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GEOLOGY (f THE CAMP AIR WEST AREAs 
MASCN AM) MC CULLILH COUIITZESg TEXAS 

ASS TR AC T 

The Camp Air West area is located on the northwestern flank of 
the Llano uplift of Central Texas, 9. 4 miles north of the city of Mason, 

Texas. Rocks cropping out in the area include a coarse grained granite 
of Precambrian ages the Riley and Wilberns formations of Late Cambrian 

age, the basal part of the Ellenburger group of Early Ordovician agev and 

limestone and sandstone of Early Cretaceous age. 

The granite outcrop is the southwestern edge of the Katemcy 

mass, thought to be part of the Town Mountain granite. 
The Riley formations estimated to be about 700 feet thick in 

the areas is comprised of three members~ the Hickory member, a yellowish 
brown to very dark red& coarse grained sandstoneI the Cap Mountain smmber, 

s gray to brownish-gray& arenaceous limestoneI and the Lion Mountain 

member, a coarse-grained, highly glauconitic, sandstone containing beds 

and lenses of limestone composed essentially of trilobite fragments. 

The Wilberns formations estimated to be about 450 feet thick 
in the area, is composed of the Welge member, a yellowish brownv non- 

glauconitic sandstoneI the Morgan Creek member& a purplish red to grayv 

brown, and green speckled, arenaceousv glauconitic limestoneI the point 
I'eak member, essentially comprised of gray and greenish grays thin bedded 

siltstone with interbedded greenis'~ray lismstone and vari-colored intra 
formational conglomeratsI and the San Saba member consisting of stromato 
litic bioherms et the base grading upward into yellow, gray, and brown 

granular limestone and gray sublithographic limestone. 



The basal beds of the Ellenburger group axe in gradational 

contact with the underlying San Saba member of the Wilberns formation. 

They consist of gray» thimbedded to massive» sublithographic limestone 

and are estimated to be about 60 feet thick in the area. 

Lower Cretaceous rocks »xposed in the area are gray, fine grained 

limestones with basal conglomeratlc sandstone beds. Essentially flat-lying» 
these strata zest with pxonouncsd unconformity on the truncated edges of 

the paleozoic rocks. The equal truncation of paleozoic rocks of varying 

resistance underlying the Cretaceous strata suggests that a condition of 

peneplanation existed in the area prior to Cretaceous deposition. 

paleozoic rocks cropping out in the area strike N. 35 to &5 E. 
and dip 3 to 5 NW. , so that successively younger rocks are exposed from 

southeast to northwest. The essentially homoclinal structure is intez 

rupted by a series of northeastward striking» steeply dipping, normal 

faults of relatively small displacement. 

Ground-water and arable soil are the most important natural 

xesources in the area~ and the Hickory sandstone, furnishing as it does 

the major part of these resources, is the most important geologic unit 
within the area. 
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GEOLCGY OF ThE CAAI' AIR WEST AREAs 
MASON AND MC CULLCCH COUNTIESs TEXAS 

INfROLCi ION 

STATEMENT Cf THE PROBLEM 

The purpose of this thesis is to present the results of a 

geologic study of a small area within the Central Mineral region of 

Texas, with the hope of contributing thereby to the geologic knowledge 

of the region. Primary consideration is given to descriptions of the 

stratigraphy ano structure of the area and to presentation of stratigraphic 
and structural relationships on an seal geologic map. Secondary con 

siderations include the physiography, geologic history, and economic 

geology of the area, 

LCCATION 

The Camp Air west area, a rectangular area of approximately 

twenty-seven square miles, is located on the northwestern flank of the 

Llano uplift of Central Texas. The ma)or part of the area lies in the 

northwestern part of "aeon County, but the northern edge extends about 

0. 7 mile into the south central part of McCulloch County (see fig. I) 
The area is bounded by latitudes 30 57. 5' and 31 O2' North and by 

longitudes 99 IL' and 99o 21' West. 

ACCESSIBILITY 

The Mason Sr~by Highway (U, S. Highways 377 and E7) runs 

north south through t' e area 0. 8 mile from the eastern border and gives 
access to the area from the towns of 'aeons Texas, lying 9, 4 miles to 
the south, and Brady, Texass lying 12. 2 miles to the north. From the 



small settlement of Cap Aiz, located on the . vason Bzady highway 1. 6 miles 

within the southern border, an unimproved fez s road runs east west across 

the area. zrom tnis east~west zo u, anotnez unimproved goad banches 

southward 1. 6 miles west of Caisp Aiz and circles back eastward to intez 

seat the Mason Brady highway 1. 1 miles south of Camp Air. private ranch 

and farm roads connect with the main roads to give excellent access to 

the eastern part of the area but only limited access to the westerr. part. 

14ET HCCS (E INVEST IuAI IBN 

The field investigation upon which this report is based was 

conducted between July 3, and August 29 ~ 1956. U. 6, bepartment of 

Agriculture aerial photographs CJC 23 141 tnrough 145 and CJC - 4 

133 through 137 give coverage of the area and were used as base maps for 

plotting geologic information. 1o facilitate the field investigation of 

faults and lithologic boundaries, the aerial photographs were also used 

to detect vegetative patterns and soil changes indicative of such features. 

4 Brunton compass was used to measure the dipe and strikes of 

outcropping bedded rocks, and the same instrument was used with a Jacob' s 

staff te »asure the thickness of dipping strata, A hand level and a 

Jacob's staff were used to measure the horizontal Cretaceous beds. 

In the preparation of cross sections, topographic relief was 

estimated from the aerial photographs uy use of a stereoscope, and hori 

zontal distances were scaled directly from tne photographs. 

PRE VIOUS INVESTIGATIONS 

The earliest reference to the Llano region appearing in geologic 

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



geology of Texas was concerned primarily with Cretaceous rocks and fossils 

from bordering areas, but brief mention was made of speciamns of granite 

from outcrops north of fredericksti:rg. f oemer considered that the plutonic 

rocks of the Central Mineral Region were part of the crystalline mass of 

the Rocky Mountains, and that the Cretaceous rocks, which were knownto 

overlap the granite near Predericksburg, were the only stratified rocks 

existing in central Texas. Roamer (1848), in a second paper on the 

geology of Texas& gave an account of his travels with an exploring party 

of Germen colonists to the San Saba River, In this paper he noted the 

occurzence of granite, "Lower Silurian" ~ and Carboniferous rocks in the 

region. Later he published s more comprehensive report of his travels 

in Texas, including an account of the paleozoic rocks and fossils of the 

central Mineral region and a geologic map of the state (Roemar» 1849) ~ 

Roemer (l852) gave a detailed account of the Cretaceous rocks and fossils 
of Texas. In an appendix to this paper he included descriptfons of 

Pa)eozoic strata and fossils of the Llano region. 

In 1855 and 1856, Or. C. B. Shumard, while accompanying an 

»xpeditfon of Army engineers passing through the Llano region, made notes 

nn his cl servations of the geology. 'Ihese notes were incorporated in a 

paper published thirty years later (G ~ C Shumard» 1886), 

B. F. Shumazd &1861) published descriptions of the Upper Cam 

brian rocks and fossils of the region aud correlated them with the pots- 

dam grouo. His work in the reaion confirmed much of the earlier work of 

Roemer. 

Descriptions of the Ca»brian rocks were published by &alcott 

(1884) after he visited the region in 1883. 



P. T ~ Hill (1887) briefly discussed the geology of the Llano 

regfon fn a review of Texas geology, and two years later (Hfll, 1889) 

named and established the age of the Carboniferous rocks cropping out fn 

the vfcfnfty of esrble Falls. 

T. 8. I osstock (1890) published a descript!on of the geology of 

the region with partfcular emphasfs on the s&nerals and ores. He intro- 

duced the names Valley Snrfngs and Packsaddle to apply to the Precambrfan 

gneisses and schfsts and the terms Hickory series, Pfley serfes, and 

Kateiscy series to aoply to the Cambrfan rocks exposed in the uplift 

R ~ S. Tarr (1890 a and b) reported on the topography and 

drafnage patterns of the region, He concluded that the major streams of 

the region were developed originally on the relatively flat lying Cre 

taceous strata and that they had been superposed upon the underlyfng 

Paleozoic structure. 

Pafge (1911) named and described the Cap Vountafns +ilbernsz 

Ellenburgers and Smfthwfck formatfons and redeffned the Valley Sprsnos 

gneiss and the Packsaddle schist. His Cap uountafn formation included most 

of the Cap l4ountafn member and all of the Lion Yountafn member of the 

present Relay formation, wh! ie h! s wflberns formation fnc luded the same 

beds as the present wflberns formatfon wfth the cxce;tfon nf the San 

Saoa limestone. He fncludea the -' an ~aha limestone in the Ellenburger 

format, iun. F~ige adopted the naze Hickory sandstone !n lieu of Hickory 

series as usec Ly Comstock and placed the upper boundary of the unit 

&!thin the lower beds of the present Cap "ountain lizmstone. Pafqe (1912) 

published a detailed qeolog!c map of the Llano and Surnet guadranqles 

with an accompanyfng descr!ption of the geology. 



In 19la» tne dureau of Economic Geology and Technology pub 

lished the first comprehensive geologic map of Tezas (Uddon et al» 1916). 

On this map the rocks cropping out in tlu» Llano rcgfon were grouped fnto 

five divisfonsr Cretaceous, Pennsylvanian, undfvfdad Paleozoic» Cam 

brian Ordovfcfan, and Precasbrfan. 

Pluasser and noore (1922) published a map af the outcropping 

Carboniferous rocks of the region and introduced the name iarnett to 

apply to the shale bede below the "arble i alla limestone. 

Girty and i'core (1919) dfscussed tl'e age of the Pard series, 

and Girty» in the same paper, correlated the Barnett shale witt. the 

uoorefield shale of rukansas and the lower Canry shale of Oklahoma. He 

concluded that the correct age of the Darnett shale v'as Pissiscfppian. 

Girty (Rourxly» Girty» ano Goldman» 1924 ~ pp. 3 - 4) established an 

Early elf ssfssfppian age for tho czinoidal limestone beds beneath the 

Barnett shale. This new formation» whicl was first discovered by P ~ V ~ 

IIoundy and K ~ 4. Heald of the I, ~ S. Geological urvey» was given the 

name Chappel oy Sellards (1933, p. 91). 

Dean t193lr stuuied the algal reefs in the "'ilberns forms 

tion and discussed tnem ir. a paper read before the Pal ontological 

'ociety of »»serfca. 

The first atteapt to establish faunal zones vrithin the older 

I'aleozoic rocks of the Llano area and to correlate them with Paleozoic 

rocks outside the state was made y &ake and Brfdge (1932). 

Sellards (1933) revfewed the I'recarsbrian and Paleozoic stra- 

tigraphy of the Llano region, 

Stsnzel (1932) redefined the Valley Sprfnge gneiss and postu- 

lated that it was of igneous origin. 



Sellards (1934) discussed the Paleozoic defmwation of the 

Llano region and proposed a Middle Mississippian age for the initial 

dosing. Precawbrian stxuctural conditions of the region were discussed 

by Stenzel in the saws report (pp. 74-78) ~ 

The U. S ~ Geological Survey (Darton et alx 1937) issued a new 

geologic wap of the state showing the Paleozoic racks of the Llano axes 

divided, in ascending mder, into the Hickory sandstone, the wilberns and 

Cap Mountain liwestonesx the Ellenburger Iiwestone, the Marble falls 

ltwestone, the Swithwick shale, the Strawn groups and the Canyon group. 

Bridge (1937) nawed the Lion Mountain sandstone wewber of the 

Cap Mountain fmwation and relocated Most of the fossil localities establish- 

ed by Roawer. Bridge and Girty (1937) redescribed Paleozoic fossils that 

had been described earlier by Reeswr and published notes on the geology 

of the region. 

The first descriptions of ventifacts frow the Hickory sandstone 

were wade by Barnes and Parkinson (1939). In this paper, which included 

- a wap showing localities where ventifacts had been found, they expressed 

the belief that the Hickmy sandstone contains sowe aeolian deposits. 

Keppel (1940) published the results of a study of the coarse 

grained granitea of the Llano Burnet area 

Chancy (1940) suggested a new classification fm the Pennsylvanian 

strata of north-central Texasx but his wexxbers and west of his forwations 

are absent m difficult to recognize in the Llano area. In the saws papex ~ 

he noted that the Ellenburger liwestone and later sediwents thin toward 

the Concho Archx indicating an Early Ordovician age for the initial 

uplift of the arch, 



garnes (1941) s in a paper read before the Geological Bocfety 

of America, described the overlap cf Lower Cretaceous sedismnts on the 

Llano Uplift. 

Globoid, Barness and Bridge (1945) suldividec the Fllenburger 

group, in asrending order, into the Tanyazd, Gorman, and Honeycut forms 

tions. In the same paper, they proposed the name Riley formatfon to in- 

clude the Hfckory sandstone, the Cap »ountafn limestone, and the Lion 

mountain sandstone members. Ba-nes, Clouds and Warren (1945) published 

the first descriptions of rocks of Bevonian age in the Llano region, and 

two years later (Barnes, Cloud, and barrens 1947) they descrf bed two 

more Devonian formations. 

Plusscer (1945) ~ in a report on the water resources of Texas, 

discussed the fmportance of the Hickory sandstone and the Ellenburger 

limestone as water bearing formatiens. Pluwser (1947) published a sum- 

mary of the classification of Lower Pennsylvanfan strata fn Central Texas. 

". Posthumous nublfcation on the Carboniferous stratfgraphy of the Llano 

region by Plursnmr (1950) fncluded resmses of the other Paleozofc systems 

and of the Cretaceous system of the region. 

Bridge, Berne~, and Cloud (1947) revfewed the Bpper Cambrf an 

stratigraphy of Central Texas and gave brief descrfptions of each forms 

tfon and member. Cloud and Bridge (1947) published a comprehensive paper 

on the Ellenburger group of Central Texas, and included brief descrip 

tions of other Paleoxoic strata cropping out at various localities in the 

region. 

Blank (1951 a and b) discussed the exfoliatfon of granite doses 

in the Llano region and the peculiar, doughnut shaped weathering features 

found on the granfte. 



Polk (1952)s Alexander (1952), Duval (1953)s Parks (1953) ~ 

Grote (19 &) ~ and Fritz (1954) prepared detailed maps and described the 

stratigraphy and structure of small areas in the vicinity of Meson, Texas. 

&ogers (1954) reported on an arkosic conglomerate of probable Early Cre- 

taceous age found as scattered deposits in Masons Msnard, and Kimble 

Counties, Texas, 

Barnes and Bell (1954) reviewed the stratigraphy of the Llano 

region and published measured sections of the Upper Cambrian formations. 

Barnes (1956), in a report on lead deposits in the Upper Cambrian rocks 

of Central Texas& briefly reviewed the structure and Upper Cambrian 

stratigraphy of the region, 



GE OGR APHY 

CLIMATE 

The climate of the 11ano region is seed arid. The annual rain- 

fall in Mason County averages about 20 inches, most of which falls in 

periodic heavy showers occurring during the winter and early spring months ~ 

The tendency toward widely spaced heavy rains separated by long dry 

spells causes a large amount of the rainfall to be lost as surface run- 

off. 
During the past six years the region has been sub)ected to a 

severe drought, and the mean yearly precipitation has dropped considerably 

below the normal, 

Temperatures vary between the sussaer and winter extremes of 

110 and 5 ~ and daily variations may be as much as 30 . Mean tempera 

tures are about 45o for winter months and 90o for suer months' The 

average annual temperature is about 70 ~ 

VEGETATION 

The vegetation of the area is limited to those types which 

are hardy enough to subsist under conditions of thin topsoil and little 

water. On areas underlain by granite, post oak and black)ask oak axe the 

dominant types. Weathered sandstone outcrops cossaonly support growths of 

mesquite and needle grass, but in areas where the sandstone bedrock has 

not decomposed, dense growths of oak occur. On the limestones, post osk, 

Mexican persimson& and many verities of cacti flourish. Cedar, which once 

grew in abundance on the limestone hills, has been killed off by the 

ranchers as a ground-water conservation measure 



Vegetation is particularly dense on the uncultivated parts of 

the Nckory sandstones on the Cap mountain and gkegsn Creek Iimestoness 

and on the calcitic reefsf but it is somewhat thinner on the San Saba 

and lewer Ellenburger limestones and is sparse on the weathered sandstone 

outcrops, on the Point Peak shale, snd on the dolomitized reefs. Cre 

taceous upland areas sLpport dense growths of oaks Axican persimsons and 

prickly pear, 

INDUSTRY 

Economic development of the Camp Aix West area is limited to 

ranching and fermi~i The ranching industry was originally devoted 

principally to beef cattle, but overgrazing and years of drought have 

curtailed the raising ef cattle in large numbers. In recent years the 

ranchers have turned to goat raising as their chief source of income. 

The small farms~ located on the sandstone outcrop belts, were 

devoted primarily to the raising of peanuts, malone, corn, and hay~ but 

the prolonged drought has made dry farming extremely hazardous. A few 

of the farmers have installed irrigation welles but the majority have 

either moved away or turned to grazing small flocks of sheep, 
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PHYSIOGRAPHY 

TOP(5R APHY 

The Camp Air-west area Lies on the northwestern flank of the 

Llano Uplift» a structural dosw of' Paleoxoic and Precwabrian strata ex 

posed in a topographic basin eroded through relatively flat-lying Cre 

taceous rocks. Within the basin, maximum relief is about L»600 feet. 

Maximum relief in the Camp Air west ares is approximately 250 feet fros 

the bed of 'West Prong Creek in the east to the top of the Cretaceous out 

crop in the south-central part of the area. 

In the semi~arid climate of the region» limestone is more 

resistant to erosion than is sandstone. As a result, ridges and upland 

areas are developed on the limestone outcrops while benches and lowland 

areas are developed on the sandstone outcrops, The resistance of the 

coarse grained granite to erosion is about equaL to that of the sand- 

stone, and it too normally underlies lowland areas, 

The granite outcrop in the southeastern corner of the thesis 

area occupies a broad& rugged LowLand in which the bedrock has been dis- 

sected into a series of irregular knobs, The Hickory sandstone outcrop 

to the west of the granite also has been reduced to a bread lowland» but 

in contrast to the rugged granite outcrop» the Hickory sandstone outcrop 

is gently undulating with only scattered exposures of bedrock protruding 

through the soil cover. An exception to the gentle character of the 

surface underlain by Hickory sandstone. is a large conspicuous hill rising 

about 150 feet above ths surrounding terrain» 0, 7 mile west of Camp Air. 

West of the Hickory sandstone outcrop, the Cap Mountain limestone» LiOn 

Mountain sandstone» Welge sandstone» and Morgan Creek limestone form a 
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series Of elongated northeast southwest trending ridges and benches whish 

pass beneath the relatively flat Cretaceous tableland in the southern portion 

of the area, 

In the central part of the area, between the dip slope of the 

westernmost ridge composed of "lorgan Creek limestone and the eastern edge 

of the reef outcrop, a broad alluvium filled valley has been developed by 

erosion of the Point Peak shale. From the western rim of the valley a 

gently northwestward dipping, ruggeds rubble strewn surfaces developed on 

calcite and dolomite reefs, extends to the moderate slopes of the San 

Saba limestone outcrop ~ In the northwestern corner of the areas gently 

rolling hills and valleys have been developed on the Ellenburger lismstone. 

Faulting has affected topography by repeating the valley and 

bench forming sandstones and the ridge forming lismstones in the eastern 

part of the areas but faults within the San Saba and Ellenburger lime 

stones indiscriminately cross hills and valleys with no apparent effect 

on topography. 

DR AINAGE 

The Camp Aim -'est area lies just north of the drainage divide 

between the Llano River to the south and the San Saba River to the north, 

within the area, a local drainage divide is formed by the Cretaceous 

outcrop in the south and the Morgan Creek ridge running diagonally across 

the center of the area. Io the east, the ssmll streams and gullies drain 

into &est Prong Creek, a tributary to Katemcy Creek. Katemcy Creek, Past 

of the area, drains northward into the San Saba River. . reams and gul 

lies west of the divide drain into several smalls unnamed tributaries to 

the San Saba River. All streams in the thesis area are ephemeral' 



Faults have had little effect on the drainage patterns in the 

area. Th~ major drainage lines cut obliquely across several faults 

along their courses with no apparent tendency to exploit the fault zones. 

Some small tributary gullies have formed along fault zoness however ~ and 

it is, robable that, were the climate more humids faults would have a 

pronounced effect upon the minor drainage lines. 
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)AT ICU*P))Y 

GENERAL STRATIGRAPHY 

The rocks exposed fn the Camp Air-West ares range from a pre 

cambrian granite in the southeast corner through Upper Caabrfan sand- 

stones, lfmestones, and shales in the central part and Crdovfcfan fis)e- 

stones fn the northwestern corner to Cretaceous limestones in the south 

oentral part. Recent alluvium and caliche mask the bedrock in the val 

lays, on the dip slopes of cuestas, and around the edges of the Cretaceous 

outorop. Bedrock fs poorly exposed throughout. the area except on the 

scarp slopes of cuestas. For this reason no extensive sections were 

measured and descrfbed. The Camp Afr West area lies approxfmately raid 

way between the localities of the Camp San Saba and Calf (Cas)p) Creek 

sectionss described by Barnee and Bell (1954, pp. 45-67) )see locatfons 1 

and 2, Fig. 1 of this thesis) ~ and the rocks exposed in tne area are 

sfmilar fn thickness and lithology to those of both sections. In the 

case of the San Saba limestone and the bfoherw zone, the stratigraphic 

relationship and lithology occurring in the Caap Air West area are transitional 

between the Cw~ San Saba section and the Calf Creek section. 

The stratigraphic column for the thesis area is as follows: 

Cenozoic 

Oieternary 'ystem 

Recent alluvium 

~&sozof c 

Cretaceous System 

er Cretaceous &Comancheanj aerie 

Ifoeatone and conglo)seratfc sandstone 



Paleozoic 

Ordovician System 

Lower Ordovician Series 

E llenburger limestone 

Cambrian System 

Upper Cambrf. an Series 

+ilberns formation 

San '-. aba limestone member 

Point Peak shale member 

'organ Creek limestone member 

'xelge sandstone member 

Piley formation 

Lion uountain sandstone member 

Cap mountain limestone member 

Hickory sandstone member 

Precambrian 

Granite 

PBECANBB I AN 

The Precambrian basement coaplex exposed in the Llano Hplift 

includes schists, marbles» and gneisses of metasedismntary and possible 

metaigneous origin that are intruded by predominantly acidic rocks in the 

forms of batholiths and dikes. 

In the Cap. Air«'&est area„ tf only representative of the Pre 

cambrian complex is» coarse grained granite exposed in the southeast 

corner oi the ares. 
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trus&ver of Llano and "urnet Counties into three groups on the basis of 

lithology and st! oct ax, 1 xel. . !ons??;, . Bf: sub&&vfsfcns, fxc«oldest to 

younoest ~ are: the pinks coaxse grained, 'lo! n lsountain granite? the grays 

medium-graf ned, natman granf te: and the gx ay, fine-graf ned, «f. ;-mf le 

granite. 

The gran!te cxoppfng out an the sout? east corner of the 0 mp 

. &fr-"'est area fs part of the !latency !~s", a lart!e ellfptfcal body whfch 

extends from the nort!~central part of 9:!son County tnto the sout?!eastern 

educ of ucCulloch County. Barr!es axrf &r ll (19'4, p. 80) conc&de ed this 

mass to be part of the Town 'ountaan granite. 

?i ~c, ! ? taf led;;egascoofc ano m&croscop&c dose. iptions of 

granite from the Kxtemcy mass at a Jocat&o!! 0, % mf Je soutnea. -t of Katemcy 

and at J-latrock done, 3 miles west of Fredonf a, Texas, were given by Barnes 

(19X7~ pp. &1-82 and 86 87). Keppel (1940, p. 978j puhlisJ«x the results 

of a Posiwal analysfs of a specfmen from Flatrock dane 

The granite exposed on the thesis area is a oink, coarse graineds 

bfotite grant te. '!eoascop&callys is apoears to he composed essentially 

of pink mfcroclines white feldsoar (probablv plaoioclase) ~ clear quartss 

and biotite. The sfcrocline occurs as phenocrysts averaq&no about 20 

millimstexs in length, but crystals as lono as W millimeters are ccmrxon. 

, , 'uartz grains average stout 6 ~f llfmeters in diameters but juvtapos&tfon 

of grafns fn so!ae cases has formed frreqular, elongated, vein-like areas 

15 to 20 s!illimeters in length. The biotite occurs as scattered gxoups of 

platy flakes of C millimeters diameter in the matrix of whfte feldspar 
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and quartz grains. Pegjaatfte and aplfte dikes averaging a few inches in 

width are casIsan in the exposure, 

weathering changes the color of the granite to a dull pinkish- 

gray and leaves a raugh surface by differential reeoval of the watrix 

around the phenacrysts. The entire outcrop has weathered to a series of 

irregular knobs. Along the western edges near the contact with the over- 

lyfng Hickory sandstones these knobs protrude through a thick layer of 

granfts wash farsed over the outcropl but eastward they braadens and the 

mass fs devoid of sediwents, Solutfan pits are ccxwaon an the flatter 

parts of the outcrop, and two snail doughnut" weathering features sfwi 

lar to those described by Blagk (1951) were found near the western edge 

of the exposure, The doughnuts weasured about L. 5 feet across their 

outer ries. 

At the one exposure of the Hickory contact found in the area 

(location 1, Plate I) the granfte has been weathered fn place to a grayish 

white clay. In the process of kaolfnfzatfons the outlines of feldspar 

crystals have been retainedl but they cruwble when touched and appear to 

bs cospletely altered to clay. Depth to solid granite bedrock beneath 

the contact could not be deterwined. 

c Elsewhere fn the Llano uplffts granftes 

of this type are intruded into Precawbrfan schists and gnefsses, In the 

Casp Afr &est area, however, no evidence of the metaxerphic rocks rewafns. 

The granite Hickory sandstone contact is covered over cost of the area& 

but fn the exposure on '&est Prong Creek the basal Hickory sandstone over 

lies the granite unconforwably (Plate II). Apparently the wataworphfc 

rocks were stripped frow this part of the area during the long interval 
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of erosion between Precambrian and Late Cambrian times' and the basal 

Hickory sandstone was deposited directly upon the granite. 

Bridge, 8arnes, and Cloud (1947) reported that relief on the 

Precambrian surface was approximately 800 feet prior to deposition of the 

Hickory sandstone. Evidence of considerable relief on the Precambrian 

surface occurs in the thesis area one mile northwest of Casp Aire Theres 

two miles northwest of the main granite outcrop, a small granite mass is 

exposed on the upthrown side of a fault near the Hickory sandsto~ap 

Mountain limestone contact, This exposures about 0. 2 mile in widths is 

not continuous along the faults but dips beneath the Hickory sandstone in 

all i fractions. About 0, 8 mile south of the exposure toward the main 

granite outcrop, an irrigation well was drilled to granite at a depth of 

245 feet (location 2s Plate I) ~ A fault that would account for some of 

the difference in elevation is known to trend toward the vicinity of the 

well, but it could not be proved to pass between the well and the small 

granite exposure. Since this exposure is not continuous along the re- 

gional strike, and because it is two miles removed and up-section from the 

main granite outcrop, it is probably the tep of a buried hill. The con- 

tact between the Hickory sandstone and tha granite hill is covered with 

alluvium, but judging by soil colors in its vicinity and by outcrops 

along the regional strike away from the hill, the top of the hill is esti 

mated to lie slightly above the middle stratigraphic level of the Hickory 

sandstone. 

CANRIAN SYSTEM 

Although famer and Middle Cambrian rocks have not been recog- 

nised in the Llano uplifts Upper Cmabrian rocks form extensive outcrops 
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throughout the region. Two formations are currently recognixed the 

Riley formation, comprised of three mambersX and the Wf)berne formation, 

comprised of four members, All seven members of the two formations crop 

out in the Camp Aix West area, 

Riley formation 

The nssm Riley series" was proposed by Comstock (1890) to 

apply to strata which comprise parts of the Hickory sandstone and Cap 

Mountain lismstone of the pxesent classification. Comstock's classiff- 
cation had long been abandoned when Cloud» Barnes» snd Bridge (1945» 

p. 154) introduced the name Riley formation ". ~ ~ to include all of the 

Cambrian strata in Centxel Texas beneath the Milberns foxmation". As 

defined by these authors» the Riley formation is cosprfsed» from bottom 

to top, of the Hickoxy sandstone» the Cap Mountain limestone, and the 

Lion Mountain sandstone members. The cossson contacts of the members 

intergrade both laterally and vertically, 

At its type area in the Riley Mountains of southeastern Llano 

County, the formation is about 780 feet thick~ however» its thfckness 

varies considerably throughout the Llano regions The average thickness is 
about 695 feet, according to Baxnes and Bell (1954» pi 36) ~ The vax'iation 

in thickness is attributed to topogxaphic relief of the Precwsbrian sur 

face upon which the formation was deposited. 

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

tion is estimated to be about 700 feet 

Comstock (1890) used the name Hickory, 

taken fros Hickory Creek in Llano County» to apply to the lowermost of 
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the three Cambrian series he established in the xegion Paige (1911) 

used the name Hfckory sandstone in lieu of Comstock's Hickory series and 

placed the upper boundary of the unit wfthfn ths lower calcareous sand 

stone beds of the present Cap Mountafn limestone. Cloud, Barnes, and 

Bridge (1945, p. 154) classified the Hickory sandstone as the basal member 

of the Riley formation and lowered the Hickory sandstone-Cap Mountafn 

limestone contact to the top of the non calcareous sandstone beds below 

the limestone ~ 

According to Bridges Borneo, and Cloud (1947) ~ the thickness of 

the Hickory sandstone varies from slightly over 400 feet to s feather 

edge and averages about 360 feet, The variable thickness is attributed 

to the topogxaphic relief of the precambrian surface upon which the mem 

ber was deposited, to unequal deposition, and to more rapid gradation into 

limestone in some areas' Because the effect of faulting is masked by 

soil cover, the thickness of the Hfckory sandstone within the Camp 

Air West area cannot be estfmated with reasonable accuracy. The great breadth 

of outcxop, however, indicates that the thickness must approach the maxi- 

mum of 400 feet reported fox the region, 

J~+BB)(: The Hickory sandstone is a light ;rayfsh-whfte to brawn, 

dull orange, and deep reds fine- to coarse gxaineds non calcareous, es 

sentially non glauconitics quartx sandstone. The grayish white color 

occurs at the base where the member is a coarse grafned conglomeratic 

sandstone varying laterally to a quarts pebble congloserate. Ventffacts 

occur in the basal beds of the member at several localities in the regions 

according to Barnes and Parkfnson (1939) Above the basal beds the grain 

sire decreases, and in the middle stratigraphfc levels a brown to greeaish- 



gray, thin-bedded, shaley siltstone with lenses of ffne grained sandstone 

occurs. In its upper part, the Hickory member fs a brown to deep rust reds 

medium- to coarse-grained sandstone. The deep red color fs imparted by 

hematite encrusting well rounded quartz grains and acting as cement. The 

well rounded quartz grains encrusted with hematite gfve an oolitfc tex 

ture to the rocks and ft bears a marked physical resemblance to the well 

known oolftfc iron ores from the Bed Nountafn formatfon of Silurian age 

in the Southern Appalachian Mountafns. 

Cross bedding fs pronounced fn the Lcaar beds but fs by no 

means restricted to them. Highly cross bedded strata occur locally 

throughout the entire stratigraphic extent of the member Graded bedding 

is also cossson throughouts but it too fs more pronounced in the lower 

beds. Ripple marks have been reported from the middle and upper stratfgra 

phic levels of the Hickory sandstone in many localities, and msall 

brachiopod shells, reported to be phosphatic, are coanon fn these beds. 

The Hfckcry sandstone crops out across the southeastern corner 

of the Camp Afr-&est area fn a two mile wfde belt trending northeast 

southwest. uost of the outcrop belt fs covered by soil ~ and bedrock is 

exposed only at scattered localities. The Hfckory sandstone granite contact 

is exposed in west Prong creek (locatfon 1 ~ PlateI). There, the basal 

Hickory sandstone is a grayish whfte quartz pebble conglomerate, with 

quartz pebbles averaging about L. S fnches in length imbedded in a matrix 

of coarse quartz sand (see Plate II). The quartz pebbles aze very well 

rounded and show no evidence cf wind faceting. The conglomerate, about 3 

Eeet thicks overlies kaolinized granfte~ however, at some places along 

the exposure, the extreme basal part of the conglomerate is replaced 
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laterally by up to 0. 5 foot of coarse-grained sandstone. At the top of 

the 3 foot interval the conglomerate changes abruptly to coarse-grained 

sandstone. Cross-beddfng is present in both the conglomerate and the 

sandstone. 

Northward along the creek from locatfon 1, the lower Hickory 

sandstone retains its high degree of cross bedding but becomes finer 

grained and changes to a light buff colox in scattered exposures that 

are successively higher stratigraphically face Plate III). 
Two miles southwest of Camp Air, apparent lower Hickoxy sand- 

stone is exposed along the upthrown side of a fault (location 3, plate I). 
At tt„~t location and southwestward along the northern side of the fault, 

the Hickory member is a light rust reds coarse grained sandstone contain 

ing scattered sub angular pebbles of milky quartz that vaxy from C. 5 inch 

to 2 inches in length, A few brown chert pebbles and one quartzite venti 

fact measuring 2, 5 inches fn length were found at this locality. The 

ventifact is composed of light gray quaxtzite faintly tinted with purple- 

distinctly different in color and hardness fxom the sedimentary quartzites 

common to the Hickory sandstone. Quartzite of thf ~ type is known to oc 

cur in the region in the lower Cretaceous beds only~ and chert, although 

season fn some formations of the Ellenburger group, is also comsan fn 

Lower Cretaceous beds of the region. 

Although the chert pebbles and the quartzite ventif act are im 

bedded in the sandstone bedrock and there is no evidence of stream 

channelings the most logical explanation for their presence fs that they 

were deposited much later than Cambrfan time snd most probably )ust prior 

to or during Early Cretaceous time, They occur at an elevation approxi- 

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





thesis area and were possibly part of the pre-Cretaceous surface residuum 

that became cemented into the partially disintegrated bedrock. Although 

the sandstone containing the chert pebbles and quartzite ventif act, is 

lithologically characteristic of the Lcmmr part of the Hickory member, 

there is a possibility that it is of Cretaceous age. 

At location 4, about 0. 2 mile southeast of location 3 (see 

Plate I) ~ light gray shales of the middle stratigraphic level of the 

Hickory sandstone sre exposed in a road ditch. Two miles northeast of 

Camp Air (looation 5~ PLate I) and approximately along the strike from 

location 4, ten feet of middle Hickory shales and sandstones are ex- 

pcsed in the bank of a small creek. The entire section consists of light 

grayish-green and pink, thin bedded, fissile shales alternating with 0. 3 

foot to L. 5 foot thi. ck beds of pinkish-brown, very fine grained sand 

stcne. The lowermost bed, 1. 3 feet thick, is comprised of chocolate 

brown and brownish gray mottled sandstone. 

About 0 B mile north of Camp Airs a probable charnel fill in 

the lower part of the upper Hickory sandstone is exposed in a road cut 

on the west side of the mason Brady highway (location f ~ Plate I) 

(Plate IV). A dark brown to red, coarse-grained sandstone bed with a 

gentLy concave upper surface underlies orange, fine- to medium-grained, 

highly corss-bedded sandstone, The two sandstone units are separated 

by a 0. 3 inchs nodular to botryoidal layer of ferruginous material. Both 

units contain small brachiopod shells, but the shells in the upper unit 

are much less numerous and are more fragmented than those of the lower 

unit. Although the ends of the exposure are obsaureds and the lateral 

truncation of beds along the sides cannot be observeds the concavity of 





the contact surface in contrast to the normal bedding surfaces, the 

sharp lithologic change across the contacts and the high angle of cross 

bedding in the upper unit strongly suggest a channel fill or a tidal 

inlet fill. 
About 1. 5 miles north of Camp Air, the uppermost beds of the 

Nickory sandstone are exposed in an abandoned iron-test pit (location 7a 

! late 1). At that loca&n, 26 feet of deep red to buff, fine- to 

coarse graineda thick beddeda )ointed sandstone was measured below the 

contact with tne overlying Cap !ountain limestone. »t the base of the 

section the sandstone is dark purplish red, coarse-grained, and thick- 

beddeda with individual beds varying from 1 foot to 2. 5 feet in thickness, 

The individual sand grains are well rounded and are coated with layers 

cf iron oxides imparting an oolitic appearance to the rock. Near the 

contact with the Cap !"ountain limes!. ones the sandstone is dark crown to 

buii, fine- to mediumgrafned, and slightly cross-bedded, with beds vary 

ing from 0 ' 5 foot to 2 feet in thickness. 

The iron oxide of the Nfckory sandstone, concentrated in its 

upper levelsa was possibly deposited contemporaneously with the sand. 

Abundant glauconite in the overlying sediments, especially in the Lion 

»ountain me&bar~ and tne abundance of iron oxide in the Hickory member 

attest to the hig! iron concentration in waters of the Late Cambrian seas. 

The fact that this iron was deposited as an oxide in the !!ickory sand- 

stone and in a reduced state in the form of glauconite - in the Lian 

'ountain sandstone might possibly reflect the relative rate of deposition 

of the twc members as well as the variations of bottom conditions between 

them. ZoBell (1946) has sf own that, although the reducing potential of 



bottom deposits increases with depth below the depositional surfaces the 

reducing capacity of those deposits decreases rapidly «ith depths and that 

most chemical diagenesis occurs in the upper few inches of the newly de 

posited sediments. This decrease in the reducing capacity is related to 

a similar rapid decrease in the number of bacteria, 

Iron derived from source rocks and transported by streams to the 

acean would most likely be in the oxidized state. Where deposition was 

slow and reducing conditions existed on the botcoms the iron, though de 

posited as an oxides would probably be reduceds and glauconite or other 

ferrous iron compounds would form, Cross-bedding in the hickory sand 

tone suggests that it was probably deposited in agitateds oxyoenated 

water; and, in this ease, the iron would not be subjected to reducing con 

ditions. However, with rapid depositions the sediments would be burled 

below the zone of chemical diagenesis before reduction could take place 

even though reducing conditions, instead of oxydizing conditions, are as 

sumed for the Hickory environment. 

Locally, the Hickory sandstone, particularly in the upper stra 

tigraphic levels, has been cemented to quartzite, The quartzite is coszaon 

along fault zones (Plate V) but is not restricted to them in its occurrence, 

So-called quartzite dikes have forsmd along some joints and stand out 

in relief because of differential weathering. A particularly extensive 

occurrence of quartzite that appears to bear no relation to faulting is 

located atop the hill 0. 7 mile west of Camp Air (location 8, Plate I) ~ 

Practically all beds cropping out on the hill top are altered to some 

extent. In some cases the ferruginous material comson tc the sandstone 

has been compltely removed, leaving the quartzite almost white. 
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although the quartzite is well Indurated and breaks across the 

sand grains, the alteration does not extend to greet depth in individual 

beds, Some of the beds studied had a layer of quartzite 1 to 2 Inches 

tnick cn their upper surfaces but were relatively friable below the 

quartzite layer. A definite gradation between sandstone and quartzite 

occurs In these oeds, but the transition zone is thin. Some Leds studied 

were altered tc depths in excess of 1 foot. Gverall ~ the alteration 

seems to be controlled by bedding planes and vertical joints. 

The alteration of the sandstone to quartzite was probably sccoa 

plis. ', ed by silica-bearing ground-water, but the factors influencing its lo 

calized development are not evident, The Hickory member does not appear 

tc Le mre highly jointed than normal at this location~ and for that 

reason, the concentration of quartzite cannot be related te a localized 

fracture zone in the sandstone. The soluble silica necessary to form the 

quartzite was probably derived from the weathering of glauconIte in the 

overlying Cap qountain limestone and LIon Mountain sandstones and it is 

possible that the localized nature of the quartzite was caused by fracture 

zones in overlying beds that controlled the downward movement of ground 

water. The quartzite of the Hickory sandstone formed subsequent to 

faulting &n the region and probably after uplift and erosion had elevated 

the sandstone to the level of ground-water circulation. 

The Hickory sandstone is separated frow 

the i recamwrian basement rocks by a distinct unconformity, Its contact 

with the overlying Cap ~ountain limestone, however, is not so sharply 

defined, being gradational acth laterally and vertically. The boundary 

established by Clouds Barnes, and Bridge (lgcbj Is at the top of the 
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non-calcareous sandstone beds, and the contact is picked there for de 

tailed field studies, Because the transition frow non-calcareous sand 

stones to limstone occurs over a relatively short interval, tha estab 

lished boundary is coincident, within the i%alta of wapping accuracy, 

with a topographic and vegetational break ocourring between the sandstone 

and the limestone. The break is usually distinct on aerial photographs 

and, for wapping purposes» is the best criterion for picking the contact. 

s Paige (1911» p, 23) first used the 

naos Cap Mountain forsatfon» taken fros Cap Mountain» Llano County, to 

apply to strata between the then recognized Hickory and wilberns forma- 

tions, He placed the upper boundary of the foraation above the present 

ly recongnired Lion Mountain sandstone and pieced the lower boundary 

above the calcaxeous sandstone beds presently assigned to the Cap Moun- 

tain limstoru. Cloud» Barnes, and Bridge (1945, p. 154) redefined the 

Cap Mountain as a swasher of the Riley foraation, They relocated the 

boundaries to exclude the Lion Mountain sandstone and to include the 

calcareous sandstone beds assigned by paige to the underlying Hickory 

s and stone ~ 

According to Brid9e» garnes» and Cloud (1947)» the thickness 

of the Cap Mountain liaestone varies froa 135 feet to 455 feet and averages 

280 feet. They attribute the variable thickness to a northwestward 

lateral gradation of the lxww»r beds into the Hickory sandstone. 

ln the Gawp Air West axes, the Cap Mountain liwestone is about 

270 feet thick» 
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~~ILI: The Cap Mountain limestone varies from dark reddish- 

brown and buff, fine- to medium-grained» calcareous sandstone and brown, 

arenaceous limestone at the base to gray» medium grained, sandy» glauconitic 

limestone near the top. Immediately below its contact with the overly 

ing Lion Mountain sandstone& the Cap Mountain limestone is highly glauconitic 

and contains a few thin shaley beds. The thickness of individual beds 

varies from less than 0. 5 foot to about 3 feet, but beds from 0. 5 foot 

to 1 foot are predominant on weathered slopes. The thicker beds are more 

cow»on in the lower and upper levels of the member, particularly in the 

zones of transition between sandstone and limestone. Glauconite is par 

ticularly abundant in the upper beds, but at some localities it occurs 

below the middle stratigraphic level of the member in sufficient quanti 

ties to give the fresh rock a green speckled appearance. 

Although it is highly )ofnted throughout its vertical extent, 

the Cap Mountain limestone is relatively resistant in the arid climate 

of the region and tends to form elongated ridges or cuestas between low 

lands developed on the Hickory sandstone below and benches developed on 

the Lion Mountain sandstone above, 

The Cap Mountain limestone crops out in a northeast-southwest 

trending ridge extending from the south central part to the northeastern 

corner of the thesis area. Bedrock is poorly exposed along the ridge 

except at scattered localities along the scarp slope and in the beds of 

ephemeral streams. The best exposure of the basal beds is in the eben 

doned iromtest pit 1. 5 miles north of Caey Air (location 7» Plate I). 
There, dark brown to yellowish-brown» calcareous siltstone and sandstone 

beds are exposed above the contact with non-oalcareous sandstones of the 
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Hickory member, The basal beds are 1 foot to 2, 5 feet thick and are high 

ly Jointed. Laminae of ferruginous material are present along many of 

the bedding surfaces, Upward, the beds thin and become more calcarecuss 

grading into buff arenaceous limestone and finally into gray limestone, 

The approximate middle stratigraphic level of the Cap hhuntain 

limestone is exposed at location 9 (Pl. te I) in the bed of a small 

ephemeral stream, At that locality the limestone is fine to medium 

grained, siltys snd grays with specks and mottlings of brawn. Individual 

beds vary from 0. 5 foot to 1 foot in thickness, and leaching along the 

edges of some of the beds has produced a honeycomb texture on the surfaoe 

Beds of the upper stratigraphic levels of the Cap IHountajn 

limestone aze poorly exposed along the dip slope of the ridge, Above the 

middle stratigraphic levels the member is a light grays speckled with 

brown and green, fine- to medium grained, glauconitic limestone in 0. 5 to 

1 foot thiok beds. The Nsount of glauconite and the thickness of beds 

increase toward the top of the section. Near the contact «ith the ovex 

lying Lion jaeuntain sandstone, brown and gray, siltys glauconitic lima 

stone beds alternate with beds of gray shsles and brown, glauconitic, 

calcareous siltstones, 

Both the upper and lower boundaries 

of the Cap mountain limestone are gradational. The contact with the under 

lying Hickory member is picked at the first significant occurrence of 

oaloium carbonate for detailed field studies and at the topographic and 

vegetational break between the limestone ridge and the sandstone lowland 

for mapping purposes' The contact with the overlying Lion Mountain sand- 

stone is piakeds fox mapping purposess at the lower edge of the sparsely 



34 

vegetated bench normally developed on the sandstone outcrop. For de 

tailed field studies, the upper boundary is picked at the first bed of 

trilobite "hash" or the first bed of abundantly glauconitic sandstone 

above the thick bedded limestone. 

L' Bridge (1937, p. 234) named the 

Lien Mountain sandstone as the top member of the then recognized Cap 

Mountain formation. Clouds Barnes, and Bridge (1945» p. 154) ~ in re 

vising the Upper Cambrian stxatigraphy of the Llano regions retained the 

unit with its original boundaries as the upper member of the Biley forms 

tion. 

At its type locality on Lion Mountain in Burnet County, the 

membex is 20 feet thick, but the thickness varies throughout the uplift 

to a maximum of 50 feet. The thickness of the Lion Mountain sandstone 

could not be measured in the thesis area because of faulting and soil 

covex, but it is estimated to be in excess of 30 feet and is probably close 

to 50 feet. 

~)B~iLf~ The I. ion Mountain member is a smdium to coarse 

grained, highly glauconitic sandstone with beds and 1:nses of limestone 

in the lower part. The limestone oonsistss for the most part, of an in- 

durated coquina of trilobite fragmentss but some beds are non-fossiliferous 

and some contain brachiopod shells. Locally, thin shale beds occur be 

tween the limestone beds and between the limestone and sandstone litholo 

gies. The limestone is well bedded near the base of the unit at some 

localftie~, but at higher stratigraphic levels it occurs as tangential 

lenses of trilobite coquina in the sandstone. Tn the northwestern part 
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of the Llano uplifts the Lion Mountain sandstone and the o~ rlying ~'elge 

sandstone typically underlie benches between resistant ridges of Cap Mcun- 

tain limestone and morgan Creek limestone In the eastern part of the 

region and in the sourthern part near the Llano River~ however, the welge 

sandstone is more resistant to erosion than is the Lion Mountain sand 

stone, and outcrops ef the two members are separated by a small scarp de- 

veloped on the Welge sandstone. 

An abundance of hematite nodules which form as weathering 

products of the highly glauconitic sandstone is characteristic of the 

weathered outcrop of the Lion Mountain sandstone. 

The Lion Mountain sandstone crops out in twc narrow, diagonal 

belts trending northeastward across the central part of the thesis areai 

No exposures of fresh bedrock were found along the southeastern outcrop 

belt, and the member was recognized there only from the occurrence of 

hematite nodules and from occasional slabs of trilobite "hash" protruding 

from the soil cover. In the northwesternmost of the two outcrop belts, 

one good exposure of the upper beds of the member occurs in a small gully 

0. 2 mile northeast of the Foy Schmidt ranch house (location l0, Plate I). 
At that locality, the member is an olive green, welI sorted, coarse-graineds 

glauconitic, quartz sandstone ~ with occasional layers of almost pure 

glauconite and a few smells 1 to 2 inch thick lenses of triiobite "hash". 

well displayed in the exposure are intermediate stages of weathering of 

the glauconitic sandstone into deep rods ferruginous sandstone that ulti 

mately forms the characteristic hematite nodules associated with weathered 

outcrops of the member. Silica and iron oxide cements derived from the 

chemical weathering of glauconite have formed deep red spots of induration 
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on the surface of the bedded sandstone, The red tones deepen and the in- 

duration increases with the degree of breakdown of the glauconite, Pif- 

ferential weathering leaves the indurated parts of the bedrock es surface 

residuum and continuation of the weathering process ultimately results 

in the complete alteration of the sandstone fragments into highly fer- 

ruginous quartzite pebbles and cobbles aptly described as hematite no- 

dules. 

The basal beds of the Lion Mountain member are coveied by 

soil on the thesis area but are exposed in several small gullies just 

off the southwestern corner of the area, Tn that vicinity, the lower 5 

to B foot interval of the member consists of highly glauconitic, non- 

fossiliferous limestone and trilobite and brachiopod "hash" in beds 

averaging about 0. 3 foot in thickness. Although the exposures are re- 

stricted and the individual beds cannot be traced more than a few feet 

laterally, the interval appears to be comprised of well developed beds 

and not of' lenses, No evidence of this bedded limestone interval was 

found on the eastern part of the thesis area where small lenses of trilo 

bite "hash" protrude through the soil cover within a few feet of the 

thick upper beds of Cap &&ountain limestone. The exposures off the south- 

western corner of the area are thought to represent a local development, 

possibly resulting from deposition in a local depression that remained 

below the level of wave action longer than the surrounding ares. 

All of the trilobite limestone observed in the Lion 'Pountain 

member is composed of fragments. This evidence of conditions of bottom 

agitation appears, anomalous in view of the abundance of glauconite in the 

sandstone. The formation of glauconite requires reducing corditlons, and 
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oxygenation of bottom waters by agitation would prevent it formation. 

One explanation for the anomaly is that both the glauconite and the 

trilobite fragments were derived from pre existing nearby sediments. It 

is doubtful, however, that the great quantity of glauconite occurring 

in the Lien Mountain sandstone could have been weathered from sediments 

exposed to sub aerial condition and;. . ansported to the site of deposition 

without extensive chemical alteration. Another possibility is that the 

glauconite and trilobite fragments were derived from pre-existing unco' 

solidated ocean bottom deposits brought up to the level of wave action 

by regression of the sea This is more plausibles but in this case the 

occurrence of glauconite and trilobite fragments should be restricted to 

the lower beds of the member, It seems probable, therefore, that the 

Lion Mbuntain glauconite is authigenic, and another solution to its 

anomalous occurrence in the presence of evidence of agitation must be 

sought. 

Cloud (1955) discussed the formation of glauconite in recent 

and ancient sedimentss concluding that it requires marine waters, reducing 

conditionss and appropriate source material. They further concluded that 

its formation is favored by high organic content of bottom sediments and 

slow or intermittent deposition. As discussed earlier, Zouell (1946) has 

shown that the reduction of material in ocean bottom sediments takes place 

almost entirely within a few inches of the depositional surface . 
If the conclusions of these authors are accepteds the occurrence 

of abundant glauconite in the Lion Mountain sandstone might be explained 

by assuming long periods of quiescence and slow sedimentation in which 

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



agitation during which the unconsolidated sediments were reworked» the 

fine ma+erial was winnowed out, and the fragmented trilobite remains were 

redeposited in depressions on the sea floor. In support of this possi- bilityy, 

the following quotation from Lochman (1949» p. 56) is offered, 

"Both in recent sediments and fn the geologic column» 

glauconite may be associated with evidences of 
agitated water - an apparent anomaly until ft is realired 
that the phenomena . . . fndicate(s) a sporadic . ~ . wave 

or current action alternating wfth periods of quiet 
water. " 

a t c ci: The Lion ~ountafn sandston- is the top 

mber of the Biley formation and underlies the "elge sancstone of the 

'~:ilberns formation, The contact between the two sandstones has been 

described as "sharp" by Bridge, Barnes» and Cloud (1947» p. Il&& and by 

many subsequent authors. The word " iarp" refers to the distinct and 

abrupt lithologic change from highly glauconitic sandstone to nor»- 

glauconftic sandstone across the boundary at mast localities. 

Only one exposure of the contact was found in the Camp Air &est 

area. Thfs exposure, occurring in a saialI gully just west of the, '. ason- 

Brady highway 2. 5 miles north of Camp Afr (location 11 ~ Plate Ii ~ is 

limited in lateral extent to about two feet and cannot be considered as 

diagnostic; however» the contact does not appear to L; an unconformity. 

The ":harp" change in lithology may be the result of rapid environmental 

change and not of uplift and erosfcn, Cer» zinly no profounc unconformity 

exists between the F flzy and ":flbcrns for", mtfons» since at nc Pl. ce is 

the Lion Vountain sandstone reported to bc extens!vely erodeo. Cne would 

have to imagfne a remarkably level land area of great extent to propose 

an ercsicnal unconformity zt the tcp of the Lion "ountain member over the 

entire Llano regfon that did not result fn fts complete removal in the more 

landward localities. 
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The basal boundary of the Lion mountain sandstone Ls one of 

gradation into the underlying Cap &'euntain limestone. ~ or mapping pur 

poses, the basal boundary is picked at the topographic and vegetational 

break occurring between the relatively thickly vegetated dip slope of the 

ridge normally developed on the limestone member and the sparscIy vege- 

tated bench normally developed on the sandstone member. 

wilberns Formation 

Paige (1911, p. 23) named the '"'ilberns formation from exposures 

at Wilberns Glen, Llano County. Cloud, Bsrnes, snd Bridge (1945s po 155) 

redefined the fermation and raised the upper boundary to coincide with 

the Cambrian-Ordovician boundary in the eastern part of the uplift where 

an unconformity separates the two systems. According to Barnas and Bell 

(1954) ~ however, later ffeld work hss shown that the Wilberns type litholo 

gy transgresses the systemic boundary toward the west where no unconformi- 

ty occurs. According to Bridge, Barness and Cloud (1947) the Wilberns 

formation, in normal sectionss varies in thickness from &0 to 610 feet 

and averages 580 feet. In the southeastern corner of the regions erosion 

of the upper beds has reduced the thickness of the for »ation to 360 feet. 

The aggregate thickness of members of the Wilberns formation cropping 

out in the Camp Air West »rea is about 490 feet. However~ the accuracy 

of measurements of most of the members is doubtful because of the effect 

of faulting~ and it is possible that the thickness of the formation in the 

area is greater, 

As presently subdivided& the »ilberns formation consists of four 

memberm In ascending order these are: the '~"elge sandstone, the organ 

Creek liamstone& the Point Peak shale, and the San Saba limestone. 
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I e t ' . ~kne: Barnes ( 'ridges Barress and Cloud, 

19&7, p. II4) named the "'elge sandstone from the "elge land surveys in 

Cillespie County, ard chose the type section on quaw Creek, 0, 5 mile 

north of the county line. In its type section, the welge sardstone is 27 

feet thick, and its averace thickness throughout the Llano region ls 20 

feet. The thickness of the member in the thesis area could not be 

determined accurately, but it is estimated to be about 20 feet. 

~~lgI: The e'elge member is a yellowi el~brown, non-glauconitic 

tc slightly glauconitic, non-calcareouss fine- to coarse-grained sandstone, 

It is relatively non-resistant in the; rid climate of the region„and its 

normal topographic expression is a bench margin with a similar feature 

formed on the underlying Lion "lountafn sandstone. In the sourthern and 

eastern parts of the uplifts howevers the &alga sandstone is more resistant 

than the Lion uountafn sandstones and in those areas it tends to form 

small . , carps between the Lion 'lountain benches and the more pronounced 

scarps developed on the 'Organ Creek limestone. 

In the Camp 'dr- est areas the Zelge sandstone crops out 

along the northwestern margins of the Lion abuntain outcrop belts dis- 

cussed previously. Bedrock exposures are limited to scattered localities, 

particularly along faultss where silicification has made the sandstone 

resistant to erosion. In these exposures, the member is a light yellowish 

brown to dark brown, fine- to coarse-graineds indurated quarts sandstone 

varying to quartzite. 

An excellent exposure of the member occurs in a creek bank 

about 0. 3 sile off the southwestern corner of the thesis area. At that 
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locality, 18 feet of greyish-white, wassivea fine- to wsdfua. grained 

sandstone crepe out below the basal beds of the Morgan Creek 1fawstone. 

The contact with the underlying Lion Mountain sandstone is not exposed, 

and the full thickness of the Melge weaber could not be deterwined, There 

is a warked contrast between the celor of the sandstone at this locality 

and its color in exposures on the thesfs area. The upper beds near the 

contact with the Morgan Creek liwsstone are light buff-colored, but the 

exposure is predowfnantly white, The norwally reddish purple beds of the 

+alga sandstone-Morgan Creek lfwestone transition xone and of the basal 

Morgan Creek liwestone are also ouch lighter in color than nerwal& and 

they appear to have been extensfvely leached. It is probable that 

ground-water seeping into the ad)scent streea leached the ferruginous 

Material frow both the sandstone and the overlying lfwestone, thus altex 

ing their characteristic colors. 

At its upper boundary» the Wslge sand 

stone grades into the Morgan Creek lfwestone. The zone of transition 

between non-calcareous sandstone and liawstone fs relatively thin, and 

for wappfng purposes the boundary is placed at the topographic and vege- 

tational break between the sparsely vegetated or cultivated sandstone 

bench and the wore thickly vegetated lfwestone ridge. The lower boundary 

is marked by an abrupt change frow highly glauconitic sandstone of the 

underlying Lion Mountafn weaber of the Riley forwatfon to the non-glauco- 

nitic sandstones of the welge Weber of the wflberns forwatfon. ln the 

thesis area there is no discernible change in topography or vegetation 

across the lower boundary 



c The Morgan Creek lismstone was first 

defined in the literature by Bridges Barnes ~ and Cloud (1947 ~ p 114) ~ At 

its type locality, near the Junctfon of the north and south forks of 

Morgan Creek in Burnet County' the member is 110 feet thick~ but fts 

thickness varies from 70 to 160 feet and averages 120 feet throughout the 

Llano region. In the thesis area, the Morgan Creek limestone is lib 

feet thick. 

The Morgan Creek limestone consists of medium- to 

coarse-grained, highly glauconitfcs lismstone fn beds varying from 0. 3 

foot to I. B feet in thickness. Near its lower boundary, the member con- 

tains dull red to purplish-red, calcareous sfltstone beds varying from 

0. 3 foot to 0. 5 foot in thickness. These basal bede grade upward into 

medium-grafned, sandy, glauconitic limestone. Upward in the section the 

beds thicken, the red color grades to greenish-gray, and the amount of 

sand decreases. In the middle stratigraphic levels, the member consists 

of gray, speckled with brown and greens abundantly glauconitic, non 

fossiliferous to highly fossiliferous limestone fn beds varying from 0. 5 

foot to 1 foot in thickness. Small bioherms of gxsy micre-granular lime 

stone and thfn beds of intraformational conglome:ate are common fn the 

upper levels of the member at many localities ~ Near the contact with the 

overlying Point Peak members shale beds alternate wfth the limestone. 

Locally, the Morgan Creek limestone is highly fossiliferouss con. 

taining a variety of brachiopod and trf, lobite remafns, Two fossils oc 

curring in laterally persistent but vertically restricted zones are of 

particular aid in recognizing the member where the characteristic basal 
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beds are missing or covered, The brachiopod +~~lifbi ~ occurrirx} 

in a 5 to 10 foot tone approximately 40 feet above the base of the member 

furnishes a good criterion for recognising the lower stratigraphic levels& 

whereas a less restricted xone of cystoid (2) columns and plates, normaL 

ly occurring about 30 feet below the upper boundary, is diagnostic of the 

upper stratigraphic levels. 

The morgan Creek limestone crops out in two parallel ridges 

trending northeastward across the central part of the Camp Air West area. 

The sastermsost of these exposures is terminated by faulting in the east 

central part of the area, but the westernmost exposure persists through- 

out the area except in the southern part where it is covered by Cre 

taceous strata. The basal red limestone beds of the member are well ex- 

posed along the scarp slopes of the ridges, but csliche and soil mask 

the bedrock on the dip slopes of the ridges except at scattered localf, 

ties where limited exposures of the middle and upper beds of the member 

occur in small ephemeral streams and gullies, The basal beds of the mem 

ber are best exposed on the eastern slope of a hill iranediatsly behind the 

Boy Schmidt ranch house (location 12s Plate I) ~ At that locality the 

'organ Creek lismstone is in fault contact with the Welge sandstones but 

the fault is within one or two feet of the base of the limestone. Below 

a 15 foot covered interval extending downward from the Cretaceous strata 

atop the hill, a 25 foot interval of dull red, sandys coarse grained lime- 

stone in beds, varying from 0. 5 foot to 1 foot in thickness is exposed . 
On the north side of the same hill, gray to greenish-gray and brownish 

gray, glauconitic limestone in beds averaging about 0. 8 foot in thickness 

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



stratigraphic level of the member. Some beds at this locality are highly 

fossiliferouss containing brachiopod shells~ but the zone of ~~~ ~ was not found. The zone probably occurs in a covered interval below 

these beds. On the western slope of the hf. ll, bedrock is poorly exposed, 

but several small bioherms of gray, micro granular liamstone protrude 

through the soil cover. Some of these masses are coated with a thin layer 

of yellow to orange dolomites and a few are comprised entirely of dolomite. 

In a small ephemeral stream 0. 7 mile west of the Boy Schmidt 

ranch house (location 13s Plate I), reddish-brown to gray and greenish- 

gray limestone beds of the upper part of the member are exposed in a 3 

foot interval extending about 40 feet laterally along the stream banks 

The more protected beds in this exposure average about 1 foot in thick 

ness, but laterally along the outcrop, they have weathered to thinner beds 

averaging about 0. 4 foot in thickness. The occurrence of cystoid (7) columns 

and plates in a reddish-brown limestone bed at the base of the interval 

was of considerable aid in locating the Morgan Creek limestone«Point 

Peak shale boundary in this part of the thesis area. 

The Morgan Creek limestone ovex 

lies the welge sandstone and underlies the Point Peak shale ~ Both bounds 

ries are gradational, For mapping purposes, the lower boundary is most 

conveniently picked at the top of the sparsely vegetated or cultivated 

bench normally developed on the welge sandstone. The upper boundary is 

marked by a topographic and vegetational break between the ridge nor- 

mally developed on the morgan Creek limestone and a gentle, sparsely 

vegetated, caliche-covered slope or bench normally developed on the Point 

Peak shale. 
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n lii~~Jgg~~ The Point Peak shale member was 

named by Bridge (Bridges Barness and Cloud, 1947~ p. 115) from Point 

Peak near Lone Groves Llano County. According to these authors, the 

thickness of the member varies from a maximum of 270 feet in its type 

section on the south slope of Point Peak to a minimum of 25 feet in the 

Scott Klett ranch section along the Pedernales River in Blanco County. 

The average thickness of the member in the Llano region is about 160 f &et, 

Its thickness in the Camp Air West ares is estimated too be about 110 

feet. 

gBBIs The Point Peak shale member consists of gray to 

greenish-gray and browne softs calcareous siltstones and shales with 

interbeds of fine- to medium-grained glauconitic limestone and intra- 

formational limestone conglomerate. Small sub-circular biohsrms of gray 

micro-granular limestone and yellowish-brown, fine-grained dolomite occur 

locally throughout the stratigraphic extent of the member, but are most 

abundant in the lower beds. 

The limestone of the Point Peak member is highly glauconitic, 

and many of the beds are mottled with brown. Some beds bear a marked 

resemblance to the upper beds of the %organ Creek limestone and to some 

of the lower and middle beds of the overlyi'ng San Saba limestone, The 

intraformational conglomerate occurs in beds averaging about 0. 3 foot in 

thickness and consists of grays brown, and green, angular to well rounded 

snd flattened limestone pebbles imbedded in a matrix of gray to brawn& 

medium-grained limestone. Limestone beds are most abundant near the lower 

and upper boundaries of the member. 



The normal topographic expression of the Point Peak shale is a 

gentle, sparsely vegetateds caliche-covered slope between more steeply 

z ising slopes developed on the Morgan Creek and San Saba limestones. In 

the Camp Afr-&'est area the normal topographic expression of the member 

has been destroyed by the formation of subsequent drainage lines along 

its outcrop which has been reduced to a broad alluvium-filled valley 

trerxiing ncrtheast-southwest across the central part of the area. In the 

outcroo belt, the only bedrock exposures are occasional beds and slabs of 

limestone and intraformational conglomerate and a iew scattered masses of 

gray micro-granular limestone protruding through the soil cover. The 

siltstone and shale beds of the member are completely masked by soil ~ The 

exposures of limestone and intrai'ormational conglomerate are closely 

spaced near the boundaries of the member but are widely scattered in the 

center of the outcrop belt. The small biohermal masses of micro-granular 

limestone occur only near the lower boundary in the main part of the area, 

but in the southwestern part of the area~ west of the Cretaceous outcrop, 

they occur in abundance near the top of the member. 

ni The Point Peak shale grades into the 

San Saba limestone at its upper boundary and into the Morgan Creek lime- 

stone at its lower boundary. Both boundaries vary considerably in the 

vertical direction because of facies changes from shale to limestone' 

Bridge, Barnes, and Cloud (lg47) noted that the upper boundary dropped 

BC feet stratigraphically in a horizontal distance of 3 miles near Sudduth 

in Burnet County They noted a still greater drop fn the stratigraphic 

position of the upper boundary along the Pedernales River in Blanco County, 

Similar vertical variations of the lower boundary were reported by the 

same authors. 
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The upper boundary of the me. . Mr iz picked at the highest 

significant shale bed where the bioherm zone does not intervene between 

the Point Peak member and the overlying an Saba member. Where the bio- 

herm zone does occur, placement of the upper boundary requires that the 

exact relationship of the bioherms to the two mmzbers be determined, 

The lower boundary is picked in the zone of transition between limestone 

and shale at a point above which the limestone beds are thin and widely 

separated. I or mapping purposes this boundary is most conveniently picked 

at a topographic and vegetational break between the ridge developed on 

the underlying Morgan Creek limestone and the bench or gentle slope de 

veloped on the &oint Peak shale, 

Comstock (189VI first used the name 

San mba to apply to the uppermost of two "Silurian" sez'ies he proposed for 

tI e I. lano region. Bridge (bridge, harness and Clouo ~ 1947, P. 117) re 

vived the name and applied it. to the limestone beds intervening between 

the Point I oak shale and ti. v Lllenburger limestone. at least partz if not 

all, of times beds were includeo in the man Saba series of Comstock The 

member is about 299 feet thick in its type section which begins at the 

San aba River bridge on the Mason-IIraoy highway in southern McCulloch County 

anc'. extends northward Icr 0 7 mile. 

In the Cmzp uir-West areas the San Saba limestone was mapped 

as two units - a basal unit containing stromatolitic bioherms and an upper 

unit comprised of bedded limestone. Ihe thickness of the bioherm unit is 

estimated to be about 11G facts and that of the bedded limestone about 

140 feet. 



Bfoherm Unit 

C~~kt~n: Throughout most of the Llano region, a xone 

of stromatolitfc bioherms occurs near the boundary b tween the Point Peak 

shale and the San Saba Limestone. The zone is nct contfnuous over the 

rec fan, but is replaced Laterally by shale or bedded limestone, 

The probable algal origfn of these reef masses suggests that. 

their development would be controlled by the zone of photosynthesf s w) fchn 

in turn, would be determined by depth and clarity of the sea. Thefr 

sensitivity to water clarity is questfonable, however, in the Ifght of 

their occurrence entirely within the Point Peak shale at some locali- 

ties in thr Llano region and entirely within the San Saba limestone at 

others. The zone has not been studied in sufficfent detail to determine 

with certainty the dfrection of transgression of the Lithologic boundary, 

but it appears that the masses have their maxfmum development in shale in 

the southern and eastern parts of the uplfft and in Ifmestone in the 

western and northern parts. The apparent adaptability of t) e reef form- 

ino algae to varyfng environmental conditions suggests that the zone might 

approach a time plane. The dependency of the lffe process of these 

organisms on light is inescapable. ))owevern their develop;nant under. 

conditions of both ffne clastic and limestone deposition suggests that 

thev existed under varying condftfons of ligl'. t, and thefr growth must have 

been affected appreciably by water depth as controlIed by position of the 

strand Line. It fs dourtful, therm that the zone could be considered as 

a tfme marker over a large area. In a Localized area such as the Llano 

region, however, fts deviation from a time plane would probably be small 

and its transgression of the lithologic boundary between shale and Lfnlstone 



might be considered as evidence of non-parallelism of time and lithologic 

boundaries. 

The occurrence of the bioherms in both the -an aba limestone 

and the Point Pe k shale makes it difficult to place the boundary between 

the two members. Proper placement of the boundary may be determined by 

the occurrence of shale above the bioherms or by the occurrence of granu 

lar, bedded limestone below thea. "here neither of these conditions is 

evident, anc where tracing of tfe zone fails to inoicate whether the bio 

heres are replaced laterally by shale or oy limestone, the boundary should 

be placed above the bjoherms to be consistent with previous work in the 

xegion. 

In the Camp Air-meat areas the zone consists of scattered bio 

herms separatec by bedded limestone and intraformational conglcmerate and 

replaced latex ally by girvaneile limestone. In the soith central part 

of the area, near the Cretaceous outcrop, yellow and brownish gray, 

granular, well-bedded limestone crops out leneath the zone of bioherms 

anc abcve the Point Peak shale. fhe lateral facies change to ~v qgJN 

beds, and the occurrence of bedded limestone between and beneat1. the bio 

hermal masses were the criteria used for placing tl. e rone in the bsn 

'. aba limestone. 

The litholcgy of t1. e bioherm zone is highly varied' 

The large "caLbage head" masses normally consist of gray, bluish-gray, and 

brownish-gray, sub-lithographic limestone, but in scme areas on the 

northwestern flank of the uplift& they are comprised of arsy and pink 

dolcmfte. Locally, the masses are in juxtaposition and form a con- 

tinuous, hummocky surface . More sosmonly, howevers they are scattered' 



and granular limestone, mtczc-g. -nnula. . Li «stone, fntraformatfnn~l con- 

glomerate or shale beds»ntervene between the "cabbage heads" ~ possibly 

the "cabi;age heads" are »ndfvid Jal el. „-al colonies. 

Th~ b«(i. er i zone & ndezlfr, - gentl" dfpp«ngs rubble-stzew1 

slope trending northeastward across the west central part of the thesis 

area. »»»tthfn the outcroc belt, three msrgtnc but very dtssimf Is: facies 

occur - a no»mal calctte reef facfesn a C~v ~ limestone factssn and 

a dolomite reef f ac«as ~ 

nt the northern end of- the belt, , large sub-c«rcular nasses - the 

typfcal stromatol{ttc btoherms - are well developed. They occur as 

scattered masses of blue-oray subltthographfc limestone separnte«« ty 

beds of gray and greentsh-«ray, glauconf tie limestone» yell»zaish-brown& 

i«ne-grafned dolom»te; and gray, green, and brown rottled fntraformatfonal 

cong lomer ate, 

In the central part of the northern one half of the outcrop~ 

the "cabbage head" masses arr almost completely replaced by Ifmstone. The 

limestone of this facies is cf three typeset gray, cnassfve, micro granular 

lfamstone consnonly havfng networks of dolomite rtdges on the upper surface» 

pearl gray, bed«'ed, m»rro-granular lfmestone wffh stzraks and not+lings of 

brown» a»zd brownfsl~grayn maesf van sfltyn mfcro-aranular limestone that 

weathers to roundedn noncycombcd masses. Locally, all of these lfmestones 

contain varying c»uantf tie of light «ray to fvory, subspheztcsl, pea-stzed 

tc acerbic-sized bodies pf ale el orfafn which appeaz as light "eyes" on the 

weathered surfaces. These bodies, called ctrvanellas (~v~~) by Brtdga, 

parnes, and Cloud (1947) ~ are most abundant throughout the tnterval in the 

pearl gray and brown mottled Itmestonen but their greatest sfngle concentration 

is fn masses ef browntsh gray, sfltys mtaro-granular limestone near the 

western limit of the exposure. 



Bridge, Barnes, and Cloud (1947) discussed the occurrence of 

+IIBBBjjB beds in the San Saba lismstone at various localities in the 

Llano region. These occurrences vary from a 5 foot interval in the type 

section near Camp San Saba to the entire stratigraphic extent of the mem- 

ber in a section north of Fall Creek near the juncture of San Sabas Llano, 

and Burnet Counties. In the thesis area, the gjgggg~ interval is esti- 
mated to be about 70 feet thick, 

At the eastern edge of the exposure of the ~G ~@h)j)( facies in 

the thesis area (see Plate I), the bodies are widely scattered in beds of 

pearl gray, mottled with browns micro-granular limestone, These beds are 

massive in fresh exposures but weather into thin slabs varying from 0. 2 

foot to O. B foot in thickness. Westward, the specimens of ~gggjjB are 

more abundant and occur in gray, massives micro-granular limestone snd in 

brownish gray, massive, silty, micro-granular limestone as well as in the 

pearl gray, mottled limestone. Near the western edge of the reef outcrop, 

the QgN)kggjjB bodies are extremely abundants occurzing in very silty 
micro-granular limestone that weathers into rounded honeycombed masses 

(Plate VI). In the vicinity of these massess the ground is littered with 

sndividual specismns of ~~ggg that have weathered from the limestone. 

Southward, in the approximate center of the outcrop belt, the 

Q~MBjjg facies merges with dolomftized bioharms. In the zone of 

transition, the Qjggg~ occur in small residual blocks and slabs of 

gray and pink mottled dolomite (Plate VII, Fig. 1), The entire southern 

half of the reef outcrop belt consists of dolomitised reefs. The dolomite 

is more susceptible to weathering than calcite, and as a consequence, the 

majority of the reef masses have been reduced to a residuum of rounded 







boulders. However» some of the larger masses have partially retained the 

typical "cabbage head" structure (Fig. 2» Plate yII) ~ The dole»its of the 

reef masses varies from brownish gray» coarse gxained, and vuggy» to pink 

and gray mottled, fine-grained» and cospact It weathers to s dull 

brownish-gray and develops a spongy texture on the out surface. Near the 

southern extremity of the exposure, beds of yeilcwf ah. orange» fine grained» 

coapast doloaite and greenish-gray and brown mottled, dolomitic lime 

stone crop out between the bioherms. 

The bioherm section of the Camp Aix West area appears to be 

transitional between the calcite reefs of the Camp San Saba section and 

the dolomite reefs of the Calf Creek section described by Barnes and Bell 

(Igb4, p. 4S - ey). 

At its lower boundary, the bioherm 

zone grades into the Point Peak shale» and at its uppex boundary it gxades 

into the bedded limestones of the San Saba member As discussed earlier, 

facies changes froa limestone to shale cause the xone» as it is presently 

mapped» to vary in position between the San Saba and Point Peak ammbers. 

Proper placement of the zone at any locality depends upon the determination 

of its exact relationship to the two members. 

Bedded Limestone Unit 

~~BI& The bedded limestone unit, which constitutes the 

entire San Saba member in areas where the bioherm xone is absent or within 

the Point Peak shale» is the most variable Upper Cambrian stratigraphic 

unit in the Llano region. It is characterized by marked facies changes 

which, at some localities» involve the enthe unit. Most coswonly it 
consists of vari-colored» gray» green» brown» and yellow» granular limestones 



in its lower and middle levels and of gxay micro granular limestone in its 

upper levels. Locallys however~ sublithographic limestone occurs through 

out the entire stratigraphic extent of the unit and nay overlie or be 

interbedded with the bioherms. 

In the eastern part of the Llano region the unit is comprised of 

dolomite which grades westward into the normal limestone facies, and in 

ths extreme western part of the region intervals of bedded sandstone occur 

with the limestone. 

Bedded limestone of the San Saba member crops out in two narrow 

irregular belts of low hills and moderate slopes trending diagonally across 

the northwestern corner of the thesis area. The breadths of the two out 

crop belts are controlled by faulting and topography. 

Granular limestones of the lower part of the unit are exposed in 

a small ephemeral stream C. 7 mile south of the northern border of the 

area (location 14, plate I). At that location, QjZgNIBI+y beds of the reef 

zone are exposed by "reversed" drag along the upthrown side of a fault. 

Abcvs ths girvanella beds, light gray, medium-grained, glauconitic lime- 

stone with green and brown f lacks and mottlings alternates with yelimwfsh- 

brown, fins-grained limestone and with gray and brown mottleds coarse- 

grained limestone contafning trilobite and brachiopod remains. The beds 

vary tn thickness from 0. 2 foot to 0, 5 foot and the entire interval is 20 

feet thick. About 100 yards east of location 14~ a 50 foot interval of 

gray, brown, and green settled, medium-grained limestone~ gray and brown 

mottled, coars~rafned limestone~ and vari-colored gray, greens and pink 

mottled intraformationel conglomerate containing rounded and flattened 

pebbles of highly glauconitic limestone is exposed, 



Near the southern end of the eastern outcrop belt, the lower beds 

of the unit cap a small hill )ust west of the Kelly Schmidt ranch house 

(location Ds Plate 1). The sides of the hill are mostly covered with 

soil and limestone talus, but occasional beds of limestone sre exposed. 

The limestone at this locality is yellowish-brown, medium grained, and 

non-glauconitic near the base of the hill and gray, speckled with green 

and brown, medium-grained, and highly glauconitic near the top. 

The lower part of the bedded limestone unit shows considerable 

variation between its scattered exposures in the thesis area. ldost of 

the outcrop belt is soil covered and beds could not be traced laterally 

more than a few feet, but cutcrops aligned along the apparent strike of 

the unit were found to be very dissfmflar lithologically, This apparent 

rapid facies change was probably caused by the effect of the underlying 

biohersal masses on deposition. 

The upper beds of the San Saba limestone are exposed along a 

small creek at the northern border of the area (location 16, late I), 
ediately below the Ellenburger contact, picked at the first occurrence 

of the uncoiled form of ~1'~ ~flgg~, the beds consist of light 

gray, micro-granular limestone that weathers into thins nodulars shaly- 

sppoaring beds. Some beds are nettled with light brown and orange dolo- 

mite. About 30 feet below the upper boundary, light yellowish-browns 

fine- to medium grained, limestone beds averaging about 0. 3 foot in 

thickness are interbedded «ith micro-granular limestoness and at 60 feet 

below the boundary, interbeds of vari-colored gray, pink, and green 

intrafermational conglomerate and greenfs)~grays medium- to coarss- 

grained limestone occur. Some of the coarse-grained limestone beds con- 

tain trilobite and brachiopod remains. 
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The light gray micro-granular limestone beds of the upper part 

of the member are continuous across the San Saba-Ellenburger boundary at 

most localities in the area, 

Bedded liamstones of the San Saba mem- 

ber grade into the underlying bioherm xone, or in its absence, into the 

Point Peak shale. At its upper boundarys the member, In the eastern part 

of the Llano uplift, is separated from the overlying Ellenburger lime 

stone by an unconfox'mity. Over most of the region, howevers the member is 

in gradational contact with the Ellenburger groups and on the northwestern 

flank of the uplifts the San Saba limestone transgresses the Cambrian- 

Ordovician boundary. 

CRI'GvTCTAN SY' '1E'1 

Eilenburger Croup 

111BQ jx)B!~1B)LBBBB: Paige (1912, P ~ 52) named the El- 

lenburger limestone formation from the Ellenburger Hills in southeastern 

San Saba County, As defined by Pafge, the formation included some beds 

presently asaigned to the San Saba member of the Wilberns formation. Clouds 

Barnes, and Bridge (1945 ~ p. 133) raised the formation to group status 

and subdivided it, from bottom to top, into the Tanyard, Germans and 

Honeycut formations. They adjusted the lower boundary of the group to 

coincide with an erosional and Faunal break xepresenting the Cambrian 

Ordovician boundary in the eastern part of the uplifts but subsequent 

work in the region, according to Barnes and Bell (1954) ~ has shown that 

the base of the Ellenburger group lies well above the systemic boundary 

in the western part of the uplift where no unconfoxmity occurs between 

the two systems. 



58 

According to cloud and Earnes (1945) ~ the thickness of the 

Ellenburger group, in complete sections& ranges from 1500 to 1800 facto 

In the Camp Air '"'est area, the Hlenburger limestone is estimated to be 

about 80 feet thick, Erosion has removed all but the batsl limestone 

beds of the group probably the lower part of the Tanyard formation of 

Cloud, Barnes, and Bridge (1945) ~ 

~h /Bing(& Throughout the Llano region the Ellenburger group 

is comprised essentially of relatively pure, light colored, thin-bedded 

to massive, sublithogzaphic limestones and light to dark coloreds micro 

granular to coarse grained dolomites. Intraformational conglomerates 

occur locally in the lower part of the group. 

As exposed in the Camp Air-west area, the lower beds of the 

Ellenburger group are comprised of pearl gray& thin- to medium-bedded~ 

sublithographic limestone, with local developments of medium gray, 

weathering to blue-gray, massives sublithographic limestone. The pearl 

gzay sublithographic limestone appears to be thick-bedded in fresn ex 

posures, but it weathers to thin bedded in creek banks and to smooth 

surfaced slabs on slopes. 'beany of the beds are mottled with light bzown 

to orange dolomite "trails". These beds are continuous across the San 

Saba limestone FIIenburger group boundary over most of the area, but 

locally they are replaced at the contact by gray, massive, sublithographic 

or micro-granular limestone that weathers into large rectangular blocks 1 

foot or more in thickness. The outer surface of these blocks weathers 

to a dark bluish-oray, and they closely resemble some of the massive 

reef limestone blocks of the bioherm zone. It is probable that they are 

localized algal reef developments. 



Intraformational conglomerates occur locally near the lower 

boundary of the group. 

a s At Its lower boundary in the Llano up- 

lift, the Ellenburger limestone Is in gxadational contact with the San 

Saba masher of the &Ilberns formation except In the eastern part of the 

region where it overlies that unit disconformably. At Its upper boundarys 

the group Is overlain unconformably by strata of Devonian, Carboniferouss 

and Cxetaceous age. 

CRLl~EA b LITEM 

Comanchean Series 

s Relatively flat lying strata of Early Cre 

taceous age, resting with pronounced unconforsdty on older rocks, border 

the Llano region on all but the northern side. Equivalent strata de- 

posited over the uplift have been resoved by erosion with the exceptions 

of occasional spurs Jutting from the basin rim and scattered remnants 

capping isolated hills. : lusxser (lg50) discussed the overlap of basal 

Cretaceous beds In the Llano region, and noted that these beds become 

pxogressivsly younger from southeast to northwest. garnes (1941) postu- 

lated that the Edwards limestone was ths first Lower Cretaceous stratigra- 

phic unit to conpletely cover the region 

The Lower Cretaceous beds cropping out In the southern part of 

the Camp Aix @est area are part of a large spur extending into north- 

western Mason County from the basin rim in eastern &enard County. The 

relation of these strata to those of the standard section could not be 

detexmined, and they were mapped only as limestones and sandstones of 

Early Cretaceous age. 
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Cretaceous strata underlie a broads relatively flat 

tableland in the southern part of ti, e ti;osis area. The rocks exposed 

consist of buff, fine-grained sandstonei grayish-buff to grayfsP~white, 

calcareous, conglcmeratic sandstone, «grayish-w«. ites nodul rs shzloy marl; 

and light gray, very fins-grained limestone. 

Ine congloaeratic sandstone, coaprised of angular to well rounded 

pebbles of gray chert, milky quartz, and white to purplisP«-gray quartzite 

imbedded in a matrix of fine- to coarse-grained, calcareous sandstone& 

crops out around tne border of the Cretaceous exposure and forms an 

abrupt escarpment on the eastern side. To the north and west, ti«e es 

carpzent is not well developed, and the congloseratic sandstone is sepa- 

rated in outcrop from exposures of;-'aleozoic rocks '«y a gentle, detzitus- 

covered slope ~ 'easurements made along ti;e northeastern border of ti«e 

outcrop indicate ti. at tie conglamratic layer occurs 5 to I'5 feet above 

the Cretaceous paleozoic contact and is about IC feet thick. Yn that 

vicinity, a 3 foot thick bed of light buff, fine-grained quartz sandstone 

is cxpo$ed oelow the conglomeratic sane!stones !«ut other beds present. are 

covered by float. 

"ifferential weathering«has produces! a series of low benet«es ~ 

underlain by resistant limestone beds ~ t «at rise in broad stair-step ar- 

rangenent toward ti. e south-central part of the outcrop. in air photo- 

graphs these benches appear as closed irregular lines surrounding the 

higher parts of the exposure. Around t, . e southeastern part of the out 

crop the benches extend to the edge of the escarp:sent, and the conglomeratic 

sandstone, if present, is covered by talus. 

An 88 foot section of Cretaceous limestones above the con- 

glomeratic sandstone was measured and described at the escarpemnt two 



wiles southwest of Caap Air (location 17, Plate 1) (see appendix) ~ 

Tho Lower Cretaceous strata exposed 

in the thesis area unconfornsbly overlie truncated Paleoaoic rocks vary 

ing frow the Hickory sandstone to ths Point Peak shale, Elsewhere in 

the Llano region rocks of Early Cretaceous sge are in contact with older 

strata varying in age fran Precanbrian to Pennsylvanian. 

Rogers (1955) estinated that the pr~retaceous erosional sur 

face in the uason~ Kiable, and nenard Counties area had sn average 

gradient of eight feet per nile toward the southwest. Ths existencs of 

this slope could not be verified in the thesis area because no instru 

nants for deternlnfng exact elevations were available. However, the ~ 
dition of equal truncation evident on Paleosoic strata of varying resistance 

frow which the Cretaceous cover bas been recently risovsd attests to the 

probability that the base level of erosion mst have been closely ap 

preached in the area prior to Cretaceous deposition and that s condition 

of pensplsnation nust have existed. The hill of Hickory sandstone 0, 7 

nile west of Cssp Air (location 8» Plate T) appears to be slightly higher 

in elevation than the base of the Cretaceous outcrops snd it possibly 

stood as a nonadnock on the pr~retacsous surface ~ 

QUATERNARY g'YETEN 

Ascent alluviun ccnprissd of detrital naterial derived frow 

Cretaceous bedrock has accuaalated around ths edges of the Cretaceous out 

crop in the southern part of the thesis Sreai These deposits ware napped 

at localities whore the identity of underlying bedrock wss doubtful, 



STRUCTURAL GEOLOGY 

REGTONAL STRICTURE 

Pri, mary 

The Llano uplift is a structural dome of Precambrian and 

Psleoroic rocks exposed in a topographic basin r iaaf by relatively 

flat lying Cretaceous rocks Precambrian basement racks exposed in the 

center of the uplift are '7~000 to 10s000 feet hjghers structurallys thsn 

basement rocks in bordering areas. 

According to Chenay and Goes (1952)s evidence indicating the 

earliest Paleorojc uplift of the Llano region with respect to surrounding 

areas is a slight thinning of mississippian sediments toward snd over the 

region. Structural development of the dome was essentially caapleted by 

Late Pennsylvanian (Late Lampassas or Early Strawn} tism when~ accord 

jng to Chancy and Goss (1952)~ the Precambrian basement surface had 

reached its present elevation above basement rocks in the flanking Fort 

Worth and Kerr basins. 

F cults 

Precambrian and Pajeorojc rocks exposed 

jn the Llano 'region have been extensively cut by a series of steeply 

dipping, predominantly northeastward strikings normal faults, most of 

WhiCh are dOWn thrcwn tOWard the nerthmeat, ACCOrdjng tO ClOud and Samoa 

(l948& dips of the faults range from 60 to 90 with the steeper dips 

predominating. No evidence that movement other than dip-slip occurred 

along any of the faults has boon presented 
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Chancy and Cess (1952s p. ZH9) dated the 

faulting in ths Llano region as Late La«passes to Early Strawn (Des uoines) ~ 

basing this conclusion on subsurface infor«stion fro«wells in &aills County 

just off the northeastern flank of the uplift where 

*'. . . typical Strewn sands and shsles reveal. ~ ~ . only 
«incr structural mvewent although the underlying 
section shoes a difference of ls000 fest in thick 
ness in t«o walls 5 «iles apart", " 

Evidence fre«outcrops within the Llano region, presented by 

Cloud and Garnes (1948), dates the faulting as ~sepan (pre-&isaouri) 

and post Straw (post Des uoinss)in age. These authors reported finding 

rocks of the Str~ for«ation in fault contact with the +srble falls 

liasstone and noted that unfsulted beds of Canyon age rest upon faulted 

Ellenhurgex li«eat~ near Calf Creek in western MoCulloch County, No 

evidecee has been reported from surface outcrops to indicate whether 

faulting was cents«porsneous with Strawn deposition or «as entirely post 

Stra«no 

c Although the geology of the Llano region 

has teen studied f' or a nuwber of yearss no theory which explains ade 

qustely the origin of faulting in the region hss yet been presented in 

the literature. Several theories relating the cornel faulting in the 

region to co«pressional stresses existing in the Ouachita geosyncline 

have been offered, but none of these have clown ths uschanics whereby the 

stress distribution producing the geosynclinal folds was translated into 

that resulting in relative tension in the Llano uplift 

Cloud and Samos (1948) propesed that "theoretical tensional 

couples developed froa east and south" (fro« the Ouachits geosyncline) 

produced the faulting in the Lime region The authors explained neither 
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the smanfng of these "tensional couples" nor the stress distribution ob- 

tained with themx but concluded that they would result in "fxactures 

alfgned dominantly 1n the northeast southwest direction". Another pro- 

posed hypothesis attributes the faulting to tensional stresses developed 

over the crests of northeast southwest trending folds. This requfres a 

maximum principal stress 1n a northwest direction to form the foldss but 

this stress direction is not in agreement with that needed to esplsfn the 

faulting. 

In considering the ultimate cause of faulting in the Llano 

region, certafn facts and assumptions srs pertinent' 1hsse are: 

I No evidence of movement other than dip slip movement has 

been found on faults in the Llano regfo~ and they ares thereforex as 

sumsd to be normal faults with negligible strike-slfp components. 

2. The pxsdominant strike directfon of major faults in the 

region is northeast, although some deviation from this direction occurs. 

c:loud and garnes (1946) xepoxted that a few of the mar faults in the 

region strike in the north-northeast to north-northwest directions 

3. Tha age of the normal faulting in the Llano region is 

coincident, or nearly sos with orogenic actfvftys possibly involving 

thrust faults, in the Ouachita trough, 

4 ~ E'urfng:kxrrow and Lsmpassas tfams the «uschfta txough at- 

tained its most pronounced development, undergoing rapid subsfdence whfle 

the Llano region, comparstfvelyx subsided relatively little. 
'5 ~ During Lampassas time the Fort Worth basfn to the rmrtheast 

and the Kerr basin to the southwest ua4ewent great subsidence relative to 

the Llano regfon, as ev1denced by the accumulatfons reported by Chancy and 



Goss (1952), of 5, 000 to 0, 000 feet of clastic sediments of Lampassas 

age in these basinss while at the same time the Llano region xeceived 

only a few hundred feet oi dark limestone and shale. 

6 ~ Areas of tiuust faulting and other intense deformation in 

many foldbelts of the worlds Including the muthern '. ppolachian 'ountains, 

the 0anadian??ockies, and the -. wiss Alps, are bordered by relatively 

flat lying undisturbed sediments showing no evidence of the compressive 

stresses that must have accompanied defo~matfon of the foldbelts 

Consideration of the above data in the light of theorfes of 

the mechanfcs of faultfng presented by Anderson (1951&& i'ubbert (lg51) ~ 

and Hafner (1951), leads to the following conclusions: 

1. If the assmptfon of normal fsultin" Is valid and t?x? 

stress cifstributfon t?decries of &nderson, ". ubbert and»afner are a~~ 

swsed to apply, the direction of the:naxfmu~ princfpal stzess acting in 

the Llano region was nearly vertical, and the magnitude of t?iat stress 

was essentf ally equal to overburden pressure ~ 

2. The predominate of noxtheastward strikes of the faults 

establishes the direction of intexmediate principal stress as northeast 

southwest, toward the fort X?orth and Kerr basins' 

3. 1he directfon of minfmum principal stress, then' must have 

been northwest southeast - in apparent opposition to possible compressional 

forces existing in the Cuachfta trough. 

4. According to the theorfes advanced by Anoersons Hubberts and 

Hafner, thrust faults and normal faults cannot be formed by the same 

regional stress distribution This suggests that normal faulting in the 

Llano region bears no direct relation to deformation of the 0uachita 



geosyncline, even though contenyoraniety of deformation in the two areas 

is assumed. 

5. Ihe faulting in the Llano region was possibly caused not by 

compressional stresses from the Cuachita geosyncline but by a condition 

of unbalanced stress distribution engendered by maximu»i subsidence in the 

Cuachits trough to the southeast» which established the minissss princi- 

pal stress direction, and intsrmedf ate subsidence in the ? ort &" orth and 

Kerr basins to the northeast «ud southwest, which established the inter 

mediate principal stress direction. 

Obviously» the complex faulting of the Llano region cannot be 

treated so simply, and the above discussion is not proposed as a complete 

explanation of the cause of that faulting. 

I olds 

&fth few exceptions» folding in the paleozoic rocks of the Llano 

uplift is gentle and is of minor significance compared to the deformation 

caused by faulting. Cloud and garnes (19&8i reported folding associated 

with» and incidental to» faulting and structural sinks in the klienburger 

limestone and associated with faulting in many other lithologic units 

cropping out in the uplift„chancy ilgic& described four relatively 

:sinor arches, tha hichland "prings, . ' ontotoc, ban mba» and Lampassas 

axes» trending northeast southwest across the region, . le considered these 

structures to be "tilted seg~~nts o' the concho arch occurrind between 

narrower blocks which have soved downward". lwelve years later» Chancy 

(lgbg» p. 2254 ~ he referred to these axes as "pronounced ncrtheast trending 

folds". '. inor folds are coason in the 'oint peak shale and in the "=an 

Saba limestone in the vicinity of the bioherm rona. 



! olos in ths sleorofc rocks of the Llano rsgfon have not been 

studied in sufficient det„-. fl to dateline their cause, 

LOL' EL SIR tCTURE 

' r jrary 

Ibs !'aleozofc rocks exposed in the Can»-. J ir-', sst area strike 

R ~ ~ rb ! ~ and ip zo ' h", » f4rofn- a gently dipping bo««cclfns 

that fs cut ! y s serfes of northeast-souttwest trending, steeply dfppfng» 

nornal faults c«vsryfng tl«row. Ihe ncrtnwestward dip of the beddec! rocks 

is norasl for tns locatfon cf the area wit!. respect to the central 

crystallfne core cf tne uplift, and the northeast southwest trend of the 

faults is consistent with ths regional !suit trends. 

Lsetscecus rocks expc, sed in the soutl em part cf the area are 

essentially flat-lying anc»ze unaffected by faulting. 

faults 

In coaparfson with faulting in other areas of the Llano region, 

the faulting fn tha Casp Air '&'est area is of niner nature. ho fault in 

the area has a stratigraphic throw in excess of 84 feet. 

Ihe throws of faults occurring wftnin the i. ickory sandstone 

cannot be estfnatec wit!- reasonable accu«acy because of difficulties fn 

recognizt»x stratigraphic levels wituin tce . . «~sr and because o! the 

irregular surface of the i recaabrfan basenent. :~parent lower I. ickory 

sandstone crops out on tns northwestern side ot one such fault traced 

northeastward from the !ret»ceous outcrop for spproxlnately u. 7 mile 

(location 2» elate IJ» and beds approximately 54 feet above the niddle 

stratigraphic level of th» s»weber are exposed on the southeastern side. 



Northeast«ard along the projected strike of the fault, no evidence of the 

lower hickory sandstone occurrsl instead, thc bedrock wfthin s fe«hun 

dred feet of the last trace cf tl&e iaull. S;&l&esr; to be chsracteri'tfc of 

the lower mds cf tl&e upper;&art of the &e&&bar. If the estimated thicb 

ness of 40C feat for the ' ickory sandstone in the ares la assu"&ed to be 

correct, a stratig;aphic th'o« in excess of &GO iuot is indicated for 

the fault. It is questionable «hsther a fault of this magnftude could 

die out within s fe&N hundred feet. An alternatfve explanation is that 

the fault is one of small throw essentially within the upper pert of the 

Hickory member, and that s basement hill similar to the one exposed one 

mile north«est of Camp:, ir underlies that part of the fault where litholo 

gy similar to that of the lower Hickory sandstone is exposed. 

The most pronounced fault «f thin the Hickory sandstone occurs 

very near the contact between the Cap 'kx&ntafn limestone and the Hfckory 

sandstone and persists almost the entire length of the thesis area. Its 

zone is easily traced fn the sourthern part oi the outcrop where it is 

exposed at several localftias along a small ephemeral stream snf where a 

hill developed on upper Hickory sandstone on the up-thrown side of the 

fault i. s topographically higher than the Csp &kountafn lf&acetone on ths 

down throsn sfde, The stratigraphic throw of this fault ls estimated to 

be about 150 feet. Northward along fts strike, the trace is marked by 

occasional masses of quartzite protrudfng through the soil {l'late V) and 

by changes in soil color. One mile northwest of Camp Afr, s granite hill 

extending above the &afddla stratigraphic level of the Hickory sandstone is 

exposed on the up-thrown side of the fault North ef the granite hill& 

the trace of the fault is lost in alluviums but its continuance is indicated 



by offset". in t!. o outcrop pattern and by . hortening c: the section. About 

I. g, a!las north of f as&p ix, on the i aeon-. 'racy &. igix&ay, a -. &all &graben 

(or largo slice) of Cap &untain li. estone and upper i:ickory san&. stone 

is for sad between this '. suit and one of s &aller throw, T!&e trace of th&e 

plane o: the sweller fa»IK is ex&pose' in t&. e &oad cui, on the western side 

of the highway (locatfon 1:s plate Ii ~ 

Cthex fa&!Its tn tbe eastern and central parK of the are. include 

one w:, th aoproxiaately TC feet of stratigraphic throw affecting +he out 

crop pattern of the Ca; vcuntain, Lion 'contain, '"elge, and !organ "reek 

Were! one very swell bui pexsfstent, 'a&ult paralleling the pxincipal 

"organ Creek 1(boston~'el&!e sand!stone contact xhroug!. out a&ost cx the 

area! and one of v~riaile tlro&& af. rctfn&! +! c o»tcxop pa-Kern of ti&e 

"'organ Creek and "oint "&&a&& m~xs in the center c! the area. 

The fsrst c f th&. 's~ faults is pex -. :sient tiro&Jghout ms: &. i the 

-rea, begfnn&n„ in tiv extra„e so'&thwestern cornox, passing bcnea;. i: the 

Cxetacoous outcrcp an&, ' contin»ing to the northeastern corner wi&ere its 

trace is lost in ti, e !'Cckory sandstcne. In the . outnuestern and scuth- 

central part cf tte areas it &s essentially a strike fault wft!' Lion 

no&. nt;in sandstcne exposed on ti, e up-thx& wn sfce and 
' crgan Creek li~ 

stone erposed on the dove Ki&xovn side. In the vicinity of the Foy Sch&aidt 

ranch house, however, it veers slightly to ti e east and trends obliquely 

across ths xegional strike until, in the north-central part of its trace, 

it ters&inates the southeasternsost outcrop belts of the '&organ Creek, 

welge, and Lion "ountain sewbers ~ In that vfcinitys ft is intersected by 

a fault of opposite displacemnts and northward frow the point of inter- 

section the throw apparently decreases. 



'Il, c fntersectfn&, fault has an e«tfmats' stratfcraphfc tixrow Of 

about 50 feet and follows ti«e x«oper boundary of ths Cap countafn lfm«estone 

tlxroughaut mast af 5 ts trace fras the Cretaceous autcrap fn the south ta 

the pafnt c: intersection. 

Ihs sssll fault trending parall 1 to ths 'erg, n rssk ', Ielge 

contact fn tixe csnvral part of ths area Is little . xars than a fraccure, 

having a displacement of 1, tu lb feet, yst ft is renarkab)y persistent 

xnd can be traced fros the vicinity of the Cretaceous outcrop fn the 

south ta t!xe northern part ci the areas where fts trace js lost fn soil ~ 

Ihrauuhaut vast cf fts extent, tl«s tx ace is marked by blacks of iluartzfte 

whfcl at several locslftfex pxatruds through thu sof1 fn sucl. close 

axoxfmfty that they rssenbla a smaLL dike. 

The reaafnfng fault fn the central part af the area has an 

estimated stratigraphic throw of approximately 80 feet near the vicinity 

of the F. oy Schmidt ranch t«ause where the I'oint peak xxexxber crops aut on 

the down-thxawn side and the kxrgan Creek Lfxxestone crops out on the 

up-thrown side. Ilxs trace ox- this fault could not ke found to the south 

cause af soil cover. Ta the north ft apparently decreases fn ti~ow 

and intersects the snail fault striking psrsLLeL to the xiargan Cxeek 

outcrop g 

I suiting fn the nortfswstern coxner of the area hss forsxed s 

graben of Ellenburger limestone bordered by San Saba limestone The 

stratigraphic throw of the easterxwest of ths borderfng faultss estimated 

ta be about 80 feet fn the line of section A-A' {plate f) increases in 

tleow toward the south An odd feature of thfs fault is "reversed drag" 

occurring on the up-tlxrown block near the northern border of the thesis 
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area (location la snd northward& Plate 1) ~ Reversed drag is relatively 

«ox»on on the d«wn thrown sides of xwxr»al faults in poorly consolidated 

cadi»ento, but its occurrence on the up thrown side ef faults in con- 

solidated rock is difficult to understand. Lloud and garnes (lg48) noted 

the occurrence of "reversed" drag along other faults in ths Llano region 

and postulated that it resulted either fros "non. ee~xsatory" novo»ant 

in a direction opposi, to to the original wove»ant or fros xi«aping oz 

pitching of the strata t«ward openings along the xone of displace»»xxt". 

The first of these sonlectures wight well have caused the "reversed" 

drag observed in the thesis ares, but the second is»cre applicable to 

tho down-thrown side of nor»el faults where backward rotation of shssp 

blocks wight produce "reversed" drag. Openings along fault *ones which 

night cause sluwpage or pitching on either side of a steep fault sr» not 

likely to occur at depths greater than a iew tens of fest. 

The fault bordering the northwestern side of the graben is 

est%noted to hase a stratigxaphic throw of about LR feet in the southern 

pert of its traces but it dininishes in throw toward the north, At about 

the wid point of its trace across the sr»ax it splits into two faulted' the 

easterxwost of which intexaects the esstexn border fault of the graben 

about 0. 2 wile south of the northern bcrdoz of the area, The nozthwestsrn 

branch continues northward off the area but appears to dfnlnish in throw 

to the north. 

The true nature of faulting within the area could nct be determfnedx 

becsuae nc fault planes xwze exposed sufficfoxxtly to per»lt detailed 

studies of their surfaces, The west «1»ax ly exposed fault crosses the 

son-grady highway 1 3 wiles north of easy Air (location lgx Plate T) and 

the trace of its plane is exposed in the west bank of the road cut, The 



plans dips approximately 75 to the southeast snd eavament along the 

fault was probably entirely di~slip~ although no evidence could be 

found to exclude the possibility of diagonal slip It is probable that 

faults in the area are normal faults with high angles of dip and that 

movsmsnt along ths faults wss predoadnently~ if not entirely, dip-slip« 

Folds 

Folding in the Camp Air-'&est area is restricted to the vicinity 

of the bjohern xone where limestone beds of ths San Saba member are Iocs3 

ly folded by compaction between ths rssf masses Ihe extent of this com- 

paction is exeeplified by a small domal structure partially exposed in a 

small creek in ths northwestern part of the ares 0«3 sile from the northern 

border (location lg, Plate I) (Plate VIII). 
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SUH!'ARYCFBSGIONAL 
GLGLGQIC HIST0RY 

PBECAxlHiIAN HI~MSY 

The aost ancient rocks exposed fn the Llano region are 

schists and gnsisses of netasediwsntary and possible netafgneous migin, 

The occurrence of warble and graphite in the schists strongly suggests 

that the sedfnsnts fros which these rocks erigfnated were deposited in 

suxrfns ~stars supporting sons fmw of prinative life. following depo- 

sition of the early sediments, and possfble early esaxiacesent of igneous 

fntrusfvesx tha region was sub)ected to severe orogenic activity. kxist 

ing xocks were tightly folded, wstssorphosed, and intruded by gxanite. 

The general cosrs~afnod nature of the granite fntrusfvesx taken ss s 

criterion of deep seated enplscsnsnt& attests to a great thickness of 

precaabrfsn sedfwsnts fn the region, Subsequent to the intrusion snd 

defmoatfon, which probably occuxred in three or wore phases, the region 

was uplifted and sub)ected to prolonged erosfonv resulting in rensval of 

the wstoaorphic rocks to the extent that the granitic nssses were locally 

exposed at tho surface, 

PALEGKIC HIST(;BY 

The intsxval of erosion whfch probably began nesx. the snd of 

Precwxbrfsn tins contfnuedx so far as the geologic record showsx until 

Late Csnbrisn tins~ and dissection of the uplifted ares developed a 

topographic relief of approxfnstely 800 feet on the erosional surfsCs 

'«hen the ses again overlapped the region in Late Csnbrfan tfnev ths 

Hickory sandstone was deposited over the truncated folds of netasorphic 



rocks and over the exposeo granite, incorporatfng in its lower beds 

ventifacts, wind faceted sand, and other residues of theerosion surf«a«i 

The shallow ses rewsfned over the regfon throughout Late Ca«brian tfwef but, 

subsequent to deposition of the Hickory ssndstones the supply of detritus 

dimfnishsd and the Cap %untafn lie«stone wss deposited under conditions 

of decreasing sediwentation snd a relatively qufets reducings bottow en- 

viron«sot. A slight regression of the sea but possibly no great fnf lux 

of cadi«ants is suggested by the clastic and glauconitfc nature of the 

Lion uount sf n sandstone. 

&snowed transgression of the sea «nd an frere«so in the rate of 

sedfswntatfon and/or continual oxygenetfon of bottos waters is suggested 

by tha ns. vglauconftfc +alga sandstone. The a~t change frow the abun- 

dantly glauconf tie Lion uountsfn sandstone to the ~lauconf tie &alga 

sandstone possibly indicates a rapid change fros ncwwdepositfon or slow 

deposfifon under rsducfng conditions to rapid deposition under oxydfxfng 

conditions, 

bspositfon of tha highly giauconftfc «organ Creek if«eaton« 

probably took place in waters deeper than those of stelge sandstone 

depositions but, agafns the «bundance of glauconite suggests reducing 

bottow conditions and slow sodiwentation that would allow ths sediwents to 

rewsfn in the xone of chewfcal diagenesis over the tine interval required 

for ths for«ation of glauconf«. 

%«llowfng of the sea and an influx of fine clastic oat«rial, 

possibly reflecting the reduced elevatfon of the source areas is s~ 
gested by the point "oak shel~ ~ 

' The forwation of swell algal bfoharws and 

interwittent beds of if«eaton« possibly resulted frow periodic fluctu«tions 



in the xste of sodieentatt, on which deepened the sons of photosynthesis by 

allowing the seas to clear Intraforestionsl conglaeerstea occurring in 

the Point Peak »saber aro indicative of intereittent shsliowtng of the 

seas posstbly to the extent that the sedteants were locally exposed on 

tidal flats~ 

The occurrence of the »essive btoheres near the San Sebo 

lteestone-Potxxt Peak shale contact, the occurrence of Qj~~~gg beds 

in the San Saba lte»stones and the occurrence of other liesstones of 

algal ox'igin in tha Ssn Saba eschar snd the lower part of the Ellonburgor 

gx'oup suggest that relatively qutsts ale~star conditions perststed 

throughout the res»tndez of Csebxtan snd into Early Gzdovicisn ties, That 

the sea rseained shallow is attested to by the tntrsforesttonsl con 

gloeerstes occurring in the San Saba lteastone and lower Ellenburger 

lis»stone, snd by the occurrence of contraction polygons indtcstive of 

sub-a«rial exposures repoxted by Cloud snd Samos (1948)~ in beds of the 

Ellsnburgex lis»stone. 

General eeergent conditions subjecting tho Ellsnburgex lieestone 

to erosion probably existed in the region frow the later part of Early 

txdovtctsn ties through Silurian tines since no xocks belonging to this 

ttes interval have been found tn the Llano region. Durtny this intervals 

ezoston snd truncation of the Ellenburger group wss greatest tn the 

western part of the uplift where, according to Cloud snd garnes (1948) ~ 

the snttre Honeycut forsstton wss xex»ved. The possibtltty that seas may 

have reached the regton tn utddls Qrdovicisn tice ts suggested by the 

Presences noted by Bsrnes, Clouds and warren (1948) ~ of '4tddle Qrdovician 

conodonts incorporated in ". ississippian lteestone in Blanco County. 
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Return of the sea in pevonfan tfxm resulted in progressive 

east west overlap of the region by Cevonfan sediments» according to Cloud 

and Barnes (1948) who noted that the oldest known Devonfan strata occur 

fn the eastern part of the uplift whereas the youngest known strata of 

that system occur fn the western part. 

Following favonian deposition» the region wss agafn sub)ected 

to srosfonx so that» with the refnvssion of the region by Nfssfssfppfan 

seas, sedfxents were deposfted on bared Ellenburgar strata as weU. as upon 

Devonf an strata ~ uf ssissfppf an rocks are relatively wide' spread ov»xx the 

Llano region~ and» according to cloud and Bomos (1948)» are xsxre pex 

sf stent laterally than are beds of Lsvonf sn age. Thf nni ng of +f ssf ssf ppian 

strata toward and over the uplift is the eaxliest k»aw»n palooxoic evidence 

of the xegion befng uplifted relative to immediately adjacent parts of 

the continental. mass. 

'&fthdrswal of the &fssfssfppfan sess fros the xegion was fol- 

lowed by suf». aerial erosion that locally cut through the &fssfssfppfan 

ssdfments and exposed the Ellenburger lfmsstone, pennsylvanian stxata 

exposed in the region today ordfnarfly overlie &f ssfssfppf an rocks un 

conformably» but at soxs localftfes they are in contact with the Ellen 

burger limestone. Purfng Late Lampassas and Early Strawn (Eaxly Des 

uofnes) tfme» and possibly cofncfdent with the wichita orogeny to the 

northeast and with orogenic actfvfty fn the Ouschita trough to the south 

snd east» tectonic activity in the Llano region resulted in extensive 

faulting, The faultfng reached fts culmination before Canyon (ufs- 

souxi) ti»as» as evidenced by Canyon strata being unaffected by faults 

which cut all rocks of pr~anyon age ~ 
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Subsequent to Canyon depositions the Llano region was uplifted 

relative to bordering areas and was sub)acted to extensive sub-aerial 

erosion that bared the Precwsbrisn basewent fn the central part of the 

uplift. There is no evidence fn the geologic record that the seas returned 

to the region during the rewafnder of Palsorofc tines although Paleosofc 

rocks yeungsr than Canyon occur in the Fort -orth and Kerr basins to the 

northeast snd southwest of the uplift. 

&AESCZOIC HISTCRY 

Emergent ccnditions whish began in Late Pennsylvanian tfwe 

contfnued until Early Cretaceous tfwas and the region was reduced to a 

brood surface wfth little relief. Rocks ranging in age from Late Psnnsyl 

vanian to Precaabrfan were exposed at the surfaces and sedfwents of the 

Early Cretaceous sea progressively overlapping the region frow south to 

north were deposited on the truncated edges of the Paleoroic rocks and 

over the exposed Precawbrfan basewent. 

CENGZCIC HISICRY 

There is no evidence that the sea ever returned to the Llano 

region after fts withdrawal at the close of Cretaceous tfwe. Since that 

tirws erosfon of the Cretaceous rocks has resulted fn the forwatfon of a 

topographic basfnfn whfch the Paleozoic and Frecacdsfan rccks are exposed. 
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The resources of the Casp Air-west ares are lfnttsd to gracing 

lands, arable soils, and an excellent, though not uniiwftad, water sup- 

ply, The hickory sandstone is the nost fsportant stratigraphic unit 

cropping out in the ares& providing the ma)ority of ths soil suitable for 

farwfng and yielding the ms&or part of the wats~. Sons water production 

is obtained fros the welge sandstone, the Ellenburger lfnestones and ths 

Cretaceous sandstone, but yields froa wells in these units have steadily 

decreased during the prolonged drought that has affected ths region for 

about six years. Continuation of the drought will cause increasing de- 

pendency on the Hickory sandstone as s source for water, not only for the 

swell ferns located on its outcrop but also for the ranches located on the 

linsstone outcrops. Under present conditions the water levels in wells 

drilled near the ~tp linft of the l&fckory sandstone outcrop are being 

hwered steadily, and increasing drip denuded on the aquifer will 

cause sn even faster depletion of the water available for up-dip users 

unless s cooperative development plan is followed. 

Neither the lfsestones nor the cosrso-grained granite sre 

suitsbl» for building stones, and their only potential uss is for road 

net al. 
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Section of Lower Cxetareous limestone at escarpment 2 miles 

southwest of Camp Afr (location 1/, plate I}, The section begins at the 

base of the escarpment on the eroded suxface of the Hickory sandstone and 

continues westward tc s point 2GG feet beyond the rfm. 

Thickness of interval 

. Feet 

Lower Cretaceous 

15 & Ll lestone I light gr aya hards f I no 

gxsfneda silty liuestona with sms1l 

vugs. Weathers to nettled gray and 

brown with ncdulax upper surface ~ ~ . . 

14. Soil covereda very gentle slope, ~ ~ ~ ~ ~ ~ ctG 

13. Limestonef grsyis~hite, hard, fi~ 
grained limestone in beds varying frow 

G. 2 foot to G. T foot in thickness. . . ~ ~ . &, i 

ltd' Lfmestonef dfrt~hitey thin bedded 

fine-graineda silty limestone, ~ . . ~ ~ ~, 2. G 

ll. Limestonef brown and white mottled very 

hardq fine-grained, silty limestone with 

abundant wssll vugs. . . . . ~ ~ ~ ~ ~ ~ 

lGo Lfmastonef hitax weathering to dirty- 

buffs thin bedded~ nodulara if~oined 
limestone ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ i ~ ~ ~ ~ 

r 
~ Cod 

~ 1, ' 

9. Limestonef vary light buff, fina-grafneda 

silty limestone with fins streaks of brown ~ 2, G 



ST Lie»stoney light brownish-white, shsley 

to nodulars very fine grained~ silty 

I i ISe stone f ~ ~ ~ ~ l ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 5 0 6 

7 ~ iiwcstone~ light pinkish white ff~rainsd 

1'i 4 st one ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ O o 0 

Lis»stone~ light brownish-white, shaley 

to nodular, very fine-grained silty li»e 

stone beconing vary hard and very fos- 

silf ferouc toward the top, l. ossils are 

poorly preserved gsstropods snd pelecypods . 4. 3 

5. Li»estoneg Light brown and white s»ttleds 

hard, v~gy, fine-grained, silty lfwe- 

s'tone ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o s ~ ~ ~ ~ ~ ~ ~ 2 o 0 

4, Li»estone~ light brownish-white~ nettled, 

shaley to nodular, silty, limestone. . ~ 

3e Li»estone) li9h't buf fbi tes weathering 'to 

dull gray, fine-grained, very sflty, lime- 

stone with dark brown streaks of iron 

oxide on weathered surface . ~ . 
2, Lfmestone~ light buff~hite~ fi~rsined, 

fossiliferous, very silty lfs»stone with 

festers of apatite cn weathered surface. 

Fossils are poorly preserved gastropods and 

pelecypoda Unft contains 2 beds - one 

4. 5 feet thiCk and One 2, 5 feet thfoka ~ o ~ 

1. Talus and oaliohe covered slope to base 

of section on eroded surface of Wckory 



sandstone. "nterval probably 'nclodes 

congloaeratic sandstone beds exposed to 

the north. ""ay contain bede of Hickory 

18no stone ln loser part . ~ ~ * ~ t ~ a ~ 79. G 

lotal aeasurad thickness ~ ~ . « ~ 87, 7 
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