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GEOLOGY OF AN ARKEA BETWEEN BLUFF AND HONEY CREEKS,
UASON COUNTY, TEXAS

ABSTRACT

The thesis area, whioch is located about 6 miles west of
Mason, Texas, is underlain by rocks belonging te the pre-
Caxbrian, Cambrian, snd Ordovician systems.

The pre-Cambrian rooks eﬁmiﬂ of two metamerphic
units, the marble and the gnelss, and two intrusive bodiss,
the coarse-grained granite and the fine-grained granite.

The Cambrian rocks are divided into the Riley and Wile
berns formations, The Riley is further divided into the
three members: Hickory sandstone, Cap kountain limestone,
and Lion Mountsin sandstone. The members of the Wilberns
formation are: Welge sandstone, Morgean Creek limestone,
Point Peak shale, and San Sadba limestcne, The Ordovician
rocks are part of the Ellenburger group.

The pre-Cambrian deformation consists of & series of
large sast-vest trending iscolinel folds that plunge stesply
to the sast, Ths Peleozolc rocks have a northeast strike
and 8 ten degres southsast dip, and are complexly faulted by
& northsast-trending msjor fault systes and numerous minor
foults. Thé attitude of the Falecsoic beds and of the fault
systens suggests a gentle local uplift just west of the



thesis ares,

The geologio history indicates s transgression of
Paleoxoic ssas over the eroded pre~Gambrian surface and
deposition of Cambrian sandstones, shales, apd limestones.
Devonian, Mississippien, and Cretacecus beds at one time
oon'rod the thesis area, but have since been removed by
erosiom. The faulting oscurred in the middle Fennsylvanian, .

The area has deen unsuccessfully prupociod for ores.
Ground water and farm and ranch land gonstitute the only
profitadle natursl resources,



IRTRODUCTION

BTATEMENT OF PROBLEM
The problem for this themis i the investigation of the
stratigraphy and structure of the rosks and the preparation
of & geologie map (Fiate IV) of a 10} square mile area in
western Mason County, Texas (Plate I), Considerations of
ssoondary ;nperumn re the geologlo histery, econocmie
geology, lnll physiography of the ares,.

LOCATION AND ACCESSIBILITY

The thesis area lies on the western flank of the Llane
Uplift, in Mascn County, Texas, The eastern bowndery of
the thesis area is approximataly 5.3 miles west from the
western oity limit of Mason, Texas.

Accessidility to the area i{s good, dut not so to all
points within the area. U, 8, Highway 377 crosses the
northern part of the ares. The 014 Jungtion Road is located
to the south of this highway and somewhat parallel to it,
The southera part of the ares osn be reached by sutomobile on
twe rough, but passable, private roads,

PROCEDURE AND EQUIPMENT
Noat of the fleld work was done in the periocd from
Auguet & Lo Septesber 8, 1963. Seversl supplementary trips
Yo the thasis area wers made before all of the information
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was collscted.

The base maps used wers U, S. Department of Agrioculture
serisl photographs which bad besn eniarged so that the ap-
proximate soale was 1110,000 or 6 inches to 1 mile, The
oruinai phct.ogﬂii& have an approximeate scale of 1:80,000
and were enlarged by Photographic and Visual Aids Laberatory,
Agricultural snd Mechanisal cexxoﬁo of Taxas. The area was
covered by photographs DFZ~45-17 and DFZ-3E-192, both of
which are dated 11l-2-48,

The mapping was done on scetate covering the phetographs.
A steresscops increased the usefulness of Lhe photegraphs by
adding the third dimension. Many geclegic features noted
with the sterecscops and photographs wers later confirmed
by observation in the field, The dips and sirikes as plotted
on the map generally represent the average of seversl read-
ings taken at each point with a Bruntan compaes.

The measured sectien desoribed in the Appendix repres-
ents the only sizable, practisally unfaulted sequence of
sedimentary rooks exposed in the thesis area, However, be~
cause of its nesrness to & highly shattered area, some breaks
of less than ons foot displacement may cut this sectien,

The beds were measured with a yerdstick and hand level,
The besal Hickory~-pre-Cambrian contect is difficult to

map begause it is a very irregular uneonformity which in



meany placea lies cless to the present land surface, TYThis
results i & mixture of outerops shich on the aerial photoe
graphs resexmbles an area of uniform Hickory. However, tihe
thin resnants of Gﬁa basal Hickory ars commonly representsd
oenly by a residual aoil. Where the pre-Cembrian rocks 4o
not protrude through this soil, the area was mapped as
Hiokery.

Another problem in the indurated basal Hickory was the
mesgurement of dips (Fig. 11). The abundant crosshedding
often cannot be distinguished from the trus bedding planes.

PREVIOUS GEOLOGIC STUDIES

In 1845, 1846, and 1847 Ferdinand Roemer traveled through
the Llano region with & group of German colonial explorers.
In his deseriptions (Roemer, 1846, 1847), he presents the
£irst published inforamation of the geology and fossils of
the regilon. A significant feature of his work is the regeg-
nition of older Paleozeic rocks,

B, F. Shumard (1861) confirmed Rosmer’s work and described
& Potsdam group (upper Cambrian) and its foseils.

Twenty~three years later Waloott (1884) visited the
region, studied the rocks, and further aonfirmed the Cembrim
age of the Fotadam group,

Hill (1887) mentioned the Lleno region in his review of



Texas geology and noted the importance of Waleoti's work,

Comstogk (1889, 1B90) discussed the geology &nd mineral
rescurces of the Llsnc region in the repéris of the newly-
formed Texae éoeluieu Survey. He intreduced the terms
Packesddle Schist, Valley 8pring gneiss, Hiokery series,
Buoy‘nrlu, snd San 3&ba series,

Tarr {1890) made obaervations on the drainage patterns
of central Tees,

Paige (1911, 1912) made the firat comprehensive study
of the rosks in the Llano region, He named and described
the Wilberns, Cap Mountain and Ellenburger formations, His
work imecludes discussions of the pre-Cambrian geology and of
the mineral resaurces., His reports and maps are still used
today, although parts of the region have been covered by more
recent work,

Udden, 8% al. {1916) prepared the first state geologie
asp whioch was published by the Bureau of Eccnomie Geology.
The lower Palsozeic rotlks were not differentiated,

unlx {1931) briefly discuzsed the Wilberns reefs (Point
Peak) in Mason county. The glausonitic shalea he described
as overiying the resfs were not found in that position in the
thesis area by the writer,

Dake ard Bridge (1932), using paleontology, correlated
several units of the Ellenburger limestone in the Llane ‘



vegion with similar units in the Ordovician beds of the
Missouri seotion,

Stenssl (1938) discussed the @equence and structure
of the pre-Cambrian rooks, revaning the order of suceession
given by Paige.

In their repert on stratigraphy of Texas, Sellards,
Adkins, end Piummer (1938) briefly reviewsd the pre<~Cambrian,
Cambrian, and Ordovioian systems of the Llane region. In
the companion report on the strustural snd economic geology,
Sellards and Baker (1934) described the Paleesoio deformation
of the Llano region., In the latter repert, Stenxel discussed
the pre-Cambrian struotural conditions,

Stensel (1936) reported further on the stratigraphic
relations of the pre~Cambrian rocks of the Lleno region amd
outlined an intrusive sequence,

Darton visited the region in 1933, collegtsd unpublished
geologloal xﬁforuuon. checked formation outerops, and with
other geoclogints preparsd a new state geologic map (Darton,
st als 1937) on which are shown the locations of the prine
aipal formations,

Bridge (1937) studied the rocks on the westorn side of
the Llane region, cellected fossils, redescribed many of
Rosmert's type loocalitiss, and differsntiated and named the
Lion nmum. sandstone member, Bridge amd Girty (1937)
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redesaribed Roemerts Palsozoic fossils and commented on the
geology of the ares,

The ogourrenes and formstion of dreikanters from the
basal Hickory were dssoribed by Barnes and Parkinson (x's'u); .

Ghengy (1940) desoribed the siratigraphy and strusture
of the Paleozoic rocks north of “the Llane region. Using
subsurface data, he reslassified the Fernsylvenisn beds.

Keppel (1940) studied the structure and texture ot'tho
searse~grained centrsl Texss granite masiif and found cone
oentrio textural patterns in each massif.

Bridge and Basnes (A941) divided the Wilberns forma-
tion into fowr members and dissussed the sorrelation of vare
ious stratigraphic units within the Llano region.

Goldioh (1941) preserisd chemical and petrographie
data from certain granitic rocks and offered a theory of
avolution of the oentral Texas granites 1o explain the chenme
ica) and textursl characteristics.

The building stones of central Texss were thoroughly
sampled and described by Barnes, Dawson, and Parkinson
(1948). This publisation includes a geologle map of the
northeastern part of the thesis ares, and desoriptions of
some of its pre<Gasbrisn rocks,

Plunmer (1943) desoribed quartz sand in the Gambrian
of Masen GCoumty.



In his srticle on central Texas soapstone and serpen~
tine, Barnes (1943) reviewsd the pre-Cambrisn stratigraphby
and descrided and named the Big Bransh gneiss in Llane
Sownky,

Barnas (1943) reported on gypsum in Cratacecus Lime-
stones immodiately scuthwest of the Llano rﬁlm ard oriefly
desaribed the underlying Paleosoio and pre<Cambrian rocks,
He still referredito the Lion Mountain sandstons as a member
of the Qap Mountain foramation,

Barnes, Oloud, and Warren (1948) pressnted the first
desoriptions of Deévonlan rosks in the Llano region, They
naped tha bods the Pillar Bluff and Stribling formations and
assigned them to the lower and middle Devenian, -

Cloud, Barnes, and Bridge (1946) rodefined the Riley
beds by reducing them to formetion status, meking the Hioke
ory sandstons, Cap Mountain limsstone, and Lien Nountain
sandstone members. The upper lismit of ihs Wilberns forma-"
tion was redefined and plased at the top of ths Oambrian,
‘The stratigraphy of the Ellsnburger was also revised,

Pluzmer (A§46) disoussed the Hickory sandstone and El-
lenburgsr limestons as water reservoirs in his repert on the
water resources of Texas,

The stratigrephy of the wpper Cambrian was finally re-
vised Ly Bridge, Barnes, and Clowt (1947). All unite were



thoroughly desorided, thersby providing & stendard refersnes,

Barnes, Oloud, and Warren (1947) nemed two more younger
Devonian formations and Jeecribed all of the Devenian beds,
In upward suceession, the Devonian in the Liane region con~
sists of the Pillar ngurr. 3trivling, Bear Spring, and Zesch
formations, .

‘Gloud and Barmes (1948) pudlished a wery detsiled ree
port on the Ellenburger group of the Llane regien, defin-
ing it as a growp, and dividing it into the Tanyard, Gore
man, and Honeycut formatiens., They also briefly desorived
pre=Ellenturjer bedn at various loocations,

Pluamer (1950) made the first dstalled stundy of the
garbeniferous stratigraphy ard paleontolegy of the region,

A large soale xap showing the distribution of the Garbon-
iferous rosks accompanies his report,

Blank (1951) deseribed certain weathering features
found on some of the pre~Cambrign granites.

Alsxander (1958) dssoribed and mapped in detail an area
immediately south of Nason, Texss,

Ghaney and Goss (195R) pressnted their oconsepts of the
growth of the Llano Uplift and related struscturel features,

Polk (1952) desoribed and mapped in detail an ares jme
msdiately west of Nason, T9xas. This area slightly ever-
laps the sast boundary of the thesis area.
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Barnes, Olewd, and Dunesn (1983) reportet the first
discovery of upper Ordovician rooks in central Texas. The
beds wers called the Burnam limsstons and correlated with
similar beds in ths Mississippi Valley,

Hutehinson (1983) =mede a very comprehensive sthudy of
the Enshanted Rosk pluton and L{is relationships with surround-
ing recks,

Barnss and Bell (1954) desoribed pre«Cambrian to Penn~
sylvanian resks in the western part of the Llanc region in
a guide book prepared for a field 4rip. This included o
geolegio map of a large part of the thesis arsa, but was
published (Mareh, 1954) after nsarly all of the present
writer's field work had been indepsndently ocmpleted,



PHYSJIOGRAPHY

QGECKORPHOLOGY

The Llane region, although a strustural wpiift, is top.
ographically a broad basin, In ils center, the eastly
weathored pre-Qambrian rocks have been sroded to form o lowe
land in which the more resistant pre-Cambrian and Paleozoie
rocks atand up as rugged ruh‘ol and hills., This entire basin
area is surrcunded by the still higher eacarpment of the
flat Cretaceous limestonss, The total rellef in the Llano
region is about 1600 fest, the highest peint being about £300
feet above sea level. In the thesis area the average sle-
vation is roughly 1850 fest and the maximum relisf is about
150 feet,

The thesis ares may be divided into thres goomorphio
units: 1) the highly irregular ares of granite and asta-
morphie rocks in the northern portion, 8) the flat area of eanily
weathersd rooks in the central porticn, and 3) the essarpmsnt
and roeky platesu in the southern portian,

Each Yype of pre-Gambrian rock has a characteristio
topegraphic expression, The fine-grained granite and the
metanorphic roeks form a composite surface made up of ire
regular, rooky hills. The fine<grained granite outorep i
Yery conspioucus beoauss of the largs round boulders atrewn
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over its surface, The marble is a very resistant rock that

forms sharp hills which trend parallel to the strike, Among
some of the rugged hills of marble and finesgrained graniie

are the lsss resistant mlpl outorops which westher to form
lomr undulating bilis.

All of the goarws-grained granite and most of the
Hickory outarops are represented by a flat, rdéokless areas,
The coarssegrained granits is exposed only in sreek beds and
olsewhere foras a flat surface compossd of granite grus, a
mixtwe of cearss, angular miorocline and quarts graims,
ecmmonly called “granite wash®, This flat swfase is farmed
in a few places and resembles the. sandy fields of the Hickery,
which asy be neot guite as flat as those of the granite,
Exoept for its emglomeratic besal beds and for porticns
recemented aleng faults, the Hiokory sandstons weathsrs to a
nearly flat sandy surface which is gonerelly wnder cultie
vation, ’

The third geomorphic whit 1iea in the soutbaen part of
the thesis area and consista ¢of the prominent fault-line
soarp and the viissected limestons platesau south of the scarp.
The topographic expression ef the scarp ranges from a stesp
¢liff 185 feet high to only a small ohange in the surface
810ps in the sastern part of the thesis area. 8outh of the
SCarp are resistant Point Feak bicherms and San Saba mad



Ellenburger limeatonss which form a youthfully disssoted
platssn that has a8 much as 75 fest of relief,

DRAIRACK

The Llano regien is drained by she Colersdo River
SYstam. TEry (1890} was s firsi to observe that She draine
age patiern of the ‘nJor streans was established on a former
seatward-tilted plain and that théas rivers havs sines been
Superimpossd on the domsd Paleosois strate and pre-Gambrian
somplex with enly a siight modification of their eriginal
Soursss. One of these majer streams, the Llano River,
which flows sastward (o meet the Colorsde River on the easte~
orn boundary of Llano cownty, is about three to five miles
south of the theais ares,

The principsal streams of the thesis area, Homey and
Bluff Creeks, flow southward as tribytaries of the Llano
River, They and many of their minor branches ows their geme -
eral courses to the supsrimpesad dendritic drainsge pattern, .
Hewover, this smnolent pattern is beimg modiffed %o an n?au;nr

pattern sherever the strosss aross faults or mest fault-line
soarps, Numerous saall obasquent stirsams were found ludms‘
off the majer fault<line sesrp,

All of the streams in the thesis orea ars intermittent,
flowing naturally only during periods of rainfall. A flowing
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wall in the southwest oorner of the thesis arss usually
Eaintaing a poél in Biuff Creek,

Bluf? Creek has & rooky or sandy bottom, while Hemey
Oreek sand many of ite upper tributaries sre ehoked with
granite wash begsause they drain the easily eroded, cosrape
grainsd granite.

CLIMATE AND VEGETATION

The thesis ares is loeated {n & semi-arid region of
Texas, Ascording to the Texms Almanss (1984-58), in Nason
Gounty the average snnval rainfell is £28.5 inches and the
Bean amual temperature is 64 degress. The diurnal temper
ature variation has besn observed to be more than 5O aogress -
in January. Ths rainfall is irregularly distributed through-
out the year, ilong periods of drought alternating with heavy
rains. In Augwst, 1953, several inches of rain fell in
three days.

The vegetation in the thesis ares is that typieally found
in reglons whers the terrain is recky and the precipitation
is unevenly distributed throughout the yoar. Howsver, there
is aonsidersble losal variation acgerding to the nature of
the rocks. No attempt to classify the grasses was mede, but
&0eording to Polk (1968), buffalo, nesdls, curly, neaguite angd
orowfool grasses grow in abundance, The following is a 1ist
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of the predominant and noticeadble vegetation found in the
thesin ares,

Catselaw

Agarita

l.:xun persimon

Aguu (rat-tail cactus)
irto “pur

lh&n (sorub) oak

Poat ocak

Red oak
Live

ogk
'Kn“h dmor
Lob) A
Except for the grasses, the individual plants and vege
estational characteristics for each separate roek unit are
later desoribed with the stratigraphy of ssach unit.




8TRATIGRAPEHY

GENERAL 8TATEMENT
Pre<anbrian and sarly Paleoxoio rocks are expesed in
the thenis area, Palge (1918) and Sellards, ot al. (1938)
holh” that the age of the pre-Gambrian rocks may be Ale
gonkian, but cenolusive proof for the age of all the pree
Qanbrian reeks is lacking. The Paleomoic roeks are upper
Caxbrian and lower Ordovician in age, An angular uneonforme
ity separates the pre-ambrian and Cambrian systems, The
/

goologio oolumn is: . T

’ - -

Paleoczolo systems £~
Ordovician system
Ellenburger group
Canbdrian systea
Wildberns formstion
San Saba limestons mender
Point Peak shale meader
Morgen Creek limestone membder
Welge sandatons member
Riley fapmation
Lien Nountain sandstone membepy
Cap Nountain limestons nember
Hickory sandatens member
Pre-Camtrian systeas o
Igneous rocks
Finsegrained graaite

Coarse=grained granite
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Metamerphis roaks
Gneisa unit
Marble unit

PRE<CAMBRIAN S8YSTEMS

Bedsmerchie Resks

Gensral Statement

Walcodt (1834) applied the teram Llano group to a series
of metamerphosed sedimentary recks in the Llano region.
Gomstosk (1589-1890) proposed the formation nexes Valley
Spring gneiss snd Packeaddls schist for these rocks. The type
localities are at Valley Spring and Paokssddle Mountain, ree
speatively, both in Llane County.

Paige (1911-1918) redefined thess formation nemes and
offered his jdsas cn the claspificotion and origin of the
motamorphic rosks of the regien, He divided them into the
Valley 8pring gneiss (older) and Packsaddle schist, and his
theory of origin wes that both the Yalley Spring and Packe
seddle are metamorphosed ssdimentary rocks, with perhaps some
metamorphossd igneows material in the Valley 8pring.

Stensel (3938) revised Paige's (1911-1918) elassificatien
and theory of origin of the Valley S8pring by stating that the
Valley 8pring i fgnsous in origin, having been intruded inte
the Packssddls sehist. This interpretation considers the
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Packssddle achist sa the only sedimentary fermetien in the
pre<Ganbrian of the regien.

Sallards, a% 1. (193R) has desoribed the Packaaddle
sshist a8 & great thickness of metamorphosed uumh‘ ine
truded by u}ue end basic igneous rocks. The eriginal
sedissnia, shales, sandatones, and limestonss, are now
sehistg, gaeissclid schists, quartzites, and oarbles,

The Valley Spring has been described by Sellards, gt al.
(1932) a8 » Light colored gneiss yansisting of a predomine
angs of feldspathis and quartzitio materials. atenswl (1988)
has desoribed the Valley Spring as an orthogneiss int‘rutv;l,
with conformable gontasts, into the mchist ssrdes. The
Yalley Spring gneiss is differentiated from the Packesddie
sshist partly on the mare massive charaster of the gneiss
and partly on its greater oontent of acidio materials.

Barnes (1943) has desoribed & third metamorphis unit,
he Big Sranch gneiss, frem expesures along she Big Branoh
of Coal Cresk in OGillespie and Blance Gewnties. The Big
Sranch is a dark gray, mediume- 1o fine-grained, quarts-dierite
gnedes whioh has intruded Ahe Paskanddle schist énd Valley
Spring gueiss,

Thers ars two metemerphie wnids in the thesis area, The
zardle is predominant and has been termed the marble umit,
The r&u'inxng louurphu roaks, censisting primarily ef
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finsegrained gneiss with minor amounts of schist, phydlite,’
and quartsite, have been termed the gneiss unit, Both of the
vnits dsfinitely have e ssdimentary -origin and therefers
Prebably are part of the Packsaddls sehist, Barnss snd Bell
(1954) have assigned both wnits te the Paskeaddls.

Narbtle tnit
Seevrrense and relationships

The marble exposurs in the thesis ares is the largest
known outerop of that rook in the Llane region. The susoroep
consists of a single broad expanse with two asscoiated’
"tonguss® which represent the interfolding of marble beds
with the gneiss unit at the northeast sdge o; the =main
marble body (Plate IV),

The narble liss in a series of strata which have besn
folded mo tightly that all of the beds have the same satiite
ude nearly everywhers, being parallel or nearly se (Fig, R6).
The aversge strike is N 88° W snd the dips generally range
from vertical (Fig., 1) to ¥ degress south. This consistent
Strike and southwed dip indicates that the present sirusiurs
of the marble is a series of siightly overtwrned iscélimal
folds (Plate II). The exposed beds have an apparent thicke
ness of abput 8000 feet. Hewever, cceasional:pmall fold
neses within the main mardle tody prove that auch of this
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apparent thickness 1s due to repetition of strata by the
folding.

The marble unit is bounded by a variety of geologic
contacta, The only original sedimentary pre-Cambrian contaot,
that between the marble unit and the gnelss unit, was found
at the folds which form the marble "tongues". Field relations
indicate that this contact represents the top of the marble
unit, and thet the base of the marble is not exposed in the
theais aree, The strike and dip messurements taken in the
gneiss unit indicate a parallelism of this unit with the
marble; howsver, the sharp ohange in lithology at this contaot
(from marble to phyllite) suggests some sort of disconformity
between the two units.

The remaining limits of the marble outcrop are 1) ine
trusive contacts with pre-Cambrian grenites, 2) overlap by
basal Paleopoic beds, and 3) fault contacts with lower
Palsozolc beds, Thers are two different pre-Cambrian granites
which have intrusive contacts with the mardle unit. A ccerse-
grained granite bounds the sastern edge, and & fine-grained
granite the northeastern edge of the marble, The remaining
boundaries of the unit are normal or fault gontacts with
basal Paleozoic sandstones, except for the south-central

edge, which is a fault contact with upper Cambrian limestones.



Fig. l--8mall "hogbacks" of marble beds by
G. Loeffler's ranch house,

- Fig. Be-Rocky marble surface, Note abunde
ant Spanish dagger. Taken near southern end
of Loeffler-Lange fence.
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in anoient fractures and orushed zones,

The marble which weathers brown is medium=grained, gray
on a fresh surface, and generally less calcareous than the
marble which weathsra gray. The brown marbls does not show
any merked banding, but is more homogensous and compeact, and
has very few oalcite veins when compared to the grey marble,
Even with a hand lens, no reason for the brown weathering
wes noticed. Barmes, Dawson, and Parkinson (194g) reported
abundant pyrite ai one loeality, but this mineral was not
found megascopically in most of the marble,

Both the brown and gray marbles contain occasional thin
(ons inch) veins of white quartz, Although no contact
metamorphism is present around these veins, they must have
besn intruded during metamorphism. The veins weather to form
angular fragments about three-quarters of an inch in dia-
meter, These framents are thickly scattered on and are very
characteristic of the marble surface.

The marble adjacent to the intrusive contacts with the
granites is conspicuously lacking in catact metamorphism,
The only loostion found whers the marble changes character
near a granite intrusion is near the aouthernmost tip of the
fins-grained grauite. Here the marble is locally pure white,

mediun-grained, and highly calcareous,
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kioresaopio desoription

Two thin seotions of marble were prepared, one of the
gray marble and one of the brown marble. Beside the colors
to vwhich they weather, these two types of marble show other
differences in physicael characteristics which must be de-
termined microscopically,

The gray marble consists primerily of anhedral calcite
grains which vary in sigze from 0,1 mm. %0 0.4 wm. across.
Some of the grains ahow polysynthetic twinning,

The seounc most abundent mineral, which comprises about
25% of the thin sectlon, is doubtfully wollastonite. It is
colorless and hes a radieting structure, with the radii being
as long as 1.5 mm. These radii ere composed of acicular ag=-
gregates which do not show any extinction and give false inter-
ference colors. The interference colors are generally in the
third end higher orders, but this hi_h birefringence may be
due t0 an intimete admixture of the needlss with caloite,
The index of refraction is greater than balsam, but its ex-
act relation to the calcite is doubtful. Neither the elong~
ation nor un interference figure could be obtained.

Asgociated with the wollastonite (7) is an opaqus,
brownish~black mineral which occurs es grains whose edges
are somewhat parallel to the radiating structure. A few

reddish-brown stains surround these opaque grains and indi-
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cate that the mineral may be hematite,

A fow scattered grains of scapolite (?) are in the
thin section. This mineral is very abundant in the brown
marble thin section and is desoribed with it,

The prinoipal minersls in the brown marble are dolomite
and galoite. The predominance of euhedral grains over
anhedral graine indicates that dolomite gomprises most of
the carbonates in this thin section., Most of the carbonate
grains range from 0,08 mm, t0 0,1C mm. across.

The presence of another carbonate, siderite, is strongly
sugyested by meny brown 8pots and iron stains which surround
some of the carbonats grains. This brown material is limone
ite formed by the weathering of the siderite and is probably
the causs of the brown color of the weathered surface of the
rock.

A very abundent accessory (perhaps secondary) minerel
found throughout the thin section is doubifully acapolite,
The mineral occurs as euhedral, rectangular and columnar
graing which are about O.l mm, long and 0.08 mm, wide, The
birsfringence 1s rather strong; the maximum interference colors
being second-order Yyellowish-green, Many grains show cleavage
parallel to the prism sides, and the extinction is parallel
to the cleavage. The interfersnce figure 1s uniaxial nege

ative, This mineral is in the isomorphous scapolite group
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and because of its relatively high birefringence it is probe
ably close to the calcium end member, meionite, In this
thesis the mineral will be referred to ee socapolite (7).

The only opajue minerals in the thin section are pyrite
end some of the hematits associated with it, The larger
pyrite graine are six-sided in cross section and are sur-
rounded by & rim of translucent red hematite., The two
largest grains are about 1 mm. across, The remaining hema-~
tite is found as ocomsional specks, some of which are apaque,

The interstices between scme of the grains in the thin
seotlion are filled with guartz, All of the pores and angular
cavitiee are filled, making the rock non-porous and imperw
meable,

0. aph vegetatio,

The merble is a very resistant rock that forms sharp
hills whioch trend parallel to the strike, The surface is
very rooky and generally hes small "hogbacks® of individual
marble beds (Figs. 1,2),

The vegetation consists predominately of Spanish degger,
catsclaw, and shin oak with lesser amounte of agarita, prick-
1y pear, cedar, and Nexicaen persimmon. The Spanish dagger
and coatsolaw are particular}y characteristic of the marble

surface,
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Gneiss Unit

[+]] ne la

The outorop of the gneiss unit has a very irregular
outline and does not have many actuel rock ex.osures within
the thesis area. The attitude of the gneiss unit near the
marble "tongues" seems to be parallel to that of the marble,
However, farther to the northeast, the dips and sirikes be~
oome alightly more erratic, but still generally follow the
east-west trend, Whether the folding which caused the
"tonguss® dontinues northward was not determined.

The irregular outcrop is bounded by metamorphic, sedi-
mentary, and intrusive rocks. The metamorphic contact with
the marble has been previously desoribed. The sedimentary
cmtact is the overlap of the basal Faleozoic sandstcnes on
the pre-Cambrian surface, There are two different intrusive
contacts, with the fine-grainsd granite and with the coarse-
grained granite.

Besides the mailn outerop of this unit, several smail
“patohes" of gneisa and one of phyllite are found in the
southwestern part of ths large marble mass., These small
“patches™ are less than ten yards long and seem to be fnter-
folded with marble beds, Thether they represent an original

¢lastic lena within the marble or whether they are equivalent



te the base of the gnelss unit to the north is not known.

The small phyllite "patch® 1s found in a oreek bed
0.33 mile southeas! of G. Loeffler's ranch house. The
phyllite hers is in unconformeble contact with the marble
and may have bsen faulted into its presont position.

Kegasco descriptie: & relationships

The gneiss unit contains a large variety of metasedi-
mentary rocks, most abundant of which ia massive gneiss,

Tha unlt generally srodes more readily than all of the ad-
Jacent units except the coarse-grained granite. Although
fresh outorope are rore, 1t is net uncommon to find many
loose rocks scattered on the surface,

At the end of the northern marble "tongue™ the mardle
1s in contect with a dark phyllite. This phyllite is easily
weathered, but is well exposed in a road metal quarry and in
road drainage ditches, It is a thin-bedded, fine-grained,
black rock rich in graphite, which forms a very black soil,

The phyllite is bounded on the east by the coarse-
grained granite. This intrusive contact is well exposed 1)
in the roadbed &t the curve in the Old Junctlon Road im-
mediately east of the Junctlon of thle road with the ferm
road to B. Lange's house, and 2) in the roadbed and drainage
ditoches of the above-umentioned farm roed about 175 yarda

south of the junction, At both locations the granite is



intruded into the phyllite (Fig. 4), but no contact met-
amorphism was seen, Lit-par-lit 1nJ'étion is also lacking,
but & xenolith of phyllite in the granite is exposed on the
Old Junction Road (Fig. 3). The last-mentioned contact con-
tains some secondary white caliche-like material which might
have besn formed from the nearby merble,

This black phyllite seems to grade into a hard, black
gneiss, The gradation seems to be both vertical and horie
zontal, because the dlstance betwsen the ouicrops of the
two unite both along and across the strike is less than 200
yards and no faults or unconformities wers seen in this in-
terval,

The predominant rock type is & massive, very hard, fine-
grained, nearly non-caleareous, black and gray gneiss., The
megascopic appearance of the rock suggeste that the principle
mineral is quartz. The black color is probably due to
graphite, The amount of black material varies in some layers
80 that the rock has gray bands. This rock is very hard
and forms most of the previously mentioned loose blocks
found on the surface of the outcrop.

The next rock type within the gneiss unit is & metasedi-
mentery quartzite, It 18 a pink, medlum~greined, massive,
granular rock. The grains are about one mm, in diameter and ap-

pear to be partlally enclosed by a pink cementing material,



Fig, Se«Xenolith of ghyllitc in coarse~
grained granite on 0ld Junction Road,

Fig. 4-«~Intrusion of coarse-grained granite
into lite in drainage diteh beside farm
road to B, Lange's house. :



Fig. Sesliassive gnelss in road metal quarry
on US “7?.

Pig. G6--Angular blocks of the brown gneiss
found in "patehes" in the southwest part of
main marble mass.



The weathored rock is somewbat friable. A few beds in this
quertzite are finer grained, but otkerwise have tlhe same
characteristica, The quartzite beds sre extensively intruded
by vein yuartz where they are near the juartz dike on the
north side of the northern mardles "tonjuwe®. The quartzite is
exposed betwsen tho two aranite bodies and is north of the
northern merble “tongue®, but mostly south of the highway.

Although good exposure are rare and the metamorphic recke
ars highly folded, the guartzite seenms to be younger than ths
dark gneiss-phyllite beds and the marble nnit unless large
post-;ranite faulte are present. North of the two "tongues*”
the top of the marble seems to “dip" deeper into the sub~
surface, Immediately next to the top of the marble are the
dark: gnelss-chyllite beds, The quartzite contact with the
dark gneiss-phyllite beds is not exjosed, but if the "dip" of
the folded unite im still northward, the quartzite bed would
overlic the dark jneiss-phyllite beds, and therefore be the
next younger rook type in the gnelss unit,

North of the uertzite the gnelss unit consiste of
interbedded gnelss and schist uhich are in bands from & few
feet to about 25 feet wide, These rock types are expoeed
nest in the road metal querry on US 377, Juat off the north~
ern edge of the map.

The weathered gneiss here generally 1s e yellovish«brown,
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micaceous, hard, very fine-grained, non-calcareous, massive
rock that shows 1ittle banding (Fig. 5)., The very abundant
mice has & broneze color and probably is weathered biotite,

It is generally found in i~} mm., flakes, but there are some
one inch bands which contain i inch grains. Hornblende is
also present as six-sided prisms, t.o largest of which has a
diameter of & mm., The weathered grains are brownish-black to
black.

The schist is an easily eroded rock and is nowhere well
exposed, usually preducing only a micaceous soil, In the
quarry, the friable, deeply weathered rock aonsists mainly of
partially decomposed biotite,

At the nortih side of the northern merble “tongue® and
west of the fault, the oontact between the fine-grained
granite and the gneiss unit exhibit lit-par-1it injection of
the granitic liquids into & dark gneiss to form & pink and
black, banded, micaceous gneiss. This contact hes been
prospected for economic minerals, but no ores have been
mined profitadbly. An odd rock whlch has besn excavated
here 1s an olive-green, slightly celcareous, fine-grained,
metesedimentary rock that mey be called a metamorphic clay-
stone.

The gneiss found in small "patches® in the southwestern

part of the large marble mass is & messive, light brown, fine-
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grained, very hard, non-calcarecus rock, This gnelss does
not weather easily and remains on the surface as angular
blocke (Fig, 6).

The phyllite in the small exposure moutheast of G,
Loefflerts house is a highly weathered, dark pink, fine-
grained, friable rock that ressmbles an unconsolidated
siltatone, Because of the differences in appearance, it
is doubtful if this phyllite or the brown gneiss correlate
with beds of similar lithology north of the large marble
mess.

Mioroscopic description

A thin section of the dark gneiss and one of the phyl-
lite were prapared., These do not provide for microscopie
descriptions of all of the different rock types in the
gneiss unit, but the predominant types are represented. The
following descriptions slso confirm the fleld relations which
suggest that these two rock types are gradational into each
other.

The gneiss consists of quartz, graphite, calcite, and
pyrite. The anhedral quartz grains are 0.08 mm., across. The
graphite is abundant and ocgurs &s & powdery, opaque mineral,
both disseminated and in bands about 0.2 mm, widse. These
bands alternate with the quartz and calcite to give the

gneissoid appearance.
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Fine granuler pyrite is rather common, The grains are
aligned and sometimes merge to form elongate grains of the
mineral, One band of oalcite is in the thin section. The
calcite grains are the largest, having a diameter of 0.1
mm,

The predominant minerals in the phyllite thin section
are quartz and graphite, with minor amounts of secondary
minerals. The quartz grains ere of two sizes: small grains
0,05 mm, &dross and larger elongate grains 0,5 mm. long and
O4) mm. wide. The banding is caused by the very abundant
minute specks of graphite which compose about 30% of the min-
erals in the thin seotion.

Scapolite (%) is alao prominent, belng about 154 of the
thin asction, It forms light-colored bands which may be
seen megascopically. The mineral ocours in two grain aizes:
fine crystalline aggregates, and columnar grains 0.5 mm,
iong and 0.1 mm, wide., Some of the smaller grains are turning
yellowish-greesn, but still have the columnar structure. This
is probably an alteration to muscovite,

) a) and (]

The topography of the gnelss unit 1s very varliable, and
nearly always devoid of fresh rock exposures. Except for
the few hills of the metasedimentary quartzite, this unit

generally forms the valleys betwsen the surrounding units,
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The vegetation is predominantely shin oak, mesgquite,
end catsclaw with lesser amounts of agerita, tasajille,

prickly pear, and cedar brush.

Igneous BOGEB

Gensral Statement

Paige (1911-1918) presented the first comprehensive
clessification of granites in the Llanc region. The three
types of granites shown on his maps &re: 1) a very coarse-
grained, homogeneous granite, £) a mediun- to fine-grained
granite, including some ocoarse-grained verieties, and 3) an
opaline quartz porphyry. This classification by textural
differences has been oriticized by Goldich (1941) who says
that "Gradations in texture within & eingle mass are common-
1y pronounced, and the distinction of granite types on the
basis of texture was found by Feige to be diffiocult and un-
certain®, Goldich's statement was prompted by Keppel (194C),
who studied central Texas iranite massifs and found concen-
tric textwral patterns in sach messif.

Stenzel (1932, and in Sellards and Baker, 1934) has
divided the igneous rocks into: 1) the bathelitioc intrusiocns,
comprising the various sranites and their aplite and peg-
matite dikes, eand 2) the later dike intrusions comprising
the opuline guartz porphyry and felsites, He further divided

the batholitic intrusions (from oldeat to youngest) into: 1)



Town Mountain, which are coarse-grailned to porphyritic gran-
ites with large flesh-colored feldapars, g) Oatman Creek (or
Oatman) which are medium-grained, gray to pink cataclastic
aranites, and 3) Sixmile, which are fine-grained, gray,
biotite granites,

Parts of two separate intrusive granite bodies are in
the thesis area. These have been termed the fine-grained

granite and the coarse-grained granite,
Coarse-Grained Granite

gocurrence end relationships

The coarse-grained granite in the thesis area represents
the western limit of a bathLolith which extends sastward for
several miles. The exact axtent and size of the body have not
besn determined.

This granite ia intrusive into the metamorphlc rocks,
but not into the fine-gralned ,ranite. At no place was the
intrusive contact betwsen the two granites exposed, and there-
fore the ege relationships betwsen the two could not be de-
termined by an intrusive sequence. However, an inspection
of aerial photographs or the map by Barnes, Dawson, and
Parkinson (194€) shows that the irregular intrusive outline
of the goarse-grained batholith ls indented by the curved

outline of the younger fine-gralned granite atock.
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Barnes and Bell (1954) have correlated the coarse-
grained granite in the thesis area with other pink, coarse-
grainad granites in the Llano reglon, called Town Mountain
by Stenzel (1932, and in Sellards and Baker, 1934), Flawn in
Barnes and Bell (1954) says that the Town lountain granites
have been dated with ages of 891, 10560, and 1100 million
years. Because it 1s generally accepted that the age of the
Archeozolc~Proterczoic "contact" is about 1 biliion years
age, the Town Mountaln ls probably either late Archeozoic
or early Proterozoic.

Megascopic desocription

This granite is coarse-grained and inequigranuler, Some
of the feldspar greina are as large as 25 mm. {1 inch) in
diameter, and the remaining grains are about & mm, in die~
meter. The roock does not have any one particular color,
rather the large grains of the pink, white, and black minerals
causes & spotted appsarance. The minerels seen msgascopically
in the granite are pink microc¢line, guartz, white plagio-
clase (albite ur oligoclass), and biotite., The pink feld-
spar grains are most prominent, both in size and number,
comprising about 35-40% of the rock. The remainder of the

rock is oomposed of epproximatel; equal perts of the quartz,

plagicclase, and biotite. The quartz is smoky and the ex-



Fig. 7=-Coarse-grained granite in Honey
Creek, Note flat topography in baeckground,

Fig. 8--8mall knobs of coarse-grained grane
ites near contast with marble (high ground in
background), Pilcture taken immediately west
of E., Lange's house,
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posed edges of the biotite in a relatively fresh sample have
already begun to weather to a bronze color. On a weathered
exposure, black biotite 1s not seen, and the only evidence
of the mica is an occasional bronze grain of weathered bio-
tite. These easily altered flakes of biotite are the main
oause of easy weathering and rapid disintegration of the
coarse-grained granite.

The irregular intrusive contact which exhibits apophyses
of granite in the phyllite (Figs. 3,4) is exposed at the pre-
viously described locations on and by the 0ld Junction Road,
The character of the granite has not changed appreciably at
these contacts,

The intrusive contact of the coarse-grained granite
with the marble also does not exhiibit contact metamorphiem.
In & few places apophyses of the granite &re surrounded by
marble, but even here the character of the rocks has not
changed appreciably. The most conspicuous change in the
granite near this contact with the marble is that the granite
beccomes eli htly more resistant and forms occasional small
knobs which protrude above the granite wash (Fig. 8). These
knobe are generally one to two feet high and a yard or se in
diameter, The largest of these knobs was found in L, Lange's

back yard.



Miorose c desoript

The only unweethered rock from which & thin section
oould be prepered was found just north of the thesis area
where US 377 crosses Honey Creek., Here some dynamited blocks
of the course-grained granite have been discarded. Although
the blocks were not in place, it is believed that the sample
is representative of the ocoarse-grained granits in the thesis
area.

The minerale found in the thin section are miorocline,
quartz, ollgoeclase, biotite, zircon, kaolinite, pyrite, and
allanite (?). The microcline 1s most abundant, being in
anhedral grains and having e cloudy incipient alteration to
kaolinite. The charecteristic “gridiron® structure due to
albite and pericline polyeynthetic twinning 1s present,
Several small inclusions, probably yuartz, were seen in some
miorocline grains.

The quartz 1s anhedral and appsara both as large, sol-
itary grains 1.80 mm. in diameter and in groups of fine-
grains which are 0.16 mm, in diameter with an ococasional
small grain of microcline. The quartz extinction is general-
ly sharp rather than undulatory.

The plagioclase was readily diastinguished by its albite
twinning and an occasional Carlsbad twin. The average grain

i about 1.8 mm, in diameter, The maximum extinction angle
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found was 7 degrees on an albite twin, This value classifies
the plagioclase as oligoclase,

The biotite is anhedral and subhedral and has associated
zircon inclusions that are surrounded by pleochroic halos,
The blotite color on 001 is a dark brown that transmits
very little light, The color on 100 end 010 is olive-green.
The absorption is strongest here (parallel to the cleavage
traces),

Two small grains of pyrite appear in the thin section.

The thin section also containa an apparently subhedral
grain of an uncommon mineral which is yellowish-green and
appears o be banded near the edge by a slightly darker shade
of the same coler, The grain is 1,2 mm. across and is covered
b/ & oreamy gray film which 1s probably some alteration
product, No pleochroism, absorption or extinction wes seen.
The reason for this lack of optical properties is that under
the highest megnification (450 X) the grain seemed to be
composed of minute grains and fragments. The grain is sur-
rounded by radiating oracks which probably indicate radio-
activity. The best classification of this grain is allanite
(?) which has been inverted (from anisotropic to partly iso-
tropic) to a heterogeneous, amorphous, metamict mineraloid,
Topogra @ vegetatio)

The ooarse-grainsd granite 1s very susceptible to
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weathering. Except for the small knobs near the contact with
the marbls, the only outcrops are those found occasionally
in stream beds. In these exposures the granite has 1ittle
relief and may have some irregular boulders on its surface,
The weathered surface of the granite is generally so “rotten®
thet the rook may be soraped away by rubbing the surface,
This rapid disintegration causes a very flat layer of granite
wash several feet thiock to overlie the bedrook (Fig, 7).

The vegetation on this granite is predominately live
oak and shin oak with lesser amounts of prickly pear, tasa jillo,
Spanish dagger and mesquits brush. The land hes generally
been ¢leared of brush and appears as a grassy flat area with

many oak trees,

Fine~Urained Granite

Oocurrenge _end relationships

The fine-grained yranite in the thesis area respresents
the southern part of an elliptical granite etock which trends
N 35 L. The stock has & maximum width of 1.1 miles and a
maximum length of 3,0 miles, Barnes, Dawson, and Parkinson
(1942) have published & map and descriptions of this granite
for bullding stone purposes,

This granite is intrusive into the metamorphic rocks and
into the coarse-grained granite. The contacts with the meta-

morphia rocke are &t the northern and scuthern ends of the
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stock, The eastern side of the stock 1s the intrusive
oontact with the coarse-grained granite, and the western
boundary of the outcrop is the unconformeble contact with the
Cambrian Hickory sandstone, Although the intrusive contact
betwoen the two granitee is not exposed, it is belleved that
the fine~grained granite is the younger because the stock
indents the irregular ouiline of the coarse-grained bvatho=~
lith.

Barnes and Bell (1954) have correlated the fine-gral ned
granite v.i.) medium-grained, gray to pink, Oatmen (Oatman
Creek) graunites desoribed by Stenzel (3ellards and Baker,
1934).

The age of the fine-grained (Oatman Creek) sranite
stook is very probably Proterozolc if, as previously suggested,
the coarae~grained (Town Mountain) granite batholith 18 no
older than late Archeozoic., Ko absolute age determinations
have boen made on any of the rocks in the thesis araea.
Megencopic description

The granite is equigranular, with grains appearing to
be £2-3 mm. across. The minersls ssen magascopically in this
granite are microcline, quartz, and biotite. Microcline is
most abundant and causes the rock to have a dark pink coler.
<uwartz 1s second in abundance and with the microcline com-

prises most of the rock. The dark minerale are relatively
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scarce, blotite being the only such mineral recognizable with
& hand lens.

The inirusive contacts of the fine-gralned granite do
not exhivit much cantact metamorphism, Two xencliths of
gnelss were found at the boundary with the gneiss unit, The
contact with the coarse-~grained granite ia not exposed. The
only change of the marble next to the atock is at the southern-
mos8t tip of the stock. This fine-grained granite-marble
oontact is very straight in places and faulting bLetween the
two units is suggested, bLut epophiyses of granite in the
warble disprove this. This contact has attracted neny prose
pectors who heve dug nuaerous excavations along 1t.

The granite is broken with joints that are spaced as
closely as four inches. However, most of the joints are
generally much more widely spaced, as is scen by the large,
unjeinted boulders on the outerop, 3s.me of the larger
Joints or joint eysteme seem to control the dralnage.

The fine-grained granite contains numerous granite
pegmatite velns which, according to Barnes, Dawson, and
Farkinson (1942), contain topaz, tourmaline, and cassiterite.
Mioroscopio desoription

The following microscopic desoription of the fine-grained

granite is from Barnes, Dawson, and Parkinson (1948), who

described the rock for building stone purposes.



Typisal fine-grained granite




Tha granite 1is composed predominantly of
micro8line, plagioclase, and quartz with & amall
amount of muscoviis and biotite. Accassory min-
erals aro fluorite and zircon, Fluorite is ab-
undant and in many cases 1s sltuatecd within plag-
joclase orystals., A few of the fluorite grains
are colorlesa, The blotitc has almust entlrely
altered to chlorite and some sericite has develop-
ed by alteratlon of the feldspars, which are uni-
formly but det densely cloudy. The plagloclase is
oligoclase in composltion. The eatimated mincral
composition is mlcrocline 3G, plagioclase 40,
quartz 29, and muacovite 1 percent. The juarts
hes a small amount of undulatory extinctlon,
ui croscopjcally the granite is made up of greins
less than 1 mm, in sizs, wherses megascopically
the Jrains appear to be much lapgers

Lopog d vegetat

The Jranite is vory reeistant, and itle to04raphy ia
accordingly very roush and rocky. The outerop consists of
granitc blocks as large as an automebile and of round
boulders which have diamcters verylng from about one Lo
four fost (Figs. 9,10). No part of the granite outcrop is
sultable for culilvation.

The vegetation is predomirantly shin ocak, post ouk,
and mesjuite, with leeser amounts of prickly pear, Spanish
dagger, tasajillo, and lexican persimmon.
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CAMBRIAN SYSTENK
Rile ormat

Definition and Thickness

The Riley formation is the lowest Paleozolc formation
in the Llano region, and rests unconformably on the pre-
Cambrian basement, This formation should not be ccnfused
with the Riley series of Comstock (189C) and Falge (1912).
As presently defined by Cloud, Barnes and Bridgs (1945),
the Riley formation includes all known Cambrian strata in
central Texas beneath the Cambrian iillberns formation. The
three gradational members are, from oldest to youngest:

1) lidckory sandstons, 2) Cap Mountain limestone, 3) Lion
Kountain sandstone,

The thicknesa of the Riley at its type locality, the
Riley Mountains in southeastern Llano County, is about 76¢
feet, However, because of the irregular pre-Cambrian sur-
face, depositonel differences, and erosional disconformitles,
the Riley may be as thin as 200 feet, The average thickness
is about 680 feet, The complete formation is not repres-
ented continucusly in the thesis area becauss of faulting.
A composite section made up of beds measured in and around

the thesis area is at least 600 feet thick,



Hickory Sandatone kember

ition a sknes

The name Hickory was first used by Comstock (1890) for
his Hickory series of Hickory Creek in Llanc County. Paige
(1912) retained the same unit, but changed the name to
Hickory sandstone, Cloud, Barnes, and Bridge (1945) re-
defined the unit by assigning it a member status and lowering
the upper boundery.

Bridge, Barnee, and Gloud (1947) state that the lidk~
ory averages about 350 feet in thickness and ranges from
about 415 feet thick to a feather edge. This great veriation
is due to pre-Cambrian topography, irregularities in de-
position, and lateral gradation of the upper beds into Cap
Mountain limestones., According to cbservations made by
Alexander (1952) and Polk (1952), a short distance east of
the thesis ares, the complete section in this vicinity is
estimated to bs about 400 feet thick, but it is poorly ex-
rosed in the thesis area.

Lithology

Erosion has caused only the more resistant lower part
of the Hickory to be well exposed in the thesis area, At
many places it exists only @s thin, isolated, erosion out-
lisrs on & pre-Cambrian surface having approximately 100

feet of rellef.



Fig. lle-Large scale oross-bedding in lower
Higkory in stream in northwest corner of G,
Loeffler's ranch, This shows why accurate
dip measurements are hard to obtain,

Fig. l8~-Largest upper Hickory outerop in
thesls area exposed where Hickory-granite
fault crosses Honey Creek,




Kany of the basal Higkory beds may be called conglom-
erates because most of their grains are over £ mm. in dia-
meter, with ococasionel larger pebbles up to 2} inches (Fig,
13). The pebbles are composed of milky and transparent
quartz, which has been stained by iron oxides (hematite and
limonite) to colors ranging from light brown to bright
maroon. 8Soms of them are wind-faceted.

The wind-faceted pebbles will be termed ventifacts
rather than dreikenters because the latter term literally
means "three corners". The facets on these pebbles are not
limited o0 any certein number, but range from one to four or
five, The average ventifaot 1s a rough pyramid with an el=-
liptical base of 3/4 by 1 inch,

Most of the pebbles in the basal Hickory have cnly one
or two facets, which seem to be wind-frosted faces of
quartz crystals or fragments rather than true wind-cut sur-
faces, Some frosted pebbles have recognizable crystal
faces,

Ventifacts may be found by turning over basal sandstone
#labs or by examining the float remaining on the exposed
pre-Cambrian surface near a liickory contect (Fig. 14). It
would seem as if the transgressing Hickory esea should have
washed all of the courser pebbles into the valleys of the pre-

Cambrian surface, However, at one or more locations in the
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thesis area, ventifacts and large, wind-faceted pebbles were
found at various elevations,

The bedding of the lower Hickory is very variable,
ranging from well-dsveloped crossbedding to locally massive
beds, The sand greins, which range from subangular to
rounded, are predominantly quartz with minor amounts of
feldspar, and the cement 1s silice and/or iron oxides, The
colors are generally white to yellowish-brown to reddish-
brown, The rock may be elther very frieble or very hard,
depending on the type and amount of cementiny material,
suartzite has been developed along some faults where cec-
ondary silica has completely indurated the sandstone,

A very common feature of the Hickory is the network of
nearly vertical fractures which Lave been recemented with a
relatively resistant siliceous meterial, These cemented
fractures are also found in the Welge member, but not as
c¢losely spaced as in the Hickory.

The middle and u.per parts of the member are not well
exposed in the thesis area., The ahort description following
is mostly from adjacent areas. Near the middle of the
Hickory member is found a thin serles of thin-bedded, yellow-
ish, 8ilty leyers. These are generally overlain by an intra-
formational conglomerate. The upper part of the member con-

sists of fairly regular, brownish to red, well-bedded strata,



Hickory at G,

Fig. 13«<Conglomeratic basal

Loeffler's ranch house,

y c¢lose to drag fold

Fig., l4--Ventifact localit

location,
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The red color is due to hematite "ovules", which are believed
to be a weathering product of glauconite, This indication
of glauconite, ri,ple marks, end phosphatic brachiopods in
dicate 2 shallow water, marine depositional environment.
Topography and vegetation

The relief on the Hickory i1s generally low becauss most
of the sandstons disintezretes readily. However, the thesis
area contains an unususlly large amount of Hickory which
forms bold relief. These topographic differences are evi-
dently related to the amount of cementation, regardless of
stratigraphic position.

The Hickory supports a denss vegetation cover where
the land has not been cleared, The plant life consists of
abundant live oak, shin oak, mesguite, tasajillo, and white~
brush with lesser amounts of cedar, post oak, Mexlcan per-
simmon, and prickley pear., Areas of low rellef are generally

under cultivation,

Cap Mountain Limestone Member
Definition and thickness
Paige (1912) originally a,plied the neme Cap Mountein
to a formation which had & lower boundary somewhers above the
Present top of the liickory and which included the present
Lion kountein sandstone member, so that its upger boundary

was the present Riley-Wilberns contact, Cloud, Bernes, and
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Bridge (1945) redefined the Cap Mountain as & member which
includes more basal beds and not as many upper beds. The
type locality is at Cap Kountain in Llano County.

Bridge, Barnes, and Cloud (1947) state that the thicke
neas of the member ranges from 135 feet to 455 faet and
averages ZCO feet, The variation is due principally to
lateral gradation of t.c lower beds into sandstone. Be-
cause of faulting, the complote Cap Mountain 1s not exposed
in the thesis area. The following messurements and most of
the descriptions are of the member in the South and west keson
areas. 7The averago thickness is about 170 feet in the South
Lason area (Alexander, 1952), and about 200 feet in the West
Magon area (Folk, 1958). If this rate of thinning continues
westward, the Cap Mountain in the thesis should be about 230
feet thick.
Litholegy

The lower contact with the Hiokory 18 gradational,
The sandstons aoquires a little calcareous cement toward
its top and begins to aelternate with brown, arenaceous lime-
stone, The oontact 18 chosen at the uppermost noncalcar-
eows sandstone stratum., This spproximetely coincides with a
vegetational break and a topographic change.

The lower Cep Mountain conaiets of alternating beds of

dark reddish-brown, medium- to goarse-grained, arenaceous
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linestone and dark red, medium-irained, calcareous sandstons.
Thie zone grades upward into ancther serles of dark browm,
medium-grained, 8lightly foesilifercus limestones and tan,
fine-grained sandetones. lilgher in the section ars thick-
bedded to massive, tan to brown, granular limes tones with
occasionael stringers of fine-grainea, brownish-yellow eand,
These meseive ledges constitute the greater part of the mem-
ber. Above them is a thin section of light gray to brown,
medium~grained, glauconitic, fossiliferous limestones which
weather easily. The upper contact is a trensition from
brown, massive limestone to greenish-gray limestone and also
marks the beginning of a gentler #lope and less dense veg-
etation,

Jopography and vegetation

The Cap Mountain is relatively resistant and forms a
conspioucus cuests wheravem 1t outorops. Some of the basal
beds are farmed, but the majority of the outerop is too
roeky to be cultivated,

The vegetation is relatively thick, especially on the
scarp slopes of the cuestas near the Hickory centact. The
difference in vegetation between the litckory and Cap Mounte
ain members is easily seen on the aerial photographs, and
the contact is usually marked by the lower side of the dark
band on the cuesta scarp elopes., Shin ouk is the predomi-

nent plant, and Spanish dagger, prickly pear, cedar ourush,



and catsclaw constitute most of the remaining vegetation,

Lion Mountain Sandstone Member
Definition and thiokness

Bridge (1937) named the Lion Lountain sandetons as the
top memder of tho Cap Mountainm formation, Cloud, Barnes,
and Bridge (1945) retained the unit and made it the upper=~
108t momber in the Riley farmation,

The thickness at the type looality at Lion Mountain
in the northwest part of the Burnet quadrangle is 20 feet,
but 1t reaches a maximum thickness of 50 feet elsewhers in
tiie Llano region, It 18 doubtful if the Lion Mountain is
Present in the thesis arsa. No good outcrops were found, so
the measurement and descriptions ars from previous work done
in the South and West Mason areas. Alexander {1952) meas-
ured & thiokness of 52 feet in the South kason area,

The only indication of the Lion Kountain in the thesis
area 18 a narrow, short, barren bench on which arc scattered
hemalite pebbles. A sandstons bed 1s assoclated with the
bench, but its correlaticn with other Lion Kountain beds is
uncertain.

Lithology

The Lion Xountain sandstone is usually mepped with

the ald of topographic and vegetational changes. The lower

contact with the Cap Mountain is chosen at the lower edge
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Fig., 15--Barren Lion Mountain bench with
hematite pebbles.

Fig. 16--lLenses of "trilobite hash" in
Lion Mountain,

(These photographs were taken from US M
west of Streeter.)




of the characteristic bench. This lower boundary is grada-
tional and is marked by a change from massive, brown, Cap
Mountein limestone to¢ thinebedded, greenish-gray limestone,

Mot of the member consists of coarse-grained, highly
glauconitic sandstons. The lower portion contains the above-
mentioned gleauconitioc limestones which are composed almost
entirely of tangential lenses of a well-cemented trilobite
and brachiopod coquina, conveniently called "trilobite hash®
(Fig. 16). The upper part of the member includes some
highly glauconitic beds containing phosphatic brachiopods.
Shiny black pebbles of hematite which are abundant on the
outorop (Fig. 15) are believed to be weathering products of
the glauconits., The upper limit of the member ia a dis-
conformity, which is also the top boundary of the Riley
formation,
Topography amd yegetation

The Lion Mountaln is marked topographically by a
sparsely vegeteted bench of variable width which appears
as & light, narrow band on the aerial phetosraphs, Lexican
persiamon, prickly pear, shin oak, and tasajillo are found

thinly scattered over the outorop.

Wiilberns Formation

The wilberns formation consists of the Cambrian rocks
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below the Ordovician Ellenburger group and above the Cam-
brian Rlley formation, From exposures at Wilberns Glen in
Lleno County, Paige (1912) named and described a Wilberns
formetion which does not contain the San Saba member of the
present wWilberns formation. FPaige (1912) recognized the
Cambrian age of the San Saba, but placed it in the Ellen-
burger group because of lithologic similarities and an in-
ability to properly determine the San Saba-Lllenbwrger contect.
Cloud, Br.:es, and Bridge (1945) redefined the uppsr bound-
ary of the Wilberns formation and placed it at the top of
the Cambrian San Saba member, Paige's (191R) original lower
voundary is still used, Bridge, Barnes, and Cloud (1947)
described the five gradational members which are, from old-
st to youngest: 1) Jelge sandstons, E) Morgan Creek lime-
stone, 3) Point Peak shale, 4) San Saba limestone--Pedre-
nales dolomite, The Pedrenales is a facies change of the
Sen Saba not found in the thesis area.

The Wilberns formation has a thickness generally rang-
ing from 540 feet to 610 feet, except in the southeast cor-
ner of the Llanc region where it is only 3GO feet thick,

The general average thickness is 580 feet., The formation is
at least this thick in the thesis area, and its maximum thick-
ness 18 not known because most of the Welge member has been

removed by faulting., 590 feet of the Wilberns were measured
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in the liest Mason erea by Polk (1958), and 636 feet in the
South Mason area by Alexander (1958),

Vielge Sandstone Member
Definition and thickness

The Vislge sandstons member was named by Barnes (1944)
from the expoaures in the Welge land surveys in Gillespie
County.

At the type locality along Squaw Creek near the Mason-
Gillesple County line 1t is 27 feet thick, The thickness
range throughout the Llano region is 9 to 35 feel, and
the average is 18 feet., The base of the Welge 18 not ex-
posed in the thesis area, The thickness could not be meas-
ured in the thesis area because the base of the member is not
exposed, Folk (1952) measured a section about 25 feet thick
in the West Mason ares,

Lithology

The lower contact of the Welge with the Lion Mountain
was not found in the thesis area., According to all other
descriptions this boundary is a disconformity.

The Welge is a yellowish-brown to brown, somewhat fri-
able, medium~ to coarse-yrained sandstone., The yrains
usually have & higher degree of sphericity and roundness then
those of the Hickory., Many of these quartz grains have sece

ondary reovmposed faces which cause the rock to eparkle in



the suniight,

The lower portion contains cress-bedding in some ar-
gillaceous sandstone beds, while the remainder of the strata
ere generally thick-bedded to massive., The upper limit of
the VWelge is gradational with the Morgan Creek and 18 mapped
at the botto;n of the lowsst purple limestone bed of the
Morgan Creek,

To, ) d_vegeta

The Welge usually forms & gentle scarp at the upper
edge of the Lion Mountain bench, but thie feature does not
occur in the thesis area,

The Welge vegetation resembles the Lickory zrowth in
density, but not in variety. The outorop on the aerial
photograph is shown by & narrow, dark bend, The predomi-
nant types, mesyuite, tasajille, and whitebrush, are found
with lesser amounts of shin oak, Mexican persimmon, and

prickly pear,

Morgan Creek Limestone Member
Definition and thickness
The Morgan Creek limestone member was named by Bridge
(1937) for the type locality at the junction of the north
and aoutl. forks of kergan Creek in Burnet County. Paige

(1912) included this member in the lower portion of his
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nov obsolete Wilberns formation.

The member &t the type locality is 110 feet thick
ageording to Bridge, Barnes, and Cloud (1947)., The thick-
ness in the thesis area is about 150 feet,

Lithology

The lower contact of the Morgan Creek is gradational
end 18 mapped at the lowest reddish-purple limeatons bed,
The entire member consista of arsnaceous, glauconitic, hard,
}imestone ledges alternating with thinner glauconitic, soft,
nodular, caloareous claystones. The latter weather easily
and are ssen only in fresh exposures. The lower limestone
beds are highly erenaceous and weather to a characteristic
reddish-purple color, These grade upward into gray and
greenish-gray, less sandy limestone. All of the limestones
contain well-rounded quartz and glauconite grains which are
enclosed in oleavable white calcite,

Although not seen in the thesis area, the brachioped,

LEoorthis te . 18 generally found in e zone about 60 feet

above the base of the member., Small stromu to litic bio-
herms (Figs. 17,18) form & blostrome four feet thick six feet
below the top of the member. At the top, thin shale beds
alternate with the limestone ledges. The Morgan Creek-Foint
Peak contact is transitional and is mapped at the change to

gentler slopeas and sparser vegetation.



65

QpOZra d etat.

The topographic expression of the Morgan Creek is
generally @& steep slope between the iielgs sandstone and
the Foint Feak shale members.

The Morgan Creek vegstation is not as abundant as the
Welge, but 1t i #till plentiful and evenly distributed.
Shin osk and Spanish dagger are most abundant and sre ac-
companied by tasajillo, prickly pear, and acarita, The abun-
dant Spanish dagger is conepicuous because of its relative

absence in the underlying and overlying members,

Foint Pesk Shale Member
Def [e) S.

The Point Peak shale member was named by Bridge (1937)
for expesures on Point Peak, an isoclated hill about four
miles northeast of Lone Grove, Llano County.

The thickness at the type locality is 270 feet. Due
to variatlons in sedimentation and to facies cheanges, the
Foint Peak may be as thin as 25 feet, The member in the
thesis area has a thickness of about 145 feet, 108 fest
of which is shale,

Lithology
The Point Peak member was mapped as two separate zones,

& lower zone consisting primarily of fine clastics, and an
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Morgan Creek bloherms in Honey Creek,
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upper bdlostrome zone., The lower contact of the Point Peak
is transitional, but it is easily recognized because the 1itho-
loglc change from Mergan Creek limestone to Point Feak shale
18 sharp and causes topographic end vegetationsl breaks. The
boundary between the two zones is the base of the lowest
bioherms. This contact veriee verticelly as much as three
Test because of the irregular compaction of the uppermost
fine clastic beds by the overlying bioherms, This contact
18 also very uneven because the bioherms do not all coaleace
amoothly, thereby forming s very irregular lower surface,
In other areas in the Llano region, the bloherms are not so
well developed as in the thesis area, and the upper contact
with the Jan Saba is chosen at the highest significant shals,
The lower zone is 108 feet thick and is composed of
grayish-green to yellowish-green, thin-bedded, soft to mod-
erately induroted, caleareous shales (Fig. 19). Occasionally
interbedded with the shales are thin, discontinuous layers
of brownish-gray, fine- to medium-grained, fossiliferous
limestone, and thin to one foot beds of intraformetional cone
glomerate which consist of many flat, fine-grained, yellow-
ish-green limestone pebblee embedded in & matrix of brown to
green, medium~grained limestone. The lower limestone beds
seem t0 be & diminisling continuation of Morgan Creek type

beds into the Poini Peak,



The clestic beds in the Point Peak have almost alwaye
been called shale with the concession that much 8ilt is
present. Althoush no mechanical analyses were made, the
writer is certain that most or all of the Foint Pesk clastics
in the thesis area are Gomposed of silt, The test used in
the field for distinguishing bvetween shale and 8ilt part-
icles was to lightly chew the .rains. Shale particles feel
smooth between the testh, while the silt particles are gritiy.,
This criteriz was used at about one foot intervals in the
108 feet of beds, and in no rlace was an abundance of shaley
material found. Thers was alao no sood flesility feen, but
its absence may ve due to deep weathering. The abundance of
81lt grains and the apparent lack of fissility would seem to
classify this lower zone of the memLer as a siltstone rather
than & shale, However, the definition of a shale is flex-
ible enough to allow this lower zme to be called & shale,
Agcording to Twenlofel (1950), *If.,..siltstones have cleayve
age parallel to the bedulng, the term shale ehould be appllied*,
Pettijohn (1948) says that "Siale 1s a laminated or fissile
claystone or siltstone",

The upper zone is represented by at least 25 feet of
very well developed bioherms which are interbsdded wiih &
Tew limeatone and siltstone layera, Bscause this zone con=~

8ists primarily of coalemcing bioherms which have & definite



Fig. 19-«Lower Point Peak shale. This ex~
posure is the lower part of the measured
sectlion in the southwest corner of the area,

Fig. 20-sPoint Peak biostrome along Honey
Creek,
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stratigraphic position in the thesis area, it will be re-
ferred to as a blostrome (Fig, 20). The stromatolitic lime-
stone of the bioherms is microcranular to sublithographic
and light brownish-green, olive-gray, or gray. The structure
of the bloherms has e subcirculer pattern which has been
called "cabbage head" structure (Fige., 21,28)., The inter-
bioherm beds camsist of granular, brownish- to greenish-
gray, pglauconitic limestunes, and a few green, calcarsous
slltestones (Fig. 23), All of theee beds are very irregular
and discontinuous due to uneven deposition, compaction, and
draping over the bioherms. The limestonse strongly resemble
the baeal Sen Saba beds, and probably represent a gradation
of the two members. Also closely associated with the bio=
herms are intermittent, massive beds of a bright btrown, very
herd, medium=-;rained, arenacecus limestons., The thickness
varies from one foot to five feet, with three fest being the
average. The discontinuity of these beds was first atrributed
to numerous small faulte, but additional investigation .roved
that they are not regular strata, At one location the brown
limestones may be seen under, around, and above the bioe
herms, This irregularity prevents using these prominent beds
as mapping horizons.
Topogra and vegetatso;

The lower silistone zone weathers very easlly and is gen-

erally represented by a low topographic bench immediately abeve



Fig. EE8-«"Cabbage head" ﬂmtuﬂ' of Peint
Peak bioherm,




Fig. 83--Point Peak bioherms with interbede
ded limestone beds along Honey Creek., Note
rapid facies change from bioherms to lime-

gtone beds,

Fig. B4--Point Peak biostrome-San Saba con-
tact along Honey Creek,

72
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the Morgen Creek, The upper z.ne is very resistant and in
the thesis area forms the edge of the major fault-line
scarp. The dip slope of the bilostrome is almost come
pletely devoid of soil. The lower Point Peak vegetation
consists of characteristic mesquite trees accompanied by a
considerable growth of live ocak, eedar, prickly pear, red
oak, Spanish dejger, and sgarita, The biostrome supports
sbundant prickly pear and sparssly scattered shin oak,

catsclaw, Spenish dagger, agarita, and Mexicen persimmon,

San Saba Limestone Member
inition and ]

The name Sam Saba was first used by Comstock (1890)
as a sories term for some of the limestone exposures along
the San Seba River near Camp San Saba in UeCollough County.
Dake and Bridge (1932) sald that these beds wers younger
than Paige's (191£) original Wilberns and suggested the use
of Comstock's name, San Saba, Bridge (1937) revised the term,
San Sabs to member status and further separated it from the
Ellenburger group. Bridge, Barnee, and Cloud (1947) applied
the name to the series of glauconitic limestones overlying
the Foint Feak member and underlying the Tanyard formstion of
the Ellenburger group.

At the type lecality on the Meson-Brady highway near
the San Saba River bridge, the member is 280 feet thick.
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The member is about 27C feet thick in the thesis area.
Polk (195@) meesured 151 feet and acknowledged the large
fault in the exposure on Honey Creek. Careful cbservation
shows meny miner northeast trending faultz traversing the
sectlon, Thesc breake arc too numerous and too small to be
wmapped, but they almost certeinly cause an error in any
messurements,
Lithology

The lower contact of the San Saba was mapped at the
top of the uppermost biostrome in the Foint Peak (Flg. £4),
This contact may be very uneven due to the draping of besal
S8an Seba limestone beds over the irregular biostrome murface.

The limestones are thin- to thick-bedded and fine- to
coarse-grained, with some becoming sublithographic in the
upper beds, Some of the lower limestones appear thin-bedded
because of differential weathering, The predominant colors
are gray to greenish-gray, and yellowish-brown to brown.
Glauconite and silt are present in varying amounts. Lost of
the beds are foseiliferous and contain gastropods, trilo-
bites, and brachlopods.

In the thesis area the San Saba contains an abnormelly
large amount of sand and silt. The silt usually contamin-
ates the limestones while the sand is found in calcareocus

sandstones and arsnace.us limesiones whioh, acocording to



Cloud and Barnes (1948), ocour in four zones in the Bear
Spring area immediately south of the tlLesis area. In the
Bear Spring area the upper seven foot sand zone is persistont
and mainteins & pusition 28 to 35 feet below the Cambrian-
Ordevician boundary. Cloud and Banres (1948) say that this
zone Lus been noted and used &8 an aid in determining ithe
upper limit of the Cambrisn, but not mapped,

The upper part of the San Saba is composed of very
distinctive, small, thinebedded, brownish-yellow limeatones
with veine of orystalline calcite, They are sublithosra-
phic, sparingly fossiliferous and contain small amounts of
slauconite. The upper contact is chosen with the help of
faunal evidence and the presence of glauconite which is
absent in the Ellenburger. An indefinable vejetational and
topographlc differenge may be seen between the San Saba and
the Ellsnburger outorop areas on the aerial photographs,
The *seven foot sand zone" mentioned above wes not prom-
inent enough in the thesis arsa to be used as a mapping aid.

Barngs end Bell (1954) Lave recently discovered aome
fossll evidence which indicates that Cambrian-Ordovician
boundary may be higher in the section than the contact mapped
for this thesis,

To 8 d_vege n

The San Saba limestonse member causes rolling hills
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which are similar to the Ellenburger toposraphy. The outerop
surface is very rooky.

The vegetation is generally scattered, becoming more
plentiful toward the base of the member. Shin ocak and
Mexlcan persimmon predominate, and agarita, prickly pear,
tesajillo, and cedar are minor, On the asrial photographs,
the San Saba vegetation appears very similar to the Ellen=

burger growth.
ORDOVICIAN SYSTEM

Ellenby Gro;
General Sga‘geggng

Paige (1912) named the Ellenburger iimeatone from the
Ellenburger Hills in southesstern San Saba County, Cloud,
Barnes, and Bridge (1945) revised the term by removing the
Cambrian San Saba and restricting the term to bede of lower
end middle Ordovician aze., They also divided the group into
three formations, from oldest to youngest: 1) Tanyard, 2)
Gorman, 3) Honeycut,

Where the group is complete, the thickness ranges from
about 1500 feet to 1800 feei. According to Cloud and Barnes
(1948), the Ellenburger is only 973 feet thick in the Baar
Spring area because the Honeycut formation has been removed

by erosion.
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No attompt was made to recognize or ssgparate the for-
mations for this thesis and only a brief description of the

beds is offersd.
L -

The Camirian-Ordovician contact was the most diffi-
cult houndary to map in the thesls area. The contact was
chosen betwesn the highest _leuconite in the San Saba and

he first appearance of the uncoiled gestropod Lytespire
gyrocera in the Illsnburger.

The various limestones of the Zllenburger in the thesis
area may be beat described as white to gray, thine to thicke
bedded, subilthegrapghic, and very hard, The weathered sur~
faces ars roush and solution pitted. Also found vas a
microgranular, purplishesray, dolomitic limestone that had
sphenoidal weathering, Some of the limestones weethered to
large blocks that covered the surface, while other lime-
stones decomposed completely, leaving only scattersd chart
pebbler,

Topography and vegetatlo

A rolling, hilly terrain 1s characteristic of thLe El-
lenbur,er in the thesis and other sareas., The surface is
very rocky and the only farmed land on the outcrop is in
alluvium,

The Ellenburger has & claracteristic irregular sparse
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vegetation pattern whioh coneists mostly of ehin oak with
smaller amounts of Spanish dagger, tasajillo, prickly pear,
agarita, Mexican persimmon, live oak, oatsolaw, and cedar
brush. There is a noticeable lack of mesquite.
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STRUCTURAL GELOLOGY

QENERAL STATLMENT

The Llano region is an eroded structural dome which
sxposes the pre-Cambrian basement complex. The uplift area
1s olliptically shaped with & westinorthwest-trending axis
and is approximately 4 miles wide and 70 miles long. Total
structural doming is about 6,000 feet., The uplifting has
caused the Paleozoic beds to dip away gently from the center,
The Lesozolic beds (Cretaceous) are flatelying and originally
completely covered the arsa, but they have since besn re-
moved by erocsion, leaving an erosional inlier which exposes
the pre-Kesozoic rocks,

The Faleozoic faulting happsned near the close of
Strawn and before Canyon time (Cloud and Barnes, 1948), and
gensrally has & northeast trend with one major exception in
the east central part of the Llano region., MNost of the faults
dip from 60 to 90 degrees and have displacements ranging from
a fow feet to 3,000 feet,

Tight folding of Paleczolc rocks is almost nonexistent,

and the only large folds are several probable Broad warps
soattered throughout the region, Local folde are due to

drag along faults, slumping into limestone sinks, and com~
paction around hard units such as bioherms. The only Pal-

eozoic folds in the thesis area are some very minor folds
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due to drag along faults and to differential compaction
above and below the bioherms (Fig. 25).

PRE~CALBRIAN DEF ORMATION

Ge, ] [J

According to Stengzel (1934) and King, e% al. (1944),
the regionsl structure of the pre-Cambrian rocks in the
Llano uplift consists of several large broad open folds
which have a northwest-southeast trend and a pitch of 16
degrees southeast, These metamorphic rocke within the
bread folds are locally intricately compressed into smaller
isoclinal and zigsag folds. Btenzel (1934) says that the
"grain® of the sohist and gneiss 1is strictly parallel to the
axes of the regional folds,

Logal Strugture

The local atructure in the thesis area consists of a
series of tight folds involving the marble and other meta-
worphic rocks (Flate 1I). Throughout most of the areea the
strike of the beds remeins fairly constant, ranging from N
78 E to N 76 W with the average strike being about N 85 W,
The dip ranges from vertical to 50 degrees south, However,
at the eastern ende of the two marble “tongues", and locally
within the main marble masss, the strlke turne through 180

degrees, indicating the presence of plunging folds. The
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oonsistent strike and dip in most of the area shows that the
folds are isoclinal or nearly so (Fig. 26) and slightly
overturned toward the north.

No attempt has been made to trace all of the individual
folds in the large marble mass., There is not snough
lithologic variation in the types of marble to outline them
by using stratigraphio successions and repetitions, Frobe
ably the only way to map the structure would be to trace the
individual folded beds., The best structural expressions
are sesn north of the large marble mass where the two "ton-
gues* of marble alternate with the gneiss unit dus to an
interfolding of the two units,

The axes of thess "tongues” probably give the best
measurement of the irend of the metamorphic rocks in the
thesis area, Except at the noses of the "tonguea®, the
strikes of the individual beds closely follow the trend of
"tongues™, and the dips are vertical or steeply to the south,.
The problem is whether these "tongues”" are remnants of the
bottoms of marble synclines, or the tope of marble anti-
clines lying below the gneiss unit. An anawer may come from
the plunge of the eastern noses of the "tongues". At the
northernmost nose the beds dip 85 degrees southeast, and in
the northeastern corner of the large marble mass they dip 70

degrees southeast, indicating folda plunging in this di-



Fig. B5--Folding in lower Point Peak shale
due to irregular overlying biocherms,

Fig. 86-<Isoclinal folding in pre-Cambrian
marble by G, Leeffler's ranch house,.
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rection. Also in thie same northeast corner are prominent
drag folds (Figs. 87,28) whose orientation indicetes that the
northeastern edge of the maln marble mass is the northern
flank of an anticline which plunges 76 degrees east. A sime
ilar plunge of 70 degrees southeast is shown by the "grain
(erenulations) of the phyllite on the Old Junotlon Road be-
tween the ends of the two marble "tongues", The axial plunges
of 85, 76, and 70 degrees are exceptionally steep, but the
dips are outward toward the east, which proves that the marble
"tongues” are now lying in the form of anticlines, Some slight
additional evidence for calling them anticlines is found where
a fault outs the northern "tongus". The downdropped side, ex-
poses a narrower aree of marble than the upthrown side as
would be expected after erosion if the marble is presently

in an anticline,

Although the “tongues® are new in the forms of anti-
clines, they may have originally been folded as synclines.
All of the above evidence will also apply to synclines which
originally plunged to the west and later were inverted s¢
much that their axee now plunge esstward, The folds have
been abnormally tilted to a plunge of about 80 degrees (if
they are anticlines), end the forces which caused this tilt-
ing could easily have acted in the opposite direction for
approximately 110 degrees to cause inverted synclines. The
"tonguss® will be called enticlines, making the marble the



Drag folds at northeast edge of main marble
mass, :
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oldest metasedimentary formation, but it must be remembered
that the folds may originally have been aynolines, and there-
fore the stratigraphic succession could be the reverse of that
described,

EPosaible Regional Relations

The metamorphic rocks in the thesis area are gensrally
not recognized on regional maps, so it is difficuli to see
how they it into the regional structure,

Thet the thesis metamorphic rocks may have counterparts
elsewhere in the exposed Llanc series is augsested by litho=~
1igically similar outcrops near Llano, 33 miles east of
Meson. Karble beds and a graphitic slate or schist at that
locality (Paige, 1912) might be correlated with the dark
phyllite and marble in the theais area. Palge (1912) says
thaet at Llano the graphitic schist is interbedded with mar-
ble, which is not the case in the thesis area. The rocks
at Llanc have not been studied by the writer,

It is oqually possible that the metamorphic roaks
in the thesis aree are exposed nowhere elas in the Llano
region, and that they are much lower in the pre-Cambrian
sequence than the rocks at Llano, According to Paige (1912)
and King (1944), the mestamorphic rocks betwsen Llano and
the thesis area lie in two broad synclines plunging east of

south, The western flank of the westernmost syncline
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appears on Hing'e (1944) mep as broader, and therefore pre-
sumably thicker, than any other continuous pre-Cambrian
sequence in the Llano region. The rocks of the thes is area,
which 1ie at the extreme western edge of this flank, may
therefore be the oldest of the pre-Cambrian rocks in the
region, It 1a not known to shat extent these hypothetical
relations may be affected by the faults and igneows intru-

sions ocoourring east of the thesis area.

FAULTING

The faulting in the thesis area consists of a Very coum-
plex aystem of normal faults (Plate I11). The major fault
zone, which is generally marked by a prominent fault-line
soarp, trends about N 70 L and is downthrown to the northe
west., The major displecement occurs along an irregular
series of major faults that are aoccompenied by a series of
smaller bresks whioch are found predominantly in the lime-
stones on the downthrown block, However, similar fractures
¢ould be just as abundant in the upthrown Hickory and metae-
morphi¢ rocks, only harder to find, The minimum displace-
ment observed along theme major faults is about 550 foat,
being between the basal Cap Mountaln and the lower Foint
Feak, The maximum displacement is at lsast 1200 feet.

To add to the complexity of the fracturing two or more






asmaller faullt systems have been developed at various angles
to the major faults. For simplioity these minor systems
have been divided into northeast and northwest trending
groups. These groups appear to be secondary because 1)
their faults seldom have major displacements, 2) they do

not extend over great distances, and 3) the trend of many of
the faults is relatively inconsistent,

Where the major zone arosses Honey Creek, & minor north-
east group is represented by a peculiar cluster of faults
which are conspicuous in their curving parallelism, amount
of displacement, and an off-trend of N 10°E, kany of the
faults in the thesis area are curved somewhati, but all of
the feults 1n this cluster have & well devecloped curvaturs
which is concave to the northwest, This concavity may pro-
vide some cluses about the mechanics of tectonism, The dis~
plecenents in the cluster are minor, ranging from a few feet
to less than 50 feet. Just west of this zroup, the faults
along which the major displacements occur are offset sharply
to the northeast by & fault which may be affected by the small
cluster along lloney Creek.

Some of the faults in tlhe northwest trending groups
strike about N 50 VW, and the remainder have random trends.
The diaplacements of these groups are comparable to those of

the minor faults of the northeast trending group, ranging



Fig. 89-<Vegetation
break along San Saba
(barren) -Foint Peak
fault in southwest
corner of area,

Fig. 50--3mall fault within the upper Point
Peak biloherms along Honey Creek,
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from about 50 feet to Jjoints which have no displacenent,

An attempt was made to prove differeont relative ages
for the northeast and northwest trending zanes, but the ran-
dom displacement of faults by each other strangly suggests
sinultaneous movement in both zonse during most of the time
of faulting. The evidence seems to indicate that the north-
west trending faults are primarily "cross-faults" which
affect the blooks caused by the major and some minor north-
east faults and may or may not cut the northesst faults,

Because no siratigrephic study was made of the Ellen-
burger, 1t was practically impossible to determine the amount
of throw on the faults in these beds., All breaks in the
Ellenburger are mapped as probable because some are Joints,
The large Joints in the limestone resemble faults on the
asrisl photographs hecause of solution enlargements and
sonsequent soll and vegetation differences. These Joints
appear unique on the aerisl photographs because two apparent
faults eeem to oross without displacement of either,

No definite age can be assigned to the faults solely
from obesrvation in the thesis area, However, in other
parte of the Llano resion, associated faults affect Strawn,
but not Canyon beds. The faults in the thesis area almost

certainly ocourred at this time,
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Fig. 3le<liajor fault between coarse-
grained granite and Ellenburger (rocky).

Fig, 32e<Fault breccia developed else-~
where along above fault.
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CAUSE AND MECHANICS OF FAULTING

Acgording to Cloud and Barnes (1948), the faulting in
the Llano region accompanied the late Paleozolc folding of
the sediments i{n the Cuachita geosyncline to the south and
east, These compressional foroes are suppossd to have
placed the region under torque and fractured it, They say
that the theoretical breaks compare very well with the faults
presently found in the Llano region,

According to Paige (1912) the faults in the Llano region
were caused by compressional forces. Cloud and Barnes (1948)
later showed that tension rather than compression caused the
normal faulting. Cheney snd Goss (1958) presented a de-
batable theory when they concluded that the grabens in the
Llano region were formed at a differsnt time than the horsts.
In the thesis area, tensional forces are proven by the
grabdben in the scuthwestern corner of the area (Flate III).
"rhn graben block was downdropped into a potential void smet
up by the tensional forces which caused the faulting.

The complex normal faulting in the thesia arsa suggests
that some additional forces were complicating the fracturing
in and around the thesis erea, Assuming that Cloud and
Barnes' (1948) "torque" theory is correct and that toryue was
the primary cause for the faulting, there still must have

besan scme additional secondary forces which caused the intense
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faulting in and west of the thesis area,

The most likely source of additionel forces ia a probe
able local uplift which ia manifested in the following ways !
1) the off-trend of & regional fault as it passes through
the thesis area; 2) the anomalous dips found in and around
the thesis area; and 3) the above-mentlioned aomplex faulting,
The relation of each of these manifest.tions to additi.ncl
forces 1is dsscussed in the following parasgraphs.,

An lnspection of the map in Flummer's (1943) report
shows a regional fault which normally trends about N 20 L,
but swings sharply to e trend of about N 70 E as it approash-
es and passes through the thesis area. This sudden east.ard
swerve of the major faull eould have been caused by an off=
setting action related to the minor faults caused by the
logal uplift. The major fault may have been offset or di-
verted by these minor faults when it tried to cut across %them,

The themis area is located on the west side of the
Llano reglon. Therefore the bsds which were tilted by the
Faleozoic uplifting should dip toward the west, or perhaps,
southvest, However, the predominent dip in the thesis area
18 to the southeast and scuth. A losal uplifting to the
north or northwest of these anomalous dips is strongly sug-
gested., The exact locus of this local movement has not been

deternmined, but its presence is further confirmed by the
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attitude of the beds to the north, northwest, and west of
the thesis area. Most of thess beds seem to Aip away from
the northwest corner of the thesis area.

An outstanding featurs of the fault systems in the
thesis area is the peculier cluster of minor faults along
lioney Cresk, The consistent westward concavity of these
faults suggests that they may be peripheral faults related
to & small uplift to the west of the cluster, Some of the
northwest-trending faults could bs radial faults related to
this same uplift. Grote (1954) has studied fault patterns in
this vicinity and discovered a broad, northeast-trending
anticline whioch 1s located just to the west of the thesim
erea, The foroes which caused this large fold may also have
caused or at least affected the faulting in the thesis aresa.
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GECLOGIC HISTORY

The metasedimentery rocks in the thesis areca are de-
rived from a groat series of sediments which once covered
the Llano regicn. At least the marble, and probably most
of the other metamorphis rocks in the thesis area, wsre de-
posited by a warm sea., The different lithologic types above
the marble (sneiss, phyllite, and quartzite) indicate a time
of irregular olastic deposition following a long stable in-
terval during which no clastios were deposited. That the
“ocontact® between these two intervals of deposition may
represent & time of non-deposition is suggested by the
abrupt change in lithology at the marble-gneiss contact,

With continued deposition, the ssdimentary rocks were
degply buried, complexly faulted and folded, and metamor-
phosed by heat and pressure, The granitic intrusions fol-
lowed the metamorphism., The intrusive bodles were the Town
Jountain batholith and the younger Catman Creek stock,

During the interval which began after the last intru-
ion and ended before the deposition of the upper Cambrian
sandstone the area was above base level and being eroded to
an irregular surface. The first fnlaozoic sea then entered
this area of high relief and reworkod eclian sediments

in its bassl, coarse-grained, cross-bedded deposits,
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Barnes and Parkinson (1939) have found ventifacts as
high as four feet above the base of the Hickory and conclude
that this indicates a continuation of ventifact formation
after the deposition of the Hickory was well under way,
Howsver, the sea could have fluctusted and in doing so dise
turbed and rewgshed its first thin layer of sediments and re-
deposited them at another locality on top of a primary layer
of sediments centaining ventifacts, Or the ventifacts could
have been transported in from some positive area which had
not yet been cleared of loose material. It seems much sasier
for the ventifacts 10 be formed during the very long hiatus
rather than during the relatively short intervel required
to depoeit four feet of mediments,

That the original sea was never very deep or distent
from a sediment-contributing source arsa is ahown by the
subrounded grains and orosabedding in the Hickery, Rel-
atively quiescent and perhaps deeper neritic waters grade
uelly appeared as is shown by the gradation of the marine
sandstones into the limestones of the Cep Lountain, The
lateral gradation of the liokory sandstone into Cap lountain
limestone proves that the top of the Higkory does not rep-
resent & definite time line., The impurity of the Cap Xount-
ain shows that the depositional environment was ne¥er en-
tirely devoid of olastics. A warm climate is indicated by
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the existance of phosphatic brachiopods and numerous trile-
bites. The sands for the Lion Mountain and Welge members
were provided by the erosion of a new small uplift, That
these iwo members are marine is proven by the glauconits and
fossile, The small disconformity between these members is
further proof for minor regional movement.

The end of Welge time is marked by a decrease in the
supply of sediments and a gradual transgression of the
limestone~depositing see so that the alternating beds of
Welge and Morgan Creek were formed, Abundant glauconite
and marine fossils such as the stromatolitic biohersm and
brachiopeds sgein indicate warm, shallow, marine waters
during Norgan Creek time,

The 811t in the Foint Peak was probably deposited by
& quist sea because of the fine grains and a lack of cross-
bedding. The occasional limestone ledges and marine fossils
also indicate marine deposition. However, the sess must hLave
been shallow because most of these thinly interbedded
limestones contain a considerable amount of intraformational
oonglomerates, Paige (1912) says that these "flat-pebble*
oonglomerates are suncracked fragments which were formed on
widespread tidal flats that were alternately flooded and
dried by the sun. There must have been extensive shoaling

in warm shallow waters in the thesis area because of the
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very well developed biostramal depoaits in the top of the
Foint Peak,

The San 3aba limeetons beds whioh lie directly on the
bioherms show that the ssa became desper in San Saba time,
The presence of an occasionally rising source area 1s
stroangly suggested by the beds of marine sandstonss several
foet thick found in the San Saba., The uppermost of these
sandstones 1s found only & fow fest below the upper sontact
with the Ellenburger. According to Cloud and Barnes (194¢),
both thie sand and the Foint Feak silt show the continued
or intermittisnt presence of a land mass %o the wost,

The same shallow see which depoaited the 3an Saba cone
tinued ita deposition into the Ordovician, The Cambrien and
Ordovician rocks are unique in their continuity., The general
abssnce of clastios in the Lllenburger suggests that the
positive area at this tine was not contridbuting sediments
end that there was & minimum of tectonic movement,

Asoording to Cleud and Barnes (1948), the truncation
of ths Ellenburger by erosion was at a maximum in the wesi-
ern part of the Llano region. They alao say that the oldest
Devonicn beds are found in the sastern part and the young-
o5t beds are found in the weatern part of the uplift,

This sequence of erosion and unsven deposition suggests

that the re.glon was tilted to the eaat and truncated



99

largely befores Devonian time. Then came & slow east to west
Devonlan marine invasion with & continuing erosion of the
westiern emergent areas,

The first uplifting of the pre-Cambdrian core 13 seen
in the Mississipplan beds which thin over the Llano region.
The foesiliferous, marine Misaissipplan and Pennsylvanian
indicate the presence of a warm sea which contal ned an
abundant fauna. Pailge (1912) says that the Pennsylvanian
black shele suggesta a return to low, swamp~-like conditions,
Although no Permian, Triessic, and Jurassic beds are avalle
able for study, the uplifting of the pre-Cambrian core 1is
bellieved to have ceased completely by the end of Fennsyl.
vanian time, The Permian period is represented in the
Llano region by & hiatus,

The Triassic and Jurassic periods comprise the re-
mainder of the long eromional period which began in the
Permian. This eroslion bared all previous rocks in the
Llane reglon, including 2 large expanse of pre-Cambrian.
The erosional surface had as much as 800 feet of relief
in the Llano region, The Cretaceous seas then transgressed
and deposited a serles of limestones and clays with basal
sands on the uneven surface, Since this deposition there
has been e rosion of the Cretaceous which again exposed the

Paleozoic and pre-Cambrian rocks,



The only ocourrence of Cenczolc rocks in the Llane

reglon is as stream and river deposits,
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LCONOKIC GUzZoOoLOGY

Poerhaps the most important natural resource in the
thesis srea is ground water. The most prolific aquifer is
the Hickory sandetons, The artesian well in the southwest
corner of the thesis area and other artesian wells farther
south also produce from this member. Most of th? othar
water wells in the thesis area produce from the marble and
the gcoarse~grained granite.

Building stones could be the second most important
netural resource of the thesis area, but they have not been
fully exploited because of the long distance to the nearest
railroad., Barnes, Dawson, and Parkinson (1948) presentsd
excellent descriptions of the fine-grained granite and
marble and made recommendetions for their use as building
stones. They said that the granite is a sound stone com-
possd of interlocking grains and is undoubtedly very strong
and durable. Their recommendations for the marble were that
the marble was of a somber celor, but good quality and could
be used as a building stone,

The schist, phyllite, and granite wash have been mimed
and used as road metal in and around the thesis area.

Plummer (1943) reported the cocurrence of a middle
Wilberns glass sand in northwestern Mason Gounty, but the

horizgon was not found in the thesis area,
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Topaz is found in stream beds in and leading from the
fine-grained granite stock., The gem is probably formed in
pegunatite veins in the grenite and then cocurs as placer
deposits because of its specific gravity and resistance to
weathering,

Comstock (1889, 1890) reports a possible ore locality
at “Caylor's Diggings" on the divide between Honey and Littde
Bluff Creeks and south of the Junction City Road. The
minsrals mentioned are "segregated limonite and hematite
in limestene®, dolomitic marbles, calcite, quartz, traces
of silver and some possible galena. 3everal excavaitions
have been dug, mostly along intrusive ocontacis, but since no
suitable ore has ever been found, extensive mining opera-

tions Lave never been developed,
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Section of lowsr Foint Peak on G, Loeffler ranch (5

miles wast of Mason, Texas) where Bluff Creek turns west-

ward at major fault-line soarp,

Thickness
in feet

Wilberns formation

Lower Point Peak shale member

iz,

11,

Bioherm, olive gray, weathers to dark gray,
messive, but weathering aleng horizontal

lines causes eppearance of 1 foot beds, very
hard, miorogranular to sublithegraphle, “cab-
bage head® structure on top surface. This
unit is usually not inoluded in the lower
Folnt PeaK . & ¢« 4 ¢ 4 v 4 o o o o o5 o o 9.8
Covered slope. This unit is probably very
similar to unit 9. A few scattered expos-
ures show thinly bedded calocareous siltstone
with an cccasional thin (} inoh) lens or
stringer of silty limestons, A & inch bed

of gresnish-gray to brown, glauconitioc, fos-
ailiferous, hard limestone, The bicherms
cause compaction of the upper beds so that

the top of thia unit varies vertically as much

a8 3 Te0t o+ 4 4 v 0 v s b e e b s e e s RIS
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9e
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Intraformetional conglomerate, grayish-pur-
ple and grayish-green with brown limonite
stains, weathers tan and dark gray, i inoh
to & inch beds, contains many small (1 inch)
beds of calcareous silt, glauconitic, peb-
bles &are nodular and flat and range from }
inch to 2 inches in diameter, pebbles are
darker green and slightly more resistant than
matrix, causing some to ®tand out on the wea-
thered surface and giving the beds a very Ar-
regular appearance. Beds do not westher ev-
erywhere alike; what appears to be 1 foot of
massive beds at one place will grade into a
series of smaller resistant and soft layers.
This unit forms a ledge or steaper slope be-
twoen the soft unit below and the covered
BlOPE BDOVE « & « & « o o o » o s o o o o o« 13.3
3iltstone, grayish-green, brownish-purple,
and ten, beds I inch to 3 inches thick, unin-
dureted on weethered surface, contains oc-
casional emall, fossiliferous, limestone
lenses, all beds calcareous., Two 4 inch
beds of intraformational conglomerate are

9.5 feet and 35.3 feet ebove the base of the



T

8.

5.
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unit., About the upper 15 feet of the unit

becomes highly calcarecus and slightly beg-

ter indurated, The upper & fest contains 1

and £ inch beds of very glauconitic silt-

BLONG 4 o o ¢ ¢ 4 ¢ 4 o o o s « o o 5 0 o s o 3bB
Siltstone, yellowish-tan, weathers tan and

dark gray, bedding varies from 1 inoch to 4

inches, 2 inch and thicker beds are well in-
durated and form ledges, occasional lenses of
purplish-gray limsstons and intraformational
conglomerats, lower 1 foot has purplish tint,
glauconite not prominent, caloareous , . ... 10.2
Limsstone, purplish-gray and tan, weathers

to dark bromish~gray, silty, centalns many

L inch greenishegray siltstone lenses, 10

inch caleareous siltstone parting near mid-

dle of unit, hard, except for parting unit

appears to be masaive, finely glauconitic ., ., 4.9

.8iltatone, same as unit 2, limonite stains

and glauconite not prominent, bede % inch to

2 inches thiok. Beds are wavy because of
compaoction aver the small limestone lenses. . 3,1
Limestone, purplish-gray with brown limonite
stains, composed mostly of 1 inch and 2 inch

beds of nodular intraformational conglomerate



4.

g,

which weathers to a very uneven surface, hard,
VOry glauconitic o o o ¢ o o s o ¢ o 2 4 o o
Seme as unit 2, limestone found in smell len-
L L P T T T T T T
Limestone, purplish-gray to gresnish-gray
beds of nodular intraformational comyglomerate
and sllty, foseiliferous limestone, limestone
beds are 1 inch thick, intraformational qone
glomerate beds are £ inches thick, glaucon-
itic, pebbles are irreguler, vari-colored nod-
ules with 3/4 inch diameter, contains lenses
of calcareous slltstone, some beds of intra-

formational conglomerate weather more reade
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1.5

1.7

ily than others . ¢ 4 o o v o s o ¢ ¢ s s o 843

Siltstone and limestons, alternating thin
beds of purplish-gray, silty, hard, fine
grained, limestone and calcarecus grsenish~
gray slltstone, limonite stained, limestone
layers weather to a pink buff coler, beds
about 3/4 inch thick, finely glauconitic,
vweathers easily. This unit conteins the
lowest slltstone exposed and is probably

the base of the Foint Feak member .« . + + «

1.7
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Limestone, grayish-purple with brown limonite
stains, undulating beds } inch to £ inches
thick, medium-grained, rclnilit;rous, very
glaucenitic, conteins small lenses of cal-
carsous siltstone and intraformational cone-

glaxerate with 1 inch pebdbles . . . . . + « 0.8

Total thickness meesured , . . . , , , 117.0



