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XLLOSTRATXONS 
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, Flgure . . ', , ". ':li;"', . L'gcA&xoR 'HAP oF, THE, LSSER JAMBE, BxvER AgEA) 

LSD�'C%+k; TEXAS'. i'. j. -4'. -'p' v — ~, ; + ~ k'. Q;, ~ p-p:, 'c 'v. -4-'-:i. :- =:4', , ' 

X, 6EN OOXC' HAP, A% SECTXOH, ; OF THE 'LNXQ' JAMES 
BxvER AREA', 

" 
ISATION. coGÃQ'k' TEKAs- k ', a, iv 'folded'. Nr''. a' pesket 

XX; Fig. lk Leaning Rahdstone bid ia'middle 
, Hipkory, , 

Fig'. 2x ':iRipple marks kn' middle:-Hiak hery, 
iu bed of Sohep Creek ~ ~ ~ ~ ~ o ~ i: 

XXX. Fig. lx' cap Wohntain ledgsis along eeet, 
bank of James River 

Fige '2k Cap l8euutain tepsgt'aphy i ' 
~ i ~ ~ ~ ~ ~ 24 

XV, Fig. li Lion Ho'untain - Kelge contaot 
Fig. 2k Sleek hematite nodules eu 

ueathered t ion Mountain slope . . . . . 27 

V. Horgau Creek ledges in south bank of 
Llano River 160 feet east of Honey 
Creek fault ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 Sl 

VX, Fig, lk 

Fig. 2k 

Point Peak bluff along south 
bank of Hill Creek 
Small bioherms near. base of 
Point Peak 0 ~ ~ e e a ~ ~ ~ ~ o ~ ~ ~ i 

. VXX ' F)g, lx Bioherms at, Point Peak - San 
saba oontdet id bluff along, 
south bank of Llano Rivdr 

Fig. 2k slumped bioherms id stater slang 
south -bhiik bf. . Llano Rivex 

vxlx. - Fii g. 1': ' "cabbage head" surfaoe ef lerge. 
bioherm 

Fig, . gx, Saa Saba beds arohing ovix bioherms 
along James Rivet' e ~ ~ ~ ~ ~ ~ ' ~ ~ 

~ . . ';, ' ': SS 

~ ~ 

W, . iyig. lk Ellenburgex limestone- 
. Fig. 2x ooloxdte bnul'ders en kkeathered 

Ellenburger slope . ~ . '. . . . ~ . . . 
A, S'imons fault outting bluff along James River . . 51 



0F- %SR LINER JAIRES RTRER AREA, IIIASOIII, QXRIITY, . K@AS 

;;:"='. . „, ;;;;, ;-' -:, ::. . : ", -':-'A' B. S' T R'A''C. T 

:, —. , —. '-;. :. : =. . -:, -:;=Th~=. ~or —, Jssms 'Queer- axes is loostad:, -oa=. t'Ni';sowthj$$uI't~nh=-. of . . --'=, ":-'::;-, , =''=, 
' --: 

the: Q'i'no. ;ujji1if't, =":fn 'Masan. Cgunty, , ;Tens'$. ': Stints . a'spasms'i'n'"thh::arei 

arb-TIPPer-:C'sabrisge. l4wer +dovManv IRississippisar'-aad: +nngyivunian 

ia' mge'e' ' 

The Uppers Camhi. 'isa'roshs sre repreisnted by the Riley. snd Wilberns" . 

formstioais . , Ths Riley. formation oonsists 'of ths 8ishoi'y sandstone:, - the, 

Csp Kountsin' limeston's, ' and the Lion'l5ountsin sandstone msjikars. 

Only -the upper half of the Hiokory sandstone is esposed in the 

thesis area, Xt is oomposed of light-brown to red, oosrse~r'awned . 

sandstone which grades upward into the oalcsreous, medium-grained, 

maroon saadstoass of the basal csp tIountsln. The upper cap l5ountafn 

oondists. . of huff to grey, glsuooait'io, fossiliferous llmestones, The . 
I 

f. ion Rodutsin ooaformably overliss ths Csp Kuuntain end. is eompoied oi- ' 

very glsaoonitio, calcareous sandstone snd layers of . gluucon'italo, sandy 
I 

limestone containing lenses oomposed hssentiaily bf trilobite 'ihsD 

fragments. 

' ': Ths"%i'lbdhas formation, 'Contains, ", faut', melmherh('. , thgt' i![alga. . ssndstOne~ 

the IRsrgan cresh lismstode, ths point posh . shall, '". snd the' ssn'8'sb'h'. -lime-. '. 

stous. A" bioher'm none at the. top ef this poiht penh was mapped ss:a ' . 

separate . unit. 

The . Wslge consists of medium-grained, eesentially soaosloareous, :, 
buff'. to brown sandstone. The Lion Mountain-Nelge contest is sharp. 

The tIelgo is oveilsis eenformably by the Rjorgsn creek whish ls:composed 
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::" 'ar gsrgggsg So, 'aer sogorae greaaeeeas gras roses ggaggag «ja rg garo 

' 

grays te. greeuish~rsryg, glauccnitkc 'liueitenes. w'1th'lensear of Shell„ 

-: -, frragmontsa=, — Th's=@orgai--Creek:ds cnofhrmably- overlain- by the green%ale = 

:-:=-==-=:: —, . -'=:. =" ==-jgaj: —:, oaaloureous=srhsles sgad:-ail tstoaon a'ud-'-Luterbedded'- thn-, tgo=~ay&1me=. . ='-. :-:-'-. "'-'. -'-;==- 

stasis. of the::, point, Posh. The upper part of the:point. penh contains a 

flat-'pebble' conglomerate, The biohexms are micro-granular te-. sub- 

lithographic, baff . to 'gray listxstoie iu ~oughly spherical masses. - The 

san saba conformably overlies the polit peah and consists of white to 

brown, fossiliferous glauconitio limsstones and a faw beds of calcar~ 

eoas, fine-grained sandstones 

The Snn Saba - EDenburger contact, which has' been generally con- 

sidered to be the Cambrian Grdovioisn boundaxy, is gradational and is 

drawn at the first appearance of ~f. t spira Syrogera. Bsrnss and Bell 

(lgS4, p. 26) suggested that the Cambrian - Ordovician boundary should 

he drawn within the Sau Saba member. 

The 4}wer Brdovlcian is represented by the Kllenburger gxeup, 

whose various formstioas were not differentiated in the thesis area. 

The group was mapped-only as Umsstoue Or dolosdta, The limestone is 

sub-lithographic, gray to brownq snd fossilifereus. The dolomite is ' 

gray td brcung fine . tO medium»'groained ind Cherty, rand WaatherS te 

xouuded boulders' 

The Eliisissippisn Chappal limestone and Burnett shale, and the 

Pennsylvanian Mhrbli Pallor limestone Occir in an . outlier roosting uacdn- 

foxmably un the Elleaburger in the aorthwest cofaer of the area. The 

Chappel consists of tsn. to roseg crinoids'1 limestone. r' 
The Burnett 

cousists essentially of dark pstroliferous limsstones and intarbsdded 
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dark brown shsles, The Marble Fills is a dark, fine-grained limestone 

containing'chert which is dark gray with a bl'nish cast. '. 

stx-'~)or--faults- strike -northeast- through-the-ares-;with threvs-- — -', - . 

=sat'pi'ngMem= QQ- te-1269-SBSM'='=:In-add&ion=-ther&='ik=w= spstem, -o&%4lar= 

faults w$'th throws leds than 10O fait, : ':Thci strikes of, the minor faults 

vary fthm northeast to northwest, ¹tb . the . maJor and Sdnor faults are, 

high-angle nhrmal faults. 

The 'xegienal n'ortheass trend oi' the. ms)or faults . and the lack of '. 

intensive folding in the Llano region are difficult io combine in a 

satisfactory explanation of the origin. of the faults. Altb'ough'-it is 

postulated that tho orig''n' of the fa'nits is ashociathd with the Ouschits. . 

orogeny, no explanation of the actual mechanics of the i'suiting 'is given 

in th'is. . . paper. 

Folding. in the thesis area is negligiblis. Very' small local folds 

occ'nr in struts. above and below: the bioherms'st the-top of the Point, " 

Peak. These folds result from differential compactioa; 

One isolated, anticliaal fold of limited extent occsrs near the 

center of t' he area. The fold is «lder than the faulting and msy be 'due 

- to differential compaction over a Precambrian:granite knob. 



OS(LOST OF THS LOWZH JmZS HNEH AHHA, MAS(f( COONTy, TTXAS 

I N T H Q O, Q G T I O N 

j-. '". -::-'=': "-==-. '=='. '=" —;-', . — ', , -::. , '. - — '- - —:" =:=E5L~ OF PR~ 
The 'principal obJestives of. "this thesis sreI 0) to map and 

describe the strstigraphia. units whish crop out in thi Lower . James 

' giver area", (2) to determine the htructure of the ares& and (8) ts . 

pr'esent s reconstruction of t' he geologio history of the area which is 

compatible with the stratigraphic and structural data assembled during 

field investigations, The first problem includeh the determination of 

exposed or inferred formation. boundaries aud the mogascopic study of 

the lithologies of. these formattions. ' 

The second preblem involves the 

distribution snd magnitude of the faults within the area. An ahslysis 

of the relations of stratigraphy, structure and physiography within the 

area, is essential to the third problem. 
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LGCATIQN 

The Lower James River area, approximsiely K square miles in . 
I 

~. 
"-= 

=, . -", ';- -, -'== ='extent-, = is'-located=in- Mains-county', Texas; -; Th«northwest cor'ner'-of the -':. 
, '-:-. '; ~ 

- —:='-- ore«=4«=at Slates=-Crossing~therLlan«Wiser =, . +~6 mdle 

Rsson along: Texas Farm Bead Ho. ', 1871 ( ligure. l-)', The north boundary 

mo'anders . eastward, . with. the 'Llano River. 'from'whites. crossing, . to a point 

"seme Q. G-. ef, s mile east of'the confluence of, the Llano:and James Rive~s, 

— 
. The west and eisa boundsries extend;four 'miles . due south from, the north- 

neet and northeast, corners respectively. Csolegieally the area, is:situ- 
' 

sted on, the southwest flank of the Llano uplift in central, Texas; 

ACCKSSISILITT 

Public roads in comparatively good repair provide access by auto- 

msb'ils, ':to' ma)or parts nf the:Lower James River ares, ' 
From, its Llano 

River crossing, neer . the northeast corner of. the area i, Figure 1 ), the 

grovelled' James, River road passen". diagonally through . the aria in i 
. southwest'srly direhtion. . A secondary road leaves. the- James:River roid . 

at the Llano' River crossing-and runs -southwaid along the east bou'ndary: 

of- the' area. , Private'. ran'ch roads branch' off, these 'county. reads and 

ms'ender through various parts' Of. the. area. . Aa 'a rule''the 'ranch r'oads 

. . are rather rough Thi southern part of thq iree is the smst difficult 

to reach, ', but n» part, of thh area lies moz'e than an hour walh from s 
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MKTHGUS Q$' VIELB LIGHK 

The field work was nceomplished between June 6, 1956, and August 6, 

1956;-==gmppiug-was 'dori'e on. acetate: covered=-aerial- photogriphs made'-by= = = "-' — -'-- 

- ', --'==thewted-~;onpsrtsen4-wi4@isnbture=: — photographs-of=the= sexdgs=. -. =-=='==; — — ~ 

-SFX- 5B - 194 thx'engb 196 snd' 155 through 158 were used io preparing, the' 
I 

basi' snp of, tha, area. Thos'e:series ire dated November 25, 1946. , The 

iosle of:the:photographs ij appro»imately' ona inoh equals 1667 feet; 

Faults ind:stratigraphic contacts wer' e' walked out or determined by 

'trsvsrses, -made. rougblp perpendicular to. thb i'trike of doch feitures. 

All geologic . data were recorded on the photographs in the field' with 

the'aid. of s pocket stereohciopsi. Later the. 'photographs were st~died 

with, a largex' office stereoscope in an effort to more accurately lobate 

thi . contacts. Bands oi' vegetstibn, appear)ng. , ah dark lineatio'ns oii' the 

photographs were valuable in px'edicting the strike. of most of the faults 

in the'area. 

Strikes and. dlps "Showh On the map ( Plate I ) repx'ese'st an aVerage 

- of moie . than 800 'determinations made in the, thesis area with a. Brunton 

compass. The compass'"di'al was set on 10 degrees dsit to compensate for 

the local' ms'gnotic. declination. 

. The sictidis descxibsd in' the appondl» oi' this. report were mess. - 
ured it sites chosen for good e»posures'. Rsbsuromsnts. wsie made by 

, , ;sighting on s Philadelybia selx-reading rod with a Brunton compass, 

which was set:on the average, dip of. the. s'trata; The sections were 

measured ss nosily ss. ydssible at right eagles to'the stHhp of the 

beds. 

f 
' '1 



Na, vqrtkcal. 'control was availhble fhr tlih thesis 'area. Ths. , r'i lief 
-, 'showa . ia tho, gso/hgic cross sect'ioa (, Plots, X, )„wan &atimstsd'hy a 

', : ':. . —" , '-'-:::-'-. "': 
—; —. ;, . uteasoscoplc:: study. of= tha-. photographs;--;-Aa Acudes(y Height Finer-'ajui-"::-;-"-=. -::-":;, -'='=-". :;:: —. - 

:. :-. ='. ="-iia~ama-')Ihatag~tri~utev mere--:amsd, -ka'~)muctieu mxth;, shs = — '--'; —::-==; —:-'. . =-'==;. =:==-. 
' 

I 

- 'stereessopa. Heriaontal distances. were scaled on the aerial photo» ' 

graphs' 

+VAN QF %E LIKRA, %RE 

Pr'ior te this t sis:the h r s t f d ta d publis ed e ul s o e ile geologic 

iurseys conducted'in southern lesson County have described culy a scull 

trust iu the extreme northwest corner of the Lower Jesus Rliser area. 

The fir'st geologic reference. to the Llano region was pubUshed by 

Ferdinand Roamer in 1()46. His report ( Roomer, 1846 ) was based cn 

hbservatioas made'. ou 6 x'econuaiesaucs trip northwest from New Srannfels 

to Fort San Saba. Roamer suggested that in this csntxal Texas area the 

stratified rbshs of the eastern side of the continent contacted tha 

crystaBkue roche of the Rochy Rountskns. Fallowing later studies 

Roamer ( 1848, 1852 ) published deskriptioas of fossils co@ected at 

carious lecalities and estabBshad the Paleosoic. age of, the strata 
' saperJsceut to the: central Texas gbanitcs. i 

Shumard ( 1861 ) isciewsd Roomer's fossil desex'ipt'ieas and iacluded 

dered the Potsdam faunal assemblage analagoas to that ef the, Petidam 

sandstone in iowa& Wiscousine aud )tinuesotae 



1 

Using . . the evidence of fossil, content @alcott''(. 1884') 'conhluded 

, 
-'. :. -:";, that tha Potidep wah Upper Cahbriau', iu sge. Hi'mentionid sn uucon 

y . moved a't'the. -base:, of-. -aQ', 'Potsdam-ie'atkins'- studied-iu-cautra1'=, ' -, — '-„:-g 

, '='-:Xanas wad:ajpllhd=-. Ch's: name LBeiwerios-ao-pe~adam=sttmie: — =:='-. -" —:=, —;. —. '==-==- . =' — =' 

Hill:( 1888, ) mentioned' the, importance, of walcott 's work. oa the 
. , ', Paleosoie rochs of central Tones~ Xn' his summation of previous: geo- 

logic worh. . ia -Tenne, . Bill referred ta two (umioda of teotohic activi'ty 

in'central Torse. 'Hi placed the disturbances at the end of deposi'ties 
o' f-the, . Llano series, au'd at the, close of the Paleosoic era. 

Xn 188g the Teuas State Geological . Survey. was estahlishid with' 

R, T; DumQe as, State. geologist. Rec~gnition of the potential impor- 

tance of the Llano region as a mineral province induced the -state th 

fiaaace i comprehensive survey of the area. T. 8, Comstoch was engaged. 

to direct this. special survey» Comstoch ( 1890 ) published a prel'imi-, 

nary hepcrf la which he . proposed the terms Hichoxy sirius(. Riley series~ 

-and Ssn. Saba series. The Hic¹ry, and. Rgb sexiei represented the lower 

add middle' parts of the Potsdam sandstone, as defined by Waicott, 

Comstich retained the Pothdam designation aad applied it to, the''upper 

part: of. Halcott. 's Pqtsdem, cemstoch . considered the"Hichory~ . Riley . and 

Potsdsm'to, be Loner, . l%iddle, . and Upper. Cambrian in age, . respectivegyt 

. Gener'al, aspects' of, the drainage system, in central Teuas weri 

diicussud by, Terr ( 1890 ). He concluded'that the present drafnage 

system originatid upon Cretaeehus strata in, Tertiary tined Rros4n 

rumoviid these Cretaceous 'roche resulting in superposition, of the 

streams upon. the haxdax, , underlying, , paNgaoic, strita, 



I 

Palea, ( 1911 ) named auc briefly dhscribed the I(ilberasx the Cap, 

, IIountafn, , end the. Ellenburger formatiods im a discussion'of the mineral 
'. =, : — = =- ~excursus -. of-'the-. . Llama regions 'la-additiso Paige . named tho' Sm(t~ 
'-: —, :;. =. . . ' 

. . =:: shale and-appli+~nase-~hory~t'one=to=the~atm wh@h- hs4=-- =: 
-=-'- '-- — ='- 

been, . designated the Bichcry series by Comstoch. Za his vgeologic Poli» 
of the 14eno. and Barnet guidihagles" paig'e ( 191R ) pubDshed . detailed 

desbriptions. 
' 

including measured sections, of the 'Bichorj sandstone, . ths 

Csp Mountain formation, the, 5ilherns formation, t' he Ellenburger 1$, me~ 

stone, the, Rarble Fall, s liamstone, add the Smithwidk shale. 

A geologic map of the stdte of Texas. was published by the . Bureau 

of Economic geology in 1916 ( Bdden et al, 1916'). Oa this msp xhe 

. dsx ious stratigxaphic units were largely undifferentiated aad were 

presented as Pennsylvanian, Paleoaoic, ox- Cambrlau ~ Ordovician. 

sellax'ds et al ( 1982 ) reviewed tbe precambrian, (ismbrkan, 

Grdovician, Kississkppisn, ' 

and Pennsylvanian systems of the Llano 

. region'aad included s brief dissuasion af the paleogeography of those 

periods. 'Xhe time' of the initial Paleozciic uplift in the Uaao xdgion 
: was dated as l!Mlsshssippisn by Sellards ( 1984 ) ~ Xn his descripfixin of 

the. structural features of . the Llano rngken, sellardh mehtkoned. the 
'1 

, g'enersl northeast - southwest, trends of, major' finite but no detxiile 

cencernlag' individual faults were included 

Precambrian stracturil ceaditioas adrs xecenstrhcted by Steasel ' 

'( 19BB ). :, Ee indicated that the Precambrian reohs of the Llano reg'ion 

xecks relative to saluting, 'structures. 



Bridge, (-', 1987 ) published a Short disoussipu of the faunxwl sssem- 
[ 

' '. , 'x 

blitzes of the Bpper', Cambrian rocks in the k, lane xegiou, ii the upper, 

, lKssissippi, valley. , snd, in Blush«ri, Os:the-basis-of similarity or, 
mutual- ueourroiee. if:-ldenticil'duns, '%ridge=g'reposed-. o correlation-M= . =- =. - -. 

Oppex Cambrian strata . ia the three areas, la the. sasm paper Bridge 

described, s tbieh unitof glauconitie saiidstons, included by. psige ', in. . . 
'' 

the cup Klountain formation, aud named this unit the Lion Rodntaia 

. member of the Cap Mountain formatinn. 

xn 1938 Barton smde field studies iu tho Llano xeglon snd compiled 

««published data on, the ares. Later ho iategrated these data ou s 

state gealogic msp ( Baxton et sl, 1937 ) on a scale of 1 to 500, 000. 

General areas in which the larger stratigraphic units crop out were 

iadiuated and malar str««tares were showa on this msp. 

Bridge snd Girty ( 1987 ) x'edescribed the Psleosoio fossils first 
described by Boemsr, Efforts were made to accurately . ostiblish the 

locations of the sections sad the'stratigraphic horiuoas from which 

Roe«mr noUected ths fossils ' 

xhs. dreikantsxs which oscar iu the basal Hickory sandstone were 

fixst reported by Barues end Parkinson ( 193/ ) i Bsraes saggested . the 

poisibility that ths four-faceted shape of . the vdntifscts might- be the 

result of four prevailiag wind direotiins during the reworking of the 

basal Hickory sediments& 

Keppel ( 1940 ) described ia detail the test«re and compositian' of 

lsxge circular msssifs of granite, a«posed in the Llano rsgien. 

proposed sw origin of forcible, simultaneous. is]action to unplain tho 



three 'textural varieties of granite whiph occur iu. couceatric arrauge-, 

meat in the massif s, 

, —. -A paper=-osncorned:primarily. with the occurrence' of=. gypsum i'n=. the- =. ", :-':'--':-'=. :. -' 

, . —:-. . :-'. —. ==-:==':--"-'- ~ous —:, ~s'=Monotone'-. -in-ceaW=Tenas was-j pblishod-hy-kenes-", - ="-- — . - -" 
~ 

ia 194S. ' Xd the sane paper Barnes'referred . to sn . unpublished' mauu- 

script by. Bridge. and Samos� 'in which thd Nllborns formation wos divided 

into four formations as follows, - in ascending orders (1). tho beige 

sandstone( (2) the Reagan Creek limestone[ (8) the Point Peak chalet 

and (4) the San. Sdba limestone. 

Cloud, ' Samos and Bridge '( 1I)46 ) revised th'e usage of the term 

KDenburger limestone as defined by Paige, They defined the Ellen- 

barger group aud restricted appliostiou of the term 'to strata of Loner 

Qrdovician age. Under this classificatiou the Ellenburger was divided 

into three fermatibns which are, in ascsndiug order: (1) the Tsnyard 

formation, . containing the Threadgill and Staoudebach members; (2) the 

gorman forsmtionj and (8) the. Hcseycut formation. . These authors clio 

proposed. the same Siloy, formation for all pre-. gllherus rocks df 
' 

--'casibxian ago. so' defi'nedv the Riley formation included the. Bicker@. , 

sands'tobe, the Cap Mountain- lismstone, and the Licjn Elouutsin sandstone 

as members Characteristic topographic. onpressious and . v'agetatien . : . 

peculiar te the formations were doscribed in the' sdms paper. 

'. All. Upper Cambrian suits iu the Llano regina wire described or 

redefined by Bridge, '. Baraes, . 
' 

and Clead ( 1947 ). This det'sHed, pubil- 

cation, 'which iucludst nineteen measured sections ahd three geologic . 

profile sections, provides a standsx'd reference fsr the Upper Cambrisu 

stratigraphic units in central Texas. 
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Cloud sud Garnes. ( 1948 ) presented s detailed repert cn the 

Rllehburger group, which was b~sed qn field-studies made from 1943. 
- '--'to 1947;. '= A- largo-part=-of-this material had beeu~ublished by'Eluud, —— 

idge-ku — &46~== Thdc issb~tion~nias' 'brief-discus 

slosh qf pre-Ellqnbsrger qnd post-Elleaburger strata in central Texas 

and is supplemented by detailed geelogic maps. of variqus areas . in the 

Llano, "region«Au area whiqh includes tho' northwest corner of the 

Lower James Nver area was mapped and named the Boor Springs ares. 

The Carboniferous rechs, 'of the Llano region were discussed in a 

. detailed publicatidu by plummer ( 1959 ) . This pape~ iucludes measured 

sections from various. localities and a brief review of pre&srbqnifer 

ous stratigraphy. Tho report is supplesmnted by a geologic msp which 

doss not differoatiste the pre-carboniferous formations. 

Hsndrlchs ( 1952 ) emphasized the importance of insoluble residues 

ia the Elleuburgsr grasp ia his dlscussiou of the cozrblstion of sub- 

exposed sections in central Texas. Thd conelavions were b~sed almost 

entirely. Ou res'idne logs. 
- 

, 
. Parhe, ( 195S ) p'ublished 'i 'detailed geolegic' isp of approximately: 

M square miles north of the' Lower Jimes giver ares. 



I 
I '" 

O'E OOE A:P'S Y 

a. 'xiiam. 
' 

=' 
' 

=. --;-::-' -The =Scar; James=River. area-::is located, iu the-, semk-ax44 belt Of ='. -'-. ; — . =-= =: —. . -, 
' 

central-Takes; Rormully, tho avexago annual'. rainfall- total~'. soma twenty ' 

inches and . occurs'ss heavy, sporadic unius during thsi spring and winter 

acnths~ Guring the psst six yesri, however, drouth conditions have 

existed with rainfall considerably below normal, consequently, . 
't' he 

regibn ii suffering from loss of. vegotstfoa with an attendant iaczeasi 

in the effects of erosion. 

Temperature's range from liOoy, in the;summer tc possibly Sop. 

iu the winter. . - The eversge. . snnaul temperature 'is about TO F'. ' 

. VKGETATlgtt 

The thesis ares supports the -restricted vegetation chirsetexistic 

, of regions. with thin rocky topsoil and s semi-arid climate, Mesquite, 

scrub oak and cedar sre comouly found on the uplands. 'Larger oaks, 

sycsmores, snd pecan tress grow ilong the''major streasui, C'cnmion shrubs 

include the Mexican persimmon, : catelsw, turkey peax, snd sgerita. : 

pridkly psax is locally quite abundant 'ind. 'st'talus s l'arge sine. 

Several 'unidentified species of smaller csctii were' noted in . the aiea. 

The distributiou of thu vsr'ious typos of' vegetation is influenoed 

to s cortiin extent by the character of the r'eck uniti which crop out 

. in the ares. On' the liseptoue soils scrub osk, cedar, ind yucca pie 

dominate, Cicwthi of mesquite and mexican persimmsn occur' on the . shale 

slopes. INost ef the ssudstons- outcrops support, growths of post: oak, 



„' - . -, =, , jesquite, , ':, „aud stunted elmi. . . Xu 1'0'cal areas„this se'leotive' gromth, uaf„. . '; ';, . -. ;, :. : 
i, ';, -", '. : '. -'. "", ha: :s'e 'pr'enounoed, is 'te indioate formatib j. heasderjes o'ni'the . aerial', 

' —" hes ra'hs— 

, 
The economy of Iasen Countj' is'hosed en rssohiqg. Cattia, 

' 

sheep, 

and gents are raised in that-order of importance. Various'grain. 'crops, 

, cotton, peaauts sad water@aloes sre raised on a small ssaie'. , The s'ue- 

gessfui yroduotion sf suoh croys eommoniy depends en private . irrigation 

projects. 

Xn the Leer James River area the rdugh topography aad poor soil 

-. prsetkeallX eiiminste farming. Xn this area angora goats seem to 

yrevide one of ths chief sources of income. 



16 

V 

'P . 8 V S';1, Q G, fi A P 8 Y 

f'HYSQCAL FBIVPJBES 

I:---'= -:. : —. - --': -. =-:;: =The~ Jabmi Wiser, aran in- leaated On the-. Seuthngst - f14'= f . ; -':, -'==, :. ' 
'-, :=', 

tha-@lais"-uplift. " ' 3he:u'plift consists o'f s broad'topographic "basin 

formed by srosioit on the crest ef i structural dose, Precambrlhu. . rocks 

are oxyosid in, the bsain, which is surrounded by Psliozoic sad:Crete» 

coins struts. ' To the south aad east -the basin rim consists largely op 

the Edwskds limsstpae of Cretaceous ige Paleozoic iocks predos4iate 

to the north and the western rim is a poorly defined, - dissedted 

plateau. According to plumer (' 1959, p. 8 ) the maximum elevatloa oi' 

tbe Llaao region 4s more than 2360 feet'and the maximum relief' i, s, ' 

approximately 1@R fest. 

Precambrian racks do not crop oat in the Lower James Biver area. 

Bitb ths exceytlou of a ssmD outlier of Bississippisn and Penn'syl- 

vsnian iohks ii . tbb northwest corner of the stea, the exposed strata 
1 

are. of Upper Cambrian arid Loner '()rdpvicisn age'w The maximum. relief is' 

estimated at. about 859 feet. 

Topograyhically:that part Of the thesis. area northwest pf the 

Simois fault (: Plate 1 ) Oonsi'sts of 'rounded' hills formed essentially 
' 

by stresis e~osion. The . seuthesst-diyping strata are mostly unfaulted 

snd show normal stratigraphic relations. , The' bldest rock unit cropying 

out, ia. this part of the area is 'the IHorgan Creek limestone+ Thii 

smmber is exposed in the hsd of'Rlill creek st thi Bchsd, dt foul't, asd . ia 
the hase'of the cliff slang the south bank of, the Llano Biver 0. 8 of s 

. t'aUe below Nhltes eros'sing. The. highest hills are capped by the 
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, ~, ::::; . . . -'. -, ;:hlleaburgsr. 
, 
kimescones', :had dalosdteu. 

I'::=, "-;, ':::. '. -::, , "'', ;;, ' '; ", '. Rouchaas'c 'cf, . tha sisIons' sault 'the. ' c'opojraphy. aad' oatorop . pattern; '. , 

"-= 
—. , '=-. -==':--===--'==-'-"~=-sIeijj@ed &illa-'-, P'a~-:-'t Je=-~st:, sties--Of-'. ihe=~wsv==;, ;=. =;=. '=-;:=-:. -'==-'-=:=='==-, --=. -. -"=', = 

, '8awavar, - erosion, 
, 
has. disiec'ted, the h/his and -formed, slops's, which-. mahs 

it'difficult 'co 'reeog@ae fault, scoops Rr'fault, kins' s'carpi, , 'Ths . out-", ", -- 
1 

-- crop 'trend is offset 4n sissy . places by either minor:or' major -faults, 

Tbs:. stints dip generally southeast, dlthough lips are, locally, 'erratic 
' 

dae tu the nulasrous . faults. 

DRATRLGE 

Ths K. amex James River area is drained by the Llano River system. 

The James River, which is the largest local tributary, flows through 

the central. part of. the -area and empties inco the &leuc Rivet near the 

nerthsist corner of Che- area. Rill Crash aud Schep Creeh, . in the 

northwest and southeast parts of the ares respectively, aia the remain-. 

ing tributaries of' ma)gr-"importance. co che drsidage 'of the thesis area. . 

The three tribdthries Slow generally northeast. 

Tar'r' f . 1690;. -p. %9-'362 ) -sc'adied the . drainage patter'n'. af the 

malar- stre'sms;)a. , the, iIlano:region'pnd'cenclgdsd that . theia', strdsms 

established the)r courses' od aa originally eastward-dipping plain' and 

have sinus cut, downward into the eider strata ef pakeosoia and pre 

dambx'lan age. The sxcIor stream patter'n in the thesia, area seaman te 

agree with this thsoryi, The ~kans Rivere The, James Riven ~ 
' hnd Rill' 

Crash cress . smlor faults and, li'Cholegic heaadsrieB sever'al . times within 

the area with ao apparent devi, atios from their -courses. 
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), I 

Kllenburger limsstonss'-. snd dolcxdtes. 

Southeast of the simous fault the t'cpogrsphy aid outcrop pattern 
'-. . — :-:. . . - . are-;controlled hy, a -system-ef-. --nomal- fuults. — ' Ti-. . some. places'-more-or . -'';"-:-'";; — 'j 

: — = ===== — less-'elongated"hiOs=pirallel +he=aorthe7rst:=. -strIkes-: of=tijs=-faulm;= — 
=, — ;-', — '-. =-;-===-. = — 

. - 
1 

Rswdver, ere~ion hss dissected the, hills and formed. slopes which make 

it difficult to recognize-fault 'scsrps or' fault 1'ide s'carps. The out 

— crop tre~d is offset:in. many places by either' sduor or major faults, 

. ' The strata dip generally southeast, although dips are locally erratic. 

. . due to ths numerous. -faults, 

. URAIMlGE- 

The Lower Jasm's'River ax'ea is drained by the Llano River system. 

The James River, which is the largest local tributary, flows through 

the central part of the' ares ind empties into the Llano River near the 

northeast cornex' ox the . area ~ Hill Creek and Schep Creek, in the 

northwest and southeast parts of the area respectively, are . tha remafn- 

ing tributaries of'major'liiycrtance to the drainage-of . tbs thesis arced 

The three. tributiries floe generally northeast. 

Terr (, 1890, , p. R59~862 ) studied the drainage pattern. cf . the 

major- atrsama;ia the Llano region-and concluded that . these streams 

eitsMished their courses on sn originally eastwsxd-dipping plain and 

have since cut downward into tho oNer strata of paleozoic and pre- 

cambrian sge. The smjor stream pattern in the thesis ares shams to 

agree with this thsox'y. The Llano River, The James River, and Hill 

Creek cross major faults and lithologic boundaries several . tines within 

the area with no apparent deviation from their courses. 



Relitkirely', . @hart pbseqaemt:s'iree'es eater the wJ&: stresIus 'fiwsi 
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S T BA T I G 8 A P 8 T 
' 

. 
I', , 

GENERAL STAIQKNT 

, , : . ::. -=, :=-'-Roc'ka-: ~pj~~~~ Limed' James-gf¹ j-ah~~~-. aEe=';, , "- --. 
, —: —. ", ;=. ;- -" 

~ 

. 
, 

"- frha:ciebrieh 4i. jsooni. The', 'strata of' Psleosoio eEe, aie:. slmest 

oatirely. 'referable ', ti-'the Ca@brian angl Ordovbeiee; systems ". A:. small, 

on(lie'r-'gjx. 
, 
', the'. :. abrtlgest oorner' ef ghe ', iree, , is: 'iompo'sod. :of 

' Mississippi'a'e':a'nd, penesyksaeien forms'tioei':; ' The war'agkgrnjhio 

oelnmn, fer the -area'eeneists' ey the. f'olloeino- nnft'sx'. 

CENmoiC M 

PALE CE6XC ERA 

nnsylvanien System 

4nxer Peaaoylyaaian 

Narble Falls kl'a@stone. 

Aha'Peel limestone 

' ': ' 

crdeyiefkn:system-, 

. 4mor . Crdow, i''an 

Kilenbarger grasp 

Cejsbrgen System 

. CPpsr Caaibrgen. 

Nlberns formation 

. 
' San Saba limestone member . 
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Point. 'Peek shale member 
' 

Rorgsn Creek limsstene ~ 
wolge sandstone member 

", . — — 'Riley formation 
A»ien keno@@a 4 nndstmin»- 

— — — = -'-:=-'=-: — '==: Wji=~taiu=kimostenn-~ —. - 
Riohory . sandstone mmmher- 

PALE(ZOIC ERA 

CARRRIAH SVSIKR ' 

Rpper cambrian ranks, orop uut' entensively over. the:Qn»er Ruses 

River nrns, , "There ii s'oomplete sbsenss ef Riddle sad Lyuer Cambric 
' . 

strata in the ( lane. region. The seven members . of the Riley snd 

Wilberns- formations re'present the rooks of Upper Gambrisn ags in the 

~R ~Fm~g 
The Riley series uss named fer, the Rildv Rountains in Llano County 

by T:, R. ', Gumsteoh '(: 18)0» p. 28(i RR9 '). Cosmtooh, also proposid' the n»eme 
' ' 

ESshnry:series for; ntrata bsnsdth the Riley. - Rlgney'Psige'('1018„ 
. , '"I 

' p. 42 ) r'Sdesiga'ited: the N'chery so~les as the Hickory ssndstoae sad' 

, asmsd the overlyiig limestone beds tho cap. Mountain formation. /ridge 

:( 1987, P. , RRS ) desoribed the:Mon Houutsin sandstone as s member . of, 

the Csp Klountaln. Finally, Cloud, Bsrnes, snd Bridge ( 1946, p. 15d ) 

redussd the original Riley series to formation status. As s formation 

the Riley inolndes three; members, ; uhioh are) 

Lion' Mountain sandstone 
Cap Mountain . lismstone 
@ohery sandstone. 



The total thickness of the Riley formation in the thesis, are» is, . 
1 

estimated at 449 feet. 

i'-, -- -', -'. -:. ;. ;. . -. :" —:-'";-, ' -"- -":, ; -". '- -;, ;- Nekory' sandktono member:: =--. . —. ":: . -';, ' -. ~ 
"- -: "-----. "-. '-~. . =':;:, "::. ''-'"- 

==-: — —. =': -'-. . =-" =. : — ': -Th«e wrigiai1=. ; Hickory«=s'cilia;wai -named=-by='Go«mstoch-'-'(=:ls99=-. -~--:, gsQ=- = 

for Hiokhry. Creek in Llano County. paige 'i, 1912, p«42) redefined. this 

series -ss, 'a;fervmtioi snd aa«aed itt. -kho Hickory sandstone -; Clead« 

Bomos«:ond Bridge- 0946« p. 154- ) . pablkshed the present;; designation of 

the Hickoky 'as s member, 'of the Riley. formation« 

Aheording -to'. Bridge, Horne», - ind Gland ( l947, p. 
' 

ll2, . ) tbe thick- . 
' 

ness of-the Hickory in . the Llaao region ranges from a feather 'edge to 

415 feet with an. average thlckne»s of SN feet. This incohsistincy ia 

tbidkness sny ba attrib»ted largely to tho varying re@of of . the 

Precambrian surface apon which the smmhsr was deposited. 

A complete section of the Hickory is not exposed in the. Lower 

' James River area. . The lowest expo»are forms low bluffs ond ledges 

along Bebop Creek in the soa'theast corner of the arei. This azposare 

cinsists of tsi to light brown sandstone whicih weatheri. to o grayish- 

brown color. The sandstone oscars, in layers a few iachas to. 2 'fait 
« 

thick snd is. composed of fine to. , coarse, ' well ronndad, clear. :quarts 

grains. The sandstoni is friable« ' 
Sbmn nzhss bedding occ»rs as. Cell 

as 'lateral pinching and . swilling of some of the thi'cher layeis'. Some 

large 'oscillation ripple. marks. were noted ia ths bed of Bebop Craik. 

The sandstone contains nones of light gris» to baff, shsly silt, stone ia 

layers ap . to 2 inches thick. The shsly nones weather more rapidly 

leiviag protruding sand ledges. Hasoovita is disseminated on. the bed- ' 

ding plaaes of the siltstoue. 





North of Schep Creek the Rickory is poorly exposed cn s hillside. 

i ragments snd chunks of reddish-brown sandstone litter the slope. Near 

the top of thc hill, where the Bickory is faulted sgsiast the Cap 

fJountsiu, s few ledges of maroon, noa-calcareous, medium-grained sand- 

stone are exposed. 

Brown, sandy soil derived from the Rickory cave'rs the gentle 

slopes south of Schep Creek. The normal transitional contact with the 

overlying Cap Ifountain limestoae occurs near the foot of a low hill in 

the southeast corner oi' the area, 

Cap l6ountaia limestone number 

The Cap Mountain formation wss named by Paige ( 1911, p. 23 ) for 

Cap Mountain in Llaao County. Cloud, Barnes, and Bridge ( 1946, p. 154) 

redefined the Cap Rouatain as a camber of the Riley formation. 

According to Bridge, Baraes, aad Cloud ( 1947, p. 112 ) the member 

varies from 135 to 455 feet thick ia the Llaao region. In the Lower 

James River area the Cap Mountain reaches a measured thickness of 315 

feet. exposures occur along the dames River aud in the southeast part 

of the area as gentle slopes end low hills. 

The Bickory - Cap Mountain coatsct is transitional. Xn the south- 

east corner of the thesis area this boundary was drawn at a change in 

slope which oorresponds roughly with the first appearaace of a cal- 

careous sand. 

The lower part of the Cap Mouatain sectioa is composed of calcar- 

eous, maroon to brown, fine to amdium-grsiaed, quartz sandstone. The 





sandstone ocsnrs 4n beds s few inches tc 3 fest thick snd weathers. to 

a doll maroon color'. ln soma- beds the sand grains dx'e 'coated with 

shiny black hematite. . 

Abave this loner:sandstone zone there is s seqaence"df maroon to 

dark, . brown, ''very s'nridy:, limestine in' hads 1. inch. to 1. foot' thich, : 

alaoi'inking =mich-'~s, 'sandy»' br'own: lfmsstorio wQoh "oigid4a'imh;: whee', ', -'. . t;:. , 
, str)NIIor j"of:. , calo%to, '. ', This, . @o'qaenma eo»stains, a, few', ~;"'of bh'ff» -': 

fine~sine'd„- wi11-sor'to'd, , slightly. caldsreons shindaItono 

These beds, grade npwsrd irito the'shlty, slightly, glanoonitict» 

. boff to. gray, . :finely crystalline limestone which frirms, a largo, part 

of ahe Csp Ncsntwim This limestone i's fossiliferoas and contains 

sploachss and streaks . of yellow brown limonite» Xn many places these 

splotches coalesce to. form streaks parallel to„ths, bedding'. These 

strerihri give the rocks a banded appcarhnce. Soma cf tho bi. ds re~eh 

Several: feei ih thickness and weather into roandsd. lodges which have 
t 

, 
', , s pitted epporirancs 4a mriiy:places. 

xa „the:wppar-. para of', tho member. ahe gray licmhtbna' ointaiiis moro 

gliioceiilt'e. i&%oh. gives: the. goeR" a. g'reitn' or reddish»brown speckled" ". :;. ', '. ' 

sppesrseco':depending npoo. the degree of alteretioi of . , the . glsnaonite. 

', 'fhesc beds contain, lapses::composed essentially, if, white, . aiilob'ith' 

shell fr'sgmsmts. '& Collebtively, . abase shell:fwgmerits' are. cemmonly 

designated, trl'Xobite "hash"3. 

Tbe lithology"ef this appar para of the smmber is qslto. similar 

to the lithology of ths, middle part of th'e Morgan craik llsmsstonc, 

Lion Konntain sands'tone member 

The l„ion Ãonriasiri sandstone eras named by Bridge ( 1987, p. 285 ) 



fir:Lich Bouutsin in the' northwest part of the Burnct Quadrangle. 

Bridge defined 'the +en Mountain as the top member of: the Csp IL@untain 

formstiei. Clead, Barnes, and. Bridge'( 1946, 'p. '$54 ) reduced-the Gsp 

;Rountsih: te' asaber"status, sud xhe, ), ion l6duatsin became the tep, :iijimber;. , 
:. . ' 

of, the Riley fera@ties. ':, 
, 
", . . . 

' "'-', ': ". , ':, ;, , 

, , '. -. ;, ;::;-::, ::-":" =, ;;Rcc'sadly, . to'. -Brags, ": Barn'i s;-;and: Gland: (- lgdyi -p. :-. :u4". &. -this hmm'. - . '- 

, . ber-hip, n -meals'se'-'measure'd thiohnoss of: '8)- feat' in'' the'LIiine"~jokes. 

, , Thu Rip 'Neuntniu -' Lien: Rountsls 'boundsrj is transitional. -: Iu the 

thesis 'area': this . contact tvss drswo. at the. bise of the first very glau. - 
ooaitio, . qusrth saadstona eneountered in ths', uessured section'described 

in -the appeudih of this: paper. This placement ef the boundiry resulted 

iu a total. . thickuess of 60 feet. . Although this figure exceeds the 

maximum thickness indicated by Bridge, Bsrses snd Gland ( 1'N7& p. ll4 ), 
it compares fsdorsbly uitb the thichness measured by George Bsanemillex' 

( 1986, per'senal communication ) in ths. , Cenhrsl James River sree. 
L 

Dsnneiiiillor's section ash measured approximately 5. 5 miles "southaest 

. . of the soitiaa indissted shove'. 

iden: Bountsiu Outerspt in . the Loner Juuas River axes form vexy 

ghntle. slopes. :hetmeea the'. "a)xas Rijor: snd, :tha first. ;, range, ef hk'lit 

southeas't 'o'f:the' river:. ', These, elopes entend, into the' . rewutrauts o'ut, 

into' the -hindi by streim erosion, ' 

This r'sage of hills terminates neir 

the east boundary of the srss~ ' The bios Rountein euposux'es cux've' 

. sxouud this' termination s'ad trend southwest along the bases of the 

hills. Other exposures occux ii the noxthesst psst of the area sixth 

of James River. and in the seuthesst part of the thesis sren ( Plate X. ). 





The Lion Bouutain is composed nf rory glsucouitic, , fine to mcdium- 

groined, calcareous, qusxxs sandstone containing beds of very glauco'- . 

nltic~, . sandy limestone, home of the beds of bdth the 'sandstone snd 

the 1iaestone sxc green ox, brown speckled dependiug upon the degxe'e 'of 

-:", , sltoritiou'of the glauconite. The basal sand hsds sre charscteriasd by 

Irises;of find'to'coarsk trilobite. "hash". Shiny, blach' nodules ei — : . :. , ''. '"-'". . :::. ] 

hamate'e. Atter smnj of the. weathered slopes- of Ldei Roiintuin. 

~wi be Bs ~per ~ds 
Ths Wilberns forcmtion aas nasmd by Psige ( 1911, p~'2B ) for 

Wilberns Glen in K, lane County. Cloud, Bsrnos, and Bridge f 1946, 

p. 185 ) redefined the Wilberns aud placed the upper bouadsry at the 

top ef the Csmbrisu system. They further divided the Wilbsrus into 
fonx' members which. . are& 

. 'Ssn Saba limestone 
Point Penh shale 
Borgah Creek-limestone 
Beige sandstone. 

Ip this thesis the lsige bloherms':wh)ch were presiously included-by. 

ra@koan geologists in the Poinx Posh shale . aro mapped as s' sepsx'ste 

un], $ ~- 

Accerdiug to, . Bridge, Bsrnes, snd Cloud ( )947, p, '. 114;. ) the 

Wilberns formation irarlns in thichness fxdm 549. to 610 . feet'. in the 

Qsuo region, with an sversge thicknes's of QIO feet ~ 

Reign sandstone member 
' 

The we1ge samlstone member. wss nssmd by Baraos, ( 1944, , 'p. 84 ) 
fsr the welge Emnd surreys in 6111espis county. According to Bridge; 
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garnes, 'and Cloud. ( l947, p. l14 ) tbe Welge varies ia thichaess'from ' 

. 9 to 85 feet kn the Llano regioa, with. . an average thichaess; of l8 feet. 
In the Rower James Rivet 'ares a thickness of 22. 5 feet wss measured, 

I' . ' ' 
' 

The welgs forms a prominent, l'edge'whish results kn . s rather abrupt 
'-" ' = 

ehhnge -fn 'the 'ii1opos of' the hilIii south of . the James River. This- ledge' . 

may be easily traced on 'the . serksl photogr'ephs. . Some of the slopes 

have, weathered bach shove the Welge to 'produce beiiches; Xn the north- 

east part of the area erosion bas progressed. . sufficiently to form low, 

narrow, Welge capped bills. 
The ikon Bountskn Welgo contact can be drawn rather sharply in 

arnot parts of the thesis nrea, The easily weathered glauconitic kAon 

Bountakn Ocutrasts noticeably with the more resistant, non-glauconktic, 

brown Welge saadstoae. This contact ks tha boundary between the Riley 

sad Wilbsrns fersmtkon. 

The Welge consists of smdium-'grained, sub-rounded, buff to brown, 

quarts sandstone. Beds ran'ge kd thkchuess from 6 inches te 4 feet. 
The sandstone is non-glauconktic sdd ks generally friable' Joint 

fklkkags of limonite aud hematite protrude from the weathered surfaces 

of some beds. Bauy exposed surfaces glitter aotkdeably dae, to queer. - 
our hecemposed ('P) quarts grains. Some ef the uppermost, bede of. the 

member are slightly calcareous. 

Morgan Greek lkmsstoae member 

The Worgan Crash limestone was named . by Bridge ( 19', p. 22' ) 
for Morgan Crash ia Barnet County, According to Bridge, Bomos, end 



, cloud, ( 1947, ':p, 115, ) the member varies in thickness from'7' xeot. to, 
. ; 1'fo:. fest„. ia ths 4aixo rogfdu'x iiith. , 

'a'u avorag'o, thioknsss "of 126':foot. 

, 
' " "'::. -;;, ', Xu: tho';, Xlouer'. 8amaxs 

' 

giver area. tho. maximum':thloksei s Xi o'stimate'd:at '. 
, 
", :. , 

", :. "". 
. -: . ', :, , 

I" . ;:, . ';:. -;. =, 
, 
=. ". ;:, :;:;;::. . ="', "shiit'imp's'4'f Tgorguu' 'Greek' ll+i tous 'in tho 'thesis 'area '. oooar . ::, ::::: ":, " '- '-'=", —:: . i 

=" mostly'-'Sg'uthesht sf:tho. Simous fault, ( Plate' X ). -' Some hf the. bXX4 
- ''- -iu this- piit of th'e hx'en are sspphd, with Rorgau cheek id -u nerval 

position, Xu other ouxorops the member is''iu fault asntsst mith 

var'loiiis other 'members. Additional exposures of limited extent oooar 

in she bluff along the south bank. 'of the-Llano Bivex snd in the bed of 
5511 Creek, 

The beige '- 
gorgon Creek contest is gradational. Xt is commonly 

drawn at the bass of ths first purplish to rust - colored, oreusoooas 

limestone bod eneoauterod above the typioal Ãelge lithology. 

These pearse-grained', friable, basal beds grade upusrd iutd gray 

to. greeuigh-gray vexy glanoonitio limestone. . some of the beds consist . 

, of almost xxhito:llsmstoue. ixhioh has a green fo. x'ed speskldd uppssrouso- 

dse te the- glauconite. Nne "hash" lenses are present '. in sano beds. 

, Thin, . lsterbsdded grey shale layers. appear. ', in ihe, upp'er. pAtt o'8 tho, 

Hest of the Morgan creek' is fossilifoxous ~ 
' 

Q aoue sustaining the 
1 

hkhahiepud. @&~hi ~aa eaosrs sosm 60 feet above tho base of the 

, 

' 
member. : xn the thosii area. this, mono is euposed in the lsmermost beds 

iu the' bluff slag::the south bank'of the . Llano. River. xn soma piness a 

Kouu of small sfromstolitio biohersls osoarp nsax' ", the toix of tho )morgan 





Creek. This zone is exposed ia . a. stream bed. some, 700 Eeet east of, the 

mouth of Hill Cxeek. 

The bioherms, 
' srs sub-spherical, 'average about one'foet in. diameter, 

, aad connie't of sub-iithogrsphic, -'. gr'aeniihgray=to puryl4ih-'limestone 

Point Peak, shsie, member 

The-Point Peak shale, wss -named by Bridge . T 1%7&-pu 286 ) 'for 

point peak neax Line Grove in l. iano county. . According to srtdgs, 

sarues and cloud (. Igd7, p. Ils } the masher is 270 feet thick. at the' . 

type locality snd averages about 160 feet. Ia the. Llano, region. Tn the " 
Lowez James River. area a thidkaess of 124 feet, was smssated. 

Tn the northwest corasr of the area, gentle, weathered slepes 

of the . Point Peak are exposed along. HIII Creek. Approximately 1000 

fist upstream from the mouth . of Hill Creek the 1ower part of the mem- 

ber forms . n binff along . the South bash. This biuff is included in the 

section described . In the appendix, ' 0tbex Point Peak outcrops in the 

area ineiude the expohure in the canyo~ north of Hhil Cxeek sn'd the 

Point Peak . slope uorth of. Hartin fault. 

The Ho'xgsn Creek - Point Peak contact is gradatienil and is pieced 

approximately at the;base if the shaiis and siltstosss'whish overlie 

the more thisk1y bedded Morgan creek limestones. Puhthsr, the. contact, 

is . assr the top of the uoni of smsl1 biohsrms which ii' found at sums 

pieces in, the. top of the . Rorgan greek. 

'As Point, Psik codsists of-greenish~ay to 1ivender, calcareous 

sba$es interbedded with calcareous, :greenish~gray te dull brown, 
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glauconitkc siltstones and fine to medium grained, glaucodltic;. tap to 
giay, limest'ones, Soxm beds, of medium grainad lixestone pontaiu smsH 

1easoi of . fine grained limestone, Ku the upper' patt ef the smmber , 

g-inah. 'to 1-'foot 4sds of . intraf0rmatkonal . congglomsrate odour. ' 'Tho 

clngkemoraie c4hs$'sts "o'f flatteoud pebbles of 'glendon(tie, ' fin~riinad . 
, 

~ ":kfm'ostiua:. -Em';-u'. medi~i aiaed'-limsitone macr'4:, "Tho psbbles-, ~. 'up;. , : = -, . -. 
'-'. —; —. ' 

te-8' inshore 4u di'amntep aad 'souu aho not parallel ti the' bedding. ' ' . 

@Nut 16 foot below' the top of 'tha measured seotion a 'gory' fossil- 
ifexous bed occurs :. The hash-like bed consists of. bradhiopod shells 

and shell fragments. This had probably re'presehts the ~s omLa, nous 

referred to hy Bridge, Bernei and Cloud ( 1947, p. 114 ) aud b'y Cloud 

snd Baxaes ( 1948. 'p. 1D ). 

Bioherm Rona 

The thich bioherm none at the top of «ho Point Penh somber has 

previously 
'. been iacludhd, by various geolegists, iu the Paint Penh or 

iu the 'overlying. Ssu Saba limestone. In the thesis sxea the sane was 

smp'ped as . s separate unit. , 

The bioborm's are, eupoaed as, isolated maasesI or ooa'leuco;, ta form 

lodges' of ooatiderab'le let'eral'ieutsut~. or form bislbhes 'between tho 

less: resistant point peah and San Saba members, zndixidusl bigberms 

attain a diameter of hbout: GQ feet in the thesis area. 

The bkoherms are compoaed of micro-granular to sub-lithographic. 

buff to gray limestsno which weathers to a brownish-gray, color. Gu 

weathered surfaces the bioherms form roughly circular pattex'ns. The 







hiohhrms exhibit ue ncgadcopic latex'nal struotnro and 'are: considered 

to have been deposited by lime-secxeting algae. 

San Saba lismstone msmher 

The sau saba limestone was'named by Bridge (, 19M'& p. 227 ) fer 

enposuros sloag -the. san saba River' northwest of camp san-sabd'in. 

BcCulliioh Coubty. Comstoch '( lg99, p. 3)l-SQ6 ) . eriginally used the 

name as a sexios term in reterence to ail or part of the beds included 

in the present designation, The type section of Bridge is 280 feet 

thich. Xn the Lower James River area a thichness of about 290 feet 

was measured' ~ 

Xn the thesis area the Ssu Saba forms many of the rounded hills 

aodth oi' the Sirens fault. Although good exposures occur in same of 

the stream beds, much 'of, the Ssn Saba outcrop consists of resistant 

ledges protrading from weathered slopes. 

The lower San Saba coatact is placed at the top of the biehexm 

zone. Thd lower beds of'the member terminate against sud arch over 

the top of the bioherm masses. la dress where the bioherms are missing 

the boundary is drawn at the top of the highest- significant 'shile in 

socox'dance with the precedent, established by Cloudq, -Barnet, and, 

Bridge ( 1946, . p. 149 ). 
The Saa Saba consists of 1 inch to 2-fest beds ef zuh lithographic 

te nadimx grained limasteae containing 4 inch te S-, fcbt layers of snnd- 

stoae concentrated in oextaiu zones in the' section. - The limestones are 

white to' browi, more or'fess glsuconitic. and the lower beds weather'to 



s', jrellce-brome color. Assiliferoas sensa sre kcsttired' throughout the 
' 
memberi . . hfaiy ssn sibs slopes ire 'gitterod mith thin slabs of- this 

yiiismi'sh UmsIstoae, ' '-. The headstones'ere. white to huff, - calcareous, 

fine-grained sad- sre tough to friable. '', Tntrefcrmstiensl donglomerates 

', 'oc'cjri'abois' the mid'dio if the momtor, . The ccnglcmer'ates consist of 

"ver/ -'fide graissds grsplsh~hrcwn liame'cene pebbles in's coarse-groined 

ohite . ti boff. limestone mstrii. '5'pmo ef the msfer~shoped pebbles, 

reach 8 'inches ia dissmter. 



Upper snd Nliddle Grdoviciau roche ars absent ia the' Lamer James 

River iree. ' Ths Lower. 9rdovicisn is'represented by the Ellenburger 

~Ke i~E(ee. ~6rcu, . 

Thj Kll'enburger limmstone wa's named by paige ( 1911, "p 24 ) for 

exposnr'es ia the' Ellenburger. Eilli ln' ioutheastern Saa Saba County. 

The'Elienburgsr was. redefined is e grbap' by Ciaud, Raises aad- Bridge 

( 1946& p. ]SS ) snd divided iato the' Tanyard, tha Sorman, ' and the 

Honeycut, fcrsmtions. ' 

According to garnes and Bell ( 1954, p. S5 ) tbe, ' 

Ellenbur'ger has au average thichaess-of about 1740; feet $n the Llano 

regiou. 

Ia. the Lower James River area the limestone and dolomite facies of 

the Ellenburger were 'mapped separately but were not assigned to fo'rms- 

tions. The EUenburger was mapped and is bere disc'assed as a group. 

Rathi. r exteisive outcrops. of the group are exposed, in. 
, thd theiis 

:' ared north of the s'lucis fault. The limestone facies, caps msay of the 

, : rounded Sah Saba hills. The- limestone is exposed as slightly preotrud- 

ing„lidges 'cn, :the:hillsides and «he hilltops sre littered with loose . . 

i'leggy blochs. ' 
The large dblosdte outcrop in':the southwester'n part of . 

the area. is apparently conformable with tha;underlying'limestone is'ciep. 

From the' northern edge of this exposure the plateau-lihe saifece dips 

gently southward. and. 'is, lgttered with the rossd boulders churoctirlstic , 

of weathered Rllenbur'ger' dol'smite. ; xn 'the seuthweht oot'ner of, the' ares 

sic@ very low hills rise above the general, surface elevatisn oi' the 
l 



delimits, a'uterop. , 'The'se hill's. have, oomp»aratk've1y 1'it tie. : dolomite . i t 
the, surfaoo aud are marhod. , by weqthersd ohuuks of red:short 'aud red- 

diih boil. (, Tha dashed Jiso. . Tq the southwest ooyner of Plate 1. '. 
iudiostes the. . approxismte. boundary between the red-. material and. tho 

general dolomite surbase; ') 

. 'Aii' estimated thiahness. of;about 125 feet of-slleaburger is exposed 

to the area. 

Thi sda ssha -. . sll'edburgir', eon»taut', is', g»red'atimuil';iud;is. 'father 

diffioult' to traoe. ' -':. xi the thessis area ia 'offer't oui:;m'ado:th"drhm the 

. . . Oontset botuean 'the', last appaerauee of glauoouite'iu» thi Saa 'Saba'»and 

:the first appehraaee of the unsoiled gastropod ~Entire Sxr~oo ra. In, 
the uppermost Saa' Saba glauoonito is, . very sear'ee and. may consist of 

single schttered. grains. '. Xa addition it 18 difficult to determine 

eonolusively tha lame»st bed -coutaiaiug Lty~os a iggy~~a» These dif-: 
fioulties;. result in a . 'vortlgal interval. df sose 30 fest. mithiu mhiuh ths 

' 

"strata may' bi either"sau saba or' Qleuburger. Tho'boundary, is' placed', ; 

uithgn this interval»" Prier so lgS4 this ooutact mas oeusiderad:the 

boundary haisteeu' the Csmbiiau and 'Ordovioian, systems. ':Bsr'nes and Sell 

( 1964. p. 25 ) siiggosied, that the Cambrkuu -. grdovkoiau boundary should 

he pissed, within the. San'-Saba member» ', 

The Ellenbnrger group as exposed iu the thesis' area sons)lets essen- 

tially of, sub-lithograPhlo, gray te brownish, fossiliferous limestone 

and medium-grained». g'ray OV yeliomish-grey to hromhisb dolomite»: Tha 

limestone, ooonrs kn beds a' fsw' lno'hes to 2 feet. thlak::. Tn' siast laiilali 

ties' the dolomite is uiN. ia, plhoe but oscars ia 1'ouse, rounded to 

angular boulders. ea mehthered surfaces. 



f 

Numereuss'. '-irregular:snlutlpa"savit'les' scour in . smnj', of 'the 

nesthered boulders, Za some 'pf the dolomite puterep areas the 

ground ls littered mlth chert fragments several 4nohes in dihm-. 

e er s o vsr pns op ors. 'Kuc . of:th' s. chert, glitters'miih 

. ' drus)'. ' Surfusese 
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IGSSXSSlPPXAH ' SVSTE)I 

'A" small outlier oa thd dow'nthrowa, side':ef the, Honey creih fault 
[. . ( Plate 1 ) contiinh: thd onl j yississiypian rodks euposed in. the thesis 

, aiea. ', The:chapyel -limestone sud the Burnett fox'matilda are. represented 

kn this isolifad. i@isa. 

. Cloud and, Haraes '( l948, y. 154-187 ) sapped-this outlier in. their' 

"analogy . Qf;, . The' Hear' Syringa Ares, 
' 
Hason, County, TOnns". Aesordkng; to 

those. authors tha, Chapyel limestond is oollajhed to' a'certain extent 

into the gorsan foraation of tho Hllenburgor group. ', 'Ho evideasa: of 

teotenio foldiug is discernible in . the Ellenburger roohs west of the 
' 

. outiler. Further, along the west side of the outliez the Chappel dips" 
' 

southeast toward the Honey crash fault. At the north end of the out- 

lier the Chapyel dips. southwest. This evidenoe seems to iudioate that 

the origin of the struoture is aot assooiated with teetenio foldiug or 

with fault 'drag, Tho origin ef, the structure is attributed to selutioa 

id the Q. lenbur'ger: with resultant settling if the Chappel and Harnett 

into the, underlying beds. The oollepse struot'ura was. later out bp the 

Hone) Crash fault. grunion has removed all trases of Hississippian and, 

later rooks from' the upthrown side of:the fault. ' 

ChahCsl QseLttmp 

The Chappal limestone was naawd bp Sallards ( 1982, p. 91 ) for 

«he taupe laoalitp. on Chapyal Hoed S miles southeast of san saba. 

Aosording to Pluswmr' (. 1950, p, 21 ) the thiohnoss of the formation 

varies from 6 lashes to. , nore than S0 feet in the Anno region. 



In thi" thesis area the Chsppel has'aa estimated thickness of not 

. '„ ' 

more;, . than s, te:, 10, '. feet: and' consists', . ef:, a'. tia'te rose. cnincidsl lime 

speci, ' The almost'oni is'composed esienxisIIT' of crincid, stems snd 

jtem fragments, ''in;. 'e. 
, cicerones, &ment. ':, , , : ', '' i. '. '. . 

' 
Hathi tke Eileiksrger ; 45appiil'and 'the Chappel:, "~sett contacts 

are . anoonforsmbl'e. 

H~er t ~pr Ihttl)B 

The Barsstt shale wss named hy plimmsr and Boors ( 1922) p. 2S ) 

fcr Harnett Spx'ings in Ssm Saba Coantj. Sellsxdh ( IMS, p. gS )' 

Chsppel and marble Falls formations. Xn the Mano region the thick- 

ness of the Bsrnett varies from S to- 140 feet. According to, (:load and 

Bsraes ( 1948, p. 169 ) the Barnett in the outlier described above has 

s thichness of sheet IdQ feet. 

The laser part: of the' formation consists of a gray crinoidal lime- 

stone, The . criacid sties sre 'smaller thea'those ia ihe. chsppel. Higher 

in t' he section ths crinoidsl lilBBstone. is sacceeded bT boff 'to darkx 

petrxoliferens, Ikumstone:and intdrbedded, caicsreons', brownish, shale 
' 

The shale weathers 'easIIT and"in mast, places is seen only as loose 

frsgmeats on mea'thered slopes. 
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PBM'5YLVANIAN 8FMi, W' 

Tha:, , anlj sthata':;nf, ' pennsyltunisn age Tn'. the 'Loner'-za'Ks';, @Ver. ', . :"area'". ';:;;. '"', . „, ':, ':: 

I;;:', . i"". -. ;:, ';~:;;;Coin". The"'t'op, :, "af', ;. the', outlfer', described;above, , ', These. '-Necks'sr'e 'r'eieir' . ";;„''- 

'snhld:. to-. thai Cerbk'e Sells, . limestone . . 

)i 
. . . ~hi le. '~Pal s, l, fsystBIBI, '", 

, 

1 

The, Barbie' Falls'"li'mestoie, nas named by Hill ( 18N& p 289 ):'for 

exposures at Barbie Fhlls'in Bursar Gjunty'. "According to plummer 

f 1958, p, 48 );measured thicknesses of the;Burble Falls ia, the. Llano 

reg'ko'n. . raage, from:83 to' 488:fhdt, The outcrop id the thesis area is 

poorly exposed'. end is lksdted in areal, extent. The thickness is 
estimated it aot more than 28 feet. 

The exposane consists of darh gray, fine;grained limestone. The. 

top of the oatlier has a scattering og irregular chunhs of darh gray 

chert which has meathered odt;. ef 'the fersmtion, 

According to Sellards ( 1082, p. l09 ) the Burnett - Warble Falls 

oontsdt ie-disoonformqble. 
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CER%%C . ERA 

Qaatoraary 

~Roe at 

Realm' of Reseat, age-ka 't5e 'thesf s -area . are. 1ladted to -aaooiisj1$- 

dat'ed. aGailos, mascle, 'aad a few masses:of aearse 'coaglooerate note'd 

4a the. b'ed «f MLl Cr'eel. 
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U~ STiTEMEST 

i. . : . " . , :-:, ", , '"' 
. :, , -';-;The';k'oosk" st"uotnre. if', the"L'ewer', games Riper, si os . k'j. „sa. . kntwgisl-, 
, part-". j'if::-the: jegkennl -t:t'x'uokxa(a ef', "thkI. , gknno, 'rept'On- :-k;:. brief:. ='~:::+ — . . -:=, '-'--': 

:: . '; tW. shr'a@tiiaI. . hksterjj ex the L'lsno region 'ki; presented, ss 'noses'sarj 

bnohgronnd' fer the disonsskou of the strjotuxe. 'kn the-thesis arch. 

HEGKQNAL STBUUTQkE 

The:first knows period of deformation in the Llano. region ooourred 

prior to the deposition of Upper Cambrian sediments. Prsoambrkan sedk- 

meats woxe metamorphosed and fdlded and kgasous masses were intruded 

kate thim. Broad folds, treading northwest and pitohkug southeast, as 

welk as smaller ksoolisal and sig-sag folds in the Preohmbrian rooks 

were . desoribed bg Steuuek'. ( 1982 ). These folds -snd tho intensity of 
metamorphism iudioate that the preosmbrksn strata were subjeoted to:, 

oomyresskousl 'foroes of considerable magnitude. 

A&ordkag: to Bollatdh ( 1&84, p. 1S-19 ) ths L)sao ~egion'u+er-. ' 

: weat Ohaagod kn level'during Upper Cambrian xiud Lower Uvdovkokaa time 

whish''rasa)Nd kn erosion' dksoonfovmktkes sud overlaps. Tho:shsenoe 

ef silurian' xeohs: und tho' rema'ants of Uevonkaa strata kndkoate a 

fknonntkug. ses level during those 'ysxkods. 

The thinning of the Burnett shale as it spprosohes the 'Liood 

aplift:suggests uplift of the region ka late Bkssisskppian tkms. Xu 

seas. pluses the Uarhke Falls limestone rests on Ellenburger xoehs. 

This 'uaooaformktF denotes further uplift, probably daring the pest- 
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, Iississippisa -, 'prb Pennsylvanian tksm. 

The second:period'of' major' deformatiori ooourred 'dsri'u'g the . 

. . pennsylvshisn:period, This movsmont; whish was "responsible for the- 

priu'o)psk uplift. ia -the Qauo: rag)on. was dated by: $el)sr'ds -( . 1984, 

p, , 97 . )- us . peat~ad-"aud 'prs~uyen in aga. 

Ths keuusyivauisu. ~ was 'aeooayauisd'-ob '. feQdomd, by, oxted- 

sive fraethriug whish developed. -e iystem of' northeast-treudkups nor-, 

mal 'faults:. "" 
Cloud . iiad- Sarues ( l948, p, 

' 118-319:;):jstribjted. the 

foal, t's . to tensional stresses . and meutNnsd"that', the dips of ths fault 

planes 'rajsgs from . @. to 99o. 

Faults of. this type oeatrdl the struoture iu t)ss Lower &ames 

River ares. 

t ' 
t 

~i'. ~F 

Ths', geelegio strsoture, in the, Lmwer. James River ursa is dominated 

, 
'by' six sm1or faults. From northwest, to southeast. thous faults have 

beau usmsd ':. 
, 
Gl' 'ths;:Honey, Creek fault, whish is also' nailed tho. )(asou 

faulti (2) the. Solijddt'fault» (3) ths'Simous fault( (4) tho Risgler 

fsulti (5) the Rsrtin fsnltt and (6) 'the Rohep Creek- fault. The 

Ziegler, Startle, sud Sehsp Crash faults wars named by the present writer. 

The faults tread northeast aud sre apparently -normal with very high 

dips whish a'pprqaoh tho v@rtioul. 



1 

;yor. d'eior'iptive purposes-the Simous fault' msy he:considered. ths' ' . 

goy fugit of -the aro'av Extensive-faulting. t'o the soothe~st hss. 'expo'ssd 

. ':;-, ~ '-, ''' tho; oldest, rocR8';in the' ar, eai '( In the absauce of suoh;fs@tlng, the 

L. :, ''; . -:, . -. . ;. ;s'trata, @auld M@ijj". prsgvess'$gsky'yejieger" to 'the' southeast' as jh"'rasp%':. ': 
I:. . -'. — 

. :. ; ', 
" 

. ;: of:ihs'gener'aL:s'ontheast dip ka ahs, ares. );. — Various, . Upper-, 'Cambrian '. — . 

units. has& hasn' hrought' 'i/to . ss(gsaent. pasitlalls" snd . tha:outorop, pattern 

is largely a ', timothy'ai; of -tha throws. of, the faults. , 

In oontrsst to the faulting'Ln the southeast, pert if. ths area( the 

strata northeast-ef ths $/mens fault -sre;. relatively undisturhsd snd 
I 

erosion hss 'develop'ad the outirsp . pattern. 
1 

ares. Along the fault loner Ssa Saba shuts the Miisissippiaa- 

Penasylvaaisu outlier previously. dasorihed and upper Point Peah ia ia 
sea(set with Rllenhurgsr limestone. Cloud and Samos ( 1948, p , 154-' 

187, ) oa their "Geologic . Mip Of The Pear . Springs Ares, . Mason County, 

Texas , , ''idedtified this limestone as the gorman. formation. This 

indicates sn, approximate thrum of 1869 feet ou thd' Honey cree&. fault 

i, n the' thesis s'rsa. 

Striking southnast, tha'Schmidt fault enters. thi thesis area a 

three times, sud finally disappears ln tha Ssa Ssbh asar tha west 

boundary of the area. Near the mouth of Mill crash, upper Morgan 

Crash is faulted against appar Point Pddh, giving the, fault a mhaimum. 

thr6u of ahodg 150 feet. Park& ( 1968, ' p. 48 ) iadioated' a:threw of 

850 to 5OO feet on this faalt in . the "Southuest Masan - Llsao River 



:". Ares", , whish lies ucrth cf 'the l. ower, James River, axes. Ajeiindhr 

(1962, p. 48 ) amid the Sohmidt fault, 

:; - -The Simoris fault enters the theofc arch about one -mile e'sst df 

tho ycathwest cexnex. 'Ths fault, stri)cxx northeast: tax'cjgh the: csnter ' -, 
, 
- 

-" of'-. thi iree, ''crosiing the James River, fear:timoi; 'ind Xesyes the sron -. 
about' 0. 6 of s- milo west of:the coaflueneo 'of the 'James, -sud Llaic 

Rivers. Along the fault Mcxgan Crseh' is 'foul, ted against lower' Ellbn- 

burger shd uyyer Ssn Saba. Near the Llano Diver lower Lion Mountain 

is in contact with. loisxrmost . Ellenburger. and upper csp Mountain 'is 

sgaihst upper Ssu 6'sbs; The' throw of the fault varies from S00. to- 
630 feet. parks ( 1958, yi 49 ) states: that the fault hss s'. thx'ow 

of 800 feet, in the "Southwest. Mason- - Llano River Area". Alexander 

(. 196M. p. 48 ) named'the Simous fault. Gn the geologic msp of Teeass 

by Da'rton ( 1937 ) the . Simous fault is traced' northeastward from the 

Llano River's distance ef spyronicmtely 45 miles. ( The fault . is nct 

named eu Darton's map ). 
Ths Rlegler fault, is shout 0+76 of a mile east of the Simous 

fault at the douthern boundary of the thesis area snd stxihos north- 

east roughly parallel; tn the, simens fault, Kesr . the. cauter of, the-' 
1 

arse the throw becoims very small and ihe. ' fault. splits. into xwc minor' 

faults. Aleag, tho fanlt Morgan Creek is faulted, against Ssn Saba with 

s maximum throw cf approximately 175, feet. . 

. The Martin fhult lies about 0, 6"cf h. cdile' east of the Eiegjier 

fault at the southhra boundary of the ares snd ttrlkss northeast 
I 

roughly parallel to:the 'Mingler fault'. Slang tho, fault -Morgs'iii, gyoeh . : 





1 is faulted "against I'~, Sas Saba wi'th a marimam throw of spproai 

'~-mately. 186 feet- . '-. =, :: '. '. ;::, ' ' " 
& 

. , : . ". '. ', ;. . -'. :: =:;-::1 

. . The=Sc%ej: Cxeek:fault:. :, sthihei noi. Clieast across . the:-'sogthea t 
coradr of tho, area';:. ;AEoug'tbe fault miiMlo Rorgiii, CNbli fs faulthd 

, against' middle csp. llouataia 'aad' upper'l6organ crook; ki:i» contact with . 

, idddli Biskdry, . The':throxm varies-'from;890' feet' to '469 feet. 
' Th' e, southeast side'of, Klepper fault i, s downthrown. The soa'theist 

sides:of, the remsieimg. . ms)er 'faults', arm::upthromax Amseq'uaittiy, a 

horst is feysmd 'hetweoi the Riegler ead" the simous faulted'" ahd, a' graben „ 

is 'formpd between the Rieggr aad «he Nartia faults. ' Nose features 

ewi, st only in the southera' part hf: the. ares due te the bifurcation of 

the Ziegler faalt near the center of the ares. 

ginor pauits 

Iu, addition to the six' sapor faults, ' therd are smay steeply dip- 

ping minor faults 'The overall. 'patter'a of t, hd miner' faultii'ag is some-' 

whit, va'gxid with str'Nes. both northwest nad, aortheait;: . '@ere is also a 

tendency"to' curve along strike so that msay of the faults are truncated, . 
' 

at. eae ox, both ends'. by. , major faults and/or other. spoor 'fauits ~ 

' 
The dixaction of. displacement varies unpredictably, " This incon- 

sisteacy combined with the locally close 'Spacing of the fa'sits results 

. in anserous, small gr'abeus and hox'sts. 

Thh average thx'ow is coasideiabiy less than IQg feet. sa'd many of 



~DRSBtt1 + ~Fait; II 

=, =';. ::, -, %a . ns/or"faults, an4 sane "ci, the adder faults. eppes'i. 'hs, dai4, 
;:-. . ";- ';, '-'''. --=-, 'A~4kons'=. '~~~::eerier: phetographi. , 

, tratiahs Of: vogetstioi are;preshsmbk'y. due. »t'c. n ccncenttutiaa, o'f . gioan8, -, 

iyitor' id the'- fractured rochs, 'Qi the' fault 'cones':, ;Two hmter, 'nails 

'@&lad:. by-@et. ~sch ia the north''central pert df the'area' y'laid- a' ';. 
geed . iiipply'. af:eater f'rom depths cf less . thin, lOO feet in, the -'Simon's 

'fault seas). '. Faults, se indicated ou ihe photographs me're ecjsilp 
' 

. traced Oh'the g'round. , 

Rany of . ths siinor. faults southeast of the Simoas Ault displace 

the Nelge, ledge, which is quite prominent in that part, . of. the area 

Bus to this displacement the faults are locally quite obvious, despite 

their small throws, . Hanover, ashy such faults sre difficult. to trace 

for any appreciable distance. other iddicatioas of 'fahlting that 

uajre ised La'slide 'the repetition. 'or amissiod -of str'ata, the abrupt 

torminitkei of beds, etratid strikgs and dips;;iud. the obvious . dis- 

ruptioii, of bede exposbd in stream chanc'els. 

The youngest fcrastidu exposed ia ths, thesis area. is the Pennsyl- 

vsaieu garble Halls lismsfsae This formation ls cut by the Honey 

Crash fault, 'ahkoh coiclusisely dates ths Honey Cr'eah'khult ss 

pennsylvanian or late'r in agee purthsri there . is no kadisatkcu~ 'such 

ss, . Offsetting of faults, by, faults, that acre thea oas period of 



fsulti'ag has- oscirred in the-ares. oh 'direct eyldince=. found in the -::. 

, . :. -thesis aria . the. faulting, then, can only hs'-"dated as- Pennsylvanian 

' ' 0n tao eAdesce of''uiktehlted' bodi of 'c'anyon igo i'upper Penn'syk-, 

vanlsn ). overlapping faulted' KBenburgor beds:in the wgstern psit of 

the Llano"uplift-. Cloud, and lames ( l948, -p» Nl )-;have-, . dated the 

dialling' ia s. regis'uei b'Si ka" as pro~'nyoii la. age. 

~Cu ~ ~Fait~ 
, I 

Cloud and Inraes ( 194$, p. llg-kl9 )' presented the fellowfng' 

, hypothesis, coacerniug the, faulting. , "The roche: of, . the'blaue' uplift, 

sre thought to . have comprised a relatively' resistant mass, ax'ound . the ' 

eastern and southern sides of which developed the geosynclinal area 

@Lsnoxia geosyncline of gellsrds, 1988, ) containing the Ouachite 

facies. The faulting in the Llano"region. probably accompanied thi" 

late Paleozoic-folding that involved the . sediments ef. the llanorie 

geosyncline, movsmsnt in the geosyucUnsl 'ares to tlib chat' sad 'to, the 

south placing the Keno aria undec torque and: causing it'to frsoture. 

The theoretical-, tensional ooupies developed':by aitive compression 

from tho asst ssd south'weald result in fractures aligned . dominantly 

ia the northeast quadrant, as faulting iw the Llano region is. " 

Cloud aad Baraes did aot amplify the shove hypothesis. The 

LmpNcstions of the. term. "tensional couples" are somewhat vagus, How- 

ever, the association of tho faulting with the owschitu Orogeny, as. 

suggietsd by thats authors, ' 

seems plausible. 



possible eemplunstkons fer the origin of 'the faulting jnoludst 
' g)' domiug of the' region; (2}, 'tedtonio' foldiig', of the' paleozoio 

t 

, — ', itrata=-"fegimed'by rmlarnifnn-. sf the aompressfena1-foresee-:3$$-:=' — —. — 
' -'-. 

-, . — —. --' 

~lift, . of Me . baihma'nt' eanp1ms:mIth:nox theast-': trendf iig nenes . ok 

, more 'poskikse, plIIft& ajar '44), den'n-'marping:. :. of'$eds. ' ea, th'a ihutheast, . 
flank"of the" region; into the'Can'aiba geosyuo1kue~; As. shams;:beliir~ 

sane if these, hypotheses are'fully earn'pstlble uith the oirerall. struc- 
ture ef tbe' Llano region ~- 

: 'fhe -theory of doting fn the . Mano, reg$ea'-. mould, iscoant fdr' thi '. 
"' Penn'sylsnnis'u sp'lift of thn region. " This up14ft' ls indies'ted bj thi 

sbisnee'of . Pers4an, 'frisisio, hnd: Jurssufd beds 'oyer, the rigkoa. ' 

Conversely, the regional northeast trend-of the major fiults in the 

rogidi is rsthey strong eridesee, againit . domiag as, the psinoipsl 
'sense of the faulting. Simple ddoming;houM be. eijeetmd to develop ') 

a radial 'aad/or. 'pe'riphprnl '. fault pattern, " Further, the f, oner &ames 

River aran is looated on the'iout'hmast flash: ef -the Llano uplift 
COaipquently, if the uplift. mere s dome the . ragtoail' dip in the. Laser 

James Riior aies should he iouth or southwest. ' Aotuslly, ' the di'p'ls 

„, ~ predd+jiptly, 'sq'itheast+. 
i 

Teotenlo'. feiding' df tho', Paleoselo, s'trata eve'r the l. lane rag)en ' 

could have been asdomplished by sompressieasl, foroes associated uith 

the ossohita orogeny, Belsnation of the eompressienal foroes after 
the 'folded stxsta had "been;, liftdd beyond thu. 1imit of self support, 

' 

meuld presumably hairs res'@t@8; In dermal fakttng, Severa1 streng 

arguments against this theerj''inilsde& (k) the apparent lank ef 



! 

- l. ' . "iatans'ivo folding in' the glans x'egion' (2) the faos that: the sapor ' ''' '' 

' faults in 'the region cut thp Precsnhnian struts ss well' ss the':yoouger. -" ' 

~='-;::. 
" 

'; —; =:-:;:: —: —. '-;vsokuv'land- ;@V', t'ho lash of-thrust-feasting-or-sN'p~'okay-. bud@Rug'. ==':. - --;:-'=- 

":-':, :":-*:, -": -'~P11RFI-I -soOM, III 80$R1f~voA 4 1tt Rf~8 1h88 . QTIIC AtE 4 lt:, :. 

( I't doe's' not '. ieem. , r'easonabls, ths't. 'compressioaai. , fc'rusi 'of thh magni- 

tude;lmplked in this. theor'I woold" have feei so 'uni'foxjgy distributed 
!1 

aid~"at o''certain'crifidal. point, so uniformly relaxed that:onlj 

normal failting resulted ovex' sa ares he largo'as the'Llano u'plift ), 
greta . ( 1954, p, 84 ) dss'cribed h broad, northiaht-. . trsndiag 

anticline in th'o, Cobtrs1, : Bluff'Creeh ares, which is some eight miles 

northwest of the Lower James River 

arear' 

He further described s sons . 

cf intensive faulting along the crest of the anticline, Greta suggested 

that this faulted'anticline is ths result of a zone of more positive up- 

lift du'ring the Pennsylvanian uplift of the ). lane regiea. 

This enplsnation does not s'eem sppl'isable te the Lower James River 

- ares. . The predominant southeast dip in the ares indicates:, that- if a- 

slsdlar sons 'if more positive uplift sainted beneath tho srhs& the 

arse mast lie ahull)' on one flsuh of 'the uplift, Thus ihe faulting in- 

tho thesis. . area mhuld trend illogically along'. the flash rather thai 

alohg. the' drest:o'f . the, 'uplift. 

A downwarplng ox stints into the Llanorii geosjaeline. slang the 

southeast flash ei the Llano, uplift hesld have rssu)tad ia strotchihg 

of the strata and consequent noriml faulting along e nox thssst trend+ 

Howsv'er, the; geosyncline. 'approximately, paralleled the oust aad south 

sees of:the uplift. It, seems that there„should 'be two fault i@schmo, , 



oae trending tnast'and one trendiag south, if downwarpiag of- strata 

::, , ""';, " kate the geosyncline cnueed:the faulting 
t t, ll 

"-. : —, 
" It:;i&aiiiCkadnd'. -Chat:, 'thu;-, erijjin -Of-'ice . . fuuliinjj, ''in; tha . hi'utnno '. —: 

", 

tottoo tt tsllOOOtottd Otto thh Oooo&ttt otoolot; htlt oo otthl tthttOII 
' 

of;the mechanics of the' faulting is toffersd'-'- Subsurface. aud geophysk 

oal -mork of regional proportksnsh, around tho flanks . 'of chs; -Liiaae' . ojj- 

lift„' mould'pr'oh'ably clarify:. actus of ths enigmatic btpects of- thn 

s'tructure'of, thio 8 region. 

small folds of extremely leojl eater'8 vatic obseivdd 'i'a beds' sbev 

aud below ths hioberms . ev, the top of the point peah. These folds are 

8 

the result of compaction of sediments below the bieheims and differea- 

. ; tial cojipactiono of material 'ahovh the biohersm. 

Qae isolated, anticlinal fold of ihuktud areal . excsut occurs just 
south'of the third intersection; "from south to north, ''of the' simous 

fault and the «asiss River, This fold striges about N 65 N and disap 

P8sra beth CO the no'rthueat aad Sbutheaat in fault neneao 'The acrth» 

eesi flenhtof the fold dips about 3 degrseh aed tha sonthuast flaonh 

dips about 3 degrees, 'fhs fold cah be traced' only a few hundred feet, 

This fold . effects the Cap Mountain limestone and the Won @ounteiu 

Baadstcueh 

The limited extent and isolated esture f nhich combine to pre- 

clude an analysis of a trend or Pattern ) mhe it difficult to deter- 

mine the origin of the fold ~ The truncation by the faults deuotes chat 



' 
thi gild pr'edetes the f6oitiag, Ferther, 

' 
the otr$he ef'the''fold heeoIt' "'. ", '-'I 

", XndoIIpotihle;vi'th in", o'r'igin re'end to:the;foiiltieg. . Bifferentihl'. -. :. :"::-'':. ' 
':-;I 

-'. -' '='=""-'-'= ' ==-'eon:orei-"a::W@cooIhrle'n, -griM4~ee'h-'4'i=':mpeu'kbXe--wylnnet'ion':-'--:-'. -':=, ". -"". — ":-"" ". 

sofortnositely, ' the. fold: oednro kn i: topogre duhio' loe 'fhii, hskeh' lt 
'ieyesoibke -'to' oheoh underlying strnto'for t4e dire'rgeioe . of dip. "thet ', 
oohld he expected sjith:haoh'doiijnotion. 



GKOLOGYC HIST'OBY, 

GK%BAL STATKLEPZ 
i. 

The:. geologic history of- the Llano:region. has. boca thmangg~- 

reviewed by Paige ( 1911 ), Sellards. ( 1982 ), Cloud . snd Barnes 

( 1948 ), sad various other, workexs. . The following husmmry. is based 

on these previous works. 

. Precambrian marian sedimentation formed a thick sequence of snnd- 

stoaes, limestones, and shales in the'Lland region, According to 

Stensel ( 1934, p. 74-7S ) this sequence was"folded, metamorphosed, 

snd subjected to' intrusion, all oi' which resulted in s framewox'k of 

broad, northwest txending folds. snbsequently, this framework was 

further subjected to two separate periods of intrusioui (1) hathoHtlc 

intrusions. snd (2) late dike intrusions. Graaites issocisted with the 

batholitic intrusions h'avh a coarse texture indicative of solidlfica- 

tion at depth. Frem this. ;:evidence it is concluded that the Precambrian 

strata were originally much thicher than at the present tirre. . 'Bone of 

the iatrusive bodies penetrate Cambrian strata, which conclusively 

dated the iatrusions as Precambrian. Precambrian reeks are uot exposed 

in the thesis area. 

Following s long period of subaerial erosion, during which the 

major iolds were truncated snd noggin sands accumulated, the Upper 

Cambrian ses transgr'essed the uneven Precambrian surface. Bridge, 

Bomos, snd Cloud ( 1947, p. ' llB ) stated that the relief on that 



60 

I:. . . '. ;:-';-'::. "iarfsc'e may;hsvh;heca st 'ssIch as 800", feet. . Ths ee'lian sands 'wars 
l' 

', :, : i ' . '. '. "':;, :+aworhsd iid:. licorpcri tid;in . 

the� 

"Hickory spade tcni'. ;. ''gipgle ma'rhs. end, :, ';-, , ':: '-, ', :;. ". —;:i:, :;; 
';";;-, -" 

'-, . -:, . -;:"„=: -. '4gesh:be'ddiag':-ih' tha Bkchei~M tQ then'is;, . d 

at'-'. ef post cne * 
c' 

'karing Dele'r. Cap Anntain, time 'the' qasrts clsstk'c; smtiris1 "bscsmm 

. sgbirdtnste, end the: bclh ef the sedisents, 'were carbonates+- varying 

ahenntj of galhcohite dnd trilohkte. "hsih". lenses 'ia the, . limjstine 

indicate. o-ecntinaetion. cf shallow' water conditioni. : This «oitfnn'etio'n 

of-a shallow wats'x' envirenment withont the 'continned predcsdnsnce"of 

clsstis sediments iver the carbonates, 
' 

whish ii normally axpsetid ia' 

sash an environment, -msy be sttribated to depletion, of the scarce, of 

The, general"increase of sind in ths Lion l8«nntsla member wss 

referred by Glacd and Barney ( 1948, p. 112 ) to changes, in saa lhvel 

1» lsti Bkley and early Wilbex'as time. This in«raise risched s climsn 

ii the Kelge sandstone, 

The npwsrd 'deiresse if iand in the fossilifexoas Eirgsn Creek 

limestine snd the abandaat glnnionite 'in that 'm'ember indicate s repi' 

titiom of . the -shi), iow. water envlronsmnt 'in whiih the gap goantaia, wa's 

A:widespread inflan of arg)llaceiis smterisi followed, . :The qnsa- 

tity ef -this asterisk. exceeded thd qmonnt cf, carbonates-being deposited 

, . iad resnlted in the Piint. penh ihs1e, , Clead and Samos. i 1946 p, 
' 

112 1, 

points'd Oct that . the:shale graders )nie, . oarbenate riihS tc the', east, " 

whish indicates a coarse 'tc, ths west for the pofjst:penh sedimenti. 



1 

paige ( 1912, -. p. 79 ) hited ths iatrsformaticnsl . conglomsrates, the thin 
j 

shale and 1iwsvtous beds, and csxtain sun-cracked surfaces ( which were 

I-:. . 
: — 

, 

- '' — 
. '-"-'::-uet--'gbserv'ad-*fn-. -tke'-'thesis-urea +;, o'fi-the-. upper point-, peak=as-=evidence:of=:'. - 

vary'-s cw' tor. . "er;. — 
, ppor aps' perko84cnlly espose su aces--sae , as- &aT-=--'- -= ' 

flat's. . The bioherms; at tho't'op"of:, the: smmbex. siiggest''perhaps, slightly', 
I 

el+per-"water+', , :, , :. '. '. . . „ 

The ~8-;:-, fossiliferous limesio@ps. ;of the" San Saba;sxx~ iudiqste. ; 
l 

moderne'ely shillew . seas. 'I(', loud. and Saran's '(, :1948, p. 119, ) . pe~sad a 

continuously'dr intermittently' expesed land mass. 
' to . , tba'. west te. . . unplain 

the leoill'y'"thiok Sanda in the San Saba. Xn the Loner Jamea hirer area 

such saids are restricted to relatively thin layers intbrbedded with the 

limsstenes. This seems to indicate an intexsdttently available sapply-of 

the clast, ici or a shifting current. pattern. 

Dsposittion was continuous across the Cambrian ordovician boundary 

ia 'the:thesis. . exes. Throughout Elleaburger rime generally ~hallow, . wsr'm 

seas enidted. Cloud aud Borneo ( 1948q. p. ' 182 ) advanced 'ihe idea-'th'at 

the tisih of . origin of the hllenburgor dolomite"ls pedocontkixporaseoqs 

with the deposition 'of the, limestones, or 'late in tha, dxageissis of the: 

, limsston'es, . ThsI shee authors deicribed'the", 'sedimentary:environment:aa' 

. , similar to 'thit en t'bs Bahama Bsnhs today. The bottom wss:covered with '": 

Hms-. mud and the fauna), distribution, msy have been. related. to the degree 

of firsuiess of the bottem, . The patchy occurrence of fossllh in the 

hllenbarger is. cited in support of this supposition. 

Tho absence of Widdle and Upper Ordovician Bad 511uriaa rocks in 

aha thesis ares . indicates lech of deposition during those -intervals of 



time, or. complete removal- of the . reeks ia the, subseque'nt. pro Devonian 

erosion. Cloud snd Barnes' ( 1946, p. & 1 'stated that at, leist 6N 
f. 

=. -' --'-'-feet-of-B14nburger' Ptrcts wgrs-crcdNF vxxsy prior tc iavnEion by Ihe-, 

uevoniam ses, xais truhcotxon xi greater:in, the western . part of the 

Llano xeginn iudicsting s marked eaitwsxd tilting of the rdgion. The 

EU'enburger outcropi in -the Lowe'r', James: giver ares are stratigrsph- 

ically--the highest steato whish crop out xa'normal stratigraphic 

position. iu tha 'srsi'und are comparatively limited i's areal extent. - 
' 

Consequently, the increasing asst:to'-west truncatien, is . not obvious, 
~ J 

i'n the aria. 

Following or perhaps sccempanying the tiltingx tho, Devonian seas 

transgressed the L'lane region; from east te west as shown by. younger 

Devonian rochi in the. west and older Devonian rocks in ths east. No 

rocks of Devonian age were recognised in the thesis ares. 

Slight' uplift of the Llano region during the' Mississippian period 

. : is manifested is the thinning. of the Boraett shale ah is:approaches the 

Llano regiaa. A greater pre-Pennsylvanian dpi, ift resdlted in the com-. . 

plate removal of the Burnett locally. 

During the Peaasylyanian period the Llano regio~ wss subJected 

s vapor uplift: followed by apparent'ly continuous 'sub-serial erosion 

to 

duxing, the Permian, Triassic, sad Jurassic periods. That long period 

of erohion completely removed all strata younger thea Ellenhurger in 

the thesis ares, with. one exception. The previously described outliex 

in the northwest corner of the ar'es, which contains chnppel, Burnett, 

nad Marble Falls rocks, escaped domplete removal by collapse into. the 

Ellenbnrger and further'down-dropping, by the Honey Cheek fault. ' 



"«j', "":;l~ j, ~~';;:-':;, : 0retaeeoas. seas triaigressed the Llaao regioa-aad deyesitioa p~&gi~", ~&v, ". . . '. 
~-:. ::-::- ':. ='":: oooarrod oa beds":rangiag ia'age Xroa Preieabriaa te Poaasjlraaiai, . ;, , 

' 

====: —;:. "4ubseq aiat ereskoa-hss:. 'r'esoved -the '-ciotaeeoao strata= froa- auah oi — ". the =- '--'- . '--'-, ;--' 
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'-'SKTXON 1 - 1 

I". ", '. . . 
'. . -; . :-'':-:-. -. „'$aIecion of the c41I Iconetekn. sember, e'f . tha;: Riley' formation ', 

—:Wknnfmik-:. ac-;:base-ot:%Ms=, @N- ee'oc' si'de':mf=;tj~hiieiii'. -Riser, 

' the ht'll along, , bearing 8 gio. E; 

p;. 'Ijantain '1 $mes tede' mewherii, 

18. Covered to top, of, ', . hill . . . '. ;i. . ';. . ~. . . ;. . ;;. . . . . . . 5. 8, , 

lg. Qmsstene, same, ad anit ll except no Umenite 

blotches, and ledges are slightly mero proiai- 

neet, 2-inch- to X-foot beds '. '. ;. . . -. . . , . . . , . . . . . . . , 10. 1 

lit . Mmestena, . finely'crystalline; medinsi grayC 

dL'ss'ominated grains of globes'wite:which eon- 

oenCraCe in sCringers end blahs in amnf beds j ', 

~ 
' 

~ ~ 
' 
~ '1100 limonite blotehesc 2-inch to 1-foot beds , . . . . . 

19. C. imestono, . msstljr. severed~ exposed ledges 

harder perhaps dae -to, less, . lfmonitet; finely 

arystallinej siltf. or hnndjC. bhff, :ty darb 

gray weathering, :te::dnB brown~ hbnndakt', 

limenitet interbedded with beds- simile'r to 

those, ef 'Bni't 8 j ~ ~ ~ f ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 't ~ 1 ~ ~ ~ ~ ~ ~ 4 ~ ~ ~ '4l. l' 



im-f. et . 
Xhichness 

e 
:. . ;. ::;. ;. " . '9, -, Limestone, '. 

, %eely. . 
. 
crydtallfjne) medinm gray-;. ';, :, : 

I 
" . -', ';, , , '. , :"';;: . ", , , 

', . ;with" scattered, = brome. -spotnt. 
, 
silty& l-"inch:, te, : 

4 inoh beds alternating-Mth Mds slsdlnr-ao- == 

. — . thaso~~MMWnt:unit-, WC~ h@s~~::--. 
Enate. . perhaps '2'-"to 'l' viie ~ ~ eiiissass'iiv coo'ivv ~ etc ~ 2+8 

8. Limestone, :flat pirtially severed 1edgoi on 
' 

'slope, :of, hi@, mitb bloehy chunks. loose os 

sarfennl finery oiysiallinej, 'gray' to buff . 

with": yellow", . to: brown splotohon ) 'mga th'ors:to. 

dull: giayish~t slightly sandy~ . limonite 

blahs~ few triliibite shell fragments; . pittnd- 

surfac'eso guestioaable fucoidal smrhings oa 

some weathered surfaces; 2-inch to l-foot beds . . . . 28. 5 

V. LSmestone~ finely crystalline! bletnhy white 

to brown~ weathers. dull brewni slightly sandy; 

'yellow-' brewn' b1ebs ef iimonite3 l-inch . to' 4 iheh 

beds ~ s ~ 
' 
~ a ~ ~ ~ v ~ e ~ i ~ o ~ ~ ~ ~ ~ a ~ I ~ ~ ~ 0 ~ ~ 4 ew ~ ~ ~ t ii e, ~ ~ 0 ~ ~ ~ ~ 

6. Limestone, very sandy with fine te medium 

quarts grains mshkng ap about 58$ of the rock~ 

msrooi weathering to dull maroon or'broom;- sdme 

of the send grains coated with hematite~ l-inch 

te p-inch beds alternating with less sandy, 

2, 0 

and white. calcite stringers~ the . sand grains' in 

these latter beds are. fine and better sorted~ 



Thickness 

, snit, . Contains, s"fern. 2-inih to+4ach'beds of 

, . — — '='=::"=:- ' =;='==. ' '~ —, :. "-' 'Csndst4888~4c'=''48'~a-'i~~~~~'~~~ *, ~8=:==. -:. : 

G. . Limestone, finoly Qrgs&lliaet light. . gray' te 

bnff. mhsthgring light brown) Qesttered grains 
l 

- brown spechst slightly. iandyI -ssad grains'wary 

fine, "2-inch to i~foot beds» thin calidhe 

, , Cga'ting Qn NQthorod Sarfeees y italo il ~ + ~ o ~ a''e'i' ~ ~ ~ ~ e ~ ' Grg 

4. . Limestone, . maroon:weatherly to doll msroonI 

ver@ ssndpj . @earth grains wall ronndeds some 

coated wiitli hematite) Mach to 6 inch beds . . ~ . . . . VA 

2. Sandstone, partly coversd1 well sorted, fine 

calbite fragments) . s'triagors, Qf )CBQw brows 

limonite parallel to bedding. give banded 

. . - Qppesrsnooj 
'. l-knob to 2~inch beds; alternating '. '. 

with smroon. beds as in 2 except only 30~$ of grains 
' 

seated With''hematite' Smreen: beds l inoh te 

4I inohes ~ ~ ~, 00 ~ ~ ~ ~ ~ ~ ~ ~ I4 ~ ~ ~ ~ ~ f\0+ ~ ~ ~ ~ ~ ~ 0041 ~ 

2. Sandstone, fine to umdicm'grains Coated with 

~ ~ ~ ~ &oa ds8 

of limonite~ maroon weathering to. doll msroon1 

. slightly calcareens~ l-inch 'ti 2'-foot beds1 



alternating with 8 inch''to 'P. foot beds of 

:. ' k@ff. :ieadstoae, -:~ry- 'flee-. '-sih;. re~'d-qmiaz=:. ':==-- —, ===. : — = =. --- =-. , =- 

grakas j, slightIy 'oa)oareoas ) sonta Lns "brown 

i&sjnite. blegs»'. 
, 

' Qs'eillatied . type. 'rigyle:, ':; 

wsrhs:. oe', light seg'ore'd;bedsj; oroIjs beddiiig 
' " 

ka sew'a-seneca. hadst Qght:beds, 'se'e'w: teoghir, -'. -;, -, 

'than sarsen hedsi ' o q'o ~ oyr ~ yi ~ ~ t ~ ~ evaj! ~ ewwt ~ e'ii'i'i ii Me% 
I ' 

I;. . '. Mass'teao, - ooirsely ebysta1linaj light-to 

dagh: brawn, and serosa with yellow. , limihite 

iitains when fresh;-weathers to dal, l warooa) 

ssn'dy; fins te wodiaw, well rosaded quarts 

graiast. iatorhedded with red aad brown, 

thinly 3awinated. slightly oaloaredas, fiae- 

te ' oearse '-saadstaael charta 'grains . wadiMl 
1 

a. weB Carted ~ s ~ ~ ~ ~ 4 k ~ ~ 0 j' 0 ~ ~ 0 a@+ I ~ ~ a 4 ~ o ~ ~ '0, 1 

fetal . th(ahaeSS" 'eaaaared ~ + i'i r i'o i'e ~ ~ « ~ i i i e ~ ~ ~ ~ ~ o 2l 

The, leweraost hyde' ere ia the 'river hed„ 

Tha giahery -;40yI. ;Woaataig odat'sot, is '. aet 
'I 

yibible, „biit those' lbwermsst bede, ahe prob- 

ably ygry near: the 'boaadary. . 
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SECXXON 2; 2", ' . , 
':, 

, 
'. ;-;. . 

~, 
. . . 

, 
-. 

' 
"~ '. . . 

I 

'--' '. —:. 'senti@a ef «he' Riley snd ttQberns, for'mstions-beginni~:at'the- ', ":, . ::. 
'-=--. :~=eX:;-~:-&jigf. -enMe, ':equi&'ill'4i- if. =-%he';~ease':Xiijfr-'-'=-n&'~-"gaaetiem=' —::-'=-"-. =. ='-'=-. ;: —: 

—. :-"-=. 

ef . the. &imsis end Qano;, , siker'e, ", ' end. measarkng', apstiejm dlhng the Jaime 

Ri'ser:, -" bed', ippimximate']y 1. 5 "mades, 'thek:measiring', . tis, 't$e tep'ef;a: hQl- 
' ei the neath'side'ef'the ritter along the. approximate beer'ing s79e; E. ': 

xhe- ieger 90 gaits strstigraPhically, ' ef thii section is'aet:exPesed. 

This cs'vered'iatersal, from, the hase of thh hlnff described abase -to' 

the bise of. the first expasnr'e in the west hank of the . &ames Riser, 

. 1683 feet apstream, -wss determined by alternately rnnniag hend level 

line's paralM ti} the average strike of the beds and Jsaob staff 

traverses parallel to the aserage dipe gre He Ce Schroedery Toxss 

A. 6 M. College, . assisted ia the msssnremeat of this sectiin. 

morgan Creek. , lim'estona m'smberrt 

87. Lismstene&' finsly orystallinel gray with 

pink;aad green Casts, . ', weathers'gray"with 

te 2 feet thick& this snit extends te top 

ef hill io ~ ~ ~ ~ ~ o ~ ~ o ~ ~ o ~ ~ e ~ ~ s ~ ~ ~ ~ eo ~ ~ a ~ ~ , ~ ~ ~ ~ ~ to ~ ~ ~ ~ 26i0 



„r 

'. '@k shses B 

;; ", :;;. '-, ';, 'ia: fe'et. ". . ', "' -, ~:, :-. ", ;:. ::;, :, '~ 

~;-'-. ;:44mstoxe'-, ". ms'~a&ally, -a:, ~, ~h p--, , =. , :, '. ::-;. -, ::::-, —;, -', ='-:-. =. -=:=-=;. "=-'~-:==-. ==. -=:, :: —. =':; —:. =-'==:. -:~ 

t 

red brown with 'parplish tiogex some beds 

eje mash" redder snd orsmbly) Bandyt 
' 

". sight'fared green gleaoeiit8 grsinsf shell 

fregsmits proniinent on weathered Barfsoet 

4 i noh 'to lrf sot beds y ~ ~ ' ~ ~ e ~ ~ qw o ~ ~ ~ ~ ~ ~ e ~ ~ 1 ~ ~ . ~ ~ 't ~ ~ MA 

35. ' limestone; very 'sandy& parplish-red 

weathering. to. doll- xasty-redm -oontains 

blahs of limonite, some ef which show 

Qonoentxis striotare whee brohen& 

Cross bedded . 0 ~ ~ 0' ~ . ~ ~ ~ F ~ 1i ~ a ~ '0 ~ ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ i ~ ~ , tV ~ ~ 0 ~ ~ 5. 0 

34. Sandstone, fine, sab reanded jasrts grains~ 

baff:te light. brown with dsxher st&Shat 

weQthers p41owish~brewa with derher brown 

blotohest Bose beds. ciontafs. more limonite 

bosoms, yeliowx joint fillings'of reddish-blaeh, 

hematite' pretrade in' irregalsx pattern. Qn 

weathhxsd. Bnrfeeex frisblex seam sarfaces 

glitter, with qaerta grains) aypermos't bede 

slightly oslosrsensi 6-inoh to 4-foot beds 

Weather te xollnded ledges ~ ~ ~ 0 ~ ~ ~ 1 ~ ~ ~ ~ 4 ~ ~ ~ ~ 4 ~ ~ ~ ~ 4, 2205 



'Riley, . forwstioni, 

, -:. . . . '. —, =-;'— -. ~foe-, &nata4i ~~a-=~uutix 

ia feet 

QSe Covered. '» j ~ x ~ ~ 'coo ~ ceo ~ ~ @so ~ ~ ~ ~ ~ 1' ~ q e'e ~ ~ sxrysewv ~ s1' . deO 

QB, 
, 
Sandstone; quarts aud glsnoenite grains iq, . 

' 

equal -ansuatsI uery;, fr/ sblox oslosre'east ' 

green upeoklad uautheriug to dC1 green:, -. . . , . . . , , &' l. 8 

81. overed slope probsb1y" green . glaauonkti4&', ; . . . 
sslcereoab headstone and. brows liwsstbae 

fudging. free float snd soil;. . . ', ; . . . . -; ', . -: & . . ' 

19. 4. 

30. Li@estone, sandy] irregular green sad brown 

blotohesm: weathers to. dull light bravura; 

glsuoouitic e ~ ~ ~ ~ x ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o~ ~ ~ ~ ~ * ~ f 0 ~ ~ 04 ~ ~ 

' Ceveredv sppurently Sandstone aver . e ~ x 

. 88. Lf+vtoae, flue::4o soars's "hash"l white~ sane 

gluuooniteq 'these, hush, , beds crop; ost ss 

1-foot to" 2-. 
, feet ledges:with severed slops 

between ~ 0' ~ - ~ iv4 ~ ~ ~ ~ $'It ~ ~ 4 ~ ~ ~ ~ 04 00 ~ ~ ' ~ ~ ~ ~ ~ ~ ~ ~ N+000 ~ 0 ' 

27. Sandst'oae, very- cslosreousx light, : greea- 

speckled grsym evenly dissewiuuted glauconite~ 

sons shell fragwsats ~ ~ ~ o ~ ~ ~ ~ ~ oe ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ 7+0 

26, Sandstone, fins to median, well-rounded, 

quarts grsinsj, salesreoss] vexy gleuuonltiOX 

ooasideruhle limonite) thin, "rAlaits. velnletsi 



=-, 
' ""= -- —: -"-cwnathered "surfices gl'itter. ~, &n. quartw 

grains aud"calcite cliavagn frugmeatsl 

yellow-brown weathering to dull light 

browni 2-inch to 6-inch bedsl- slope 

in" feet 

partly covered, littered with blach 

~ ~ ee ~ cce ~ eae ~ ee ~ oee ~ eee ~ ceee 9. 0 hematite. nodules . . . . . 
Cap Ntountain limestone-members 

25. Limestcni, ' finely crystalline~ sandy; very 

fine glauconite evenly distributedI gray 

24e Limestone, coarsely crystallinel sandy). 

greeaish-brown spechled] glauconite mostly 

altered& coarse "bash" lenses up to 4 inches 

thich at angle to bedding e ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 4 ~ ~ 9e0 

23. ' 
Limestone, fiaely crystalliael medium gray 

with faint brownish 8tx'esh8l widely scattered 

green, -'glouconite. grains; dark brown spots 

aad streahs, contain some unaltered glauconite~ 

some beds have glauconite . concentrated in 

irregular handel l-inch to 1-foot beds ~ . . . , . . . . . . l0. 8 

22. Lismstone, crystalline~ glauconitic", - green 

Speohled tO brcmuiShl Centainsc Streahe Of 

white to buff limestone free from glauconite 

With greenish Cast ~ e ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ a ~ ~ ~ ao ~ o ~ ecole ~ 2o0 



Thickness 

a feet 

aud. limoniad-. scattered shetl'fragaeo~ 

21', . Kimestee, , 

, cohxse. "hash"t white «o huff with 
' 
jreexi aad brown 'blotchesi sosm beds, of finer 

-"hach" hive more evenly 'distributed alt'ared 

glauconite giving'brown spechldd lookl thin 

bed of gray~roan limestone at top. of iiait ~ , ~ ~ . ~ ~ S, S- 

20. Limestou'e, coarsely cryitallineI coatains 

brohen shell fragment'sX thin "bash" lensesX 

white with brown spots conteiniug unaltered 

grain glauconite grains' 2-inch to 6-inch 

beds I interbsdded with finely-crystalline, 

blotchy, greenish~brown limistone which 

weathers to a smooth, greenish~ray surface 

which resembles a weathered shile, surfaoel 

scattered glauconite, some concentrated ia 
streaks ~ ~ ~ ~ x ~ ~ , 

x ~ ~ ~ xv ~ ~ ~ ~ ~ ao ~ , o'j 
~ ~ ~ a ~ 

' 
~ ~ ~ ~ o ~ ~ xs ~ ~ ~ ~ ~ 

'' do8 

19; "Hash", hoarsely cryiCa1'line'l''recrystallised 

shell fragmsntsI fossils not identifiable) 

glauconitic& Usioaiie ia spots and s'treakix 

weathered surfaces spotted with replaced 

shell fragvmnts& interbedded with fkuely-, ' 

crysts'lline, . dark greenish brown, 
' glauconitic, 

sandy limestone ~ ~ ~ y ~ ~ ~ ooo ~ ~ ~ o ~ oaa ~ e ~ 44 ' 04010ileum ~ 
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't. 

ichao ss 

ia f&t' 

18 'hf~toma-. ' 
'fi'owly"'crystal&mat g'reaw speckled". "' --. . . '-. ;:;: —::; -:-". . , ', "'-, ; —. :*: —;. ~ 

wNh frregiQar:hrowa spechled htreahsi 

scatterhd yellow-bream limoaito;bldtchest 

2vkaoh, te'1'4cet heda . y'++el ~ ~ ~ ~ Vv4i siss ~ y'elwesuo&t, , 2oO' & 

17 'Limsstoae; fiiiely. ox'ystallimei dahh greeais'h-': 
1 

gray weatheriag to light greeaksh~ray sur-- . 

faces resembliag weathered shale surfasesi 

ffa'e, 'abuadsat glahceaite very evea)y 

distributedi sUghtly' silty o ~ o ~ ~ aa ~ ~ ~ s ~ ~ e ~ ~ ~ i ~ ew+ 

16. Limestone, fiaely crysialliaei glaucoaitici 

gxeea aad brows speohled with spots of 

purplish tiage; weathers to greeaish or 

browaish grayi ooatains tliich leases of 

coarse, white "hash"i "hash" coataias ideati- 

fiable trllohkte shell frsgmeatsi scum beds 

. th'e limsstoae bsdi-"coataia scattered shhll 
' 

fragmeatsi 2 iach, . to 1-foot beds . ", 4 ~ ~ ~ 44 ~ ~ ~ . ~ ~ ~ ai - 8. 5 

15. Llmestoue, orystallinei slope partly coveredi 

altermatiag light aad medium gray piss 

liaeatioa of lismaiie ia some beds:results 

ia beaded appearaaoe'i scattered blahs of 

limoaite up to 0. 5' inch in diameter; silty 



1' 
1, 

Thichusss . : 

iu:feet 

scattered single;grains of'glsueoukie; iu-soms' '. - -=- "--, — :, '; . = -'- — 
, -— 

: fflP@llt llaais. agee 1TCICpOSSS~CKf of 

. coarse grains which. msy represent recrystallized. , 
Y 

"hash"; contsias coarsely crystslHne. . "hesh" 

lenses with larger, . sore 'abundant. glauconite 

grainso: "hash" lenses ndt sore then 0. 5 font 

thioh . 1-inch to' -f t d . . . ~ . '. . 1$io " . J , 1 oo be s wo ~ , ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

-14. E. imeslone, same as in unit 12, but some beds 

costa a lenses of coarser buff limestone ~ . ~ . . . „ . G. D: 

18. Limestone„ finely crystallinsI light to medium 

grayi silty& disseminated grains of glsuconitsI 

small blotches of limoniteI soma limonite 

crumbles out. giving inferior of roch slightly 

porous appearsacci 8-inch tb 4 inch beds . . . . . ~ . . . 3;D 

12. Limestone, mihro-crystalline;- siltyt light 

grey weathering to blotchy grayish-brown) 

disiesdaated fino grains of glauconiteI- 

scattered red-brown:epochs"probably'altered 

lducoaite irr ar c sa ms g egal blas hes d s lie 

blahs of limonite~ 2-inch to 1-foot beds ~ 

ll. Limestone, finely crystalline~ sandyI 

brownish-greyf disseminated glsacohits 

grains ~ some altered giving red+spechled, 

4, Q 
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I', 

Thickness 

ia feet, 

. ----. - ' -. : --QPPSaraaiet-hands- QP. to Oo25 -inch Whisk Of. . -' ''-'. -. '- -- -; '. —:-':, -, ::. -- —: '-;---. =' 

to'he fine, ", hash"t tcp Oog feet Of snit is 
". 

, hash". of . recognisshle ti ilobiteI shell 

fragments - friable, crumbles inder haemert 

2aiach 'to 6 'inch 'hade 
~ ~ ~ oo ~ o ~ ~ 

'ooo ~ ~ oo. ~ oo' ~ ~ oo' ~ oo ~ o' ''' 7ol 

Foot of hillm crossiag to west. hank of Jameos 
-Rivert 

contlnaiag daanstroe'8'm along tais't. haatt. 

16. Limestone, finely crystellknet siltyl dove 

grayI fine dissaminited grains' of glauconite » 

some altered. giving red-spechled sppearancet 

in snsm hedi the glasconite 18 slightly 

concentrated parallel to bedding giving 

finely handed appearance~ 4-inch to 2-foot beds . . 8. 5 

'9. Limestone, finely crystallinet aediom to darh 

graym dissenknsted glaaconite graiast SOQQ beds 

have, gliscoaite concentrated in, hlshst contains 

leases of coarser pinhish-buff liosshoael 

weathers to grayish-brown aith 8Bght greenish 

castm 1-inch to 2-i'oot beds Raterbedded wdth leds 

similar to tklcse in shit 6 ~ ~ o' ~ o ~ ~ ~ o ~ ~ o ~ ~ ~ ~ o ~ ~ ~ ~ ao' '' 7ol' 

go Lismstcne, finely Crystelliaet silty; blhtohe'S 

snd straahs of limonitei light, to msdiom gray 

weatheriag to brownish gray o ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 'loog 



'in feet ' 

! 
tosi. ' i@me-. mjstaktIugt veij -411jj - „. 

" . " . ' ' 

jrobshly;40p skltj, inuff calorod west eriug 

to. buff, rounded ledgssf 1~inch . ta-'6 inch 

hadst' interbeddsd with 1-inch to' 3 inch hads 

of dsikor:, -, reddish-brown, . silty, 'finely 

crystelUaa liasstone which weathers:. . te 

dsrik, byownt, contains few beds siudlsr to those 

ia suit, l' ~ ~ a ~ ~ y'o ~ i ~ 0 ~ ~ j» ~ ~ o ~ ~ ie ~ ~ ~ ~ i@+ ~ ~ ~ i ~ 'o ~ ~ ~ a ~ 
' 16og 

6. Liaestone, fiaely crystalline; silty' light 

gray to buff weathering to brownish~ay( 

contains brown blotches snd strsshs of liwonlter 

6-inch to 4-'Abbot bsdsI contains'a fsw beds " 

sil941 ar to thOW„ la unit»5, ~ ~ ~ 0 ~ ~ ~ ~ 0 ~ ' ~ ~ 4 ~ 4 0 ~ ~ ~ 0 I ~ ~ 1609 

5. ' 

E. fasstonaj finely cr'y'st'al/iuet very, ;silty or 

saudy~ light reddish»brown westheriag io buff 

or brownish~ray~ sane limonite iu streshs 

gi viag banded. . appearance 0 ~ ~ ~ 0 ~ ~ ~ ' ~ ~ ~ ll ~ ~ ~ ~ ~ ~ v ~ %1 0 ~ 4045 

4e''lAuehtsuaj''finely Orystalliuaf, sfltyd ligh't 

gray to buff weathering to hrowuish~rsyi 

contains brown blotches ahd streshs of 

limonite( iatehbsdded with beds of darker 

gray, finely crystalline liasstoue with very 
I 

little liasnite aud containing lenses of 



: strike MF0Ã~ wage length 2. 2 feet', 'nmplitnCs1 

0. 08 foots 4'-knob to. 2-foot beds . . '. . . . . ;. . . , '. '. . . ' . ' 

80. 5 
Limsstohn, finely, o)rystslline~ siltyt blotahes::, 

, and straahs'of yellow-brown limonitei . some 

beds oontain' disseminated, grains of elterad 

glauconite gluing red. speohled 'ajpeajanoe&' 

gray to buff weathering . to'grayish-brown'I 

internal styldlites 0 4 idch high; 2-inoh to 

2 f oof be'ds ~ ~ ~ ~ 'I ~, ~ ~ ~ ~ ~ ~ ~ o. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 

2. Limestone, finely orystalline~ light gray to 

a ~ ~ ~ ~ e Be0 

buff. weathering to brownish-, , gray) brown 

streahs and blotoh'es -of limonite~ oqntains 

trilobite shell, fragments~ 6-inoh to 4 foot 

bids weathering to rounded ledges '. . . . '. . . , . . . . . . . . 12. 0 

l. ; 44mestone, finely orys'tel/i'nqj sandyt brown, 

ie1atherlag", reddish'-brown~ . sar'pius hmounti of 

yellow-brown limonite blahs; contains- d-inoh, 

te I-feet oross-bedded nones, t interbadded with 

beds. 
' 

pf. , sandy, buff limestone weathering 

, . ThIokaess 

in" feet 
f, 

. — . =, —, -, Olsar. er', . lime&tone; . , Osj4Dutiolu1 rigp4e~rhi 
';; —. :, — '-~let& ))'xeSI:1)))ois", -4h)--t~:)~its 

limonite~ grades upward, into finely orystalline, . ' 



. l »» 

in feet 

, = —:=--=' — ' — '. - ' . - '. —:. -'-"»: — »--Oreg-- to huff -'-lkaostone=nish=brown=-bleachers» —, :=-, - -:-' '=: —. ;, . '-';; —. . — -:—. . , -. "-~'~: '-";~ 

grains) 1' foot to 4-foot beds, . . . . , . . . . , ~ . -. . . , . . . . . - 25, 0 

Frais base of this unit to base of exjosnres et sooth 

of' Janes River, the stratigraphic interval, is severed . . . . . . : ~90 9 ' 

'fetal thiehnoss, ', oeasared ' 
~ ~ » ~ ~ ~ ~ ~ . ~ ~ »» ~ ~ ~ ~ »» ~ ~ ~ ~ '44(6 



BKTIPi& 3 - 8 

seotion' of, th'e point peak member of the 'vflberas for'mstioa' begib-. 
' 
ning st. base. of: blnffi'en-'east=, side of, Mill-, crank, ' aboas==4866. fest-. -'- 

measared ap, hill along hearing, S'2o E. 

'Wilherns formations&, '. '. 

point peak msmbsrt 

22. Limestone, . mediem erysta11iae~- greyish-'green 

with . reddish east 'in. 
, spotst contains a fsm 

flattened, reanded pebbles 'ap to 3 lashes is 

length at, eagle to bedding) l, niger pebbles 

are finer limestone. of same color 'as matrix) 

gls«onite, 9ralnsh small. white eal'site;, Inola-" 

sloast hoatterpd'1'imonite blotobes&' top. ef alAs 

beds distorted' by bioherms~ 4 inoh to 1 feet 

had a 4 ~ 0 ~ 0 ~ ~ ~ ~ %4 ~ . t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ . I ~ 0 t ~ ~ 0 1 

21. Covered slope Iit'tered with shale fragments 

and pieces'of silts'tone ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ oi ~ ~ e ~ ~ ~ ~ ~ ~ ~ s~ ~ 4e6 

20. . &mestone, . finely or@stallion'~ grayish-green) 

contains abandaat 'frsgsmnts si small braobiepod 

shells snd some anbroken sha'118 nhiab 'prptrade, 
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in', . foot:! 

oa ' ~r8cT'' sarfaeeSi' l58 slBKisatad 'gksne«meta: 

grains. blotehes 'of yeDew, brox«a;limestone'. :. ;. ';. -. . f;4 
19. Conglomerate« ex'ystellias greenish-gray 

limestone @atrial greenish-brown pebbles 

epstein boih alibred aad' n«isltered glsaehniiel 

pebbles at eagle tp beddingi yell«n«;brome 

strssnhs sad, hletehe's' ei' limonite in 'smtrix) 

eonsid'erable disseminated glsaeenite[ pebbles 

are 0. 4 inch te 3 inches. long1 2-iaeh to 

1 foot beds ~ eoe ~ ~ oeo ~ o ~ o ~ ~ e ~ ~ ~ ~ o ~ ~ ~ eo ~ ~ ~ ~ ~ ~ ~ e ~ e ~ e 6. 0 

16. Shale snd sBtstons, - same 88 in snit 9 . . . ~ . . . . . 9. 0 

D. i. imestons, finely erystsllias1 greeaish-gray; 

, contains flattened pebbles lip 'ts 2 inches 
' ' 

long psrellel te bsddiagl pebbles'srs eom- 
' 

peaed Of derhlr limeStsael' Streaks Of Wmeenite 

in smtrixl intsrbedded mith shslel 2-inch to 

4 inch, bode aox ~ ~ ~ ~ ~ ~ ~ ~ 
' 
~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ eeoaoee ~ 

' 
~ « ~ ~ ~ ~ ao 4o8 

M. Shale sad -Siitstons; same ms im «nxit 9. -. ;". . . . '. '. ', ". . " 2. '7 

15, l. imsstone, fiasly erystalliaex light tsn 

mesthsriag te light brome-mottled' gray", 
" 

contains flattened pebbles ap to 2 lashes 

ia dissmlex'l Pebb188 epstein altered« snd 8 

little ««asltsxod, glsdconitel. considerable 



) 

„, in -feet 

), ==. =~-, : ='-: 
=. -, -. —, -. , 

--'-, 
' -';, -'. -'=-. ':. — -~esemiast)mt &tered-, glaaeoaf te-im)~ 

, 1'4 ' 
1 imestoae j:tedium' orystalHne& . 'tan, te Right 

-brown sp'otsX blotohes. of yellomish&remn 

limonite~ abundant 'disseminated eltesed 

glauconite gkslag. reddiqh&rewn 'speuQed 
' 

' " appe)a'xense] donialas 0. '25 u 1 inoh. lenses 

of greenish, finely crystaDkue limestone! 

leases contain speaks of green glaueonltet 

6 inch 'to le5 foot beds ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ y ~ ao ~ ~ I ~ ~ ~ ~ ~ ~ 

Shale aad siltntoneo sums as ia xsjit gt 

eaoept. . top:5 feet af unit 18 oeutaia more 

glaucouitiu 'silas'tenn oey ~ ~ c ~ 'vins'ox ~ 'is'io 

roe�)) 

~ ~ ~ ~ ~ o' 

I 

12' 'Conglosmrate ~ same as in 'unit lQ' ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ p ~ e ~ ~ ~ 

11. Shale and siltstoae, same. as. ia saic 9 . . . . . i. . . . . 
, : . 19, . Quglomerate& finely hrystalllhe, greenish-'griy . 

1'ime'stone nothing flattened pebbles'up', to 2 

iiuehei lang Of geXy glauednitis Siltstenei 

pebbles at angle 'te bedding ~ ~ ~ q ~ ~ ~ ~ ~ ~ ee ~ ~ ~ ~ ~ ~ o ~ ~ ~ 

Shale, silty~ o'aloareous~. brouuish, greenish- 

grey and laveadorx thin lamknaet:interbedded 

with glauoonitis, oaleareeus, greenish~ray 

T, d 



iacb-to, :2' inch laninae& contains finely cryst- 

. silica, grapish~reen, all ghtly. glauconit is, 
linonitic, - limestone~ limestone occurs ss 

4 inch eh 2-foot beds at 4-foot to +feet 

~ ~ ~ ~ '0 ~ 1 ~ f ~ 85. 0 inta@Fels ~ ~ I ~ ~ e ~ ~ ~ ~ ~ ~ ~ oq ~ ~ ~ ~ ~ ~ ~ q't1ae ~ o ~ 

"'. 7- -. Noheras, about l. fdot-ia dictator; sub- 

llthog'rsphic ltuestone greeniish-grdce:with . 

slight purplish best) bieherlls occux' ss leases 

4;. fait:, , to, '. 

, 6 feet', l'on&& silt'stoa's' bade ebeye 

, and::below. carve. :ar'ISMnd" the bi'charac"-, & ~ . . '!':~;. », 
'' '. ;:. '"-"-: R. '0 

1 

*6 ~ Siltatenee Sake ae'in unit 2 s ~ o ~ ~ ~ oyso' ~ ~ ss ~ ~ ~ ~ ~ ~ ~ 68 
, 5~ Lissstoae'g sage es ia uni't. , 3 'y~. is ~ glis~, 

'eke� 

, rt~aea ~ y: , lag 
li 

8ioherua, sub-Jithographkc lines tone', 

greenish~up with slight purplish. cast in. 

spots; bioheras fear inches to 1 feet ia 

, - I 

. 
, 
=: ' Xhichness 

'-. :, dn' fest 
;--'"-'-:-:::-' -"-. ' -:. -" — ". "::. -" — '-. ='. =, '-:. igtstons-aud~@leuc'onitio'chlcereous ' -:deli —. . '. -':=„'-. — ', : -', -'':. '-, ==;„'=--- — ':. :===; —;=~-'-, i 

'=-=. -=-'~wi8iAi", i~a~:jinni~ =. iliafi''iastsiB tii'--:: --: 
) ' 

, :::rnbb/e~l'ittaxed 'sl'ope @4th sk1tstojes' pro-, 
' -'trude jj in '. l. -"inch':. to, 4;$neb. &edit 

' siltst'ence 

weather to, ensll' bl'Oo'hs' a's ~ ~ 'y i ~ ~ ~ y'j ~ o r' ~ ~ ~ i ~ ~ 'q its ~ i '':;kIdeg 

, 4. , — 
5iltseaeq: calcareous) pale greentsh giaj to 

'* lavender 'auIether'ing, to 'dull"greenj- contains 

scattered calcite cleavage frsgsjents[ 0, 25 



meats~ 0. 25-inch to l-inch laminae~ weathers 

hsoh to irregular face with' ledges above had 

ding t ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ o ~ 'ieeo ~ ~ ~ 'e des ~ . iso. ~ oos 2. 0 helen protrn 

jforgan Crash smeha 

1; f;lmsstoae. medium crystalline& light brownish= 

gray weathering to buff with greenish castt 

scatthrB'd grains of green glaaconktac coa; 

'mains rounded grains or br'owaish caleitej, 

; hase of. . . thk snit forms, bottom of. Mill Crash '. . . . ~3 9 ' 

Ote'l. ". )*thiORNeaa'neaSdred i'e. i+ate 'el ~ i'io' ~ rioj'lg'sw'v " laid 

T' 

: ", ". . :. fh'ichaess 
) 

i';oscar as. -lens' iawvii j~s w j i ~js'ms j~~ i~i v'q) — ", . "", . =, 4~%=. '==, - — „;: '. . ~= 

1 

weath)eriag; te dull light)brown~. , dissent'sated 
'i 

grano'eaitee) gives. gr)ann 'sjiatihlad apy'care'sect'. ; 

scattered jksxlnite 'blahs; ~ 0 It f 0'40$ 0''f'4'I'5'4'40 I 4k%'s 'll'I'~0'4" 
' ' ' '1'll@ 

) 
B. . -Silent'one;. oelcsreeusl, greeni'sh-gray '' 

'weathering to dell gr'een', fine'disseminated 

glauconite; scittehed calcite cl'savage frag- 



;' SECTK0N'4 ~ 4 
t 
I' 

, 

. ', Ssotie'u of the, gsa Saba member of-the N)ihernsI'formation begia-, ; 
' - — , "-'-:;:"-"ninj=-o4:"the'=moat+-h'f--sa--jntirsdttemt-j4reim", — :. whish-. eut'ei s--MQt-Creek=-, "-::-"- ='-''-'-':;:--'--==I 

-, =' ='=6am. tba soiiA, anan — ssmma~urfng -a~ps rea~= isong'=the-bed o~t4ks~r~em=:to=-. . 
' the 'top, ef -the heal. 

' 
The, mouth of 'this'. 'intersdttent;stream. -is. in the 

most. :;ssIgteiily, sha''rp. . earner:;, 4f-'. the::"fIoap , 
''gesoh property'. :feaoe, . a'pyr6ni. ;: 

'mately--8400 feet upitr'earn along, Mill- Creak-from 'the Beep-deer cabin 

and, 'iSN fist 'dawsjitream', along Mill Crash from, the wes't boundary of 

, the thesis area, ' 
3 

Kllenburger Croup~ 

27& Limestoaei poorly unposed to top of Milli 

estimated thickness about 100 feit. - 

a Saba smmbert 

26. ' Limestone, sab-'Dthographic~ light grey to buff 

weathering to medium gray~ oontains small 

yoohets igd stringers of aaleitet s'ome beds 

. ueatain Stringers of, limonite) fossilifereu 

25. Limestone, fragmeatal; ooarsely oiystallins 

white oaloite mstrint, light gray to buff. , 
sub-lithographio limestone- fregsmnts, " 

fragments average about 0. 25 iaoh with 

soattered larger fragments up to 0, 5 inoh, ' 

s-oove ~ . lgI2 . 



- ' Thiohn ss 
. ' ': in feet 

I: 
; —, —;. --, . ;. , - '-:;-, ". „'„'. =-;-: —:---. . =. : '. . ';-;=::;weathers -'-tee=dirty gray-'ledges', 2-inches- to-':- -, :--. . --. ;. ' . -. -="-'"-'-':--- -::--, -" =. -: 

— --'-" . ~ 

4'$4llls fNxc~K. ~ ~ ~ o'ay ~ ~ ' ~ ~ Vis's ~ ~ s xs o ~ ~ sex ~ e ~ oeo o ~ ~ r4 ', Seg 

2d. . Limestoene, : fiaely crystallinei, dirh greenish 

grsyI contains a few email scattered. lime 

stone pebbles of. ssms'lithologyh abundant 

green glauconite giving green-'spechled 

appearance s ~ ~ ~ ~ o ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ osoo ~ ~ ~ ~ ~ ~ so ~ ~ spooooze 

23. Limestone, ssb-lithegraphioi. light graj to 

buff weathering to sadism grays contains 

small pockets aad stringers of calcite; 

some beds contain stxiagers of limonitex 

, 0. 8 

inch 'to '1 feet beds 'o 
~ ~ ~ ~ ~ ~ o ~ ~ ~ ese ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ lde0 

22. , Limestone~ sab-lithographic~ light grey 

westherisg: to yellow'shrews with gray' 
' 

. 

blotchesx ir'regular indlusionh of yellcw- 

brown limonitst contifns snattered rsd 

g'reins of altered glaaconitet 2-inch, 
' 

to 

1- font bede ~ osvssos ~ 'mesio' ~ ''o'o 
~ ~ o ~ ~ ~ i ~ ~ ~ ~ ~ 

' 

~ ~ so'os' ~ s'so' '. 8sy 

21 ' . Covered e'so ~ oo ~ ~ s ~ ~ x ~ seoe' ~ ~ ~ ~ e ~ ~ ~ ~ o ~ s ~ ~ ~ ~ ~ o ~ ~ ~ ~ x ~ 
"e 

' 
lgov 

20. Limestone~ coarsely crystalline; light grey; 

contains coarsely crystalline inclusions 

which may be replaced shell fxsgmmnts& con- 

talos approximately 2' gxeen, granular 



la 

. ', : -. -":": Thickness' 

, :. ':-, ':. :. ':::::::;:-=-:;-::=- --'- ylnaooalte, which, . ropiilts. ia green-. spgcklod. : . =-: =-;:-:-. '-=-. =-'-';, . =-"='='-'-"-'=-=---='-. -" 

"iei. =it-*kslW. ;iif-~:, J4 k. ~:::-:=:;. ::::;::::;:, , 
-' -. =-':;-:"-: —, =-. —:, —:::. —:::-, '-;. ' -' "= 

lhyer cf. alternating'0, '05 'inch bends . of: . . 
"' . . '. ' ' 

. , :. ' "green glaaccnite iea4 Sndiam cr'ystalline 

, gray. Lhnenteaet' 2. iiioh tc d;ihCh -leCh'. ;. . . . ''. . . -. . '-. -'-, 
, 

':-4. 8'. -';„-, 

19; Limestone& fiiiely, crystallinel dark 

greenish gray(;glanconito composes almsst 

SF@ of rocki Owenite stains; grades into 

reddish-brown, mediam crystalline limestone 

containing mach less gladconite and white 

iaclasions of coarsely crystalline calcite . . . , . . . . 1. 8 

18'o. Covered o ~ oe ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ iao ~ ~ i' ~ es ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ sic 5 0 

ly' Limestone, finely crystsllihe) boff to 

medicm grayi containi irregnlnr:hinds of' 

'yellow-brown limonite giving layered eppear- . 

nncoi contains scattired flat pebbles of 

. , calcite ap, to 1', '1'nch. in diamntert weathers . 

te fluted snrfaee with' yell'ow", 'limojito 

ornsts between the' 9. 25-inch grooyesf d-inch 

'to 1 fact beds ~ ~ ~ ~ ~ ~ ~ ~ , ~ ~ iio. ~ ~ ~ ~ ~ ~ ~ s4 ~ ~ ~ ~ ~ 4 ~ ~ ~ '%pP ~ . ';" Rkg 

16. Wmostoao~ 'finely, crystalline, " dove gray 

weathering'. to light gray with brown blotchesI 

yellow-brown . stringers of, limonlt'oI cohtaihs 



r, '„, ':, . , 
:: . 

, 
'". :;. , 

', . "-::, 
, 

' - . ';, :. . . , "' ' ". 
, 
„', . ';, '::, ". . . . ', , 

. '. . , -', :. . . " 
, . '. '. '" 

', 
, '. 

, in' fest 
[ 

=-=' '' 
. . :. . sostteief. pebbhri". of jiii&wish~««omn' finely-= 

orystalfiae. ' limestone np; ib 0&4 innh in 

, diamet@t- 2«inch . to 6' inoh beds . . . . . . . . . . ~. . . . : T. S 

PS«»n»slg '» ~ » ~ ~ »««»» ~ »»»« ~ r ~ ~ ~ ~ ~ I ~ ~ » ~ »» ~ »v»» ~ ~ «»»r ~ ~ ' '. "2»8 ' 1»5 f»n v s 

14. :Giaglpmerate, , coarsely'-orystaLHne limestone 

matrini . flattened. fiaely orystalline, ' brownish 

grnyq limestone pehNes' at varihus angles to -' 

bedding' pebbles ep' to 2' iaohes long& some 

pebbles aontaia eehcentretions ef granular, 

green glsuoonite; matrix contains scattered 

of lkmoriite~ 4-inob to 1-feof beds . . ' ~ . . . . ~ . . . . . . 5. 0 

, 18. Ceaglosmraee, oaersaly etystalline lismttone 

matrix& finely orystalline yellowish-brown 

limestone pebbles"at' various angles to 

bedding", pebbles up to 0. 5 inch in diamstert 

jiiatrix oenteins bletehes, and:stree&s ef limonite» . 

aoritains -beds of mgre soarsely'c'xystill'in'e, white 

to buff limestone whish oontaln' disseminated 

glallonits and 8 few 'brownish, pebbles s'Embar 
1! 

tkiose in conglomerate[ 2-inch ro 2-foot- beds . . . . . ' 20. 0 ' 

12» Covered »» ~ ~ ~ »» ~ ~ 
''» 

~ ~ ~ '»»'» ~ »'L'» ~ '«»», ~ », ~ ~ »»» ~ » ~ »»» ~ ~ »» ~ 
' " 5»0 

ll. Lismstoue, coarsely-orystalliae~ white to gray; 



92 

1 

' fhiehuess 

i'u fes't " 

:, . '; . -', =-'. miitefus- &'mrfWi&le-l)moofte-ss sp'schi:-'". — ';-- 

sudddleeu giving y'allow~spa 'ted:, ajipearuncaj==- . : — ". : —: 
' -"= - . -"-. :. ' '':=. '"'==::~ 

disseminated. green'glauqisIito, grains up te - 
' 

l mm $u, diam'uter( westhira to msdiam . , g'raygsh-, . 

, l 

:bream]'l4+gsIcb to l foo't; beds ~ y ~ 

'ceps� 

. e ~ ~ yiqq ~ qioy ~ i', by5 

kg~ - Covered slopeI, -littered with', ;. slabs and . faut 
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