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OEOUIIIY OP 'I%fR CERTRAL PART OP THS JAÃRS RXVHR VALLEY, 

RA~OR COURTY, TEXAS 

ABSTRACT 

The Central Part of the James River Valley is located 

ln south-central mason County, southwest of the town of' 

%aeon, Rock units of Uppex O'brien, Lower Ordovician, and 

Quaternary age sre found in the area, 

Ihe Upper Cambrian is divided into the Riley and Mil- 

berne formations. ~» Riley formation is divided into three 

members, '"hase are in ascending ox der: Hlokory sandstone, 

Cap Hcuntain 11mestone, and Lion Ncuntain sandstone. The 

Rickory sandstone and the lowex and middle beds of the Cap 

Mountain limestone are not exposed ln the thesis area, The 

upper beds of the Cap Mountain that are exposed ln the thesis 

area consist of a gray, granular, slightly giauconitio and 

fossils'crows limestone. The Cap Mountain member is overlain 

by the highly glauccnltic Lion Ncuntain sandstone member. 

The Iilberns formation 1s divided into the following 

member s ln ascending orders Wel;". e sandstone, Ncrgan Creek 

11me: tone, Point Peak shale, and S n Saba limestone. The 

yellowish-bxown to brown, usually nonglauocnitlc eandstones 

of the &elge are in sharp contact with the underlying Lion 

Rountaln sandstcne. The Welge grades upward into the reddish 

to purple and very arenaceous lower Ncrgan Creek limestonss. 

These purp11sh beds gxade upward into greenish-, pay, coarse 

grained~ highly glauconltlc, very fc~~:ilifercus limestones, 



A trans1tional contact separates the green calcareous shales, 

limestones, and conglomerates of the Po1nt Peak member from 

the underlying Morgan Creek member. The upper Point Peak con- 

sists of a distinctive stromatolitio bioherm sons wh1ch 

grades into the calcareous sends and arenaceous, fo. siliferous 
11mestones of the San Saba member. 

The Cambrian strata are overla1n conformably by strata 
of Lower Ordovic1an age, represented by the Ellenburger 

group, The oaloitio and dolomitic facies of the Ellenburger 

were differentiated in mapping, but no effort was made to 

different1ate the format1ons of this group, The Ellenburger 

rocks consist essent1ally of sublithographic, pearl-gray to 
wood ash gray, and old 1vory, nonglauconiti. c 11mestones and 

miorogranular to coarse-gra1ned, gray dolomite. 

The sed1ments of Quaternary age are 11mited to stream 

alluvium consisting of sand, gravel, and coarse conglomerates. 

he outcrop pattern in the central part of the James 

River valley is greatly affected by faulting which occurred 

near the end of' Paleozoic t1me. he faults are normal and 

trend northeast. The throws: verage about 200 feet, but 

range up to more than 600 feet. Three of the ma)or faults 

are downthrown tc the north» est and. one i. downthrown to the 

southeast. A large struotural graben has been formed '. y two 

of the ma)or faults, but the upthrown block has been erode4 

down to a topographio lowland. . The strata, where unaffeoted 

by faultin;. , have an average reg1onal strike of N 6$ E and 

11 



dip approximately 5o to the southeast, 

Folding is limited to differential compact1on over 

bloherm structures and to small sink hole depress1on features 

that aze the result of solution of' the limestone, 

The most 1mpoztant natural resource is ground water, The 

Hickory sandstone 1s the most 1mportant aquifer, but several 

impoz'tant wells produce from the Ellenburger, It is 1mprob- 

able that o11 and gas produotion can be 41scovered. by dr1ll1ng. 
Hat guano 1s found. 1n a large solut1on cave and, is sol4 

on the market cs a commerc1al fertilizer. 

111 



GEOLOGY OF THE CNNTPAL PAPT OP THF, JAMES RIVER VALLFY, 

MASON COUNTY, TEXAS 

I N T R 0 D 'U C T I 0 N 

STATEMENT OP PROBLEM 

The primary purpose of this paper is to determine the 

strat1graphy of the central part of the James River valley 

and to prepare a geologic map of the area based on data 

gathered in the field, Consideration was also given to: 

( l) the structural development of the area; ( 2) the geologic 

history of the area; (3) the economic geology. 

LOCATION 

The thesis area i. s located in Mason County on the south- 

western flank of the I lano uplift in Central Texas. The area 

is approximately fourteen square miles in extent and is 

a, proximately eleven air miles southwest of the town of 

Mason. The area lies within the dra1nage bas1n of the James 

R iver and 1ts tributaries. 

ACCFSSIBILITY 

The thesis area is fa1rly acoess1ble. The principal 

road which furnishes access to the area is the unpaved but 

all-weather James River road wh1ch roughly bisects the area 

1n a northeast-southwest direction. Several rough but passable 

ranch roads "rov1de access to that portion of the area which 

is northwest of the James River road ~ Several ranch roads 
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furnish aocses to that portion of ths area southeast of ths 

James River road, but these are few ln number and. ars mere 

rock-studded 
trailers 

NETHODS OF FXRLD INRK 

The field work was oarrled out between June 3, and 

August 5 ~ 1956. Napping was done on acetate-covered aerial 
photographs made by the United. States Ds, . artment of Agricul 

ture. Photographs 158, 196, and 198 of series DFZ-58 and 

photograph 13 of series DFZ-6E, dated November 25, 1948 were 

used in preparing ths map of the area. Ths scale of the 

photographs is 1:20, 000, 

Nost of the formation contaots and faults were located 

and walked out in the field and then plotted on the acetate 

overlay with the aid of a pocket stereoscope. Other forma- 

tion contacts and faults were determined at the drafting 

table from stereosooplc examination of the photographs and 

then checked in the field by a series of closely spaoed 

travsrsss. 

A Brunton compass was used ln the field to obtain strikes 

and dips. These atrikes and dlps repre. ent an average of 

several readinns made ln the lmmedia te vicinity of each 

point. Some strikes and dlps u, ed. in this thesis were o1 tainsd 

from Nr. K. L. Sligsr who worked ln the northern part of the 

James River valley and whose area overlapped the area of 

this thesis ~ 



The measured and described section represents the best 

and most nearly continuous exposure that was found. The 

section was measured as nearly as possible ln a direction 

perpen4lcular to the strike, and the dlps were averaged 

along the section to improve the accuracy of the thickness 

caloulatlons. The measurements were made with a Brunton 

compass set, at the correct angle of lnclinatlon and the 

readings were made on a stadia rod, . 

PREVIOUS WORK 

The first publication describing the geology of central 

Texas was by Dr. Ferdinand Roamer (1846) ~ This publication 

gave an account of the area ad)scent to the Central Rineral 

region on the south. Roamer (1849) also published the first 

report on the stratigraphy and paleontology of the Paleoaoic 

rocks ln the Central Hineral region of' Texas. This report 

wae accompanied by the first geologic map of Texas, whloh 

was crude and inaccurate, Roemer (1852) published a more 

detailed account of the Cretaoeous of Texas, 

In 18/5 and 1856, an expedition of' Army engineers was 

accompanied by Dr. G. G, Shumard (1886) who gave a brief 

description of the geology along the route tnrough the San 

Saba River valley to Port Rason and Fredericksburg, 

The first desorlptlon of the stratigraphy and paleon 

tology of the Potsdam group of the Upper Cambrian system ln 

Texas was made by 8 ~ F ~ Shumard (1861). 



S. B. Buckley (1874), then State Geologist, gave a 

brief d1souss1on of the m1neral resources and general geol 

ogy of the Llano region. He arb1trarily classified all 

gran1tes in the Llano region as Asoic (p. 15) ~ He also 

stated that the gran1tes were younger than the metamor;. h1o 

rooks w1th which they are associated. 

The Late Cambrian age of the Potsdsm group was estab- 

lished by walcott (1884). He gave the name Llano group to 

the Lower Cambrian strata of the Central Mineral region 

and assigned a pre-Potsdamlan age to the masses Of granite 

1n western Burnet County and Llano County. 

R. T. Hill (18R7) inclueed a hr1ef mention of the Llano 

region, with a notation as to the 1mportance of Walcott's 

work, in a review of Texas geology. Hill (1889) d1sagreed 

with Waloott's belief that the granite in southwestern Bur- 

net County was pre-Potsdam1an in agcy He assigned th1s 

granite to the late Carbon1ferous or post Carbon1ferous 

A Special Session of the Twentieth Leg1slature of 1888 

created the Geological and Mineralogical Survey of Texas 

with the purpose of reporting on the mineral and other nat- 

ural resources of the state. At this t1me the first syste- 

matic geological survey wae made of the Central Hineral 

region, Th1s was included by E. T. Bumble (l890) 1n a review 

of Texas geology as developed by the survey, 

T. B. Comstock (1890) dieoussed the geology and the 

m1neral resources of the Central Hineral region. He intro» 



duoed the names Hiokcry ser1es (Lowex' Cambrian), Riley sex 1es 

(Middle Cambrian), and San Saba sex ice (Upper Cambr1an) ~ The 

Riley series as defined by Comstock in this report contained 

only a port1on of the rocks which are now included in the 

Riley formation, 

Ralph S, Terr (1890) made observat1ons on the origin of 

some of the topographic features of the Central Hineral re- 

gion and, studied their relationsh1p to the later h1story of 

the superimposed drainage system, He stated that the evidence 

shows that this drainage began on Cretaceous strata in Ter 

tiary time, and after the xemoval of the soft, relatively 

hcrlsontal strata, it became superimposed on the harder, 

underly1ng Paleosoic rocks, 

The Second Annual Report of the Texas Geological Survey 

(Bumble, 1891) 1s concerned chiefly with the mineral re- 

sources of the State„ Special emphasis was given to the eco- 

nomio aspects of the Llano region and various mining areas 

and potential mining areas wexe discussed. Cross sect1ons 

illustrating complicated structural oonditions were also in- 

cluded in this report. 

Sidney Paige (1911) named and described, the Wilberns, 

Cap Mountain, and Ellenburger formations. He also discussed 

the mineral resources of the Llano Burnet xeg1on and gave an 

excellent description of the Precambrian geoloP~, Pa1ge (1912) 

mapped the geology of the Llano and Burnet quadrangles in 

detail, In th1s latter report, he used the 0ars H1ckory sand- 



stone rather than the Hickory seri~;s of Comstook. 

The first comprehensive geologic map of Texas was pub- 

11shcd in 1916 by the Bureau of Economio Geology (Udden, 

et al, 1916) ~ On this map, the Cambrian and Ordov1cian rocks 

are shown as one unit and the Precambrian rocks are undif 

ferentiated, 

In a report on the strat1graphy of Texas, Sellards (1933) 

presented a brief rev1ew of the Precambr1an, Cambrian, and 

Ordovic1an systems of the Llano region~ In a report on the 

struotural and economic geology of Texas, Sellards (1934) 

d1scussed the Paleoxoic dsformat1on of the region, In this 

same report, Stensel (1930) reviewed the Preoambrian 

s truotural oondit1ons. 

k new State geological map (Darton, et al, 1937) was 

made from data gathered by Darton 1n 1933, This was the 

f1rst map to show the outcrop area of Hickory sandstone~ 

Wilberns and Cap Mounta1n limestones, and Ellenburger lime- 

stone, 

Bridge (1937) named and descr1bed the Lion Mountain 

sandstone member of the Cap Mountain formation after examin- 

ation of the rocks on the western side of the Llano uplift' 

He also redescribed many of Roemer's type local1ties, 
Bridge and 01rty (1937) redescribed the Paleozoic fos 

sile of the Central Mineral region that, were originally des- 

cr1bed. by Roamer, Roamer's original type looal1ties were 



re-established and the stratigraphic horizons were accurately 

determined. 

Barnes and parkinson (1940) presented the first desor1p 

tion oi the ventifacts that oocur in the basal Hickory sand- 

stone of central T~xas. k map of the Hickory sandstone out- 

crop areas showing vent1fact localities in Nason, Llano, and 

Blanco counties was also included in this report. 

Plummer (1940) gave a brief account of' the reg1onal 

and local structure in the Llano area. He attributed. the dip 

of the formations sway from the central gran1te mass to 

original deposition, settling, and. oompaotion, 

Cheyney ( 1940) proposed that some changes be made in 

the nomenclature of time and. rock units of the later Paleo- 

zoic in north-central Texas ~ He also proposed that the 

Sm1thw1ok snd Big Ssl1ne format1ons be removed from the Bend 

group and be 1ncluded 1n the Lampasas series, 

Plummer (1943) wrote a short paper describing a wh1te 

quarts sand near the middle part of the &ilberns formation 

in northeastern Nason County. 

Barnes (l944) listed the prev1ously»named, units of the 

Upper C. " mbrian 1n the Llano uplift, The pre-Wilberns un1ts 

were given formational status w1th the exception of the Lion 

Nountain sandstone which was designated as a member of the 

Ca;. Nountain limestone, The &ilberns formation was divided 

into four members. These are in ascending order' beige sand 

stone, Norgan Creek limestone, Point Peak shale, and San 



Saba limestone and its equivalent facies, the Psdernales 

dolamits, Barnes does not describe the units, but refers to 

an unpublished manuscript by Bridge and Barnes that was 

presented before the Geological Society of Aserlca ln 1941. 

Cloud, Barnes, and Bridge (1945) prepared a progress 

report an the stratigraphy of the Ellenburger group of cen- 

tral Texas ~ The Ellenburger limestone was elevated to group 

status and restrloted to the Lower Ordovician, Ths formations 

of the group were named and 1efined for the first time ln 

this report. Ths three formations named are ln asoending 

orders Tanyard formation, Oorman formation, and Honeycut 

formation. The Riley series was also redefined and given 

formational status. The Hickory sandstone, the Cap Nountaln 

limestone, and Lion Nauntain sandstone ':sre redesignated as 

members of ths Riley formation. 

In a report on the water resources of Texas, Plummer 

(1946) discussed the lmportanoe of the Hickory san4stons 

and the Ellsnburger group as aqulfers 1» ths Llano region. 

Bridge, Bcrnes, and Cloud (1947) completely revised 

the Upper Cambrian 1n the Llano uplift and provided a stan- 

dard reference to the eight members and two formations. &11 

the units were listed and redefined, and the stratigraphy oi 

each was thoroughly described. 

Cloud and Homes (1948) reported on the Ellenburger 

graup of central Texas and the pre-Ellsnburger strata at 

various localities ln the Llano region, with emphasis placed 



on the features having a possible significance 1n the search 

for petroleum. A summary of the structural geology of ths 

Llano region was inoluded. 

Plummer (l950) briefly reviewed the prs-Carboniferous 

stratigraphy of central Texas in his report on the Carboni- 

ferous stratigraphy and palsontolo;;y 1n this region. Th1a 

report inoluded the most complete and deta1led geolcgic 

map of ths area oomplled up to this time. 

H. R. Blank (19/1) descr1bed certain features of the 

weathering found on the Precambrian gran1te of ths Llano 

region. 



PRTSI00RAPRT 

0LINATE 

The central pert of the James River valley is located 

1n a sem1-arid region of Texas, The annual precipitation in 

Nason County averages approximately 22. 5 inches during a 

normal year. The precipitation generally occurs 1n widely 

spaced, heavy ra1ns which have a hi. gh percentage of runoff, 

The mean annual temperature 1s a. proximately %o P 

and. the temperature over the year may range from a low of 

-5 F in the winter to a high of 110 P in the summer. The 

average daytime temperature during the summer months ranges 

from 90o F to 100o P, 

VF. QHTATION 

The vegetation 1n the oentral part of the James River 

valley is lim1ted to thore types which can ex1st in areas 

where there is poor soil development and. moderate preoipita- 

t ion. 

beany types of vegetat1on grow on the Paleozoic strata. 
The limestone outcrops generally support the growth of 

scrub oak, cedar, Spanish dagger, and several varieties of 
cactus. The sandst;nes usually support growths of mesquite~ 

live oak, and needle grass ~ The shale outcrops are charac- 

terized by growths oi mesquite and Wexican persimmon. The 

vegetation on the shale outcrops 1s generally less dense 

than on the adJoining formations, 



DRAIEAGE 

The Llano region is drained to the south and east by 

ths San Saba, Llano, and Colorado Rivers. The area consid- 

ered 1n th1s paper lies several miles south of the Llano 

River, It is drained by the James River and its tributaries. 
The James River flows northeastward through the center of 

the area and empt1es into the Llano R1ver. 

OEONORPHOLOOY 

The central part of the James R1ver vallev 1s located 

on the southwest flank of the Llano uplift in central Texas. 

The region is structurally a dome, but is topographically 

a basin. 

The thesis area is located on outcrops of' Paleosoic 

rocks. The maximum relief of the thesis area is on the 

order of 300 feet and the maximum elevation is approximately 

l, 700 feet above sea level. 
Strata of the upper part of the Cap Mountain member are 

the oldest rocks exposed 1n the central part of the James 

River valley. The Cap Nountain is a very res1stant limestone 

that forms the bed of the James River in several places as 

well as steep bluffs along the river. The overlying Lion 

Nountain member 1s a highly glauconit1e sandstone that gener- 

ally erodes to form a bench with clumps of scattered vegetation. 

The brown, less glauconitic, fine-grained sandstones of the 

&elge member that over11e the Lion Nountain member form small 



cliffs that are very heavily vegetated, producing a very 

dark narrow line of vegetation that may readily be seen on 

aerial photographs. The llmestones and bioherms of the 

&llberns f'ormatlon form steep hills and prominent ridges that 
trend ln a northeast-southwest direction. The Lower Ordo 

vlcian rocks of the Ellenburger group are the youngest 

rocks exposed ln the thesis ares, with the exception of 
some Recent alluvium, snd form a rolllrg plateau. In 

general, the relief ls slightly greater on the Ellenburger 

strata than lt ls on the Upper Cambrian strata but there 

are fewer deep va11eys ln the Ellenburger. 

A system of parallel, northeast-southwest trending, 

normal faults has played an important part ln the develop- 

ment of the physiographic features, movement along these 
faults has brought the strata on the upthrown side under 

more active inf'luence of wind and rain. In some cases, this 
results in the structurally high upthrown blocks being re- 
duced to topographic lowlands. This ls particularly notioe- 
able in the central part of the valley where two ma]or 

faults form a structural horst, but where erosion has 

formed two obsequent f'suit-line soarps, thus giving the 

feature the appearance of a graben, 

The course of the Jam~a River, as well as the oourse 

of' most of the ma)or streams ln the Llano region, became 

established on a nearly level plain of Cretaceous sediments. 

The region was uplifted and as the Cretaceous sediments 



were removed, the river became entrenched in the underlying 

Paleoxoio rocks. The 41sregard of the course of the river 
for the geologic struc. turs is evidence that the James River 

is a super1mpose4 stream. 

As uplift of the area continued, the river worked to- 
ward e stable base level and widened its valley on the 

easily eroded Lion Nounta1n outorop, This 1s the moHt prom 

inent valley in the thesis area and it is located between 

the two ma)or faults that form the structural horst that 

was mentione4 in a previous p~ ragraph, Nore recant uplift 
caused. the river to become entrenohed 1n the Cap Nounta1n 

member, leaving 1ts former valley floor as a bench. 

The slight uplift of the area that resulted. in the 

re)uvenation of the James River may be ths result of an 

uplift in the immediate v1cinity, or ths result of a de- 

press1on to the southeast. Unfortunately, the data avail- 
able in the central part of the James R1ver valley are 

insufficient tc Justify a definite conclusion 



S T R AT I GR A P H 7 

GENERAL STATENEET 

Rooks of Paleozoio are crop out in the central part 
of the James River valley. Rooks older than the Cap Moun- 

tain limestone member of the Riley formation of Late Cam 

brian age are not exposed in this area. Some Recent alluv 
iel deposits are found along the xivex bed, but other than 

thie, rocks younger than the Ellenbux'ger group of the Lower 

Ordovician are not exposed ~ The geologic column for this 
area is as follows: 

Cenozoic systems 

Quaternary 

Recent 

Paleozoic systems 

Ordovician system 

Lower Ordovician 

Ellenbux'gsr group 

Cambrian system 

Upper Cambrian 

&llberns f ormation 

San Saba limestone member- 
Psdernales dolomite member 
(equiva3. ent facies) 

Bioherm zone 

Point Peek shale member 

Nox gan Creek limestone member 

Welge scndstnne member 



Riley formation 

Lion Nountain sandstone membex 

Cap Nountaln limestone member 

Blokoxy sandstone member (not 
exposed) 

PALBOZOIC SYBTBNS 

CANBRIAN SYSTjFN 

The rooks of Late Cambrian age that are present in the 

central part of the James River valley belong to the Riley 
and &ilberns formations. These foxmations consist of sand- 

stones, limestonss, shales, and stromatolltic bioherms ~ Ths 

bloherms occur near ths top of the &ilberns formation A 

standard reference to the Upper Cambx'lan is provided by 

Bx'idge F B"-rnesF and Cloud (190'tF) ~ This publication redefine& 

and thoroughly described the two f'ormatlons and eight members 

that compose the Upper Cambrian stx'ata of the Llano uplift 
of oentral Texas. 

F~n ~rota t on 

The Riley ls the lowermost Paleozoic foxmation ln the 

Llano uplif't, According to Cloud, Barnes, and Bridge {1945, 
p. 1+), the name Riley f'ormation is used to include all of 
the Cambrian strata in central Texas beneath the &11bsrns 

formation, Ths Riley formation includes, from base to top, 
the Hickory sandstone memberF the Cap Nountaln limestone 

member, and the Lion Nountaln sandstone member, 
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The formation takes its name from ths Riley Hountmlns 

in southeastern Llano County, where excellent exposures of 

the members oan be found ~ Cloud, measured tho swabers that 

are exposed in the Hoore Hollow area of the Riley Mountains 

end found the total thickness to be 780 feet. Bridge, garnes, 

and Cloud (1947, p. 112) stated that the great variation in 

the thickness of the Riley formation throughout the Llano 

region was caused in part by the topographic irregularitiee 
cf the Precambrian surface of deposition, Ths extremes in 

the thickness rang~ from slightly under 200 feet in north- 

western "nn Saba County, where the Cap Mountain limestone 

reste unconformably on the Precambrian, to almost 800 feet 
in southeastern Llano County. ~ average thiokness given 

by Bridge, Bomos, and Cloud (1/47, p. 110) is 680 feet. It 
was not possible to obtain the total thickness of the Riley 

form *tion in the central part of the James River valleys 

since the Hickory sandstone member and the base of the Cap 

Noun&~sin limestc. . e member were not exposed. 

~Hc)&mz mah5mm ~ 
The Hickory sandsti;ne is the oldest member of the Riley 

formation. Comstock (1890) first used the name Hickory to 

denote a series with its type locality at Hickory Cr~ek in 

Llano ccnmty, Paige (1912, p. 42) revised the name to Hickory 

sandstone, Cloud, Barnes, and Bridge (194$, p. 154) rede 

fined the Hickory and assi, ned it as a member in the Riley 



format1on. They also lowered the uppex boundary, thereby 

cutting out some of the beds whioh had been included in the 

Hlckoxy sandstone by Paige, 

Bridge, Sarnes, and Cloud (l947, p. 112) stated that 
the Hickory sandstone member averages about $50 feet in 
th1cknass. They also stated that the thickness may range 

from a «feather edge" to about 415 feet. These variations 

were attr1buted to the topography of the area at the time 

the Hiokoxy sea invaded it, to ixregularities 1n deposition, 
and to lateral gradation of the Hiokory sandstone into the 

limestones of the upper beds. It was not poss1ble tc obtain 

any measurements of the H1ckory sandstone in the central 

part of the Ja«es River valley s1nce the Hickory is not 

exposed. 

Br1&ge, Barn«a, and Cloud (1947, p, 113) stated that 
the sandstcnes of the Hiokory are noncalcareous, ncn- 

glauoonitic, and yellow, bx' wn, and red in color. The indi 

vidual sand gra1ns are angular tc subrounded The upper 

part of the 81ckory 1n the western part of the Llano uplift 
is typloally dull red or russet in colox'. 

~Ca llou~ta n ~lis 4o a m~ombs 

The Cap Hounta1n limestone member, as defined by Bridge, 

Baxncs, and Cloud {1947, p. 113), 1s somewhat different 

from the orig1nal Cap Hounts1n formation of Paige (1911, p, 

45) ~ The recognition of:he Lion Mountain sandstone member 



restricts the Cap Hountaln at the tep, but this loss is 
counterbalanced by the addition of beds at ths bottom that 

were formerly lnoludsd in the Hiokozy sandstone member. The 

type section is at Cap Hountaln ln LlanO County, 

According to Bridge, Sarzr~s, and Cloud {1+7, p. 113), 
the member ranges ln thlokness from about, 135 feet t'o %$5 

feet and has an average thickness of 280 feat. The variation 

in thickness is dus pz lnolpally to lateral gradation into 

the sandstone of the underlying Hickory beds. lt was not 

possible to measure ths thioknsss of the Cap Nountaln lime- 

stone member in the oentral part of the James River valley 

since the base «as not exposed, but Sliger (19/7, personal 

communication), measured a thickness of 31$ feet for this 

member at a locality only a few mlles to the north. 

According to Sridge, Samos, and. Cloud (1947, p. 113), 
the oontaet with the Hickory sandstone member is gradational, 

The dark nencalcareous sandstonss of the Hickory grade into 

and intsrflnger with the light brown sandy llmestones of 

the Cap Hountaln member. The boundary between the Hickory 

and ths Cap Hountain is placed, at a distinct topographic 

as well as vsgstat;lanai change which shows well on aerial 

photographs. This boundary ls at the top of a nonealcarseus 

sandstone zone and beneath a zone of alternating impure, 

dark brown llmsstonss and oalcareous sandstonss whioh be 

come more calcareous upward, The Cap Hountaln is overlain 

by the Lion Mountain sandstone members 



Ths lower part of' the Cap Nountaln member ls compose4 
of dark reddish-brown, medium - to coarse-grained, calcareous 
sands tones tha t a 1 ternate «1 th and gra4s laterally into 
light gray, fine-grained, arenaceous llmestones, These beds 
grade up«ard into a series of' dark brown, medium-grained, 

slightly fosslllferous llmsstones that alternate with tan, 
f lne-grained, nonce loareous sandstones. The increased 
abundance of calcium oarbonate higher ln the section results 
in ths formation of tan, thick-bedded to massive llmsstonss 
These massive ledges of' limestone, which comprise the 
greater part of the Cap Hountain limestone ammber, often 
display a honey-combed weathered surf'aos. 

Ths lithology of the upper part of the Cap Ãountaln 

member, that is exposed ln ths thesis area, is not typical 
of the Cap Wountain limestone that ls generally found else 
where ln the Llano region. Por ths most yart, the lithology 
hera resembles more olosely that of the Norgan Creek member, 

or possibly the basal part of the San Saba member. Because 
of this situation, field relations had to bs thoroughly 
studied ln order to make a definite identification of these 
rocks, The unweathered rock, found in the bed of the James 

river, ls composed of a «hite to gray, orystalllne, fosslllfsr- 
ous, slightly glauconltlc limestone that hhs the appearance of 
a marble. Higher up in the section, above the river bed, the 

upper part of the Cap Mountain ls more weathered and ls corn 

posed of glaueonitlc, f'ossiliferous, light gray to rusty 



brown/ yel low 1 ah-gresn, and purp l 1 sh l 1mes tone s hcv 1ng a 

medium-gxainsd to granular texture, In these rocks the glau 

conite is often weathered, leaving yellow streaks. It is the 

abundance of glauconite and the pur;. lish color of many of 

the rooks th:. t causes the marked resemblance to the Norgmn 

Creek limestone member, 

An 1nteresting feature of the upper part, of the Cap 

Mountain member 1n the central part of the James River 

valley 1s the distinctive erosional feature that is found 

in the bed of the river about two miles southwest of ths 

Ziegler rsnoh hou. . e. This feature consists of potholes that 

have been connected by erosion to f'orm a series of small 

trenches that are roughly parallel to one another, and 

which have been termed 'wagon tracks i (Plate III) These 

~wagon tx'asks" ocour on what appears to be the upthrown s1ds 

of small faults. They tend to be more pronounced neax the 

scarp and diminish in the downstream direction, They also 

txend 1n a direction th. t 1s p-irallel to the flow of the 

rivexi From the -e observations, Blank (19/6) derived. the 

hypothesis that the soarp caused a turbulent action that 

was instrumental in the formation of this featurei There 

are a numbex of Joints 1n the river bed 1n the vicin1ty Of 

these 'wagon tx'aoks", but the feature occurs in the more re 

sistant, rel" tively un)oinied rook rather than 1n the 

Jointed rock where it would be expected that the 11mestons 

would be mo~ e susceptible to erosion+ 





Repxvenation has caused the James River to out down 

into the upper part of' the Cap Mountain membex and expose 

the relat1vely flat lying strata of this member. Th1s re- 
)uvenation has also resulted 1n the formation of bluffs 

along the r1ver, 

The vegetation foun4 1n the upper part of the Cap 

Hountain membex is rather dense end evenly distributed ex 

oept where the member outcrops 1n the river bed. The vega 

tatlon consists of sorub oak, mesquite, pxickly peax, 

Spanish dagger, and catsclaw, 

~L ~No tx~ ~sa 

Bridge (1937) named the Lion Mountain sandstone as the 

top member of the Cap Mountain 'formation', but in recent 

years Cap Mountain as a formation name has been droppe4 

Cloud, Barnes, and Bridge (190$, p. 15k) redefined the Cap 

Mountain as a member of' the R1ley formation and reoognised 

the Lion Mountain sandstone as the top member of the Riley 

formation. 

Bridge, Barnes, and Clou4 (1947, p. 114) stated that 

the thickness of the L1on Wountain varies from about 20 

feet at the type locality at L1on Bountain in the north 

western part of the Burnet quadrangle to a maximum of 50 feet 
elsewhere in the Llano reg1on, The measured thiokness in 

the central part of the James River valley 1s 31 9 feet. 
The Lion Mountain member fox ms a topographio bench of 



variable width This bench shows on aerial photographs as a 

narrow, light band due to vegetational differences between 

the Cap Nounta1n member and the Lion Nountain member. Since 

the lower contaot with the Cap Nountain member is a grads 

tional one, the lower boundary was most oonveniently located 

for mapping purposes at the lower edge of' the sparsely vege- 

tated bench. The vegetation on the bench consists chiefly 

of mesquite and needle grass with small amounts of scrub 

oak and various t-pes of caot1. 

he lower port1on of the Lion Mountain member cons1sts 

of' thin bedded, greenish-;ray to green, glauconitic 11mestona 

containing numerous fragments of tr1lobltes. Th1s 1s oommonly 

called triloblte hash", The ma]or part of' the member 1s 

oomposed essentially of med1um-to coarse-grained, highly 

glauconitic, greenish-gray to green, and gxay, calcareous 

sandstones. The sandstones of the middle portion of the mem- 

ber are interbedded with thin beds of shale and clay, 

A characteristic of the Lion Nountain member 1s the 

presence of numerous nodules of hemat1te which are found 

scattered all over its xes1dual soil, (Plate IV) It is be- 

lieved that the hematite (PepOp) is a pxcduot of the weath- 

er1ng of' the glauoonite (KFeS1SO6 n820) that is so abundant 

in the member, In the thesis area and its vioinity 1t is 

possible to find nodules representing all stages of weather 

in@, fxom praotically unaltered glaucon1te to relatively pure 

hematite. 
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~W~Xaa ~Zrm~taa 

The Wilberns formation was first named by Paige (1911, 
p. 46) after &ilberns Olen in Llano County. The lower boun- 

dary of the formation as originally defined by Peige has 

been retained, but the upper boundary was redefined by CloudJ 

Barnes, and Bridge (194$, p. 1+) and placed at the top of 
the Cambx ian system. Bridge, Barnes, and. Cloud (1947, 

p. 114) redefined and described the five members of the 

formation. 

Aooording to Bridge, Berne. — , and Cloud. (1947, p. 114), 
the thickness of the formation ranges from 540 feet to 610 

feet throughout most of the Llano region. In the south 

eastern oorner of the region, truncation and a disconfor- 

mity at the top of the formation have reduced the thiokness 

to 360 feet, . The average thickness ie about 580 feet. 
Raultlng made it impossible to obtain any aoourate measure- 

ments of a complete section of the &iiberns formation in 

the central part of the James River valley, but Alexander 

( 19/2, p. 37) measured its thickness as 66$ feet in the 

South Hason area about 6 miles to the northeast, 

W~s ~ast, o~e ~ax' 
According to Bridge, Barnes, and Cloud (1947, p. 114), 

ths Weige sandstone member of the Wilberns formation was 

named by Bernee from the &elge land surveys between Thread 

gill and Squaw creeks in Oillespie County. At the type seo- 

tion the thickness of the member is 27 feet. The Welge mem- 



bsx extends throughout the Llano uplift and ranges in 

thiokness from 9 feet to g5 feet with an average thickness 

of 18 Pest. The thioksr sections of the beige member are 

located along the northern an4 western sides of the uplift. 
A thickness of 12. 4 feet was measured ln the central part 

of the J'ames River valley. 

The lower oontaot of the Welgs member ia very abrupt' 

Thsxe is a very noticeable change from ths highly glauoo 

nltlc sXxads of the Lion Mountain member to the yellowish 

"brown, honglauconitlc sands of the melgs member (plate V) ~ 
I 

'There ik an abrupt change ln the topography from the Lion 
l 

Mountain bench to the small cliffs of the &alga, There ls 

also an abrupt change from ths sparsely vegetated Lion 
' &ountain to the more densely vegetated beige. The live oak 

trees that ~ow at the contact of the Lion Nountain and 

beige show on aerial photographs as a long, narrow, dark 

line. It was thus very convenient for mapping puxposes to 

plaoe the lower contact at this vegetation change. 

The &e3, ge msmbsx ls composs4 of yellowish-brown to 

brown, nong1auconitlo, noncalcareous, massive sandstone 

having a medium - to ooarse-gralne4 texture and subrounded 

quarts grains. Much of the Welge member contains quartz 

grains with xeoomposed faces whloh glitter in the sunlight 

~orag ~e ~~st e ~e 
According to Bridge, Barnss, and Cloud (1947, p. 114) g 
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the Morgan Creek member was nams4 by Br14ge f'rom exposures 

on both ths north and south forks of Morgan Creek in Burnet 

County, The thickness of the type section, exposed on the 

point of land )ust north of the )unction of the two forks, 

1s about 110 fest. kt other locat1ons the thioknsss ranges 

from about 70 feet to about 160 feet, The average thickness 

is about 120 feet, 
The continuity of' ths Morgan Creek was broken by fault 

ing in the central part of' the James River valley, thus 

mak1ng it 1mposs1ble to obtain an aocurats measuremsnt of 

the thickness. Sligsr (195'p, personal communication) measured 

a thiokness of about 1/0 fest in tns nearby Lower James R1ver 

area. 
The lower oontact 1s gradational and sl1ghtly sandy, 

The oontaot is plaoe& at the bass of the f1rst reddish to 

purple, coarse-grained, arenaceous limestone bsd, The Morgan 

Creek member grades upward into ths . hales and siltstones 

of ths Point Peak member, The Morgan Creek member is gener- 

ally exposed in gullies where the overlying Point Peak 

member has been eroded, In the northern pert of the area, 

the Morgan Creek rises steeply from the &alga aembsr and 

forms ridges end h11ls which range 1n relief from 25 feet 

to 50 f'eet. 

The lour portion of' the member is commonly reddish or 

purplish with the rsd tones becoming less pronounosd and 





and, finally grad. ing upward into gray or greenish-gray lime 

stone, which 1s coarse-grained, highly glauoonitic, fossil 
1ferous and well-bedded 1n ledges of uniform thickness. The 

medium-bedded, sandy layers at the base erode easily leaving 

only 1ndistinct ledges' The fossil, ~~r l~ ~, beg1ns 

to appear in the member about 60 feet above the base. 
The upper portion of the member is ocmposed of green1sh- 

gray to yellowish-brown, glauoon1tic, medium- to ooarse 

grained, evenly bedded 11mestone. Small, isolated, thin, 

gray stromatolitic bioherms are occasionally found 1n the 

upper part of the Norgan Creek member, The1r small size 
and limited, extent distinguish these b1oherms from those 

that occur in the bioherm zone between the Po1nt Peak mem- 

ber and the San Saba member. 

Zones of gray shaly or marly 11mestons are present 

throughout almost the ent1re member. These zones are gener- 

ally thin in the lower portion of' the member, but become 

thioker and shalier toward the top, 

P~ ~Pa ~sa e ~e 
According to Br1dge, Barnes, and Cloud (1947, p. lid) j 

the Point Peak member was named by Br1dge from Point Peak, 

a consp1ouous, isolated hill about 4 m1les northwest of 

Lone 9rove, Llano County, " he thickness of the type seotion 

measured on the south slope of Po1nt Peak is about 270 feet. 
The variat1ons in the thickness have been attributed prin- 
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cipally to facies changes. Irregularities in sedimentation 

oontribute to the vax iation to a lesser extent, A rough 

measurement of the member 1n the centxal part of the James 

Rivex valley showed the thickness to be about 120 feet. 
In general, the lower contact 1s placed at the top of 

the uppermost bedded 11mestone of the &organ Creek member. A 

characteristic topograph1c feature of the lower shale beds of 

the Point Peak membex 1s a narrow benoh wh1ch shows a recog~ 

nizable topographic and vegetational change from the under- 

lying Norgan Creek member. In mapping, the lower oontact was 

generally placed at the lower edge of this topographic benoh, 

Where protected by the overly1ng bioherms, the more resistant 

limestones and conglomerates that occur h1ghex up the seotion 

form a steeper slope. 

The Point Peak membex cons1sts of green to gray, calca- 

reous, th1n«bedded shales which are interbedded with thin- 

bedded, brownish-gray, calcareous siltstones and, intra» 

formational oonglomexates. The intraformational conglome- 

rates consist of layers of oompact 11mestone, crowded with 

angular, flat s1ltstone pebbles of various sizes and colors ~ 

(Plate VII) Good exposures of the Point Peak member are 

seldom found 1n the central part of the James River valley 

since the member weathers read11y to a dark soil that oovers 

the Po1nt Peak slopes, The soil is generally littered with 

caliohe and rock debris that 1s ch1efly the residue of the 

weathered conglomerate, 





~B~I ~Z 

BrMge, Barnes, and Cloud (1947, p. 116) inoludsd the 

bioherms as the upper zone of the Point Peak member. Al 

though this ls a common procedure, the bloherms have bean 

treated as a separate and. distinct unit ln this paper slnoe 

there ars distinct lithologic 41ffersncss between the inter- 
bedded shalss, limsstones, and conglomerates of ths lower 

Point Peak and the massive llmestonss of the biohsrms. The 

distinctive nature of the biohsrms as well as their wMe- 

spx'ead ooourrencs throughout the Llano region make them an 

easily reoognizabls and, mappable unit. Por these reasons„ 

it ls suggested that ths blohsrms bs tx sated as a separate 

zone within ths &llbsrns formation. 

The lower contact of the biohsrm zone with the Point 

Peak shale member is characterized by a 4istlnot lithologic 
and topogxaphic change which is easily recognized in the 

field. ~ The bioherm zone forms rough ridges with a slight to 
moderate relief and caps the 'oint Peak member throughout 

much of the thesis area. 
The bioherms ere composed of gray, microgrenular to 

subllthographio, very hard, massive limestone, They not only 

occux as isolated masses, but often ooalesce to form bio 

stromes. The weathered surface of the blohsrms ls gray to 

blaok w1th a rough, circular pattern which ls known as a 
"cabbage head" structure. The '&1oherms are interbeddsd with 

thin-bedded, yellowish-brown to sray, fins- to msdlum- 



grained, nonfosslliferous, nonglauconitic, hard limestone 

whioh weathers to thin slabs and fragments. 

San Saba ~me&Lttoe a~em 

Bridge, Barnes, and Cloud (1947, p. 117) stated that 
the type . , ection of the San Saba limestone member ls expose4 

along both sides of the Wason-Brady highway, beginning at 
the bridge across the San Saba giver and extending northward 

for a dlstlnoe of 0. 7 mlles. At this point, the San Saba ls 
in oollapse contact with the llmestones of the Threadgill 

member of the Tanyard formation, The thickness of the San 

Saba mem er exposed at the type section ls about 280 feet. 
Comstook (1890, y. 301) originally use4 the name San 

Saba as a series term and applied it to a part of the beds 

found exposed. in the type section along the yfason-Brady 

highway. Deke and Bridge (1932, y. '729) called these beds 

"Post Vllberns" and suggested that the name San Saba might 

well be used for a part of them. Acco:ding to Bridge, Barnes, 
and Cloud (1947, p. 117), the San Saba was revised to a mem- 

ber status ln t;he &ilberns by Bridge, The name is now applied 
to the entire sequence of more or less glauconltic limestone 

beds overlying tne Point Peak member and underlying the 

Threadglll member of the. Tanyard formation. . "he San Saba 

limestone grades eastward into the Pedsrnales doloml'e w&iloh 

ls the equivalent facies ln the eastern part of the uplift. 
The lower con act of the San Saba member ls irregular 

and interwoven since the San Saba may be in oontact with 
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either the shale, siltstone, and conglomerate of Che lower 

Point Peak member, or with the biohexms. &here the San Saba 

overl1es the bioherms, the oontaot is sharp but 1xregular 

since the San Saba will be draped over the bioherms~ (' Plate 

VIII) This is the result of original deposit1on and diff'eren 

tial compaction, In the places where the bioherms are absent 

or covered so as to be hidden from view, the contact 1s p1cked 

on the highest occurrenoe of shale. 

The San Saba member is the most variable unit of the 

&ilberns sequence and shows marked faoies changes from place 

to place. In the thes1s area, the member consists mostly of 
thin- to thick-bedded, sublithographic to med. ium-grained, 

white to yellowish-brown to brown and gray, f'ossilifexous 

limestone. Glauconite appears intermittently throughout the 

member in varying amounts and decx'eases toward the top, but 

the sandy facies found by Grote (1952, p, 26) to be so common 

in the Bluff Creek region is not generally f'ound in the cen 

tral part of the James River valley. 

Plaggy limestone ledges are oommon 1n the upper part of 

the San Saba member and intraformational conglomerates also 

appear towards the top of the member. These ledges are ohiefly 

sublithographic, nonfossiliferous, and slightly glauconitio 

limestone. Nany slopes are littered, with Chin slabs of this 

l i me stone. 
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ORDOVIC IAH SYSTEH 

B+~elb~ugee O~r 

The Ordovician rocks found in the central part of ths 
J'ames River valley aze part of the Ellenburger group of Lower 

Ordovioian age, No attempt was made to delineate the form- 

ations - the Tarqrard, the Oorman, and the Honeyout «of the 

Ellenburger group. The caloitic and dolomitic facies were 41f- 
ferentiated and mapped as separate units. Although the forma- 

tions were not differentiated, a discussion of these un1ts is 
hers presented in order that a oompazison may be made between 

the l1thologies desczibe4 in the 11terature and that found in 

the f1eld. 

The term Ellenbuz ger was originally used. by Paige (1911, 
p. $2) for the l1mestones making up the Ellenburger H1lls 1n 

the nozthwestern corner of the Burnet Quadrangle, southeastezn 

S~n Saba County. Cloud and Barnss (1948, p. 31) revies4 the 

term to a group status and restricted its use to rocks of Lower 

Orodovician age. 

Acoording to Cloud. an4 Barnes (1948, p. 32), the maximum 

known thickness is 1820 feet 1n the vio1nity of Johnson C1ty, 
in the southeastern corner of the uplift. The group is 970 

feet thick in the Bear Spring azea of western Hason County. 

This urea is located about 3 miles from the northwest corner 

of the central part of the James River valley. 
As noted previously, the Ellenburger group is divided 

1nto three formations, wh1ch are, from bottom to top, the 



Tanyardy Gorman, and Honeyout. The Tanyard is further sub- 

divided into two members, the Thveadgill and the Stasndsbach 

Cloud, Barnes and Bridge (1945, p. 142) proposed ths name 

Tanyard for rooks similar to and partially correlative with ths 

Lower Ordovician rocks exposed at the type section at 'The Tan- 

yard", on the east bank of Buohanan Lake opposite the mouth of 

Jim John Creek. The thickness ranges from $20 feet to 660 feet, 

with an average of 590 feet, and includes both limestone and 

dolomite. 

Cloud, Burnes, and Bridge (1945, p. 143) revised, ths 

Threadgill member, which is ths lower member of the Tunysrd form- 

ation, to include equivalent dolomite as well as limestone, 

The type ssotlon is on Threadglll and mormon creeks, south of 

Lange's Mill, ln northwestern Glllesple County, The thickness 

of the member at the type section is about 280 feet and the 

thickness throughout the Llano region ranges from 91 feet to 

about 294 feet. 
According to Cloud, Barnes, and Bridge (1945, p. 143) ~ 

the Staendebach member, which ls ths upper member of the Tan- 

yard formation, ls exposed ln Cherokee Creek in southeastern 

San Saba County and is named. after the Stasndsbaoh survey, 

The thickness of the member at the type section is about 300 

feet but ranges from 299 feet to 456 feet ln the region, 

Cloud snd Barnes (1948, pp. 36-37) stated that the Tan 

yard formation ls composed predominantly of fine- to coarse 

grained. , commonly vuggy to porous, light yellowish-gray to 

wood ash gray, and pearl gray, irregularly bedded dolomitcs, 



and subllthographlc, pearl gray to wood ash gray, and old 

ivory, thinly to thickly bedded llmsstonss whioh are essen- 
tially nonglauoonitlo, On weathering, the dolomltes of the 

Thrsadglll membsz yield vuggy or spongy masses of highly dolo» 
moldlo ox cellular chert interlaced with quarts druse, The 

Staendebach member is characterized by "an abundance of spar 
ingly 4olomoldlo poz'celanous to semi-porcelanous and chaloe- 
donla to semi-ohalcelonic ohsrt', This chert, weathers to solid/ 
shiny, white or bluish-white masses, slabs or chips. 

Cloud. , Barnee, and Bridge (1945, p. 145) proposed that the 
name Gorman formation be used to designate rocks similax to and 

correlative with thore ln the composite type section along and 

near the gorge of ths Colorado River in the vicinity of Gorman 

Falls, ln the southeastern part of San Saba County. The thick- 
ness rangsh from 430 feet to 500 feet with an average thlakness 
of 470 feet. 

Cloud and Barnes {1948, p. 39) stated that the dolomltes 
of' ths Gorman formation are mlorogranular to very fine-grained. 
The colors range from tan to brown an4 old ivory. These dolo- 
mitss weather to smooth, orudely s. . hsnoldal blooks or hackly 
or blooky ledges. The oaloltla faoies of the Gorman formatloxz 

consists principally of sublithographlc, thickly to thinly be4- 
ded limestone with looally interbeddsd microgzanulax to fine 
grains4 dolomite. The color of the limestone ranges from pearl 
gray to wood ash ~ ray, ol4 ivory and brownish-gzay. It weathers 

to medium or light tones of bluish-gray ~ The Gorman also oon 

tains a poroslaneous, white t;o wood ash gray chert with soattersd. 
dolomolds and quartsoss matter, irregularly lntsx'layered with 



quarts Cruse, weathex ing russet and, commonly oonta1ning fossils. 
Cloud~ Bax'nes, an4 Br14ge (194$, p. 146) named the 

Honeycut formation axxd defined it to inolude all known Hllan 

burger stxata above the Oorman formation at the surface in 
central Texas, The type seot1on is at Honeycut Bend on the 

Pedernales River, about $ miles east of Johnson City in Blanco 

County, The thickness ranges from 0 to 67S feet. This is 
t&e rosult of truncaticn which causes the Honey'out formation 

to thin to the west. 

Cloud and Barnes (1948, p. 41) stated that the rock 

types of the Honeyout foxmation resemble those of the Gorman 

formation, diffex1ng princ1pally in distribution, beddingj 

and color. The limestores of the Honeyout are generally more 

thinly bedded than those of the Gorman and more intimately 

interbed4ed. w1th dolomite. The microgranular dolomites of 
ths Honeyout formation also tend to have duller colors than 

those of the Gorman formation 

Lithology: 

The oontaot between the Ellenburger group and. the undex' 

lying San Saba member of the Riley foxmation was based on the 
highest oocurrence of glauconite and the first appearance of 
the open gastropod, ~L to g, ~ gxF~era, 

The rocks of the Rllenburger group in the oentral part 
of the James R1ver valley consisted essentially of sublitho- 

graphic, pearl gray to wood ash gxay, and old 1vory 
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nonglauoonitlc limestone an4 microgranular to coarse-grained 

gray dolonite. On weathering, the dolomites yie14e4 vuggy ox' 

spongy, cellular, reddish brown an4 gxay chert interlaced 
with quarts, Solid shiny, white to bluish white ohlps of' 

chalcedonio chert are also present ln large amounts. 

Topography and vegetation: 

The 811enburger is characterized by a roll'ng, hilly 
terrain with moderate relief. (Plate IX) 

The Sllenburger strata seldom show the well-defined 

vegetation alignment that ls oommon in the Cambrian strata, 
Instead, the vegetation shows an irregular pattern that ls 
often easy to recognize on aerial photographs, Vegetation 

consists of cedar, sorub oak, priokly pear, b~ e brush, and 

Mexican pexslmmon, 

CENOZOIC SYSTEMS 

QiJATFRNARY SYSTRN 

In the oentral part of' the James Riv~r valley, the 

Quaternary sediments are limited to stream alluvium. This 

alluvium consists of sand. s, gravely, and oo&rse conglome 

rates which are derived fxom Paleozoic and Cretaceous rocks. 





S TRUC TER AL GECLCGY 

GENERAL STATEMENT 

The Llano region 1s a structural uplift that is essen 

tially elliptical in shape. Xt is appxoximately 80 miles 

long by 5$ miles wide and trends 1n a northwest-southeast 

direction. Although the region 1s structurally an upl1ft, 
it is topographically a basin and in many places the meta- 

morphosed and intensely deformed Precambrian basement rocks 

have been exposed. 

The most prominent stru~ tuxal features of the reg1on 

other than the dome 1tself sre the large faults that have 

disturbed the Preoambrian and Paleosoic strata. These faults 
are of a tensional type, and they are noxmal or nearly ver 

tical, having a xange of dip from 60 to 90 degrees. Host of 
the ma)or faults of the Llano uplift trend. in the northeast 

so»thwest d1xeotion. 

The Paleosoic stxata may have orig1nally dipped away 

from the center of the dome, but the faulting has disturbed 

them so that they now d1p in various direotions. The 

faulting also dropped blocks of Paleozoic strata to the level 
of the Preoambrian rocks. 

According to Plummer (1940, pp. 58 59), the local struo 

tures of the Llano x'egion may be divided into seven classes, 
The seven structural classes are (1) spur ridges, (2) normal 

faults, (g) grahens, (0) buried ridges, (5) sharp flexures, 

(6) symmetx'ical antiolines, and (7) reef masses. All of these 



local structural movements occurred during or since ths 

Carboniferous' Several of the above mentioned structural 

types are foiled in the osntral part of the James River valley 

and, will be consider. d ln more detail. 

NAJOR PAULTS 

There ars four ma)or faults present in ths central part 

of the James River valley. These are the Slmons, the Zleglsr, 

the Nartin, and ths Loeffler faults. The Slmons fault was 

named by Alexander (1952& p. 48) ~ The Zleglsr and Nartln 

faults were named by Sllger (1957, personal communication}, 

The Loefflsr fault was named by the author, These faults are 

roughly parallel and strike in the northeast direction. They 

range ln throw from about 150 fest to about 700 feet, The 

Simonsv ths Nartln, and the Loeffler faults are downthrown 

to the northwest and the Ziegler f'suit ls 4ownthrown to the 

southeast. 

The Simons fault passes through the central part of the 

vallev and 1s crossed, by the James River at several places 

(Plots X) ~ According to Perks (1953, p. 49), ths Simons 

fault has a throw of about 800 feet in the Southwest Nason 

Llano River ares. In the central pert of the James River 

valley ths throw ranges from about 200 feet ln the northern 

part of the area where ths upper Norgan Creek is in oontaot 

with the lower Ssn Saba, to over 600 feet ln ths southern part 

of the area where the upper Lion Nountain ls ln oontaot with 





rocks of the Ellenburger gxoup which probably belong to the 

Threadgill member of the Tanyard formation& 

The Ziegler fault passes through the central part of 

the valley on the southeast side of the James River. This 

fault trends northeast-southwest throughout most of the area, 

but starts to curve toward the south 1n the southern part 

of the area at the James River road — James Rivex crossing, 

Ror the most part, the trace of this fault was easily located 

on the aerial photographs and in the field, but 1t was very 

diff i. oult to locate at the crossing due to the )uxtaposltion 

and similarity of the Cap Mountain and the Morgan Creek mem- 

bers. The throw ranges from about 100 feet to about 4CQ feet. 

Zn the northern pax't of the area, the lower Moxgan Creek is in 

contact with the upper Morgan Creek, and in the southern part 

of' the area the upper Cap Mounta1n 1s 1n contact with the 

Morgan Creek, 

The Mart1n fault passes along the southeastern bordex 

of the area. This fault also tx'ends 1n the northeast-south 

west direction. This fault has a max1mum thxow of about 

l50 feet in the northeast part of the area, The amount, of 

throw dec. eases southwestward unt11 the fault can no longer 

be traced. 

The Loeffler fault is located near the northwest boun 

dary cf the 

arear' 

Th1s fault txends northeast«southwest for 

the most part, but it starts to curve to the southeast near 



the southwestern portion of the area. The maximum throw of 
this fault ls aoproximately 250 feat and the amount of' 

throw decreased toward ths northeast until the fault can 

no longer be traoed. The fault ls dlfflcult tc locate fox 

the most part. This ls particularly true where the Ellen 

burgax ls in contaot with Ellsnburger. At first, this fault 
was presume to bs a minor fault, but a ox'oss section 

acx'oss the fault (Section along 11ns 8 O', Plate X) showe4 

that it hah an appxoximats thx'o» of 240 feat, Xt must be 

pcintsd out that tha amount of throw 1s a rough approximation 

since neither the thickness of the Ellsnburgsr ln this area, 

nor the exact looatlon within the ssotlon is known. 

The Simons and Zlaglex' faults form a large horst in 

the osntral part of' the area. The upthrown blook of this 

horst has been eroded, so that it is now topographically low 

The Ziegler and. Hartin faults form a smaller graben in tha 

northeastern pax t of the area. 

Where undisturbed by faulting, ths Palsosoio strata 

have an average regional stx iks of N 6$ E and d. ip approxi» 

mately $o to the southeast. This dirsotion of 41p is of im 

portanoe since the central part of the James River valley is 
on the southwest flank of the Llano uplift where lt might be 

expected that the dip would be away from the uplift or to 

ths southwest& Although ths ralati. sly small dlps are not 

generally lndioative of uplift, ths fact that the dip ls to 

southeast instead of ths southwest ls evidence of a slight 



upl1ft in the v1cin1ty of the thes1s area, or depression 

to the southeast, That there 1s an uplift is further sub- 

stantiated by the fact that the James R1vsr is a re)uve- 

natsd stream. 

The strikes and. dips of the beds against the ma)or 

faults vary somewhat from that of strata in the1r normal 

posi, tion, This variation is not always present, so that 

faults are not everywhere detectable by this oriterion, 

Slumping into l1mestone sinks and compaction around bioherms 

also zesults 1n strikes and dips that vary from the normal„ 

Caution must be used in order that the strikes and dips 

that z'sault from these features are not mistaken for evidence 

of faulting. 

OTHER PAULTS 

Numerous other faults of lessez throw ooouz in the 

northez'n pazt of the area in the upthrown block of the hozst 

formed by the Simons snd Ziegler faults. Several of these 

faults occur as fault sl1vers from the sapor faults. These 

faults have no defin1te trend. Some of them trend to the 

north and others to the northeast. There 1s no uniformity 

as to the d1reotion of the throw, and the displacement ia 
generally less than 100 feet, 

The major faults, as a whole, have spl1t somewhere 

along their length into divergent fault slivers. At theme 

places it was often d. ifficul. to determine along which line 
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the ma)or displacement occurred 

There axe several minor faults that cut aoross one oz 

more ma)or faults, These minoz faults are not usually offset/ 
but there 1s one important exception in the southern part of 
the area near the James River road--James River ozossing 
whez'e a minor fault orosses and 1s offset by the Ziegler 
fault and a fault slivez from the Ziegler fault, 

Several minor faults occur in the Ellenburger, but no 

attempt was made to determine their throw since the forma- 

t1ons were not d1fferentiated. Many soil and vegetational 

d1ffezences appeared on the aerial photogzaph8 as possible 

faults, but upon closer examination many of these proved to 
be )oints which had been enlazged by solut1on. 

The reoognitlon of these minor faults was, in some in 

stances, very d1ff icult, Generally the only indication of 

faulting was the abrupt tsrm1nation of a key bed, or the 

presence of breociated material ~ It 1S quite possible that 

there are more minor fault. , particularly in the Ellsnburgsz 

and San Saba, but there was no field evidence to indioate 

their presence. 

AGE OF PAUZl1'ING 

The t1me of faulting is not def1nitely known s1nce the 

data ava1labls in the central part of the James R1ver valley 

are inconclusive. However, 1t is known that the faulting 
occurred after the Ellenburger sediments of Lower Ordovician 

age were depos1ted since these sediments have been affeoted 



by the fault;ing 

Cloud and Barnss (l9ffff, p. 121) stated, that unfaulted 

beds of' Canyon age overlap faulted rocks of E'llenburger age 

ln ths western part of' the Llano upllf't near Calf' Creek, Zt 

is also known that ths Smithwlck formation of' Bend ags has 

been affected by ths Hason fault' ln ths vicinity of White's 

Crossing in Hason GoLu&ty. &rom this inform&. ti, on, the c;n- 
clusion can be derived that ths late Paleosoio faultir~ ls 
post-BenC and pre-Canyon ln a; e. 

CAUM OP PAUL~"LNO 

The normal faults of the «heals area indicate that ten- 

sional forces are ohief'ly responsible for the faulting. . he 

graben in ths northeastern part of the area that l. " formed 

by thc Mrtin and "isgler fa»its is also indicative of' ten- 

sion'1 forces. This graben block was downdropped into a 

potential void that was sst up by the tensional forces w";lch 

csun-sd the fw 1tlng. 
. 'he horst formed by ths Zlegler and Slmcns faults as 

well as the complex faulting f'ound ln the northern part of 
the area sug, ;s, ts th~ t come additional forces night have com- 

plicated tne fracturing ln and around the central part of the 

Jam". s Riv r valley. However, it is pcs=ibis that tbia horst 

ie the relatively high block between two gfebsns. 



FOLD INO 

There 1e no dixeot evidence of folding in the central 

part of' the James River valley. However, very gentle un- 

dulations or domal structures of local ocourrenoe are common 

1n the Point Peak member and San Saba member of the &ilberns 

format1ons. These features 1n the upper Po1nt Peak and. lower 

San Saba axe due to d1fferent1al oompaotion over large reef' 

s truotux sa ~ 

Some small solution sinks are present 1n the Ellenburgsr. 

These f'eatures often give the appearance of small local ba 

8 ins ~ 



SU%NARY OF CEO LOU 1 C HISTORY 
Ths Preoambr1an seas of central Texas depasited a thiok 

sex iea of sundetance, limestcnes, and shalss. These eed1ments 

passed through the vax ious stages of deep burial and metamox 

phism and weze converted into quartsites, marbles, schists~ 

and gnslssesi These metamorphic rocks were then intruded by 

igneous rooks, The ooarse tsxtuxs of the granites indicate 

that intrusion oaaurxed at considerable depth. Ssllax'ds (1932, 

p, 3$) stated. 4that these gran1te intrusives were earlier than 

the overlying Paleosoia is indicated by the fact that at no 

place do they cut into ths later rocks". 

Follow1ng the intrusion of the 1gneous rocks, the region 

was subjected tc sxtsns1ve erosion' During this yexiod of 

erosion the uppermost rocks were zemoved, the folds leveled 

off& and the granite exposed. & The Upper Cambrian ssdimants 

were then dsyosited on these exposed granitss and on the 

trunaated, folds of the metamoxyhic rocks& Accord1ng to 

Sellards (1932, pi 36), this interval of eros1on may have 

been largely or entirely within Cambrian time since the over~ 

lying sediments are of Upyez Cambrian age& 

Cloud and Barnes (lp&, y. 111) stated that cthe first 
Paleosoia ssa to invade central Texas enter'd a region of 

considerable local rs11ef", The sea reworked. sands of eolian 

or1gin into the banal part of the Hickory sandstone msmbex + 

According to Bridge, garnes, and Cloud (1907, pi 113), the 

Hickory sandstone member rests on an irregular Pxecambrimn 



surface having a relief as great as 800 feet in some plaoes, 
Some of these buried hills are known to extend stratlgraphl 
cally into the Cap Nountain limestone membez'. 

By the middle of Riley time, according to Cloud and 

Sarnes (1948, p. 112), the lands were largely exhausted of 
ooarae detritus and reduced ln elevation, As the sea trans 

gx'essed, less sand was derived from the source area and cal- 
cium carbonate was deposited, causing the Hickory sandstone 

to grade into the sandy limestone of the lower Cap Hcuntain 

member+ The presence of glauconite, trllobites, and braoh- 

lopode indicate that the Cap Mountain limestone f'oxmed in a 
shallow, nerltlc envlz onmenti Xn late Riley and early Nil 

bexns time, ohanges in the relationship of land to sea ooouzred 

and the lands furnished abundant sand to supply the zegxesslve 

transgxeesive sand sons that compxlses the Lion Mountain-Welge 

sequence, The highly glauconltio, granular limestones of the 

morgan Creek member lndioate that the source area was ay~in 

lowered This suggests a nerltlo environment similar to that 
which occuzred in Cap Nountain time. 

During middle &ilberne time quantities of argillaoeoua 

material were accumulated to form the Point Peak shale mem 

ber. According to Paige (1912, p. 79), widespread flats 
which were alternately flooded by tides and dried by the sun 

existed et this time. This is lndloated in the thesis ax'ea 

by the presence of thin alteznating shale and calcareous sllt- 
stone bede, and shale-pebble conglomerates, The strcma 



toll. tic bioherms indicate a reduction in terrigenous sediments 

and an increase ln algal aotlvity. They also lndloats a warm- 

ing of the waters ~ These maz inc con41tions pxobably persisted 
during the deposition of ths San Saba limestone member, with 
sedimentation being continuous aoross tns Cambrian-Ordovician 

boundary 

During early Ordovlclan time, according to Cloud and 

Bcxnes (1948, p. 112), the Llano region rsmalne4 relatively 
stable» with minor fluctuations ln depth and temperature of 
the water, condition of the bottom, and nearness of land» 

The marine waters of the region were generally warm, inter 
mlttently turbulent, , and relatively well-oxygenated shoal 
waters, deepening to the northwest. Stromatolitio llmestonss» 
ripple marks, and lntraf'oxmatlonal oonglomezatss indicate a 
shallow water environment, 

The absence of Widdle Ordovician, Upper Ordovician, and 

Silurian zocks ln the Llano x'eglon su: geste that emergent 

conditions accompanied by erosion szzisted after Early Ordo 

vlcian time. Xt has nsvez been established whether sediments 
were deposited an4 subsequently removed, or whether a period 
of complete nondeposltion ls responsible for this lack of 
Riddle Ordovlolan, Upper Ordovician, and Sllux lan rooks, 

Cloud and Barnes (19%, p. 113) stated that 'ths gxsatest 
truncation of ths Bllsnburgsr rooks and thus probably the 
longest period of Palsosoic smergsnoe of the Llano xegion 
occurred befoxe Devonian time" ~ Th. maximum truncation was in 



the western part of' the uplif't, whereas the oldest Devonian 

strata known axe ln the eastern part of the region and the 

youngest are ln the western yart of the region. A provisional 

inference that the region was tilted to the east and largely 

truncated before Devonian times, followed by an east to west 

Devonian marine invasion and continuing truncation of' the 

emergent areas, may be made from the available data, The oo 

ourx ence of xocke that are probably assignable to the Pillar 

Bluff limestone as pocket- and crack-fillings below the 

Strlbling formation suggests that there were irregulax'ities 

in the Devonian ovexlap and temporary withdrawals of the sea, 

Ths Chapyel formation of Nlssieslpplan age le present 

as a locally exposed deposit of a few f -et in thiokness. Ao- 

coxding to Sellarde (1934, yp. 84-85), this mid-Nisslssippian 

formation was either of reduced thiokness over the uplift 
or was eub)ected to erosion on acoount of the uplift. Either 

of these interpretations would eu. : eet that the Llano upllf't 

originated. as a positive area as early as mid-Nissleslppian 

time ~ Sellax'ds (1934, pi 22) stated that "the Barnstt for 

mation, oonslsting ohiefly of olastlo matex isis, may represent 

an outward or f'cather edge of the sediment resulting fxom 

an uplift ln Nlesleelppi. an time". 

According to Sellards (1934, p. 23), the Narble Pails 

formation of Pennsylvanian age rests at soda looalitles on 

Nieslssipplan and elsewhere upon various units of the Ellen- 
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burger group, This indicates that erosion and. shifting of 
sea level occurred in the Llano region between the deposition 
of the latest Mississippian and the earliest Pennsylvanian 

sediments now exposed ln the uplift. 
The domlng that began during post-Devonian time con 

tinued Curing the early Pennsylvanian and produced Cips that 
were away from the centex of' the Come, During post-Dend and 

pre Canyon time, the zegion was intensely faulted and the 

faulting disturbed the strata so that they now Cip in various 

dlreotio. . s, The faulting px'o4uced the large normal faults 
of the region and also caused blocks of Paleozoic strata to 
be Cropped to the level of the Precambrian+ 

At the close of ?aleozolc deposition the Llano region 
became emergent and remained eo until the advent of the 

Cretaceous seas, During this long interval, erosion x'emovs4 

the Paleosoic sed. iments from parts of the uplift and expose4 

the Precambrian schlsts, gneisses, and granltes, The Cre 

taceous sediments weze then deposited on the trunoated mar 

gina of all the formations from Preoambrlan to late 
Penney lvanlan. 

Since Cretaceous time the Llano zeglon has been uplifted 
and has remained dry land with very little deformatioi:, 

There hcs b~. en moze than one post-Cretaceous uplift, but 

little or no tilting of the Cretaceous strata. The courses 

of most of the ma]or streams of the Llano region, dzalnlng 

towarC the Gulf of Mexico, were established on a nearly level 
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plain of' Qretaoeous sediaents. hs the region was uplifted, 

the Cretaoeous sed. iaents were largely reaoved snd the rivers 

were superimposed on the underlying Paleoxoio and Precaabrian 

rocks ~ in which the present topography is being oarved. 



ECONCNXCCEOLOOY 
The most important natural resaurce in the oentral part 

of ths James River valley is ground watex. Ths Hickory sand 

stone is the most important aquifer in the area, but several 

important wells produce fxom the Ellenburgsr. Zn normal years, 
when drought oondltions have not dried lt up, the James River 

offers a supply of water. 

Since the oentral part of the James River valley ls 
unsuited far the raising of crops, ground water ls used 

chiefly' for stook and 4omestlc purposes, 

Zt ls very improbable that oil px o4uotion will ever be 

attained Cloud and Barnes (1/48, p. 33) stats4 that the 

potential souxce beds have been so intensely faulte4 and 

exposed to ths atmosphere that lt ls doubtful if petroleum 

will svsr be disoavsred in ths Llano region by dz'llling, 

Building stones offer an lmpox tant natural resource 
that co ~id be exploited, but lt is not soonomioally feasible 
because of the long &1stanoss that this matex lal would have 

to be transpox ted to the railroads. 

According to Cloud and Barnes (1948, pp. 127-129j, rocks 

of the Ellenbuzger group oould be crushs4 and. use4 for rail 
zaad. ballast, road metal, and concrete aggregate, but again 

ths transportation difficulties prohibit this utllisation of 

the Ellenburger rocks. 

A minor industry in the area at the present time is 
conoerned, with bat guano for fertillsez ~ A large solutlen 
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oave in the Ellenburger Coloaite 1s inhabite4 by a large 

oolony of bats whose guano litters the floor of the oave 

(Plate XX) ~ The guano 1s reaovsd at periogio intervale ant 

solct on the open aarket as a ooaaeroial fert111ser. 
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Section of the Cap Wountaln limestone, Lion Nountain 

sandstone, an4 welge sandstone occurring ln a gully on the 

east side of the James River about two miles south of the 

Ziegler ranch house. Section begins in the upper Cap Ron 
tain member at river level, 

Thickness of Interval 

Feet 

Riley formation: 

Cap Nounta1n limestone member: 

1, Limestone, gray to greenish-gray, coat eely 

crystalline, glauconit le, slightly fos» 

slllferous (chiefly coqulna), unevenly 

bedded, hard, stained brown wish iron 

oxide. Weathers to a dirty gray. . . . . . 6 ' 0 

2 ~ Limestone, grayish-white to grayish»purple, 

crystalline, fine-grained, hard, glauco- 

nitic, fossiliferous, well bedded, stained 

brown In slightly arenaoeous portion with 

Iron oxide, Weathered surface dirty gray 

and mottled brown. . . . . . . ~ . . . ~ . . 16. 6 

Limestone, reddish-brown, crystalline, glau- 

eonitio, slightly foss111ferous, stained 

brown ln slightly arenaoeous portion with 

iron oxide. Weathered surface mottled 

dirty gray. ~ ~ 2 ~ 3 



4 ~ Limestone, grey to greenish-grey and 

reddish-grey, crystallinep arenaceousp 

glauconitio, slightly fossiliferous, 

hard to friable, stained brown in 

arenaceous portion with iron oxide. 

Weathered surface dirty mottled 

greyo ~ ~ ~ ~ ~ ~ ~ ~ 

5 ~ Sands tone, grey to green 1 sh-grey, high iy 

glauconit1c, oalcareous, sta1ned brown 

with 1ron oxide. Weathered surfaoe 

Rest 

16. 1 

d 1 r ty gre y 1 ah gre en I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 5 ~ 5 

6, Limestone, purplish-grey and green, glau« 

oon1tic, arenaceous, slightly fossili- 
ferous. Weathered surface d1rty grey. . 0. 9 

7. Sandstone, yellowish-green to reddi. sh- 

brown, highly glauconitic, oaloareous, 

friable, med. ium-bedded ~ Irregular 1ron 

oxide stain. Weathers to redd. ish-brown 

ledges ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 5 ~ 9 

8, Limestone, brown to green, h1ghly glauco- 

nitic, med1um-bedded. , nonfosa111ferous, 

arenaceous ~ Zrregular iron oxide sta1ns. 

Upper portion highly glauoonit1o and 

arenaceous Rorm. s a dist1nct bench, 



Weathers to a rusty brown. ~ ~ . ~ - ~ ~ . ~. . . . ~ 

Total measured thickness of Cap 

Mountain limestone member. . . . ~ ~ ~ ~ ~ ~ ~ ~ ~ 59+8 

Lion Mountain sandstone member& 

9, Limestone, arenaceous, brawn to green, 

medium- to coarse-grained, thin tO 

medium bedded, glauconltlc, Interbedded 

with thin layers of iron oxide and green 

glauoonitic sand ~ Surface ls litters& 

with hematite nodules Lower portion 

forms a gentle, sparsely vegetated 

slope ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 20+8 

10, Sandstone, medium- to coarse-grained, 

greenish grey to green, slightly cal- 
careous, slightly fosslllferous ln 

places. Surface littered with hematite 

nodules and with float from the overlying 

We lge ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

Total measured thickness of Lion 

Wountain sandstone member. . . . . . . . . . . . . 31 9 

Wilberne formation: 

&alga sandstone member: 

11, Sandstone, light brown to yellowish-brown 

medium-grained, lndistlnct bedding, non- 

calcareoue except near upper boundary, 

nonglauconitic. Iron oxide preeent as 
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Feet 

streaks and as a th1n coating on surfaoe. 

Recomposed quarts grains iapart a sparkle 

to the so11 and to the sandstone fragments, 

Upper part 1s f1ne- tc coarse-grained 

and calcareous ~ As a un1t the Welge wea- 

thers to Baal 1 cl 1f f s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~2 

Total measured th1ckness of &elge 

sandstone aeaber. . . . . . . . . . . . ~ ~ . ~ ~ . "" ~ ~2 

Total measured thickness of section. . . . 104, 1 
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