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ABS TRAC T 

The Homer Martin Ranch area is located nine miles southeast 

of Mason~ Texas on the southwest flank of the Llano uplift. Strata ex- 

posed in the area are of Precambrian and Late Cambrian ages, 

Precambrian rocks consist of a gneiss unit, a schist unit, 

and a medium-gra1ned granite The gneiss unit consists of a fins- 

grained p1nk gneissg a dark gneiss, and an augen gneiss. The schist 

unit consists of a hornblende schist and a biotite schist. The granite 

is intrusive into the gneiss unit. 

Strata of Late Cambr1an age are represented by the Riley and 

Wilberns formations, The R1ley formation consists of three membered' 

the Hickory sandstone member, the Cap Mountain limestone member, and 

the Lion Nountain sandstone member. The Wilberns formation consists of 

four members: the Welge sandstone member, the Morgan Creek limestone 

member, the Point Peak shale member„ and the San aba limestone member. 

A broad syncline, plunging gently toward the southeast, is 

the dominant structural element in the thesis area. Northeast trending 

normal faults have broken the syncline in a 1'ew places, 

During Precambrian time, sedimentary rocks were deeply buried, 

folded, metamorphosed, and 1ntruded by granite. 

The first Paleozoic sediments were deposited on an uneven 

Precambrian erosion surface by a transgressive sea during Late Cambrian 

time. A sea regression and another sea transgression also occurred dur- 

ing Late Cambrian time. Younger Paleozoic and Mesozoic rocks which for- 

merly covered the area have been removed by erosion. The folding and 

faulting probably occurred during regional uplift in Pennsylvanian time, 



INTRO DUO TI ON 

LOCATION AND ACCESS IPILITY 

The Homer Martin Ranch area is located approximately nine miles 

southeast of Mason, Mason County, Texas, on the southwest flank of the 

Llano uplift The northwest corner of the thesis area is a right angle 

bend in the Llano River~ the southwest corner i. s a right angle bend in 

the east fork of Panther Creek O«3 of a mile east of the Junction of the 

east and west forks~ the northeast corner is the ]unction of Comanche 

Creek with the Llano RiverI and the southeast corner is 1. 2 miles north- 

west of the intersection of Farm Road 648 and Simonville Road along a 

line drawn from their intersection to the mouth of Comanche Creek, The 

northern boundary is the Llano River, and the other boundaries are lines 

connecting the previously mentioned corners (Fig. 1). 
The thesis area is readily accessible, except for a I'ew parts. 

Simonvilie Road passes through the eastern portion of the area, and 

several ranch trails branch oi'f from it to various sections of the thesis 

area. 

METHODS OF FIELD AND OFFICE '«ORE 

The field work on this research was done between June 1G and 

Aufust 9, 1959. 

The initial field mapping was done on acetate overlays of U. -". 

Department of Agriculture aerial photographs with a scale of 1&2C, OOO or 

one inch equals approximately 1, 667 feet. The essential photographs used 

were numbers 49, 50, 95, 96, 119 and 12C of, ":eries DFZ-1P dated November 

28, 1955 ' Data from the individual photographs were then transferred to 

an acetate base map of the entire area and finally to the I'inished map, 
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Faults and formation contacts were traced in the i'icld. As a 

supplement to field observations, stereoscopic examinations oi' aerial 

photographs were used as an aid in locating chanpes in slope and vege- 

tation changes or lineations that sometimes correspond to formation 

boundaries or faults. 

A Brunton Compass with a pre-set da:lination oi' 1O degrees 

east vas used to measure dips and strikes of strata. 

The stratigraphic sections (Appendix) were measured with a 

stadia rod and Brunton Compass. Additional sections vere not measured 

because of poor exposures or faulting, 

Horizontal distances used in preparation oi' structure sections 

were measured directly from aerial photographs. Eievations for the sec- 

tions were estimated from stereoscopic examinations of aerial p?otofraphs. 

A fev eleuations vere obtained with an aneroid barometer by Neil Fisher. 

BiVIEE OF TBE LITPRAT?1??E 

The first recorded geologic observations on the Llano region 

were made by Ferdinand Roamer (1846 and 1848) ~ Be briefly described 

granite, other crystalline rocks, and strata of Paleozoic and Yesozoic 

age, 

E, F. Shumard (10'I) correlated sedimentary strata in Eurnet 

County vith the Potsdam sandstone of Late Cambrian are. Shumcrd also 

described new species of fossils collected in tho Llano region, 

G ~ G. Shumard (1886) briefly described metamorphic and sedi- 

mentary rocks occurrinf between the San Saba River and Fort yason. 

After a brief reconnaissance of the Llano region, Ealcott (1&84) 

applied the name Llano group to the metamorphic rocks and correlated 



them with the Grand Canyon group and referred them to the Lower Cambrian 

Series, He agreed with HE F. Shumard's correlation of' the Upper Cambrian 

strata with the Potsdam group and assigned a pre-Potsdam age to the 

granites that intrude the Llano group. Walcott also mentioned strata of 

Silurian and Carboniferous age 

Hill (188'7) reviewed the earlier geologic investigations of 

the Llano region and other parts of Texas, I»ter& on the basis of faunal 

content& Hill (1889) assigned a Carboniferous age to strata exposed 

near Marble Falls. These strata had previously been designated as 

Devonian in age, 

In 1889, the results of Comstock's field work were published. 

In his report& Comstock introducod the torms Ualley Spring series and 

Packsaddle series as subdivisions of his Precambrian Systems, He also 

used the Hickory series, Riley series, Katemcy series, and Can Saba 

series as stratigraphic names, The first three of these series were 

placed in the Lower& Middle, and Upper Cambrian Series respectively, The 

San Saba series was assigned to the Upper Silurian Series, The Ordovician 

System was not mentioned end apparently was not recognized in the United 

States at that timeI hence it is possible that parts of the Silurian 

System may be equivalent to parts of the present Ordovician System. The 

name, Katemcy series& has been abandoned, and the definition of the re- 

maining terms have been revised, 

Terr (1890) discussed the drainage of Central Texas and present- 

ed evidence that the drainage originated on Cretaceous rocks in Tertiary 

time and has since been superimposed on Paleozoic rocks 

JLfter emtensive field work in the Llano-Rurnet Quadrangles in 

Llano County in 1911 and 1912, Sidney Paige (1912) redefined the sedimentary 



and metamorphic rock units previously defined by Comstock and classified 

the granites. He defined the Llano series as consisting of the Valley 

Spring gneiss and the Packsaddle schist, Paige dropped Comstock's 

"Hickory series" in favor of Hickory sandstone and named and defined the 

Nilberns, Cap Nountain, Ellenburger, and Smithwick formations. A geologic 

map accompanied the report. 

The first geologic map of Texas accompanied a review oi' the 

geology of Texas by Udden, Baker, and Bess (1916) . 
Dean (1931) discussed the algal limestone masses that occur in 

the shale in the upper part of the Wilberns formation in Nason County, 

Texas, and noted their topographic expression. Those limestone masses 

are prominent ridge formers in the Homer Hartin Banch area, 

Deke, Bridge, and Ulrich (1932) presented the results of their 

study of Upper Cambrian strata and the Zllenburger limestone. Faunal 

zonos within the Ellenburfer limestone were correlated with similar zones 

in Ordovician strata in other states. 

Stenzel (1932) redefined the Packsaddle schist and the Valley 

Spring gneiss and proposed a subdivision of the granites on a structural 

and lithologic basis, 

Sellardsz Adkins, and Plummer (1932) reviewed the Precambrian, 

Cambrian, Ordovician, Nississippian, and Pennsylvanian Systems of the 

Llano region, A brief discussion of geologic history and regional 

structure was also presented, In a later report on the structural and 

economic geology of Texas, Sellards and Baker (1934) dated the time of' 

initial uplift in the region as Nississippian 



In a discussion oi' Precambrian structural conditions, Stenzel 

(1934) stated that the Precambrian rocks could be subdivided into three 

series on a structural basis and that, 

"Each series has its own characteristic i'eatures ranging from 

the large scale tectonics down to the minute scale petrographic features. " 

In a later report, Stenzel (1935) discussed Procsmbrian un- 

coni'ormities in the Llano region, He reported that there appear to be 

no stratifraphic breaks in the metamorphic rocks of sedimentary origin, 

but that ii' structural and intrusive discordant features are regarded as 

unconformities, there are several is~pe time breaks in the region. 

Bridge and Cirty (193'&) redescribed some of the Paleozoic 

fossils from the Llano region vhich vore originally described by Roamer 

in 1849 and 1852 ' Tho localities and s+rati~aphic horizons from vhich 

Roemer collected the fossils vere also dotermined4 

Bridge (1937) correlated the Upper Cambrian strata of the Llano 

region with the Upper Cambrian section in the upper Mississippi Valley. 

He stated that the Upper Cambrian section of Central Texas is nearly as 

complete as the upper Mississippi Valley section. He also named the 

Lion Hountain sandstone member~ which was included in the Cap Hountain 

formation. The Cap Yiountain formation was subsequently redefined as a 

member of the Riley formation. 

Lockman (1938) reported three faunal zones in the lover part 

of the Upper Cambrian System and discussed the relation of the faunal 

sequence to the strati:raphic units in the Llano region. 

Barnes and Parkinson (1939) presented a discussion of the nature 

and origin oi' the uentifacts that occur in the basal Hickory sandstonei 



Eeppel (194G) described the texture, composition, and struc- 

ture of large granite bodies in the Llano region. To explain the three 

textural varieties oi' granite which occur in a concentric arrangement, 

he proposed an origin of forcible injection into the country rocks, 

Chancy (1940) proposed a classification oi' Pennsylvanian and 

lover Permian strata of north-central Texas and sugfested that the Llano 

uplift may be a denuded part of the Concho arch. 

Bridge and Barnes (1941) divided the '~ilberns formatir n into 

four members. The members were not named in an abstract of' the unpub- 

lished manuscript, but vere presented orally at a meeting of ths 

Geological Society of America, The present names of the mmxbere of the 

bilberns formation vere published in 1944 in an article by Barnes. 

Goldich (1941) presented the results of his study of scweral 

granite masses and offered a mecl~ism to explain their origin. 

In 1942, Barnes, dawson, and Parkinson made a roport on build- 

ing stones in Central Texas. A brief review of the geology and a compro- 

hensive description of rocks at, various localities th" t are suitable for 

use as building stones were included in the rcport. 

ln a xeport on vater resources in Texas, Pluaxner (1943a) dis- 

cussed ths Hickory sandstone cnd Pdlenburfer limestone water reservoirs 

in the Llano region. 

Barnes, Cloud, and Parren (1945) defined rocks cf 0ev& sian age 

in the Llano uplift, Yeasured sections and faunal lists of the newly 

defined units were included in the report„ 

Because of economic interests and the need for a detailed 

stratiL~phic study of tbe EllenL~ger limestone, Cloud, Barnes, and 



Bridge (1945) prepared a progress report on their study of' the Ellenburger 

limestone. The strata previousll knovn as the Rllenburger limestone vere 

redefined as the ELlenburger group. The r. roup vas divided into three 

formations: the Tanyard, Carmur, and Honeycut f'ormatfons. The group vas 

designated as being arly Ordovic1en in are. In addition, the pre 

Wilberns strata (Upper Cambrian) were defined as the pdley formation cnd 

divided into th"ee members' namelyr f'rom oldest to youngest, the Hickory 

sandstone, the Cap Hountain limestone, and the Lion Hountafn sandstone, 

Bridge, Dames, snd Cloud (1947) described and redcf1ned the 

tvo formations and eight members that -onstitute the Upper Cambr1an 

System in the Llano region~ 

J, L. Wilson (1949) described the trilobite fauna of the rZvina 

sons fn the basal Wilberns formation. 

In a study of' weathering of granite domes in the Llano region, 

Blank (195la) concluded that a. . foliation and granular disintesration are 

important processes fn the derelopment of erosion surfaces on granite 

masses in Central Texas. During the same year, Blank (1951b) d1scussed 

the occurrence of vrock dourfrnuts", a weathering phenomena observed on 

weathered surfaces of granite. Their possible or1gfn vas also discussed. 

Cheney and Boss (1952) d1scussed the evolutic n of the Llano 

uplift. 

Barnes, Cloud, and Duncan (1&53) reported the discovery of 

Upper Ordovician rocks in a collapse structure fn southern Burnet County. 

The strata vss named the Burnam limestone, but no thickness vas given. 

In a special report on lead depos1ts 1n Upper Cambrian rocks~ 

Barnes (1956) revf swed the geology of the Llano regfor. and reported 



igneous activitV of Carboniferous or later age. The igneous rocks con- 

sist of diabase dikes intruded along the Marble Pails fault. 

G. J. Wilson (1957) made a detailed geologic study of an area 

that Joins the Homer Martin Ranch crea on the north, Bryant (1959) did 

a similar study of the Schep-Panther Creek area that )oins the Homer 

Martin Ranch area on the west. 

After a study of the Hickory sandstone, Goolsby (lo57) stated 

that the Hickory sandstone member of the Riley formation can be sub- 

divided into three mappable units. As a result, hc proposed that the 

member be given formational status. 
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C E 0 C Rt P H Y 

GLIFNTZ 

The climate of the Llano region is semi arid. The average 

annual precipitation is about 25 inches and is unevenly distributed 

throughout the year. Rainfall is oi'ten torrential and of short dura- 

tion, resulting in a high percentage of run-off. 

The temperature ranges from about -5 degrees F 1n winter to 

slightly above 1OO degrees F, in summer k large variation in tempera- 

ture is common both in summer and in winter, 

ViX' ECTION 

The vegetation in the area 1- limited to those forr»c . Hat can 

endure a semi~rid climate and a thin soil cover 

The sand« soils derived from Precambrian rocks 'enerally sup- 

port mescuite and varieties of oak, cacti, and scattered grasses. Bee- 

brush and oak are the dosdnant plants found growing on soils developed 

from the H1ckory sandstone, Oatsclaw, mesquite, Bpan1sh dapper, prickly 

pear, and Mexican persimmon are common on soils derived from Paleozoic 

Iimestones. Large pecan end willow trees are present alonf the Llano 

giver and the lower part of Bast Creek. 

INN;O TRY 

'w'ithin the Homer Martin Ranch area, most o the income is de- 

rived from cattle and goat ranchinp, j, t the present time, farming 1s 

virtually no~latent, but has been done on a small scale in past years. 

Hunting leases also furnish a small ortion of income w1thin 

the area, 



P H YS I 0 0 RA P H I 

GECVOPZHOLOGY 

The Llano uplift is a structural dome which has been eroded to 

form a topographi. c basin, and is one of the major physiopraphic features 

of Texas. It is bordered on the northwest, southwest, and southeast by 

the Siwards Plateau and on the northeast by the Osage Plains. Huch of 

the basin floor consists of Precambriar. igneous and metamorphic rocks. 

Paleozoic and Mesozoic strata are preserved on the flanks of the uplift 

or on dnwn~ppcd fault blocks. 

According to Plummer (1943b, peg), the highest elevation in 

the Llano region is in excess o '2, 200 feet, snd the lowest is about 

650 feet, Hence~ the maximum relief' is approximately ly600 feet, 

In the Homer Hartin iinch area, the highest elevations, about 

1&775 feet, are on the limestone-capped hills in the south-central and 

souzhwestern parts of the area, and the lowest elevation, about 1, 450 

feet, is along the Llano River. Thsrei'ore, the maximum relief in this 

area is about 325 feet. 

The Homer y~tin Ranch area can be divided into six geomorphic 

types; (1) the high cliffs along the Llano River, (2) the cuestas in the 

northwest and central parts of the area, (3) the relatively flat low- 

lands of the north-central portion, (4) the relatively low, often rugged, 

rocky hills in the northeast and east portion, (5) a graben that forms a 

relatively narrow northeast-trending hill in the southeastern portion, 

and (6) the high hills in the southwest and central portions that are 

capped by Point Peak bioherms or San Saba limestone. 
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The first geomcrphic unit is the relatively high, "teep cliffs 

along the Llano giver in the northwest part of the area. The clii'fs are 

composed of Hickory sandstone and capped by Cap Yountain limestone, The 

maximum height of the cliffs is about 75 i'eet, 

Above thc cliffs, th" surface rises gradually in elevation to» 

ward the south in a stair-step arrangement of north or northwest facing 

cuestas formed by the Cap Younta1n limestone. 

Thc flat lowlands of the north-central portion of the area con 

sist of an alluvial flat~ a river terrace, and doeply weathered Bickcry 

sandstone. The eastern part o" this unit has been under cultivation in 

the past, 

The fourth unit~ located in the eastern portion of the thesis 

area, consists of relatively low, linear, northwest-trending hills of 

gneiss that are occasionally capped by basal Hickory sandstone. Vhere 

bedrock does not, crop out, the surface is often littered with quartz and 

feldspar fragments, 

An obsequent fault scarp separates the fou. +h unit from the 

fifth unit which is a down-faulted block of Cap Ywuntain limestone in 

contact with Precambrian gneiss, This graben forms a rather narrow, 

flat-topped~ northeast trendinf hill, 

In the southwest and central portions of the area, Paleozoic 

limsstones cap the high hills that form a relatively flat~ partially dis 

sected plateau that extends southward beyond the limits of the thesis 

area, As Cretaceous strata formerly covered much of the Llano uplift, it 

is possible that this plateau may be a remnant pr~retaceous erosion sur- 

face. 
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The river terrace in the nort'h-central portion of the thesis 

area ind1cates that the Llano River has been rejuvenated by uplift, 

possibly during Late Tertiary or Quaternary time Tne lowering of the 

ma)or stream has caused tributaries, such as Bast Creek, to incise their 

meandering channels, 

Though not supported conclusively by fi. sld . bservaticns, a 

stereoscop1c examination of aerial photographs mpgests that at one time 

the east fork of Best Creek continued northward to the Llano Riv r 

rather than m4inp 1ts present right angle turn to where it &oins the 

west fork in the north-central part of the thesis area Its present 

course mey be the result of stream piracy by the west fork of Bast Creek, 

DRAINAGE 

The Homer Martin Ranch area is drained by the Llano River and 

its tributaries, The western portion of the thesis area is drained by 

tributaries oi' Panther Creek~ the central portion by Bast Creek; and the 

eastern portion by minor tributaries of the Llano River and Beaver Croak. 

The streams in ths area are intermittent and form a dendritic pattern. 

The principal tributary of the Llano River within the thesis 

area~ Bast Creek~ heads in the high hills in the southwest and south- 

central portion of the area, ihc st' eam flows over Vpper Cambrian 

rocks northward to the Llano River. 



STRiTIGRKPHT 

GEHERKL STLTlNERT 

Roche eaposed in the Homer Martin Hanoh area are of Precambrian 

and Late Cambrian ages. klluvium snd stream conglomerate of Quaternary 

age are also exposed. 

The stratigraphic column for the Homer Martin Ranch area is 

as foUovst 

Alluvium and stream conglomerate 

Cambrian System 

Hilberns formation 
San Saba limestone ~ 
Point Penh shale amber 
Morgan Crash limestone ~ 
Welge sandstone member 

Riley formation 
Lion Mountain sandstone member 
Cap Mountain limestone mmaber 
Hickory sandstone ~ 

Igneous rocks 
Medium-grained granite 

Metamorphic roche 
Gneiss unit and sohist unit 

PRKCJNBHIJLH ROCKS 

Soth igneous and metamorphic Precambrian roche crop out in the 

Homer Nartin Bench area, These outcrops consist of granite, gneiss, and 

schist, 

Paige (1912, p, 25) regarded the Precambrian rocks of the Llano 

uplift as Algonquian (Proterosic) in age. Sellards, kdkiDsy and PI185ser 
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(1932~ p, 31) stated that the ustauorphic rocks are considered Precsjs 

brian rather than Canbrian because of the angular unconforsd. ty and tbe 

long tine interval between the deposition of these rooks and the depo- 

sition of the overlying Upper Gsnbrian rooks. The rocks were presuaed 

to be Proterosoio because of their degree of nstauorphisw Flawn (1956& 

pi 27) tabulated several radioactive age deteruinations of rocks in the 

Llano region and concluded that the batholithio granites have an age of 

1, 000 aillion years and are younger than the uetasedtwmtary rocks they 

intrude. 

Haicott (1884, p. 431) applied the caus Llano group to uetswor- 

phio rooks in the Llano region. Coastcck (1889) naued the Valley Spring 

gneiss and Packsaddle sohist as suMivieions of his precambrian Syntone. 

In 1912~ Paige redefined these two units and presented his interpretation 

of their origin. He stated that both were astsmorphosed sedinentary 

rocks and that the Valley Spring gneiss was the older of the two. He 

further stated that the Valley Spring gneiss probably contains saterial 

of igneous origini 

Sellards (1932, p. 32) defined the Valley Spring gneiss as a 

light colored gneiss consisting of feldspathio ainerals and quarts, and 

stated that the gneiss contains schist and grades into schist in such a 

aanner that separation of the two forsations is often difficult or ispos- 

siblei He further stated that the separation of the Valley Spring gneiss 

from the overlying Packsaddle schist is based on the nore massive char 

aoter of the gneiss and upon its greater content of falsie uaterials. 

ks defined by Sellards (1932~ p. 33) the Packsaddle schist 



includes an unmeasured thickness o metamorphosed shales, sandstones and 

limestones whioh have been intruded by ac1dic and basic igneous rocks. 

As redefined by Stenzel (1932, p. 143-14/+)p the Valley Spring 

gneiss is an orthogne1ss with concordant contacts intrusive in the Pack 

saddle schist, According to this interpretation, the Packsaddle schist 

is the older of the two and is the only metamorphic unit of sedimontary 

origin in the Llano region. 

A gneiss unit and a schist unit crop out in the thesis area. 

They were not mapped separately because of the limited exposures of the 

schist unit, 

Gneiss Unit 

Occurr c d relatio shi 

The gneiss unit crops out in the northeastern part of the area, 

the best exposures being along the Llano River. The southern boundary 

of the gne1ss outcrop is a fault that brings the gneiss in contact with 

Upper Cambrian strata. The gneiss also crops out in the southeastern 

portion of the area. Hore the gne1ss is deeply weathered, and a large 

portion of the area underlain by it 1s under cultivation. Basal Hickory 

sandstone unconformably overlies the unit at the western edge of its ex- 

posure. Although the contact of the Hickory sandstone with the gneiss is 

obscured by a soil cover in most localitlesy it can be traced with a fair 

degree of accuracy, 

Three types of gneiss are present 1n the thesis area& a fine- 

grained, pink gneiss, a dark gneiss, and an augen gneiss. The dark gneiss 

and the augen gneiss are concordantly interbanded with1n the pink gneiss, 





The contact of the gneiss with the granite contact is not ex- 

posed in the thesis area. However, the strike of the foliation in the 

gneiss is indicative of a discordant contact between the gneiss and 

granite, The granite is therefore intrusive into the gneiss snd is the 

younger of the two. 

The texture and the mineralogical composition of the pink 

gneiss are very sim1lar to parts of the Valley Spring gneiss, 

On the north bank of the Llano River, G, J. 'i'ilson (1957, 

p. 28) has described a transition sons between a gneiss unit and granite 

which are part of the same gneiss and granite exposed 1n tho Homer 

Martin Ranch area. H1lson appl1ed the term mifmatite to the rocks in 

the transition xone. The present writer could fins no evidence of a 

transit1on from gneiss to franite on the south side of the river in the 

Homer Martin Ranch area. Instead, the fact that the texture and mineral 

composition of the pink gneiss within 50 feet of the granite appears to 

be the same as 1n exposures of the gneiss 0. 5 of a mile from the granite 

suggests that the contact 1s probably sharp. Therefore, there appears 

to be differences in the nature of tho contact at different places. 

c d seri t on d relatio sh1 . The gneiss is mas- 

sive and the foliation is not well developed. It 1s usually p1nk on a 

fresh surface and weathers to a rusty brown, Minerals identified in 

hand specimens are pink feldspar, quarts, and biot1te. The rock 1s 

equigranulcr, and the average grain siss is generally less than I am, 

W5. th the exception of exposures along the Llano River, the 

gneiss is deeply weathered, outcrops being limited to isolated boulders 

or smell knobs on hilltops and to small exposuros in gu11ies. 
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c de r tio . A thin section cut perpendicular to 

the plans of foliati. on was prepared from a specimen collected on the 

bank of the Llano River, 0, 6 of a mile dovnstream from the Sinenville 

Road crossing. 

The gneiss consists mainly of microoline, quartz, plagioclase 

(oligoclase), orthoclase, snd biotite. Chlorite, muscovite, magnetite, 

zircon, and apatite are present in lesser amounts, 

The predominant feldspar is microcline, followed by plagio- 

clase and orthoclase. The anhedral microcline grains range from 0. 45 

na. , to 0. 90 mm. in diameter. The mineral vas easily identified by the 

"quadrille" pattern formed by albite and pericline twinning. 

Anhedrsl quartz is the second most abundant mineral present. 

The quartz grains averaged 0. 30 mm, in diameter, bnt much smaller grains 

occurred as inclusions in feldspar. A positive uniaxial interference 

figure, a lov interference color, and an index of refraction greater 

than balsam served to identify quarts, 

The anhedral to subhedral plagioclase grains vere identified 

as calcic oligoclase by a smximum extinction angle of 12 degrees on an 

albite twin and an index of refraction greater than balsam. The grain 

size of the oligoclass varied considerably, the long dimension being 

0. 075 mm. to 1 mm, 

M5nor amounts of orthoclase are present in anhedral grains 

averaging 0. 75 mm, in length. A lov first order interference color, 

carlsbcd twinning, and an index of refraction below balsam were the 

main properties used to identify it. 
Anhedrsl grains of brownish- to pale-preen biotite showing 
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good cleavage in one direction were relatively abundant. Absorption was 

greatest parallel to the cleavage~ and extinction was parallel to the 

cleavage. 

The close association of chlorite and biotite suggests that 

the chlorite may be an alteration product of biotite 

The only opaque mineral present was magnetite. The black 

magnetite grains show little or no alt;. ration and have an average di- 

ameter of C. 13 mm. 

Scattered grains showing interference colors as great as the 

second orderz parallel extinction, a change in rsliei' when rotated, and 

having the slower ray parallel to the cleavage were identified as mus- 

covite. 

Several small subhedral grains of apatite and zircon wore 

found as inclusions, usually in quartz, 

It is estimated that the gneiss is composed of 40 percent 

feldspar, 35 percent quartz, 15 percent biotite, 4 percent chlorite~ 

2 percent muscovite, 2 percent magnetite, 1 percent zircon, and 1 per- 

cent apatite. 

~Der ~~i 
c ic desc tion d rel tionshi , Scattered exposures 

of the dark gneiss occur along the Llano River near the contact of' the 

gneiss with the granite, This gneiss occurs in bands up to three feet 

thick within the pink gneiss. 

On a fresh surface, the rock is black with light colored 

specks. The dark colored minerals weather more easily than the lighter 

colored minerals so that a weathered surface is prey of various shades. 



The foliation is so highly developed that the rock is slightly schistose 

in places. 

The only minerals identifiable in hand specimens are biotite, 

grey feldspar, and quartz. 

1 co ic escri t o . k thin section out perpendicular to 

the foliation planes was prepared from a specimen collected on the south 

bank of the Llano Hiver~ 0. 6 of a mile downstream from the Simonville 

Hoed crossing~ 

The most abundant minerals found in thin section aro plag1o- 

clase (andesine), biotite, quartz, and hornblende. Lesser amounts of 

chlorite, apatite, magnet1te, zircon, and microcline are also present. 

The plagioclase was identified as andesine because a maximum 

extinction angle of l'! degrees was measured on an albite twin and an 1n- 

dex of refraction greater than balsam was observed, Yiany of the grains 

exh1bited undulatory ext1nction as a result oi hav1ng been bent. The 

grain size averaged 0. 65 mm, 

Biotite grains showing a marked alignment were abundant. Y~ 
of the grains contained inclusions of zircon surrounded by pleochroic 

halos, 

Quartz was not as abundant in thin section as it appeared to 

be megascopicallv. Its average grain size was 0. 45 jmz, 

Hornblende, wh1ch was pleochroic in dark preen, light preen, 

and greenish brown, was fairly common. The characteristic amphibole 

cleavage and symmetrical extinct1on shown in basal sections, inclined 

extinction in longitudinal sections, and place&roism were the main cri- 

teria used to identify this mineral. 
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Chlorite occurs as an alteration product of hornblende. 

Subhedral to euhedral grains of apatite usually occur as in 

clusions in quartz. The average grain size was 0, 2 mm. ; however, longi- 

tudinal sections were measured up to 1, 5 mm, in length. 

Subhedral grains of petite are the only opacue ~ins pre- 

sent+ 

The estimated mineral composition is 37 percent andcsine, 28 

percent biotite~ 13 percent quartz~ 10 percent hornblende, 5 percent 

chlorite~ 3 percent apatite~ 3 percent magnetite, 1 percent zircon, and 

less than 1 percent microcline. 

~ugee~eis 

ie c c de c tio d r atio shi, Outcrops of the 

augen gneiss occur within the pink gnoiss. Because of its suscepti- 

bility to weathering, this gneiss can be traced onlv short distances 

laterally from the bed of the Llano River, whore semi-fresh exposures 

have been maintained by running water, 

The contact between the pink gneiss and the augen gneiss 

appears to be concordant and sharp. 

Negascopically, the augen appear to be pink feldspar~ how- 

ever, color variations in some of them suggest that they may be composed 

of more than one mineral. The long dimension of the augen is as great 

as 5 m04 

Quartz and biotite appear to be present in equal amounts. 

On fresh surfaces, the gneiss is black with pink spots. The 

biotite weathers more readily than the augen so that the rock is grey 

to ligh+~pink on weathered surfaces, 



c =c c deccri tion. A thorn section cut perpendicular to 

the foliation was prepared from a specimen collected O. E, of a mile down- 

stream from the Simonville Road crossing, 

The chief minerals found in thin section are plagioclase, 

biotite, microclino, and quartz, along with lesser amounts oi' orthoclase (2)$ 

chlorite~ apatite, zircon~ magnetite, pyr1te, and hematite. 

The very fc1nt albito . winning 1n the plagioclase grains pre- 

vented classification of the feldspar, but it is probably albite or 

oligoclase. 

Tlongate grains of biotite showed a marked alignment with the 

foliation in thin section. Zircon grains surrounded by pleo chroic halos 

were noted in several biotite gra1ns. 

As noted previously, the augen appear to be pink eldspar with 

well de ined outl1nes in hand specimens In thin section the augen 

appear to be anhedral microcline grains up to 3 mm. in diameter surround- 

ed by much smaller gra1ns of m1crocline, myrmekitic intergrowths of quartz 

and orthoclase (?), snd quartz. The exact composition of the augen can- 

not be determined because oi' their poorly defined outlines. Twinning in 

the large microcline grains is very irregular~ whereas twinning in ths 

small grains 1'orms the characteristic "quadrille" pattern. 

Nyrmekitic intergrowths of quartz and orthoclase (?) were fa1r- 

ly common. Quartz was also found in anhedral grains averaging l mm. in 

diameter. 

Chlorite is present as an alteration product of biotite. 

Subhedral to euhedral apatite grains are present usually as 

inclusions in quartz, 



A few grains of pyrite surnnmded or partially surrounded by 

hematite are present The pyrite is opaquex bas a dark brass colors and 

shows a f'aint suggestion of crystal form, The hematite apparently formed 

by alteration of pyrite. 

Tbe estimated mineral composition is plagiocalse 30 percent, 

biotite 22 percent, microcline 20 percents quarts 12 percent, orthoolase 

5 percent, chlorite 4 percents apatite 2 percent, sircon 2 peroant, 

magnetite 2 percents and pyrite and besatite 1 percent 

llong the Xeno Rkver~ the gneiss forms fhirly steep cliffs 

that extend up to 40 feet above the river, This type of topography 

obanges southward fma the river to rather low, linear hills or is 

gently roiling, In the area of low bills, the gneiss bas weathered to 

a light red, sandy soil covered with scattered quarts and feldspar 

fAgawts. In the southeast portion of the thesis area, the gneiss 

forms a flat area that is under cultivation, 

Vegetation on hill tops is usually sparse, mesquite being the 

dominant form The vegetation on gentle slopes and lew-lying areas is 

more ahmdant, with mesquite, catsolaw, and shin oak predoxdnatlng 

Schist Unit 

Exposures of the sobist are very limited in areal extent, and 

for this reason it was not ~ as a separate unit However, well de- 

fined outorops are indicated on tbe accompanying geologic map, 

The schist is fairly well exposed along the banks of the Llano 

River and in a creek bed in the extreme southeast portion of the thesis area, 
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The schist was neer observed in contact v1th granite, but at most ex- 

posures 1t grades into gneiss both along the strike and perpendicular 

to it This together with its limited areal extent makes the schist 

dii'ficult to separate from the gneiss, 

c c d r t 
Tvo schist types are present in the thesis area: a biotite 

schist and an apparent hornblende schist. 

The biotite sch1st has a poorly developed schistosity and is 

friable probably as a result of being badly veatherod. Biotite and 

milky quarts are the only minerals identifiable in hand specimens. 

The hornblende schist is greenish-blacks very tough, and shows 

a well developed schistosity. Th1s schist is rather fine-grained, thus 

making identif1cation of the constituent minerals difficult. The pr1n- 

cipal dark mineral appears to be hornblende, Streaks of lighter colored 

minerals parallel the dark bands, but could not be 1dentified, 

c d r 

Thin sections of the schists were not prepared. Fuller (1957) 

4m examined and described schists that are megascopically similar to 

those in this thesis area. The schists described by Fuller occur about 

5 ' 5 miles northeast from the schists in the northeast port of the Homer 

Martin Ranch area. The 1'ollowing microsoopic description of a horn- 

blende schist is taken from FuU. er (1957, p. 33). 

Tvo thin sect1ons cut at right angles to the foliation vere pre- 

pared from samples collected several hundred fest apart. Fuller found 

that the minerals in both sections vere the same, but that the sections 

differed in gra1n siss and fabric. One thin section had a mosaic fab- 

ric with nearly equidimens1onal grains. Contacts between ad]scent grains 



were sharp and straight, the average ~in diameter being 0. 15 mm. The 

other th1n section vas inequigranular, with the average grain size being 

about C, 3C mm. The grains in this section vere more elongated and 

allowed in the direction of' elongation. 

The minerals 1'ound in thin section were (in order of' de- 

creasing abundance) hornblende, quartzp olthoclasep magnetite, plagioclase 

(andesine)~ apatite, zircon, sphene, and albite (V). Sornblende com- 

prised about 50 percent of' the schist. The schist was thus classified 

as a hornblende schist, Puller r id not examine the biotite scvist, but 

it is believed to be somewhat, similar except for the presence of biotite 

and a decreased amount of hornblende. 

0 0 and vg etati 

The type of topography~ soil~ or vegetation developed on the 

schist unit was nct observed because of the limited extent of exposures. 

~1'3 k 

General Statement 

Precambrian rocks of sedimentary origin in the Llano reg1on 

have been intruded by granite at several localities. The intrusions 

vary in age but arc all desi, p!ated as Precambr1an, 

Stenzel (1932, p, 143-ll+I, ) stated that the gran ites are i. n- 

trusive into gneiss and schists and proposed a subdivision and age 

relationship on a structural and lithologic basis. His subdivision is 

as follovs (oldest at the bottom)~ 

l. Quarts-porphyry and felsite 

2. Sixmile fine-grained grauites 

3, Oatman Greek grey, medium grained granites 

4. , Town Mountain coarse-grained granites 
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The orly igneous rock cropping ou. in the Homer Martin Ranch 

area is a medium-grained granite. The texture and mineral composition 

are similar to that nf Town MounfMn granites, 

Medi~rained Granite 

ec r to h 

The medium-grained granite is exposed at one locality in the 

bed of the Llano River in the northeastern part of the thesis area. The 

granite crops out as a steep-sidod mass about ter. feet high and as low 

rounded knobs (Plate III). 
The contact of the Hickory sands'one and the granite is ob- 

scured by alluvium at some localities. Immediately south of the river, 

the granite forms a hill capped by basal Hickory sandstono. Large 

angular blocks of iii, ckory sandstono are slumped so that the contact 

w1th the granite is concealed. Just east of the Homer Mart1n 1'ishing 

cabin~ the contact of Hickory sandstone with . ho granite is oxposed in 

the east bank of an intermittent stream, At «his locality~ the granite 

surface 1s very irregular and deeply weathered. It is possible that the 

'iickory sandstone was deposited n this irregular weathered surface with- 

out removal of or reworking of the weathered material. However, the 

arkosic nature of the basal part of the sandstone suggests that the 

weathered material on the Precambrian surface was at least partially re- 

worked. Accord1ng to Voolcey (1958, p. 34), the weathered surface on 

the granite could also be the result of meteoric waters descending through 

the H1ckory sandstone and accumulating on the granite. 

M c descri t o 

'lhe rock is a phaneritic~ equlgranular~ medium-grained~ pink 

granite. The minerals recognizable in hand specimens are pink 1'eldspar, 
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colorloss to cloudy quartz, and ? lock biotito. Cn a . !rosh surface the 

granite is pink with black specks and weathers to a grey or whitish- 

pink. "iotite is usually not vis1blc on weathered surfaces. 

At one locality, intersecting vertical Joints were noted 1n 

the g~nite. One set of „"o1nts strikes ", &. 55 i'. and the other !!. 55 E. 

& crosco c descri . tion 

The essentia' minerals aro microcline, quartz, plafioclase, 

and biotite, Accessory minerals are magnetite, apatite~ zircon, mus- 

covite, so-'elite (T), end calcito. 

. dicroclino is the most a?undant feldspar present. The anhedral 

grains range from lees t?. an l mm. to 7 nun. in diameter, the average being 

2 ~ 5 IJR~ 

4+artz occurs ir. anhedral grains ranging from O. g mm. tc 8 mm. 

across. Wtinctior on most grains is sharp. 

The plagioclase was idcntif'ied as olipoclase by s. maximum 

extinction angle of l. degrees on an albito twin cnd an index of re- 

fraction greater than balsam. A combination of albito cnd carlsb". d 

twinning was noted on a few grains. 

Piotite grains arc c. &nsi ~ . rably alt red !o c?&lorits. -orna of 

the grains mensureo. 2 v . -. r:Ilel to the cleavage, 

?iost of the magnetite, apatite, and zircon occurred ss in- 

clusions in quarts or feldspar. 

A 1'ew isctropic, anhedral grains showing hi&?h rolief and an 

index of refraction below cuartz were noted. The optical properties 

suggest that the grains belong to the sodalite group. E&icrochemical 

tests would be required to positively identify them. 



30 

A fev small irregularly shaped cele' te grains vith high biro- 

fringcnce vere noted. 

The estimated mineral composition i: micr. ~elise 45 percentj 

cuartz 3C porcent, oligoclase 1C percent, bio ite 1C perce~tf mapTletltef 

sircon, and at!atlte 2 p. rcent, muscovite 1 po~ centg Gnd 'Idsltto Et 

and calcite 1 percent. 

T h vo etntio 

The Cranite exposure cov . rs such a small area that no obser- 

vations could be made concerninf the topography or vefetction. 

Aplite and Eefmatite Dikes 

Alonf the Llano niver~ the granite and gneiss have been cut by 

numerous pegmatite and splits dil. es and quartz veins (Elate IV' . T?o 

pegmatite dikes are composed of large, pink to red f'eldspar ~ins, 
milky quartz, and cn occasional flake o" biotito. . 'e aplito dikes 

appear to bo covresed prodominsntly of ouartz and feldspar. 

"he dikes snd vetnc cre ronerally moro resirtant ttsn the 

E neiss, Tho feldspar and quart, z frarments that littor veathored sur- 

faces underlain by gneiss vore dorivcd Prom these dikes cnd veins. 

o the Cne ssc -'-'ch s~ts a~d Cranite 

Tbo follovin~ i'ield rolationships and petr Crept ic criteria 

must b«considered in determine the oriEdn of the cnoisscs, scE~istsf ani 

Etrsni to: 

(1) The texture and mineral composition of tho pink meiss in o:posuros 

vithin 5C feet of the, ~ni1, o of@~mr to bo thc come as in ex~ osures 6 ~ 5 

oi' a milo from the Cranite. 
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(2) The gneisses may have formed by soaking of granitic magma from the 

granite bathol1th partially exposed in this thesis area into sediments 

or rogionally metamorphosed sediments, 

(3) The gneisses may have forr ed by soaking of a granitic magma from a 

batholith older than any of the presently known Precambrian granite 

masses &to sediments or regionally metamorphosed sediments. 

(4) The gneisses and schists were formed by regional metmorphism of 

sedimentary rocks. 

Possible explanations for the origin of the granite are& 

(I) It may have fox~ by granitization in the solid state of pre- 

existing rocks, 

(2) It could have crystallized from an intrusive magma. 

The facts that the mineral composition of the pink gneiss is 

similar to that of the granite and that the schist grades into gneiss 

suggest that t' he gneisses~ schistz, and granite may have formed by 

granitizations 1n the solid state, of pre-ex1st1ng rocks, Granitization, 

as used heres means the recrystallization in the solid state of pre- 

existing rocks accompanied by solutions or gases from a magma so that 

they have the texture and mineral compocit1on of a granite. The granite 

may represent that portion of the original body of rocks in which re- 

crystallization has gone to completion, and the gneisses and schists may 

represent those portions where recrystallisation has been less complete. 

although the above evidence suggests granitization, the following evi- 

dence indicates that the gneisses~ schistsy and granite were not formed 

by granitizationc (I) the uniform texture and mineral composition of the 

p1nk gneiss with no apparent transition to granite, and (2) the apparent 
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where there is a transition "roar Cneiss ti. Crr ~its, but tbst ". cl. c proc- 

ess could have orrrsd the entire Unsiss unit, r ader discussior. d, es not 

seem probable because of the apparent absence of a transition zone on 

the '. lomer . "artin l'surclr sids of the river, 

ihe writer believes that the gneiss& a and sebi"ts wem possibly 

formed by refional metamorphism of a sec;uenco of shalss and candy shcles 

tLat mijnt have included interbeddod massive r rkosos, Thc fnoisses and 

schists vere intruded by ths ravnite after regional motarr~r, hiss and 

were bvt little chan, ;ed by the intrusive hcdy. Zt is;. ossihle that the 

original rocks may have been affected by mr~ or faces or solutions 

from an unexposed, -recite body other than ths ono now exposed in the 

thesis area, The p1nk gneiss was possibly derived from a massively 

bedded arkose. 'ihe presoncs of hornblende in the rlark fnoiss suing eats 

that the latter may have been derived from a calcareous shale. The 

aufon in the auUen fnsiss may be metacrysts resultinf from this same 

rofional metamorphism, and msy not be directly re3ntod to the granite, 

Tho writer has offered the above theories with full reaiisation 

that nono will fully explain the orifin of' the rocks mentioned. A more 

detailed potroCraphic study of a lorfor area vould bs ron. ired to ox- 

l loin the denosis of tire r neioses arrd schists present in the thesis 

area Uuch a study is beyond the "cope c f this rocxrch. 

CA, I Ir" r. 

Sedimentary strata exposed 1n the Homer . "artin conch area be- 

long to the Upper Cambrian Series. The '51ey formation, composed chiefly 

of sandstone and limestone, rests unconforrrrably on an irregular ?recambrian 
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' 1th the exception of the steep cliffs along the Llano Fiver 

and an outlier in the northeast portion o" the area, the Hickory momber 

normally forms low lyinp, areas, 

Bee-brush and various Crosses are t&e I rodorinant voI station 

on those parts o" the Fickory member that ha. :. o not been cleared f' or 

oultivation. : esnuito» several typos of oak» . ':mrican persimmon, and 

prickly pear» also Frow on soils dorived from t!. , e!"ickory mndstone, 

Cap I:ountain Limostone I'ember 

i3o i it r. hi es 

Tho Cap Yountain formation was named by Paii e (inly» F 45) 

for mpooures at Cap Idountain in Llano County. Zt has subsoquently been 

redefined by Cloud» names» and I'ridI-o (lo45, F ~ 154) as the middle mem- 

ber of tho Riley formation, 

PridI 8» Farnos» and C loud ( 194?» p. 113 ~ roper tod that the 

thickness of tho Cap 'Yountain limestone member ran» es from 135 to 445 

f'eet thick, cverapinC about 2HC feet. They attributed t!e variation in 

thickness to lateral Frada'ion o' the lower beds to sandstone. The 

writer estimates the thickness of t! e member in tho thesis aron to bo 

alii htly above t!. e avora'e . "or t!', e refion 

1 ro 0 

T!. e contact between t!;o Cap '. Iountain limest=no memb r and the 

underlyinf, »Iickory sandstone member is Fradational and is, "roouently 

difficult to locate. . ho chanfe in slope and voi otational chan;e re 

ported by PridFe» Fines» and Cloud (1/4?» p. 113) at the contact, is 

apparent or aorial photoi~phs of tho thesis area and was used 'oy the 



present writer, However, this boundary normally does not coincide with 

the top of a noncalcareous sandstone zone as reported by Br1dge, Barnes, 

and Cloud, At most localities, the present wr1ter placed the contact at 

the first resistant, calcareous sandstone ledge above the dusky red soil 

that 1s characteristic of the upper part of the H1ckory sandstone. This 

contact is marked by the previously mentioned change in vegetation and 

change in slope, Crowths of bee-brush which are characteristic of the 

Hickory memb:r terminate rather abruptly near the resistant sandstone 

ledge marking the contact, 

The basal portion of the Cap Wountain limestone member consists 

of a fsw dark-red» calcareous, thin sandstone beds interbedded with silty, 

calcareous, pinkish yellow, somewhat fr1able, fine-grained sandstone 

beds that weather to a grey-brown. These beds change gradually upward 

to a harder, thicker-bedded, silty limestone. The silty sandstone is 

medium grained, tan to grey, and forms resistant ledges. Some of the 

limestone contains recognizable trilobite and brachiopod remains. Hear 

the middle of the member~ the limestone is glauconitic and occurs in beds 

about one foot thick, Just below the first occurrence oi' glaucon1te, the 

limestone contains small yellow-brown specks that appear to be 11monite. 

The upper part of the member consists of f1ne- to medium- 

grained, glauconitic, light grey limestone that occurs 1n beds up to 

three feet thick. On dip slopes, this part of the member generally 

occurs in rather large~ rectangular slabs. On weathered surfacesf these 

limestone slabs exhibit a mottled yellow and grey, honey-combed surface, 

Some of the limestone beds are "hashy" and appear to be of detrital origin. 

Shale layers up to ten inches thick also occur in this part of the member, 
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'. mccoiv"» bcdidod rand"tone lens occur in tho mi'idle of the 

Cop Mountain n~bent one locali+5 {Plato VJ). Tho snndstc ne is white 

to light yellow~ fine rained, nongmuconitic~ and essentially noncal- 

oareous, Tho unit attains an estimated maximum thickness of 15 feet. 

The sandstone grades both vertically end L". terai~~ into limestone, Ammer 

(1959)~ Bryant (1959)~ and Cou, bran (195o) have also reported the occur- 

rence of s;mdstone m tho Cap Mountain limestone This sandstone bed 

has considorablo lateral extent in thc ares. mapped by Brycnt. 

d vo tatic 

Tho Cap Mountain limestone member ic fcirly resistant to 

weathering end is a prominent ridge former in the thesis area. The mem- 

ber i'orms cuestas that partially surround tho high &ills in the central 

portion of the area, 

Vegetation on +ho dip lopos is ;onorally sparse, with various 

Brasses nnd mosquito being tho neet abundant. On scarp slopes, "exican 

persimmon and mesquite predominate and minor . "muntc of Hpcnish dagger~ 

primly pear, cnd catsclaw are also present. 

Lion Mountain Sandstone Member 

The Lion Mountain sandstone was originally named and defined 

by Bridge (1937, p. 235) as the upper member of the Cap Mountain forma- 

tion, Later~ Cloud~ Barnes~ and Bridge (1945~ p, 154) redefined the 

Cap Mountain limestone as " member of the Riley formation and retained 

the name Lion Mountcin sandstone as the mp member of the Riley forms 

tion. According to Bridge, Barnes, and Cloud (1947, p. 114), the Lion 

Mountain sandstone is BO feet thick in the tyZ, e locality at Lion Mountain 





in the Burnet quadrangle. In the nearby Schep Panther Creek area, Bryant 

(1958) measured 51. 5 feet of Lion Mountain sandstone, cnorth of the thesis 

area in the Grossville School area, Fuller (1957) reported a measured 

thickness of 64. 2 feet for the member. The present writer measured A8, 9 

feet of Lion Mountain sandstone (Appendix) ~ 

ith lo and relatio shi s 

The contact between the underlying Cap Mountain limestone and 

the Lion Mountain sandstone is transitional and in places is difficult 

to locate because of the lack of exposures. The writer preferred to 

place the boundary above the last outcrop oi' Cap Mountain limestone and 

below a somewhat sparsely vegetated bench that is usually easily iden- 

tified on aerial photographs. At one locality, where the transition 

sons was fairly well exposed, the boundary was placed at the base of the 

first glauconitic sandstone, 

The lower portion of the Lion Mountain sandstone consists of 

alternating layers of sandstone, limestone~ and siltstone. The sand- 

stone is greenish brown, thin bedded, fine to medium grained, calcar- 

eous' glauconitic~ and weathers to a grey brown. The siltstone occurs 

in beds $ inch to 1$ inches thick. The limestones are medium grained, 

thin bedded, glauconitic~ and contain some fossil fragments. 

4%1te to light purple~ glauconitic limestone lenses composed 

of "trilobite hash" appear near the middle of the member. The "trilobite 

hash" consists mcirly of fragments of trilobites. The siltstone content 

decreases and the sandstone becomes less consolidated and more glaucon- 

itic upward in the section. 

A three foot section of dark-green to purple sand which appears 

to be nearly 50 percent glauconite occurs near the top of the member. 



Numerous hematite nodules~ wh1ch are characteristically found littsr1ng 

the slopes topographically below the sand bed, can also be found in this 

bed. The hematite nodules range in color from dark green through maroon 

to blacks It is generally believed that the hematite nodules form by 

the alteration of glauconite as they msy be found in different stages of 

alteration from glauconite to hematite. This glauconite-rich sand grades 

into a slightlp glauconitic, brown, friable sandstone )ust below thc 

contact with the Relge sandstone member. 

The hematite nodules~ fragments of trilob1te hash~ and a red 

soil serve as an aid in ident1fying the Lion Kountain sandstone member, 

The red soil could be confused ~ ith that developed on the Hickory sand- 

stone~ but the difference in vegetation growing on the two members would 

help to differentiate them. 

d ve etatio 

The Lion Ymuntain sandstone forms a gently sloping bench of 

varying width at thc base of the high hills in the southwest and south- 

central portion of the thesis area. 

Scrub oak and scattered mesquite are the most characteristic 

1'orms found existing on soils derived from the Lion Yiountain sandstone 

member, 

Vilbe s Zormati 

Definition snd Thickness 

The 'gilbcrns formation was named by Paige (1912, p. 46) from 

exposures at Wilberns Glen in Llano County. Paige placed the lower bound- 

ary at the top of the present Li. on Ãountain sandstone member. The formation 
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as now recognised, was redefined by Cloud~ Barnes~ and Bridge (1945' 

p. 150) to include sll Upper Cambrian strata above the Riley formation. 

The Wilberns formation ranges from 540 to 610 feet thick and 

averages about 360 feet thick according to Bridge, Barnes, and Cloud 

(1947, p. 114) ~ An entire thickness of the formation is not present in 

the thesis area, as only the basal portion of the uppermost member is 

present. 

Welge Sandstone Nember 

f iti d thickness 

Barnes (1944, p. 37) named the Welge sandstone member as the 

basal member of the Wilberns formation but did not describe the member. 

The first description of the member was given by Bridge, Barnes, and 

Cloud (1947~ p, 114. ). The type locality is in the Welge land survey 

between Threadgill and Squaw Creeks in Gillespie County. 

The Welge sandstone is 27 feet thick at tho type locality and 

averages 18 feet throughout the Llano region. A thickness of 17 feet was 

measured in the Homer Nartin Ranch area. Bryant (1958) measured a 

thickness of 19, 8 feet in the Schep-Panther Creek area and Fuller (1957) 

measured a thickness of 18. 2 i'eet in the Grossville School area. 

th d relati nshi 

The contact between the Welge sandstone member of the Wilberns 

formation and the underlying Lion Nountain sandstone member of the Riley 

formation is marked by a sharp change from a medium- to coarse-grained, 

glauconitic sandstone to a medium-grained, nonglauconitic sandstone. 

Evidence that the contact between the two members is unconformable is 

generally lacking in the thesis area. However~ Woolsey (1958~ p. 55) 





reported, . thin bed o . one o" poorly sorted, glauc~nit5. c, calcareous 

sandstone at the base of the ', ~'elgs member which may be reworked Lion 

Mountain sandstone. Also~ at some localitios within the Llano region 

the upper portion of the Lion Mountain memb. r wa . exposed long enough 

to allow oxidation of it= uppermo t few 1nchos. There is no doubt that 

the beige sandstone overlies the Lion Mounta1n disconformably. 

The '~'elge member 1s an excellent str tigraph1c marker in the 

thesis arcm, The upper and. lower boundaries are normally well defined 

both in the field and on aerial photographs. On aerial photographs, ths 

member is e sily identified by a thin Land of dense vegetation. 

The member consists o=' thick- to massively-bedded, medium 

f ained p essentially nonce 1 ccrecus cnd nonglauconit 1 c sands tone. The 

sand grains are rather well rounded and well sorted~ and many of the 

quartz grains show recomposed crystal faces that gli. tter in sunlight. 

The lower part oi' the member is yellow to light tan and weathers to a 

grey or bui'f. 'lhe upper part of the member is reddish brown and some- 

what f'erruginous. 

h a d ve c tion 

The k?elge sandstone member forms a prominent ledge that can be 

traced for long distances above the gently sloping bench of the L1on 

Mountain sandstone. In some parts oi' the Llano region~ the &'elge mem 

ber does not form ledges. 'Ibis difference in topographic expression 

may be due to variations in cementation. 

Scrub oak and Msx1can persimmon are the predominant types of 

vegetation which form the narrow, dark band seen on aerial photosraphs. 
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Morgan Creek Idmestone Member 

The Morgan Creek limestone member was named by Bridge (Bridge» 

Barnes, and Cloud» 1947» p. 114) from exposures along Morgan Cree& in 

Burnet County, At tho typo locality» the member is 110 feet thick and 

it, averages 120 feet th1ck throughout the Llano region. It is 123 1'eet 

thick in tho Homer Martin Ranch area. In the Schep-Panther Creek area, 

Br7~nt (195S» p, 31) reported a thickness of 126 feet for the Morgan 

Creek 11mestone. 

L lo d rclati shi s 

The Morgen Creek lime. , tons member 1s well c; posed in ths thesis 

c-ea. Most exposures are on the sides of the high hills in the south- 

western and central part of the area and in entrants cut by stream 

erosion. 

The transitional contact between the Morpan Creek limestone 

and tho underlying Beige sandstone can be located with1n narrow 17m1+s ~ 

The present wrt ter placed the contact at the gradation from brown, non- 

calcareous sandstone to brown1sh-purple arenaceous 11mestonc. A change 

in slope normally occurs at this mone. 

Above the basal arenaceous beds, there is a gradational change 

to a greyish-purple to light-grey» glaucon1tic» limonitic, fine- to 

medium-„"rained limestone in beds 0 ' 5 to 2 fest thick. Some of' the beds 

contain numerous fos 11 fragments, mostly brac?iopods» which give some 

of the beds a "hashy" appearance. glauconite is abundant in some beds 

and scs. rcs in others, Hoar the middle of the member marly, shaly» or 

glauconite sand beds alternate with the limestone. Some of the shaly 
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interbeds . ro co thi. ;:h-. t they Lro cnl„" p rt;n„, . b. tween tho li:;. estone 

beis, 7. is psr, o t:, e meslbcr weath rs easily and usually orms a 

gently sloping bench tha'' can be . :ecn nn, . ariel photographs. 

The upper part of the menbor co ~ci:tc chiefly of Ii ccstone and 

minor amounts of siltstone '7 e limestone is blue-grey to light grey~ 

med'um grained~ mediu. 'wbedded, occasionally silty~ flauconitic and 

weathers to a 5-rk grey. Tho siltstone is grey or greyish-green, 

glauconltic and thin bedded' 

At a fow ~calities at a po-1tion approximately 5C feet above 

the base o " the secti. n, the writer found fragmentar~ brachiopods be- 

11 K by hi. . t 5 ~th ~t;, Thk gl lory 4" t 

60 eet above tho b=se of' the member throughout the Llano region, 

Fossil cystoid columnals were noted in limo. , tone about 60 feet 

a'cove the base of the member at several localf ties, The limestone con- 

tain1ng the cystoid columnals commonly occurs about 5 to 10 feet above 

the ~o~th ~tex sone. 

A zone of small stramatolitic bioherms occurs approximately 10 

feet below the top of the member, The bioherms are composed of blue- 

prey, sublithographic 11mestone that breaks with s. subconchoidal fracture. 

The individual bioherm is roughly ellipsoidal and ranges from 3 to 8 

inches in diameter. The sons 1s about 4 feet thick and is discontinuous 

laterally. 

ve tati 

The organ Creek limestone f'orms a rather gentle slope in the 

hilly southwestern and central portion oz the thesis area. In most 

localities there are changes ir slope neer the base, middle, and top 
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of the unit. Many of the resistant limestone beds form ledges that can 

be traced easily. 

The basal sandy limestones support growths of turkey pear, 

scrub oak~ Mexican persimmon, and catsclaw. Mexican persimmon and scrub 

oak are predominant on the remainder of the section. 

Point Peak Shale Member 

Bridge (Bridge, Barnes~ and Cloud, 1947) named the Point Peak 

shale from exposures near Lone Grove in Llano County. It is 270 feet 

thick at the type locality and averages 160 feet throughout the Llano 

region. The Point Peak shale is 147 feet thick in the Homer Martin 

Bauch area. The measured section (Appendix) includes 22 feet of 

stromatolitic bioherms which are mapped as a separate unit. 

d r t i 
The underlying Morgan Creek limestone member is transitional 

into the Point Peak shale member, and the contact is sometimes arbi- 

trarily chosen. The present writer placed the contact at the first 

appearance of a thick shale or siltstone sequence that normally occur 

about 10 feet above the "baby" bioherms in the top of the Morgdn Creek 

limestone. This boundary closely coincides with a change in vegetation 

and change in slope which is apparent on aerial photographs, 

The Point Peak member consists of Greenish grey to light pur- 

ple~ calcareous shale interbedded with lesser amounts of white to grey~ 

glauconitic~ calcareous siltstones, fine- to medium-grained, thin- to 

medium-bedded~ olive-Grey limestone, and six to 12 inch beds of intra- 

formational conglomerate. 



Because of Iack of resistance to weathering, the shales and 

siltstonss normally alter to caliche. Good exposures of shale and silt- 

stone are limited to gullies where running water has maintained a semi- 

fresh surface. 

Tile limestone occurs as resistant ledges and as thin stringers 

and lenses interbedded with shale and siltstone 

The intrai'ormational conglomerates consist of grey~ yellow, 

and tan~ flat limestone fragments in a fine-grained limestone matrix, 

In some of the conglomerates, the pebbles are arranged nearly parallel 

to the bedding, while in others the pebbles are oriented at varying 

angles to bedding planes, forming edgewise conglomerates, 

Near the middle of the member, a i'airly continuous zone of 

stromatolitic bioherms occurs. Individual bioherms range up to 3 feet 

in diameter, and the zone is 5 to 7 feet thick. At one locality, the 

base of several individual bioherms was imbedded in an intraformational 

conglomerate. In other places, the bioherms are surrounded by thin- 

bedded limestone, 

Syzznetrical ripple marks in limestone in the upper part of the 

Point Peak shale were noted on one locality (Plate VIII~ Figure 1) ~ The 

ripple marks strike in a northwest direction and measure 10 inches from 

crest to crest. At the same locality but 5 feet strstigraphically below 

the above mentioned ripple marks~ small ripple marks were also noted in 

limestone. They had a g eneral northeast trend and measured 2 to 3 inches 

from crest to crest, 

Also at the above locality, chevron-type folds were noted in 

limestone strinfers in shale (Plate VIII). These sharp crested folds are 

probably due to differential compaction in the enclosing shales. 







The bioherm xone at the top of the Point Peak shale was map 

ned as a separate unit, but is considered to be part o the Point Peak 

shale member by the writer, The unit ranges from about 20 to 40 feet 

thick. Individual bioherms range up to 25 feet in diameter and some 

times coalesce to form biostromes. The bioherms are composed of grey, 

sublithographic limestone and exhibit the typical "oabbage head" 

structure (Plate I' Figure 1). 
T dv e to 

Outcrops of the Point Peak shale form gentle slopes immedi- 

ately above the Morgan Creek limestone and beoome progressively steeper 

as the resistant upper bioherm unit is approached. 

Vegetation of the shale portion of the Point Peak member is 
sparse~ with mesquite being dominant. Mexican persimmon and oak are 

the most abundant typos on the more thickly vegetated bioherm xone. 

San Saba Limestone Member 

t c 

Comstock (1890~ p. 566) originally used the name San Saba as 

a series term for limestone exposed near Camp San Saba in MoCulloch 

County. These beds were referred to as "Poet Vilberns" by Bake and 

Bridge (1932, p. 728). These writers suggested that Comstock's name 

San Saba may be appropriate for part of these beds. The San Saba member 

as now reoognised was defined by Bridge~ Barnes~ and Cloud (1947~ p. 117) 

as the uppermost member of the Wilberns forsmtion. The member includes 

the entire section of limestone overlying the Point Peak shale member 

and underlying the Tanyard formation of the Ellenburger group (lower 

Grdovician) . 





ST 

The San Saba member is 280 feet thick at its type section 

along the Meson-Brady highway Just north of the San Saba River. In the 

Homer Martin Ranch area, only the basal portion of the member is pre- 

sent. The thickness of the portion present is estimated to be about 40 

feet 

o his 
Ihe lower boundary of the San Saba limestone member is placed 

at the top oi' the bioherm zone of the Point Peak shale member, The upper 

boundary of the member is not present in the thesis area. The identi- 

fication oi' the limestone above the bioherms of the Point Peak member 

as belonging to the San Saba member is based on its lithic character 

and the abundance of ~rv nelly. 

The beds overlying the bioherms of the Point Peak member con- 

sist of thin- to medium bedded, finely crystalline, slightly glaucon- 

itic, light-buei' limestone which weathers to a mottled grey and yellow. 

The limestone contains small, irregularly shaped pockets of orange to 

yellow~ glauconitic~ fine-grained sand which gives the yellow mottled 

color. 

Upward in the section~ the limestone is white to yellow, 

medium grained, glauconitic, fossiliferous, and weathers to a dark grey. 

Some of the calcite grains show distinct cleavage surfaces. Brachiopod 

and trilobite fragments are abundant locally~ and thc disc shaped~ mar- 

ble sized~ body g~rv ~n ~ is very abundant on bedding surfaces. 

The San Saba member caps most of the high hills in the southern 

portion of the thesis area. The limestone weathers to flag-like, tab- 

ular masses where it caps the hills and dips at various angles and di- 

rections where it overlies the bioherms, 
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r d ve etati 

The San Saba 11mestone member forms a gently rolling suri'ace 

1n the highest portions of the thesis area. 

Vegetation is generally sJmrse~ with Mszican persimmon and 

scrub oak being dominant. 

QUATERNARY SYSTEM 

The flood plain of the Llano River contains alluvial deposits 

that vere derived from upstream areas and from the thesis area. 

The previously mentioned river terrace has a thick alluvial 

cover with rock fragments scattered over the surface. Alluvium was map- 

ped where there was any doubt as to the idenity of the underlying bed 

rock+ 

A coarse caliohe conglomerate occurs at several localities 

along the banks and in the bed of Bast Creek, The conglomerate consists 

of rock fragments, mostly limestone, of various sizes in a caliche ma- 

trix. The fact that the conglomerate occurs in the creek bed and in 

places several feet above it suggests that it is probably of Recent age. 
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STRUCTURAL GEOLOGY 

GEHZRAL STATIRENT 

The Llano uplift is a structural dome composed of a core of 

Precambrian igneous and metamorphic rocks surrounded by gently dipping 

Paleosoic rocks and nearly horisontal Cretaceous rocks. According to 

Sellarda (1932, p, 30), the total amount of uplift is 5~000 or 6, 000 

feet. 

The first period of deformation evident in the region occurr 

ed during Precambrian time. During this period, the sedimentary rocks 

were folded, metamorphosed, and sub/ected to batholithic intrusions. 

A later period of ma]or deformation during Late Paleozoic time 

resulted in doming of the Llano region. Thinning of the Barnett shale as 

it approaches the domed region indicates that this uplift may have begun 

as early as Late Mississippian time. However, Sellards (1934, p. 97) has 

dated the principal uplift as occurring in post~Bend nnd pre&snyon time. 

Rocks in the Llano region have been cut by northeast southwest 

trending faults. According to Cloud and Barnes (1946) these faults are 

normal, with dips ranging from 60 to 90 degrees. t, 
Tight folding in Paleozoic strata is absent, except for that 

described by Cloud and Barnes (1948) and Miller (1957) ~ Broad gentle 

folds have been described by Grote (1954), Puller (1957), b. 'ilson (1957), 

Mounce (lo57), Sweet (1957), and Ammer (1959). A broad, gentle syncline 

is present in the Homer Martin Ranch area. Small folds resulting from 

differential compaction over bioherms also occur, 



PRKAMBRIAN DEFOM!. TION 

General Statement 

Stenzel (1934, p, 74) made the i'ollowing subdivision of Pre- 

cambrian rocks (No, I being the oldest) & 

III. Late dike intrusionsx comprising the opaline quarts 

porphyry and felsites. 

II. Batholithic intrusions, comprising the various granites 

and their aplite and pegmatite dikes. 

I ~ Folded frame metamorphic rocks, comprising the schists, 

including the marbles and gneisses. 

iccording to Stenzel (1934, p. 74), the rocks of the folded 

frame are throvn into broads open folds that trend northvest-southeast 

and plunge southeast, He further stated that the open folds are dis- 

rupted by cross-flsxures and zigzag folds, 

Local Structure 

The lack of good exposures of the gneiss and schist units has 

made the Precambrian structure in the Homer Martin Ranch area difficult 

to determine. However, the structure seems to agree with that of the 

region 

Dip and strike measurements were made on the foliation planes 

in the gneiss unit where possible, The average strike was found to be 

about N. 50 N. and dips ranged from 50 to 70 degrees northeast. In the 

western part of the gneiss exposure, the foliation dips about 50 degrees 

northeast, The dip steepens to 70 degrees northeast in the central por- 

tion& and changes to 60 or 65 degrees northeast in the eastern part of 



the area, From the dips obtained, an overturned fold is possible, but 

dip measurements are not sufficient in number to establish a definite 

pattern. Fisher (1960) has mapped a fold involving Precambrian gneiss 

and marble in the Hilda-Northwest area, Although the possibility of 

this fold extending into the Homer Hartin Ranch area was investigated, 

field relationships suggest that such is not the case. 

Small drag folds were noted in the schist unit. These tight 

folds had a general northwest southeast strike and measured generally 

less than 2 feet from crest to crest, 

All known faults that cut the Precambrian rocks also cut the 

Paleosoic rocks, No faults within the Precambrian rocks alone were de- 

teoted. 

The strike of the foliation in the gneiss unit is indicative 

of an intrusive, discordant contact between the granite and gneiss unit, 

PALEOZOIC DEFORKATION 

General Statement 

The main structural elements in the thesis area are a 

northwest-southeast trending syncline and northeast southwest trending 

faults. Several authors who have mapped areas within the Llano region 

stated that the northeast trending faults control the structure. In the 

Homer Hartin Ranch area, the northwest southeast trending syncline is 

the dominant structural feature. 

Folding 

Dip and strike measurements in the hilly southwestern and cen- 

tral portions of the thesis area indicate the presence of a broad, gontle 



62 

syncline. Although dip and strike measurements are not at sll points 

indicative of' such a structure~ the general pattern set by the dip and 

strike measuremmts, the elsvations of different structural horisons, 

and the outcrop pattern indicate that the structure is present 

On the east flank of the structure, the strata dip southwest. 

The few dip measurements made in the thesis area along the west flank 

shov a dip to the east or southeast. In the area ad)sining on the vest, 

Bryant (1959) found the beds dipping to the southeast. Some of the beds 

on the west flank~ located southwest of the Homer Martin Ranch area, dip 

to the northeast, according to Fisher (see Figure 2). Along the blunt 

nose of ths structure, the strata strike either northvest, east-west, 

or northeast and dip to the south. The pattern of the dip and strike 

measurements outlines a syncline that plunges to the southeast, The 

axis of the structure strikes about N. 30 W„ as well as can bs deter- 

mined. In determining the structure, dip and strike measurements vere 

made chiefly in the Cap Mountain and Morgan Creek members and to a lesser 

extent in the Point Peak and San Saba members, 

ELevations on the east and west flank and near the axis of the 

structure show that the amount of' down-warping is approximately 270 feet 

over a horixon~ distance of 1, 8 miles, Neil Fisher (Personal communi- 

cation) has measured~ vith an aneroid bazemeter~ the elevation of the 

top of the Welge sandstone on the east and vest flanks and of' the top of 

the Point Peak member near the axis of the structure~ along a line that 

strikes N. 60 E. in the southern part of the thesis area. It vas found 

that the tcp of the Welge sandstone is 1~615 fest above sea level on the 

east flank and 1~625 feet on the west flank, The top of the Point Peak 



member ir 1, 620 feet above ses level near the axis of the structure. 

The stratigraphic interval between the top of the Point Peak member and 

the top of the beige member is about 270 feet. Because all the known 

faults vithin the thesis area strike northeast and do not cross the line 

of measurement~ the above discrepancy in structural elevations must be 

duo to down~. v~ing. 

% e outcrop pattern also conforms to that vhicb would be ex- 

pected from a syncline that plunges to the southeast (i ee Plate I end 

Figure 2). 
The only other folds noted in Paleozoic strata are the small, 

sharp-crested folds in limestone stringers in the Point Peak shale~ 

These structures are probably due to differential compacting in the 

shale 

Faulting 

Faults in the Homer Martin Ranch area are normal and have an 

average strike of N. 65 E, For convenience vhen referring to different 

faults, the vriter has named two faults vhich are continuous for a con- 

siderable distance. The Bast Creek fault is named from Bast Creek which 

flo ls through the central part of the thesis area. The Smith fault is 

named from the 0, H. Smith ranch, which is the only geographic location 

in the immediate vicinity of the fault. The Holbrook fault vas named 

by kmmer (1959) ~ 

The Bast Creek fault srtends from vest of the thesis area to 

approximately 1, 2 miles south of the Llano River. The fault strikes 

N. 70 E. for a distance of 1. 3 miles from the vestern boundary of the 

area and then the fault trace gradually changes to a strike of N. 40 E. , 
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appearing to die out before reaching Simonvilie Road. The fault is up- 

thrown to the northwest and has an estimated maximum displacement of 100 

facto Although it vas not possible to measure the dip of the fault~ it 

is believed to be nearly vertical. There is no evidence to indicate any 

horisontal displacement 

Brecciation and tree lineations coeur locally along the trace 

of the fault, The effect of the Bast Creek fault on the dip and strike 

of the strata was apparent only in a few localities. 

Two faults with small displacement branch off the Bast Creek 

fault and oould be traced only short distances. 

The Smith fault is located in the southeastern part of the 

thesis area, Near its western extremity, the i'suit is upthrown to the 

south and strikes about N. S0 E. Lpprcximately 0, 5 of a mile east of 

its western end, the fault splits into two branches. The southern branch 

maintains a strike of N. 80 E. and is upthrown to the south, This 

branch appears to die out in the Cap Mountain limestone before reaching 

the Simonville Road. 

Northeast of the point vhere the Smith fault splits, the strike 

of the northern branch changes gradually to a strike of N. 55 E. This 

branch of the fault is upthrovn to the north. Nest of the point vhere 

the fault splits~ the displacement is small, about 50 feet or less. 

However, the displacement along the northern branch increases to the 

east and is a maximum of at least 350 feet vhere the gneiss unit is 

faulted against Cap Mountain limestone. i prominent obsequent scarp, 

which is easily seen on aerial photographsy occurs along this same 

branch at the place where the gneiss unit is against Cap Mountain limestonei 





The scarp disappears toward the southwest, A downthrown, wedge-shaped 

block occurs between the north and south branches of the fault, 

The Holbrook fault is located 0. 8 of a mile south of the Smith 

fault in the southeastern portion of the thesis area This fault has a 

general strike of N. 30 E. and 1s upthrown to the southeast. The strike 

of the fault changes from N. 30 E, to N. 70 E. for a short distance 

and then to the former strike, Basal Hickory sandstone is in contact 

with Cap Mountain 11mestone and vith upper Hickory sandstone along the 

trace of the fault. This requires a displacement of 25C to 325 feet. 

The extent of the fault beyond the eastern boundary oi' the thesis area 

is not known kccording to Fisher (Personal Communication) the Holbrook 

fault "cuts off" the synclinal structure in the Hilda-Northwest area 

which Joins the Homer Nartin Ranch aroa to the south. In the central 

part of the synclinal structure~ Hickory sandstone is in contact with 

San Saba 11mestone. This indicates that the displacement along the 

fault increases to the southwest, 

The Holbrook fault is difficult to trace where it passes 

through cultivated fields. In many localities upturned blocks of Hickory 

sandstone aided in tracing it. 
Several unnamed faults are located in the northern part of the 

thesis area, For the most part~ these faults can be traced only short 

distances and have small displacements. 111 of them trend northeast 

southvest, 

Several vegetation lineations which trend northeast-southvest 

occur in the Cap Mountain limestone and can be seen on aerial photo- 

graphs. adhere these lineations appear entirely vith1n the Cap Nountain 



member, it is difficult to determine whether they are along faults or 

joints because of the lithologic similarity of the limestone on both 

sides of the lineations Some faults with small displacement that were 

first noted in the Welge sandstone could be traced to the vegetation 

lineations in the Cap Mountain and were mapped as faults, Therefore, 

it is probable that some of the lineations which cannot be traced out 

of the Cap Mountain outcrop are along faults. Woolsey (1958~ p. 84) 

and Bryant (1959~ p. 50) also noted the occurrence of similar vegetation 

lineations in the Cap Mountain member. Both concluded that they pro- 

bably are the result oi' Jointing, but that some of them occur along 

faults, 

D«t t« ~««««1t 

The criteria used in detecting faults includec (1) repetition 

or omission of strata~ (2) vegetation lineations and offsets in vegeta» 

tion lineations visible on aerial photographs, (3) offset or abrupt 

termination of beds, (4) erratic strikes and dips, and (5) brecciated 

zones. 

The above criteria were useful in locating faults, but a close 

field study was necessary to determine their areal extent. 

L~eof Deformation 

The San Saba limestone is the youngest rock unit involved in 

the folding and faulting. Thus the faulting and folding are no older 

than the San Saba limestone, 

Cloud and Barnes (1948, p. 120) found evidence that the fault- 

ing in the Llano region oc~ in post-Strawn and pre-Canyon time. 



The i'suits in the thesis area cut the syncline. This indicates 

that folding preceded faulting. It is possible that the folding occurred 

before uplift of ths Llano region. But~ to the vriter it seems more 

probable that the folding is associated vith doming of the region, in 

dicating that the folding may be post Bend and pr~anyon in age. Be- 

cause of lack of evidence, the dating of the formatio. ; of the synclins 

must remain uncertain, 

Relation to Ad oin Areas 

The i'old in the Homer Martin Ranoh area is part of a syncline 

that extends southward into the Hilda-Horthvest area and northvard into 

the Big Bend of the Llano River and the Grossxille School areas. 

Ths nose of a synclinal structure vas mapped by Fuller (1957) 

in the Grossville School area, A southvard continuation of the fold vas 

mapped by Wilson (1957) in the Big Bend of the Llano River area vhioh is 

adJacent to the Homer Martin Ranch area on the north, In the Big Bend 

of the Llano River area, the syncline is "cut off' by the Schep Creek 

fault vhich is downthrown to the northwest (see Figure 2). South of the 

Schsp Creek fault there is a vide xone of complex faulting that extends 

to the Llano River. It appears that the "gap" in syncline between the 

Schep Creek i'suit and the portion oi' the structure in the Homer Martin 

Ranch area is a result of removal by erosion of all but the lowermost 

Upper Cambrian rocks from a fractured sons in the upthrovn fault blocki 

That the sons wns highly fractured is evidenced by the complex fault 

system between the Llano River and the Schep Creek fault. 

According to Neil Fisher (Personal Coxmunication), the syn- 

cline extends into the Hilda-Northwest area vhere it is "cut off" by 



ths Holbrook f, ult. Tho extont of thc structure south of the Hol'brook 

fault is unlmovn. 

Bryant {1959, p. 43) noted that since the Schep-Panther Creek 

c, vhich Joins the Homer Martin Ranch area on the west, i located on 

tne southvest flank of the Llano uplift, the strata would be expected to 

dip southwest. However, he {Bryant) found that the regional dip vas to 

the southeast. From this he concluded that the strata occur as tilted, 

faulted blocks of various sizes. The present writer believes that the 

southeast dips east of the fault zone in the Schep-Panther Creek area 

are probably caused by the dovnvarp in the Homer Martin Ranch area. 

Origin of Deformation 

Before considering the origin of deformation in the region, 

consideration must be given to the orientation o the axes of other 

folds in the region and their relation to trends of faults, 

According to Cloud and Barnes (194S, p, 121), the axes of 

many folds in the Llano region trend northwest-southeast, but align- 

ments in other directions occur. 

Grote (1954) has described an anticline that trends north 

northeast in the Central Bluff Creek area west of Mason, Texas. The 

structure plunges to the southwest avsy from the center of the uplift. 

According to Grote (1954, p. 40), the ma)or faults are so aligned 

(northeast-southvest) as to be considered almost parallel to the axis 

of the anticline. 

Sweet (1957) has mapped a north-south trending syncline in the 

Xatemcy-Voce area on the north flank of the Llano uplift. This structure 

plunges to the north. The faults in Sveet's area do not exactly paral1el 



the axis o synclino~ 'u. both limb" $. :". hoon disrupted by aultinC. 

ln the adjoining Camp Ban gabe. -'hest area, Hounce (1957) has do". cribed 

what appears to be th~ west limb of a norpheast t ending anticline that 

plunges to the north or northeast. The ea" t limb is a lish of the =yn- 

clino de cribed by Bveo ~ 

In the Bear Springs area southwest of Ywson, , Texas, Cloud nd 

Borneo (194g, Pla+e V) mapped the Honey Creek synclinc. This fold 

strikes northeast and has been disrupted by the Honey Creek fault vhich 

parallels the axis of the structure 

4 southern extension of the Honey Creek syncline, the Bee 

Branch Depression, vas described by Niller (1957). hccordlng to him~ 

the depression is a doubly-plunging syncline that trends nearly east- 

vest, The Honey Creek fault has also disrupted this structure. 

is already noted, the syncline in the Homer Nartin Ranch area 

and tvo adjoining areas to the north trends northwest-southeast and 

plunges to the southeast, The trend of the major faults is nearly per- 

pendicular to the axis of the fold. 

The above mentioned folds show that: (1} the folds in the Llano 

region trend northwest~ north~ and northeast~ with the exception of the 

Bee Branch Depression which trends east vest, (2) for the most part, 

the folds plunge away from the uplift, (3) the ma]or i'suits strike nearly 

parallel to the axes of some folds and nearly perpendicular to . ho axes 

oi' others~ and (4) the folding antedates the faulting. 

Possible explanations for the origin of deformation in the 

Llano region arse (1) horisontal compression, (2} differential compact- 

ion~ and (3) differential uplift. Grote (1954) has previously suggested 

horisontal compression, compaction and settling, and basement uplift, 



If horizontal compression were responsible for folding in the 

Llano region, the folds should have similar trends, and it seems likely 

that reverse as veil as normal faults should have occurred. 

The absence of thick shale sequences in the sedimentary section 

seems to indicate that the large folds in the region vere not caused 

by differentis1 compaction, 

Because the basement rocks in the Llano region have been up- 

lifted some 6, 000 feet, it seems probable that some differential uplift 

may have occurred uhich could have produced the folds. Since the fold- 

ing antedates faulting~ the rocks may have first yielded to the deform- 

ing stresses by folding; and as uplift of the region pr ogressed, the 

i'olding was folloued by faulting, 



GEOLOGIC HISTORY 

Beoause the oouplete geologio section of the Llano region is 
not present in the Bauer Hartin Ranch area~ the following suuaary of 

geologic history fruu Precaubrian to Late C~ tine 1s derived 

nahQy fron data within the thesis area and augusnted by data frou other 

parts of the region and froa other writers, The geologic history frou 

the Ordovician to Recent is chiefly frcu Cloud and Barnes (1948) ~ 

The gneisses and sohists in the thesis area probably represent 

an unknown thickness of sandstone and shale which were deeply buried, 

intensely folded~ uetauorpbosed, and intruded by granitic usgua during 

the unknown ecpanss of Precaubzian tins, The coarse texture of the 

granite gives evidence that the uagua oooled slowly at great depths. 

Subsequent to euplacmeat of the granite, the region was up- 

lifted and sub)ected to a iong interval of ercsioni During this period 

of erosion, folds in the uetauorphic rocks vere trunoated and granite 

bodies were partially uncovered. The absence of Lower and Biddle 

Caubrian rocks 1ndicates that this erosional interval, which probably 

began in Late Precaubrian tins, lasted until the invasion by the Late 

Caubr1an Sea, 

This Late C~n Sea advanoed over truncated folds and er- 

posed granite and deposited the Hickory sandstone. The initial trans- 

gression incorporated vent1facts and other residual uaterial in the basal 

conglonerate. As Goolsby (195'/~ p. 78) bas noted, the poor sorting and 

the composition of the basal conglomerates indicate that the initial 

transgress1on of the sea was rapid and that the basal deposits probably 

were derived frou the underlying Precaubrian rocks. Bridge/ Barnesg and 
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Cloud (1947~ p, 113) stated that the Hickory sandstone was deposited 

on a rugged terrain of at least 800 1'eet of relief. Goolsby (1957, p. 79) 

believed that, although relief' did exist, the lithologic similarity of 

lower Hickory sediments across the Llano uplift ind1cates that the areas 

of high relief were confined to several local areas. 

That the seas remained shallow during deposit1on of the lower 

and middle Hickory is indicated by cross-bedding in the lower part of 

the member and symmetrical ripple marks and intraformational conglomerates 

in the middle part of the member. The decrease 1n grain siss and the 

better sorting in the middle Hickory suggest by the time of its deposition 

that the relief in the source area had been reduced. 

The occurrence of cross-bedding and some phosphatic brachiopods 

in the upper Hickory indicates that the sea was still shallow. The in- 

crease in grain siss in the upper Hickory suggests renewal of supply. 

This could have been caused by a slight uplift in the source area, or 

by an increase in rainfall in the source area. 

The dark-brown to red sandstone of the upper Hickory in addition 

to having a hematite cement that coats the quarts grains, contains some 

oolites of hematite. The origin of the iron oxide is a controversial 

sub]ect. Since the source of these sediments was probably Precambrian 

igneous and metamorphic rocks, streams entering the sea could have con- 

ta1ned iron in solution which could have been precipitated as 1ron oxide 

by oxidation and incorporated in the sediments during depos1tion. 

lt 1s also possible that the iron oxide msy have been formed by 

ox1dation of glauconite. However, this method would not explain the 

oolites. 



1 third method which could possibly explain the origin of the 

iron oxide is that it was precipitated in the pore spaces of the rock by 

circulating ground water after consolidation of' the sandstone. If such 

vere the case, the source of the iron could have been either within or 

outside the sandstone. However, the presence of oolites suggests that 

this method of deposition does not satisfactorily explain the origin of 

all the iron oxide. 

Although the actual origin of the iron oxide 1s unknown, it 
seems more probable to the writer that the iron was precipitated from 

solution during deposition of the sandstone. ailing (1947) believed 

that the iron oxides in the Clinton iron ores had a similar origin, 

1 gradual decrease in the supply of sand and a gradual in- 

crease in carbonate deposition is represented by the transitional con 

tact between the Hickory sandstone and the Cap Mountain limestone, This 

change in depos1tion indicates a continued transgression of the sea snd 

a decrease in rel1ef or continuation of low rel1ef of the source area. 

Glauconite in the Cap Mountain 11mestone is indicative of de- 

position in under slightly reducing conditions in marine waters of normal 

ss11nity and moderate depths, 

Ls noted previously~ the occurrence of the massive, fine-grained 

sandstone in the Cap Mountain member has been reported to the vest, 

southwest, and south of the thesis area, but has not been reported to 

the north or east. Coughran (1959, p. 80) has reported a fine- to medium- 

grained sandstone in the Cap Nounta1n member south of the Homer Martin 

Ranch area. If the sandstone reported by Coughran is at the same stra- 

tigraphic level as the one in the thesis area, the increase 1n grain 



siae to the south suggests that the source area may have been a local up- 

lift, possibly to the south instead of the vest. Rovever, this could 

also be the result of a climatic chan„e causing increased rainfall in the 

source area. 

A gradual uplift of' the Llano region is indicated by the litlm 

ology of the Lion Mountain member. The transition from carbonate depo- 

sition in the Cap Mountain member to predominantly sand deposition in 

the Lion Mountain indicates that the latter is a regressive deposit, 

The increase in grain si. se of 

quarts 

toward the top of' the Lion Nountain 

is also indicative of a regressive deposit (T. D. Daugherty, Personal 

Communication). The character of the Lion Mountain sediments suggests 

deposition in a littoral aone. The presence of trilobites and glau- 

conite indicates a quiet vater environment. But the trilobite remains 

are fragmental and have been deposited in lenses, Much of' the glau- 

conite sand is cross-bedded and probably has been redeposited. The 

transportation of both the trilobite fragments and the glauconite could 

have been caused by storms that caused local disturbances in the quiet 

environment or by tidal currents in channels on the shallow sea bottom. 

The sharp contact betveen ths Lion Mountain and ' elge sand- 

stones marks an interval of' emergent conditions. The interval cf ac- 

posure to subaerial erosion was long enough to account f' or some of the 

variation in thickness of ths Lion Mountain member~ but the increase in 

elevation above saa level was not suf'ficient to cause e tensive erosion. 

Deposition of the Velge sandstone represents a renewed sea 

transgression in the Llano region. The purity~ the veil rounded and 

ve11 sorted quota grains, and the thin but constant thi. ckness of the 

Welge sandstone are indicative of deposition on a stable shelf. 



The transition "rom deposition of sands of the '~'elge member to 

the sandy limestones and then to the crystall1ne limestones oi' the Morgan 

Creek member represents a transgressive sequence similar to that repre- 

sented by the Hickory snd Cap Mountain members. According to Krumbein 

and gloss (1956, p. 359), such a transgressive sequence is also charac- 

teristic of deposition on a stable shelf. The limestones and the abun- 

dance of 1'oss1ls above the lower arenaceous 11mestones ind1cate depo- 

sition in warm~ xaderately clear waters of moderate depths. The alter- 

nating limestone and marly beds near the middle and top of the member 

suggest slight fluctuations of sea level, The small bioherms near the 

top of the member are suggestive of depos1tion in clear, shallo~J warm 

water, 

The Point Peak sediments represent a shallowing of the sea and 

an influx oi' argillaceous material, The intraformational conglomerctes 

appear to be tidal flat deposits that were desiccated and cracked due 

to exposure to the atmosphere and then were transported short distances 

and deposited in a limy matrix. Other indications of a shallow water 

environment during deposition of the Point Peak shale are the occurrence 

of bioherms at several stratigraphic levels and ripple marks on surfaces 

of some of the limestone beds. 

The glauconitic~ fine gra1ned limestones of the San Saba member 

suggest a slight subsidence, Intraformational conglomerates~ sandy 

facies, and bioherms reported in this member from other parts of the 

Llano region ind1cate that shallow water conditions prevailed throughout 

1ts deposition in the western part of' the region, 

Sedimentation was continuous from Late Cambrian into Early 

Ordovician time, Cloud and Barnes (1946 ' p. 112 ll3) described the 



sedimentation and ecology oi' the region during deposition of ELlenburger 

sediments as similar to the conditions on the present Bahama Banks off 

the coast of Florida, 

'the history of the region during Middle and Late Ordovician 

and Silurian time is not certainly known, The absenos of deposits of 

these ages suggests that the region vas emergent, Sccording to Cloud 

and Dames (1946, p. 113), the longest, period of Paleosoic emergence 

occurred before Devonian time Dur1ng this emergent period, a con- 

siderable thickness of ELLenburgsr sediments vas removed by subaerial 

erosion, 

Devonian sediments preserved in widely isolated collapse 

structures in the Bilanburger limestone described by Cloud and Barnes 

(1946~ p. 110) indicate that Devonian seas cowered the Llano region. 

Following deposition of Baron%an sediments~ the Llano region 

vas again smposed to erosion. During this time, most of the Ihwonian 

strata vers eroded from the region, ks a result, sediments of Mississip- 

pian age vers deposited on Ordovician as vali as on Dcnronian strata. 
Thinning of the Barnet shale as it approaches the Llano region suggests 

the beg1nning of the uplift as a positive structural element in the Ãis- 

~ issippian period. However~ the princ1pal uplift occurred in the Penn- 

sylvanian period before Canyon time, probably during the Stravn epoch. 

Strata younger than Cession in age have been broken by 1'suits 

throughout the Llano region, Hsnoe, the most recent faulting in the 

region occurred during Strawn time, 

There is no record of sedimentation in the Llano region during 

the Presdsn, Triassic, or Jurassic periods. It is probable that the 



region was emergent cnd sub)ected to a long period oi' erosion, during 

which it was denuded to a peneplane before submergence and deposition 

of Cretaceous sediments, The accordant summit levels in the high hills 

of the southern part of the Homer Hartin Ranch area may represent 

remnants of the prc-Cretaceous peneplane. But as noted previously, 

the age of such a =urface in the Homer Martin Ranch area cannot be 

pxm on because oi' the absence of Cretaceous strata. 

Following submergence and the deposition of Cretaceous strata, 

the region has been emergent and is undergoing subaerial erosion at the 

present time. 

As the drainage in the Llano region originated on Cretaoeous 

strata and +s been superimposed on the underlying Paleozoic strata, 

the Llano River terrace and the Bast Creek meanders entrenched in bed- 

rock indicate re)uvenation by pos~retaceous uplift. 

Deposition at the present time is limited to stream valleys. 
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APP END?X 



Section 1 

Section of Volga sandstone, Morgan Creek lijeestone, and Point 
Peak shale~ looated 1 0 nile southeast of the Hoser Martin ranoh house 
and south of Siamrille ruw4 

Thickness 

in feet 
Wilberns foruaticn 

Point Peak shale meaber 

20, Siohera, light to dark grey, oospoeed of sub- 

lithographic ltueetone, weathers light rusty 
brown~ breeks with euboonchoidal fraoture In- 
dividual bioherns attain disasters as great as 
25 to 30 few@ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 22eO 

19 e Covered slope p underlain bp cal iche and 

oovered with scattered fragaents of Intra- 
fornational congloneratc, siltstone, and fine- 
grained linestone, The oaliche is probabip 
altered shale and siltstcneo ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ Qe3 

1S ~ Idmestone. Sane as unit 16m ~ ~ ~ o ~ ~ ~ e . ~ ~ ~ Oo9 
17. Covered elope, underlain by caliche and covered 

by an abundsIlce of vegetation o ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ 604 
16 ~ Lhaestone, Sr' to buff, weathers dark brown 

with rustp nettled spots on surface, aediun to 
coarse grained/ glauconi tic, linoni tic, nunercus 
fossil frngaents visible . . . , . . ~ ~ . ~ . . ~ 1. 6 



Thickness 

in feet 
15. Covered slope. At 35. 2 to 3, . . 2 there "s a 

fine-grained limestone and lntrafo~ticnal 
conglomerate. The limestone is li. ght g* ay, 
gla". conitic cnd very . ough. Thc conglomerate 
consists of flat pebbles of limestone in a 
limestone matrix, Much of the covered area is 
probably underlain by shale. . . . . . . . . , . . 54. 6 

14. Bioherms, light to olive-grey, very hard, 
cublithographic li~stone that breaks with 
suboonchoidal racture. Bioherms range in 
diameter from C. 6 i'oet to 3 feet. Bioherms 
aro surrounded hy fino- to medium grained, 
glauconitic limestone, . . . . . . . . . . . . . . 4i6 13. Intrafonnatlcnsl conglomerate, blue grey~ 
consists of flat limoston. pebbles in a 
fine oned limestone matrix. . . . . . . . . . . Q. R 

12. Covered slope, underlain by caliche, covered by 
float oi' limestone, intraformational conglomerate, 
and small bioherms. Idmestone at 5. 2, same as 
unit 11 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 31 t4 11 ' Limestone, olive-prey with yellow-brown specks, 
weathers dark grey to bui'f, glauccnitic. ~ . . . . 2, 2 



Thickness 

in i'eet 
10. Covo"ed sicko. "lope cove: ed uith cali. che, 

snmll biohe~~ and lime;tnno Moat. The 

haso of this unit is tho approxim"te con- 
toc' betuoen t!. e Poin» oak shale and the 
!?organ Creek limestone. T!. is co esponds 

closely to the change in vegetation and in 
Hope seen on aerial photographs. . . . . . . . . . 9. 6 
Total Point Peak membor measured. . . . . . . . . . IJ+7. 4 

!!organ Creek lixostone member 

9. ~acetone, grey to light, rusty yello'r, 
voothcrs olivo to dark pro„-, medium grained, 
glauconitic, rwlium boddo ' 

~ ~ t ~ ~ ~ 0 ~ ~ 506 
g ~ kiohorwc, blue-grey, hard, sublithographic 

limestone that brcak vith su. nnchoidal 

fractu:e, Surrounded by . odium-~~lned, 

rlauconitic limestone. 

7o Limestone, blue-grey, uoather- grey with 

~ ~ ~ ~ ~ 4. 0 

rusty mottled spots on surface, medium to 
coarse grained, glauconitic~ limoniticg 
i'ossil ragments visible (brachiopod fragments 
are tho only identifiable fossils), medium 

bodded, forms p»wtruding ledges. . . . ~ . . ~ . ~ 25 0 



»Bi. ckness 

I'I i Bet (. 0"v -. 0 Blo? o. BIB lullt "crmo a boncl 
o' cps«ode in slope tk t, m easily be 

Bet»n oo at»rl. 3. pi'lo uo' 1' phs ~ -tle Btrhl ti- 
. '. le;osi, icn «u t?lI llnI'; con. "urms 

t, I«ook» to that oZ Bkal„. Gr Imhlly ?peda Been 

at othor localities. It 15 to 15, 5 "eet, 
thoro IB - a? ito to br»0» ' choric;:i»mined» 

Zo. alii»"orcus lim stone. -'ro»I 2 ~ 5to u5 ~ 5» 

JIero '- a Bo ", white» Bpecklec'. „. een, thin- 
bedde«, „-louconiuic, lime tone. . . . . ~ . . ~ . . 35. 0 

5 ~ Ldr cs?one» Creyish pu~". c to IICht Crey» 
'no uh, -B bl'uo Ip y +0 cpu'k p;"e~ liith lliht 
0' " 

ll e lulu' lcd spots on Bus haec» I", lauconI ic» 
limo. , itic» ti«n tc 1»odium bed~ lu. Fumorous 

cystoid colum»» 's ant't ot?icr Zos I' fragments 

pp ' t ~th ~t- t 
cnd ccntinues to co"ared slope above. . ~. . . . , 10. 0 

4. Limestone» speckle»1 Creen» white ard 1I??lt 
pu13»le» veathcrs light to dark 0 ey» 0lauconitic, 
llstonitic, occurs in bede 0. 5 pet 5 to 2 I'eet thick, 
Bone bedding inc'Isuiflct, ?Irac? iopocl ~agntents at 

. c ot, 
3Cu0 

3. Limestone, rod«ish brown» west?. Brs buIT to light 
tan» arenaceous, quartz grains better rounded and 

less abundant than in unit 2. . . . . . . ~ . . 7. 4 



Thickness 

in fest 
2. Limestone, brownish-purple, weathers 

yellowish brown~ sand content msy be 

5C percent. Secondazy si'ica appears to 
have been deposited in crystallographic 

continuity on qua-"tz grains. This unit is 
badly weathered in places. . . ~ . . . . . . . . . 6. 0 
Total Yozgan Crock member mcasu"ed ~ . ~ . . . . 123, C 

Welge sandstone member 

I. Sandstone, tan to light greyish browr. , 
medium-grained~ woll sorted~ non-calcareous, 

non-glauconitic. Contact with underlying 

coarse-grained sandstone shaz. p. Thin scil 
covor near middle of section. Upper part 
of section forms a prominent ridge. . . . , . . . . 17. 2 
Total beige member measured% ~ ~ ~ ~ ~ ~ ~ ~ t 17@2 
Total thickness measured. . . . . . , . . ~ . . . , 287. 6 



S:ction 2 

Section oi' Lion Hountain sandstone member measured in creek 
bed 0, 3 of a mile north of the Homer Hartin hunting cabin, 

Thickness 

in feet 
Riley i'ormation 

Lion Hountain sandstone member 

13 ' Sandstone, medium to coarse-grained, some- 

what friable, yellow-brown~ bedding indistinct. 
Contact with ovorlying IIelge member is sharp. . . . 3. 0 

12, Greensand, medium grainea, bedcing in- 

distinct~ appea"s to be 5OWO percent 

glauconite, green to pulls to nearly 

black ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ * ~ ~ ~ ~ ~ 3. 0 
11 ~ Limestone~ composed almost entirely of trilobite 

ragmentsy glauconitic ~ ~ e ~ ~ ~ ~ ~ ~ e ~ ~ ~ 0. 8 

10. Covered slope. Surface is littered with 

hematite nodules. . . ~ , ~ . ~ ~ . . ~ . . 6 0 
9. Coverod slope. IIematite nodules litter 

surface. Occasional outcrops of a fine- 
grained~ yellowish oxmnge, glauconitic 

sandstone 'I'rilobi te hash at 29. 9 and 31. 7 

i'eot above base oi sec tion. . . . . . . . . , . . . 25. 6 
8 ~ Limostone, mostly "trilobite hash'. . . . . . . . . 0. 5 

7 Sandstone 
y brown 

~ calcareous, glauc "ni tie. . . . 1 . 4 
6. Same as unit 4e . . ~ . . ~ . ~ . . o ~ ~ o. . . ~ 0. 4 



Thickness 

in feet 
5. Limestone, white to whitish purple~ 

cosposed. of fossil hash o ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 o6 
4, Sandstone and siltstone, sandstone sane 

as unit 3 in thin beds 0. 3 i'eet thick, 
interbeddsd Mth siltstone 0. 2 feet thick, 
Siltstone is sandy, orange-yellou and 

vestbers bufi to nearly orsngeg glsuconitic~ 
calcareous ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . 6, 0 

3. Sandstone, ~ash purple, veathering 

grey, fins grained, fresh surface glitters 
in sunlight, Slauconitio, bedding india 

tincto ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ 0o4 
2i Limestone~ white~ speckled rusty brown and 

green, sodium Luuined, sandy~ glauconiticg 
very tough e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ 0 8 

1, Sandstone, greenish grey~ weathers greenish 

brown, fine grained, glauconitic, calcareous. . . , 0 4 
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