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STHUCTURAL GEOLOGY OF THE CENTHAL SBLUFF
CREFX AREA, MASON COUNTY, TEXAS

ABSTRAC?T ‘

The ventral Bluff Cﬁek ares is loosted on the southwest Pflank of
the large structural dome in central Texas known ss the Llano wnﬂ.;
The rooks exposed in this thesis ares range in age from yre-cmbud to
Mesozalc (7). The rocks of pre~Cambrian age which make up the core of
the regional uplift are expomed im the northeast cormer of the erea

studied, Paleosoic and Mesomole (?) rooks surround thege pro<Cambrian

oxp ure to the southemst, t, and northwest.
The' outoren pnt!‘erx;a and th; u.ttltuﬁe. of the Paleoxoio beds mapped
in th‘is"sendy suggest the presence of a mortheest-irending fold. The
inferred fold seems %o plunge to the southwest nway from the cemter of
the ‘regional uplift. '
Along the axis of this £01d is a zone of Intense Zeulsing, Two
almosk perpendloulsr sets of faults were noted. The most obvipus faulis
ave oriented in thbe northeast qun&tmtvsyprc#mﬁly ‘paxsllel o the axis
of the sugguﬁkd fold, The other set trends northwest approxzimately
perpendloular bo thu axis of the fold. ALl of the faults observed im the
Tield were narmal nad ytrenymhaﬁhly Tormed by ten‘ton«iny the surface :r'pgka. )
| It tx the'writer's bellef that the looml £old in the thesle erea 'k
oocurred ag & part of the deformatioxn: muanymylng “the regiom uplift.
rhe .lnf,ens& fanlting 1h this exes is tmmssht ta ‘bs & remzib of fshe fold=
.ing which hag cavsed s concontration of tensional ﬂ.ressos in tha near=

surface mnka over Lhe ereat ol’ ¥he anticline,
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STRUCTURAL GZOLOGCY OF TRE CENTRAL BLUFF

CREEK AREA, MASON COUNTY, TEXAS

INTRODUCTIOR

STATEMENT OF THE PROBLEM

The purposes of this paper sre (1) to mep and dedcride the geo-
logioal structure of the sentral Blut!‘ Creek area end (2) to suggest

'pauhle exylam;tiout for the : "of such structure, The first .

of these imvolven the deSgrglmtinn kof: t&"dlaeéimtlon ‘sad attitudes
of thc faulis nnd folds found within the a.:ru.. The awond oomidcr’-
a.ti:m Lno}.udot (9 brial hhtory of ths taetanses of f.hu ares and
. speculs ztion s o tha causes of the geologic atmcwre obaerved-

- To mccomplish thie & g.req. meny fcmlh. bath large and small, were
mapped in detsil and masvirml;ts of di?,, and sbrike were taken l,,hruugh-‘
out. the area. From these data niapn verv éonksimot‘el‘l 1o aid in determin=

ing the geolegic stzucture, A map of the enire central Bluff Creek
area was mxnpilezi to show the attitudes of the atntn; and the gumxtdv
outorop pabtern. A mo:r"dcs'a.ued goologie map of the central portiom ofv

the thesls area was also msde to study the patieros of the minor faults.



'LOCATION AND AQTESSIBILITY

The central Bluff Creck aves is loosted in Mason County, Toﬁo;
sbout eleven miles west of the town of Mason, and lies -Ltﬁin the
drainege basin of Bluff Creek sﬁd its tritutaries, It‘ is bounded on
the. north by‘ the Mason-Junotion read, ¥, S, Highway 377. and on the
‘s‘au't.h by the Llane River. About geven aquare miles neazr the center

' of bhiu theris arem wore mapped in detail, . Thie datnuad ares hegiu
shout one mile sauth of the Ma.snnvd’umuon highway, snd nxtox&de aout.h- .
ward for a d.istuncc of tbree milex on hokh sides of Bln!! Creek.

The area’ studied in dah}l is most easily ‘s.coasliue by the Hofmen
z&m&l road whlcﬁ lcavﬁ M‘m Megon-Tunotion highvay about obe~half mile

west of bha cmunu.y of Streetor and contimes south !ollowing mus
Gruk. The Looffler Tanch road whxch rung séuth from Strsetar Teads 4o
| the eastern part of ‘the larger. thesis ares and the Heli111an ranch rasd
which ‘beglas sbout five mnai nsf. ‘ot streatur grovide; an allonnt}ur .

roa,d to. the westera portian.

 METHODS OF FIELD irbmc E

‘fhn lleld, vorl: was done 'between Angust 1 aind Seytenﬂur 10. 1953

and htnan Jnly 19 and J‘mn-r,v 28, 1954, Ihpying was dose on acetabe~

enwarad aerial phoigg’rn.phn mu.de ’hy t.he Unuei States nepa.rtment of Agx-l.-
oculture, Photographs m?z - 3E - 189 thraugh 193, DFZ - 95 - 17 t.hrcmsh '
‘20; WEZ - SE 53 through 57, and IFZ - 6L - 88 through 92 were used in =~ -
pta_puing the map of the ‘entire t!xes!.k arezy and s photostat .ot photo=

A gnph L - 6E 4 55 enlsz'g\sd. 4o the scale of aboat 990 ‘fest to the. inch



was used og o base map in making the ﬂutﬂlnd gaoibgia map, 4 stere~
osoope wae used both in the field and at the. dnlting teble to looxzte
‘points on. the photogr;pha. ‘

Most of the dip and strike measurements found on the Mys includod
An this report wers taken in the ficld with a Brunton compass. Seome,
however, were obtained from M», J. ¥. ¥ribz, who worked in the ealtcrn
portion of the central Bluff Crack n.ree., and some were nbtalma £rom

& map of the Bear Spring ares ;;uhlhhzd by Cloud end Bm-nes (1945).

PREVIOUS WORK

Previous o this time the sbructwral geology of the central Blufs
Creek sres has not beern studied in detail.. The majer faults in the
aree have becn mppéd on & emall scale and same def.a.u.d work hag been
done in the southeastern portion of the theels nrea. )

The firat menbion of the Llano m‘sgin‘n in geologlo literature was
made by Roemar (1846), 1In this publdoation, Bosmer, orzoneously consider-
ed the gra.nites of central Texas as parb of the orystalline m#qﬂ of L
the Houky MHountains., His ohﬁsmt'i‘ous conoerning the younger strata h.’lvc
proved s\xrgriﬁingly soeurate anﬁ his contritution to' the ehriy geologia

_ knowledge of T;m m gonsiderable.. In a second g;pqr, Roemer (1848) ‘
ga'ro & nore cénplete account of the geology of centxal !em. He recog~
nized the belt of mnuic rooks Bet-bén the Lleno and 5an Sabs Biv'crl‘i 7’
and uh.hlished the Palaozaic age of the rculm lmeaia.bely evazlyng t'hr :
‘ granite, o o . N

2111 {1887), in nmu.rh!.ng the. faote known abous the geology of

Tens. ment.\umd two eponhs of . dintuﬁam in eenhn.l Tenl. The times



of these disturbances were pluced after the .close of sedimentation of
the Llano zroup (px-e—Csmbz-ia.rx rocks of sedimentary origin), ond at the
close of the Paleozoic. UNo further mention of the structure of the
ares wes made, bub the near-securate dating of these two periods of
deformation was in itself & preat contribubtion to the knowledge of

the geology of the region.

In the first anmual report of the Geologiesl Survey of Texas,

P. B. Ciwstoek (1859) gave & very trief account of the post=Paleozoie
ugntt in central Texas, _‘_He recognized & set of major feulis striking

approximately cost-west and reported thelr probable age as post-Carbone

iferous and pre~Cre It was ti 4 by Comstook that meny of
the intrusive igmpus rooks found exposed in this region were younger
than pn-ca:a'hria.;x and h; ’z'sla’tsd the post-Paleozoic disturbances to
various srystalline magses in the srea. He believed thzt the latest
novement represented by grgnitin,rﬁoks at, the :nrfscé ogeurred in
Cretasecus times Mention iz ;mad‘a of the divide bvetween Honey Creck and
Bluff Creek where, cocording to Comsi:oek. three or four of the dynsmice
movesents hove Junbled the rock ™ o . . . in such a manrer as to almuost
1iterally leu,w; not ome stone mmong them whieh has uot been overturmed.™
Sidney Paige (1912) described the geology of the Llano end Burnet
q\xadrm@es and eontrituted much to the knowledge of the sbructure of
the Llano region. He mapped these $wo quadrengles and established the
regional structursl trends in the pre~Cambricn end 1&_&91 rocks, Concern-
ing the defommntion of the Faleozoic rocks, Pelse contended that the
faulting was due Lo reglomal compresaive forces. The vertical displece-
ment along the faults in tbe arca was used as ¢vidence to suprort the

iden of compression,



Ven Der Gracht (1931) in discumsing the Permo-Carboniferouns
orogeny iin so\;th-uenhsl Unste@b States considered the regiomal structure
of the Llano-Burnet region. He irdicotes that the aﬂ'éct of the Guaschita
orogeny on the Llano-Burnet "Imssif" was only to sccentuste the uplifi
and cause some northeest faulting. He mmintains that the Llano uplifd
existed ns a stable vositive aren during the period of intense thruste
ing and folding in the Ounchite belt snd that bhe uplift was nob &
produvet of the Quacklta arngenj,

mom Stengzel (1934) provided a desoription of the pre-Cambrian

sttuét-ure in the Lleno area, On the “haais of struatura he divided the
':pm—(:ambric.n rooks of ihe Llano upl;lfh Ainte t,hx-u series which ave,
oldeat to youngest, folded frome megbamorphic racks, bathalithig ine
trusions, and late dike iribmslzms. He recugnlzba the very com;uiez
struchure of the aresm and verified the stiuchursl trends noted by Paige,
Stenzel sugresbed that the later dikes in the wrea lie iz & sysiem of

" north-south striking fractures that scem to "foreshadow" feme of the
1atgx Paleozole north-south Paulis.

‘ An secount of thc Paleozoic hectonic wi:i?ity in central Texns
wos_provided by Sellerds (1934). Ho showed that uplift in the Llene
reglon began ss early as Missiasippien time. Thinning of zhé Chappel
and Barnett formatione in the area ot uplify wgts‘us,eé as evilence of
this eariy mmmzﬁt, Sellards c\isc\x’:’&ed tHe !aviti’ﬁing in the liano '
region very hriefly. He mentionmed the nariheeist-soﬂthwest trends of

the u;]or fu.ults nnd rei‘ernd f.n thin group BE the Iala.no system of

fa.\nlts. He uluo -{esnn'bed the San Uares A E&wnrds,\ Canoh

" and Bend a.n:hu which radiete from the Lleno uplift.




Darton et al (1937) srovided a geologic map of the entire s‘t.abe
of Texas ‘un‘e. sonle of 1 to 500,000, The genersl sreas of outerap
of the larger units are shown slong with the mejor struciural features.

A trief account of regﬁnn&l and loeel stmcture‘ in tae Llano area )
was given by Plumser (1940). In eansidaﬂng tke reglonal atructure he :
states that the ares iz not actually as wplift, ' ... but =zn old, worn-
down rempant of anolent crystalline and mehamorphic rocks shich have
(sbm:sd as & kind of monadnick during 4ifferent epochs in early Paleozoic
end parly Cenogoie kistory, furnished sediments to the surrounding seas,
ard been buffeted by wave ection of advancing shorelimes during several
epochs," He sttributed the dip of the Lormations. éuay fram the central .
gronite mess 0 original d;xpositlcnn; dips,’ settling, and compaction.

Plumser divided the looal structurss of the area into seven oldns-
es. The seven groups were spur ridges, normel faults, grabons, buried

rldg\ss,

m'? flaxux'e:, symmoction.l anucllnsn, snd reef magses.  He

gave s very bria! dascr!.ption ‘of esch of these ntmcbnra.l types and ln
most cases mentioned a speclfi: ‘example in the Lla,na area.

Cheney (1940) proposed oh nges din the ’ ﬁ*""'e of the time

and rock units of the later Peleozole in north-osentral Tezas, Auong
the :c.hangqs proposed was substitution o£ the name Lw‘n;a‘su series to
include the Smithwick and Biyg; Saline gwoupa which were previously in-
eluded in the Bend gt;au;n (Sellards 1932).

Cheney suggests thed the evidence of thinziag of the Ellenburger
indicates uplift of the Comcho sreh as early as Ellenburger time. ' The
uplift and major deformation nt’the Llano ares is dabed as post-lampases

ar;\i/ pre-Canyon,
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Cloud znd Barmes (1948), in a bulletin bprlmrily ‘concezned with -

the El!en'b{l:ger group, ytﬂviﬁbd an 'e‘xpe!yl‘ént genarn.’l reference for

" the P;:.lea:nic geology of centrel Texas. Included in this ps@er is o

. sumary of the struntural pgeolegy of the Llanc ‘u‘.ren.. ‘ leﬁiné and
folding in the area sre discussed briefly, Paleozole faulting in the
area is indlcated to have ocourred during or sﬁ.err Strawn time and
before the Canyon epdsh. 4n area in the southeastex;n paTt of thé
central Bluff Creek ares is riapped in the report and referred to as
the‘ﬁear Springs srea. '

In kis publication on the Céa.:bcn!.!eroué rocks nf“cantral Toxas,
Plumner (1950) makis no mention of vth; geol‘cgic shruoture. The geo=
logic ms:é nf‘ the Llano region whioh k‘i: lmluﬂei with the report is,
however, the most complete and ;—:{ei.sﬂed geolozic map z’:;f‘ the area
.cénpiled to date. The pre-Carboniferouz formations are undifferentietsd,
but lacal sbructures, prrbticvlarly in the aress 3 Carboniferous oute

crop, are shown on the map.



PHYSIOCRAPHEY

CLIMATE

Mason County is located in a seml-arid region &nd hag an
uyerage snmual rainfall of sbout 20 inches, cécurtina as vri.dely

zpnsed, nezwy ra.ins 'hi& ha.vn a highk, perocn’:aw of’ xunuff.

The avemge anmanl tmwemt\ue 1n wuis &res i.. alinut 7(} 5 ¥,
The area is ch&xmherxzed b:,r dry, lot sumsérs, with temperature up

to 110 '.l". wad rayher col& winhern vith s low tempumtute ‘of =5%F,

The a'rerage surmer. ﬂnyh.:ua tempenture is 90 I
VEGETATION

The vegeta.tiun in t’hs central Biuff Creek ares ls 1inited %o

) tizose typen which exigt in & hot, 3ry ares with z‘nth-r poor soil
developmmh Oneﬂuueption to this iz the wi‘l‘lon"-tié which ig

£ound occ‘ssiomlly \t-ilnng the aprin&fei streams in the ui-ea. The plants
' common on the limestone outorops are ﬁorﬂb ocak, cedar, Spanish dagger,
and several vn:r:ie‘!-.\es of cs.ct;m. '1‘1:’- sandsﬁanés us‘\z&llf suprort ﬂ'ruwf.hn_
of mesqui‘a and needle grasaz, . Dense grouhhs af mesquite a.nd Jexio&n

B z‘simon are ch&mcieristlc of the shale autctups. The correlabtlion
‘between lithology and 'regata’bion is well displayed in the arca of
Gar'bonifermzs mzf-crupn where zones. may 'be traced for long f‘isinnoes

on fihe a.erie.l rhotonﬁ,}h by their ty-vleal 'mgeta.{;ion.

I‘FYSICAL FEATUHES -
The (:entrnl muz C:reel\: aree in lunated on ‘the southwest flank of

t}-q Llano u;:l:[ft. The oore of the upliﬁ. nansth of pre-(?ambrim



' :igna‘ovs and metamorphic rocks which are uxpogad over an &res ApyroXi~
netely 60 By 36 mnu. Snr:ruunding this core are 'bands of mou re-

. sisha.nt sa.ndscanes and limestones, l‘he ocoarse granites and metamo::phie:
outoropping in the cenier of t:he dane &re more :usmphtble to srozion
than the surrounding sediments end form = bopnbraphic basin . in the
ares of uplifi. On the southern ang west.erzg sidea of the uplift the
rim of the td}:pgraphm basin ig the a;l;':m:kt flat-1ying Cretavcous lime=
stone which rosts on the Paleagdiewro:ks in the ares,

The thesis area is 1oaa‘txed on ths L.ierops of the Peleazole a.nd
pre=Cambrisn rocks. There is n‘bmxt 200 feet rellef in the ares mapped

~and the wazimun elevation is probebly ul‘bau!: 1800 feet. The highest

elevatiuns are found in the areas of lime-tune ouberep. in the soutkern
amx wsﬁcrn portmns cf the thﬁsi: ares, In the sres of the Hiekory
s;mds'l;pm ouboron in"the northesstern part of‘ti;gmap the land is almc;t
flab with gentle slopes. o the soutk the limsabome owborops form .
rather sharp ridges, ousstes, e.nd 508TTE. Theve is, howewver, no good
development bf the extended suenta petiern common on the Eal‘eoln&é
dutdrnp: of this rvegion., This is ﬁne to the im;lting whieh has offmet’
the beds and prevented the fcx-m‘a_uon: :nt cuestas of any great length,

In ti\e western part of tﬁ: mni; is an area which, Lhnggll uileg-ll.in
by lim;n:ts‘ne, is quite flat and barrén ‘e‘f 6utorcps.' 1% is believed tl;z:b' )
this represents the pre-Cretacecus penc-ylsneﬁ suzfucé whick has not yet .
been breached by eronion.» This s su‘bsto,nt.iated by the presence. of
reddish atmdy soil which is possibly the remnanis of the basal Gretwemu‘

‘sa.nds‘, now largnly Temoved by erozion.
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DRAINAGE

The entire Llano regios 1a drained 4o the souih and east by the
San Saba, Llan;r, and Colorado Nivers. The arem oonsidered in this
paper lies aseveral miles north of the Llano River and is dralned by
Bluff Creek and its tritmtaries. Bluff Creek flows southward through
the center of the thesis aréa snd ampbies into ths Llano Bivex.
Seversl branches of Bluff Creek extend both bo the eash snd to the
‘wegt 0f the main stream, These emaller stresms, as well as the main
cnyek. are in many eu?- controlled by the geologie structure. The
stream courses commonly follow the sizike of the feulis found in the

aree and because of this take zlgsag paths,




S?TRATIGCGRAPHY

CGENERAL STATEMENT

The rocks in the central Bluff Cresk ares range in sge from

11

Cambrian to Mesozoic(?). & study of the stratigraphy was made to ensble

the writcr to trace faults in the field end o map s portiom of the

area in deteil.

4 oolumnar section of the unlts which cutorep in the ocentral

Bluf? Creek ares is as follows:

Mesozolo exa (7)
Unnamsd arkose

Faloozoic ere
Carbonifercus system
Pennsylvanian series
Lewer Penngylvenian
Marble Falls limestone
Mfgeissippian seriew
Barnett formation
Chappel limestone
Ordovicien system
Lower Ordevician
Ellenturger group
Cambrian system
Upper Cambdrisn -
Wilberns formation
Sah Spba limestons member
l’oln{ Paak shale member
gan Creak 1& 4
Welge sandstone member
Biley formation :
Lion Mountmin sendstone m‘hz
Cap Mountain limestone member
Hickory sandsbtons member

Pre~Cambrisn eras
?u-ionn mhmeryhlc and lmm rbekl
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PRE-CAUBRIAN SYSTEMS
Outorops of }ﬁ-caﬁbrsﬁ rocks ‘ars present i{n the morth-eastern
part of the central Bluff Creek srea sod extend for some distance be~
yond the limits of the lerger n-;p (Plate 1), Thess rocks are not ex~
posed in the mrea included in the dotsiled goologic map (Flate II).
The pre-Canbrian rocks ia the thesis area are of metamorphlo and
" 3gneous types. ‘i"ha meiamorphic rooks consiab of schists, gnelsees,
and mardles shich have been badly distorted by pre-Cambrian bectonic
Bobivity snd are found now in tight, very oomplex folds, The nge
relations of the pre~Cambrian mtm&rphin rocks have not been defi-
ititsly determined. ‘
The igmeous rooks of yra-ﬂﬁhm age lu this ares conslet ’nf
swo plnk grenites which differ mainly in texturs. Barmes sud Bell (1954)
eornhte the coerser. mite with the Town Mountain and ﬂu 2ine~ -
grained ome with the Ostman Creck., Dobth were intruded lnta the pre-
Camlrian rocks of ud!annt;ryk origin before the bca-inniyg‘ aof ’tha Paleo~
zole era, ‘
mﬁﬂﬂ SYSTEM
Bocks of the Hiley and Wilberns fcmi-inns of Upper Cabrian age
outerap ave‘r‘-. large part of the cantral Biuff Creek arem. The Riley
nﬁt§ unconformsbly on the eroded p&-Cmbrhn surface. The i‘uhtu;
formetion overlies the Hiley snd represente contimous deposition

until the end of the Cambrian period,



BILYY FORMATION

The BRiley formstion was sieﬂ:wd. by Cloud, Berses, and Bridge
(1945) %o lnoiudc the Hickoxy sa.hdhom member, the Cep Hountain 1lime-
stone member, and the Lion Mountein ssudnténa member, The neme was
taken from the Hiley Mountains ixm Llanc County where the thiockness of
the ~epf,ire formation is 730 feeh. Throughouwt Cenbrel Tezas the nn;}
formation varies in thiokness from 20 to 314 fest.. The average tg;lek- )

ness given by Barnes and ﬁell (1954) lq 595 fest, |
 Hickory Sendstons Member

The Hiokory -a.nﬂa'toné is’ the ﬁdcn‘ member of the Hiley '!umtloa; )
It is & nono.lu-a;eous; {ernsi#«m;. sandstone whioli,, ;coereing to
Barnce and Bell (1954) hes en snm;é thickness of aboub 340 feet.

The )!Ackory sa.nd-tcu outerops mr [y luga ares ia the northe

" eastern paﬂ. af the ucntral Bluf? czuk srea. !'hn srea of outetvpv is

quite broad’ nul iz merked by an Abnuduwc of mlﬂ'\mhd fields. The
nhmtiﬁteﬂ cntctup is ahn.mteriud gonerdiy Sy flA-i- sandy land with -
m:q_u!.h h-e-l end a “thick- graus growth. . A sone of. ma‘o resistant rook
near tho middle of the wamhr fonu some x-i.dgb- m small hilla in th.
thesis area. !hnu &ress ars generally vovered with very dense rege=
tation, pr&mipuny oak, aBd are too roeky for cultivation,

The srodud p’re-Cm'hrisn surfece on vhiob bhe: Bickory was: dilioligcd
15 nomidund by Gloud ui ‘Barags (1945) tw have hed as much es 800
!nt ‘of relief at the Mnc of lllnka.ry, deposition. ‘!‘iu thiokneu 1-.
Hmﬂfor-. quite v-rublo ihrnug!wai the llue regun, and iu placen

bhe Hickory ig enf-irny s‘bsant nilu to nondapo:lﬂon. Th- upper conteot
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is a gredational oie. "Thz dark red nonoaluareous sendstones of ths
Hickory grede into and iaterfinger with the 1ight brown sandy limestones

of the overlying Csp Wountain member. The contect wherever possible is

pioked on the first pr i 1y oal ; bed. Iz most instances,
however, the coniamot im nﬁspud at the bame of & cuesta formed by the
Cap Mountain limestones. ’ )

The vange in thickness given bty Barnes and &u :(1954) for the
Hickory is © io 497 feet. The th&ukmu in the thesiz ares 5; consider~
ed to ba .pprexiu.helr 375 fest.

The base of the Hickory is a cosrse, sometimes conglomeratic

‘sandstome, - In this coarse materlsl ave ‘often foumd wind polisked

pebbles with largest dimensions up to t&es oy faur inches. The grain
size decresses above the hu and thz‘w.ghoﬂt moét of the member the sand~
stone is medium gralined. ’l‘hart sxe several beds of fine zilbtstons and
ehale near the oenter of the member. Saveral of theme finer bads, vary-
ing in color from pink o 1ight tan, axe well eaposed on the basks of
Bluff Creek amt 300 yards noﬂh of the Jack Eofman ranch house.

fha Hickory member is nonca.xmaua &Bd acngleusontio throughout.
Itn color varies from gemerslly light yunovhh tan at or near itz base
to a dark red or mt;on‘ at its top, Vu;n: shades of red and brown are
found between these extremep. In wost ‘plmas the ssudstone is medium
bedded to memsive, The. shaley and silty Indn mentloned hdom display
fine to ntdhm bedding. Cruss-hddlne i ocommon, partla‘nl‘rly in the

lower part of the membder,
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Cep Mountain Limegtons
The Cap Mountain membsr which overlies the Elokory sandstone {a

a2 gandy, often gl 3tio, 1% t « The thiock of the Cap
Mountein, 1ike that of the underlying Bickory, varies greatly due %o
differenses ln‘ dei;o'itlonnl conditions, A mverage thickness given
by Barnes and Bell (1954) fs 305 feot.

Iz the aree mapped for this report ths Cap Mountain 1imestons
outorope in'e dand broken by many Pfaults which extends from the northe
aeﬁh-d. part of the'area mounthesstward Yo the fork of Bluff Creck im
‘the vicinity of the Jack Hofman ranch house, Bust of this point tbn
Cap ldo\znh.lg member is migsing on the w&;mp'vdua to iwalt&ng. In -
moRt of the cembral Bluff Grack area the Cap Mountadn 1imestone forns
& distinet ridge or esst~facing ouesta, Vegetstion on the Cap Mountain
generally consists of serub osks, mesquite, prickly pear, and oatalni.

The lower aontact of the Cap Mountain is gradationsl, The lower
boundary is placed at the lowest limestone bed.‘k Phe upper cenbact is
aleo gradationsl, The st&y limestonss of the Cap Hountsin grade
inko the highly glasconibic sandstones and limestones of the Lion
Mountain member, The contact is picked whers the sendstones Seqm
predominant and the limestones 'b.oun@ lenses or thin beds within the
sandstones. The Lion llamﬂmin undy beds are more susceptible to
_erosion then the lm:tonac of the Cap lhfnntuu and the contact is
gnnnully nmrkeﬂ Ty a chuge in slope f£rom the dip slope of the Cu
‘Hanuh.iu to the rlqt bench of tho I-ian llonnt-tn.

The thickneas of the Cap Mountain member verles from O to 497
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feet. The. thicknes vy Alexander (1952) 1in an sres about
10 miles east of the thesis area waa uug}htly 1ua tha.n 200 faet.
The Cap Mountain member h = umly gimeonu.lc. gr&uulu' l:l.u-

stone. Its color is grey o light brown, -ith a pinkish brown

Ah a €3 quite ch teriatl Vexry fine sand is ﬁrolant '
in the limestone im varying amounts and cavses an nm;n'nsthrlng
of the rock which often produces a mottlsd or honeyoonibed sype‘mo.;
The limesiope bede range in thickness from several inohes to several

fest with the thicker deda predominating,
Lion v!_oggta}n Sandstone

The Lion Mountain member is the uppermost member of ‘the Blley

formation. It consists moatly cl M.ehly glauaouiue aa‘nduane snd

at the type losslyu.y in nor at Bamﬁ c y has & thiok o!
20 feet. ' ‘

The outorop of the Lion Mountsin sandstons forms a broken band
which extends from the northeim edge 6f the central Bluff Creek aren
to &heuﬁ the oeuta? of the area, Thaugh'thg zmstox‘u‘ol the Lion
Nountedn weathers easily and is mb‘ too often exposed, th; band of
outerop is q,\xi}.t‘ai ch#raoterhtin. A f1at sparsely vééeka@ed bench is
its ngual surface representabion, X )

The lswer toundexry of the I.m Hountain is graaatzem. tut the -
'uppe_» contact, which 1s slso the boundsry bebweon the Riley snd #ilberns

. fom;.\‘,ion:. is sharp, The ehmgé‘fzmz; the highly giuwonuh llﬂs of
the Lion Mountaln member to the mnive, yellow, nongl-nooniih le.nd-

atone of ihe 'algo member ocours in & narrow zome, In .some exposures
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within the theasis ‘azén the aha.ign ig quite sharp and the contact may
© be locabted -exactly, ‘

" The thickness of the Lion Mount»a,in sandstone ra.nges up, o 69
feet. The average thickness piven by Barnes znd Bell ((1954) is 50
feet, The Streetér section, which is locabted in the northern pard
of the thésin area, conbains a 29-foot ?.Mcknu's of Lion H:mﬁbah,
measured by Barnss and Bedl {1954),

The Liom Mountain member ic a hi@x}.y glu.uconiuu undnton- with
small wnuunts of olay end limestane., The member is mostly fine gra.l.na
Ted ot the bage and becemes soarser higher up. . The rnek ll green: lt
‘fresh exposuus, b weathers to yellev, 'hrovm. tad. or 'hIaek.‘ Guen
alsy whioch weathers to a yellowish ‘brown nolor ocenrn ‘as bhln shti.ngers .
within the sendstone. The limestcme eecurs near Lthe basa nf t«he memher
as thin ledges a.nd as m.n lenau uh.leh nre ccmposed slmau enﬂnly

u! trilobite frepguents.

Wilbernps ro:ﬁaﬂnn
The Wilberns fnmaion wns nnmed v Paige (1911) and is mow
considetad o hclude tour menbers. Fras ‘sldest to youngest the members
are the Welge sandstone, the Morgan Cresk limestone, the Folnt Pesk
" shale n;nd t;lm San Saba limestone, The thiokness of the ¥ilberas fore
mation ranges from 360 to 619 feed élf.h an average {Lr;ure given Wy

_Berneaand Bell (1954) am 500 feet.
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Welge Sandstone

The Welge member is a rather uniform, massive sendatons vhich
has a bhicknecs of 27 feet at b};e type locality in Gillespie Uoun£y.
The aversge thickm;ss over the entire Central Minersl :egionkls about
2C feet, o

The Welge szmdsbnne is wall axposmi in the northwestern part ot

. the »amﬁrs.l Biuff Creek nrea, Over mueh of the rmindar, hoyever,
the change from Lion Monntudn to Welge is sppavent only becausc of

= vegetation change on the outcrop

The topogrephy on the Helge is

very similar to thaﬁ on the Lion Mqu}:h;ivn ::uf.ef;blp.k A l«unhtsnn:-.him‘:
of the Lion l(ounhniﬁ ‘berch ;rith much denger végqtu.tian‘ is the common
expression of tha Welge a,t the surfa.es. )
fhe 1awex~ conbagt o: the Welg- mth the highly e;laazcanlts.a saml-
;bneu of the Liom Mountain is 4 sharp one snd where thu rooka are
well exposed can be pioked easily, ¥here good. ax:pbli.xjeq are absent
the lower contac!; is picked on vegetation aha.nge. The upper contach
of the Welge is gra.dahf.-nnl.« The ysllmtish brown Em&: of the Welge
-grade into the red pandy limestoner. of the Morgun Creek membar. The
contaot is p.\oceﬂ. at the Lower Umit o:l' the 1imestons b:ds. . :
The ¥elge member was Zuun'; ‘hy Barnes and Bell (1954) to be 22
feat thick in the Strester seatlon. Thicknasses of 26 aud 29 fest
: were meesured by Alezander {1952) in an eres mbout 10 miles east of
the thesis ares. o
Litho},ogically the 'hlge member is very. conststenh. T,htoughout

) its thickness it is a f!.ne to msdiwn grained. massive, 1ight yal].w
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to brown, non~gl itic, nonocdl. sendstons, Chareeteristic

of this. sandstome nre quartz grains with recomposed crystel faces

which couse the rock to glitter ir the sunlight.

Morpan Creelr Linestone

The Morgan Creek mambe.;t is 2 medium to coarse=prained, generally
#lauconitic limestome. At the type 1oca.iity eﬁ Mozgan Crveekf in Burneﬁ
County the Limostons s 110 fask bhicks k

The outerop of the Morgan Creek covers & considerable portion of
the central Bluff Creek ;rdn.‘ Thranzhéut“ ﬁnuch of .the aren ik forme e
ridge which rises steeply from the flat bench of the Welge and slopes
away to o sn;mll yé.llgy on the Point Pesic’ shale %higl’; éverl ies ‘the
Horgen Creek.

Che lower combact of the Morgan Oreek. member is gredationsl. The

1 t (reddish limest ‘18 picked as the base of the
Horgan Creek. ®here the krockﬁ are cdovered by soil in the northwesiern
part of the timsi'a'uren the contaot is pleced at w soll and vegetntion
chenges At ke upper conbsch %hé Horgan Creek limestone member grades
inte tke sholes and B‘ilb‘s'ﬁnnﬁ’n of the FPoipt Peak member. The upper
contact ‘is placed at: the lowernmoct thinly bedded si].'ty'ﬂmlc of the Point
Peak, Thie contset is rarely exrosed and the bcun&ary is ususlly mapped
‘st the tegimning of ihe dense growth o!;’ mesquite common on tt;B: Point
Pesk members . E

‘ The rs;‘nze in thickness given by Barnes snd Bell (1554) for the
Horgan Creek iknegtehe' is 114 to 143 fcet.  The aversge thickness over

the entlre axea of oubcrop is given s 130 feet, In the Streeter



leotion & thiockness of 141 feei of liorgi; Creek limestones was measuvred

by these authors. ) ‘
The Morgen Creek mem&r iz a very glauconitic, coarse~to medium-

grained limestome containing considerable sand in the lower part, The

-solor iz grey to green through mogk of {ta thiokness. The basal portion

_of the 3! 5 b y Bax a oh terlatio purplish red ooclor. These
. zeddish limestones mre found Juitk above the lower aontwt at every :

-zpamn !.n the tbelh u-n The Hmaaton beds \mrs ln thilckness from

nvord. i.nnhnl tn about 8 foot. Thaxe sre nvanl heh or zanes o! .
strometolltic bicherms about 12 to 18 inches thlck in hha uppe: yuﬂ of
the mbnr‘ The smell al;' and lhlted thSoknen n!’ thnc iocherms
distinpuish thﬂ from ‘hon lmma ,in tha anrl,r&ng Point Peak shale

member.
EQink Pesk Shale

lk':ha‘!olht i’uk shale membér is named from exposureson the south
lylbpt‘ of ".Folnt Pesk in Liaso conhiy, whers the mgrnbtr 1e: 270 foot thlui:
‘sceording Lo Bridge, Barnes, and Cloud (1947). The average thickness
© for the entire ll-.no region glven W‘Bewm's ud &11(!95"!-)‘ ie 130 feet.
‘ T un&ml Bluf: Creek orea the Point l’u\k member gonsisis of
tia di-tinct zonas uhleh tare myped npmhl.y in this report. The
lower zons, which canlhtz ma.luly of nha,lu. is ropnuntad on thn wt-
urup hy & densely vegetated -lnpe. A)go- characleristic of the lower zone ‘
Anxterwp 1: & dark soil with cnlhhe and shingle nonglmn.te litter,

The uppu- zome ‘af the Point 2:;1: member couhh of denu strometolitio
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limestones whioch np‘hhe ulope; fomed»by the underlying -‘nalea.
The lower contsat. of the Point Peak shale member is rlaced at

the lowerrwosh xhal- bed mdove the bedded limestones of the Korgan

Croek mémber, -The contact betwaen the lhale and bioherm zomes of

the Point Peak is placed at. the bise of the % 1itic 1imest

which are conrgistently found et the %op of the menynNﬁ The ngntwt
of the mﬁr with the overlying San Saba lisisstone is placed at thée
top of the bxobnrms where ths bedded llmest.onn of the San thn paBs )
over the stromabolitic stmbuen. Bro\m Bsandy limeatou ‘beds are
vomnonly fdnxu! -overlying m lliohmm i.n the thasin ma -nd ara .
placed in the bwue ‘of " the Sa.n Snba. 1S.mestene mem’aer. )

‘ The thickness of the entire Foint Peek m\ez wos messursd by

“Alexander (1952) to be 260 feei: This ngu- seems s} ightly lerge
Lor this member and it ia probable that tha thiekasu o:t 130 tuet .
given by Barmes snd Bell (1954) is nearsr the average thlo!:nasa in the
eentiral Blufi Creak ares.. )

The l.mr p&rt of ihe Point Peak shale mber eonslstu of green
to grey eglearac\lu ;haa.ea with ledges. of ailbstau. limeatone, a.mj'
inbrlfom&.i‘om, shingle ccuglmr:faé, The qu,n‘ in this part of the
member u; thin and feu exoeed o thiy.ckul's: t’»l é ibo&n. She upper
tu-‘ strmnktyoliuc‘ biohern zome of the P;aint Peak mam‘be.r wonsisks of grey
sub~lithographic 1méstou- of the bichsr: mn,suk‘s‘ad s’um. ‘beédyd 1ime~

stone and ‘shales whioh acour between bhe hioh-m‘sﬁx;utm-.
San Sglia Limesbong

The San Saba limestone 1s the 'ﬁppa‘tmﬂt membexr ‘of the ¥ilberng



PLATE V

Figure 1, Contact of bedded limestones with stromatolitic biocherm
exposed in the bank of the west branch of Bluff Creek
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PLATE VI

Figure 1. Typical Ellenburger topography shown looking east from
& point about one=half mile west of the Bill Hofmann
ranch house
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um Band h{m apnlun of ih Cmn series: Some wunm of
Mlulng ot thqr mii:-tﬁ;m sea i m Liano area is provided by
the. th&ui-g of the lnmtt femuon in this area, - I seems prodable
th.l some BJ.!;M u;li.ulng ot t)u ares nn.y have Mm e aax-!.:v as
kilhliu!.yym time, ht i.h- presence ot roak- ol m hnpnu ner&u ’
l.n the m& OA' uplilt xumu- thnt t-lu ma t-mlu& lem ononﬁ io :

Coll.eo‘ udimn‘h an uu as ?.mylmln u-u. :

"A.M- r:'a- the duu uu}.f. m wui iz sAruot : 2

b o m‘mn of uylub im

uvm.; la.rp homtn and mmu. Ghnnay (1941) ‘has r-zcmd o tha

C L norats s the Bickiand Syx-hg-. !ommn, San Sabe, -.u Tampesss wxes

; ‘;pmhun tows lmtod on o-oh o2 e’ -yutua. ‘tlocks.

legionﬂ fouing of the: nck: nr o) I-!m ares !ua ‘un noagnhd
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"y:v'luiwly oin the #lanka of the -pnﬂ. whsre several 'brm uu.cltui
“are found to radiate from m dm. n. lnd. Bomh. Ban lhmo-. and v‘i
‘ldma- arches are ';In unlt ymmnt of the Mluung nﬂolhol. .

. :!lu—-r (1951) r.aonl.u& he presense of some uuuom hglonﬂ.

- fnlu in m P&lunlo udhuth. ht 0 d.hu.u :t-.d; of enn .

:n&uru hn hu ,uum

!Im.&m.&mn

) !ba lml lim%ut- ot ﬂll I'-I.ln n;iu nu div“pl W !hmn'

g “:alluu. and rui‘ -nnn. ln'n! thu‘ nﬂ. .ﬁmtuﬂ. wmnh
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40 be dipphg‘autvard 2rom the imterlor of the suggested fold. In
general, the strikes swing gradumlly oounterolockwime from northeast

in the éarthu-tem portion of the thesis mres through northwest in

the nanbral:,put to thwest in the theastarn part.

The axis of the prcpnod fold cannot be deflnlt;ly snd sconrabely )
loonbed due to the snwa-mpuqn‘ot the etruoture by the many faults.
Th;ro 1g soma indication from the strike meagurements recorded on the
mep and the krend lines drewn from these messurements thst the fold
wes not & single symmetrical antioline even befare the effect of fanlt-
ing was superimposed upon it, The presence of several small folds ox
Hyrinkles" on tpé larger fold is suggested by the irregulay shapss .af
the trend 1ines: It im not improdable thadl the 'broa& fold consished of
several mllnr flexuresy however, the minor changes in the atrikes of ‘
’t'n beds 'hich nggen this may be oxylaln-d @8 the effect of thd
blocks suued ‘hy !smltl.ng.

The angle of d!.y on the northwest flank of the propesed fald is

pro'b-.bly slighur J.eu t:hp.n on the &

theast nldﬁ. D.’Lpl on the order

of 4or 5 degreoe aTe ms& oommon on the norblwc:t iido o2 the dntioline
while dips on the southesst side range !m 4 %o 10 degrees. The
yo-lhicm‘ of the: ﬁiinh aren . rafaﬁvo to the oento;- of ‘the regional nﬁiﬂ.
: :p:-nsmhly uronld give the atrata 2 uoruxutt strike with a ssuthwest dip.
£ ‘on this origim uttltud- 8 fold -hosn uh *aE orlnnhrl more than
‘5 -east of north were m;«rlmgoned, ‘the dips prod\med on the limbg of

© the resuliing antlcllne should Te smuu to thqn found 1in.the field.
The dips on the southern flank of the fold 'unu reinforce the originel

dip and ceuse & steepening of the dip to the southsast, Un the opposite
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flask the dips of the Fold would be oprosiag the oripiusl dip snd bha
reqnit would be lcsser dSps to the northwest, As the dips found in
the thesis ares are generally steeper:.on the souf.htast fla:# of the
structure than om the prosite 1imb, tt‘i. suggested that the sxis of

the proposed fold is loonted in the éast northeast aotent.
FAULTING

-Perhaps thay most obvious sbtrustural phesomens observed in the
central Biuff Creek ares are the numerous faults.

The fault planes chserved in the f1ald rarely vary more then 15°
from the vertical. Figures 1 and 2, ’Pla‘.ce VII show several suell
faults and }nint. which are ‘perellslling larger displecements end heve
sluost verticel fault plames. 411 of the inclined i‘snlt;s Yiave the hang-
ing wall dmn—throuQ and may be comsidered normal feulbs, Kanw of the
observed feult planes, however, are motuslly verdical and the beris
noral or gravity are Lu these cases meaningless. Beasuse all of tho’
fnults obviously have a commom urlg!.n the terms normal or gz-avny will
be naad to refer to sll of the faults wl&hin the thesis erea.

The turows on & few of the faults shown on f.he det«aﬂ.ad wap of a
part of the theah ares ronge up to about 1000 2@55. Hosy of the !sultl;
however; have vertical displacements of less than 50 reu. Many still
‘l!;lnlier feaults with diaplecementz of ksuveud. 1ackes ta several feet ure
ftau‘nk in the aveas between the faults actuslly mapped, These small

: h’nlh as well as. the many joints in um ares. gnmr;lly follow the trends
of kim larger fa.u.lt:. The &irection of :usplsoemni 13 incongistent

from one Pautrlh t.e t»he nexh and mny mll horstn and grn.benﬂ are tm-med
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Figure 1. §téé}1y dipping Fauibs an Joints
in Ellenbuvrger limestone along
the west branch of Bluff Creek

;;o‘;.n s in
1imestone about one-half mile
acubth of the Bill Hofmsnn ranch

bouse
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PLATE VIII

Bl

¥ & e 1 g
fault block on the west branch of
Bluff Creek about ons-half mile from the Jack Hofmann
ranch house

3 v X
Figure 2. Beds of Cap Mountain limestone displaying a clean break
along & fault near the location shown in Figure 1,
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!mli plans, Slickentides were not present along any of the fu‘ult.-
obsexved in the thesis sres.

The majority of the fanlis mapped are sligned iz the northeast

quedrand. Leas 2 s are.n serien of morthwsst-sériking faults
which are mpproximstely perpendioulsr to the first set. The nortbeast
fwalta‘ are yraaucaliy parallel throughout the thesis area and show only
siight ‘convorgom to the soutbwept. Most of these northesst faulis can
be traced on the ground and onmithe aerial photograph from the Hiskory
sandgkone outorop in the northeastern part of the detailed map to the
Eu.:ﬂmiger outarop in the southwosbtera portion. FNo attempt hus deen
made to tm§§ the smaller faulte into the areas of Hickory snd Ellene
turger outoroﬁs. The tppro’xl’miely parellel aligmment of the northesat
faults end thelr random di-élmhnt form many small grabens and horsts
trending northessk aerosy the thesis arves,

The lsss mmercus northwest-striking :wn.' -.-ré gensrslly found )
to 1ta Eetuaeﬁ the more prominent northeast faulés, These northwesd
faults sre most common in the cenbtral poriion of ths ares mapped in ‘
detsil and. in slmost all mi; are found to be downthrown to the south-
;"“" ;'l‘hn effect of these faulte iz usvally to shorten the seotion by
f‘ulttné out one or more of tht geologle MI‘QIO;‘ mpjzoyd in this mn.ﬂ .
Where these. fanits trend spproximstely parallel to the striks of the

!omtion; th@y,’ are very anume to locate on the ground and are

" often avidencad uly 'hw an hoawphh ueuen.

From ths dosorlp‘uon at the imlt: ud tmir digmmnt it um

probable that: they have hann produced by tensional 1&!0" simultaneously
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applied in two ;eipendicular directions, bhhha't‘ of m two almost
perpendicular sets of faults i de:iﬁitely shown to ;f!-ct the obher
80 mMant is believed 4o have occurred simulianeously. The tensiomal
character af the forces involved is indisated by »‘;ho presence of nommal
faults and speciflically by the presence of the "alivar grabens!' mentlon-
8d previously. ) )
The zone of most intense faultiag is lossted nvuf the erest of
) the fold proposed previeusly. Iireot comnesation hetween .the folding
and tmlﬁng is ponl’bl- and furniihn ES rououe:bh axplmuan for the
comuntntien of minor !anlh fu this area., The faults are 56 aligned
" as to e sonsidered almost parallsl bo the axis of the catiolins 1n the
' oaze of the sortheast faults and tumnrin or Vpu-iphm-n in the case :
of th. agrtiwest faults. Both of these t\yﬁa of f-plfs nre kpown to 'bu R
ussoe;e.ted with plunging ‘m“olinnl nifuehur.;;.,r Byretohing of the bads.
over the uplifted ridge could esu;c the tenmsion normal to tbe’ui:‘ ot
.the fold necessary to produce normsl.faults perslleling the axis o{k
uplift and socount for the urbﬁub fault set. T’hanbena‘iag of the

axis of the structure resulbing from maximum uplift to the. nartheast

and minimum wplift to the aouthwest could be respomsible for the narth- -
west faulis, which are dowsthrown Lo the mouthwest away from the plung-
ing nose of thc uﬂ.clim.

It is the writer's belief tlut the Iocll sbructure nf the cenbral

Blutt Creek srea comsists of an antisline plunging bo bhe oubhwest
which bas produced an u.ul of h\teus faulting over its orvest. It . is

possible thab this feature i the southern ez'aané;an of the Richland
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Eprings axis, Choney (1941)
Age of Beformation .
The :mitkng and folding deacribed above affant sll of the geologio
Pormations pxésunk in the thesis arem w;ﬁh the possible sxcepiion of
the Mesozoia (1) arkose, ' Definite dating of the structurel movements fiem
local gvid.sioe is therefore impossidle, TMF youngast formation defi~
nively i:nm to be out by the fanlts in the o_enf.rsl}mu!f Creck arca
48 the Marble Falls lhesbox;- of Bend mges The only positive evidence
‘available looally i‘-l' that the struoture was fommed afier deposition of
ibe Marble Falls group. v
" The tvend of the local structure coincides olosely with the regiom=
&l trends of n-.iu’r Paleozoio deformation which have been dated Yy -
#everal authors. It iz logioal b0 asaume thet the local uplifé uoqumd
‘a8 a paxt of and limlimwny with the reglqnﬂ. d-fcmuon. This

plepes the -30 of the simcturs ‘a8 palt—ﬂcpd and pre-Canyoxn,

Speculation ss $o Causes of Struoture

In oconsidering the uliimate caues of the structure found in the
thesis arece consideration will dbe given to three po-‘snlo qul-niﬂuu.

horisontsl compression, sebbling or ocmpaati and & uplifh,

The tirﬁ. of these, horigonbal P ion, could prod the fold as
noted in the thesh m.g hnten:r, if these unmprenho forces were
present in the sedimentary rooks near the surfane the formstion of normal

or tenslon faults would be unlikely. Only if the compresslon were
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daop-“meodkui nu not trum’iﬂedl o the mn-:ﬁr}mq‘ r;o!;-,: ;bi;d
the rz;ld form til;b the fault patterns oSnmd.y

Sattling or campactl;:n of the -ed!noht;ry rodksiovu; 2 'ridge on
the pre-Cambrian surface could pa.sihlu produce. an tutiollm of thg
type noted in the central Biuf? Creek area. The intanu Taxlting in
the area, however, pointe to a mora d&m!u origin for the atructure.

' 1% 43 herd to visualize faults éz the bype and !jlagnﬁ.ud! found in the
thegis aree oceused by aampuihn‘. Al.o",‘jtb'e presence of s sizedle
ridge on the pia-cum-up ‘surfaos would have caused distinct thimning

" if not mtu.l abaence of th; Hiokory sandstone ‘over the axis of ihe

#tructure, Thiz thinning is not noted in the thesis.ares. If the

h.uu.iax' ected with the struct ware due only Yo n!_‘)uitmenh in
the strate while mettling and a@.;.;;.s;. vers taking place th fanlts
would not involve m yre-thrhn ‘bumm Ihlch 1a the cése in the

ares studied, !ban is 1ittle bsais, tborefnre. for cmmldoring oompact- '

1on'as responaible for the st P t n - the centiral Bluff Crcck
srems ‘
Basement uplift, ivhiuh is h'tu oconsidered 4o be looal uplift of

the hstmnt. mk: caused h;r deep-seated nragau&a disturba.m-s. ‘As per-’

" haps the best e:plmnon of the b d. North & ‘ing
souss of more pn:iuve uplift may have \.an present in the ha;amnnt rocl:s 3
,duriag the Ponn:ylvuhu dalumtinn. These. zones may be represented by
the Riohland Springs, Pontotos, Sen Ssb;, end Lampasss axes sad may be
‘ ' oﬁ! the

P

d fold

& rosult of the Oumohita . The p

along the trend of f.ba ilehland Syr!.ngn nzi: suggents that the fold is

& produet of f.hl excessive upliﬂ. in this sone,
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