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ABSTRACT
The thesis ares, whish is located on the thvest £lank of
the Llano uplift approximately seven miles south of Mason, Texas, is

underlain by rocks of Precambrian and Late Cambrian age,

P brian rocks exposed in the thesis area consist of

one metamorphic unit, a gneiss, and one ignecus unit, a medium-grained
granite, The Upper Cambrian strata cropping ocut in the thesis area are
divided into two formatioms, the Riley and the Wilberns.

The Riley formation is further subdivided into the Hickory
sandstone member, the Cap Mcuntain limestone member, and the Lion
Mountain ssndstone member, Four members compriss the Wilberns forma-
tion which arer the Welge sandstons mexber, the Morgan Creek limestons
member, the Foint Peak shale member, and the San Saba limestons member.

The Precambrian deformation consista of tight folds with a
northwest-southeast trend, The Paleosoic rocks have a northeast strike
and have dips of less than ten degrees unless imzediately associated with
faults, Faulting is prevalent in the thesis areaj; two major faults are
present and many minor faults are sssocisted with them, A broad shallow
syneline, probably & remmant of regional warping, is located b the

twe major faults.

A transgression of Paleosoic seas over an eroded Precambrian
surfsoe is evident in the thesis area, Younger Paleosoic and Hesozclc
rooks once oovered the thesis area but have sinoe been removed by erosion.
The faulting in the thesis area is younger than any of the rocks now re-
maining and probably occurred in Middle Fennsylvanian time,

The only economic resource present in the area is ground water
which furnishes water for domestic and ranch use. No oil or profitable

ore deposita have as yet been found.



INTRODUCTION

LOCATION ARD ACCESSIBILITY

The Big Bend of the Llanc River Area is situated on the south~
western flank of the lLiano uplift spproximmtely seven miles south of the
eity of Masom, in Mason County, Texas. The southern boundary of the ap-
proximately eighteen squars mile area is the Llano River. The western
boundary follows the James River road (Fig, I) from its croseing at the
Llano River north to its interaection with Petars Creek. The eastern
boundary is & line from che intsrsection of Comanche Creek and the Lleno
River to a point one and one half milas due north., The northern boundary
1s & line dus west from the point just mentionsd tc the intersection of
Peters Creek and the James River Road,

All but a few parts of the thesis zrea sre readily sccessible.
The area can be entersd by either of three roads, The James River Road
serves the western part and the Siwonville Road, which becomes Farm
Road 1723 to the north, serves the esstern part, The Ridge Road passes
through the center of the thesis area and is comnected to both the James
River and Simonville Roads.

PROCFLURT ARD MFTHOLS OF FIFLD WORK

The field work for this thesis was ascomplished ‘between June
16 and August 2, 1956,

The mapping of the area was done on United States Department of
Agriculture asrial photographs with & acale of approximately 120,000,
Tach photograph was coversd with acetate and mounted on a piece of card-
board, The thesis area covers five photographs in the DFi-SE series,
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LOCATION OF THE BIG BEND OF THE LLANO RIVER AREA,
MASON COUNTY, TEXAS



mmbers 182, 50, 23, 49, 96, vhich wers dated either November 2, 1948,
or November 25, 1948.

With the ald of pocket and table stereosccpes, many tenative
gontacts and faults were noticed which were later verified by field Ob=
servation,

& Brunton Compass, with a pre=set magnstic declinatior of
ten dogrees east, was used to determine all dips and strikes shown on the
geologic map. Many of these dips and strikes are averages of several
rerdings taken near the same point,

fwo stratigraphic sections were measured (Appendix) in the thesis
aras, one of which could be mlightly in error because of minor faulting.
Additional seotions wers not measured bscause of poor ocutorep exposures
or extensive faulting, Measurements were made with a hand level and a
atadis rod and several traverses were required with each section.

Studies of cross-bedding in the Hickery sandstone rade by Goola~
by (1957), are referred to in the detailed description of the Hickory
sandstcns member, Difficulty wee encountered in measuring dips in the
besal part of the Hickory sancotone member, as oross~bedding can be oon~
fused with normal bedding plenes,

Two sprusturs cross-sections accompany the geclogic map {7late I),
which have horizontal distances taken from the aerial photographs and
elqvations estimated from field and sterecscope observations, Their lo-
cations were selected in an attempt to best illustrate the structure

found in the Blg Bead of the llano River Ares,

SUMMARY OF PREVIOUS GRULOGIC STUDIES
The first geologic aceount of the Llano region was made by
Perdinand Rosmer ih the years 1845 through 1848, ZHoemer wes traveling



through the region with a small group of German ¢olonial sxplorers at-
tempting to gather scientifio data and to gain information that would be
of interest to prospective German imigrants, He gathered fossils, by
vhioh he was able to recognise the older Paleoxolc, Carboniferous, and
Cretaceous rocks,

In 1861, B, ¥, Shumard reviewed and confirmed Roemer's deserip-
tions and also described his (Shumard's) Potadam group, which wvas of Late
Cambrian age, Shumard slso messured a numbsr of sections and made foosil
deseriptions vhich proved very valuable for later geologle investige~
tions,

It vas not uniil 1874 that any additional work was published
on the Llanc region. In this year, Buckley classified snd described the
granitic rocks of the ares and reviewed the geology along with a dis-
cussion of the mineral resources,

Waloott, in 1884, confirmed the Caxbrian age of the Potsdam
group and slso conducted studies of the igneous and metamorphic rooks
of the region, He named the metamorphic rocks the Liano group and desig-
nated the igneous rocks as pre-Potsdam in age.

In a series of papers from 1887 to 1890, Hill first zede a
review of Texas geology and later corrsctly named and desoribed rocks of
Carbonifercus age near Marble Palls, Texas, Hill (1890) also made a study
of Qrstacecus roeks of the Llano region and discussed the processes of
arosion of these rocks.

The Texas Geological Survey was formed in 1889 and the geology
and mineral resources of this region were discussed by T. B, Comstock
(1889-1890) in the First and Second Anoual Reports of this newly formed



survey, Oomstock, in these sarly writings, introduced several nev names
such se the Riley Series, San Saba Jerles, Packesddle schist and the
Valley Spring gneiss.

The drainage patterns of the Llano region were discussed by
Tarr (1890) vhen he described soms of the general topographic features
of Texas.

In 1911 and 1912, Sidney Paige, while workirg for the United
States Geologieal Survey, reviewsd all the previous geological work and,
after revising portions of it, presented the first comprehensive geologle
study of the Llano reglon, Paige (1912), introduced the terms Wilberns,
Cap Mountain and Ellenburger into the geology of the region and described
the rocks included within esch unit, He also did extensive work on the
Precambrian rocks and designated them as Algonkian in age.

The first geologic map of the state of Texas, which included
the Llano region, was published by the Bureau of Poonomic Geology of
Texas in 1916 and was prepared by Udden, Baker and Bose,

Deen (1931) described the Usper Wilberns reefs and noted that
they frequently cap the highest hills, This relationship holds true in
the theais area,

Dake, Bridge and Ulrich (1932) presented s study of the older
Paleogolc rocks of the Llamo region in which they attempted to clarify
and revise Palge's (1912) descriptions, They also presented correlations
of faunal sones of this region to similar formations of surrounding
regions,

The Precambrian rocks of the Llano region were redescribed by
Stensel (1932) when he revised previous concepts of their manner and se-

quence of origin.



Also in 1932, Sellards, Adkins and Plummer reported on the
stratigraphy of Texas and reviewved the Precanbrian, Cambrian and Ordo-
vician systems of the Llano reglon.

A companion report to the one just mentioned, which dis-
cussed the structural and economic geology of Texas and Paleosoic defor-
mation of the Llano reglon, was published in 1934 by Sellards and Baker,
Shortly afterwards Stensel (1935) discussed the structursl relationships
of the Precambrian rocks of the Llano region,

In 1937, a nev geologic map of Texas, the first since Udden,
Baker and Bose's in 1916, was published by the United States Geologieal
Survey and was preparsd by a group of geologists under the supervision
of N, H, Darton (Darton et al, 1937).

Bridge (1927) studied portions of the western side of the
Llano uplift and intrcduced the Lion Mountain sandstone member of the
Cap Mcuntain formation, Also in 1937, Bridge and 3irty combined efforts
and reviewed and discussed Hosmer's original work.

Lochman (1938) made a comprehensive study of the fauna of the
Cap Mountain formation of the Llano regicn.

In 1939, Barnes and Parkinson published a paper on the presence
of ventifacts in Mason, Blaneo, and Llano Counties, describirg their lo-
cations and possible mode of occurrenoca.

Plummer (1939) advanced some theories on the occurrence of

travertine deposits in the Llano region,

Cheney (1940) di d the broad str 1 problems of the
area to the north of the Llano uplift and advoocated the revision of
formations of Pennsylvanian age based on faunal evidence and unconformi-

ties.



large circular masses of Precambrian rock of the Llano region,
generally termed "Massifs", were studied by Xeppel (1940) and several
theories of origin were offersd.

Bridge and Barnes (1941) discussed and defined four sepsrate
members of the Wilberns formation and correlated them to other pertions
of the Llanc uplift.

Plumser (1941) reviewed the Carboniferous rocks of the Llamo

region and named and defined the Chappe) formation, He mlso proposed
& two-fold division of the Barnett formation and three-fold division
of the MNarble Falle formation.

In 1941, Goldich did extensive chemical and petrographic work
on granitic rocks and offersd s theory of development of the granites
of central Texas, He also commented on Keppsl's (1940) work and offered
his own thoughts on the orystallisation of the granites in this region.

In 1942, a comprehensive study of rocks of the Central Mineral
Region, as & possible moures of building stone, was made by Barnes, Dawecn
and Parkinson, Included in their report were locations and descriptions
of rocks best suited for this use.

"A new quarts sand horison, loeated in Mason Cownty, Texas,
was described by Plumer in 1943, Barnes (1943) deseribed sentral Texas
soapstons and serpentine and inoluded a review of the Precambrlan stratigra-
phy in which he introduced the term Big Branch gneiss, located in Llano
County. Barnes also in 1943 desoribed the gypmum found in Creteceous
limestonss and drisfly reviewed the underlying Paleoscie roeks, still
retaining the Lion Mountain ssndstons as the upper member of the Cap
Mountain formation,



Decker (1944) made a detailed study of lete Cambrian grapto-
1ites from Meson County, Texas.

The Devcnien rocks of osntral Texas were described and divided
by Barnes, Cloud and Bridge (1945). Barnes in 1945 reported on the
phosphorite deposite in the eastsrn Llanc uplift in central Texas,

Gloud, Barnes and Bridge (1945) proposed a revision of the Upper
Cambrian of the Llano region by making the Riley series e forzmation and
including within it three membars, the Hickory sandatons member, the Cap
Mountain 1limestone wember and the Lion Mountain sandstone member. They
also redefined the uppsr contaot of the overlying Wilberns formation and
proposed & revision of the Ellenburger stratigraphy,

The adaptability of the Hickory t and the Ell

livestons a3 water reservoirs was aiscussed by Plummer in 1946.

Bridge, Barnes and Cloud in 1947 completed their work on the
Upper Cambrian rocks of the Llano uplift and fully desoribed and defined
the two formstions and seven members of the Upper Cambrisn, This work
4s sti1 the recognised reference on this sestion,

In 1948, Cloud and Barnes presented a study of the EXlenburger
group of the Llano region and divided it into thres formations, the
Tanyard, the Cormun and the Homeyout.

Wilson (1949) presented e comprshensive report on the Elvinls
sone in the bmaal Wilberns limestones of the region,

The Carbonifercus rocks of the Llanc region were thoroughly
studled by Plummer in 1950, acd a detailed report on the stratigraphy
and paleontology, along with maps of the Llano region, was presented.

Blank (1951) observed certain weathering features of the Pre-
oambrian rocks of the Llano region and presented detailed reports of them,



The smain tectonic features of central Texas were investigated
by Cheney and Goss (1952), and they suggested that the Llano uplift is
an up-tiited part of an extensive structural axis nawed the Concho Arch.

Polk and Alexander (1952) did separate detalled studies of
the geology in areas west and south, respsctively, of Mason 4in Mason
County, Texas.

In 1953, Barnes, Cloud and Dunoan reperted the disoovery of
Upper Ordovician rocks in centrsl Texas. They mamed the unit the Burnam
limestone and attempted to correlate it with other Ordoviecian rocks.

Duvell and Parke (1953) did separate detalled studies of geology
in areas southwest of Mason in Mason County, Texas. A detailed geologie
study by Parke (1953) overlaps the thesis area on the vestern border.
Prits and also Grots (1954) mapped end described in detail aress farther
west in Mason County, Texas. ’

Barnes and Bell (1954) gave a complete resume of the rooks of
the Llano uplift from Precambrian up through Pennsylvanian time.

Flawn (1954) in a progress report propceed that the funda-
menta). alement in the basement rock of Texss is the Texas Craton which he
stated can be dated ss of "Middle Precambrian” time,

A complets report on the faunas of the Riley formation in
central Texas was presentsd by Paimer (1954) in which he atiempted to

correlate the Riley formation int {onally.

A f£inal report on the basement rocks of Texas was presented by
Flawn (1956) in which he ineluded maps indicating the general nature of
the basement rocks of the Llano ares.

The lead deposits of the Upper Cambrian of the Llano region
were investigated by Barnes in 1956,
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PEYSIOQGRAPHY

GROMORPHOLOGY

The -Big Bend of the Llano River Ares is losated south of Mason,
Texas, on the scuthwestern flank of the Llano uplift, The Lianc region
1s structurally an uplift but through ercsion it has beoome topographi-
cully @ broad basin surrounded by a high flat rim of undh{n;b-d Cretacecus
rocks.

Within the basin the domal uplift of Precambrian and Paleosois
rogks has been broken by mumerous faults, many of which bring rocks of
different ages to the ssme level, Frosicn has removed some of the less
resistent rocks and has left the more resistant granites and limestones as
high rugged hills and ridges whioh lie below the level of the surrounding

Cretacecus rim,

Acoording to some studies, the age elevation of the Llano
uplift is close to 1600 feet, The highest points are about 2200 to
2300 fest above sea level and the lovest about 900 feet, thus allowing
for a maximum relief of 1300 to 1400 feet,

In the Big Bend of the Llanc River Area the highest elevstion
15 estimated to be 1750 feet and the lowest slevation 1300 fest above
sea level, allowing for a maximum relief of 450 fest.

The thesls area can be divided into four physicgraphisc types:
(1) the high biloherm-capped hills and fault-line scarp along the northern
and extreme southwestern part of the area, (2) the rag ed and irreguler
hills of Precambrian granite and gneiss to the east, (3) the low platesu and
lowlands in the middls and southern parts of the ares, and (i) the questas
and re ted in the thwest part of ths thesis area.
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The northern portion of the thesis area 1s a very hilly surface
with & stromatolitic bioherm unit capping all the steep hills. This
co/pdi,tion holds true on all the high elevations in the area with the ex~
o;pthn of a large hill in the extrems southwestern portion which is capped
by Cep Mountain limestone. The first geomorphic unit is abrupily sepa-
rated from the other units by a fault line scarp that extends in a northeast-
southwest direction across the thesis area.

In the eastern portion of the area, is located the second unit
which is the hilly, often ragged, ares cousisting of granitic and gneisaie
rocks, The granites are intrusive bodies that are generally lenticular
in shape and have a general northwest to southeast orientation ae does the
banding found in the gneiss unit. Where rock cutcrops do not occur ia
this unit the "soil" is composed of coarse feldspar and gquarts gralns or
a finer sand-like weatbered gneiss, This unit contaims Comenche Creek
wvhich is intermittent and is choked with “granite wash".

Noither of the two units Just mentioned is under cultivation
and grass for grezing is limited under the present droutb conditions,

The third geomorphie unit lies in the central wnd southern
portions of the thesis area. Paulting has had considerable effect on
the geomorphology of this unit, The area varies from rocky cuestas,
directly south of the fault line scarp previously mentioned, to relative-
1y flat sandy lowland slong the Llano River. This unit is composed
prinoipally of Hickory and Cap Mountaln rocks that have weathsred to a
red sandy #oil whish is used extensively for farming,

The fourth unit lies in the southwestern part of the area and

includes the irregular erosional land-form called "Corn Pasture Flats®.



The more resistant Cap Mountain limestone forms a series of cuestas that
crop out as several parallel sets of low ridges.

Apparently there has been some post~Cretacecus uplift vhich re-
Juvenated the Llsno River, thus eausing all of its tributaries to inclse
their meandering channels to keep pace with the lovering of the larger
stream, )

A‘& rejuvenation of one of these streams has caused the erosional
feature called "Corn Pasturs Flats". This iz an elongated, nearly closed,
oval valley in which the uppermost red sandstons beds of the Blckory
member have been exposed by erosion of the overlying Cap Mountain limestons.

From initial observationa of serial photographs it appeared that some

L might be p t, but subsequent field observations of the dips
of the strata indicated the land-form to be a product of differential
erosion,
Most of this fourth umit is under cultivation and vhere the
topography is too hilly for farming rather sbundent brush and grass are availe
ble for grasing.

TRAINAGE

Tarr (1890) made the first study of the drainege patterns of
the Llano reglon and concluded that the drainage was oonsequent upon the
Cretacecus surfece and supsrimposed upon the rocks now exposed.

The thesis area is drained by tributaries of the Llano River,
which are superimposed upon the Precambrian and Paleozolc rocks., Feters
Creek is located in the western portion of the area and Comanche Creek
in the eastern portion.
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Peters Creek is a falrly large superimposed stream which origl-
nates cutside of the thesis erea, At several points along its course to
the Llano River, the [low of the cresk i» allered by fault iine searps.

Many of the smatler streaws in the central porticn of the thesis
ares, near the big bend of the Llanc Kiver, are subsequent and in some
osges insequent in type,

Comanshe Creek is a wide strean whose bed is filled with
granite wash and large gneiss boulders, Like Feters Creek this stream
originates outside the thesis area, Comanche Creek is superimposed upon
the Precambrian gneies all the way to its junotion with the Llano Kiver,

CLIMATE 4ND VEGETATICN

The thesis area 1s located in a semi-arid region of Texas and
the olimate is sub-mmid, The vegetation is typlosl of that which is
found in rocky terrain with uneven precipitation throughout the year,

The average rainfali in Mason County 1s 20 %o 30 inches per
yoar and the temperature ranges from below 30°F in the winter to over
100%F in the suzwer with a mean yearly temperaturs of 70°F. i

The reinfall varies grestly during the year with the rajority
of the rains falling in the apring and winter months., Cften much of the
rainfall will come in a spen of a few days and most of 1t will drsin off,

The vegetation of the thesis area can vary somevhat with the
type of rock or soil on which it grows,

Agoording to Polk (1952, p. B), who did vork in u similar and
nearby area, the main grasses of the county are buffalo, needls, ourly
mesquite, and orcwfoot,



Frits (1954, p. 15) compiled a complets list of other plants

thesis area,

Gomaon Neps
Catsclaw
Agarite
Mexioan persimmon
Cedar
Tasajillo (rat-tart cactus)
Prickly pear
Meaquite
Shin (sorub) osk
Post oak
Red oak
Live oak
Spanish dagger
White brush

The sbove vegetetion is liated and further desaribed with the

common to Mason County which are also found in varying amounts in the

Selsntdfic Hame
Acacia greggl
Berberis trifoliolata
Diosprycs texana
Juniperus mexicena
Opuntia leptocsulis
0, lindheimeri
Propopis juliflora
Quarcus wohriana
Q. stellata
Q. t.-nm
Q. virginiana
Yucca treculesna

Aloysia lisistrina

discusaion of stratigraphy of eech rock unmit,

1%
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BTRATIGRAFPHY

GENERAL STATENENT
In the Big Bend of the Llamo Hiver Ares only Precasbrian,
Upper Cambrian and Quaternary rocks are exposed. According to Paige
(1912, p.25) and Sellards, Adkins and Plumer {1932, p. 31) a probable
age for the Precambrisn yock could be Algonkian, Flawn (1956, p. 27)
reported the results of radicaoctive age d inati made on Pregambrian

granites of the Llanoc region and stated that,

"On the basis of these age determinations the batholithie
granites exposed in the lLlanc uplift have an age of about 1,000 million
years and the intruded gedinmentary rocks are still more ancient."

Paleosoic rocks younger than Uppsr Cambrian are not present in
the thesis area, Some recent stream oonglomeratee and alluvium ogour.
The geologic column is as followss

Quartsrnary System
Recent alluvium and river conglomerste
Older alluvium
Caxbrian Systen
Wilberns formetion
Point Feak shale member
Morgan Creek limestons mewber
Welge sandstone member
Riley formation
Lion Mountain sandstone member
Cap Mountain limestone member
Hickory sandstone member
Precambrian rooks

Igneous rocks



16

Medium-grained granite {Oatmen Creek?)
Gneiss (Valley 3pring?)

PRECAMBRIAN ROCES
In the Big Bend of the Llano Riv~> Area both ignecus and weta-
morphic rocks of P brian age are exposed. These

consists

of & pink medium-grained grenite unit and pink medium-grained gneiss
unit,

Yatamorphie focks
In an early discussion of the metamorphic rocks of the Llsno
region, Waloott {1844, 5. 431) proposed the term Llano group to insluds

e series of hosed sedi 'y rocks exposed in the Llanc uplift.
Comstock in 1839 divided these metamorphosed rocks into two units, the
Valley Spring gneiss and the Packsaddle schist, The typse localities of
these units are at Valley Spring and at Packsaddle Mountsins, respsctively,
both loeated in llanc Counmty, Texas.

Paige (1912, p. 25) later revised the t wo units but retsined
the names that were assigned by Comstock, In addition to his redefi-
nition of these roocks, Paige (1912, p. 25) offercd his own theoriss es to
their cccurrence, in which he proposed that the Valley Spring gneles was
older than the Packsaddle schist and that perhaps the Valley Spring gneiss
contained not only metamorphosed sedimentary rock but igneous rock as
vell,

The next major revision of metamorphic rocke of the Llano
region vas uhdertaken by Stensel (1932, p, 143-144), Stensel stated that
the Valley Spring gneiss was igneous in origin and was intruded inte
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the Packsaddle schist, thus inferring that the Packsaddle schist was the
only sedimentary formation in the Precumbrian rocks of the regicoa.

According to Sellards, Adkins and Plummer (1932, p. 32), the
separation of the Valley Spring gneiss from the overlying Packsaddle schist
oan be based

feeein part on the more massive charsoter of the gneiss, and in
part upen its greater content of acidic xaterials. The gueiss, however,
not only contains schist but grades into schist in such a way as to make
definite separation et many locallties difficult or impoesible,”

The Big Lranch gneiss wae described by Barnes (1943, p. 56) as
a third metamorphic unit w!ich is exposed along the Big Breneh of Coal
Creek in Gillespie anc Blanco Countiss, A4ccording to Barnes (1943, p. 56),
the Big Branch greliss can be dezcribed as a dark gray, medium~ to fine=
grained, quarts-diorite gneiss which has intruded both the Velley Spring
gneiss and the Packssddle scidst,

Plawn (1956, p. 29) discussed the age of the metamorphic rocks
in vhieh he stated that these rocks wers "invaded by granites about 1000
million years asgo” thus making the metamorphosed rocks of the Llanme
reglon at least this old,

The only metamcerphic unit pressat in the thesis area is a pink

medium~grained gneiss,

Gneiss Unit
Qeourrence and relstdonshine
The outcrops of the gnelss unit are confined to the sastern
portion of the thesis area where the unit forms a very rugged rooky
topography (Plate 1I, Fig, 1), The gensral strike of the gneiss unit
is in a northwest-southeast direstion with a few local deviations. The
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PLATE II

Exposures of Precambrian gneiss

Figure 1,~-lLarge rugged exposure of Precasbrian gnsiss located next to
Uomanche Creek on the Jack Walker sanch,

Figure 1,~-Joints strikipng morth 20 degrees east within the Precambrian
gneiss unit im the southern portion of the Jack Walker ranch,
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rtrike ranges from 50 te 70 dewraes west of -4 ard dip {rom 47 Jegrees
norteeast Yo %) cegrees., i nne porticn of tne ynefsz outerep the strike
changes abru;tly to north 60 degrees east, it iz theugnt that frulting is
responsible for this erratie change 'n strils which will he ti~cussed in
greater vetail leter in the thesis.

The gneiss cuterop axtends beyons *he ssstern limits ot the

Lhesls area. sithin tke uree napped, it is Lrunced :ither by Frecwrbrian
granites or raleozcic secimentury rocks. .he ecntauets with the intr.sive

arunltic rasseo are nob sosrp Ut present a trarsitlen zone Lhui apvears

- cook 18

te oe a resuit ! tha imtrisinp, he contact Wity the seqires
an unconfornivy resuitin: from the overlap oi tLhe Cambrian sediments ucon
Voo rrecamol ian surface.

In cne portion ¢f the gueiss ex,o@:re nurervug joluts ure present
{eizve 11, ¥iz. <; page 1b) nuvin, & strike of north < degrees east,
legaseovic descriition gnu relationships

I'ne ymeiss wnit is principalil; a rassive, very nard, [line-grained,
In FeeCRAJAPBOUS, iE heied, A Mepascopii exeninatl n sugiests that the

rest skhundant ninerai

Loi= Ldnk microelne c

pranzlpal wines

clear artz,  The dark niasrals anjenr S orrodst ovielly of “ictite und

“rg whieh

wesaltey Lo tote, The rlotite ervtant varies and Jerne
rive the banded appeurance ti *he «metss, n gome exposurss Lhe derk

wiverals £.lcl ernsvitule the lLands Jeather cut, thus rerovin: Lhe beuing
ane giving the weathevel rreox the epoeurance of w suartzivte, o.re sugele

irnt ago-ures of the rassive yneiss are . resent aleng Comanche Sreek cne

mile south of the 4illran raneh bouce (tlate TI, Pfo. 13 page 18),
The ,neiss unit is well wxwcsed alen: the Llanc Hiver where

water actiun nas ralntained & semi-fresk exic .ure, 4Also alon the river



the relationships of the pegmatitic and aplitic dikes and quarts veins
can be observed (ilste III, Figs, 1 &« 2).

The pegratite dikes are composed prineielly cf lerge grains of
rilky quartz and a considerable arcunt of wicroeline and plagioclese.
Some dark minerals wers present but wers et larpe ancuph to be determined
megasccpically. In many of tre dikes graphic granitc was found,

Aplite dikes were alsc fcund within the gneiss unit. The
aplite was rather fine-grained and it wee c¢ifficuit tc deterrine the
constituents [rom {ield observaticn, It apiesred that the wain ccmsti-
tuents were equidimenmional grains ci ricrocline, poscibly some ortho-
clase, quarts, and ninor amcunts of either bictite or muscovite.

The quarts veins were not as commcn as the dlkes menticned
above and o nsisted chiefly of milky quartz and scme grey, siightly
trunslucent quartg,

The quertz veins and pegmatite dikes runped in width from a
few inctes to several feat, whersas the aplite cikes ran;ed from several
inches ur to a feot in width,
hicrosec, e descrirtion

A thin sectlon of the equi,.anular ;.ink melss, from the promi-
nent, ;melss exjcsure along Conanche Creek (Ilate I, Flg. 15 jage 18)
on the Hoerster raach, was prepared.

The gnelss consists of juarts, wicrocline, plapioclase, blu-
tite and ilrenite. The anhedral juarts grains svernge 0.5 mm mcross
with scme very srail quartz inciusicns in plaglociase grains,

lnenite is the only noticenble oparue 1 ineral prasent in the

secticn ana has an average graln size of J,2 mm \1late IV, Fige, 1 « 2}.
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. PLATE III

Aplite and pegmatite dikes

Figure 1,—Aplite dikes intruded into the gnelss unit exposed in the dry
Llanc River bed on the Jack Walker rangh,

Figure 2,~~Pegmatite dikes of different sges exposed in the dry Llano
River bed on the Jack Walker rameh,




PLATE IV
Photomicrographs of gneiss showing ilmenite grains

Figure 1.,--Several ilmenite grains from the gneliss unit shown in plane
light (30X).,

Figure 2,~The above ilmenite grains under X-nicols with an additional
display of other constituents of the gneiss (30X).
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A1) of the ilmenite grains in the thin secticn shewed sorme alteration to
1lescoxane, Jbich appeared 18 an opayus wnite raterisl surrcimcing the
wa ority of the zr-ins,

Yeroaline Jas culte coprer ir the thin ecticn; hovever,
neet 6f the grains were sral) in comprriscn te (he other minsrels,
re-euring enly 0.2 wr across (Plate TV, Wiy, 2),

Elotite wer abmdapt in ths gnolse “kin <ection, {Plate V,
Tiz6. 1 ¢ 2). Seme cf it contzined zircon inclusicne which sppesred
tc te relicastive rad were surrcunced Ly }lecchreic heles (rlste ¥7,
Figas. 17 0). The bictite flaves rir ef froy 2.5 me te .7/ mr dorg
end N,14 te 0,18 mm thick,

The rlsciceisge prasent fn wba thi. ccenl nogns ol

with a maxdmu~ extiuctlen eagfls of U deprees.

nevera? prains with most of the optical properties cf apatite
were noticad; hovever, withott craneiuiive proel *her mupt be coraidersd
Geubb™ll apative.

The fcldppsrs ooiy rire ahout 6G percent, ¢f ihe section, ~uarts
about 20 pereert, LIt te & percent wnt ilsenite . percent,

The 4 dn cction cbtained frer the Ylacis eren ie eomeunat

sl te the oFin seoticn ef tre Vo e 0 vt ypelis nerr Llero in

Ilane Crumty, 7o', cesaribed hy Tarnes, [awse and Farkinson {1942,

pe 120} excort thit orozicemlly mere cuerdz ie present in the Fhin cection
™y 4hw therir sres. The oif~ht 2iv-caticns of Yoiite to ohlorite ce-

auribs. Uy Srer weve alec motlced In the thevigesran sectlcon; however, no

titanite was “ronent.



PLATE V
Photonierographs of gneiss showing biotite grains

Figure 1,—-Relationship of numerous biotite (B) grains found in the gneiss
unit shown under X-nicols, Note the Carlsbad and Albite twining present
in the plagiocclase (30X).

Figure 2,—A biotite grain (B) displaying typieal tabular habit and
eleavage of bictite (B) under X-nicols (110%?.
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PLATE VI

Photomicrographes of gnelss showing plecchroic halos in blotite

Figure 1.,~-Fleochroic halos around sircon inclusions upder ordinery light
which display possible radicactive cracks in biotite found in the gneiss
unit (110X).

Figure 2,--The above blotite under X-miccls (110X),




On the other hand, the gneiss 9.5 miles northeast of Mason
described by these same authors (1942, p. 121) appears te be very differeat
from the thesis area section,

Zopeaanchy snd vegetation

The topegraphy of the gneiss unit, as previously mentioned, is
generally very rogky with random boulders covering the cutorop, The soil
derived from the weathered gneiss is, under the present drouth oonditions,
of little valus for farming and gresing. A few serub osk, mesquite,
ocedar and prickly pesar survive on this soil,

Zsnecua Bosia

Ignecus rooks and their ccourrense in the llamo region were
mentioned in literature as early as 1846 by Roemer in his desoriptionm of
bis journsy across Texas, Several other early geclogists such as; Schumerd
(1861), Buskley (1874), Waleott (1884) and Comstock (1889-1850) publisked
early descriptions of the ignecus roacks of the Llame region. It was mot
until Paige (1912, p, 25) gathersd all the random descriptions and supple-
mented them with his own work, thet a comprehensive acoount of the igneous
rocks of the region was presented, Paige (1912, p, 25) described three
types of granites which were: (1) a very coarse-grained, homogensous
granite, (2) a medium- to fine-grained granite, imoluding some coarse-
greined varietiss, and (3) an opaline quarts-perphyry.

Stensel (1932, p. 143-144) suggested that the igneous rocks
oxposed throughout the Llano uplift could be divided into two classes
as followss (1) batholithic intrusions, comprised of various granites
and their aplite and pegmatite dikes, and (2) the later dike intrusions
comprising the opaline quarts porphyry and felsites., Stensel (1932, p. 144)



further divided the batholithic intrusioms (from oldest to youngest)
intes (1) Town Moumtain, a ocarse-grained to porhyritie grenite vith
large flesh-golored feld , (2) Creek, & medium-gruined, grey
to pink cataclastic grenite, and (3) Simmile, a fine-grained, grey,
biotite granite.

Kappel (1940) made an extensive study of stesp-walled, almost
eireular bodies of grenits oslled massifs, FHe (Keppel) proposed some

theories on the origin of ths textural patterns of these aircular masses.
These theories were considered unsatisfactory by Goldiech (1941, p. 710),
who made detailed chemical analyses of central Texas granites, Ooldich

(1941, p. 697) alsc oritioised Paige's method of classifying granites on

varistions in texture sinoe he (Goldich) claims texture cen vary even
within single messss of granitic rocks,
The only granite present in the thesis area is a mediwm-grained

pink granite which is exposed in two loeati

Neodiwm~Grained Crenite

QoouwsTenge and relationshive

The mediumm~grained granite in the thesis ares is exposed along
the Liano River on the Jack Walker ranch and also on the Jimmy Zeseh
ranch east of the Simonville Road, The granite mass locsted cn the Zesch
ranch invaded the gneiss unit but the oomtect is obscured in most places
by soil, Where the contact is visible it appears to be sharp with mo
transition sone between the two rook units, The granite mass located on
the Walker ranch in the bed of the Llano River has a wide transitional
eontact with the gneiss unit,



The mothod of formation of this type of tramsition sone is a
matter of considerable conjecture among ignecus psirologists even during
the present day,

Perhaps the term migmatitis would describe the nature of the
rocks contained in this transition sone. Asocording to Turner (1948,
po 305),

"For rocks of mixed origin, Sederholm's (1907, p. 110) tern mig-
matite (mixed rock) is convenient. In many migmatites the grenitic (or
granodioritic) and the metamorphic components are clsarly distinguishe~-
blej in others, scaking of the original host rock in the magmatio
hap largely blurred their seperate identities, The term migmatite is
purely deseriptive and may be applied equally well whether the granitio
component hes been injected from an extarnal source or is the result of
fusion in sity.”

Migmatites may evolve in three general ways, acoording to
Turner (1948): (1) development by an injection of a megma, (2) development
by magmatic soasking, and (3) development by differential fusion.

The rooks of ths transition sons (Plate VII, Figs. 1 & 2)
have besn invaded and altsred in structure and composition, Whether
solutions invaded the altered rosk from below or solutions were developed
from the rock itself and caused an alterstion, is not known, 4 xemolith
(Plate VII, FPig, 1) with sharp boundaries, found in the transition sone,
would tend to support the ides that this sons resulted from invasion of
the original rock by magms or by sclutions or gsses from the outside,
rather than by differentiel fusion of the rock it+elf (Dr. H. R, Blsnk,
personsl communisation),

If the above thinking is velid then the scne ia probably a soms
of metasomatism which was oaused by the invading granitic mase. Solu-
tions or gases from the intrusive mase could have caused an alteration

through an donic transfer within the gountry rock, It would be neces-



PLATE VIT |
Transition sone between granite -.nd gmlos

Figure 1.--A xemolith found in the transition sone between the Precambrian
granite and gneiss units in the bed of the Llano River on the Jack Walker
ranch, o

Figure 2,--Exposure of transition sone rock that has been intruded by
aplite dikes, located in the bed of the Llano River om the Jack Walker
ranch,




sary to study the roeke of the transition sone in greater detail than

vas possible in this study to adeq ly determins their g 1
Therefore, no definite conoclusions can be drawa concerning these rocks
from the present study; only suggested origins oanm be offered.
Hagasoonia desqrivtien

The medium-grained granits is equigramuler with grains from
1-3 »m in diameter. The minerals most sasily seen megascopiocally in the
granite are microeline, quarts and biotite. The most abundant mineral
present is miorocline, which gives the rock a rieh pink ocolor, Seoond
in abundangs 1s ocolorless quarts, Biotite is the only dark mineral reedi-

1y issble ploally.

The granites are cut by mmmerous pegmatite dikes but not guite
as profusely as is the gnedss unit, Barnmes, Dawscn end Parikinson (1942,
Ps 79) desoribed some pegmatite dikes, at Strester in Meson County, Texas,
which contain topes, tourmaline snd cassiterite, No microsgopic exami-
nation was made of the pegmatites in the thesis area,

Misreagcoia descrickien

It was diffioult to obtain an unweathered rock sample from which
a thin seetion could be prepared; hovever, a sample wvas taken from the
granite exposure in the bed of the Llano River, 200 yards southwest from
the mouth of Comunche Creek on the Walker ranch,

The essential minerals found in the thin seotion are microelins,
quarts, plagioclass, and biotite vhioch has been oonsideradbly altered.
4dditional minerals found are fluorite, sirooln, and chlorite which is be
lieved to contain some nesdle-like erystals of rutile ().

The most 1s are anhedral grains of microeline that
bave their charscteristis "grid st * (polysy 1o twining) ob-
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soured by & mioroperthite struoture. Most of the grains of misrveline
in the thin section are very large, many of them msasuring 2.0 me across.
Many of these large grains bave small inclusions of quarts and plagio-
olase (andesine).

The anhedral grains of quarts are alsc relatively large in the
thin section with grains of 2,0 mm in dismeter (Plate VIII, Figs. 1 & 2),
Hovever, mumerous small grains of quarts are fousd that measure only 0,2 mm
in digmeter, The extinction of the quarts is relatively sharp. Several
basal sections of quarts were notiosd in the thin section (Plate VIII,

Fig. 2).

The plagicalase is andesine which was determined fros a maxi-
mum extinction angle of 19 degrees and an index of refrastion greater than
balsen, In eomparison with the quarts snd micrceline grains the andesine
grains are small and ars only 0.20 am scross.

Large grains of altered biotite are present ia the thin sestion,
some grains being 1,5 »m long in the direstion of the cleavage, Some
of the biotite has been altered to chlorite which econtains needle-like
orystals, probably of rutile. The rutile was identified by its high
birefringence and parallel extinotion.

Fluorite, distinguished by its high relief and perfect octahedrsl
cleavage, vas found in the thin section, Barnes, Dawson and Parkinson
(1942, p. 79-86) mention the presence of fluorite in their descriptions
of granites from Mascn County,

Ziroon appears as small inelusions in several of the andesine and
altered blotite grains.

With the exosption of the type of plagicolase found in the thin



PLATE VIII

Photomicrographs of granite

Pigure 1.,--inhedral quarts grains (Q) associated with eltered biotite (B)
in the Precambrian medium-grained granite under Xenicols (110X).

Figure 2,--One of several basal sections of quarts, under X-nicols, found
in the Pregambrian mediume-grained granite, Note the polysynthetie
twining (P) in the microcline surrounding the quarts grain (110X),




seotion the granite clossly resembles in composition those desoribed from
Mason Cousty by Barnes, Dawson and Parkinson (1942, p. 79-86). It would
be 4ifficult to decide whether its composition is oloser to that of the

Town Mountein or Catwan Cresek grani bat b of the text of
the granite it is poseibly Oatman Cresk.

The gencral composition of the granite thin sestion is 60 peresnt
feldspar, 32 percent quarts, 7 percent of sltered biotite and approxi-
mately 1 percent each of fluorite and chlorite.

Zepocraphy spd vegetation

The granite exposures are fairly resistant to weathering and are
exposed as large boulders and domes of igneous rook (Plate IX, Pige. 1 & 2)e
The soils d granite exp are posed ohiefly of angular pieces

of pink feldspar and quarts.
The wvegetation on thess soils is very limited, with scant swoumts

of grass and a few sorub oaks and mesquites,

CAMBRIAN SYSTEM
In the Big Bend of the Llano River Area, rocks of Late Came
brian age arop out cver a ocnsidersdle porticn of the area. The Riley
formation rests unconformably upom the irrsgular Precambrian surface.
The Wilberns formation conformebly overlies the Riley formatiom,

Bley Formatlon
The Riley formation was described by Cloud, Barnes, snd Bridge
(1945, p. 154) and its type loeality is in the Riley mountains in heast

Llano County. It is the oldest Paleosolo formation preseut in the Llamo
uplift and is Late Cambrian in age, Cloud, Barnes, and Bridge (1945,



PLATE IX

E:poauni of Precanbrian granite

Pigure 1,~=large granite exposure located 600 yards southeast from the
Jimny Zeseh ranch house,

Figure 2,~-0ranite exposure near the Hickory-Precambrian contact in the
Llano River bed on the Jack Walker ranch,
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Po 154) prefer to designate the Riley formatiom as, "all of the Cambriam
strata in Central Texas beneath the Wilberns formation®,

The term Riley vas used previously by Comstock (1290) and later
by Paige (1912, p. 21) vith refersnce to the "Riley Series®; however,
Cloud, Barnes and Bridge (1945, p. 154) ve=defined the rocks as the Riley
formation and divided them into three members. These are, from oldest to
youngestj (1) the Hickory sandstons, (2) the Cap Mountain limestons, and
(3) the Lion Mountein ssndstone,

The thickness of the Filey at the type locality is 780 feet,
Becauss of the irregular Precambrian surfass on which it was deposited, it
may be as thin as 200 feet but the age thiok is to be
680 feot,

In the thesis area, it was mot possible to measure an entire
saction of the Riley fx y but the estimated thickness is approxi-
mately 550 to 600 fest.

Riekory Sandstone Member

Definitlop and thickness

In 1890, Comstook first used the term Rickory to name the sand-
stons series that cecurred along Hiokory Creek in Llano County. Paige
(1912, p. 42) dropped the series classifieation that Comstock had used
and redefined the Hickery sandstone as a formation,

Cloud, Barnes and Bridge (1945, p. 154) in their revisiom of
Upper Ceambrian rocks geve the Hickory sandstone member status and placed
1t at the base of the Riley formation,

There 1s a great varistion in the thickness of the Hickory sand-
stone member and according to Bridge, Barnes and Cloud (1947, p. 112)



it can range from 415 feet thick to & "feather edge”, with an average
thigkneas of 350 fest, Thers are several reasons for this wide waria-
tion, sush as topography of the Precambrian surface, depositional ir-
regularities and gradation laterally into the overlying Cap Nountain
msaber,

Depths of producing sands of water wells on the Leroy 3ohmidt
ranch indicate that the Hiskory is over 400 fest thiock in the thesis
area.

Ldthology

The irregular Precanbrian surfaoe on vhich the Hickory sandstone
rests can have a relief of 800 feet in some places, aacording to Bridge,
Barnes and Cloud (1947, p. 113)s This irregular Frecambrian surface is
{1lustrated on the eastern part of the Jimmy Zesch Ranch where two hill.
tops consist of Hickory outliers surrounded by Precembrisn gneisa, In s
streex valley adjacent to these hills the Hickory sandstone also crops
out, This latter exposure is over 100 feet lower topographicslly than the
hilltop outcropse.

Orly one good exposure of the Hickorv-Precambrian dontzct was
found 1in the thesis ares, this being in the bed of the Llano River about
+7 of a mile downstream from the Simonville Road bridge (Plate X, Fig. 1).

At the contaot, the Hickory sandstons member occurs as a very coarse,

1ight tan to pale orange, conglomeratic tone, with sut ded peb-

bles ranging from 2 mm to 8 mm in diemster, The pebbles of this banal

portion present a raised rough surfuce on the weathered surfaee of the reck.
Ventifacts, which are scmetimes found at or near ihe Hickory-

Precambrian occntast, were not found snyvhere in the thesis area.



_ PLATE X
Lowsr part of the Hickory sandstone member

Figure 1,-~Hickory-Frecanbrian contact @&s exposed in the Llano River bed
on the Jack Walker ranch, The hammer rests on granite,

Figure 2,~~(Crosp-bedding in the lower part of the Hiockory sandstone mem
ber located on the morth bank of the Llano River on the Jimmy Zesch ranch,



The coarse, poorly sorted, nom~calcarscus sandstcne fcund at the
base of the mesber graduslly becines relstively better sorted upward in
the secii-n. This 1i,ht yray to tan sandstone also becomes thicker and
contains wore aross-beqcing (Plate X, ~1g, 2). The individual sand ;rains
sre frosted and faceted anc are Irequently stained. iwc joint systems,
striking nerth 10 degress vest and north 55 degrees east, respsctive.y,
vers noticed slum, the ilano «iver on the Jimmy Zesch runck but were not
fcund at other ickory sanustone outcrops (Flate XI, Fig, 1).

4 white, haru, finer~yrained sandstona occure nesx the middle of
wemper, Sore thin, 1i ht green shale beds alternste with the jirble
solores sandstene {Plate XI, 14, &). +he shale beda shrw sii, ht wncunts
ot ylanconite which coes not comronly cecur in the Wickery mamber.

Lenr Lhe nidole of Lue waaierl Several buGs siowlny symsebtrical
ri; ple parks (Flate XI1, Figs, 1 & 2) ere fcuna. below these rip le-
strata are beds ¢f intraformaticnal conglomerate, wh.ch consist of anguler
fragments of s:ancetens with s random ordentation in a sandy matrix.

t hocphatic brachiopods are alsc founc in these conpiomerates,

The upper part of the lickor: sandstons is a zome of dark red
te vrownish red, poorly scrted, sometimes cross-bedced, thick-bedded
sancatens (Fiate (III), <he rod oolor of the zzndatone is durived fror
the ircn oxide thul ccats the clear guarts sand gr.ins wrich sre well

rrundeo and 1k wos! cases pooriy scrted.

ihe Eickery sandstone culorep covers approximutaly cune-fourth
©° the thesis svsa but becguse of weathurin: much o7 the (.here has beon
nisintegrated to scil. A secticn (Appendix) was veasured alom tre Ijane

River evtendirg from ihe base to the middle part of the Hickory sandstne,



PLATE XI
Features in the Hickory sandstone member

Pigure 1.,--Two intersecting joint systems in the lower part of the
Hickory sandstone member in the bed of the Llanc River on the Jimmy
Zesch ranch, ‘

Figure 2,--81ightly glauconitic shale interbedded with white sandstone
in the middle of the Hickory sandstone, located on the southern part of
the Leroy Schmidt ranch along the Llane River,




PLATE XII
Ripple marks in Hickory sandstone member

Figure 1.--Large symmetrical ripple marke found in the middle of the
Hickory sandstone member on the Leroy Schmidt ranch on the lLlano River
bank,

Figure 2,~~Small symmetriecal ripple marks from the seme location as
above,



&

PLATE XIII

Ferruginous Upper Hickory sandstone member located in the northeastera
part ¢f the Jimmy Zesch ranch,




This section of 144.8 fest ocould be scmewhat in error because of minor
faulting.

The Hickory sandstone, in gemersl, is soft, friable, mon-
caloareous, and poorly oemented in the middle and lower portions. There
are many small fractures in the lower portion that have been filled with
a fine-grained white sand,

Goolsby (1957) has recorded and plotted cross-bedding in the
Lower Nickery located along the Llamo River in the thesis ares, The
equal ares projection method was used vhich is described by Billings
(1954, p. 110-113). The foreset laminae had aversge angles of inclination
of 30 degress and the topset laminas for the most part wers insignificant,
Kinety foreset beds (Fig. 2) frem the morth bank of the river wers plotted
on the upper hemisphere of sn equal arsa projection, The resulting plots
indicated the beds to have a relatively unidirectional strike and dip.
Goolsby (1957) has ooncluded frem his studies that the cross-bedding was
essentially due to the rapid deposition of desert sediments at the mouths
of a fast, intermittent streams vhich emptied into a relatively quiet
ocean,

Zopexranky and Vegetstion

In the thesis ares, the Hiskory sandstone crops out on the low
Plateaus, and with the exception of the two outliers on the Jimmy Zesch
ranch the member has little relfef.

The besal and upper portions of the Hickory 4 y when th
form a sandy s0il which is used extensively for farming, The middle por-
tion of the member vhich containe tional a} and
ripple-marked sandstone ledges is more resistant to westhering.
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Tigure 2., Contour 4iragram of the poles of Y cross-hedding foreset

beds plottit on tae apper aesmisnbere of an equal area projection,
These foreset teds in the Lower fHickory sandstoune rember are expos=
ed on the .orth bauk of the Llano ?iver on the Jimmy ZLesech Ranch

{ Goolsby, 1937 ),



The unoultivated parts of the Hickory sandstone ocutcrop foster
& dense vegetation, vhich ineludes) live oak, mesquite, bee brush, shin
oak, tasajillo, white brush, prickly pear, and Mexican persimmon,

Gap Mountain Limestone Hember

Peliniticn snd Ihiskness

The Cap Mountain formation vas named and deseribed by Paige in
1911, The type locality is at Cap Mountain in Llano Coumty, Faige in
bhis original work referred to the Cap Mountain as a ssparste formatioa
and included the Lion Mountain as s member of the Cep Mountain formatiom,
In their revision, Cloud, Barnes and Bridge (1945, p. 154) reduced the
Cap Mountain formation to member status and called it the middle member
of the Riley Formation,

The thickness of the Cap Nountain member varies from 135 feet
10 455 feet with an average thickness of 280 feet, acoording to Bridge,
Barnes and Cloud (1947, p. 113). In the thesis area the exposed thicknesa
rangss from 10 feet to 200 feet. Faulting is the mein resson for these
moderate thisknesses,
Livhology

The lover boundary of the Cap Mountain 1i N ding to

Bridge, Barnes and Cloud {1947, p. 113), is placed at the distinot topo~
graphic and vegetational change which i1s sasily seen om asrial photographs.
However, in the thesis area, these distinct changes were not slweys evie
dent, so a different method was preferred by the author, The contact

was placed at the first appearanse of the predominently red and buff
oaloarecus sandstone and silty limestone ledges, This contact with the



Biekory sandstone member is gradational and the boundary is ofisn plaeed
arbitrarily,

The besal part of the Cap Mountain 1lmestons member consists of )
reddish-browvn, medium-grained sandstone and arenacecus or silty, tan to
gray limestone., These basal limestones and sandstones are fairly resistant |
to weathering,

Tho niddle part of the merber is finewto-zedius-grainsd, silty,
glauconitis, light gray, massive limestons conteining minor amounts of
oornecus brachjopods. Although both the middle snd upper parts of the Cap
Mountain lizestone member are silty in nature, some ledges in the middle
part of the member often approash silistones in composition.

The upper part of the Cap Mountain limestcns is principally a
fine~to-medium-grained, slightly arenscecus, fossiliferous, glauconitia,
silty, light gray, massive limestons, The chief differsnce betusen the
middle and upper parts of the member is the present of interbedded
ooquinoid limestone, kmown as “trilobite hash”, in the upper part.

In both the middle and upper parts of the member the limsstones
give a vory characteristic honeycomb or mottled effect upon weathering
and display mmercus trails and burrows (Plate XIV, Figa, 1 & 2),

4 well developed dendritic structure was found on a piece of
811ty limestone, believed to be from the Cap Mountain limestone, The
constituent mineral {s probably pyrolusite or some other menganase oxids
mineral (Plate XV),

ZTopegrachy apd Vegetation

The Cap Mountain tends to cap cuestas ani low hills in the
theais ares, the more resistant portions of the member beingthe capping
roek,






' Y
|
o -
<4
Lt
) oy
5
o -
)
4 o

D €
L
ol Gy
- O
=
&

4]

LO

ieve.

alals
2241

ral




Small portions of the Cep Mountain limestone outorop were being
farmed in 1956, but pot to the same extent as the Hickory sandstons nesber.

The Cap Mountain 1imestons member does mot support ss heavy &
vegetation in the thesis area &s does the Rickory sandstone member, Bow-
over, grasses, mesquites and Hexiocan peraimson vere quite comron, with

spaller smounts of sorud oak, prickly pear, turkey peer, and catsalav,

Lion Mountsln Sandstone Member
Defiaiticn and Thiskness

When Bridge (1937, pe 234) named and deacribed the Cap Moun-
tain formaticn he included the Liop Mountain as the upper nember of
the formation, In their revision of the Upper Camxbrien, Cloud, Barnes
and Bridge (1945, p. 154) gave the Lion Mountain member status and oalled
1t the upper member of the Riley formatiom, The type 1ogality of the Lion
Mountain sandstons mesber is at Lion Moumtain in the porthwest porticn
of the Burnet Quadrengle in Burnet County, Texas.

In the thesis ares, the thickness of the Lion Mountain sandstones
mezber probably sxceseds the 50 foot maximum that the above writers placed
upon it, Duvall (1953, Pe 29) states that be measured 103 feot of Lion
Mountain sandstone but he alsc believed that some undsrlying Cap Mountain
Jimestcne might heve been ineluded in his measurement.

It is estimated that 75 fest of Lion Mountain limestons member
1s exposed in the thesis area, although it wes mot practicable to messure a
asction of this unit.

Lithelosy
The lower eontact of the Lion Mountein sandstope member vas

described by Beddge, Barnes and Cloud (1947, pe 114) as gradatiopal tut
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ecnveniently located at the lover edge of the sparsely vegetated Liom
Mountain benoh.

In the thesis area, the lover eontact of the Liom Mountain sand-
stons member was placed whare there was & moticeable change in slope from
the gentle benoh of the Lion Howatain sandstone member of the steeper
and rockier slope of the Cap Mountain limestone member,

The basal portion of the member consists of a light gray te
greenish gray, gl itic, hard limest interbedded with "trilobite

hash". The limestone is thin to medium-bedded and is generally fairly

resistant to ing, These limest, beds arethe only resistant
part of the Lion Mountain sandstone mesber and the remainder of the beds
weathor to & deep red sandy woil,

The middle part of the member ocnsisis of thinly bedded, ccarse,
highly glauconitic sandstone alternating with thin beds of "trilobite
hash” and thin layere of greenish-yellow shale (Plate XVI, Fig. 1),

The upper part of the Lion Mountain sandstone member srops out
as a sparsely vegetated bench (Plate XVI, Fig. 2) coversd by a few slabs
of "trilobite hash" and mumerous red to black hematite nodules (Plste
IVII), These hematite modules were from 1/2 inch in dismeter wp to 6
Ainoches in diameter and are probably the weathering product of the highly

glaunoonitic sands nesr and in the uppsrmost part of the member. Numerous
corneous brachiopods or their molds are found in the nodules,

The uppermcst five to ten feet of the Lion Mountain sandstone
member in the thesis area was oomposed of a green sand that had an ex-
tremely high glauconite content,



PLATE IVI

Lion Mountain sendstone member

Figure 1,-=Thinly-bedded shale between beds of "trilobite hash" found in
the middle part of the Lion Mountain sandstone member om the morthern
part of the Leroy Schmidt ranch,

Figure 2,~~Typical bench formed imn the upper part of the Lion Mountain
member located on the northern part of the Leroy Selmidt ranch,
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PLATE XVII

Hematite nodules on & barren Lion Mountain sandstone beneh,




Zememeanky and Vesstation

The Lion Mountai d member cutsrop th toa
sparssly vegetated bench that is covered with small slabs of "trilobite
hash" and sumercus hematite nodules. Spotty patches of gress ocoour on
these beashes but generally most of the growth is sorub osk. Cactus does

not grov well on this s0il but some priekly pesr, tasajillo and Mexiocan
persimmon are found,

HAlbarnadbrmaticn

The Wilberns formation is new comprised of four members that
overlie the Riley formation, The name Wilherns vas suggested by Paige
(1911, p. 6) vho derived it from Wilberns Glen in Llano Gounty, Texas,
The Wilberns formation that Paige (1912, p. 47) described does not con~
tain the present fourth member, the San Saba limestons, Pelge explained
his reascns for not including the San Saba limestons with the other Oam~-
brian rocks when he stated, (1912, p, 53) that there vas considerable
difficulty in placing a San Sabs~Ellsnburger oontact and because of their
similar 1ithologis character, the San Saba was included with the Ellenw
burger limestons of Ordoviolan age.

In 1945 Cloud, Barnes and Bridge (1945, p. 149) revised this
sarlier work and placed the upper boundary of the Wilberns formation at
the top of the San Saba limsstone zember; however, they retained the
lower Wilberns boundary that Palge {1912, p. 46) had established.

Bridge, Barnes and Cloud (1945, ps 149-130) further described
the five members of the Wilberms formation which wers, from oldest to
youngests (1) Welge sandstone member, (2) Morgan Cresk limestone msmber,
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(3) Foint Peak shale member, (4) San Saba limestons member, amd (5) the
Pedernales dolomite member.

In a later publication, Barnes and Bell (1954, p. 35) proposed
the dropping of the fifth member, the Federnales dolomite, and plaocing it
entirely within the San Saba lixestons member,

Unly the lower three members of the Wilberns formation are found
in the thesis ares,

Acoording to Bridge, Barmes and Cloud (1947, p. 114}, the Wil
berns formetion bas & thickness of from 540 to 610 feet and the average
thickness is considered to be 580 feet. In the southeast corner of the
Llano uplift, cnly 360 fest are p b of ¢ tion. Ouly part
of the formation vas measured in the thesis area,

Welge Sandstone Member

Definition and Thiskness
In 1944, Barnes (1944, pP. 34) named the basal sandstone of the
Wilberns don the Welge dst from the Welge Land Surveys in

Gillespis County, Texas,

At its typs section, on Squav Creek one half mile north of the
G41lespie County line, the Welge sandstons msmber ia 27 feet thiok, Im
the theais area approxizmately 20 feet crop out, Duval {1953, p, 32) has
neasured 17 fest of the Welge sandstone meaber in an srea northvest of the
Big Bend of the Llano River Area.

Lishelogy

At the Welge sandstons outcrop in the thesis area the sharp lower
ocontact with the Lion Mountain sandstone wes placed vhere the soft greeaish
to purplish glauocnitic sandstons of the Lion Mountsin member changed to &



massive, orange-brown, slightly argillaceous, medium-grained dst of
the Welge member, ‘

The brown weathered surfuoe of the Welge sandstone displayed
pumercus burrov marks and molds of phospbatic drachiopods. The sandstone
bad a #llicecus asment and was nmon~celoareous except for the top few fest.
Only minor amounts of glausonite were present in the member, i very
noticeable feature of the individual sand grains composing the member vas
the reecmpossd faoes that glittered in the sunlight.

The prineipal distinction bet the Eickory and Welge sand-

stones 1s the relatively better sorting of the Welge member,
Topeszaphy and Yegebatlcn

The Welge sandstone member forms & distinot sosrp (Plate XVIII)
which is easily recognisable throughout the thesis area,

Duvall (1953, p. 33) observed that the Welge sandstone member
appears to form the resistant foot of s ouesta rlsing above the bench
formed by the Lion Mountain sandstons member,

Much like the Rickory sandstone member, the Welge sandstons
mamber supports a relatively dense vegetation which ists of sorud

oak, mesquite, Mexiocan persisson and vhite brush with lesser amounts of
prickly pear and turkey pear,

Morgan Creek Limestone Member
Lafiadtden snd Thicknese
Faige (1912, p. 47) included this limestons member at the base
of his Wilberns formation, The Morgan Creek limestono mandber was first
desoribed by Bridge {Bridge, Darnes, and Cloud, 1947, p. 113) from a type
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PLATE XVIII

Charagteristic ledge of the Welge sandstons cutorop found 500 yards
southwest of the Leroy Schmidt ranch house,




locality in Burmet County, Texas, just north of the jumctfon of the morth
and south forke of Morgan Creek,
Bridge, Barnes, and Cloud (1947, p. 114) placed ths Horgan
Craeek limestone member above the Welge sandstcne member and described it
a8 being from 70 to 160 feet thick with an average thickness of 120 feet,
It is estimated that the thiokness of the Horgan Creek in the
theals area is 110 feet.

Lishelegy
‘The eontact the Morgean Creek limest and Velge sandstone

mexbers is gradstionsl and therefore is arbitrary, The contact was placed,
by this author, at the first ring purplish lime-

stons beds,
The basal part of the member consists essentially of purplisb-

maroon, thin- to medium-bedded, grained, » moderately
resistent limestons, These lover beds grade upward intc & mediumebedded,
more resistant, glaueonitic, slightly fossilifercus, gray limestons that
forus ledges on the slope,

4 five to ten foot sone of Eoortbis texapns beds is present
about 50 fest above the base of the member, This sone conteined a few
well-preserved foesils in contrast to other fossiliferous mones found in
the member which ocontained abundant fossils. MNost of these fossilifarcus
or "hash” sones have small well-formed calcite crystals oontained withim
thes,

Above the Foorthis sone the gray limestones become inter-
bedded with shales vhick have begome seversly westhered and altersd to
ocaliche at most outorops.



muw;rp-northo.nhrhchn-mriud!vnﬁmio
six foot thick sone of small bioherms (Plate XIX) that have been cone
sidered to be immediately below the contact with theoverlying Foint Peak
shale member. These so-called "baby® bl herms rangs from 15 to 30 inshes
in dismeter and at many places they are surrounsd by a soft greenishe-
yollow shale that is completely weathered to caliche,
Iopocrechy aod Vesetatlen

The outerop of the member is 2p 1y vegt d and oom=
monly as a steep slope, Shin oak, spanish dagger and serub oak comprise
the major part of the vegetation with lessar amount of prickly pear,

agarita, catsolaw and turiey pear,

Point Pesak Shale Member

DeCinttion and Thioknass

Bridge (Bridge, Barnes and Cloud, 1947, p. 115) first described
the Point Peak shale member on an isolated hill about four miles northeast
of Lone Grove in Llano County, Texas.

Acocording to Bridge, Barnes and Cloud (1947, pu 115-116),
the Point Peak shale wember is 270 feet thick at the type locality and
averages 160 feet thick; however, in scme areas it can be as thin as 25
feet, A section of the Point Feak shale maxber was measured on the Leroy
Selmidt ranch about 7 miles scuth of Mason. A thickness of 136.9 feet of
Point Peek end 17 feet of bioherms was meesured (ippendix).
Ltbology

The Point Pesk shale member was mapped aa two separate uaits,
one being the shale facies and the other being the stromatolitis bioce



PLATE XIX

Small resistant bioherms found in the uppermost part of the Morgan Creek
limestone member 500 yards southeast of the August Sehmidt ranch house.




herm sone, Bridge, Barnes and Cloud (1947, p. 116) include the bioherms
in the Point Peak shale member; however, some autbors prefer tc plase
them in the San Sabs limestone member, The absence of the San Saba lime-
stone in the area makes this problem beyond the seope of this paper,
Therefors, the bioherm unit is oonsidered to be in the Point Pesk shale
member,

The shale portion of the Point Pesk shale member is thinly
bedded, undulating, greenish-brown, with thin limestone stringers ce-
surring throughout (Plate XX, Fig. 1).

The lower contact of the Point Pesk shale member with the Morgan
Creek limestous member has been arbitrarily placed at the point.of change
from limestone to shale, The eontact for the purposes of this paper vas
placed at the first prominent shale outerop above the "baby" biobesss
(Plate XIX; page 57) in the uppermost part of the Morgan Cresk lime-
stons member,

The thin limestons ladges found in the bassl Point Peak shale
nember are finer-grained than the underlying Morgan Creek limestone mem-

ber; however, on first inspection they frequently look identical. ihere

are several one-foot ledges in the upper basal Foint Peak shale member
that have a goarse texture and appsarance, Th-oom-uxtiarowhcdo-
rived froan dolomite orystals that are p. in the limest

Trits (1954, p. 68) questionsed the scoursoy of desaribing the
lower part of the Point Peak ¢lastics as shales sinos he feels they more
olosely approximate siltetones, In the thesis area it was moticed that
scae of the finer olastiecs in the lower portions of the member could well
be called ailtstones because of their laok of fisaility.



PLATE XX o 2 @f’v&
Q.
Peatures of the Point Feak shale member A{;\ ,\\
: _ £

Figure 1.+=Thin undulating shale beds of the Point Peak shale member found
on the road cut 600 yards south-southeest of the August Schmidt ranch house.

Figure 2,~Symetrical ripple marks at same location as above,
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Some of the limestons ledges near the middle of the member
are ripple marked (Plate XX, Fig, 2; page 60), These ripple marks
strike in a northwest direction and measure eight imghes from crest to
orest,

Associsted vith thess ledges of limestone are small (Plate XXI,
Fig. 1) "oabbage head" biockerms that measure three to six inches in diame-

tor and are ded by int ional ) te, Most of the
middle portion of the Point FPeak shale member has intraformstional con-
glomerate ledges scattered throughout the cutorop, These 1
are desoribed in detail in the messured section in the Appendix,

The upper pertion of the Point Peak shale member tecurs as a
steep slope oovered with caliche and boulders of bioherms.

The bioherm sone, which vas mapped separately, occurs on the
highest elevations in the thesis area, S it feost of blob sone

were measured in the measured seotion (Appendix) but some of thesther
ridges have greater thicknesses of the unit,
The 1imest that prrd these bioch is a hard, gray,

minro-gramular to sublithographic rock with "oabbege hesd® structure
ranging in diameter from one to three feet, The rock surrcunding the

bioh C TN Y grained, slightly arenscecus, brownish-
gray glauconitic limestone. B8inoe these bioherme (Plate XXI, Fig, 2)
oap the ridges of the thesis ares, they are subjeot to intense srosion and
do not exhibit the exssllent stromatolitic structure mt.un often be
observed in the bioherms elsewhers in Mason Counmty,
Iepegrscly and Vegetation

The slopes of the Point Peak shale member outerop in the thesis



PLATE XXX
Bioherms

Figure 1,~~"Cabbage head® bioherms found in limestone ledges near the mide
dle of the Point Peak shale from the rosd cut 600 yards southeast fyom
the August Schmidt ranch house,

Figure 2,==The massive bicherm unit capping all of the highest hills in
the thesis area,
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area are gensrally rather steep and become steeper as the thick upper
biohern sones are approsched, ‘

The steep slopes of the Point Peek msmber in the srea provide a
poor soil for vegetation, The poor scil development could be caused in
part by the constant erosion of the thin soil cover, thus not allowing it
to beoome mature, and in pert by tbe relatively high caliche content
present on the outerop.

On the biohers sone at the top of the Point Peak member and on
the Morgan Creek member cutorop a fair amount of vegetation is present
which contrasts with the thinly vegetated slopes of the shale and limestone
parts of the Point Peak member,

A thin growth of mesquite, scrub osk and Mexiean persimmon ie
found on the outorop in the thesis area, The vegstation found on the
bichsrs outorep ineludes agarits, Spanisb dagger, prickly pear, turkey
pear, Mexican persimmon and some scattered catsclav,

QUATF RNARY

Addayiun aid River Gongloperais
Along the Llano Kiver there are several areas of alluvial de-
posits vhich were probebly derived from drainage of the land to the nmorth
and from flood deposits from the Llsuc River,
Older stream gravels, of probable Tertiary or Pleistocens age,
are also present in the area at higher slevati than the p it flood

plain of the river,
Another recent deposit that was observed along the river vas a

river conglomerats that vas well cemented with a sandy matrix and ocoatained



large vell-rounded boulders of most rock types common to the Llano reglem
(Plate XIII),
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PLATE XXII

Regent river conglomerate found along: the Llano River on the Leroy
Schmidt ranch,




STRUCTUORAL GEOLOGY

GENERAL STATEMENT

The Llano regicn can be desoribed as an sroded structural deme
which exposes in its center a Precambrian basexent complex, The allip-
tieally shaped dome has affected an area of over 100 miles in dimneter.
Erosicn has removed some of the Paleosoic and younger rocks frox the
senter of the uplift and exposed s faulted ocmplex of Precsabrian and
Paleosoic rooks, surrounded by & high rim of flat-lying Cretacecus roeks.
The Big Bend of the Llanc River area is loeated on the southwestern
flank of the Llamo uplift.

Major deformation in the Llamo reglon oocurrsed twice, omce during
the Precarbrian, and once during Peansylvanian time. Other less obvious
deformaticn probably took place also,

Tight folding of ths Precanbrian gneiss is evident in the
thesis area, which indieates deformation of these rocke by strong com-
preseive forces, Granitic intrusions of thess gnelsses oocurred several
times befors the Palecsoio Fra. This folded intruded complex of basement
rocks is separated from the overlying Paleoscic rocke by an sxtensive
unoonformity and the trends of the Precambrian deformation are mot
generally reflected in the overlying rocke.

According to Cloud end Barnes (1948, p. 121), the wajor fault-
ing 4n the Llano region took place in the Late Faleosolc before Canyon
time, prodably near the end of Strawn time, The faults generally have
a portheast-southwest strike which is shown in the thesis ares, Most
of the faults are normsl and have fault plans dips from 60 tc 90 degrees
with displacements ranging from s few fest to 3000 feed,
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Yolding i{s also found in the Paleomoic rocks of the Llano regiem
and 1t commonly oocurs ss broad gentle warps with nmo tight folding. Ome
of these broad downwarps is present in the thesis arem, Some very loeal
folding has been reported as a result of drag along {eults or slumping
into limestone sinks and possible compection around bioherm structures.
Hone of these latter types of folding haa been detected in the thesls ares.
Plusmer (1940, p. 58) described seven clssses of local strusture
common to the llano reglon., They are: spur ridges, normal faults, grabens,
buried ridges, sharp flexures, symmetrical anticlines, and reef masses.
Sevaral of these structures ocour in the thesis arss and will be dis

cuseed in detail,

Eresambrian Deformatiol

General Statement
According to Stenzel (1934, p. 74},

"The Frecambrian rocks of the lLlamc uplift should be divided

into three series from the point of view of structure., The series in
order, Ko, I being the oldest are as follows:

III. Late dike intrusioms, comprising the opaline quarts—
porphyry and felsites.

II. Batholithic intrusicns, comprising the variocus granites
and their aplite and pegmatite dikes.

1. Folded frame metamorphic rooks, comprising the schists,
ineluding marbles and gneisees,”

The only Precarbrisn rocks present in the thesls urea are the
fino-gm‘@d pink gneiss and the medium-yrained pink granits, therefore,
only the structursl relationships of these units will be discussed.

““tensel (1934, p. 74) mentioned that the average strike of the

guoiss xn the Llano region was northvest it with age dip of



45 Gegrees, The gensral strike of the gneiss in the thesis ares agrees
with Stensel's statement.

Loeel Structure
In the thesis area, the local Precambrian strusture oonaists of
& series of tight folds in tbe gneise unit which have been intruded by
granite masses, The i and granites are d in the

portion of the thesis area only. The general strike of the gneiss band-
ing 1s north 50 to 60 degrees west, exoept whers faulting has altered the
direction of strike, The dips fcund in the folded gneiss are relative-
1y steep throughout the unit, ranging from 40 degrees northeast up to 90
degress, The pitaeh of the folded gneiss was not discernible in the
thesis area,

There appear to be tight, slightly overturned folds within the
gneiss unit as indicated by the pattern in which the strikes and dips of
the gneiss sppear upon exposure, The gneiss has dips of 60 degrees north-
east in the western part of the exposure and towvard the east the dips becoms
vertical and then return to 60 degrees northeast, It appears that there
would be at least one synocline and one anticline within the gneiss ex~
posure in the thesis erea,

A fault in the gnelss was detected principally from an abrupt
change in the strike, This fault 1s located in the pore

tion of the thesis area on the Hoerster ranch, The strike of the gneiss
along the fault changes from north 60 degrees west to north &0 degrees
sast, Several other faults are found in the gneiss to the north of this

fault but they are mersly extensions of feult traces found in the bordering
Paleosoichs The displasement of these faults in the gnelias is mot



deterninable and can only be inferred from ths direction of displacement
found in the Palecsoie rocks,

The question arises as to whether the faulting detected in the
ghelss is Presambrian or Palecsoic in age, It appears that vhere a fault
involves displacekent of Paleosoic rocks it must be mo older than Paleo-
sols. Howvever, in the case vhars the faulting cannot be easily oonnsoted
with younger rogks, as in the fuult on the Hoerster ranch, it sppears that
the faulting oculd possibly be Precambrian in age.

Another problem to ba considered ia whether the displ t in
the gneiss vas entirely vertical or whether horisontal movement wvas ioe
volved, These points are matters of debate but it is doubtful if, with
the evidenoce at hand, they can be resolved,

The granities rocks found in the thesis area are expesed only
in two locations, OUbservation of these exposures indicates thet the granite
must have intruded the gneiss rocks, A trsnsition sone along the Lliano
River on the Walker ransh would certainly indicate such an intrusion. This
transition sone has been discussed in a previcus part of the thesis,

baleomodc Deformaticp

General Statement
According to Cloud and Barnes (1948, p. 119), the mejor fault
trends of the Llano uplift ars in the northeast-southwest quadrants.
Folding hes not been generally recogniszed in the Llanc region} hovever,
broad gentles warps have been reported by various authors on the Llano
uplift, Ia the thesis area, thers is some evidense for a hroad shallow
syncline vhich will be discussed later,



Detection of Faulting

In many instances faults wers located by abrupt terminatioms
of beds along their tremd, repetition and omission of strata and indica-
tions of variations in the normal strike and dip of beds. Very little
fault breccia was found associated with faults in the thesis arsa,

The faults in the thesis area frequently were initially ob-
served from variations in the vegetation which were often quite notloce-
able on serial photographs, Some straight lines of vegetation which wers
poticed om the aerisl photographs and thought to be faults wers, upon
field cbservation, found to be merely solution-widened joints that probably
retained more moisture then the normal outorop.

Many fault traces were difficult to follow over great distances
because of the cultivated fields they would pass through,

Taulting

The faulting in the thesis area is mostly normal in mature and
in scme instances becomes very complex, The major trend of the faults
is northeast-scuthwest with an average strike of north 50 to 70 degrees
east, There are tvo major faults, or at least faults {racesbls for long
distancens, located in the thesis area, the Peters Creek fault and the
Schep Creek fault, The Peters Creek fault is herein named for Peters
Creek within the thesis area, and the Schep Oreek fault was named by
S11ger (1957, p. 48).

To the north of the thesis ares, a graben ocours betwesn the
Peters Creek ani the Schep Creek faults, the former being dovnthrown to
the southeast and the latter downthrown to the northwest (Fuller, 1957,
perscnal communication). Southwestward, however, the throw of Lhe Peters



Creek fault changes, and in the thesis ares this fault is downthrown to the
northwest with s maximum throw of elose to 300 fest, The Schep Creek
feult, althcugh everywhere downthrown to the northwest, changes in throw
from & minimum of 100 feet on the Dan Willman, Jack Walker and Jimmy

Zesch ranches in the northeastern part cf the thesis area to a maximum of
400 feat on the leroy Schmidt ranch to the southwest,

These ghanges in throw suggest that, relative to the rooks north-
west of the Peters Creek fault, the block betwesn the Peters Creek and
Schep Creek faults has been tilted downward toward the northesst, and that
the next blsck, scutheast of the Schep Cresk fault, bas been tilted even
wore in the same direstion,

The Peters Creek fuult is quite prominent in seversl locali-
ties but it does not form a contimwus scarp as does Sohep Cresk fault,
Nuch of the Peters Creek fault trace passes through fields, thus making an
accurate location of the fault difficult, At one poimt on the August
Martin ranch the quent searp is exposed along Peters Creek.

Along the Schep Creek fault are fcund many sliver faults whioch
are most prevalent on the Leroy Scimidt ranch, This fault (Schep Creek
fault) appears to divide into at least three brenches near the Llano
River and mo explanation iz evident for the cgourrencs of this phencmencn.
The dips of the faulted rocks are the steepest found in the thesis ares
with some dips as high as 16 degrees to the southesst (i’hu XXIII, Figs.

1 & 2), The trace of the Schep Creek fault 1s mot straight but ourves
oconsiderably in seversl locations, OUne of the ocurves in this fault is lo-
eated wvhers the fault terminates oms end of the broad shallow synoline
which bas an axis alwost perpendicular to the fault trace. It appesars that



" PLATE XXIIT

The Schep Creek fault

Figure 1.~Steeply dipping beds of Morgan Creek limestons on the fault
trace of the Schep Creek fault on the Leroy Schmidt ranch along the Llano
River bank,

Figure 2,~-Another view of the fanlted rocks at the same loecation,
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the Schep Creek fault could have been deflected elishtly by the more re-
aistent backbone effect offered by the broad symeline,

To the southeast of the Schep Creek fault, s branch of this fault
remains essentially parallel to the major fault. This lesser fault is
downthrown t¢ the northwest and between it wnd the Schep Creek fault are
seversl minor faults with predominantly northesst-southwest etrikes. These
minor faults have displacements of iesa than 80 feet in some instances and
they are difficult to trace through flelds. Because they are insluded en-
tirely within the Hickory sandstone member, it is often difficult to de-
termine the relative movement,

To the southeast of the Schep Creek fault om the G, €, Kimbriel
ranch is located another sone of rather intense minor faulting. These

faults have a northeast to t t strike and appear to be

4n some manner connected with s larger feult that terminates thex. The
fault trace of the larger terminating fault is very distinotive along the
Llanc River on ths O, G, Kimbriel ranch (Plate XXIV, Figs, 1 & 2). The
mipor faulting cornected with this larger fault could have been caused

by ocomprassional stresses between the terminating fault and another larger
fault to the northwest,

On the scuthern tip of the thesies =res, where the Llanc River
makes its big bend, is located an area of intense faulting. These north-
east-gouthwest trending faults have 1ittle displacement but they are
mumerous and joints are present, This zone of intemse faulting 1s termi-
nated to the northvest whers the Schep Creek fault crosses the Llano River,

Other faults of a minor nature are found in the thesis area

that are orfented with the major fault trends but their oonnection is mot
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FLATE XXIV

Pault within Hickory sandstone m&r

Figure 1,~-A well exposed fault trace within the Hickory sandstone member
located along the bank of the Llamo River on the O, G, Kimbriel ranch,

Figure 2,~A close-up view of the sbove fault,




apparent, This faulting appeers to have cceurred at random and only to
relieve looal tensioms) stwesses,

Several fault contasts are found in the thesis area, the most
obvious ones being whers the fault trace is the boundary detween the
FPrecsnbrian and Feleosoic rocks, The most striking example of such &

ntaot is located just b of the Jimmy Zesch rench house adja~
cent to the Simonville Road (Plate XXV).

Folding

A fold in the Paleosoic rocks of the Big Bemd of the Llamo
River ares is present in the steep-sided hills loesated in the north-
osntral part of the thesis area, A brosd shallow syncline is indiceted
from the dips of the rvcks which surround these hills, Dips were diffi-
oult to obtain from the strata in the hills beoause of the abeenes of
ledges still in place. The dips, which do not exceed 10 degrees, ere not
everyvhere indicstive of a synclins but the overall pisture presented by
thes outlines a broad shallow syheline, The axis of the structure as can
best De determined strikes approximately morth 30 degrees west, The
northwestern end of the syncline, vhich is the nose of the strusture, is
not logated on the thesls area but the cutorop pattern and dips indicate
a plunge to the scuth. The mmthauurn end o( the -yndm h terninated
by the prominent obseguent fault scarp of m Schep v mlt vhioh ap-
pears to have been deflected sliyhtly by the increased istance of the
warped rocks,

Thers is mo indication of any other Paleoscic folding in the
thesis area, The syncline is of such 4i ! as to be ted to a

regional varping whioch has been suggested for the Llamo region. From



FLATE XXV

Upturned Hickory sandstone along the EickoryePrecambrian fault contact
southeast of the Jimmy Zesch ranch house adjacent to the Simonville Road,




the svidence at hand, it can only be assumed that the strueoture is part

of & P with undeterminad limits,

Age of Faulting

Since all of the roaks precent in the thesis area are displaced
by the faults it can bs presumed that the faults are younger than any
of the rocks. A possible exveption is the fault which disturbds the
strusture of the Precambrian gneiss (p, 68).

Aocording to Cloud and Barnes (1948, p. 121),

®eeoin the western part of the ilenc uplift in the vioinity
of Calf Oreek, unfaulted beds of Canyon age overlap faulted rocks of
Ellenturger sge. The xajor late Paleosoic faulting is thus indicated to
have taken plsoe befors Canyon time. The presest authors do pot know of
evidenos to indicate whether the faulting was in progress during Strawn
time or vas & post-Strawn and pre-Canyon event,"

The age of the faulting in the thesis area is post~Point Peak,
s0 it is logical to assume that its age is probably similar to that sug-

gested by Cloud and Barnes (1948).

Origin of Faulting

It has been suggested by Cloud and Barnes (1948, p. 118) that
the faulting in the Llano regiocn acoompanisd the late Faleosoic folding
of the sediments in the Juachite geosyncline located to the south and
east,

Barnes (1956, p. 13) later described the norsal feulting found
in the Llano region as followss

*A channel trending around the eastern and southera sides of
the Llano area ocllected sediments during pert of the Paleomoiec, during
the sarly Pemnsylvanian, then becaxs a trough of geosynelinal accusulation
of sediments, and about the middle of the Pennsylvanian the sediments in
the trough were folded, producing the Oumchite foldbelt. At this time

the Llano uplift was extensively faulted, the faults all being mormal and
dipping between 60 and 50 degrees, The fault blocks are tilted in



various directions mostly less than 10 degrees, but some amall blooks
along main faults are more stesply tilted,"

The resultant of the forces desoribed by Barnes (1956) probably put the
entire Llano region under torque thus csusing fracture in the rocks,

Paige (1912, p, 10) originally proposed that the faulting found
in the Llano region was due to compression, Later, Cloud and Barnes (1948,
P+ 118) described the faulting as dus to tensional stresses, Chbeney and
Goss (1952, p. 2263) have suggested that the grabens in the Llanc region
vere formed at a different time than the horsts.

However, relatively tensional stresses have probably acted in the
feulting of the thesis ares, as indicated by the tilted block betwesn the
Peters Creek and Schep Creek faults.

The general dip of the strata in the thesis area is to the
southesst; however, since the area lles on the southwestern flank of the
Llano uplift it would be expsoted that the strata would have & dip to the
southvest, The reason for this cccurrence is not clear but eithe the
intense faulting or the broad warping of the rooks eculd explain the une
expsoted dip.



GEOLOGIC KXSTORY

It would appear that a relatively thiek sequense of Precsmbrian
sediments onge covered the Llano region., This thiok series of sedimentary
rocks was subsequently desply buried, metamorphosed with vurying intensity
and then extensively intruded by ignecus rocks,

Fossils are non-sxistent in the Precacbrian sequence of rooks,

Tlawn (1956, p. 27) reported that sircon age determinstions in-
dicate that the granites whioh intrude the metamorphosed series are 1,000
million years old, These age detersinations, if correct, would make the
metamorphosed sediments at least this old,

During the late Frecambrisn or Early Cambrian time the in
truded metamorphosed Precaabrisn complex wae uplifted and seversly eruvded.
Driekanters found by Barnes and Parkinson (1940, p. 665) indicate that the
Llano area had besn uplifted for a eonsiderable period of time before lLate
Canmbrian {Hiekory) dspesition began. .

The Hickory sandstone member was deposited on s very uneven
Precarbrian erosional surface that, according to Bridge, Barnes and Cloud
(1947, p. 113), had relief approaching 800 feet, The early Paleosois
seas invaded the region and reworked the sands of "eolian origin® to
form the basal part of the Hickory member, Cloud and Barmes (1948, p. 111)
axpress doubt as to whether the Hiakory actually represents eolian sedi-
mentaticn.

It cannot be disputed that the seas had invaded the Llsno ares
by Middle Rickory time, as indicated by the presence of marine fossils
and ripple-msrked sediments, However, the intraformational conglomeratss
and ripple marks in the middle part of the member would indicate that the
seas were shallow throughout most of the deposition of the Hickory sandstons

member,



The gradational ocontact bet the Cap Mountain limestons and
Rickory sandstone members is evidenos of the continuance of the subde
Rergencs, The land aurface must have continusd its slow subsidence
because of the calearsous sedimente of the Cap Nountainm limestone member.
Only moderate depths were approached because sand and glauconite were
atill deposited.

The nature of the seiizents of the ares of subwidence indicates
an alternaticn of gondition of the water during the deposition of the
detrital sediments of the Lion Mountain sandstone member. The glauconite
precent in the member indicates relatively still water while the mumercus
"trilobite hash" sones indicate periods of very active wvave astiom.

The contast between the Lion Mountaim sandstone and Welge
sandstone is abrupt, perhap P ing & disstem, a disoonformity

or at losst an interruption in deposition, Gleuconite is not found in the
deposit comprising the Welge sandetons unit,

The Morgan Creek limestcne was deposited under conditions of
diminighing detrital sediments and an incresse of oslcarecus materials,

A wars sea of moderate depth is indicated in Morgan Creek time becaune
of the glausonitic character of the limestones along with the abundance of
fossils and bioherms.

Argillacecus sediments were deposited to form & major part of
the Point Pesk shale member. Cloud and Barnes (1948, p. 112) desoribed
the argillacecus materials as ooming from the west, The intraformational
conglomeratas found in the Point Peak shale member indicate the presence
of widespread flats of limy zud that were frequently flooded by the tides,
The denss limestcnss and thiok bicherm sequance reveal that the seas re-
turned to a moderate depth and were warming,



Rocks from Late Cambrian to Quateraary in age were not foumd
within the thesis area; therefors, the following discussion of the geologis
history has besn taken | ipally from 14 dealing with the Llano

region,

The ware seas present during the deposition of the bioherms ocon-
tinued into the San Sabs limestons deposition with more detrital material
being laid down,

Sedimentation from Cambrisn t¢ Ordovician time was continuous,
The warm, moderately shallow seas persisted during the deposition of the
Ellenburger limestons, vhose formetion in shallov water is suggested by
ripple marks and intraforsational bresciss which vere described by Cloud
and Barnes (1948, p. 33). Thess same authors (194%, p. 113) desoribe the
sea bottom as being a “gensrally soft bottom of pure oarbonate muds" during
Ellenburger deposition.

Perbaps the grestest truncation of Ellenburger rocks and
*probebly the longest period of Faleosolic emergence of the Llano region
occurred before Devonian time" (Cloud and Barnes, 1938, p. 113). This
emergences is evidensed by the fact thet mo rocks of Upper Ordovician or
Silurian age are found in the llano region. Jome Devonian sediments are
found to the east and west of the uplift but the rooks are very thim, for
the most part filling solution cavities in the underlying Ellenburger
limestone,

"Marine invasions cccurred at several times during Mississippian
and Peansylvanian time", (Cloud and Barnes, 1948, p. 113) and deposited

a4 on the tr ted E1L 8 rf The thinning of the Missis-

sippian Cheppel and Barnett formations suggests a positive movement in the
Llano region (Ssllards, 1947, p. 48).



The Pemnsylvanian Marble Falls formaticn vas deposited on
an eroded and ¢ ted B £ ! Paige (1912), desoribes the

black shales at the top of the Pennsylvanian as suggesting a retura to
extensive svamplike sonditions, 4 full record of the Mississippian and

Pennsylvanian deposition is not p b of widespresd post-FPennsyl-

vanian erosion.
A pro=Canyon disturbance whioh broks the Llano region into an

extensive system of nor uthwest~trending faults is indicated by
the remaining Pennsylvanian rocks.

Pernian, Trisssie, and Jurassic roocks sre not present in the
Llano region and this period represents a time of profound ercsion and
uplift., The entire Llano region wes truncated, thus alloving the Cretaoscus
seas to deposit sediments om Prescambrian, Cambrian, Ordovician, and Car-
boniferous rocks.

The Cretacsous rocks bave since besn ercded from the oenter of
the uplift and form a high rim sround the exposed Precambrian and Paleo~
soic rocks, -

There are only random records of Tertiary or later events im the
Llano Region,

In the Big Bend of the Llano River irea a rejuvemation of the
Llapo River sand the streams emptying into it indicates a recent uplift in
the general region of the thesis area, Stream gravels at high elevations
on the O, G, Kimbriel and Jimmy Zesch renches and incised streams slong
the Llano River indicate & rejuvenation of the drainage of the thesis arsa
after Cretacecus time.
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Along the Llano River on the Lercy Schmidt ranch there are some
Regent, river gravel conglomerates (Plate XXIIj page 65) that are oomposed

of every rock type p: t, in the sur ding aree,



BCOFOXNIC GFEOLOGY

The most important rescurce of the Big Besd of the Llanc River
Ares 1s ground water. This ground vater is obtained principally from the
Hickory sandstons, an important aguifer throughout the Llano uplift. The
water is used not only to irrigate orops tut also to replenish cattls
tanks, (small reservcirs) which have contained little or mo water during
the past several years,

The possibility of oil being preseat iz the area is remcte, as
Cloud and Barnes (1948, p. 33) indicated by stating that,

¥.sopotroleum will probably mot be found by drilling in the

Llanc reglon becsuse of the oomplex faulting of the potential source
beds and their p t exp to the stmospbere."

Within the Llanc region scme Lower Falsoscic and Precambrian
rocks have been used for bullding stones or road metal; however, mone of
the rocks present in the thesis area have bsen used as yet for sush purw
poves,

! ¥o ore deposits of economic importance have yet been discovered

on the thesis area,
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APPENDIX



4 section of Middle and Lower Hickory sandstone which begins
on the Llano River about .7 miles east of the Simonsville Road bridge
and ends on the top of an isolated hill about ,1 miles north from the
0. G. Kimbriel ranch house, The section wes measured with the assistanoe
of J. L., Goolsty.

in fest
Riley formation
Niddle Hickory sandstone member (Goolsby, 1957)

5. Sandst dst oongl e and minor

»

shales. This unit comaiste of light to dark tam,
friable, poorly exy d dst ) 8 t
conglowerates and thinly bedded shales, Thess
rooks tend to weather inte rectangular blocks, In

the sandstons the quarts grains are subrounded
and are fair to well sorted and ere cemented

with iroa oxide. phosphatic brachiopod

are found in the d The 4 oon-

glomerate is a hard, orange to derk reddish
brown, thin to medium bedded rock, Many angular
fragments of middle Hickory are fcund along with
phosphatic brachiopods oriented at random angles.
The matrix of the rock iz a medium-grained send
with abundant iron oxide. On several slumped
ledges ripple marks are noticeable but are t0o
badly weathered to measure. The shale portion
of the unit s 1ight unit is 1ight gray to pals



95

green, soft, thinly bedded, silty and exhibits
fuccidal material. o + « o s s s o s s 0 s 0 00 359

Follow cresk bed scuthesstwerd down to its junotion vith the

Llano River,

This part of the section has many smell faults and accurste

measursments oculd not be obtained,

4.

Sandstone and shale, Fredominantly sandstone,
yellovish-brown, bard, thinly bedded; querts
grains sul 4 and nedium-grained; limonit
appears to be absent; some few phosphatic

brachiopods, This unit is well exposed in deep~

1y cut stream bank, The shele is pale-gray to

white, fairly soft, thinly bedded, with some

fucoids and poorly developed symmetrioal ripple

MATKSs « o o o o s 0 s 0 0o v v e e o v s wose 2Bodk

Lover Hickory sandstone member (Goolsby, 1957)

3.

Sandstone, dull white, hard, resistant, massively
bedded, quarts grains subangular with some pink
miorocline and mioca evident, poorly sorted, some
individual grains show frosting, cross-bedding

present, but poor, Several fault planes are

present in the unit with white, culcareous, fine-

grained sandstone along the planes, Fine-grained

white sandstone at 74,0 feet above the base of the
BOOLIOM. 4 4 + s o 0 s s s s e s s s 00 e 189

Shift: 200 yards down Llano River tc the morthesst,

2,

Sandstone, gray with some local red and reddish-

brown layers, hard, resistant, massively bedded.



1.

Madlum to coarse, quarts graine subrounded with

iron oxide coating, some small amcunts of pink
microeline and mioa, locally well developed
eross-bedding, Reddish to brown cclored sand-

stone at 53.0 t0 59,2 and 25,6 « ¢ v s o 0 s o0« 5Tk
Conglomerate, brovn to pink; weathering to durk-

er brown, passive with poorly sorted angular

quarts, no apparest cement, The sversge di-

ameter of the greins is 1 inchy Ocourrence of

pink microcline inoreasing (beooming almost

arkosic) with large fragments of pink microclims,

with all pebbles at random angles to bedding

planes, Contact with med grained pink greait —al

Total thickness measurede o ¢ = ¢ o o « o o o » Thi.B



A section of the Point Peak shale mesber on the Leroy Schmidt
ranch (7 miles south of Mason, Texss) at the road gut onm Ridge Road.
The seaticnh was measured with the assistance of Dr. M, C. Schrosder.

Thiekness
in feet

Wilterns formation
Point Peak shale member

19. Bioherm, olive gray to dark gray, massive,
sublithogrephic to miorogranular limestone.
The bicherms are not well preserved rince
they oap a ridge, The bioherms sppear to be
20 to 30 feet in diameter. The "oabLage hesd®
structures are severely weathered and give a
Very rough ApPPEAIANCS. + » ¢ s « ¢ s s v o s s e s 170

18, Covered slope. This uait iz a slope covered

with flost of 1 L ional ! ta,
sublithographic limestone boulders and numercus
shale fragments partially altered to caliche.
The abundsnce of caliche would indicete that the
slope is composed mainly of shales and silt~
stones with thin limestone and conglomeratic
limestone ledges. At 132,0 to 131,5 feet above
the base of the section s thin ledge of fine-
to medius-grained limestone is visible. From
145.0 to 147.5 feet a shale is apparent but
weathered too extensively to describe, At 146.0
t0 146,5 and 147,0 to 147,5 there are two ledges



17,

16,

15.

of intraformational conglomerate with shale inter-
bedded b the ocongl From 147.5 to

199,0 the rosck is mainly oconcesled with only s
few thin (6 inches) limestone ledges exposed at
155,0, 160.0, 16,0 and 170.0 fect, A relatively
go0d ledge of fine~grained gray limestcne is ex-
posed from 179 to 1800 fest . « « ¢ ¢ s o = s s o
Limestone and intreformational conglomerate.

This unit differs from the cther conglomerates
desoribed in the section in that the fragment
size is much larger than was generally found.
Fragnents ranged from 1/4 to 2 inches in di-
ameter, some fragments being lithographic lime-
BLODBe + « ¢ 4 s 0 0 0 8 s s e s e 0 0 b e s s e
Siltstone, light tan to vhite, undulating, ex-
tremely thinly bedded, whioh weathers badly %o
oaliche. This oaliche covers all but the lower
fow fest of the unit, Undulating siltstones

are similar to those found fn unft 9 ¢ ¢ ¢ o o o o«
Shale (possibly siltstome). Dark olive green,
silty, slightly indurated, unduleting, thinly
bedded, almost platy, weathers easily. IThe

unit changes at 89,0 feet to a greenish-brown
siltstone. At 92.0 to 92.4 feet there is a thin
ledge of intraforsational conglomerate in a

matrix of fine-grained gray limest The ehale

83.5

0.7

11.7



4.

13.

12,

near the top of the unit gets more silty. Aibove

the conglomerats ledge small tight fold strue-

tures are presest with dip on the limbe wp to 90

degress. On the bedding planes of both the shales

and siltstones are small mica flakes that have a
glittering toxture ¢ « ¢ « s ¢ ¢ o v ¢ ¢ a o o 0 o 7.5
Conglomeratic limestone with included "oabbage

head" bioh str The 1 1s fine-

0 medium~grained, gray limestone with flat olive-

green limestone fragments oriented horisontally

axospt immediately adjasent to the "oabbage head"
The biok are small, ranging in

dismeter from three to six inches and composed of
microgramular to sublithographic limestonses « « o Q.5
Covered slope. Essentially weathered shalse

fragments that have been altersd to ealichs. . « . 3.5
Limestone, Very similar to unit 10 except the

ripple marke are better exposed allowing some

op. ive ts to be made, The
ripple marks have & wvave length of 20 om and
amplitude of 2 e o o ¢ o s s s v 0 v u 0 s e w 1.0
Shals, interbedded with stringers of gray fine-
grained limestons, very similar to unit 9
except the limestons stringers appear to be more
svenly spunced throughout the unit, The top three
foet of the unit are covered with oaliche. « + + « 4.0



10,

9.

8.

100

Limestons, greenisb-brown, hard, fine-grained,
has a coarss texture upon weathering, This ef-
feot is csused by differential weathering of a
reorystallised "fossil hask® lens, of which small
portions appear to be almost sublithographis

in nature and hardness, The limestone is rip-
ple marked on its upper side but no measure-
ments of the Barks were Bads .« ¢ « v ¢ o ¢ o o s o 1.0
Shale, olive~green to light green, interbedded
vith stringers of fine~grained gray limestone,
Some yellowish-brown to tanm, undulating silte
stones are present ranging in thickness from

1/4 %o 3 inches., Undulaticn of the siltstones
wvere apparently caused by compacticn over the
limestone stringers. A t white to pale green
csliche was being formed from the shals, The

bedding planes of the shales and siltstones

bave mjoa flakes, The unit ocours with limestons
interfingering the shule at the bass and with

shales interfingering ~ith siltstones and limestons
stringers at the tOp ¢ + o s o ¢ ¢ o ¢ s o s o o o 9.2
Limestonas, light gray, weathers to medium

dark gray, glaueonitic with sowe limonite stains,
medium-bedded, sediue-grained limestcne, This

unit is non-fossiliferous with large smounts of

gl ite, some hered to 14monite « « + o ¢ o 25




7.
6.
5

Ae

3.

Concealed shale, same as unit 5¢ v ¢ ¢ « o ¢ o o o
Bioherm, same 8 undt 4o ¢ ¢ 2 ¢ s 2 0 b 00 e
Conosaled shale, A-Inuﬂ-innvib_lh-w
onliche present, o« v « ¢ o ¢ ¢ ¢ ¢ ¢ ¢ 0 s 0 0 0 s
Ploherms, olive-gray, weathering to darker gray,
hard, microgranular te sublithographie, sppesring
to be slightly more resistent than those described
fnunit 1o ¢ s e s e v v s s e s e s s
Covered slope. A caliche-coversd slope that
appears to be shale because of the abundant
shale fragments being sltered to caliche, This

1s the approxi t b the Point

Peak shale member and the Morgan Creek limestons

member of the Wilberns formation. « sv o o o ¢ o o
Total Point Peak member measured. . « « o ¢ o ¢

MHorgan Cresk limeatone member

2,

1.

Limestone, grayish-purple, medium-grained, bedded,
with alternating thin lenses of fossil fragments
oocuring up to 8 inches thioks + « ¢ o ¢ s « ¢ 2 «
Bioherms, purplishegresn to greenish gray,
sublitbhographie, surrounded by glauconitic lime-

stone, The bioh are moTs istant than

the surrounding rock and a slight relief can be

DOLIGBAs ¢ o 5 ¢ s s s 0 s s e e v N e e h e
Total Morgan Creek member measured. o « + + o o
Total thickness measured. + « ¢ o ¢ v o+ o & ¢ &

101

0.5

153.9

7.5

162,4
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