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GEOLOGY Oy THE CAMP SAN SABA-NEST ARRL, 

MAS(N ANO McCULLOCH COUNTIES, TEXAS 

ABSTRACT 

The Camp San saba-west Area is located on the northwestern flank 

of the Llano Uplift, about b miles south of the towa of Brady. The area 

is most easily accessible by U. S. Highway No. OT, and covers approxi- 

mately 30 square miles. Rock units of Late Cambrian, Early Ordovician, 

and Early Cretaceous age are present within the area. The Upper Cambrian 

strata have been divided into the Riley and Ãiiberns formatioas in 

ascending order. 

The Riley formation is composed ia ascending order of the Hickory 

sandstone, Cap Mountain lis»stone, and Lion Mountain sandstone members. 

The Hickory s»mber consists of yellowish-brown to red, coarse-grained, 

nonglauconitic sandstones. These strata grade upward into the dark 

reddish-brown, arenaceous lis»stones of the lower portioa of the Cap 

Mountain member. The middle and upper portions ot the Cap Mountain 

lis»stones are gray to brown, silty. slightly glauconitic and fossil- 

iierous, ana grade upward into the coarse-grained, highly glauconitic 

Lion Mountain sandstone. The contact between the Riley and Nilberns 

fora»tions is very sharp. 

The uilberns formation has been divided in ascending order into the 

following members". uelge sandstone, Morgan Creek limestone, Poiat Peak 

shale, and san s«ba lis»stone. The Welge sandstone is yellowish-brown, 

medium-grained, and in most places nonglauconitic. This sandstone 

grades upward into the reddish-purple, arenaceous, glauconitic limestones 



of the lower part of the h&orgun Creek member. These limestoaes are 

gradually replaced upward in the member by greenish-gray glauconitic 

and iossiliferous limestone. The Morgan Creek member is traasitionally 

succeeded by green, calcareous shales, liaestoaes, and conglomerates of 

the Point Peak shale member. A thick zone of stromatolitic bioherms 

occurs at the top of this member. Ia most parts of the Llano region, 

these reef masses are considered to compose the upper portion of the 

Point Peak member. however, this writer has mapped them as the basal 

unit of the san Saba member, because in the central part of the thesis 

area the stromatolites occur interbedded with the San Saba lismstones 

aud in the southera portion of the area they are underlain by these 

limestones. The part of the San Saba smmber above the bioherms is 

termed the "calcitic facies", aud is composed of brown to gray, granu- 

lar, fossiliferous and sparingly glauconitic lismstone. 

Ihe Cambriau strata are couformably overlain by Lower Ordovician 

liumstoaes of the Ellenburger group. These lismstones are light gray, 

sub-lithographic, and essentially nonglauconitic. They are succeeded 

upward in the section by darker gray, dense, saccharoidal dolomite. 

Ihe Lllenburger group has been divided iato formatioas in some areas, 

however, in the thesis area it has been mapped as a single unit. 

Neither faultiag aor folding of great magnitude has occurred in 

thesis area. The iaults ~ which are normal faults ~ have a general 

northeast trend aad are almost restricted to the western and southern 

portions ot the area. The displacements on the faults in the mapped 

area do uot exceed 150 feet. Small folds of local occurrence have been 

forsmd as a result of' differential compaction over bioherms and 



"reversed" drag along faults. The western limb oi' aa anticline that 

plunges north probably is present in the eastern part of tho area. Two 

collapse structures are preseat oa the western bank of Katemcy Creek. 

&i'here undisturbed by faulting aad foldiag the strata have an average 

regional dip of 4o N 52oh 

The most important resource in the area is the supply of ground 

water provided by the Hickory sandstone and Ellenburger limestone 

aquifers. The possibility of oil and gas production is very slight. 
Boulders of limestone and sandstone obtained from both the bedrock and 

from stream-transported deposits have been used for the building of 

homes and stone fences. 



GEOLOGT OF THk. CAMP BAN &AHA-hT. T AREA, 

MA. 'ON ANE~ HcCULLOCH COUNTIE', TESSAR 

INTR(SUCTION 

PURPlr. k OF INVB"TIGATION 

The primary aim of this paper is the detailed study of the geology 

of the Camp San ' aba-West Area. The preparation of a geologic map oi 
the area from field observations, and the study of the structure and 

stratigraphy of the Upper Cambrian rocks exposed in the area, are the 

two problems oi primary interest. An attempt is made to interpret the 

geologic history of the area, and a resume' o' the economic resources 

is included. 

LOCATION 

The Camp ban Baba-nest Area is located on the northwestern flank 

of the Llaao Uplift, in Nason aad hcCulloch Couaties. As shown in 

figure I, the eastern and northern boundaries are natural geographic 

ones, i. e. Katemcy Creek and the han baba River, respectively. The 

southern boundary extends B. 6 miles due west from the junction of 

Katemcy Creek and Katemcy Road, which forms the southeastern corner oi 
the area, The western boundary extends due north from the western end 

of the southern boundary to the ;an . ;aha River. 

ACCEGuIBILITY 

All hut the extresvo northwestern portion o. thc Cusp . 'an . 'aba-Cast 

Area is readily accessible by cubicle. The eastern half of thc area is 
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crossed by the north-south U. :. Highway 07. The area may be easily 

reached from the towns of Mason, to the south, and Brady, to the north, 

via this highway, which are respectively 13 and 6 miles distant. 

since a large amount of the central and eastern parts of the area 

are composed of small ranches aud farms, many ull-weather ranch roads 

and rocky ranch trails are preseat. The western portion of the area is 

sade accessible by a ranch road connecting all the windmills on the 

Schmidt property, and by the irank Kidd ranch road extending west from 

U. H. Highway C7. The northwestern region, where the topographic relief 

is greatest, is accessi. ble only on foot. 

METHOD Ot MIEN uOHM 

The field work was done between July 3 and August 17, 1956, All 

mapping was done on acetate-covered contact prints of vertical aerial 

photographs prepared by the U. '. impartment of Agriculture during 

Oecember, 1939 and January, 1940. The scale of the photographs is 

approximately 1:20, 000 or one inch eguals 1667 feet. The thesis area 

is contained on photographs C, JC 4 - 30 through CJC 4 — 34, CJC 23 - 130 

through CJC 23 — 141, and CJC 4 - 131 through CJC 4 - 133. Most forma- 

tional contacts and faults were traced in the field, and their locations 

were plotted on the acetate overlays during the process. Other less 

distinct contacts and faults werc detected by a stereoscopic examination 

of the photographs. These observations were verified in the field, and 

their locations plotted. 

All strikes and dips shown on the enclosed geologic smp of this area 

were measured with a Brunton compass. Their localities were chosen for 



the purpose of illustrating the near-surface geologic structure of the 

area, aad the values were deterndned by averaging several readings 

taken in the ismmdiate vicinity of each point. A magnetic declination 

of ten degrees east was set on the compass. 

All geologic data plotted on the acetate overlays of the individ- 

ual photographs were traasferred to an acetate base map of the thesis 

area. This smp was drawn as an overlay of all the photographs used 

after they had been fitted together to form a mosiac of the whole area. 

The author is grateful to Professor h. C. uchroeder of the Agri- 

cultural and Mechanical College of Texas, Chairman of the thesis 

committee, for suggestions made during field conferences aad for the 

critical reading of this paper. Thanks are due to Professor H. R. Blank 

for aid ia selecting the thesis area, and to Professors T. J. Parker aad 

Peter Dshlinger, all of the gricultural and Rechanical College of 

Texas, i' or critical reading of this paper. Also, the author's appre- 

ciation is extended to Professor J. i . Boone of Arlington State College 

for consultations concerning some of the field problems. 

The ~riter is especially grateful to gems N. Bounce for her aid 

in editing this work, and a general expression of thanks is extended to 

the ranchers in the thesis area for allowing him access to their pro- 

perty'~ 



PRE VÃVG INVL". iTIGATION. . 

Rev ew f L t r 

Prior to this report, only the extresm northeastern corner of the 

Camp ban 5aba-blest Area had been mapped in detail and published ia the 

geologic literature. However, detailed work in the adjoiniag areas on 

the south and east was being done during the same time that this iaves- 

tigatioa was beiag carried on. 

Ur. ( ordinand Roamer (1047) published the first descriptioas ot 

the rocks aad fossils ot the Llano region. while accompanying an 

exploring party of German colonists, he passed through the geaeral 

locality of the thesis area. Although on the basis of information he 

received from others, Roamer made some erroneous speculations coacera- 

ing the central portion of the Llano Uplift area, his own observations 

were confined to the southern aaa western periphery of the uplift. In 

a more exteaded investigation over a greater area, Roesmr (1049, 1052) 

studied the formations, collected fossils, and published descriptions 

oi these fossils ia addition to an interesting account of his observa- 

tions and travels. He was the first to announce the presence of Early 

paleozoic, Carboniferous, and Cretaceous rocks in the Llano Uplift 

region. He described thirteen species of fossils trom the Ordovician 

and Carboniferous systems with such accuracy that many oi his descrip- 

tions have remained unchanged to this day. 

Hhile accompanying an expedition oi Army engineers to explore 

parts oi west Texas and New Mexico during 1465 and 1066, Ur. G. G. 

hhunmrd (1006) made brief geological notes along the return route from 



Fort )ickavett down san -~bu River valley to Fort kiason aad oa to 

i redericksburg. 

B. F. Schusmrd (186l) verified much of Roesmr's original work. 

and was the first to describe the rocks and fauna of the Potsdam group 

of Late Cambrian age. lie first described the rocks composing tbe 

"Primordial "oae" of Texas, and also described nine new species of 

fossils of Cambrian age. 

Jules Marcou (1055) compiled the first geologic map that showed 

the extent of Carboaiferous strata ia the Central Nneral region. 

S. B. Buckley (1874), State Geologist of fexas in 1874, arbitrar- 

ily classified granites oi the Llano region as being Azoic in age. He 

went on to state that these granites are younger than the smtamorphic 

rocks with which they are associated. 

Investigations of this region ceased until 1803 when C. 0. @alcott 

(1884) visited the area, studied the rocks, and defiaitely established 

the Potsdam group as being Cambrian in age. Shortly thereafter, 

R. T. k)ill (1807) briefly amntioned the Llano region ia his review of 

the geology of Texas, aotiag the importance of %alcott 's work. Two 

years later, Hill (1009) sawed and definitely established the correct 

age of the Carboniferous rocks at hiarble I alls. Also, in the first of 

his two papers on the geographic features oi Texas, /iill (1890) dis- 

cussed the erosion of Upper and Lower Cretaceous strata from the 

central portion of the Llano region. 

It was not until 1089 that a systematic geological survey of the 

Llano region was carried out. This investigation was done under the 

auspices of the newly created Geological and Mineralogical Survey of 



Texas, sith L. T. Unable us . 'tate (colonist. 'everel publications 

resulted from this survey, including one by T. B. Comstock (1090) on 

the geology and sinerel resources of the Llano region. IJe vas the 

first to divice the Precambrian metamorphic rocks and granites of the 

Archaeo anc Lparcheun etus. In his discussion Losstock made the first 
re'erence to the uases (sile) -pring and Packsaddle series for the 

gneisses and schists occurring in the region. He also introduced the 

terms Hickory series, Riley series, and Scn . '. aba series. Comstock's 

Riley series included part oi' the rocks in the present Riley forsmtion, 

and his :an . aba series included all or a large part of the San Saba 

member as it is defined at present. 

Other publicatioas resulting from this investigation of the region 

were a report on the coal resources to the north and the drainage pat- 

tern oi' central Texas by R. S. Terr (1090), one by J. A. Tafi (1092) 

on the Cretaceous rocks, and two reports by 's. I, Cummins (1690, 1091) 

on the stratigraphy of the Carboniferous rocks north oi' the region. 

k. T. Uumble (1090) studied and described the Pennsylvanian rocks 

in the northern part of the region and gave them the name Bend for 

Mchnnelly's Bead on the Colorado River. . onm years later, Dunkle (1090) 

published the geologic history of Texas and devoted a section of this 

work to the Central Mineral region. Humble mentioned the Branite High- 

lands (1090, p. 4C2), which is the hilly region oi Precambrian rocks 

tringed by Paleozoic strata that extends from Burnet County westward to 

the eastern part of tlason County. 

In 1U9U, sidney Paige (1912) compiled a detailed map of the Llano 

and Barnet quadrangles which are in the central part ot the region. 



)'uigc (1911) also nssmu aud describcu vhe Lilberns, Csp t)ountsin snd 

nlleuburger "forumtions". He gave an excellent descriptiou ot the 

Precambrian geology snd discussed the economic resources of the Llano- 

Uurnet sreu. )'aige rude& ineu the Pulley Lprin&„gneiss and Packsaddle 

schist, which he believed to be o( sedimentary origin, and classified 

them ss being ot Algoukiun sge. Iu his discussion Pai„e refers to the 

Hickory sandstone instead ot using Comstock's term ")!ickory series". 

The first comprehensive geologic map ot Texas was compiled by 

J. &v. Udden, C. L. Baker, and Fmil Pose in I'&16, snd published by the 

Bureau ot Lcoaomic Geology snd Technology. It wss drawn to a scale of 

1:1, 500, 000. The kllenburger group, Wilberns formation snd Riley 

formation are shown as s combined uait, and the Precambrian rocks are 

undifferentiated. : . B. Plususer snd H. C. )Score (1922) preseated a 

new msp oi the Carboniferous formstioas of central 'Iexas and differ- 

entiated the lower Bead shale as s separate formation having s distinc- 

tive fauna. The name Bsraett was given to this new unit. 

G. H. Girty snd le C. )Ioore (1919) discussed the age of the 

Burnett ia s report on the Carboniferous rocks, sad Girty concluded 

that it was of Late hississippisn age. Samples o) crinoidsl limestone 

collected by P. t. Roundy and L. C. Heald in 1919, were studied snd 

found to be of Barly )r(sslssippisn sge by Rouady, Girty, and M. I. 
Coldmsa. The formation was referred to as "lismstoae oi Boone sge" 

until L. H. Bellards (1932) redescribed the strata and nasmd then; the 

Chsppel formation. 

The occurrence of algal limestone in the Xilberns shales in )susan 

County wss mentioned b) A, H. L'een (1931). 



C. L, Bake and Josiah Bridge (1932) attempted tbe first sonation 

and faunal correlation of the Lower Paleoxoic rocks ia the area with 

similar strata in other states. Although a lithologic sequence was 

found to exist with(a the Ellenburger group, no formational boundaries 

were proposed at that time. However, after examiaing the Cryptoaoan 

reef structure in the upper Kilberns formation of the Camp san Saba 

area, Bake and Bridge felt that these beds might be designated as a 

separate tormation at some later date. They recosssended that the old 

term "san Saba formation" be re-defined and applied. 

H. B. . tensel (1932) re-defined the Valley Springs gneiss and 

stated that it was of igneous origin and intruded the Packsaddle schist. 
In his report on the stratigraphy of Texas, Sellards (1932) briefly 

reviewed the Precambrian, Cambrian, and ()rdovician systems of the Llano 

region. Sellards (l934) also discussed the deformation oi the (entral 

hineral region during Paleoaoic time in his report on the structural 

and economic geology of Texas. In this report, the Precambrian struc- 

tural conditions of the Llano region were reviewed by stensel (Sellards, 

1932). Later, Steasel, (1935) reported on the Precambriaa unconformi- 

ties found in I. lano County. 

A new state geologic map (Wrton, et al, 193T) was prepared by 

N. H. ~rton after he had visited the area in 1933, collected unpub- 

lished data from geologists who had worked in the area, and checked 

certain forumtional contacts in the field. I arton plotted the outcrop 

areas ot the Hickory sandstone, Nilberns limestone, Cap Mountain lime- 

stones, and E. llenburger limestone for the first time on this smp. 



Bridge (1937) studied the Lower Paleozoic rocks on the west side 

of the Llaao Uplift, and named the Lion Mountain sandstone member of 

the Cap Mountain forsmtion. He made many collections of fossils and 

relocated most of Roesmr's original type localities. Roesmr's Paleo- 

zoic fossils were redescribed by Bridge and Girty (1937) who also pre- 

sented sosm excellent notes on the geology of the region. 

y. L. Barnes and G. A. parkinson (1939) first described the venti- 

iacts which occur in the basal pert of the Hickory sandstone of the 

Llano region. 'obey regarded the Hickory as consisting, in part, of 

reworked eoliaa deposits, and included a map ot Hickory saadstone out- 

crop areas showiag veatifact localities in Mason, Llano, and Blanco 

counties in the report. 

The larger bodies of Precambrian coarse-grained greaites in the 

Llano-Burnet area were studied by i, . Keppel (1940) with particular 

emphasis on their structure and texture. 

An unpublished report conceraing the stratigraphy of the Upper 

Cambrian strata in the Llano Uplift was given by Bridge and Barnes 

(1941) before the Geological Society of Nsmrica meeting in ballas, 

Taxes, during i. ecenber, 1941. They indicated that tbe wilberns forma- 

tion could be divided into tour members; however, no names were pro- 

posed. These smmbers were a basal sandstone, a glauconitic limestone, 

a green calcareous shale, and a lismstone at the top. Later, Barnes 

(1944) named these units in asceadiag order the beige saadstone, Morgan 

Greek lisestone, Poiat leak shale, and, as equivalent facies, the . '. an 

Saba limestone and Pederaales dolomite. He assigned formational rank 

to all the pre-Hlilberns units except the Lion Mountain saadstoae, which 



he designated a smmber of the Cap Mountain lismstone. 

Plummer (194M) wrote a paper concerning the discovery of a white 

quartz sand near the middle part of the hilberns formation in north- 

western Mason Couaty. This exceptionally pure saad was found on 

Leon Creek southeast ot the town of Lraa. 

In a progress report on the stratigraphy of. the illeaburger group 

oi' central Texas, (, louc, Barnes, and Bridge (1945) revised the earlier 
nomenclature, introduced the term "Lllenburger uroup", and restricted 

this group so that it included oaly rocks oi hurly Ordovician age. 
'I'he group was divided I' or the first time into three formations, which 

were nasmd ia ascending order the Tanyard, gorman, and Honeycut. 'Ibe 

authors also revised the stratigraphic classification of the Cambrian 

rocks. The Riley series was re-defined as u i~rsmtion and was divided 

into the Hickory sandstone, Cap Mountaia limestone, and Lion Mountain 

sandstone meswbers. The top of the Cambrian system was placed at the 

upper boundary of the hilberns formation. 

pluamer (1946) discussed the importance of the Hickory sandstone 

and Lllenburger lismstone as aquiiers in his report on the water 

resources ot Texas. 

Bridge, Barnes, and (. loud (1947) presented the stratigraphy of the 

Upper Cambrian rocks in the central Mineral region in 1947. Their 

section consisted of seven members and two tormations. These units 

were nasmd ana re-detined, and a detailed description ot each was in- 

cluded in the paper. 



Plummer (1947) published a sumsary of the classit'ication oi the 

Lower Pennsylvanian strata in central Texas. Later. Plusmmr's (1950) 

detailed analysis oi the Carboniterous stratigraphy and paleoatology 

in this region wus published posthumously. This report. included a 

brief report on the pre-(arboniferou» strata of central Texas. 

A basic study of the ullenburger rocks of the Llano region was 

prepared by (. loud and Barnes (1940). ~eatures haviag a possible sig- 
nificance in the search for petroleum were stressed in this report, 
and the pre-Fllenburger strata of several localities in the Central 

Mineral region were briefly described. H. R. Blank (1951) discussed 

and described degradational processes ia operation on the granitic 

smsses in the Llano Uplift area. 

A. R. Palmer (1954) studied and described the fossils ot' the Riley 

formation oi' central Texas. &ix trilobite nones were mentioned, the 

boundaries of which do not coincide with those of the members and sub- 

members o& the Riley formation. 

Barnes and h. C. Bell (1954) compiled an excellent resume' oi' the 

Cambrian localities and measured sections in their guidebook for the 

San Angelo Geologic hociety 's Cambrian field trip to the Llano area. 
They stated that the previously mentioned term "Pedernales dolomite" 

had ceasec to be used in favor of the name of its equivalent facies on 

the western side of the Llano area — the "~an :, aba limestone". The 

detailed geology of the extreme northeastern corner of. the (, smp . can 

uaba-west area was also shown on a map prepared by Barnes aad Bell 

(1954, p. 20). 
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Barnes (1956) presented a report on the lead and aine deposits in 

the central Texas area. Dikes of diabase along the Marble yells fault 

were recogaixed for the first tism and found to be of Carboniferous or 

younger age. 

In addition, several small sections of Mason County to the south 

of the thesis area were sapped aad reported upon by W. L. Alexander 

(1952), T. P. Polk (1952), V. M. Duvall (1953), H. P, Parke (1953), 

J. F. Prits (1954), aad 1 . R. Grote (1954) . Theses are being prepared 

by N. C. Scaife and &. E. Sweet on areas adjoining the Camp San Saba- 

West area on the south and the east. 

f C ic(li f the L n He 

The large quantity of Precambrian gneiss, schist, quartsite, and 

smrble occurring ia the Llano region seems to indicate that a great 

series of sediments were laid down over the area during this time. At 

least the smrble, and possibly a large part oi the other smtssediments 

were deposited under marine coaditions. The variation of lithologic 

types occurring above the marble appears to indicate an influx of 

clastic material following a period oi stability during which clastic 

deposition was not taking place. The graphite ia some of the metased- 

iments probably represents carbonaceous matter which was included within 

these rocks during deposition, and may indicate the presence of life. 
As deposition continued the sediments were deeply buried and com- 

plexly folded and faulted with sosm attendant metamorphiss. Lxtensive 

igneous intrusions followed, probably causing another phase ot subsequent 

smtamorphism. The coarse-grained texture of the Town Mountain granite 
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seems to indicate deep-seated crystalliaation of its parent magma. How- 

ever, the fine-grained Sixmile and Oatmaa granites appear to have 

crystallised under coaditioas of more rapid rates of cooling. It was 

pointed out by seilards (1932, p, 35) that these granitic intrusions 

occurred before the depositioa of Paleoaoic strata, because at no place 

in the region did they penetrate the Paleosoic beds. A period of ero- 

sion followed the pronounced folding, and bared the Precambrian smta- 

morphic rocks aad graaites to form a surface of considerable relief. 
This period of denudation probably occurred during the Early and Middle 

Cambrian epochs and part of Precambrian time. 

The first Paleozoic sea entered the area during Late Cambriaa tism 

and reworked the existing eolian sediments to form the basal, coarse, 

cross-bedded sands oz the Hickory member. This transgressive sea was 

rather shallow because hills as high as 000 feet did not receive sedi- 

ments until Cap Mountain tism. The ventiiacts is the basal portion of 

the Hickory camber appear to indicate that an environment suitable for 

eo)ian deposition still existed during early Hickory tis»s. Barnes and 

Parkinson (1939) have tound dreikanters as high as 4 feet above the base 

oi the Hickory and concluded this indicated a continuation of ventifact 

formation after the depositioa of the Hickory had begun. However, these 

smterials may have been transported from a positive area frow which the 

detrital material had not been removed, Also, a slight fluctuation of 

the early Paleozoic strand line in the area studied by Bridge and Park- 

inson could have caused reworking and redeposition of the relatively 

thin iaitial layer. It seems smch easier to visualise the ventifact 
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zorsmtion occurring over a very long period of time rather than during 

the relatively short. iaterval required to deposit the initial four feet 

of sedismnts. 

The presence of ripple marks aad phosphatic brschiopods ia the 

upper portion of the Hickory member indicates that shallow water condi- 

tions prevailed during this time. However, as the supply of coarse 

detritus was depleted, the marine sandstoaes graded into the glsuconitic 

lismstoaes of the Cap Mountain member. These limestones accumulated 

under relatively quiescent conditions in a shallow, cool, neritic 

environment. la late Riley snd early hilberns time, minor regional 

splitting occurred sad the lands sgaia supplied sedismnts to the regres- 

sive-transgressive sand nones that compose the Lion Mountain sandstone 

and Melge sandstone sequence. The fact that these smmbers were formed 

in smriae waters is evidenced by the presence of glauconite snd marine 

fossils. The sharp lithologic change between the two members msy be 

the expression of a short hiatus, which would support the idea oi minor 

regional uplift. 

The close of Melge sedimentation wss marked by a decrease ia the 

supply ot coarse material snd the gradual transgression ol smrine 

waters. This marine invasion of the land areas is represented by the 

occurrence of granular arenaceous limestones in the lower portion of 

the Morgan Creek member. The abundant glauconite snd marine fossils, 

including brschiopods und trilobites, in the middle and upper parts of 

the smmber iadicate deposition in s neritic enviroament. The presence 

of stromstolitic bioherms in the upper portioa suggest warm shoal waters 

und the shsllouing of the ses. 



buring middle Wilberas deposition, argillaceous material was 

introduced into the sedimentary sequence in a very quiet sea. This is 

evidenced by the very well bedded silts and shales oi' the Point Peak 

member. The scattered limestone ledges aad marine fossils within the 

member indicate that the waters were smrine. and since most of these 

limestones occur as pebbles iu 1utraforsmtionul conglomerates, the 

waters must have been very shallow. Paige (1912, p, 14) stated: 

Near the upper portion of the nilberns thin alternating 
shale and limestone beds, numbers of shale pebble conglom- 
erates ~ 'edgewise' (shale i'ragments) conglosmrates, sun- 
cracked surfaces and fragments. . . all suggest the presence 
of widespread flats, alternately flooded by tide and dried 
by sun. 

There adust have been extensive shoaling and warming oi the waters be- 

cause oz the large amount of stromatolitic growth occurring near the 

close oi the deposition oi the Point Peak and during the beginning of 

ban saba deposition. 

A gradual deepening of the waters is represented by the silty, 

glauconitic limestones ot the ~an baba member in the northwestern and 

western parts oi the Llano region. 'lhe occurrence of locally thick 

calcareous sands within the smmber has indicated to Cloud and Barmen 

(194L, p. 112) the continued or intermittent preseace of a large 

island or land mass to the west. However, the increasing proportion 

of sub-lithographic limestone and dolomite ~ithin the ban:. aba member 

toward the eastern part oi the Llano ()plift appears to indicate a 

general shoaling oi the region iu that direction. t'uring latest 

(. 'umbrian time the gradient of the sea floor was to the northwest nnd 

either tilting of the region in that direction or a lowering of sea 



level resulted in the emergence of the southeastern part of the Llano 

region and truncation ot' the highest Cambrian strata, 

In the western part of the Llano Uplift, deposition was contin- 

uous across the cambrian-Ordovician boundary. Duriag Early Ordovician 

time the Llano region remained relatively stable, and the absence ot 

clastics in the cllenburger suggests that the western positive area 

had ceased to contribute sedismnts. 'The sea which covered the area 

during this time was warm, intermittently turbulent, and relatively 

shallow. ( loud and Barons (194D, p. 32) have stated that these strata 

ure: 

. . . commonly although not generally stromatolitic, indicating 
at least a partial algal and generally a shallow water ori- 
gin. Deposition in shallow water is also indicated by 
ripple marks and intraformational breccias. . . 
A wide gap in the geologic record follows the Lower Ordovician 

deposition. The conspicuous absence oi' Upper Ordovician and silurian 

strata throughout the region indicates that generally emergent condi- 

tions with accompanying erosion prevailed during these intervals. This 

was probably the longest period ot Paleozoic emergence of the Llano 

region before Devonian time according to Cloud and Barnes (194B, 

p. 113). Although maximum truncation of the Ellenburger group by ero- 

sion occurred in the western part of the uplift, the oldest (evonian 

strata are found in the east and the youngest in the west. i rom these 

data, Cloud and Barnes (l940, p. 113) concluded: 

. . . one may provisionally infer that the region was tilted 
to the east and largely truncated before oevoaian time, 
followed by an east to west Devonian marine invasion and 
continuing truncation of the emergent areas. 



Irregularities in the Bevonian overlap and temporary withdrawals of 

the sea are suggested by the occurrence of Levonian rocks as pocket- 

and crack-fillings. 

'Ihough locally discontinuous, beds of Kississippian age are wide- 

spread in the Llano region and are such more persistent laterally than 

beds of known evonian age (Cloud and Barnes, 194L, p. 42). The 

mississippian strata thin townro the center oi the re„ion, thus indi- 

cating gradual uplift of the Llano region derring this period. Cloud 

anc Barnes have stated that "It is known that marine invasions occurred 

at several times duriog Rississippian and Pennsylvanian tine;. . ". A 

return to swamp-like conditions, according to paige (191'-', pp. UO), is 

indicated by the black shales that compose the top of the peansylvanian 

sequence. 

hxtensive faultiag o' the I. lano region occurred during Carly 

Fennsylvaaian time. Rust of these fault movemeats took place after the 

deposition ot the rocks of the Bend group and prior to the deposition 

Os the rOCkS Of the Canyen grOup. The rOCkS Of CanyOn and yOunger ageS 

are essentially free from faulting. 

l!idespread emergent conditions prevailed in the Llano Uplift after 

Pennsylvanian time, and the region persisted as a positive area in the 

'Iexas foreland during the permian, Triassic, and Jurassic periods. 
-'. osm re-elevation oi the area probably accompanied this lonv hiatus. 

However, by Cretaceous time erosion had reduced the surface to a region 

oi' lo, . relief and exposed all older strata in the area, including a 

large expanse of precambrian rocks. As the Cretaceous sea invaded 
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the region, basal sands and horizontal beds ot limestone and clay were 

deposited throughout the area. iister the early Cretaceous sediuentation, 

gentle, vertical uplift with no subsequent faulting and folding occurred. 

The resulting truncation by erosion again bared the ancient paleozoic 

and i recambrian rocks. 

The Llano region appears to have stood above sea level since 

cretaceous tine, ior, v ith the exception ot scattered stream deposits, 

no strata ot younger age are present. 



20 

Gh OGMAPFFT 

CLIMATF. 

A semi-arid clismte prevails over the Llano region In»bleb the 

Camp . 'an -'aba-West area is located. The average annual precipitation 

in Mason and McCulloch Counties is approximately 23. 5 inches, however 

it may vary crom a sosmwhat lower value up to a'. ~ut 45 inches. Al- 

though most oi the rainfall occurs in the winter and spring, it is 

very unevenly distributed during these seasons. Often one-third of 

the annual precipitation comes within a single week, and the rains 

may be followed by smny weeks of drought. For the past six years 

severe drought conditions have prevailed in the area. 

The average annual temperature of the area is 70. 5o i . Baring 

the winter months from November to April the daytime temperatures 

vary from 40o F. to 70 F. with frost frequent at eight, especially 

when the wind is from the north, Through the hot and dry summers. 

the daytis» temperatures range fros FSI F. to 109 i . and average 

approximately 90o F. The prevailing southeasterly breese tends to 

make the evenings and nights moderately cool during this season. 

VLGETATION 

The vegetation present in the thesis area belongs to the plant 

types which are adapted to moderate precipitation, rather severe tem- 

perature ranges, and rocky slopes. Mesquite, oak, elm, and cedar 

trees are found on most of the areas of higher elevations, while 

sycamore and pecan are most prevalent in the valleys. A few willows 



and elms sre found along the more persistent streams in the area. 

The distribution and relative abundance of plant life on s 

residual soil depends in part upoa the type of bedrock. Accordiagly, 

certain varieties of flora tend to grow more readily on certain stra- 

tigraphic units, snd the contacts between some of these units are 

marked by obvious chaages in vegetation, The limestone formations 

are characterised by sa abundance of Mexican persimmon, &punish 

bayonet, cstsclsw, sgerits, and prickly pear. Also, cedar, scrub oak, 

and live oak sre found to grow abundantly in scattered clumps on the 

Lower Ordovician limestones. Mesquite, bee-bush, catsclaw, lady 

finger, sad Mexican persfssson are more common tc the sandstone and 

shale formatioas croppiag out in the area. The grasses which occur 

throughout the ares are buffalo, curly mesquite, crowfoot, tobosagrsss, 

needle, sideosts and hsirygrama, snd several other varieties of lesser 

importance. 

IhiAJBTi&Y 

The cager industries in Mason snd McCulloch Counties ar» medium- 

scale ranching, stock f'arming, snd farming. The most important pro- 

duct of the ranching industry is beef cattle, with the raising of 

sheep snd goats assuming s secordsry role. Peanuts, cottoa, corn, hsy, 

snd wstermelons are the principal agricultural products grown in this 

region. Most of the fields used for cultivation are rather small snd 

limited to bottosi land or slopes snd benches associated with the less 

resistant ssndstones and shales. 



Prolonged drought conditions in all the southwest have caused a 

considerable decline in marketable products from this area. 'the 

cities of @anon and Brady serve as the shoppiag and trading centers 

for %anon aad VcLulloch Counties. 



PHY 10="HRPflY 

PifY5IGLL i'EATURES 

The Camp "an 'aba-West area lies on the northwestera ilank ot the 

Llano Uplift ot central Texas. &lthough the Llano region has the topo- 

graphic expression o: a broad erosional basin, it is structurally a 

large dosml uplift. Hocks of Precambrian age are exposed in the 

central part of the basin which is bordered by a higher area of sere 

resistant Paleozoic ano Cretaceous strata. The highest elevations ia 

the region occur on the plateau between klason and t redericksburg, and 

are in excess ot "200 feet. . niece the lowest point in the basia is at 

an elevation of 650 feet, the total relief is approximately 1600 feet. 
"ihe Camp ban aba-West area is located in the outer portion ot the 

high areas that term the rim about the Llano region. The uppermost 

part of this ris is composed oi limestones ot Early cretaceous age and 

is located approximately three miles northwest oi' the . '. an baba River. 

The lo»est point in the thesis area is about 1500 feet above sea level 

and occurs at the northeast corner »here Katemcy Creek empties into the 

«an::aba River. The highest elevation in the mapped area is approxi- 

mately 1900 feet. Thus, the total relief in the Camp ban baba-West 

area is about 400 feet. 

Three cistinctly diiierent varieties ot physiographic expression 

are present in the area. fhe sandstones and shales ot the Upper Cam- 

brian sequence have been eroded ia most localities to form low, rela- 

tively flat lands. These strata come to the surface in the eastern 

and southeastern parts oi the area, and furnish most of the soil that 



is suitable for cultivation. The limestone portions o. the Vpper Cam- 

brian series frou. prominent northeast-trendin, ricves sm, ' cuestas which 

exhibit steep escarpment slopes snd „cutie dip slopes. In the norsml 

outcrop psttcrr. these rare resistant units are separated by the lowlssd 

i'lst areas formed by the previously mentioned softer units. 

The Lower Ordovician limestones sre exposed at the surface in the 

northwestern part of the area snd form s rolling topography, gelief is 
greater in the outcrop ares of the i. llenburger group than on the older 

strata in the thesis ares, with the exception of an erosional remnant 

in the form oi a hill composed largely of biohersis but capped by:. an 

aba limestone. This hill is located due east of the C. Vyrick farm- 

house in the north-central part of the area (plate I) . 
LR GF IONAL AGE hk IE. 

The primary agent of erosion to which the rocks of the Llano 

region have been exposed is running water. Aiter the concentrated but 

usually short-lived rains typical in this ares, ruaoii waters in the 

portions oi the crsinagc systes. with higher gradients attain velocities 
great enough to transport large amounts ot' sedicent. These waters are 

especially eiiective in areas that support only sparse vegetation. 

Kith the exception of the cultivated areas, the effects of aeolian 

erosion are negligible. 

- oae of the topographic features present in the thesis area have 

teen developed as s result of faulting which places less resistant 

strata against more resistant strata. Fracturing along some of the 
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faults has further weakened the strata, making the rocks along these 

faults more susceptible to erosion. 

IKAIIiAi k 

The Llano region is drained by four principal streams, v, hich are 

the Colorado Piver on the east, the ' an baba River on the north, the 

Llano Ri~er in the cen'. ral part, and t, he Poderuales Piver on the 

south. . hese streams h«ve been superimposec upon the Paleozoic aud 

Precambrian rocks of the region. As pointed out by Terr (IG90, p. J|&0), 

the pattern of the major stream courses «as established during Tertiary 

time on an eastward-tilted plain o" Cretaceous strata. The streams 

have been entrenched into the older rock:, and have held their general 

directions across the region without regard to the Precambrian core and 

encircling Paleozoic rocks. The numerous ssmll tributary streams, how- 

ever, are adjusted to local structure. 

'Ihe ':an baba giver, which furr s the northern boundary o& the thesis 

area, drains all of tbe water from the area. Rainfall in the eastern 

aad southeastern parts of tbe area is carried by small obsec&uent tri- 
butaries into Katemcy Creek which "orms the eastern boundary and 

es&pties into the 's n 'aba River at the northeast corner o& the area. 

In the w estern and north«estern sectors waters are drained by way of 

small subsegment tributaries directly iuto the river. 

All streams in the thesis area, except the San baba River, are 

intermittent and flow oaly during periods oi heavy rainfall. Katemcy 

Creek carries a heavy load of granite wash obtained irom the granite 

umsses through which it flows. 



'. ~'1MATIGRAP HY 

GL¹HAL . " TA"~T&b" t'T 

' trata ot the Cambrian, Ordovician, and Cretaceous systems are 

exposed in the Lamp dan . '. aba-West area, Although they do not crop out 

in the thesis area, Precambrian ~granites are exposed a short distance 

to tiu. south. -»e only rock: younuer than 'arly Ordovician consist 

a very thin veneer of basal Gretaceous ~ccicent. ice»rain» as au 

erosional remnant uthich caps a hill in tho southeastern part o' the 

area, and siaor deposits of Recc-nt alluviuu. . The „clonic col;uun of 

the area is as follous; 

, UATLHNARY 

!tecent 

MEhK, OIL i:HA 

Cretaceous ystem 

"nidentified basal sand 

PALLOPOIG ~RA 

Ordovician mystes. 

Loner Ordovician 

Ellenburzer group 

'. ambrian '. ystem 

Upper Ganbrian 

hilberns formation 

San baba limestone member 

Point Peak shale member 



Morgan Creek lismstone member 

Melge sandstone member 

Riley forsmtion 

Lion Mountain sandstone member 

Cap Mountain limestone member 

Hickory saadstone member 

CAMBRLtM hy TL'M 

Rocks of Late Cambrian age crop out over all but the northwestern 

corner of the thesis area. These strata are composed of sandstones, 

limestones, aad shales with stromatolitic bioherms occurring in the 

upper part of the sequence. The currently accepted division of the 

Upper Caubrian rocks iato t»o formations and seven smmbers is a result 

of the combined work of Bridge, Barnes, and cloud, (1947, pp. 109-124). 

~R~F~smt 

The term "Riley series" was first applied by Comstock (1090, 

p. 205) to part of the strata that compose the present Riley formation. 

This unit was reduced to formational rank and redefined by Cloud, 

Homes, and Bridge (1945, p. 154) as including all of the Cambrian 

strata in central Texas beneath the Nilberns formation. It is composed, 

I rom base to top, of the Hickory sandstone, Cap Mountain limestone, and 

Lion L'ountain sandstone smmbers which are separated by gradstioaal 

contacts, 

The Riley formation was named for exposures in the Riley Mountains 

ot southeastern Llano County where it is 7UO feet thick. Because of 



the topographic irregularity of the overlapped Precambrian surface, 

the thickness in measured sections ranges downward to about 600 feet. 

Also. in southwestern 3an . aba (. ounty the Cap Mountain limestone smmber 

rests directly on Precambrian rocks, therefore at that place probably 

less than 200 feet of the Riley formation is present. The average 

thickness oi' the unit is given by Bridge, Barues, aad Cloud (194Z, 

p. 110) as 600 feet' The lower 40 feet of the Riley formation is not 

exposed in the thesis area, and the estimated thickness oi the remain- 

ing part of the formation that crops out in the area is UOO feet. 

Hickory 3andstone itember 

Uef 1 i a d th ck ss--The term "Hickory" was first used as a 

series nasm by Comstock (1690, p. 205) aud was applied to beds cropping 

out in the valley of Hickory Creek in Llano County. Later, Paige (1912, 

p. 42) renamed these rocks "Hickory sandstone" aad placed the upper 

boundary of the unit at the highest dominately sandy beds iu the basal 

Upper Cambrian strata. These boundaries were redefined and unended by 

Cloud, Barnes, and Bridge (1945, p. 154) when they reduced the Hickory 

to smmber status within the Riley formation. 

The Hickory sandstone member is reported by Bridge, Barnes, and 

Cloud (194Z, p. 112) to vary in thickness from the vanishing point to 

about 415 feet, and the average thickaess is estimated as 360 feet. 

Although the base oz the Hickory sandstone does not cosm to the surface 

in the thesis area, a thickaess of approximately 525 feet of the member 

is exposed in the area, This unusually great thickness may be attri- 
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buted in part to abaorsml thickening of the member, or to the occur- 

reace of several faults of such small displacements as to sake them 

impossible to identity on the outcrop. 

~tahe II--The Hickory sandstone member overlies the Precambrian 

rocks with a marked uaconformity, and is described by Bridge, Barnes, 

and Cloud (1947, p. 113) ns noncalcareous, nonglauconitic, yellow, 

brown aad red sandstoaes. In the thesis area, the lower portion of the 

Hickory is composed ot reddish-brown to tan, very coarse-grained, noa- 

fossiliferous sandstones. 'Ihese strata are for the most part massively 

bedded. 1he shape of the quartz grains varies from subangular to 

rounded and their degree of sortiag is poor. 

The middle pottion oi' the Hickory beds coasists of alternating 

layers of light-colored sandstones aad reddish silty shales. The sand- 

stones are soft, gray to taa, friable, medium- to fine-grained, well- 

bedded aad in many places intricately cross-bedded. The shales are 

somewhat darker in color, very fiae-grained, and thinly to iadistiactly 

bedded. These shales are persistent and do not appear to be laterally 

gradational into sandstones. Although some widely separated, coarse. 

quartz grains nre present throughout this portion of the sember, geaer- 

ally, the sorting is s;uch better than that of the underlying lower 

Hickory '. andstone. Where the sandstones are exposed in vertical stream 

banks, they tend to form prominent ledges which protrude outward over 

the undercut shale beds. 

In the upper portion, the Hickory beds are reddish-purple, smdium- 

grained, well-bedded ssndstones containing a ferruginous ceueating 



material, which tends to make the rocks moderately hard. It is well 

sorted and composed of rounded, guartz grains that are so coated with 
~ ~ 

ferruginous material that they tend to give the rock aa oolitic appear- 

ance. 'i'he residual soils resulting from this portion of the member have 

a characteristically dark red color. 

!!ipple marks are tounc at some place' in the upper part ot the 

Mickory member. Those shown in figure 1 of plate II are assyssustrical, 

but have rounded crests and troughs. They measure 2. 5 inches t'rom crest 

to crest, aad the approximate depth ot the troughs is three-eights of an 

1'hosphatic brachiopods (plate II, i'igure 2) have been reported to 

occur in the middle aad upper Hickory sandstones according to Parka 

(1953, p. 20). (iowever, they appear to be almost completely restricted 

to the upper Hickory in the thesis area. 

I ah adv a--The !lickory sandstoae forms relatively 

flat, open fields in the topographically low, southeastern portion of 

the thesis area. Most o; these fields are put under cultivation 

annually. A few gentle hills interrupt the almost flat tetrain near 

Katemcy creek. Outcrops of the !!ickory sandstone that could be mea- 

sured and described vere not found in the sapped area, 

bl&derately dense vegetation consisting o- scrub oak, mesquite, 

elm. Mexican persimmon, and several varieties ot cacti and grosses is 

present nn the uncultivated portioas of the Hickory outcrop. Bee-bush 

aad various grasses are usually found bordering the open fields. 





Cap Bountain Lismstone member 

Bef n ti n and th ckness — The term "(. ap Sountain" was introduced 

by Paige (1912, p. 45) "s a forrmtionol name, This unit included all 
ot the present Hiley forsntion above puigc's f!ichor„ sandstone, and 

was named for exposures on Cup Bountain in eastern Llano County. 'ihe 

Cap Sountain limestone «as later re-&iefincd Ly Cloud, Barn&es and 

Bridge (1945 ' p. 154) und included as a member iu the Cilcy tormetion. 

The thickness of the Cap Sountain me&i&sr throu&Shout the re&„ion 

ranges from about 13 tc 455 feet, and averages about 300 sect accord- 

ing to Bridge, Barnes, and Cloud (194T, p. 113). In the thesis area, 

the minimum thickness of this member is 225 feet. The abnormal width 

of the outcrop of the cap Mountaia (plate I) is caused by faulting. 

L~th~o--The contact between tbe Cap mountain lismstone ssu«ber 

is one of gradation, and is placed at s distinct topographic change in 

slope and a vegetational change which shows well on aerial photographs. 

In most places this change is at the base of the low escarpment oi a 

Cap Mountain cuesta. Sore specifically, Drid;e, Barnes, and (, loud 

(l947, p. 113) stated: 

This boundary is at the top of a noncalcareous sandstone 
zone beneath a xone of alternatin&„ impure, dark-brown 
lismstones and calcareous sandstones whici& becoue more 
calcareous upward; finally grading iato fairly pure, 
granular lime«tones that comprise the bulk of the mes&her. 

The le& er beds of the Cap Vountain limestone expose&! i n the area 

are chiefly dark reddish-brown, medium-bedded and in part distinctly 

cross-bedded, calcareous sandstones of smdiun- to fine-grained texture, 

alternating «1th, and &„roding laterally into, grayish-brown, fine 



grained, arenaceous lisestones. These beds grade utu«hard into light- 

browa or gray, smdium- to coarsely-crystalline, arenaceous lismstones 

that contain many layers of yells ish-brown, fine-grained, noncalcar- 

eous sandstone (plate III, figure I). Cross-bedding is generally 

better developed than in the basal beds. 'Ihe sandstone layers appear 

to persist over considerable lateral distances. 

In the middle portion of this member, calcium carbonate is more 

ab~ndant and the rocks consist oi fairly pure, fine-grained, light 

gray limsstones that contain sose grayish-yellow dolomite. These 

strata are well-bedded, and contain this layers snd small cavity 

filliags oi brownish-yellow siltstone. 

The upper portion oi the Csp Kountoin member is composed of light- 

gray, medium- to coarse-grained, sparingly iossiliferous, glsuconitic 

Iimestones. These lismstone beds are very sandy near the top of the 

interval, and thick, shaly and silty beds are cosmos (plate III, figure 

2). Ripple marks aad cross-bedding are well developed in some of the 

more sandy limestone layers (plate Iy). 

T o ra h and v tat — In the Camp San Ssbs-gest ares the 

lower zones of calcareous sandstone and arenaceous limestone form 

cuestas along the contact of the (;ap Mountain limestone snd the Hickory 

sandstone. 'Ibe sandy soils developed on the dip slopes of these 

cuestss are usually cultivated and used for the raising of crops. 

The thick limestone beds of. the middle and upper portions of the Cap 

Mountain member torm prominent ridges of moderate relief. However, 

an abundance ox residual soil occurs on the member, aad it is virtu- 

ally impossible to measure the thickness of the unit accurately. 







Tcgetntion growing on the Cap I:ountain limestone is rather dense 

and evenly distributee. "crub oak, mesquite, cedar, Mexican persisvaon, 

prickly pear, turkey pear, csteclau, Spanish bayonet, and numerous 

grasses grov on the weathered outcrops ot tl, ese strata, IIowever, some 

ot the natural vegetation has beea cleared by the ranchers. 

Lion Mountain Sandstone Member 

D i t n a d th k s --The Lion Mountain sandstone was origi- 

nally defined by Barnes (1937, p. 234) as the top member ot the Cap 

Nouatain "foramtion", and was assed for Lion Mountain in northwestern 

Buraet (, ounty. Later, Cloud, Baraes, and Bridge (1945, p. 154) included 

this sandstone as the upper smmber of the Riley formation in their re- 

classification ot the Upper Cambriaa strata of this region. 

ln the type section, according to Bridge, Barnes, and Cloud (1947, 

p. 114), the Lion Mountain sandstone is only about 20 teet thick. How- 

ever, it attaias a maximum measured thickness of 50 feet at other local- 
ities, and averages approximately 37 feet thick throughout the regioa. 

The thickness of the Lioa Mountain sandstoae in the Camp San Saba-Nest 

area is estimated to be 35 feet. 

~L ~o — 1'he Lion Mountain saadstoae member has a gradational 

contact with the underlying Cap Mountain lismstone member. The contact 

is generally placed at a vegetational and slight topographic change 

that is visible on aerial photographs. The member is described by 

Bridge, Barnes, and Cloud (1947, p. 113) as a highly glauconitic sand- 

stone containiag thin lenses ot limestone in its lower part. 
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In the thesis area, the Lion Mountain sandstone is principally a 

bright greea, coarse-grained, distiactly cross-bedded, highly glauco- 

nitic sandstone. The only good exposure of these saadstones in the 

mapped area occurs in a creek bed along the south side oi the Camp dan 

-'-aba cesmtery (plate I) . 
Leases of lismstoae that are essentially composed oi' trilobites 

are common in the lower part ot the Lion mountain member (plate y). 
These limestones are light purplish-gray, very coarsely textured, and 

tend to occur ia planes which are parallel to the prominent lines of 

cross-bedding. The trilobite fragments within them do not seem to 

have any particular pattern or arrangement, asd consequently, these 

1 I h bee t d "itllobit h hf(; 
Numerous black, round hematite nodules which have a smtallic ap- 

pearance are found on the weathered outcrop of this member. In most 

exposures the relative abundance and size of these nodules iacrease 

toward the top ot this member. These nodules are believed to be de- 

rived (rom the chemical alteration of glauconite. 

T ra h d v at n — 'Ihe i. ion Mountain sandstone member 

weathers to produce a narrow bench or open field, which is usually 

cultivated. Vegetation on the parts of the outcrop that are not plowed 

is rather sparse, primarily consistiag ot mesquite, scattered clumps of 
scrub oak, needle grass, lady finger, and turkey pear. 

The contact bet~eon the evenly distributed vegetation on the (. ap 

Mountain member, and the characterist, ically sparse vegetation of the 

Lion Mountain beds is very apparent at many places on the serial photo- 

graphs. 





' ilberns Formation 

'. &idney Paige named the uilberns f'ormation in 1911 (p. 23) for 

wilberns Oleo in northeastern Llano munt), and later described the 

unit in detail (1912, p. 46-51). present usage retaias the lover 

boundary as established by paige, but the upper limit was re-defined 

by Bridge, Barnes, and Cloud (1945 ' p. 140) to coincide »ith the 

Cambro-Ordovician boundary. 

The Rflberns formation is divided into xour m»t oers, and these 

were first described in detail by Bridge, Barnes, and (loud (1947, 

p. 109-124). 

Through most ox the Llano region the hilberns formation ranges 

from 540 to 6IO feet thick. In the Camp ban . 'aba-West area the 

nilberas formation is estimated to be 615 feet thick. 

selge bandstone Member 

Lefin t n a d t ck — The »'elge sandstone member »as nasmd 

by Barnes from the beige land surveys between Threadgill and aqua» 

Creeks in northern Uillespie Couaty (Bridge, Bernese aad Cloud, 1947, 

p. 114) . At this locality the member is 27 feet thick. It is persis- 

teat throughout the Llano Uplift, averaging 10 and rangiag from 9 to 

35 feet thick. The thicker sections occur along the northern and 

western sides of the uplift. The thickness oi the Yelge saadstone in 

the mapped area is about 32 feet. 

~L th U(--The contact of the Welge sandstone member with the under- 

lying Lion hlountain sandstone member is abrupt and may be unconformable. 

In their study of the region, Bridge, Garnes, and Cloud (1947, p. 114) 
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described the 'i~'elge member as a brown, mostly nonglauconitic sandstone, 

and noted the sharp contact at its lower limit. 1'his contact is well 

exposed in the thesis area in the creek bed (plate VI, figure I) a 

short distance upstream from the previously mentioned Lion Mountain 

locality. 

The Beige sandstoae is well exposed only in the aortheastern cor- 

ner oi the mapped area, and is a yellowish-brown to reddish-brown, 

mostly nonglauconitic, poorly sorted sandstone. , &t tbe better locali- 
ties it is thickly bedded to moderately cross-bedded, and composed of 

medium- to coarse-grained. subrounded to well rounded quartz grains, 

some of «bich sparkle in the sunlight because of. the presence of second- 

ary crystal growth. The basal part of the member consists of a thin 

zone of yellowish-orange to white, very thinly bedded, tine-grained 

siltstone that grades upward into the overlying sandstone. 

The base is marked by a sharp change trow the greenish, highly 

glauconitic, cross-bedded sandstones of the i. ion teuntain member to 

the thin, light-colored laminae of the lower welge siltstone. 1his 

contact is exposed at only a few places however, and since it is not 

marked by a topographic or vegetational change in tbe thesis area, it 
is difficult to determine accurately ia the field. 

'I ra h nd ve ta i n — Lxcept in tbe northeastern corner oi 

the napped area, there is little variation between the topo„raphy of 

the Wells sandstone und the underlyin„ Lion", . ountuiu sandstone. In 

alrsost all localities the welge is represented by u very geatle rise 

in slope, and in most localities it weathers to form a slightly darker 
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soil than does the underlying Lion Mouatain sandstone. where exposed 

in a vertical stream beak, it weathers to form massive ledges (plate 

VI, figure 2). 
similarly, there is very little differeace in the vegetation growing 

on the welge and Lion Mouatain saadstoaes. Mesquite, scrub oak, turkey 

pear, lady finger, aad various grasses are cossson to both. 

Morgan Creek Lis»stone Member 

ii t n aad t kaess--The Morgaa Creek lis»stone member was 

aas»d by Bridge from exposures oa both the aorth aad south Jerks of 

Morgaa (reek in northwestern Burnet County (Bridge, Barnes, aad Cloud, 

1947, p. 115). In the type section, which is exposed on the point just 

north of the , unction of the two forks, it is about 110 feet thick. The 

Morgan Creek limestone raages from 70 to 160 feet thick and averages 120 

tact. A thickness of 114 feet was s»asured on the north bank of the Ban 

~aha River in the vicinity of platrock Crossiag (plate VII) one-half 

mile northeast oi Camp Ban saba by Baraes and Bell (1954, p. 57). 

~Litho MI — The Morgan Creek member overlies the Weige member con- 

formably. The contact is gradational and in most areas it is placed at 

a topographic and vegetatioaal change that is normally represented by a 

Morgan Creek escarpment. The contact is at the base of the rirst 

reddish-purple, arenaceous lis»stone bed. As a unit, the member is a 

s»dium- to coarse-grained, abundantly glauconitic, well-bedded lis»stone 

according to Bridge, Barnes, aad Cloud (1947, p. 115). 

The limestones of the Morgan Creek s»mber are exposed throughout 

the leagth of the thesis area. In the lower part of the aember, the 





limestones are reddish-purple, coarse-grained, granular, slightly glau- 

conitic, and very sandy. These medium-bedded layers erode into indis- 

tinct ledges and gradually grade upward into gray to greenish-gray, 

amdiun-grained, &glauconitic fossiliferous limestones. The fossils 
within this iaterval consist oi' trilobites, cystoids, and conaspids. 

The conaspid fauna, according to Bridge, Barnes, aad Cloud (194T, 

p. 115), is divided into the ~E~tis aad ~B~sbils subfaunas, 

Lrh ~hrrhl 4 rfer 4 beche ee 44 reer ehe e Lh b . ~h 

~tb~rcvighhaaa, and other trilobites, accordiag to Barnes and Bell 

(1954. p. 40) occur gust below the Eoorthis none, and thumb-nailed- 

shaped ~B~sgs cosssoaly occurs within the interval from gust 

below this zone to several feet above it. 
Isolated stromatolitic reefs consisting of dense, grey limestone 

occur near the top of the Lorgan Creek smmber. These smsses range up 

to 10 inches in thickness, are 20 to 25 feet in diameter, and are about 

100 to 200 feet apart. The bedded lismstones surrounding the reefs 

appear to be arched over them. . 'Lone of the interreef layers are silty 
or argillaceous, and cross-bedding is cossson within them. 

'1 ra h a v tat --A distinct tor, ographic and vegetational 

change occurs between the k(organ Creek limestone and Nelge sandstoae 

smmbers. The limestones form a prominent ridge of considerable relief 
along the up-dip margin of the Kelge sandstone benches, The @organ 

Creek member erodes to form distinct northeast-trending ridhles in the 

area, and does not form tillable areas. 

Vegetation on the member is abuadant and rather uaiformly distri- 
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buted. Scrub oak trees are the most abundant, but Mexican persissson, 

turkey pear, agerita, Spanish dagger, and various grasses are also 

coarsen 

Point Peak Shale Member 

Def nit n nd t k --The Point Peak shale member was named by 

Bridge (Bridge, Barnes, and Cloud, 1947, p. 110) from Point Peak, which 

is an isolated hill about four miles northeast of Loae Grove in Llano 

County. In the type section, located on the south slope of the hill, 

the member is about 270 teet thick. The average thickness ot the Point 

Peak shale is estimated as 160 feet, and it thickens from the south- 

eastern to the northeastern part of the Llano region. 

As originally defined, the upper portion of the Point Peak smmber 

was composed of a thick zone of stromatolitic bioherms. However, Bridge. 

Barnes, and (. loud (1947, p. 117) closed their discussion of the Point 

Peak-San saba boundary by stating: 

Rest of these zones of stromatolitic bioherms are large 
eaough to be smpped separately and should be so mapped to 
obtain more information about their vertical and lateral 
distribution. 

In the Camp . '-an Saba-Hest area, the author has smpped these stromato- 

lites as a separate zone that composes the lower portion of the . 'an 

Saba limestone member. To facilitate the discussion, the reasons for 

this departure from the standard stratigraphic division of the 1&'ilberns 

formation will be explained in that portion of the text devoted to the 

bioherm zone. 

The thickness ot the Point ('eak shale member, excluding the bioherm 

zone, was seasured at Camp San Saba to be 94 feet. 



~L th ~iy--The lower contact oi the Point Peak member is transi- 

tional with the upper korgan Creek limestone, but is easily recognised 

by a distinct vegetational and sosmwhat less pronounced topographic 

change. The lithology of the member is described by Bridge, Barnes, 

and Cloud (1947, p. 115) as consisting of well-bedded, soft, greenish, 

calcareous shales containing subordinate amounts of fiae-grained dolo- 

mite, medium- to fine-grained glauconitic lismstone, and intraformational 

conglomerates. 

Although the outcrop o' the Point Peak shales traverses the leagth 

oi the Camp San Saba-West area, they are better exposed in the northern 

part. The member is sninly composed of. well-bedded, brownish- and 

greenish-gray, fine-grained siltstones interbedded with soft, thinly 

bedded, very fine-grained, calcareous shales. . 'ome of these shales are 

micaceous and most of them occur as iilms or thin-layers between the some- 

what thicker siltstone beds. Thin layers of light gray, fine- to medium- 

grained limestones which contain some glauconite occur in the basal por- 

tion of the member. and closely resemble the upper Morgan Creek lime- 

stones. 

Small individual reef colonies of gray to pinkish-gray, very dense, 

sublithographic limestone are scattered through the upper portion of the 

member. The thin shale beds curve smoothly over and around these inclu- 

sions. 

Approximately 40 feet above the base of the Point Peak member, 

scattered layers of intraiormational, edgewise conglomerate begin to 

appear. These edgewise conglomerates are crowded with yellowish-green, 



flat pebbles ol fine-grained limestone in a matrix of brows, fine- 

grained limestone. In the upper portion of the member. the conglis- 

eratic layers occur mostly at, or s few inches below, the base of the 

reef masses, and appear to have been formed ia sn enviroament in which 

conditions of shosling predominated. 

T a snd v e at n--The Point Peak member consistently 

forms s flat open beach bordering the dip slope of s Morgan Creek 

cuesta. Bowever, s few hills capped by the more resistant bioherms 

and composed almost totally oi' Point Peak shales (plate VIII, figure 1) 

occur in the northern part of the area. 

Vegetation on the Point Peak is limited, consisting primarily of 

scattered mesquite, along with grasses, snd cacti. The contrast be- 

tween the light colored soils snd sparse vegetation on the Point Peak 

member snd the dense growth supported by the Morgan Creek member is 

very distinct on aerial photographs. 

ban xsbs Limestone Member — -Bioherm Zone 

fin t s d thick s — Although the xone of stromstolitlc bio- 

heres wss originally considered to belong to the san hsbs mevber, 

Bridge, Bernese snd Cloud (1947, p. 117) included these reef masses 

with the Point Peak member in their subdivision of the Upper Cambrian 

series in the Llano region. The basis tor this reclassification wss 

that the xoue is not continuous over the whole region snd that the 

boundary between the Point Peak camber snd the . 'sn . 'sbs member had been 

previously established at the top of the highest significant shale in 

areas where the stromatolites were absent. Additional evidence for 





the placiag of the bioherm zone with the Point Peak member is the pre- 

sence of shale above the bioherms aad below well-bedded, granular lime- 

stones of the . '&an Baba member in the area west of the Mason-Brady high- 

way near the haa aba River. south oi Mason the bioherm masses are 

well exposed in the south bank of the Llano River above one-fourth oi 

a mile downstream from white's Crossing. At this locality, they 

occur as large. discontinuous reef smsses and are overlaia by Point 

Peak shale. 

ln a later study of the Upper Cambrian series in the ismmdia te 

vicinity o; Camp 
' an '. aba, Barnes aud ! llinwood (see Appendix) placed 

the biohers zone in the lower portion oi t!ie . '~n '. aba s»mber in their 

smasured anc: described section neer image uan Saba. la this section, 

according to Barnes and Bell (1954. p, 25) the stromatolites have been 

placec with the ban . aba amrber because they extend high into this mem- 

ber. 

ln the area ad„oininu the Carp han aba-West area on the cast, 

~et (1957) has placed the bioherm zone in the base o the an . :aba 

camber. This was done because the zone is composed of a thick contiu- 

vous se, uence uf reei limostones that occur at the top o the shale 

sequence and are overlain by limestunes oi the '. an 'nba timber. 

' uring thc mupping operations, u careiul study was tmde of the 

biohcrm zone exposed in the urea. The overlyin„ sbales (plate IX) 

werc found to be pre eat in the northern port o, ' thc urea, encl hood 

exposures werc cotf on alon-, the upper lit it of the stromatolites. 

These shales are somewhat similar to those of the Point Peak vernier 
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with the exceptions that they are poorly bedded and do not appear to 

contain thin films of shale between the layers of siltstoae. Ilowever, 

in the cestral portion of the area the shales pinch-out, and well-bedded, 

granular limestones of the ma 5abe uember occur ss interreef limestone 

snd es beds overlying the reef masses' In the southern part of the sts a, 

limestone of the Ban '. . abe smmber actually occurs below the bioherm zone 

end above sheles of the Point Peek member. This relationship, according 

to N. C. -'caife (persoael communication), is well exposed about two- 

thirds of a mile south of the thesis area. hone of the interreef lime- 

stones (plate I) contain marble-sized, subsphericel stromatolites that 

have been termed "~Girv i~e~a". ~Ge ~p bearing beds are reported by 

Bridge, Bernes, and Cloud (1957, p. 119) to occur mainly in the han 

uabe somber. In the vicinity of Point I'esk, about 150 feet of these 

beds sre present within the member. and in a section north of I all Cree k, 

~l; r aW bed osstii te tb eati ( . b lie io ge . 
since the zone of strometolitic masses occurs partially or totally 

within the ':an Geba zemher in the thesis area, the lower boundary of 

this member hss been placed at the base of the bioherm nose. Thereby, 

the reef zone is mapped separately end composes the basal portion of 

the ban . 'sbs. These conclusions seem to be in agreement with Baraes 

and Lllinwood, (Barnes and Bell, 1954, p. '0) who have placed the bio- 

herm zone in the base ot the hen hebe member in their geologic msp of 

the area about Lamp Ben, '-. sbs. 

The bioherm zone occupies e different space relationship in dif'- 

ferent parts of the western half of the Llano region. This zone trans- 

gresses from the upper pert ot the Point Peak member in the area south 



of benson to the lower portion of the . ~n Saba smmber north of Boson. 

niece the deposition of the Upper Cambriaa series in the Llano region 

was predominately controlled by diastrophic movesmnts and the resulting 

oscillations in the strand lines of the Late Cambriaa seas, it follows 

that the formational aad smmber boundaries transgress lines oi time 

equivalence. Bov ever, the transgression of the bioherms across the 

boundary between the Point Peak and San 'aba members does not appear to 

be the result ot the way this boundary was defined. Because the range 

oi environmental conditions under which the growth of reefs may occur 

is very limited, the more likely explanation for the change in the 

stratigraphic position of the biohermal masses is that they were grad- 

ually moving northward following a chaage in environment. Therefore, 

the bioherm zone would not serve as a good time marker. 

The thickness of the bioherm zone ranges from a maximum oi' about 

230 feet in the northern part of the mapped area to a minimum of about 

115 feet in the southern part, and has aa average thickness of about 

175 feet. The abnormal width ot the outcrop ia the northern part of 

the area is prismrily due to the more or less gentle slopes termed by 

the weathering of the bioherm zone, 

~L th By, — The bioherm zone is primarily composed of strosmtolitic 

bioherms and interreef livmstone. The stromatolites in the Camp ban 

5aba vicinity were briefly described by Bridge, Barnes, and Cloud 

(1947, p. 117) as bluish-green, sublithographic to microgranular lime- 

stones. The bioherms exposed in the thesis area generally conform to 

this description, and weather to form a rugged terrain of, ssmll boul- 



ders and closely spaced, lot& hummocks. Most of these husmocks exhibit 

"cabbage head" structures on the weathore& surfaces (plate x) and 

locally coalesce to form biostromes, A sos&ewhat raised, reticulate 

pattern of yellowish-brown, silty, dolomitic li&eston» is also cotsson 

on the weathered surfaces. 

for)inu de„rees of doloaitization occur in many places and scen& 

to be alsost completelI restricte&' to the stromatolitic s&asses. In 

some biohers;s only the outers. ost portion has been alter&d to li ht 

gray saccharoi&. 'al dolomite, and in oth&-rs pinkish-gray patches o! dolo- 

si tic material are scattered throughout the rock. n fev& have been 

als&ost completely dolosi tired and ar» very hard and br&xvnish-yellow in 

color. In the southernmost part of the area, the complete zone has 

been altered to a light !ray, saccharoidal to microgtanular, dolon. ite. 
'fhe interreef lisxstones are brown to brownish-gray, fine- to 

&n&diuuwgrained, well-bedded li&nestones, which in some parts of the «rea 

contain lentils o! intraforsmtional conglos&orate and dark gray lis&estone. 

To&o ra h and ve&e nti n--There is a &'. istinct to;&ographic aud 

vegetational change between the biohera zone and the Point Peak nenber. 

In many places the resistant bioherms cap escarpments that extend along 

the upper limit of the Point Peak bench, and tend to form a rugged, dis- 

sected terrain. The vegetation on this zone is very dense aud evenly 

distributed. It consists primarily o' scrub oak with some &esguite, 

and an abundance of catscla. „ Mexican persi&mson, and . :punish bayonet. 
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San saba Lismstnne member — Calcitic 
acacias 

fin t s--The San Saba limestone member was naumd 

by Bridge (Bridge, Barnes, and Cloud, 1947, p. 117) from exposures along 

and sear the san saba River, northwest oi' camp san saba in hcculloch 

County. The type section is exposed along both sides of U. s. Highway 

07, beginaing at the highway bridge across the . en Saba River on the 

north boundary ot the camp san saba-hest area and exteading northward 

for 0. 7 mile. 

The name -. an saba was originally used as a series term by Comstock 

(1890, p. 201) who applied it to all or some part o( these beds. Later, 

Luke and Bridge (1922, p. 729) called these beds "Poet &'ilbe ns", q cor- 

related them with the port sill and . "igaal Mountain formations of the 

Arbuckle and i(itchita mountaias, and suggested that Comstock's name San 

saba might well be revived for a part of them. 

The thickaess oi the San Saba member in the type section is about 

200 lest, and in the thesis area it is approximately 200 feet. 

~Lith ~l --The contact between the calcitic facies of the San Saba 

smmber aud the underlying bioherm zoae is a gradational contact aad has 

been placed at the hase oi the first bed of granular, more or less glau- 

conitic limestone occurriag above the bioherms. A distinct vegetational 

change is easily discernible oa aerial photographs along this boundary, 

and aids in deiiniag it in the field. 

In their classical description of the ' an, "aba member, Bridge, 

Barnes, aad (. loud (1947, p. 120) aoted that its lithology was variable 

and that marked changes of facies occurred fram one locality to another. 



For the purpose ot securing an accurate area-wide description of the 

lithology ot the calcitic portion, the better exposures have been 

described and their locations shioivn on the geologic map ot the area. 

The lower portion is »ell exposed at and around localities 1 and 2, 

(plate I) and consists of hard, light brown to brownish-gray, siedium- 

graiaed to granular, well-bedded, glsuconitic limestone containing 

scattered streaks snd smttles of oark orange, silty limestone, iso»- 

ever, the basal beds at locality 1 show a marked difference from those 

exposed at locality 2. several of these beds contain lenses ot light 

gray, very coarse-grained, silty limestone »hich is cro»ded with a 

large number of small brechiopod shells, and could be termed a 

"brachiopod hash". Other beds »ithin this interval consist oi greenish- 

gray, coarse-grained, intraformstional limestone conglomerate which 

contains reworked particles of greenish-grey, sublithographic limestone, 

lease-shaped particles o' gray limestone, and small, brown, tightly 

coiled r„astropods. These beds grade laterally into the previously dis- 

cussed granular limestones which compose the greater part of tne lower 

portion. 

In locality 2, the lower limestoaes or the . "an . '. aba member appear 

to contain less arenaceous material anc are more coarse-grained than 

those exposed at locality 1. kor the most part, the inttaformational 

conhlomerates and lateral variations that coassonly occur at locality 1 

sre aot present in the sequence oi bed. exposed st locality 2. The 

strata in the latter are of much oiore uniforni lithologic character. 



The lithology of the siddle part of the . "an 'aba limestone is 

essentially uniform throughout the thesis area, and this part of the 

sembcr is very well exposed in and about locality 3, These strata 

consist in their lower part of light gray to brownish- and purplish- 

gray, well-bedded& medium- to fine-grained, esseatially non-glauco- 

nitic, silty limestones. A few beds oi intraformational lismstone 

congloserate occur within this interval. These conglomerates are com- 

posed of large flat pebbles of brownish-gray, sublithographic limestone 

embedded in a smtrix of finely crystalline, light brown limestone. 

hmny o. ' the bedding planes have an uadulating appearance end may have 

been formed by interfering wave action. i lobular particles of glauco- 

nite are more abundant where these strata grade upward into nreenish- 

brown and gray, fine-grained, well-bedded, silty limestones which com- 

pose the upper interval, The relative distribution of the glauconite 

varies from one layer to the next, with some layers containing up to 

GO percent glauconite. Solution cavities are cosmon in this part of 

the member and many of thesi have been filled or lined with secondarily 

deposited calcite. 

The upper portion of san aba calcitic facies is composed of lime- 

stone in the central and southern portions of the area, however, in the 

northern part these limestones grade into dolomite. The latter is well 

exposed in the area about location . &, and the former about location 4. 

The llmestones i ithin this interval are mostly hard, light gray to 

brownish-gray, fine-grained to sublithor;raphic limestones. A few of the 

beds contain scattered globules oi glauconite, and a small number of 



fossils. «ones oi irro„ular intercalations or mottlings ot yellowisn- 

brown, slightly dolomitic, silty liuestone are cos. son within this 

interval. 'ibis silty material appears to be more resistant than the 

more nearly pure limestone because it forms raised, reticulate patterns 

on the exposed surfaces. '«any oi the beJcind planes within this inter- 

val have an irregular, rippled appearance. 

The dolomite within the upper han:aba interval is very hare„ 

liunt dray to «nite, and has a saccharoidal texture. :cattered small 

solution cavities and cavity fillings are visible on the rreshly broken 

surfaces. , 'dost of these features are lined or tf lied «itn calcite, anJ 

the dolomite immediately surrhundind them has a li„ht orauue color. 

These strata «esther to form more or less ssmoth cobbles unu small 

boulders which are venerally strewn over partially covered slopes. The 

areas underlain by dolosite are easily oistinguisheo from those under- 

lain Ly the limestones o the meMer, tecause or the lack ol veuetation 

on thc dolomite beds. 

There is little similarity between dolosite of the '. n, aba lime- 

stone und the colordtc o the overlyinu Lllenb«ruer vrouw. Thc llen- 

burger columite is Lcnerally darker in color, aud in most places 

weavuors to form a hiuuly vuuular rock that has a «sponge-lake«appear- 

ance. uurtz druse aud chert, «hick occur in minor ~uauttties in the 

r. llenLur„cr dolomite sc, uence, ure totully absuu. tn:hat u. the upper 

han uba. . iu«ever, . «e nolo«. i. s, rthiu ti:u . au «La uemLur «ppours to 

be a ioc«l variatiun Lecuusc it is «««ent «t the type section s few 

miles to the northeast and at the Calf Creek section a few miles to the 

wes t ~ 



I ra h v ta — In general the San Saba member forms a 

rolling topography with no appreciable local relief. In the northern 

part oi the area, a Iow, almost vertical escarpment is formed by the 

shale interval at the base of the calcitic facies, and this escarpment 

causes a distinct change in slope between the overlying : aa Saba lime- 

stones aad the stromatolites of the bioherm zone. 

Vegetation on the San Saba is scattered and consists oi' clumps oi 

scrub oak and cedar along with Mexican persiasson, 'punish bayonet, 

prickly pear, and turkey pear, A distinct vegetational change is 

visible between the mn Saba lismstones and the underlying San:-aba 

bioherm zone. 
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h er Gr 

Oei ti n and th k --The "L'llenburger limestone" was first 

named by Paige (1911, pp. 51) from the Blleahurger Hills in south- 

eastern han '. mba County. This term remained uachanged until 1945, 

when it was revised to Elleaburger group and restricted to include beds 

of Larly Ordovician age by Cloud, Baraes, and Bridge (1945 ' p. 133). 

They divided the group into the Tanyard, Gorman, and Honeycut forma- 

tions in ascending order. 

Ihe maximum thickness of the Ellenburger group of the Llano Uplift 

is approximately 1020 feet in the southeastern corner of the uplift. 

From there it thins both northward and westward by truncation of the 

upper beds, being only 9TO feet thick aloag the Llano River in westera 

Mason County and slightly over 800 feet thick in McCulloch County. 

Only the lever 225 feet of the group is present in the Camp ~an haba- 

uest area. A study of the Highv ay OT section as described by Cloud and 

Barnes (1940, p. 140) seems to indicate that the (. llenburger strata in 

the Gamp 'an Baba-nest area nre wholly within the Tanyard tormation. 

L~i h Qu)(--In the thesis area, the Cambrian-Ordovician boundary is 

transitional and is difficult to establish within the limits of a few 

feet. This contact was determined by striking a sean between the last 

occurrence oi glauconite in the san, ':aba member and the first occurrence 

of the uncoiled tora of the gastropod L~t !(BlJa Blx(Lc(Lras. The strata 

that compose the lower portion of' the Lllenburger group are described 

by Cloud and Barnes (1948, p. 36) as gray, sublithographic, thickly to 
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thinly bedded limestoae and gray, fine-grained, irregularly bedded 

dolomite. 

hllenburger limestone and dolomite crops out in the northwestern 

part of the thesis area. The lismstones are mostly thick-bedded, light 

gray to ivory in color and very hard. 'Jhey have a sublithographic tex- 

ture. hany intervals of more thinly bedded limestone occur in the 

upper portioas of the section. and a small amount of brownish-gray 

chert is present. These lismstones weather to a flat gray color, and 

iorm large slabby blocks which are usually lower in the centers than on 

the edges. . "mall rosettes of reddish-tinged quartz druse occur sporadi- 

cally on the weathered surface. Tn many places where they are exposed 

ia stream cuts. the basal strata have a very vuggy appearance. 

The limestone sequence grades upward iato light to umdium gray, 

saccharoidal dolomite, which also exhibits shades of yellowish- , 

brownish- ~ and pinkish-gray, bose light tan to nearly white chert 

nodules and lenses occur within these strata, aud minor amounts ot 

quartz druse are present oa a few of the beds. The dolomite weathers 

to form slopes strewn with blocks which are fairly smooth to pitted or 

so highly vugular as to be "sponge-like" in appearance. 

To a h v t — The kllenburger consistently forms a 

rolling type ot topography with rouaded hills separated by relatively 

deep valleys. ;. ourn of the highest hills ia the area are either capped 

by, or composed entirely of ulleaburger beds. 

These strata exhibit a very characteristic vegetational pattern 

that consists ot numerous, more or less isolated clumps ot trees 
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separated by grassy, open areas. The clumps of trees are mainly com- 

posed of cedar, scrub oak, and live oak, while growths of prickly pear, 

catsclaw, gpanish dagger, Vmxican persimmon, and bee-bush predominate 

in the open areas. In addition to their characteristic vegetatioaul 

expression, the Ulenburger beds also appear li„hter iu color on aerial 

pnotographs than do the underlyiug ban ~nba limestones. 

C~"iPTACEOli~ 5Y::. Tt 8 

Ge a . tat s nt 

hocks o' Early Cretaceous age are present only in the extresm 

southwestern part of the thesis area. In this locality they occur as 

an erosional remnant capping a hill which is composed mainly of Point 

Peak shale. The Cretaceous strata consist of only a thin veneer of 

basal sand aad conglosmrate, and are expressed on the surface by red- 

dish soils containing numerous pebbles of chert, guartsite, and quarts. 

The age ot these deposits was determined by a comparative study with 

the exposures of the basal Cretaceous strata occurriug on adjacent 

hills to the south of the thesis area. 

UATLRNARY bY: TER 

(i a . 'it t t 

, uaternary sediments are limited to stream alluvium which consists 

oi sands and gravels derived fros rocks oi Precambrian, Paleoaoic ~ and 

Cretaceous age. These deposits occur in isolated patches along the banks 

oi the ban 'aba River and katemcy Creek, and cover a considerable part 

of the area in the vicinity oi Camp ~an baba, 



"TRU GE OGY 

GENERAL RTATihKNT 

The Llano region is a structural dome which has been truncated by 

subsequent erosion so that the Paleoaoic and Precambrian rocks have 

been exposed in its central portion. The Lower Lretaceous beds, how- 

ever, are flat-lying and appear to have originally covered the entire 

area. The greater portion of these strata have since been resmved by 

erosion, and thereby an ialier exposing pre-Mesonoic rocks has been 

formed. These older rocks dip gently away iron the center of the up- 

lift. The area oi' exposure of the pre-nesoaolc strata is more or less 

eliptical in shape. The long axis trends in a west-northwest direction 

and is about, 70 miles in length. The length of the short axis is approx- 

imately 40 miles. Iron subsurface information, the total uplift of the 

Central hineral region was estimated as 6000 feet on top of the Precam- 

brian surface by ' ellards (1932, p. 30). 

The Paleonoic rocks oi the Llano Uplift have baca extensively dis- 

ruptea by faults. They are normal aad range ia dip from about 60 to 90 

degrees. Lisplacements along these fractures range irom a few feet up 

to 3000 feet. Generally, the faults of maJor displacement trend in a 

northeast-southwest direction; however, those of minor magnitude are not 

always in agreement with this alllgnment. Puny of the latter occur in 

complicated nones which appear to be ca~sed by the disintegration of 

larger faults, by two major faults merging or passiag within a short 

distance oi one another, or by abrupt changes in the strikes oi major 

iaults. There are no faults of maqor displacement within the thesis 



area. '. &here undisturbed by faulting, the paleozoic strata in the 

sapped area have an average regional dip of do, N. 52ow. 

The paleozoic rocks ot' the Llano region have been only geatly 

folded. The only folds of considerable extent that are present con- 

sist ot possible broad warps which occur at scattered localities. 

Local folds that have been iorsmd by slumpiag into limestone sinks, 

compaction ovet' and around irregularities of hard limestoae, and 

drag along faults are present. The only paleozoic folds present in 

the thesis area are ot a very miuor nature, and are due to "reversed" 

drag aloag faults aad differential compaction above and below bioherms 

(plate xi). The western limb of a northward pluaging anticline may be 

present in the eastern portion of the area. 

I'AULT INC 

i' pa t 

Rlthough some of the faults in the thesis area were detected di- 

rectly from field observations, the majority were discovered by inves- 

tigating slllgnments or abrupt offsets in the vegetational pattern, 

which were observed on aerial photographs. =ince the units that crop 

out ia the mapped area vary in their lithologic characteristics and, to 

a lesser degree, in their respective flora, many faults are evident 

somewhere along their traces as a change in vegetation, All observa- 

tions of possible faults on the photographs were carefully investigated 

in the field to determine their existence. The field indications that 

were used to detect faulting were distinctive variations in the normal 





strike and dip ot the strata, repetition and omission ot strata, abrupt 

termination of beds or key horizons along their trends, and the actual 

observation oi the fault surface in localities where it has been exposed 

by erosion. 

Le c t n of Fa lt n 

The majority oi the faulting ia the thesis area occurs in the 

southern and western parts of the region. The faults in the western 

portion form a northeastward treading, aarrow zone that enters the area 

in the southwest corner and dies out in the immediate vicinity cf the 

prank Kidd ranch house. The southern portion of this zone is composed 

of two nearly parallel taults that are downthrown toward each other to 

form a grebes. ~inca the displacement ot the fault that terms the 

eastern boundary of this structure is about 120 feet and the displace- 

ment of' the fault that iorms the ~astern boundary is approximately 145 

ieet. it appears that these faults do not compensate one another. How- 

ever, the throw of both faults increases to the so~th. These faults 

merge about halfway along the extent oi the zone. at the northern ead, 

another graben is termed on the eastern side oi the zone. In this por- 

tion, "reversed" dr'ag is conspicuous along the fault that composes the 

eastern boundary of the zone, with anomalous dips as high as 32 Nk not 

uncommon. The iaults in this zone are contined to rocks of the '-an 

saba smmber and the lower portion of the Lllenburger group at the sur- 

face. 

The western zone of faulting appears to terminate at the long, 

east-west trending fault that is located one-half mile north oi' the 



iault moveuonts had ceased prior to ' retaceous sedimentation ior 

nowhere did they extend up into thc Cretaceous strata. Cloud and 

Burues (194u, p. 12C) have reported seeing '. . . rocks oi the; crown 

fora"tion in fault contact v 1th hiarble ialls limestone". In the vicia- 

ity ot Cali Creek, about seven ailes west oi the northwestern corner oi' 

the area, faulted rocks ot the Ellenburger group are overlapped by 

uniaulted beds of Canyon age. The ma)or late Paleozoic faulting is 

thereby indicated to have been a pre-Cenyoa event, and according to 

Sellards (1934, p. 35) is oi' Bend aud probably strawn «ge. 

0 n i ( tin 

In their discussion oi the geologic structure oi the Llano region, 

Cloud and Barnes (194B, p. 11B) stated that the Llano Bpliit comprised 

a relatively resistant mass that was bordered on its eastern aad south- 

ern sides by the Buachita geosyncline (Llanoria geosyncline oi Sellards, 

1932). Active compression originating from the late Paleozoic tclding 

ot the geosyncliaal area was believed to have developed "tensional 

couples" that would cause iractures alligned dosinately in the north- 

east guadrunt. However, the existence in the earth ot the theoretical 

"tensional couples" postulated by Cloud aad Barnes is difficult to 

visualize. 

Stress distributions associated with aormal faulting have been 

postulated after the well-founded Bohrtoulomb theory oi fracture by 

L. B. Aaderson (1945, p. 7), B. K. Bubbert (1951, p. 359), 4'. Bafner 

(1951, p. BB7), and others. i or homogeneous conditions, typical normal 

. suits occur when t, he maximum principal stress direction is vertical, 



the minimum principal stress direction is horizontal and perpendicular 

to the strike. nad the iatersediate stress direction is horizoatal und 

parallel to the strike. The dips of the faults in the Llaao area are 

sosmwhat higher thea the dips of most normal faults, and therefore this 

simple stress distribution does uot apply completely. 

stress directions involved in the faulting of tbe Llano area were 

apparently more complicated, although they are aot believed to be a 

result ot "tensional couples" or other "tension" as suggested by Cloud 

nnd Barnes. Rather, it appears that inhomogeneities in the I lano 

region resulted in modified stress distributions so that a resultant 

regional maximum principal stress directioa was aot vertical, but wns 

close to the vertical. The correspondiag intersmdiate stress direction 

was uearly horizontal aad trending northeasterly, and the minimum 

principal stress direction was nearly horizontal and trendiag nortb- 

~esterly. 

It appears that the Late Paleozoic uplifting of the Central Mineral 

region was the predominate factor in the faulting of the Llano Uplift. 

The stress distribution postulated for the Llano area is quite differ- 

ent tron that of the folding in the Ouachita geosyacline. Presumably 

the tuo features were not formed by a conmon stress distribution. 

The Camp hnn saba-West area lies between two smgor faults, the 

Blockhouse Reach fault on the west, as shown by Barnes and Bell (1954, 

p. 2B), anc the katemcy Creek fault, mapped by . . weet (1957), on the 

east. The faulting in the thesis area may have been caused by more or 

less regional adjustments attendant to the formation of the mayor faults. 
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EGGING 

As previously s»ntiosed, folding of a minor nature only ls present 

in the thesis area. Gentle undulstions or domal structures of local 

occurrence are cosmos in the upper portion of the Point Peak member snd 

the lower portion of the calcitic facies of the hsn saba s»mber (plate 

XI). These features have been fore»d as s result of differential com- 

paction both above and below the hard bioherms, 

The small folds fore»d as s result of "reversed" drag along s fault 

are restricted to the western fault xone. Cloud and Baraes {1940, 

p. 110) stated: 

Along several oi the faults of the l. lsno region the rocks 
lms»diately adjacent to the faults dip in a direction 
opposite to that of the normally expectable drag. 'Ibe 
reasoa sor the 'reversed' drag is not apparent from field 
observations, but it is conjectured to be caused either 
by s aoncompensatory movement opposite to the original 
displacement, or possibly by slumping or pitching of the 
strata toward openings along the xone of displsces»nt. 
The 'reversed' drag seems to be mostly associated with 
the steeper faults, 

on the sar&see exposures in the Camp . 'an baba-vvcst ares, oaly 

limestones of the calcitic tacies oi' the ;. sn +aha member have been 

affected by the "reversed" drag phenomena. In this instsace, these 

spurious dips seem to be more easily explained by the presence of a 

broad cepression in the upper surface of the bioherm none. This shal- 

low, low area wss sssysa»trical toward the northwest sad wss formed 

prior to the depositioa of the calcitic facies' 

The western limb of an anticline that plunges north probably is 
present in the eastern part oi' the thesis area. Tbe mapped units in 

this portion ot the ares dip gently to the northwest aad form as out- 



crop pattern of northeastwardly trendisg bands of struts (plate l). 
However, these units are truncated by s fault that is generally paral- 

lel to the eastern boundary of the thesis ares, and for the most part 

is located a few tens of feet east of the area. Gn the casters side 

of this fault, i= the Xstemcy-goes area that has been mapped by meet 

(1957), the outcrop pattern is very similar to that previously des- 

cribed in the thesis ares, with the important exceptions that the 

mapped units exhibit s northwestward trend and dip gently to the north- 

east. The structural relationships between the units exposed on oppo- 

site sides of the fault may indicate the presence of an anticline that 

is interrupted by a fault. The axis of this structure is in general 

probably parallel to the southern one and one-hali sdles of the eastern 

boundary of the Camp ~n . ':sbs-Nest ares. This structure would adjoin 

the northward plunging syncline that is located in the Kstemcy-Voce 

area and has bees described by =weet (personal communication). He hss 

stated that the synclinal structure is probably a tectonic fold, and 

the indication of. an anticline adjoining the syncline would definitely 

strengthen that conclusion. 

COLLAPKE KT((UCTURE& 

There are two collapse structures present is the Camp ban . ' abs- 

Kest area. The northernmost of these structures is located on the west 

bask of Katemcy Creel, approximately 300 f'eet south of the San saba 

giver. This structure forms a conspicuous hill that rises to a 

height of about 15 feet out of the relatively flat terrain of the Nelge 

sandstone member, and is composed of recognizable blocks of limestone 



from the horgan Creek member aud :an aba member that are embedded in 

a matrix of gelge sandstone. I'ht di:sensions of the liumstone blocks 

vary . rom a few inches up to several feet, and the larger, slabby 

pieces are oriented in umny dirferent directions. ' o se of the limestone 

blocks appear to be bedded. , whereas others indicate no traces of bedding 

whatsoever. 

fhe more southerly collapse tructure is also located on the west 

bank ot hateccy -'reek, aud is approxisately three- ourths of a mile 

north ot the . '. ". Cohen ranch house (plate III). At this locality, a 

hill that is about "0 feet high rises abruptly out of the upper Bickory 

sandstone. In most respects, this s;ructure is very similar to the oae 

describec above. however, the blocks o' limestone that compose the 

greatest part ot this structure more closely resemble the limestones 

of tho Cup Rountain member than those of the i ilberns formation. Also, 

these rocks appear to have been mure strongly deformed than were those 

in the previously described collapse structure, and they are embedded 

in upper Bickory sandstone. 

'fwo collapse structures that are located approximately one and one- 

half miles west of :treater on Bluff Creek have been described by 

Berne. (Barnes and Bell, 1954, p. 17). Both of these structures occur 

within the Bickory sandstone masher. In the first of these structures, 

recognizable blocks of limestoae from the calcitic tacies aad the bio- 

herm zone of the . "an . aba member were present, whereas in the second, 

limestones from the Narble . ' alls formation have been identified. In 

neither of these structures has a hill oi any app 





forced, snd tor the most part the blocks ot lismstoae do not reach the 

large dimensions oi maay of the blocks that compose tbe collapse struc- 

tures in the thesis area. Barons has postulated that the solutioa oi 

the Precambrian marble that uaderlies the Hickory sandstone in tbe 

Streeter area hss allowed the overlying rocks to collapse. Since ao 

precambrian rocks sre exposed in the camp '. sn baba-west ares, it is 

not known whether significant masses of marble exist in this ares. An 

alternate explanation might be that the undercutting of the more resis- 

tant limestones by stream actioa msy have resulted in their collapse. 
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C ST 

Altdough the regioaal geologic history of the Llaao Uplift has 

bees discussed begisaiag os page 15, this portion of the text is in- 

cluded to call attentlos to certain geologic features in the Csey San 

Saba-a'est area that dave s beariag upon the interpretation of the geolo- 

gic history of the region. bourn ot these features are in accord with 

the regional isterpretations, but others suggest that slight sodifica- 

tioas of the regioaal iaterpretations might be made. 1he absence of 

Precaabrias rocks ia this ares limits the discussios to eveats of 

Paleoaoic age. 

kith the exceptioa of s tew iastances, the series of geologic 

events inferred by the stratigraphic sequence exposed ia the thesis 

ares are ia very good agreesmnt with those of the Llano region. The 

depositioa oi the 1lickory mender appears to have occurred under the 

sass type of conditions is the mapped area as it did elsewhere ia the 

region. Along the littoral none asd the shallower parts of the seritic 

none of the hurly Cambriaa sess that transgressed the ares. premxisting 

eoliau deposits were reworked to form coarse, cross-bedded beach saads. 

'ihe prevalence of shallow waters throughout the span of Hi. ckory sedi- 

mentation is indicated by the presence of pdosphatic brschiopods ssd 

ripple marks to within a iew feet of the top of the 11ickory sandstone 

member. 1be gradation of the marine saads of the upper 11ickory into 

the calcareous sandstones aad sreaaceous lismstoses of the lower por- 

tion ol the Csp Mountain osmber in the thesis area is also ia accordance 

with the regional history. 
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'1he first significant deviation of events in the thesis area from 

those typical to tbe region as a whole appears to have occurred during 

the deposition of the upper Cap Mountain limestones. An abnormally 

large amount of silt occurs in this portion of the member, and possibly 

indicates that the regressive-transgressive oscillations of the Late 

Cambrian seas, that is recorded by the Lion mountain sandstone and 

Ãelge sandstone sequence, had begun at an earlier time in the vicinity 

of tbe Cavy ~an baba-lest area than in some of the other parts oi the 

Llano Hplixt. further evidence tor this presumption is the fact the 

'h'elge sandstone is thicker in the northern and wester'n parts of the 

region than it is in the casters and southern portions. 'Ibis would 

iadicate that the latter areas were farther from the source area than 

were the forsmr. Therefore, the thesis area was probably not inundated 

by the transgressing sea that deposited htorgan Creek limestoae until a 

later time than were the areas on the south and east. 

The deposition of' the Norgan Creek limestone in the mapped area 

appears to have occurred under conditions that prevailed throughout the 

Llano region during the tine of deposition of this member. A neritic 

environment and the presence ot shallow, warm waters during the deposi- 

tion of the middle and upper portions of the member respectively. are 

indicated by the presence of glauconite and marine fossils ia the middle 

part of tbe smmber, and stromatolitic bioherms in the upper part. Xn 

the thesis area, lower Point Peak sedimentation was very similar to 

that of the previous regional determinations. However, the bioherm 

none that occurs ia the top of the member in the southern part oi the 



region, is located in the basal portion of the '-an ' aba limestone mem- 

ber in the thesis area. The trans„ression of the reef masses across 

tne boundary separating the two members appears to be the result of the 

bioherms moving northward due to a changing environment. This would 

indicate that the stromatolites occurred at a later time in the Camp 

San baba-gest area than they did to the south of the area. Throughout 

the remainder of ban "aba deposition and the lower portion of the 

gllenburger sedimentation the events occurring in the thesis area seem 

to have been very similar to these occurring in the rest of the Llano 

region. The . ' an baba member received sose silty material from a con- 

tinuous or intermittent source area to the northwest. Depositioa was 

coatinuous across the Cambriaa-Ordovician boundary, however the absence 

of areaaceous material in the Elleaburger lismstone indicates that the 

western source area had ceased to supply sedismnts. 



The most important geologic resources of the Camp Sau Saba-West 

area are aa abundance of general-purpose grouad water and u moderate 

amount of tillable soil. A large percentage of the gound water is 

obtained from the Hickory saadstoae, und lesser amounts are furaished 

by the San Saba and kllenburger limestones. The Hickory is one of the 

most important aqulfers in Texas and is an invaluable asset to farmers 

during the long dry summers aad the preseat drought. Sosm irrigation 

wells have baca drilled ia the area and equipped with pumps which 

enable them to produce several huadred gallons per minute. Curing 

seasons of aorsml clismtic conditions, numerous springs occur in the 

Saa Saba sad Elleaburger liamstones, however, the prolonged drought 

conditions of the past few years have caused them to cease to flow. 

The Hickory. Lion Mountain, and Welge sandstones, lower Cap 

mountain limestone, and Point Peak shale all form slopes, benches, or 

ltuv, flat areas of sandy soils suitable for cultivation. hith the 

exceptioa of the large area uuderlsia by the Hickory member iu the 

southeastern portion, the tillable areas are of relatively limited 

extent. 

bourn oi the resistant sandstone in the upper portion of the 

Hickory has been used locally for building stone and road metal. Also, 

in clearing land . 'or cultivation, many of the early settlers used 

lismstoue and sandstone obtained both from the bedrock and from 

stream-transported deposits to build houses aad rock fences; most of 

which are still being used at the present time. 
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The discovery ot petroleun in the area appears highly fuprobable. 

Cloud and Barons (194b, p. 33) have stated: 

petroleua will probably not be found by drilling in the 
Llano region because of the conplex faulting of the 
potential source beas and their present exposure to the 
ataosphere. 
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Camp San Saba section, McCulloch County, Texas 

The Camp San saba Section is principally exposed on the aorth 

bank of the an Saba River. All but the upper 179 feet of the mea- 

sured thickness occurs ia the vicinity of Flatrock Crossiag, which is 

half a mile northeast of Camp Saa Saba. The upper interval occurs on 

a hill about 4500 feet N. 62 @. from the highway bridge over the San 

Saba River. The Camp San . 'aba Section was measured and described by 

Barnes and Elliawood during the fall of 1949 (Barnes and Bell, 1954, 

p. 45) and is quoted in its entirety below: 

Thickness Feet 
ia feet above 

base 

Ellenburger group: 

'lanyard formation: 

Threadgill sember: 

l. Lisestoue — sublithographic, beds mostly 4 to 6 

inches thick, sose beds are slightly dolomite 

mottled, trails are scarce, and quartzose chert 

is rare. Fossils are ~tlira and ~0hi e~a 

throughout the section and ~F&~ki~ii1a 

~hi at 579 feet. . . . . . . . . . . . . . . . 15 577-592 

2. Limestone--mostly sublithographic, some fine to 

very fine grained, yellowish gray, some beds 

mottled pale to dark yellowish oraage, and 

trails and other bedding marks are common, but 

not aearly so abundant as in equivalent rocks in 

the southwestern part of the Llano uplift. 



i'rom 516 to 519 feet, mostly covered, probably 

nodular; 519 to 521 f'eet, thin bedded; 521 to 522 

feet, oae bed slightly dolomite mottled; 522 to 524 

feet, mostly covered; 524 to 525 feet, medium bedded, 

small pebble intraformatioaal conglosmrate at top; 

525 to 527 feet, prominent dolomite mottled bed with 

~0 h lta aon top surface; 527 to 529 feet, poorly 

exposed; 529 to 530 feet, medium bedded, patches of 

intraformational conglomerate on top surface; 530 to 

537 feet poorly exposed, noae dolomite mottliag; 537 

to 583 teet, one bed with ~0i~~ snd nodules ot 

limonite pseudomorphic ai'ter pyrite on top surface; 

530 to 550 feet, poorly exposed but appears to be 

this bedded, in part dolomite mottled, and intrai'or- 

mational conglomerate float is common; 550 to 554 

feet, medium bedded, considerable dolomite mottling, 

and small marble-sine nodules ot quartsose chert 

near middle; 554 to 555 feet, oae bed, some quartzose 

chert along trails (?); 555 to 550 feet, poorly 

exposed; 558 to 567 feet, beds mostly 6 to 12 

inches thick, a few markings on bedding surfaces; 

567 to 577 feet, poorly exposed, this bedded . . . 61 516-577 

kilberns formatioa: 

~an baba smmber: 

Ihe top of the h'ilberns formation is arbitrarily 



chosen using lithologic characteristics ~ the limestone 

beneath the boundary being predominantly sublithographic. 

The choice of the boundary was also influenced by the 

highest occurrence of glauconite. 

3. Limestone — mostly very fine grained, some fine and 

medium grained, mostly somber hues of pale yellowish 

brown aad when glauconitic having a greenish cast, 

limonite common, pale to dark yellowish orange dolo- 

mite common as mottles and patches, and beds mostly 

6 to 12 inches thick. Ordovician trilobites are 

common in sosm beds; the lowest such occur at the 

base of this unit. 

prom 490 to 496 feet, glauconitic, trilobitic, 

and at 492 feet involute gastropods; 496 to 497 

feet, fine grained, mottled by dolomite; 497 to 

503 feet, tine to very fine grained, the latter 

being thin bedded~ 503 to 505 feet, covered; 505 to 

507 eeet, very fine grained, nodular, thin bedded, 

aad Ordovician-type gastropod outlines are on sur- 

face at 505 feet; 507 to 508 feet, very fine grain- 

ed; 506 to 509 feet, fine grained, mottled by dolo- 

mite; 509 to 510 feet, covered; 510 to 511 feet, 

fine grained, mottled by dolomite; 511 to 514 

feet, mostly covered, a bed at about 512 feet con- 

tains smay trilobites; 514 to 516 feet, lower 



portion very fine grained, middle portion fine 

grained, mottled by dolomite, and upper part fiae 

to very fine grained and glauconitic . . . . . . . 26 490-516 

4. Lismstone — alternating nones of thin-bedded, very 

line grained to sublithographic, yellowish gray 

limestone, and beds oi fine grained lismstone 

which are mostly intraformational conglomerate. 

lelomite nottles aad patches are common. No 

trilobites have been found, 

I rom 470 to 471. 5 feet, very fine grained, 

with a 3-inch intraformational conglomerate at 

470 feet; 471. 5 to 472 ' 5 feet, fine grained, with 

grayish orange dolomite patches; 472. 5 to 476. 5 

feet, poorly exposed, mostly very line grained; 

476. 5 to 477. 5 feet, two beds of intraformational 

conglomerate; 477. 5 to 400 feet, not exposed, prob- 

ably very fine grained; 400 to 400. 5 feet, one bed 

of intraiorsmtional conglomerate; 400. 5 to 481. 5 

feet, poorly exposed, very fine grained; 401. 5 to 

402. 5 teet, fiat )rained, one bed; and from 402. 5 

to 490 feet, poorly exposed, some beds are pelleted, 

some are intraforsmtional conglomerate; at 405 feet, 

a coarse grained bed contains many Ordovician (7) 

gastropods; at 486 feet a 3-inch bed contains glau- 

conite which is being replaced by dolomite, aad at 



about 467 to 400 feet, fine &grained and mottled by 

abundant dark yellowish orange dolomite . . . . ~ . 20 470-490 

5HIpT about 50 feet eastward and continue down in 

section. 

5. Limestone — zones of very fine &„ rained, thin-bedded 

shaly limestone, alternating with thicker beds ot 

mostly sine to medfu&, grained limestone. The very 

fine grained limestone is between yellowish gray 

und li&„ht olive gray aad is mottled by grayish 

yellow dolomite. Hippie marks and intraformational 

conglomerate indicate shallow water deposition. No 

trilobites have been found. 

irom 437 to 437. 5 sect, intraformational con- 

gloserate or breccia is composed of very small frag- 

ments; 437. 5 to 430 feet, fine „rained; 438 to 439 

feet, very fine grained; 43& to 439. 5 feet, coarse 

„rained, glauconitic; 439. 5 to 440 feet, very line 

&„ rained; 440 to 440. 5 feet, fine grained, dark 

yellowish orange bedding plane patches of dolomite; 

440. 5 to 441. 5 feet, a&odium grained, slightly glau- 

conitic, top surface has large ripple sarks; 441. 5 

to 442 feet, very fine 'rained, recessive argilla- 

ceous; 442 to 445 feet, fine to ss&dium grained, 

botton bed has dark yellowish orange dolce&ite 

patches followed ups ard by intraiornational breccia, 



top bed is siostly a ssmll-pebble, intraforsmtional 

conglomerate, and at 44 feet, a scmli, medium 

spired, gastropod coguinite is replaced by dolo- 

mite; 445 to 451. 5 feet, very fine grained to sub- 

lithographic; 451. 5 to 452 feet, very fine grained, 

one bed; 452 to 461 eet, very fine grained to sub- 

lithographic; 461 to 161. 5 feet, one bed of inrra- 

'ormational conglomerate; 461. 5 to 464 feet, very 

fine grained, 2-inch intraforsmtional conglomerate 

at 46". 5 feet; 464 to 466. 5 feet, mostly intraforma- 

tional conglomerate; 466. 5 to 467 feet, fine 

grained, one bed; 467 to 470 feet, mostly fiae 

grained and heavily mottled by dark yellowish orange 

dol omi 'te ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 33 437-470 

6. Limestone--mostly fine and medium „rainec and sorm 

very fine and coarse grained, nestly pale yellowish 

brown and yellowish gray mottled by minute specks 

of &rayi sh orange and dark yellowish orange dolo- 

mite, and beds mostly 6 to 12 iaches thick. 'ark 

yellowish ornuge dolomite patches are cocoon on 

several bedding surfaces. No trilobites have been 

J. ound ~ ~ , ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

&Blf down plat Branch about 100 feet and continue down 

in section. 

7. Limestone — fine grained, very fine grained, sub- 

7 430-4:37 
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lithographic, sad sedius. grained, mostly pale 

yellowish brown minor splotchin„s ol dark yellowish 

orange and moderate yellowish brot n in a fev beds, 

sosm beds sre pelleted, glauconite is absent, and 

some beds coatsin pebble-like objects and are prob- 

ably intraforsatioasl conglosmrutcs. lcc trilobites 

have been found. 

prom 416 to 429 feet, the rock in the linc of 

section forms a resistant ledge but laterally the 

rock is this bedded. I rou. 422 to 423 feet, the liue- 

stone is nodular caused by irreuular shale fil-s. 

few beds elsewhere in thc interval have the same type 

lithology. An intraformationsl conglonerate oxtends 

lrom 427 to 427. 5 feet . . . . . . . . . . . . . . 14 416-430 

Lismstoae — mostly very fine grsiaed to sublitho- 

graphic, some medium „-rainec; pale yellowish brov, a; 

beds are of irregular thickness beiag mostly 1 to " 

inches thick. ";mall gastcopods are abundant in top 

bed. Highest 'smbrisn trilobites sc far found occam 

in this unit 

bllllI about 1 mile astuard to Hudson "reck, usia„ the 

hyolithid bed to make the shift sad the overlyia, thin 

bedded sublithogrsphic to very fisc grained light gray 

weathering limestoae as a check. 

3 413-416 



9. Limestone--mostly coarse grained, some smdium 

grained, and a very ssmll amount of fine grained, 

mostly yellowish gray to darker and mottled by pale 

yellowish orange and grayish orange dolomite which 

appears to be replacing fossil fragaeats and other 

oblects. Glauconite and oolites are cosmoa and 

mudballs are present ia some beds, The coarse 

grained beds are mostly trilobite shell debris. 

~0w ~a are common and the top bed is composed of 

hyolithids , . . . . . , . . . , . . . , . . . . . 22 391-413- 

10. Limestone and shale--the limestone is coarse 

grained, glauconitic, light olive gray mottled 

grayish orange, oolitic, mudballs common, dolo- 

aitic, and beds are 1 to 6 inches thick. The dolo- 

mite is minute patches as ii replacing fossil debris 

and other objects. 'irilobites and Owenella are 

common ~ 

The shale is silty, grayish yellow, and coataias 

thin glaucoaitic streaks and thin fine grained lime- 

stone beds. From 377 to 303 feet, mostly lismstoae; 

303 to 304. 5 feet, mostly shale; 304. 5 to 305. 5 feet, 

mostly limestone; 305. 5 to 306 i'eet, mostly shale; 

306 to 391 feet, limestone with thin shale part- 

ings ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 14 377 391 



11. Lismstone--coarse to smdium grained, mostly glauco- 

nitic, mudballs and oolites common, beds mostly 6 

to 12 inches thick, and dolomite prevalent through- 

out as minute mottlings, mostly as replacements of 

objects. An intraformational conglomerate at 371 

feet contains highly glauconitic pebbles. Trilo- 

bites are abundant, smny beds being highly fossil- 

iferous; they correlate with the upper Trempealeauan 

of the standard section. 

From 365 to 365 feet, covered, except for one 

6-inch bed near middle. This interval can be seen 

along face of bluff 125 feet to the north . . . . , 24 353-377 

12. Limestone — sublithographic to very fine grained, 

yellowish gray, smssive, and slightly rough 

weathering. Hudson creek is crossed at 341 feet 

in section. 

From 330 to 341 feet, pelleted; 341 to 342 

teat, non-pelleted; 342 to 340 feet, pelleted; 340 

to 350. 5 feet, nodular, mottled, greenish shaley 

material in lower part, and moderate yellowish 

brown dolomite which appears to follow burrows is 

in upper part; from 350. 5 to 353 feet, sublitho- 

graphic limestone mottled by light brown dolomite, 

oue bed. 

A sharp change ia lithologic character at the 



top of this interval appears to coincide with the 

top of a reef 100 yards to the east' 

13. Covered e o ~ . ~ ~ ~ o o ~ ~ e e e ~ ~ ~ ~ ~ ~ 

14. Dolomite--fine grained, in part mottled, grayish 

orange, in part very pale orange and in part a 

color between pale and dark yellowish orange. 

hone of the dolomite is calcitic, it is in part 

smooth weathered and in part weathers rough. 

Bedding is indistinct but beds appear to be about 

6 to 12 inches thick 

5HIFT downstream about 500 feet and continue down 

in section along east bask of Hudson Creek. 

15. Limestone — microgranular to fine graiaed and 

coarser, well bedded in beds mostly 1 to 12 inches 

thick, some beds highly glauconitic, and others are 

non-glauconitic. 

prom 300 to 302 feet, very fiae grained, thin 

bedded, and nodular with shale films about the 

nodules; 302 to 306 feet, very fine grained, yellow- 

ish gray mottled by pale yellowish orange dolomite, 

massive, and rough weatheriog; 306 to 308 feet, 

mediusi grained, oolitic in upper part, coarse glau- 

conite cossson, mottled by minute specks of pale 

yellowish orange dolomite, weathers smooth, and 

bedding indistinct; 300 to 310 feet, very fine 

grained, yellowish gray, aodular with shale films 

15 338-353 

2 336-338 

6 330-336 



about nodules, thin bedded, and recessive; 310 to 

313 Eeet, same as above except more smssive and 

rough weathering; 313 to 314 feet, mediusi graiaed, 

smooth weathering, and mottled by minute specks oi 

very pale yellowish orange dolomite which appears 

to be replacing fossil fragments; 314 to 323 feet, 

very tine graineo, nodular, mottled by pale yellow- 

ish orange dolomite, and massive in bluff but thin 

bedded away irom bluff; 323 to 324 feet, medium 

grained, slightly glauconitic, dolomitic, and 

smooth weathering; ~4 to 330 feet, very fine 

„rained, rough weathering, and mottled by pale 

yellowish orange dolomite . . . 
16. covered in line ot section. Laterally appears to 

be interreoi lismstoae 

The stroumtolitic biohersml portion of tbe San Saba 

member is crossed, using an average ot the dips t'rom 

below and above the reef. The thickness o2 the reef, 

there&ore, smy be in error. The top oi the reef is very 

irregular, fluctuating through at least 00 feet of sec- 

tion within one-hali mile oi the line ot section. 

17. i. imestone and some dolomite--intervals of reer and 

interreei' beds are as teller's: trow 247 to 231 

ieet, dark yellowish orange interreef dolomite; 

251 to 259 feet, reef with individual stromatolites 

5 295-300 



sbeut 1 foot across, which are yellowish gray aad 

have a concentric struct, ure brought out by iacipieut 

dolowitiuatioa, the dolowite being pale yellowish 

orange; 259 to 270 feet, light brown to grayish 

orange doloaite iaterreef beds; 270 to 276 teat, 

reef with foot, -sised stroaatolites which are about 

ose-third dolowite causing the coacentric structure 

to he well displayed; 276 to 277 feet, light brows 

to dark yellowish oruage interreef dolowite; 277 to 

260 feet. dolowite settled reef aud interreef beds 

ou s dip slope; 200 to 2b5 feet, pale red to light 

brown interreef dolowite beds; 285 to 295 feet, 

doloudtic reef as above, aud sown interreef dolowite 

beds at about 290 faute ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 46 247-295 

10. Limestone aud covered-lower 5 feet very f'iue to 

coarse grained and doloaitic. Rest of interval 

covered. Local foldiug of beds suggests that shale 

is present in the covered interval 

19. Liaestone — coarse graiaed, aostly pale yellowish 

16 231-247 

orange to grayish orange, and thick bedded, the 

botiow bed beiau 7 feet thick, followed by a 1-foot 

bed, a 4-i'oot bed, and s top 2-foot hed. Large 

ripple works oa top bed are iadistiact. Ieu inches 

of intraforuatiounl coaglowerste fores tbe basal 

pertiou of the interval 14 217-231 



Eastward the rock ia this iaterval chaages to 

stromtolitic reef so if sectioa had been continued 

before offset, this iaterval would be logged as reef. 

point Peak 5hale smaber& 

20. biltstone, iatraforsmtional conglomerate, aad 

shale — the siltstone is mostly yellowish gray to 

darker ia color, slightly micaceous, aad ia beds 

I/O to 1 iach thick separated by shale films. 

Intraforsmtioaal coaglosmrate is at the follow- 

iag levels: 206 feet, of, variable thickness averag- 

ing about 2 iacAes in thickness~ 20T. 5 feet, I to 6 

inches thick with two doughnut-shaped stroaatolites 

at sasm level; 206 to 209 feet; 211 to 211. 5 feet; 

aud 215 to 215. 5 feet . . . . . ~ . ~ . . . ~ . . . 13 

AHIFT downstream eastward about 1200 feet and coatiaue 

sectioa down bluff. 

21. Lismstone — ia the line of section the interval 

consists of strosmtolitic reefs and interreei 

coarse grained limestone. As tAis interval is 

traced laterally upstream the lismstoue is replaced 

by shale aad the reefs are sporadically distributed. 

' ilicified bruchiopods at 204 feet beloag to the 

genera Q~gg~ and glftglglXgggy, . . . . . . . 3 201-204 

22. 5iltstoae, intraforsmtioaal conglomerate. and shale- 

the siltstoae beds are mostly oae-quarter to 1 iach 



thick with a few as much as 2 inches thick alternat- 

ing with light brownish gray shale. 

prom 180 to 100. 5 feet, shalel 180. 5 to 189 

feet, iatraformational conglosmrnte; and from 189 to 

201 feet, siltstone, thin shale films, and four iatra- 

formutional coaglosmrates, 2-inch ones at 192 feet and 

193 feet, e 3-inch oue at 195. 5 feet, and a 6-inch one 

from 197e5 to 190 foot ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ 13 

23. Limestone — microgranular to sublithographic, stromato- 

litic reef lismstoae, course grained iaterreef' lism- 

stone beds, aad iatrnformstional conglomerate. The 

reef is pale red, mottled light brownish gray nnd 

light olive gray; and the coarse graiaed lismstone 

is light olive gray, in pert mottled by dork ycllow- 

ish orange. ~~t lgh ha across sections are abuadaat 

but only very poor material breaks out, . . . . ~ 

24. Siltstone, shale, uad iatraforaatioaal coaglosmrate- 

the siltstone is yellowish gray to darker, micaceous, 

in beds mostly 1 to 4 iaches thick, aad each bed com- 

posed oi smay closely spaced laminae. Trails are 

cossuon but not abundant. 

The shale is light brownish gray, slightly mica- 

ceous, aad occurs as beds aad silas between siltstoae 

beds. 

Iron 169 to 171. 5 feet, siltstone; 171. 5 to 172 



rent, shale; 172 to 174 feet. siltstoae aad consid- 

erable shale; 174 to 177 feet, mostly 1 to 6-iach 

beds of siltstoae; 177 to 182. 5 tent, mostly 1 to 

one-quarter inch beds of siltstoae with shale films 

betweea, trails abundant, aad a 2-inch intraformu- 

tioaal conglosmrute at 178 feet; 182. 5 to 183 feet, 

intrsforsmtionul conglomerate; 183 to 186 feet, 

thin bedded siltstoae und shale, somewhat 

s lumped o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 17 

SHII 7 500 feet eastward usiag interval from 106 to 188 

feet for. making the shift. 

25. nil tstone, shale, aad iatraformational coaglomerate— 

from 160 to 180 feet, mostly siltstoae ia one-quarter 

to 4-inch beds, alternating with thin shale films, 

trails uacosnon, some minute iaterfereace ripples, 

end at about 162. 5 eeet und 179 feet, 4-inch iatra- 

forsmtionnl coaglosmrutes; from 180 to 186 feet, very 

poot'ly exposed siltstoae coataias sosm poorly preserved 

olbiculoids ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 26 

169-186 

160-186 

tONTIME downstream along foot. ot bluff. 

26. &Iltstone uad shale-the siltstone is ia beds, mostly 

betweea 1 und 4 inches in thickness separated by thin 

films oi shale, trails are uncommon, uad a trilebite 

found as flout is probably from this iaterval . . . 5 155-160 

27. &Iltstone and limestone — from 138 to 149 feet, 

silty liunstoae or calcareous siltstone, mostly 



thinly bedded and alterantiag with shale films; 

exposures are sporadic except i'or top 5 feet. 

GROhh fence at this poiat. = 

From 149 to 155 feet, the rock is similar and 

nestly thinly bedded except for some 2 to 3-inch 

beds iu upper part. Trails and minute interfer- 

oace ripples ure comsma. Ia the lower 4 feet, 

exposures are sporadic and ia tbe upper 2 feet, 

exposures ure good . . . . . . . . . . . ~ ~ . ~ . 17 130-155 

20. Limestone and shale — mostly fine grained, silty 

limestone separated by thin greenish gray shale 

films. The Hmsstono is smdium light gray, mostly 

weathers to pale olive, uad coataias very fine 

grained gluucoaite and mica. 

From 123 to 126. 5 feet, fins grained, nodular 

but smssfve, furrowed, aud s few inches of coarse 

grained lismstone at 125. 5 feet; 126. 5 feet, slter- 

nstions of paper-this shale beds and one-half inch 

lismstone beds; 120. 5 to 130 foot, fine grained, 

nodular, much burrowed, nnc fairly well bedded; 130 

to 131 feet, tine grained, aad beds 1 to 2 inches 

thick; )31 to 134 feet, fine grained lismstone and 

shale alteraatioas, very thialy bedded snd sonly ia 

lower part becoming less shaly ujnvard aud coataiaiag 

beds up to an inch i» thickuess; 134 to 135 feet, 

medium graiaed lismstoae forming a resistant ledge; 
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135 to 138 feet, flue grained lismstone in beds mostly 

1 to 2 inches thick separated by thin shale films 

along irregular bedding planes ~ . . . . . . . . . 15 123-130 

Morgan Creek limestone member: 

29 Limestone Goat so and fine graiuede %be coarse 

grained lismstone is glaucoaitic, mostly b to 12 

inches thick, sosm 3 feet thick, nestly yellowish 

gray with a light olive gray cast and the remainder 

is smstly light brownish gray. &mall pale to dark 

yellowish orange dolos4to specks up to 1/6 inch in 

sine are cosssoa. 

Ihe fine grained lismstoue is mostly pale 

olive, glaucoaitic, burrowed. nodular, uad silty to 

aregillaceous. 

Upper I ranconiaa trilobites occur throughout 

this uait. 

From 90 to 90. 5 feet, fine grained; 90, 5 to 

94. 5 feet, coarse grained, abundant oolites iu the 

middle; 94. 5 to 95. 5 feet, fine grained; 95. 5 to 90 

feet, coarse grained, 96 to 99 lest; fisc grained; 

99 to 100 feet, coarse grained, moderate yellowish 

brown weatheriag dolomite patches on top surfaces, 

and dolomitised objects throughout; 100 to 103 feet, 

coarse grained, aad msay ~~ aad a few 

oolites in top bed; 103 to 103. 5 feet, fine grained; 



103. 5 to 104. 5 feet, coarse grained aad slightly 

oolitic; 104. 5 to 106 feet, fine graiaed; 106 to 

109 feet, coarse grained, pisolitic ('f), and 

moderato yellowish brown weathering dolomite 

patches oa top surface; 109 to 110 feet, coarse 

braised, oolitic, small dolomite patches on top 

surface, aad trilobitic; 110 to ill feet, fine 

grained limestone, coaxse grained limestone, and 

stromatolites. The coarse graiaed limestone is 

oolitic, cross-bedded, aad foram lower portioa of 

interval. The fine grained lisestone is greeaish 

gray, has mica along its bedding surfaces, and is 

ia thin beds separated by shale films. The reefs 

are up to 10 inches thick, 20 to 25 feet in diameter, 

and about 100 to 200 feet apart. The beds arch over 

the reefs end some girvaaella are associated with 

them. 

From ill to 112 feet, coarse graismd, mottled 

by dusky yellow dolomite, aad some Q~gipggg 
112 to 113 feet, fine grained. recessive; 113 to 

119 feet, coarse graiaed, much dolomite mottling. 

fossil smterial is replaced by dolomite rhombs, aad 

~B ~ are cosnon at several levels; 119 to 

120. 5 feet& fisc grained; 120. 5 tc 122 feet, coarse 

graiaed, dolomite mottles sad replacements cosaon, 
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and upper surface has interference ripples oa it~ 122 

to 122. 5 feet, fine grained, recessive; 122, 5 to 123 

feet, coarse grained, light brownish gray, and dolo- 

mite replacements common ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ 

30. Limestone — mostly microgranular to fisc grained, 

yellowish gray aad light olive gray, stromatolitic 

reef heads separated by medium to coarse grained 

septa. The reef is about 10 laches thick aad ia 

places rests oa fisc grained limestone 

31. Limestone — alternating coarse aad fine grained 

beds' The coarse grained limestone is stylolitic, 

mostly glaucoaitic, mostly between yellowish gray 

and light olive gray and sosm is pale red but much 

less abundant thea in interval below. Cross-bedding 

is detectable ia smny beds but ia smny it present 

canaot be scca because of stylolites. Beds are 

mostly 6 to 12 inches thick but thicker ones are 

common. Calcareous brachiopods are abundant in 

many beds in the lower part of the interval. 

The fine grained lismstone is glaucoaitic, 

silty, argillaceous, mostly pale olive aad light 

olive gray to pale yellowish browa, and extensively 

burrowed, giving it a aodular appearance. 

&rom 43 to 43. 5 feet, a c~ulnite of small 

calcareous brachiopods; 43. 5 to 45 teet, coarse 

33 90-123 

1 09-90 



grained with 4-inch fisc grained bed in middle, top 

bed contains abundant ~&iligftUdt; 45 to 45 5 feet, 

fine graiaedL 45. 5 to 46 feet, a coarse grained 

~~1Lt coquiaite; 46 to 40 feet, an alternation 

of coarse and fine grained beds, the coarse graiaed 

ones being mostly a coquiaite of ~Kll~ is lower 

part aud l~ggi~ is upper part; 40 to 50. 5 

feet, fine graiaed, nodular, slightly argillaceous, 

acrotretlda abuadant seer siddle ot bed, snd some 

~B Itgggg 50. 5 to 51. 5 feet, coarse grained, 

coquiaite of 8~~; 51. 5 to 54. 5 feet, fine 

graiaed, aodulsr, argillaceous, snd some corneous 

brachiopod fragamsts; 54. 5 to 55 feet, coarse 

grained; 55 to 56 feet, fine grained, argillaceous; 

56 to 56. 5 feet, coarse grained; 56. 5 to 57 ' 5 feet, 

fisc grsiaed; 5T. 5 to 50 feet, medium grained, aad 

many grayish orange to dark yellowish oraage mud- 

hells; 56 to 59. 5 feet, fine grained; 59 ' 5 to 60. 5 

feet, coarse graiaed, light brownish gray, colitic, 

and contains ~~~a; 60. 5 to 61. 5 feet, fine 

grained; 61. 5 to 62 feet, medium grained, contains 

pale yellowish orsage dolomite patches, and sear 

bottom mudballt; 62 to 62 ' 5 feet, grayish olive 

green greesssad, and coarse grained liseatoae cross- 

beds; 62. 5 to 65 feet, shale, recessive; 63 to 66 
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feet, coarse grained, slightly oolitic lismstoae, 

streaked light brownish gray; 66 to 67. 5 feet, 

nediua grained, settled; 67. 5 to 69 feet, coarse 

grained, sandy cross-bedded, aad highly glauco- 

aitic; 69 to 71 feet, fine grained; Tl to 71. 5 

feet, coarse grained„ oolitic; 71. 5 to 73 feet, 

fine grained, TU to 76 feet, coarse and smdium 

grained, sosmwhat saady. cross-bedded, aad coa- 

taias aaay B~llhtkLLa and cystid plates and 

columaals; 76 to 77. 5 feet, fine grained; TT. 5 

to 76. 5 feet, coarse grained, grayish red and 

coataias cystid plates; 70. 5 to 79. 5 feet, fine 

grained, thia bedded, contains ausmrous trails 

but is little burrowed; 79, 5 to 80 feet, coarse 

grained; 60 to Ul feet, sadism aad fia, grained, 

light olive gray mottled by dark yellowish orange, 

aad more argillaceous towards top; Ul to U5. 5 feet, 

coarse grained, a ad a minor amouat of smdium to 

fine graiaed, bottom bed highly colitic; 05. 5 

to 06 feet, fine grained; U6 to U7. 5 feet, coarse 

grained, and sosm fine grained at top; 67. 5 to G9 

feet, coarse graiaed and contains a number of 

moderate yellowish brows dolomite specks 

32. Lismstone — mostly course grained, stylolitic, 

sandy, glaucouitic, aad ia beds mostly 6 to 12 



laches thick. bouc of the livsetose iu fine graiaed. 

Frow 15 to 15. 5 feet, fisc grained, betwees 

yellowish gray asd light olive gray, glascositic. 

silty, aad highly burrowed; 15. 5 to 19 feet, coarse 

grained. greyish red~ 19 to 20 feet, fine grained, 

highly burrowed; 20 to 22 feet, coarse grained, 

grayish t'ed 'to ligh t bl'owaith gray ssd contains 

pale yellowish orange sudball conglomerate. the nud- 

bulls of which is the top 2 iucheu are rinsed by 

dark yellowish orange; 22 to 24 feet, fine 

graiaed. betwees greenish gray and light olive gray, 

highly burrowed and with s layer of sudbsll-like 

material os top surface; 24 to 25 feet, coarse 

grained, pale red to light brownish gray, somewhat 

cross-bedded, usd contains tome riuned mudballt; 

25 to 25. 5 feet, recessive, not exposed; 25. 5 to 

20 feet, coarse grsised, pale red to light brownish 

gray, and coatsias tous rinsed nudballt; 26 to 

51. 5 feet, fisc grained asd burrowed, except tor 5 

laches of coarse grained cross-bedded limestone at 

29 feet asd about 5 laches at 30. 5 feet; 31. 5 to 

%. 5 feet, coarse grained, pale red to light olive 

gray, snd contains s few mudballt; 32 ~ 5 to 33 feet, 

tine grained, silty, light olive gray, argillaceous, 

burrowed, ssd weathers to moderate yellowish brown; 
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33 to 34 feet, coarse grained, pale red to light olive 

gray, snd contains s few mudballs; 34 to 34. 5 feet, 

fine grained, silty, argillaceous, burrowed, light 

olive gray westheriug to medium yellowish brown; 34. 5 

to 35. 5 feet, coarse grained; 35. 5 tc 36. 5 feet, 

mostly fine grained, some coarse grained; 36, 5 to 37 

feet, coarse grained; 37 to 37. 5 feet, 30 to 36. 5 

feet, fine grsiaed; 38. 5 to 39 feet. coarse grsiacd, 

except for 2 iaches of fine grained, dark yellowish 

orange dolomite patches are common, two beds, the 

lower ose 3 feet asd the upper ose 1 foot thick 

and serviag as s ford . 20 — 15-43 

33, Limestone--coarse grciaed, highly sandy with 

bottom tea feet possible more than 59 percent sand, 

mostly grayish red and a small amount ot' light 

browaish gray, glsucoaite courses, snd beds 

mostly between 4 snd 10 inches ia thickness . . . . 6 9-15 

melge sandstone camber: 

34. Sandstone — medium to coarse grsiaed, coarsening 

toward top where granules sre up to one-gusrter 

inch in diameter. some beds coatain scattered 

glauconite sud the sandstone is massive aud calcar- 

eous toward the top. Light olive gray where glau- 

coaitic, otherwise yellowish brown and pale to dark 



yellowish oraage except for top bed which is pale 

yellowish bro~n. The sand graias are well rounded, 

mostly rough and poorly sorted , , , . . . . . . . 9 0-9 

Total thickness aeasured . . . . . . . . . . . . . 592 

The base of the section is located on the north bank of the 

n Saba River about 1000 feet downstreaw frow Flatrock Crossing. 

The section starts at the lowest exposed bed at the edge of a 

boulder-strewn alluvial plaia. 
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