may be as thin as 25 feet, due’to facles changes and varie-
tions in sedimentation in certain mu..'v" Un the basis of its thickness
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in nearby areas, the thickncss of the membor, inecluding the bicherm sone,
in the thesis are:is estimated to be about 150 feet. Duvall (1953, ;;. 36)
ostimated a thickness of about 165 feet of Point Peak shale in the South
Mason~Llano River area.,
Lisvholegy ;

The mdo,rly‘yins Morgan Cresk member is transitionmal into the
Point Peak member, the base of the Point Peak member generally being
placed at the lowest thin siltstons or shale bed, In the thesis ares,
this contact is very hard to establish, and the above criterion was sup=
plemented by vegetational characteristics, The beginning of the more
abundant growth of mesquite can be used tc mark the besal Point Pesk shals,
In other sreas, sberp t hic and vegetational oh: ooour at the

contact,

A stromatolitic bicherm zone has besn recognised in the upper
E‘oint. Peak shale and was distinguished and mapped es & distinot sone of
the Point Peak member,

The lower part of the Point Psak member ip oomposed mainly of
fine clastic material, and consists of interbedded caloarecus, gray silt.
stones or shales, and fine- to medium-grained, thin, orystalline, buff to
gray, glauconitic limestones. The limestones are very oimilar to those of
the Morgsn Creek member, These alternating well-bedded layers, along
with intraforsaticnel conglomerutes, make up the rmajor portion of the
member, Ripple marks, mud oracks, fucoids, and rain prints are evident
in some beds, Brachlopods are alsc found in some parts of the member,

ks penticned above, intraformational conglomerates sre fre-

quently encountered in this mewber, These beds vary from one inch to twe
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feet in thicknenss, averaging about six inches, angd ccneist of flat Point
FPeak ailtstone and limestone pebbles In a matrix of brown, redium-grained
limestons and silt, Many different sizes and colors of pebbles are evi-
dent, with red, green, ysllov, and brewn being the predominent colors,
This conglomerate has often been oalled edgewise conglomerate, but the
pebtles sre generslly oriented with their flattened surfuces parallel to
& horisontal plane, Ulauconite i slsc present in the conglomerate,

Bads of the Point Peek member are not resistant and are very
susceptibls to ervaicn, They weather essily tc form gentle to moderate
slopes sovered with slabe of oonglomerste and limestone, and pleces of
caliche, The slopes in the thesis ares are ususlly rather steep, how
ever, due to the protective influence of the overlying hard bioherm sone,

The stromatolitic bicherm sone at the top of the Point Peak mem=
ber is distinct and rather easily recognized and traced, and was thus
mapped separatsly, Thin, green to gray glauconitic limestones and gal-
oarecus shales are interbedded with the bioherms and dip aroundthem
{Plate XIX, Figure 1). In places the bioherms coalesce. The bicherms are
gray in ooler, consist essentiully of microgranular to sub-lithcgraphie
limentcne, and are often marked by charactoristic brown stains, with
"cabbage~head" strusture being evident in the entire zone (Plate XIX,
Figure 2), The thickness of the scne 1a highly variable, and ranges
frem 15 to at least 40 feet in the thesis aren.

The Point Peak shale member is transiticnsl into the overlying
San 3abe limecicne member. The contact is generally placed at the top of
the bicherm sone. Some limestone layers, resembling basal San Saba lime~
sione member beds, are interstratified with the to. few feet of the
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Plate XIX

Characteristics of Bioherms of the Upper Point Peak Member

Figure 1,~-Dip of strata around Point Pesk bioherms, located on orest of
bill one mile east of A, Schmidt ranch house

Figure 2,~Point Peak bicherm, showing "eabbage~head" structure, locuted
on erest of hill one mile east of A, Schmidt ranch house
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bicherm scne, and were included in the Teint Teak member in the thesis
area,
anc ve tlo!

The Jower portion of the Foint Fesk chale member, iraedistely
above the Morgsn Creek merber, iz generally cheracterized by a low, gentls
topographic shelf or slope of weathered siltstcne. The upper portion of
the menber 1s better protected by the bioherm zune cappin; the top of the
slope, and forms a steeper slope rising fron the lower shelf. The blow
hern zome caps most of the hilly portiuns in the scuthecentral part of the
thesis ares,

The bicherm sone tends to be more hesvily vegetated than the
lower moderats te rather steep slopes of the Point Peak member. The first
appearange of mesquite trees in the Wilberns formetion e especially
eharacteristic of ths lower Point Peak mwerber, alon, with other sparse
vegetation consisting of live cek, prickly paar, agerite, and Spanish
depger. The bioherm portion supports dense vegetational growth sonslating
of Mezican psrsimron, prickly pear, catsclaw, %panish dagger, an’ agarita,

No resquite is present im this portien,

San Saba Limestone Member
b d_thicknes:

Comstoek (1990, p. 566) firat used the name %an %sba as & neries
term applied to exposures of limestcre along the San Saba River near Canp
San “aba in MeCulloch County, Dake mnd Bridre (1932, p. 729) gave these
beds a yrunger age than suggested by Palpe (1912, p. 46) in his oriyinal
Wilberna definiticn, and advocated the revival of Comstock's 3an Saba

terminclogy for them, The term San Seba was revised tc its present



member status by Josiah Bridge, and Bridge, Barnes, and Clouc (1947,

pe 117) £fully delined and desoribed it as ineluding the glauconitic
limestones overlyiu; the roint Feek shale member ang underlying the Tanyard
formation o tie ilienburger gr up, Ihe t_pe secticn is locsted along
boch sides of the Masco-Drady highway near the San Saba River bridge.

The .an faba limestone and the Pederualcs dolomite mexbers sre
essentially equivaient facles, the San .ebs limestone predominetlng in the
western and the Federnales dolomite predominating in the emstern parts
of the Llano regicn,

dcoordiny, to bridge, Zarnes, and Cloud (1947, p. 117), the
type secticn or the member is 2d0 fect thiek, A complete seeti:n is mot
exposed in the thesis ares. Duvall (1953, p. 38) reported a thiciness of
261 fest of Sen Sabe limestoue measured just scuthwest of the Scuth Mason-
Llanc hiver arva at a section exposed in the bed of the Llune Liver,
Idthelogy

The besal contact of the Sen Sabe wenber ie placed at the upper
bouncery of the stromatolitic bloherm gone of the Point Pesk member.
Bedded limestone of the basel San Faba mewber generally lies directly over
these bicherms, but in some places is interbedded with or draynd over them,
a8 lhe bioherns may ocour irregularly at dif’srent elevatirns in the seo—
tion. In the latter case, the contact is difficult tc det-rmine and map
with agouracy, In this situation in the thesis ar a, the interbedded lime-
stones were included in the upper Point Peak member and the upper limit
of the bicherms ves chosen as the contact,

Only the basal Iew (eet of the San Saba limestone member are ex~

poged In the thesis arca, These beds are exposed on the tops of a faw



rigges in the hilly scuth-central portion. The thickness of thece beds
reaches a maximm of abcut feur fect,

The fan Tabe limentone exposed in the arsa gonsists of welle
bedded, pranulsr, erenscecus limestcne, The color of thasze beds is
grayish- to tannish-brown, with ccattered green specks of glauconite,
Differential weatheriny causes these lower beds to appear ag thin slabe
with a brown and crange, characteristically rough surface,

The follewing short deseription of the rerainder of the San
Saba merber is taken from descriptions of ex;orures in cther arcas,
Generally, arenacecus, medium-bedded, nedium- to coarse-griined lime-
stone makes up most of the fan Saba member, Fure limestone with scme
aub-lithograshic beds rakes up the upper part of the member, A sandy sece
tion 1s frund in scme areas about 50 feet sbovs the bage of the members
Varying amcunts of , lauconite are present throughout the member, jenerale
1y being more abundant in the lower portions, Thin, calearecus silts and
fine-greined sands are often interbadded in the limestone, Tan to ‘brown,
fine-grained dolemite zones are also reported as oceurring in the member,
¥ost of the sequence is fossiliferous, containin; brachiopods ané trilobites,
scnatinmes forming & "hash." The gastroped Lykospirs &ugcgesa 1s alao preseat
in the upper part of the member,

The upper part of the merber 1s rade up of thin-bedded, slight-
1y glsuconitie, subelithosraphic limestone, w lch grades upward into the
sinilar but purer, non-glauccnitic limestone of the Fllenburgsr group,
This lithologic differense, along with differences im fossil content, is

generally used to select the contact,
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* Topography apd. Yegetatlon
Although mot evident in the thesis ares, the -an Saba lime
stone member ia penerally characterized by an irregular, rolling topogra~
vhy, Individual beds and ledges are usually resistant and do not weather
readlly, the ocuterop surfage being very rocky. .he beddiny lines ars
usually seen on aerial) photographs,
Vogetation on this mexber is renerally roderate and scattered,
The member is sc sparse in the thesis area that its characteristic vege-
tation ia hard to distinguish, but usually mesquite, scrub oak, Mexican

persimmon, prickly pear, turkey pear, and cedar are most sbundant,



STRUCTURAL GEOLOGY

OENERAL STATEMENT

The Llano region is structurally s dome, but topographicslly a
basin in which the metamorphozed and intensely folded and deformed Pre-
cambrian basement rocks heve been exposed in many places, The overlying
Palecsolc beds in the area probably originally dipped gently sway from the
center of the dome, which is elliptically shaped and has a general vest-
northwest - trending axis, Younger beds, essentially flat-lying, have been
rexoved by ercsion in most parts of the ares, thus leaving the Precambrian
and Palecseoic rocks exposed,

The Precambrian snd Paleosoic rocks have been distrubed and broken
into blocks dipping at various angles by severe faulting, whioh, sscord-
ing to Cloud and Barnes (1948, p. 118), oceurred near the sloss of Strawn
and before Canyon time, According to them, these normal tensiomal faults
have dips ranging from 60 to 90 degrees, are downthrown to the northwest,
and trend in a genersl northeast-southwest direction, These faults were
designated by Sellards and Baker (1934, p. 85) as the Llano system of
faults, Aocording to these suthore, they often form sxtensive grabens, and
have displacements ranging up to 3,000 feet, The beds in the thesis area,
except for those irmediately adjacent to the faults, generally are found
to have a strike of about N, %0° E, and a dip of spproximately 5 degrees
to the scutheast,

There 1s some evidense of Faleosoic folding in the Llano region,
generally in the form of broad structural varps, tu‘ht folding teing absent
for the most part, Small local folds dus to slumping, drag along faults,
and tion around biob are also found,
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PRECAMBRIAN STRUCTURAL CONDITIORS

Senezal Statement
Stensel (1934, p. 73) stated that the Precambrian rocks of the

Llano region ars somewhat altered and usually intensely deformed, and that
the kind of Precambrian deformation found in the region is widespread

and found in the Precambrian of other parts of the state. The Precambrian
regional structure of the region generally consists of wide, open folds
which have a northwest-southeast trend, and an average pitch of 16 de~

grees %0 the theast, The Phic rocks within these broad folds

are in turn compressed into smsller intricate isocclinal and sigsag folds,
Stensel (1934, p. 74) also stated that the bedding and sehistosity are
parallel, and that the grain in the schists and gneisses is parallel to
the pitohing axes of the open folds,

kogad Execastrian Strugtural Conditdons

The structures observed in the Precarzbrian rocks of the Gross-
ville Sghool ares generally seem to agree with the Precambrian deformation
of the entire Llano region,

The strike and dip of the foliation planes of the gneiss end
schist were observed and measured in many parts of the theais area, In
other parts of the area, however, the rocks are too fractured, weathered,
or metamor;hosed to give good measurements, It was found that the strike
of the follation planes ranges from N. 80° W, to N, 50° E., the avarsge
strike being N, 70° W, The dips range from 20 degrees to almost verti-
cal, and are generally in a northeast direction, The strike of several
pegmatite and quarts veins was messureabls, and was alsc found to be
gonerslly N, 70° W,



In almost a1l parts of the thesis area where the gneiss and
sohist are expomed, the strike of the foliation planes departs only
slightly from the N, 70° W, aversge mentioned above. In one part of the

southeast corner, h y the strikes mossured gave the extreme
northeast-southwest trend mentioned earlier. These measurements vere
taken not more than five feet from & fault in that part of the thesis area,
and the effect of the faulting vas probably the cause of the variation in
strike of the foliation plunes.

The measurements of strike and dip of the foliation in the mete-
morphic rocks were mot in sufficisnt number to perticularly indieate the
presence of wide, open folding as desoribed Ly Stensel for the Llanc region.
The dip of the foliation planes does vary, hovever, as mentioned above,
and possible folding 1s indicated, although mo definite pattern oould be
ascertained,

A characteristic feature is very evident in the few achist
outerops found in the bed &nd along both banks of Comanche Creek in the
north-gcentral portion of the thesis area., In these outcrops, very tight
folding is prominent, These folds are very small, plunge at a high angle,
and are wt treceabls for any distance. In general, the axes of these
small folds are aligned in a northwest-southeast directiom, Evidence of
this type of folding is also seen in several of the gneiss outorops.

Many small faults and fractures were also observad in the gneiss
and schist, particularly along Comanche Cresk, where these units are best
exposed, The majority of these small faults have throws of only several
feet at the most, and generally the displ oan be d in inches,
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The trends of Frecambrisn deformation just discussed are not
refleoted in the Falsoscic rocks exposed in the thesis ares.

FAULTING
4 complex syster of normael faults is evident in the Grussville
School srea, Two major faults &nd mumerous other faults are preseat,
the majority treading in a general northeast-scuthwest direction, Most

of tha faults are locsted in the soathera portion of the area.

Nadox Faulia

The two major faults trend in a general northeast~southwest
direction diagonally across the thesis area, They are approximately one
and three~fourths miles apart at the widest point, The fault to the
southeast, named the Schep Creek fault by Sliger (1957), is downthrown to
the northwest. The fault to the northwest, named the Peters Cresk fault
by Wilson (1957), is downthrown to the southeast in the centrel and southe
west portions of Lhe ares, thus forming a graben in the ceater, A4
probable synclinal fold 1s located in the hiliy southecentral portion of
the ares - in the downdropped blook of the graben. The Schep Greek fault
generally has a persistent mortheast-southwest trend, ami the ‘eters Creek
fault has & northeastwsouthwest trend in the southwest part of the arew,
vhioh probably contimues Lhrough the northeast part, although it could not

cefinitely be traced through Lhe intervening P ibrisa gnelss ocuterop
The Gehep Creck feult appears to terminate the hilly section of
high relisf in the scuthecentral portion of the area, The throw of this
fault ranges from 100 to 400 feet, the lower Hickory sandstone being in
fault ocntact with the Cap Mountain limestons in some places, and the Cap



Fountain limestcne being in feult contact with beds of Lion Mountain,
Horgan Creek, and Point Pesk age in others. The fault also briogs the
Precambrian gnelss unit into contact with the Hickory sandstons in the
area near Comanche Creek, snd the throw here could not be determined ac-
curately. The amcunt of throw on this fault decreases to the mortheast.
L gentle te moderate agirp 4s found cn the downthrown side of the fault,

The effect (;t‘ this fault on the strike and dip of the beds
irpediately edjacent to it cen be seen in several places, particularly on
the upthrouwn sice, where the Cap Mountain limestone beds have been de~
formed sc as to dip down toward the fault plane at varying angles.

Pault breccia is evident at several places along the trace
of the fault and was very helpful in accurately tracing it., This breceia
is very well developed where the fault cuts through the hilly south-ecentral
portion of the thesis ares,

The Peters Creek fault was estimated to have a maximum throw of
abuut 300 fect, There is a distinct possibility that this fault contimues
northeast across the Precambrian gneiss outerop to Join the fauli present
in the extreme northeast corner of the area, which is downthrown to the
vorthwest, If this is the cese, the throw of the fault must be zero at
some point within the gneiss cuterop, thus making the fault much harder
to detect in that portion, Wo evidence of this reversal of throw is evi-
dent along the Schep Creek fault in the thesis area, however,

To the southwest the Feters Creek fault is located entirely withe
in the Cap Mountain limestons, while to the northeast it brings liickory
sandstcne against Cap Mountain limestone, lover Hickory sandstone against
upper Rickory sandstene, and Precambrian grenite against Hickory sandstone.



St111 further to the northeast, the fault ic entirely within the i recame
brian gneiss, and if extended to join tho fault im the northes.t cCOTReTr,
brings Hickory sendstons into contact with the Precambrian gneise,

The effect of this fault on the strike and dip of the beds is
not as noticeabls as that of the other rajor fault, but indicstions of dip
into the fault sre seen in several places, partieulsrly in the Cap Moun~
tein bede near the fault in the southwestern part of the mrea.

A mcarp as such is not evident on either side of this fault,
although the relisf is gensrally much greater in the area to the southeast
of the fault,

Fault brecola 1s svident alony the fault in a few places,
mostly in the west-central pert of the theasis area.

Tuwo major faults, the Schmidt fault and the Simons fault
(Alexander, 1952, p. 48), are loosted immecistely to the northwest of the
theais area, According to Purke (1953, p. 47-49), these faults both trend
in a nortreast-southwest Girection, are downthrown to the ncrthwest, and
have throws ranginy from 350 to 800 feet, The Simons fault brings Tllen=
burger group beds agalnst Higkory sandstone strats northwest of the James

River mad.

Qther Faylts

The other faults in the thesis s ea can be classified into two
typest (1) slivers alons the major faults, and (2) isolated faults.

The slivers or splinters from both the mafor faults usually strike
in & direction varying from slightly esst of north to northeast, Thess
faults are very abundant and are probably the result of splitiing of the
major faults along their length into swaller compansating or adjusting



feults, Their characteristios and displacements ars generally controlled
by their relation to the prominent faults from which they are offshoots,.
Thia is particularly true as far as the upthrown and downthrown sidea are
ooncerned, The displacement along these faults is generally small,
urually less than 100 feet, Detection of these sliver faults was much
more diffieult than the detecticn of the asjor faults, except in the case
of the large sliver fault trending east from the Feters Creek fasult in
the central porticn of the area, This sliver fault curves to trend north-
gast in the east-gentral part, where ssveral smaller sliver faults branch
of® frox it, This fault, being controlled by the Peters Creek fault, is
downthrown to the sast and southeast, and {t in turn contrcls the direction
c? displucemsnt of the smaller sliver faults, The large sliver fault is
well exposed in the immediate vieinity of Comanche Gresek, where 1t was
easily traced. It has = maxiwue displacement of about 100 feet.

The mmall siiver fauits, in conjunction with severel of the
isolated faults, {orm smaller grabens and horsts, many being within the
larger graben block bounded by the tue major faults.

Isolated {aults are those faults which appear to have nc defi-
nite connecticn with any cther majcr or sliver faults in the area,
feveral are present in the hilly south-central portlon, vhers they trend
in & general nertheast-acuthwest direction, are dewnthrown to the southeast,
and have small throws ranging from 10 to 0 feet, Most of the others are
located in the area to the northwest of the graben zcne, They ure generally
loeated entirely within the Hickory sandstone, but :everal have brought beds
cf the Ticker;” member inte contsct w.th Precambrian rocks, The displece-

rent alom these faults is generally very small, One of them, located in



the Hickory sandstene in the northwest part of the area, has a sirike of
No 40° ., noarly perpendicular to the strike of most of the other Laulte
in the area. ’

“everal of the isolated I'vulia are located in the Precanbrian
rocks, These faults were, in tha main, detected from aerial puolographs,
amd it was usually impeusible te determine the upthrown and downthrown
sldes,.

“any stil) sraller faults, with throws ranging frow only a
Tey inches tc several feet, are located in vhe area, usually batween the
saults ectually mapped, In general, their trends soinaide with thoupe of
the larger faulta, !oct of rhem are located within the Hickery sandstone
wember (Flate XX),

The recognition of the other faults, in general, was mcre diffie
cult than the recogaition of the major foulta, Omissicn of strata,
terrinaticn of rey beds, or the Fresence of lault breccls wers often the
only indicstions ol the pre.ence ol other faults in a certain area, sany
of these faults were easily spotted, however, an. typfoally apearec on
aeriasl photographs as lines of denser vegetation, This is the result of
the fractured sones providing more rooting space and moisture [or the trees
and swaller plants,

The regicnal etrike and dip have been altered alcn; some of the
faalts discussed, especially the faults bounding ihe graben, uik soversl
of Lbe other faults, Urag dips next to some faults have velues raugiag
frem 7 degrees to about 85 degrees, There latter large values were messured
on upturned Hickery beds that are expesed right at the fawlt pluve of am
isolated feult in the northwestecentral pert of the thesis area (rlste XXI),



Plate XX

Small fault in middle Hickory sandstone, loeated in cut on James River
road 400 yards northwest of M, Simon ranch house
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Figure 1

Figure 2

Upturned Hickory sandstone in comtact with Preeembrian along fault,
located one-third mile noryhwest of M, Zesch ranch house




This deformation is generally limited to the areas immediately adjacent
to the faults, and does not extend very far from the fault planes, In
other places along the faults, however, thers is little disturbance of the
strike and dip of the beds, the faults apparently having broken the beds
eleanly, XNo evidence of "reversed" drag 1s seen in the thesis ares,

Origin of Faulting

Several theories have been advansed oconocerning the origin of
faulting in the Llano region,

Paige (1912, p. 74) stated that the faults wers the direct
result of compressive foroes, HNe based his opinion on the faot that
most of the faults in the region are vertical or nearly so, saying that
these faults, combined with folds, indicate an exprassion of relief from
compression by vertical movement,

Cloud and Barnes (1948, p. 118) stated that faulting in the
Llano region probably accompanied the late Paleosoiec folding involving
the sediments of the Llanoria geoeyncline, with movement in the geo-
synolinal area placing the Llano region under torque and causing it to
fracture, Rocks of the Llanc area were thought to have comprised a rels-
tively resistant mams around the western and northern sides of the
Llanoria geosynoline, They did mot explain the precise mechanism which
caused the faulting, but did attribute it to tensional rather than come
pressional forces,

The theory thst the origin of the faulting wes due to tension
rather than compression is substantiated in the thesis area by the presence

of the previously described large graben, together with the smaller as-

soclated grab in its & Pped block, The downdropping of the blocks
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probably resulted as potential void spaces were developed by the tensional
foroes which oaused the faulting,

Ratestion of Faultding

Most of the faults in the Grossville School arsa were located
by an intensive examination of serial photographs, Variations in vege-
tational characteristics, such as aliguments and cffsets in the vege-
tational pattern, which occur alon; the mejor faults and many of the smaller
ones were usually easily spoited on the photographs, These observations
were then verified by fleld work; the faults located from the photographs
vere found and traced in the field, This field tracing enabled reny of
the faults to be carried farther than they appeared on aerial photographs
and sllowed severel previcusly isoleted faults to be connected.

Several criteria were used tc locate and treee these feults,
as well as other smaller faults wiilch exhibit no sharp vegetational
change, in the fleld, The most important were tha deviation in the ob-
served normal strike and dip of the beds, repetition and omission of
strata, abrupt terrinaticn of key beds, coourrence of fault breccia, and
detection of upturned beds right at the fault break,

Faulting in the Precambrian rocks of the thesis area was veory
difficull to detect in the field, and this also held trus generslly for
faulting within the Hickory sandstone member. Faulting involving beds of

the other Upper Cembrian members was generally much easier to find,

FOLDING
Alexanger (1952, p. 53) stateds “Preliminary obeervations be—
tween the Scuth Mason area and the Llano River by Ir, H, R, Blank and the



writer indicate that the scutheastward-dipping beds of Lhe Hickory sand-
stone in the scutheastern corner of the area may be part of the northvest
flaxk of & gentle fold whose axis trends northeast-southwest. The dip of
the beds becomes more gentle tovard the Llano River; south of the river
the Paleosoic strata begin to dip geatly tc the nortbvest,"

The southeastward-dipping beds of Hickory sandstone mentioned
by Alexander are loocated in the northwestern part of this author's
thesis area, These beda are terminated by a fault just to the southeast
of the area mentioned by Alexandsr, and do not appear again in the thesis
ares, Therefore, the preliminary observations poatulating a possible
fold oould not be checked by thiz author in his thesis area.

A probable gentle warp of synclinal pature, located in the
hilly southegentral portion of the thesis area, was indioated by sirike and
dip measurements taken in that Lmmediate vicinity, These measurements,
taken on beds of the Lion Mountain and Cap Mountain members, showed the
strikes to form the pattern of a general northeast-southwest trend on the
vestern side of the hilly area, varying to an approximate east-vest trend
on the north side, and on to a general northwest-southeast trend on the
eastern side. The dips are gensrally toward the bhilly portica and vary
from one to ten degress, This strike and dip pattern, along with the
outerop pattern in the area, indicates a general north-south or north-
northwest — south-soutbeast axis alwoat perpendicular to the strike of
the feults bounding the graben in which the probeble synclinal fold is
looated.

In addition to the probable large-scale folding mentioned

atove, evidence of small-scale folding is also sesn la several parts of
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the thesis area. These small folds are due tc fault drag and differuntial
compaction around bioherms (Plate XIX, Figure 1), Fvidence of fault drag
folding is found in wvarious localities, whereas the compaction folding is
limited to & few ocourrences in the hilly southecentral porticn of the

Arok.

AGF QF DEPORMATICH

The folding and faulting described previously affect even the
youngest beds exposed in the Groasville School area, and evidently the
deformation took plsee after the deposition of the now-present sedinents,
Therefore, accurate dating of the atmtuni moverments from evidence
available in the thesis area is impossible, but as loesl structural
oconditions cofcide clossly with the trends of najor Falecsolic deformation
in other parts of the lLlano region, it i3 logical to assume thut the
local deformation occurred simultansously with the regicnal deformation,

Cloud and Barnes (1948, p. 121) have assigned a post-Bend and
pre~Canyon age to the major late Paleosolc faulting, They based their
opinicn on seversl lines of avidence. Unfaulted Canyon-age beds overlie
faulted rocks of Fllenburger age in the western part of the Llano region,
Also, faults have been found in the region invelving the Swithwick shale
and certain rocks of the Strawn group, The authors, however, stated that
they knew of no evidence to indicate whether the faulting was in progress

during Strawn time or was a post-Strawn and pre-Canyon event,



GFCLCGIC HISTOURY

The foilowing geologic history portraying the sequence of events
which cecurred in the Llanc Uplift regiom is generaily supported by evie
dence avallsble within the thesis area, 3Jome of the history, howover,
must be inferved from evidence derived from other portions o the Llamo
region.

The Prscanbrian metamorphic rocks in the thesis wrea are
probably derivea from original thick sedimentary depoeits which consisted
of sandstone:, shales, and some limestones. ip these yreat thicknesses
of sedirents were depouiteu, they becane deeply burded, =nd were folded,
faulted, and metamorphosed by inmtense heat anc preesure, Later, very
high tenperatures deep telow the surface of the earth caused the formation
of magza, This regma intruced the sedimentary deposits snd solidified,
forming granitic bathclitha, The coarse-grained texture of most of the
intruded ignecus rocks incdicates that these xaeses cooled slowly ana
crystallizen at great deyths., In the thesis area, the medium- and fine-
gralned zrunites ray represcnt the cuter portions of u large granite nass
(Town Moumtnin typej., vrecambrian schisis, gneisses, and granites are
all expos~G in “he thesis area due to uplift and extensive erosion, The
regien weo extensively ercded Curing late Frecarbrian time, and this
pericd of srosicrn lasted into lalsosvoie tire,

“he ares rerained alove base level and coatinusd %o be eroded until
Late Cantrian time, when the sea transgressed cver an irregular Frecam-
brien rcek surface of conzideravle reldef. The bassl conrss—gruined pore
ticn of 'ke Hickory sandstone was formed as the invading Ialeozolo sea re=

worked ecilan Jeposits oi Lhe -recacbrian surface, am is shown by the



presence of nmmu; ventifacts, some being prerant as much ss several
feet above the base of the Fiakory sandstone, as reported by Barnes and
Perkinson (1939, p. 66t),

The nature of ihe sediments indicatee that shallow water eon-
diticns probably prevailed throughout the time of deposition of the
Hickory member, Many of the lower and middle Rickory sandstone strata
are oross-bedded, and symmetrisal ripple marks are found in places, A
few intraformational conglomerates are found in the middls Hickory member, and
phosphatic brachiopeds are found in the middle and sparingly in the upper
rportions, Huch of the eand, especially in the upper Hickory membar snd
higher, Was probably derived from the morth, northwest, or wesi, hecause
the Frecanmbrian surface generally sloped upward in these dirsotions during
the time of Cambrian sedimentation (Barmes, 1956, p. 8), Relatively
quiet seas prevailed, seas whieh became somewhat deepsr later, as is shown
by the absence of cross bedding in the upper parts of the Hickory member,
and the gradation of its marine sandstone into the Cap Mountain limestons,
No definite interrupticn in sedimentation is evident,

A ahallow sea depositional environment, probably somewhat
warper, prevailed during the time of deposition of the Cap Mountain
limestone member, as is shown by the pressnce of some phosphatic brachio-
pod and trilobite fossils throughout the member, The limestone of this
mexber is highly arenaceous, which would seem to indieate that the scurse
area fror which the sediments were being derived was beinz reduced in ele-
vation to a large degreas and stripped of quartsose detritus,

Renswed smell-scale uplift and subsequent erosion probably

provided the quartsose material which went o meke up the Licn Mountein and



“el-e members. Both members are fessilifercus, thus shewing the presence
of marine conditl ns, probably shallow water. The disconforiity between
the highly ~louconltie regressive sandstone of the Lion Mountain member
¢f the upper Nilay formstion and the slightly ¢lauconitic transgres:ive
sandsten of the Welpe mewber of the lower dllberns fermaticn is probably
Just the result of slight uplift in the area, followed by subsidence. The
scuree of sand at this time was probably to the northwest, asz butk; the
I1on Mountain and Welge merbers thin to the southeast,

The deposition of aandy material decresasad gradually toward the
end of Welge and into Morgan Creek time, and limestone deposition by a
rrobably deeper ses beceme prevalent, sa is stown by the basal arenacecus
limestcne of the Morgan Creck member, The presence of sbundant glausonite
in the middle and upper portions, and fosslila throughout the mewbar,
indicate a shallow, warm, relatively quiet sea at this time, 7The small
strometolitlc bioherms in the upper Morgen Cresk membsar indicate shoaling
and warning cf the sea water,

The Point Pesk shale mewber was probably formed im & quiet
marine environment, as 1s evidenced by the fine-grained argillacscus
material, merine vtossils, and lack of cross bedding, Clcud and Barnes
{1948, g, 112) steted that juantities of argilleceous material were de—
rived from a westerlr dirsction, The sea rust have been very shallow,
ag there are numercus Intraformaticnal conglomerates in 1o member, Shale
low, relatively werm, sulet sea conditicne are alsc indieated by the
presence of large bicherm deposits in the upper Point Pesk msmber, Mud

eracks gesn in some arsam are indlestive of tidal flat deposits,



Subsidenge increased in the area during the deposition of the
San Saba rember, which vses deposited immediately above the bioherms, The
presenos of several arenacecus sohes in the “an Saba limestone suggests
that & spaamocdic land mess was providing arenscecus raterial at variocus
times during its depceiticn, Ripple warks end cross bedding are present
in some of these zones, Cloud and "arnes (1948, p. 112) sugpested that
this intermiitent land rass may have been locsted to the west,

The above depositional conditions continued during the depo~
sition of the Tllenburger group of Ordovician times, Stable, wamm,
8lightly deeper asas with minor fluctuations in depth, temperaturs, end
ocnditions of the bottom prevailed during this time, as is shown by the
sub-1ithographic to cherty nature of theEllenburger limestone deporite,
little or nc clastle naterial was baing derived from the scurce area,
which had probebly bren buried by this time, Sellards (1947, p. 82)
noted the thinning of the Fllenburger groun toward the west, and at~
tributed this to cverlap., Some of the older beds found in the eastern
part of the reglon are not present in the western part, Barnes (1956,
pe 9) attributed the difference in tota) thickness in the Ellenburger
group to ercsion, which has remcved all of the Honeyeut formation and
part ¢f the Gorman forration in the northwestern aves,

“he sediments of Middle and Late Ordovieian and Silurian tines,
if any were Gepcritec, were ercded before Teverian time, for none are
present in the aren, o.cept for scme rossible Upper Ordovielan in cole
lupsed arsss recently rejorted by Darnes, Cleud, and Imnoan (1953), A
pericd of erergence ana tilting to the eagt before Devonian time ia sug-

woated by she character of the Levenlan deroaits, the oldest belng found
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in the eastern and the youngest in the western parts ol the re_.on, Thia
is probably the result ol a sea transgressing over the ares from east to
west, Dus tc a period of erosion prececing Mississippian depceiticn,
only isolated remnants of Uevonian rocks are fcune in the regirn, zoetly
in collapsed areas of the Flienbunger group,

The {irst evicence of domal uplift im the llamo regicn 1s seen
in the behavior of the mississippian beds, wi.ch thin over the urea, and
generally rest on highly eroded Lllenburger beds, Hississipplan beds are
ebsent in aress in the eastern part of the uplift. wsarm sea conditions
probably prevailed during the deposition of the Hississippian beds end
eontinued inte Pennsylvanian time, as is seen by the abundant marine Los—
81l oontent of these bedse,

The Pennsylvanian Marble Falls formation was depueited on the
eroded surface of Mississippian and older beds, [he presence of marine
blaek shelee of the Smithwick formation would seem to indicute stugnani sea
conditicns, A great period of erosion ocourred in post-feansylvanian time;
thus, our knowledge of concitivws curing the Iennsylvanlan ie limited, It
is decuced, however, that the disturbance which ceused the extensive
fauliting evident in the Llano region was probably rel-ted to the Cuachita
orogeny and occurred in postebend and pre-Canyon time,

No record of Permian, Iriassiec, or Jurasaic sedimentation is
evident, and the Llanc region was undcubtedly underyg.ing extensive domal
uplift and erosion during these perioda, It waa probably during this
time of pronounced erocsion that the Precambrian wetamorphics and granites,

ag well as the older ralecsolc sediments, were originally expovsd,
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The region was agzim subrerged during Cretacecus time and Cre-
tacecus sediments, mcstly limestcnes, were deposited over the erosional
surface of older rocls, Subssquent erosicn has removed the Cretassous
sediments in many parts ¢ the repicn, again exposing the older Paleo-
zoic and Precarbrian rocks, Barnes, Shoo., and Cunningham (1950, p. 8)
stated that Cretacecus rocks are in contact now with the Pracsmbrian rocks
only elony the south sice of the reglom, +hat Cretacecus sediments are
ieft arcund the region are still essentially undisturbed,

ihers have been no post-Cretacesus invasions by the ses, and

Cenosoic rocks occur only in some siream and river deposits,
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FCLHOMIC CT0LCOY

The most importsnt naturel rescurce of the Grossville School
ares is ground water. Many surfece earthwork reservoirs of varyin, sizes
tave been constructed by ths ranchers in order to ccnserve snd supply
water for livestoek anc other needs, bt cue tc the perieds of ertendad
drought comron in the area, farming and ranching, the principle industries,
are faroed to rely to a large degree on wells cbtaining water from the
ground-water aquifers in the area, Many farmers are alrcacy irrigating
their crops from well water, and-the number deing sc i steadily increas-
ing,

The prineipsl aquifer in the thesia area, as it is for .ason
and the ,eneral surrounding vicinity, is the Hickory sandstone neaber,
Some wells produce frem eracks and joints in the Frecarbrian granite, and
a few umall springs are lccated in Precambrian terrain, mostly along
fault planes, There are several flowing wellc located in +he exireme
western porticn of “he theeis ares, and just cutsi e it towsrd the west.
ihese wells alsc probably produce from the Pickory sandstone member,

The scils used for farming in ‘he thesis area sre those derived
frow the I'ickory sandstone, especially the middle end upjer parts ol the
menkier, he upper Eickory sendstoue soils have a eharacterlstic «weep rad
coler, anc ere extenslvely cultivated in the central portion of the area,
4 few cultivated Clelds in the Cap Mountain limestcne and Licn Fountain
sanustc e merbers were also noted, and there are sven a few instancer of
Precawbrian scile being tilled, 411 but the Hickory sandstone scils are

generally rocky end shallow, and are of limited areal extent.
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Another natural resoursce of possible impcrtaice In rie thesis
area is bui ding stone. This rescurce has wt been rully expleited for
several reasons, mainly the Iack of adequate auc suitable transporteticn
facilities, nnd alse the poor quality and exteni of ©aberops adc peor
accessibility in most areas,

Barnes, Dawscn, and Parkinscn (1947, bpe 85-86) reported on the
eoononic possibilities os buliding stone of & granite wa.s four riles
south cof Masen, A portion of this granite mass is located in the nerthe
western part ¢f the thesis area, They rep.rted that, although tho granite
is beautiful, the pressnce of cmleite as an alveratiorn praduct is detrie
acntal, tvhe surface of the granite mass is biglly weathered, an. the nearsst
rallroad 1z 33 piles away, They coneluded that, in cenersl, it is net
favorable for QUATTYing, iWeathered granite irem Lils mars was quarried,
however, at a location near the junction of Lhe «wes River rced und Farm
Hoad 1723, and used for road metal in the vicinity, Various sehicts,
gneisses, and granites in the area have @.8C been useu &8 rrad bed r ntorisl
in their inmediste vicinities,

Hard sandstones and limestones Lave fermer.y Leen usec In the
area as bullding stones, malaly for fences and steck pens, slthcush there
are 8 few 0ld lruses in ths 2rem thal were coengtructed with thene native
stones, Resistant lodges from the liickory sandstcne, Cap Mountein Iimem
stone, and lion lountuin sandstone members Zuralsoed meterlal for most of
this oonstruction, although fences wers built frur any raterial et hand,
This use of the stone as buiiding materisl in the area hac cenerslly been

abandoned, although many of the ovld suructures rerain,
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Although mot found by this writer, theoscurrence i wiuz in
ctreams and creek beén in and near the ,ranite oulercps has Lesn ree
vorted. [his topesz was ;robably forred Ir resratite veins 'n the .. ronites,
and oceurs ar lacer ceperits due t¢ dif eveutial weathering .

Yo petr-leur ic found in the ares, and, acceruiry 4 Cloud and
Barnes {194%, p, 33), future petrcleur producticn 4s very lmprebuble due
te the complex faultin. and prrsent expooures of the pobtenticl rouree

bads,
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“uction of the lower Morgun Creek llmestone, elpe candstone,
Licn Mountaln sandstons, and upyor Cap Mountain limestons sxcred aleng

both siirg of roal beginning at a point nesr the windeill on the northwest

sic‘e ofasmall fault 1300 fe t east-northsart of 4, Schnidt rengk ho
and etending westerly 3000 feet to a point aboul 1800 feut ncrthwest of
Ao Schridt ranch house, ?faa(,p County, Texas
Thickness
in feet
‘i1lberns form-tiont
Yorgan Creek limestone merbers
9. Limestone; crayish-rust-red, westhering tc a

dark crerish-brick-red; medium-hnré; rather

distinet thin bedding, beds ranging from

«4f te 1 font thick, a few very tiln shule

leJs interspersed with the limzstcne; medium~

grained; srenacecus, centaining jcorly sovt—

ed <and rrains, but nct as much 25 in next

Jower unit; rlaveonitie; caliche evidance;

slightly foxsilifer us; ferrusincus brown

stains; beds aprear as rounded ls.pes on

8loes of PAI18s 4 o 4 4 4 e 0 4 v e e n e e s 171

8, Limestcne; :reanish-red, weatherin: to browne

irhe urple; medium tc hard; distinct thin

bedcing, beds from .25 to 1 foct thicky

mediun-grained; very srenacecus, poorly

sorted sand greins in coleareous cement;



112

Thickness
in feet
somewhat glauccnitie; scme ferrugincus stains, o 7.2
iotal me sured th.ckness of “organ Creek

limestene MEZDOL « v o v 4 o b 4 s 6 4 s 0w 4 e s 5.3

welge sandstcne member:

e

“ancstene; yellowish-brewn, ceatherin:. to rust
reddish-brown; distinet becding, elternating

herd ena seft layers, herder iayers ccnteiming

more ferrugincun cczent, hard layers renge from

+£ to 2 fPect thick, soft layers frem .5 to 2 inches
thick; fince tc¢ medium-grained; rather well sorted;
sub-rounced tc rcunded frosted ,usrtz greins with
ferruginous cerent; merked by a shorp line of

scrub oak; lower beds broken down because of soft
uncerlyin;, bedss o o ¢ v 4 4 4 v v 0 s e v e 0w, 1EL2

Totul mexsurec thlckness of Jelye sandstone

PEBEOT o v v s o v s e v s s s et ke e e e s e

w«liey Tormaticn:

Lion 'cunt it sancste e merbery

€.

“iltstene;  ight grayish-preen, west)ering to
dnrk greesish-brown; ceft; meu num-bedded; fine~
crained silt with ealcareou. ceneni,; distinct
purple shue layer 4 feet frow top, about ,75 foot
thick and of same material as beds shove and be=

low, distinct because of color; contins purple



5.

3.

13

Thickness
in feet
hematite nodules, ,25 to ,5 inches in diametsr;
glavconitic; this unit and cthers below form a
gentle slope below overlying Welge member, , . . . 5er
Areneceous limestonej gresnish-purple, weathering
to deep purple; medium-hardy irregular, hard to
distinguish bedding, beds which are distinguishi-
ble are about .5 fest thick; very sandy;
glauconitic; hematite pebbles; fossilifercus,
econtaining brachiopeds, actually a “hash," but
not as many fossils as in lower bede; breeks off
InohunkB. + & ¢ o o 4 4 4 0 s 6 s 0 0 0 0 s e 4eB
Calcareous sancstone; whitish-purple, weathering
to dark purple-brown; hard; irregular bedding,
thin and indistinct, sendstone beds czenerally
highly weathered; medium- to coarse-grained; very
glauconitic, some in thin layers; very fo-siliferous,
containing brachiopod hash; some henatite stains,
large hematite nodules, from marble size to 1 foot
or more in diameter on slope, dark grayish-red on
inside to a durker purple on outside; beds brask
Off in chunks oW S10PE « o ¢ o ¢ o s s o s o o « » 18,2
Caleareous send-tone; greenish-purrle, weathering
to dark greenish-brown; medium-hard; medium-bedding,

«75 to 2 feet thick, sandstone he.s pgensrally



2,

114

Thickness
in feet

highly weathered; medium- to coarse- rained; not as
fossiliferous as above unit but still contaeins
hash; limonite etains; small hematite grains snd
peb. les; abundant bard calcite; much more
glauconitic ané finer-greined than unit below. . <3.0
Calcareous sendstone; brownlsh-green, wsathering
to bluish-brown; medium to hardj distinct thin
bedaing, beds avernge from .25 to .75 feet thick;
Deiiumegrained; scme hematite nodules; very
glaucenitic; eome brachioped baeh; hematite ntains
and grains; forms gentle slope o « v ¢ o o ¢ s o 13.0
Total measures thickness of Licn ficuntiin sand-

StOnE MOMDOT o « v o s o o o o v s s v 4 2 0 b s (%]

Cap dcuntuin limestonse membert

1.

Linsstonej greenish—gray, weetherin to dirty
bluish-gray; hardj distinctly bedded, beds ebout

2 feet th.cky finee to medium-grained; poorly

sorted; glauconitic; slightly fossilifercus, ccr-
taining trilcbites; limonite stainsj hematite

srains anc pebbles; ledses usually easily traced;

Cups LHllS o = o i s v a s e v e n v e s e e 283
“otul measured thickness of Cap Mountain lime—

SC00 HCMUBE o » o + o b o o s oo n s s o s e 28

A\

totul measured thickness of section. o o « o + o o 13640
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