UNITED STATES DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

Incomplete manuscript on stratigraphy and structural
geology and uranium-vanadium and copper deposits of
the Lisbon Valley area, Utah~Colorado

By

Gordon W. Weir and Willard P. Puffett

Open~File Report 81-39
1981

This report is preliminary and has not
been edited or reviewed for conformity
with U.S. Geological Survey standards.



Contents

Page

Introduction.seesescssssscssssssssssssssssssssssssasssssssssssssssssssssl
Location and extent Of are@.sesescessccssecssssssesnssassssssssnssl
Geographyesecescecscsososssccsscssscssssssssessssnssensssnsssnnssl
Purpose and scope Of WOrKseeeesssssessssoscssssssssssssssssssssssl
Field WoTKessosoooossssososssssessccssssssosssssssssnsssssssnssssssl
AcknowledgmentSeeseecsssssssssscssssssssssssssscsssssssesssssssssl
Previous WorkKeeeeeesssossossesssssossssssssssesssssssssssssnnssssoeds

Stratigraphyesessesesesessssssssssscssssssssssssssssssssscsssssssssssssh
Concealed roCkSeeeeesscsssssssscssssssssssssssscsssssnssssssssssshh

Precambrian rockSeceesscssscssssssscssscsascssssonssensssnssh
Cambrian SysteMeseceessscssssscsssccscsssscscsssssscsnssssnsss)
Devonian SysSteMecsscesscesscssssssscssssssssssssssssssscssnsed
Mississippian SysSteMecesecssscccccsscsssscsssnssossssssssssss)
Pennsylvanian SySteMesescscsccessssssossgsscscsssssscscscsssssh
Molas FormatioN.sessessssssssssssssssssssssssssssssssseh
Hermosa FOrmationessscscessssessssssssssnsesssssssssssssd
Lower membereecsecsscccssssssscssssssssosscsscssncsl
Paradox membereecesscosrsssssscssssssssssssenssscnssoes/
Upper membereecesssssssssssssssssssssssossssssssscssd
EXposSed roCKSeeeesssssscssssssssosssssssssssssssssssesssssssccssssd
Pennsylvanian sSysteMeceeeseesssscsssssssssssssssssssssessssssd
Hermosa Formation, upper member.ccscesscscccscssssscssesd
Distribution and thicknesSS.eesesesscescssssesssessd
LithOlOgYeeeessssssssssssscssssssssscsssssassssssnssd
CoOntactSesssssssssssssssssssssssssssssesssosscssesll
Fossils and ageeeeessesssscsscssssscssssssessssssll

Comparison with faunas of the top limestone bed

of the Hermosa Formation in the northern part
of the Moab districteceeessscsscscsssscsscssssssssonssll
Regional stratigraphic relationSeessssscecsssssssscesss?l
Permian SySteMeeeeessssssccssssssssscssssssscsssssssssssssesll
Cutler FormatioNeeceescsssesccsssoccsscssssssssssssssnssll
Distribution and thicknesSS.ceescessscssssssssssssl3
LithologYeeesssesssssssssscsssssnsssnsssnsssnssssll
CONtaACtSesesessssssssssssssssssssssssosnsssssnsssesh
AgCeeessosssssosssssvssscsssssvsossosscscssssssnsscsssld
Regional stratigraphic relationS..ececesssesscssssscscss3b
Rico FOormatioNeeesecescscesscsscccscoscosccssssnsesslbd
Cutler FormatioN.eeecececsoccccssescoscoscnssoscnsl/
Triassic SySteMecsssssesessssssscsssssssnsssssssssssnssssocsssld
lower and Middle(?) Triassic serieS.eecssscsssssssssss38
Moenkopi Formationeeessessesessssssssssssssssssssld
Distribution and thickneSSe.essssssesssssssecsl8
LithologYseeeeseesssccesssssssssssssnsssssss I8
ContactSeessssssssssssssscsnscsssssssssssssaseeld
Age and stratigraphic relationSeececsscesesses39
Upper Triassic SerieS.eseesscsscsssssssscsscsssssascssll
Chinle FormatioN.ssssssssssesssssssssssssssssssssil
Distribution and thickneSS.essssceososcssssesil



Contents——continued

Page

LithologYsesecesesssscscccsasssscscccsssnsoneahd
Moss Back membereeecescccccccscccsscnsaidd

Lower part of the Chinle Formation
in the La Sal MountainS.eeceeesescesccasst?
Church Rock member.ceeececscccscasssancssh?
CONtacCtSecesescsssscscscscssssssssscssnssscsescsi8
Lower CONtaCteececscccsccssscscssccsseasaid
Upper contactessscesesssossscssscsseessly
Age and fo05SilSe.ecesccccccosvosccsssccscessai9
Regional stratigraphic relationSeecesssssssss49
Glen Canyon GrOUPeccesssosscsccsssssscoscsssssssossdl
Definition and ag€ecececscscsessccccscessesadl
Distribution and thicknesSSeeeeesccescsceocssedl
Wingate Sandston@.cececscccscscscsscsccscsecssesadl
Distribution and thicknesS..seeseeseseedl
LithologYeeeoesoessssssccscssssscasssssdl
Basal cOntacCtesecscsccscssscscssscscscsased
Age and stratigraphic relationS.e.ssees.53
Kayenta FormatioNeeceecccccesccccccsccsssscaesdl
Distribution and thicknesS.eeeessceessed3
LitholOogYeeeeessccscoscssscccncassancessdd
Lower CONtaCtecesccccscscscscsscssccessnedl
Upper contacCtececssscscscscssscscssssssesedd
AZCoeeeccesssavosssssssscscscsssssssscssssdd
Regional stratigraphic relationSe.esesss55
Navajo SandStoOnCesssscccccscssssscsscssssesssdd
Distribution and thicknesSS.sseeecceeseessdb
LithologYeeseescseeeesessscscssssssesessdbd
CoOntaCtSeeeeesssescscccssssssossassssncened/
Age and regional relationSeceececcssessd?
Jurassic SYSteMeeceesceesessessscscescsssccssacscsscssacssenedd
San Rafael SroupPeccsccccesssscsccccssssscsssscssssscssesd8
DefinitioNeccecececscccscsccsccsscosscssaeassscnasasnsnedd
Distribution and thicknesSeeeecsscsesceccsccoceeeed8
Entrada Sandstone..eeccescsccscscesscsssscssacsseesd8
Distribution and thicknesSS.eeecessescssscsssesd9
Lower membereisescsccsesscscscecsccscsscsscscesed?d
Distribution and thickneSSe.ecececseecsesd9
LithologYeeeeeseesccccesesccccsssssaseedd
Dewey Bridge member.ececccscecccessssssccccessb3
Distribution and thicknesSS.ceseessecesseb3
LithologYeecssoscoccsssssscsscscsssscesesb3
Slick Rock member.eeceeeesccccccsascsasscasaeab?
Distribution and thicknesSececececeeceseb9
LithologYeseeesoesescssscessssssscsecsesb9
Moab membereceesccccccsccscscscssscsccsossssseceel/l

Distribution, lithology, and

thicknesS.eeceececcscscsccecscssenaaaasl0
CONtactSeeeescsesesscssscscssscssssessssssscssll
Age and regional stratigraphic relations....7l

ii



Contents—--continued

Page

Summerville FormatioNsescscessssscecscsccoccncsnes/2
Distribution and thicknesSSeesseescsssossesee’/2
LithologYesosoossscoosessssscennsssasscnsnsall
CoNntactSessssssessscscsscsssosssssssnsscscnasnld
Age and stratigraphic relationS.sesseessssse?d

Morrison Formationeeesesscsscsossssoscscososcssncsocsesl/d

Distribution and thicknesSeesesseessescsccsscecseald

LitholOgYeeesossnssossssossoscrccsosnnoonnssnsanel)

Salt Wash members.eessceesesesccscssscssscsccssen’/8

Brushy Basin member..............................79

ContaCtSoocooocoococooo.ooooo.oooooo.o0000.00.00080

Age..00...'.0.........l...l.........l...........081

Regional stratigraphic relationS.eesccsccessessss8l

Cretaceous SySteMeesssssssssscsescsssccscsssssososssssssssseedl
Burro Canyon FormatioONecssessscscssscssscsssscsssnscsssssd2

Distribution and thicknesSeesecesecscsscccsscsessd2

Lithology........................................82

Lower cOntacCtessssscosossosssccsssssnscsssnssnssasib

Upper contaCCesesssesosssvsoosssossssnssscssssossossed/

Ageoocoouoocuoouoouoooooc-o.00.000.0000.000.0000087

Regional stratigraphic relationSe.sseesccessssssss88

Dakota SandStoOneecsesssssccssssssesssssscoscsssssssscsedd

Distribution and thicknesS..ceeseeescesccsssossea8d9

Lithologyesssssossesssscssssssssssscssssssssssnnsssdd

Lower contaCtessssessscsssssnssssssscsssscsassseed3l

Upper cOntacCtesssessesscsccsnsscnssscssssssssncsedd

N 11

Regional stratigraphic relationSeecccssccscessssedéd

Mancos Shaleoouoocoooooooo-ooooooocoooocoo-0000000000095

Distribution and thicknesSS.seessssscesssscsssscssesdd

LithologYessssssessscsosccesessonscscsnsesossscsssedd

ContaCtSoooootootootoocooc.ooooo.oo.oo.oo.oo0-00099

Age and stratigraphic relationS.eseecessssscocesssd9

Quaternary SySteMecsseossosssscscsossssosscssssosnssessssssssslOl
Lower Pleistocene depoSitSssessssessssscscscsssssssessl02

Older gravel....................................102

Older till.seeeecscscccccsscsscssssssssnsssssnsenslll

Older rubble and older landslideeeccscsosccocsselO4

Upper Pleistocene and Holocene depositSesseceescssesssl06

Eolian and alluvial sand and Silt.seescsscsessssl06

Younger gravelsssesscesssoesssssssessosssssnsssesll?

Younger till.......................-............108

Rock glaciet deposits................-..........109

Landslide depoSitSeessscccssscssscscscscsnsscssssl09

TaluSesesceesosssssssscsscssssnsssscsnssssssssnsslll

Frost tubble deposits.......-......-.....-......110

Igneous YOCKSsessssssssssossessssssssssssssssssssssssassssessesslll
Diorite pOrphyryeesseseoceoscsscsscsssssssscsscsssensssnsssslll
Monzonite pPOrpPhyrYesessssccsesssssvsssssssesnsssnssonsssssslll
Noselite (sodalite?) syenite pOrphyryeessceoseceessesscoesell2

iidi



Contents-~continued

Page

Alteration of intruded roCKkSsseseesscesesensssssasssonessssll2
Origin of the igneous rockSesessessossessssosoosnescsssccessll?
Age of the igneous rockSsssseesssesescssscccccscssssesessall3
Stratigraphic evidenceescesccessccccscsessssenssensssll3
lead-alpha apparent ageS.ssessceccscscessescscssesesensellld
Regional geologic evidencesessssesesscscescssssceaasessllé
Structural Ze0logYsessssssescosssssvsnssossensssssscerssssenssssesseslld
Tectonic settingeecessssoesececssonsnssssssscsnssssssssansssasscslld
General featureS.ssssessessssssstcssenssancssnsssscsansssssssealld
Folds and faults-......................-..-......-.............115
Spanish Valley syncline.sssescscecsssssasassssssssscenssesalld
Moab fault ZONEesssseesessssscrosenccssccsessssossnnsassssasllb
Hunters Canyon monocline.e.cesssesssocscssccsssessscnnseseall?
Pack Creek synclin@eceecessccssessseosnncsscscscnssssensnnssll/
Brumley Ridge fault zZone.sessessssccscccsessccsccsesssesssalld
Pole Canyon anticlineesssscosesscesecsesscesascnsescessoaseall8
Collapse structures of Spanish Valley and environS.eseess.119
Kane Springs grabenessesesessscessccescscsssssssseansensessl20
Browns Hole syncline.seescssscessssscsanscesssonssnssesnsel20
East Coyote synclin@eecssssoescesssescessosnsssesssencsnssssl20
Lisbon Canyon anticlin@sseecsscescossosossessesasensssanssl2l
Lisbon Valley anticlin@escscsscessssssscsscsescssccsnsnsssesl2l
Lisbon Valley fault SysStemMsscecssssscescscssssessessscansel22
Age of the Lisbon Valley fault system.ssececossseseesal23
McIntyre grabeNeesesesscescssssscsssssscsssssssssssssesesel2é
Folds and faults of Dry Valley and vicinity..eeceesoessessl25
Intrusive structures of the La Sal MountainS.sesesssccssscssceal2b
South Mountain grouPesssssssosscccssccccsssessasnssssesansllh
South Mountain stockessessesceseesscsesscsesccccaseassl2?
Intrusions around the stock of South Mountain.e.,....128
Middle Mountain grouUDecsscsosssssecosecsossnsasssessessseeell8
Mount Tukuhnikivatz intrusioneececcscccssccssssssssseal29d
Hell Creek laccolitheessesesssocescscscsessscscsceessel29
Dorry Canyon laccolithesesscsesoseseosacoscssacssnnessl29
Brumley Creek laccolith..............................129

Middle Mountain stock and minor intrusions
around Gold Basin........................-.........130
Intrusions north of Middle Mountain.ececeesescessesecesasssel3l
Btumley Ridge intrusion.....-..-..................-..131
Mill Creek Sillescecsscscsccsccscccscsssnnssnssssnssssl3l
Haystack Mountain intrusionsecescsscscscscsesssesscensl32
Structural hisStOrYeessesosssesesoescassssssossosssessssssessssell2
Natural reSOUrCeS.sesescscssscsossccscscnssscensoscsssessannssnassnsossselld
Uranium and vanadiumecsocosooessssssosssscsssescsncesasnssanecssesl3b
Uranium-vanadium deposits in the Cutler Formation.essees..136
Character of the host rockesecscessscoosssssescsnssssal3b
COlOrseeeceonossascsansssnsnssasscancsscssasaseseelld/
Mineralogyesesceseossssscesscesassoscassnssseneasnsssel38
Uranium mineralS.ececsccescesssscccscsssccsssssessl38
Vanadium mineralSeecesssssscsoscsoscsnsesnssensssl39

iv



Contents=-continued

Page

Copper mineralSeeeessscscssscscsssssssssssssssesl3d
Gangue mineralSeseeeesssssssssssssscssscccsssssssl3d
Interrelations of mineralS.eececescsccsscssecceeldl
Geologic habits Of Or€esseeeesssssscsececscssccnssssseld
Localization..oocoocoocoo.oocoo.oopooooooooo.ooo143
Suggestions for prospectingescessscscessccsssoososssssldd
Mines and ProspectSecessesscsssssscscssssssscsssesssescelld
Carrot pProspeClescessscesssscsesssscsscsnsssnssselldd
Lackey No. 6 prospect....o....-.................145
LaCkEY No. 4 prospect......-....................146

GCGV NO. 1 prospecCtecescecccscscsscescsssescseseslih

Big Buck (Cutler) min€s.sesececsscsccossssscensssldt/
HiStOTYesosoososssecocssssscnscsscsossssssnsld]
Development and productionNecescesssescsesssl4d8
Geology.'..'.0'.......0..l......l..........ll's

Big Indian Incline (Cutler) prospectessessesecsssl4d9
1400-foot aditeeeccccensscccssscsscsensssssssssseeldl
Calico Dike prospecCtesesssesscecsssesssssssossssldl
Small Fry min€seseessescsscosssssssssssssssssssesld2
Uranium~vanadium deposits in the Chinle Formation.e.eeeesss153
Mode Of Occurrence.ooc-oocoocoocoo.oocooc-ooooc'o0-00153
Relationships within the districteeesessscesesssl53
Mineralogy, by Theodore Botinelly, 1957+scesesssessss155
Ore bodieSeeecessssesessosscscssssssscscssosssscsssssnsssl’8
General description..........................-.-158
Relation of ore to lithologyesesssescsssssssssesl58
Description of accessory metalSeseesssssssscsssssosssldd
VanadiumMeseessossssosssssossssssssssssosesnssosesldd
Molybdenum.ssssessesssssssscssssnssnsssssssssseslfb0
Copper............-.............................160
Relation of ore to carbonaceous materialeececscesssessl6bl
Relation of ore to joints and faultSeeessssceeossesssslbl
AlteratioNeeessosseesescsosscscscsesssssscssnssssnsssslb2
SUMMATYessessssccsscsssssvsessssssnsssssnssssssssonsasnslbdl
Mines and ProsSpectSseecsesccceresssssssssssscssscssssslb3
Far WesSt min€sesscccccccsccccsscsocscscssssnscsessslt3
Stratigraphy and 1ithologyeeseeessssscesssselbd
CONntactesesesvsesssossessssssoscnssnssnssessssslb9d
StruCtuUrCesssescsscssscesssssescsssnsessnsssl/0

History and production.eeeesescessossssesssl/l
Mineralized area.sececccscccssscsssnsssseassl/2

Ore mineralSesseecessssccsssccssssosccnnsssl/d

Radon min€sseesssossssssesonssssssssssssssoscesssl/d
History and development.eceesessssssssssssssl?5

Cord mine......-................................178
Stratigraphyeessssocosessssssossessssannnsesl?9d
StrUCtUrCesesossososesossrsssssssssnsassnsssl83

History and description.escececssccecssssssl84

Ore depoSitSeessessessssscscosssnssscssssesl8l

Ike mine'.......'..'.....'...............'..'...187



Contents--continued

Page

Big Buck mine€sssssesssscsssoenssssssonsssssssseslIl
History and development.escessesssssssssssssl9l
Geology....----.......................‘....192

Big Buck No. 11A claimessessescooessssssnnosssssslPl

Idle Day and Big Buck 12A..seesessssssesssssssesl95

Uranium and vanadium deposits in the Morrison Formation...196
Geographic distribution..............................196
Stratigraphic distribution--'oo'oo"o"o"-.'oo'-o'oo196
Character of the host rockSescesescsssescescssssssssssld’

Salt Wash member.ceescessssssssssssonsssncsssnssld7

Brushy Basin memberecssesssscsssssssssnssonnssssld8

Mineralogy...............---...-.....................198

Uranium minerals...........-....-........-......199

Vanadium mineralSeeescsssceossssssssssnssssssess200

Other minerals associated with ore.ceeessssssess200

Size and Shape-......................................201
Suggestions for prospectingeecscscscesscsscsssessessessl02
Mines and ProSpeCtSeessssessssssssssssssssssssssssessl20b

Mill Creek group of mines.......................207

Freeda prospectSeeesessscscoossesssesessssssssess208

Indian Queen ProsSpeCltesccscesscsssssssssssssssssel(8

Western Brumley Ridge group of mineSe.sscesssssss208

Big Three prospecCtecesssssssscsssssssessssssssss208

Slide pProspeClecssescssssssssssssssosssnsssesssssl09

Buckskin min€sssscessssssssosssssssseesssssseseel(9

Chess Ridge mines......................-........209

Hatchet pProSpectSsisssssssssssssssssssssssssessssll

Blue GoOSe MineSesssseessssssssssossssssssesssns’2ll

Lower Brumley Ridge group of prospectSescesessse2l0

Bluebird prospect (Upper Pack Creek)eeceeseseesss2ll

Canary minessssssssesvessssssnsenssssonnssessnsss’ll

Eight Ball prospeCtesesseeesssssssessssssssenssslll

Red Devil prospecCtessessseseessvesesssessseseseslll

R. 0. Metals prospects..........---.....-.--....212

Bridger Jack group of minesSecssssccsscsscesessee2l2

Fault and Sunnyside prospects

(Kane Springs Canyon)sesssesssssssssssssssssss2l3

Bluebird prospectsscessesssseosssssssssssssssssell3

Lucky Break and Upper Rim prospectSsssessessssse2l3

Lucky Strike mine of Black Ridgeeessssssoeesssse2l3

Buster group of claimS.sssscessssssscnssssssssselld

Snowflake and Sunflower mineSesseessssssssessseslld

Hidden Log group of claims...."oo'oo'oo'ooooo"214

Upper Kane Springs Canyon group of prospects....215

Yellow Circle group of mineS.seescesessesssesseesll’

White Fawn min€seesesseessesssossssssssesssosnsssll?

Fault mine (Pole Canyon)esesssesssoesssssssnsessll?

Unidentified prospect in upper Pack Creek.ssss.,218

Potcupine mine..............-..-..--..-.....-...218

Black Canyon group of claimSessesescsescesscesess2l8

vi



Contents=--continued

Page

Gray Horse claiMecssscssscssocssossssensssnssseeall9d
Magee MiN@eesesoesoesosocosscssssssssosssssossonssesll
Gramlich group of claimSeecesessssosssssssosssse220
Blue Bird mine (West Coyote Creek)eseeeessssssss222
Highway prospectescecsssscsssssscsssssssnsssssssell?
Coyote ProSpeClecsssssocssssssvsssssonsosessnssselll
Rattlesnake mineS.esessocssssssscescsssossssssss222
Bonanza proSpeCtecesssessssccscssssssscssssseseelll
St. Paul prospecCtececsssssssscssssssssssssssssselll
Vanadium Wonder group of prospectSesssessssssses22
North Side prospectSessssscscssssssssssssscsssssl2d
Mint group of prospectSsecsccssssscesssssccssssesll’
Empire group of mineS.eseeessscssossssssssscnsssellb
Happy Jack mine (McIntyre Canyon)eeecescsssessss226
Vanadium Queen mineouoouoooooooooooooooooo000;00227
Smokey group Of pProspectSecesssscssccscsssocosssell?
Yellow Girl mineeeeesessssssescosssosssconssonsssl228
Prospect southeast of the Yellow Girl mine......228
La Salle Nos. 1 and 2 min@eeescssssscscccssssesse228
Pinto min€eseesssscosssossscesssnsssscsssssssenssll8
Buck HOYn mineeseecessssscsosssscscssscccsssssossssll9
Cone minesessssesssessssssssssscsssscssnssssessel29
NH prosSpeCtescscccecssssosnsssssssssssscsssssssselll
Wild Horse proSpeCtesssscssssscscscesssccssssssssl30
Silvertone pProspecCtSesesssscsssssscssccansssssssl30
Kuykendall leas@esssscsscsscssscssssssssssscesssl30
Blue Clay min€eseceeessososvscssssssonsssssssessssel3l
State Line prospecCtescssssssescssssssssscscsssssl3l
Liberty No, 2 min€eessssscssvscecscssosrcssssssse23l
Federal prospeCteecsscescccsssccscscscsssscesssseall2
Liberty No., 1 mineeessssocsoossssssosorossssssneel32
Bench group of claimSesssscsessscsssnssorssssesssl32
Lone Star min€ssseeessssssssscsssssssssnssssesss233
Peach group of claimSeesesesesrcesccsscasssssssss233
Bee group Of MineSesesceescccsossossssrcssocsees23l
Waterfall group of mineSeeeecoccosccsessscsseses23b
Warrier No., 1 prospecCtessscscsccesssscoocesssssesl3b
Wilson MinCeesecccccsssssssscssssssvsssncssnsssell3b
Prospects southeast of the Wilson mine.sessseess237
Jackpot group Of mineSoooouooooouoooooooouuoooooz37
Prospect northwest of Bluebird groupecscssesesss238
Bluebird group of claims (East Canyon)e.esssesees238
Nipples group of mineSeeeesssseoccccsssonsosssssel3d
Black Bottom mine...............................239
Profit NO. 1mine..O......'.0..0................239
Sunset mine.oooooooo-o..ooooooooooo.ooo.0-000.00240
Humbug min€essessecsescescccccsocsorsncnnnssnesslhil
Velvet DProSpeClececesessscosssssersossonssssesseslhl
Prospects near Sop CanyONeseesscsssssosssssssseslhl
Locust and Hopper min€eeeessesccccssccccsssssssslll

vii



Contents~—-continued

Page

Prospects of South CanyoN.eeecececccccscsscsssssll2
Frisco group of mineS.eceesccescoesccccscscocseeesllb2
Leftover MinCeescesescoceccescsseevcescscenceceslil
Bonanza No. 1 min€eceececcrccccescccsrvccncrecseeelltd
Bonanza NOo. 2 Min€eeecccesscecesocsccsssonseeesallth
Rats Nest prOSpect..............................244
Nonesuch mineooooooooo.oooooooo005000010000010-0245
Big Lead prospectececscecceccecceccsocccssccsssslh

Claims near northwest corner of
South Canyon POint-ooooooooooooooooooo-o-onooo245
Le Re PrOSPECLececssvecscscsvecocssssvecosssseoslld
Lone Pine prospect..............................246
Sunny Day MiN€eceeereeecesceooecscsssonccssoseeellib
Loya Rae mineeeecececsssccscoscerccssssococesessllih
Morning Star mineeesecececccccscecscessencoccecssesllb
Last Chance min€seecesceccesccsceccccscccccsoeseellt/
Tommie NO. 1 ProspecCtececececececscecscessooncsesll’
Black Jack prospect.-...........................247
Black Hawk prospeCtececceccecccescccscccscnconcssesli8
Happy Jack mine (Peters Canyon)eeeeeeceeococcesss248
Rainy Weather pProspeCteccecrcesceccescecsscssssssld9
Johnnie prospect................................249
Prospect north Of Johnnie Claimoo-ooooocoooo000-249
Popeye pProspecCLececcsccescessccccscccscosescssseeld0
Lookout pProspecCteccccsccccscccesccsccoesscssssssld0
Little Joe Min€ssecsscsscoconssscecssccscsccssesnsld0
Copper..............................................-........-.250
History and productioneccscccccecscscssocccoscccsvsesscsseeesl’0
Geologic habits of the ore depoSitSeececscoceccscsccesecess2dl
Copper deposits in sedimentary rockSececseeeecesseees252
Copper deposits in igneous rockS.sececsscevecccseeeee253
Mineralogy................................................253
Sulfides........"..'l....'..'..0..'.00'0..0..0.'0...254
CarboﬂateSoooooooooooooooooooo-ooooooo000000010000000255
OXideSeceesoscooessosessvsesseocssccsscsscosssvesseessl2dD
SulfateSeesseceeersesscecssnsscsssscsscssscscsssocsesseldd
Other copper mineralSooooooooooooooooo000000000000001256
Comparison with other copper deposSitSiseseececccccscereessldb
Sedimentary hOoSt TOCKSeceeeseessscescecccsscoccesssseldb
Igneous hOSt TOCKSseeeoveesscveccessvrecccessecvessceesd/
Origin of copper deposits in the Lisbon Valley areaceeeese257
Previous theorieS.eceeeecssecsscsscressecscccscccsosessld?
Copper deposits in sedimentary rockSeeeceseeseees2d’
Copper deposits in igneous rockSeeeeesesoseecees258
Hypogene hypothesiSeeseecccecccrecscscecccnreessld8
Suggestions for prospectingesseessccccccccscessocsccececcesldd
Mines and prOSPeCtSQQooooonooooooloooooo.ooooooooooooooo00259
Big Indian copper mine.ececececsccccssocscccossccsccsess2’9
Philadelphia pProSpectSeeecessescvescscccsccsccsseneeslb0
Copper QUeeN.ceecssecsceccescccescccccscssnsoseelbl

viii



Contents—-continued

Page

WesStern StaTeeceecsoecescccreccserccsnssnsssseess2b2
Blackbirdeeseeseeeeceocecooscnsssnnscrassosensenslb2

Prospect in the Kayenta FormatioNesssssscsssssse264

WOOdS PropEertYesssesosososessssssosnssescsssonsssslbl

Lookout Pointeecesececcceeccccscscocccocscessansseslbd

LUCky SEATsseeseressenssosssssesonssssnsossossesslbd

Lucky Strike@ssessesvoocossnsossossosessessnsseseelbBb

Lone WolfeseseeecoesosoonoesossocoocssoosonsensseeslbB/

Twin LOgS group of claimSeeesceseoscreaceooscnnesslbl

Other cOpper OCCUITEeNCEeSesssssssosssesssssnssoensessss’lb8
Manganeseo.oo.oo-o..oo.oo.ooo.oo.ooooo.oo.oooooooooooooooooo.o-269
’ DepOSitS near Muleshoe Washi.eeeeeeeeceecocncconsssnnssnneslB9
Deposits near Big Indian Washeeeseessseccosccscccsossssnsss2’0
Compatisons and origin....................................271
Suggestions for ptospecting................o........o.....271

70 ' .Y 4
Nonmetallic depositSoo.ooooooooo.ooooo.oo.000000000000000000000272
Gravel and sandeeceecececscsssesssoorcrcrcrececerrssncrenssel2l3
LimeStOnCesesereeerareeesosscerccerrecsnrcrnncerersnccesssell3
Building SLONECeesseosssnsoorsossssonssonsssnnssonssnnsssselll
ClaYSnooooonaoooonaoooooaoonoonooononooooonooooonaooooonooz73
Barit@eoseeeesoosoosneossssosresssossscrcresssssocnnsssssnnseelll
POtasSheesseesecsoosncssssssonnessssosnoncesssssvnncssssssoonelll
FuelSeseseeesesovsnccsocssnnosnsncssscsoncsnnnssnsssnscssnsssnseselld
0il and gaSooo-.oo.oo.oo-oooooo-ooooooooooooooooooooooooo0275
COQleeesovoosnossncssnsscsessonssosnsssnososnssnnssnnssenselll
Water................-........................;................277

REferenceS citedoo..o.oooOO0.00000..o..0.00ococ000000000000000000000279

Illustrations

Figure l.--Index map showing the Colorado Plateau and the 1A

location of the Lisbon Valley area, Utah-
Colorado, U.S.A.

2.--0Outline map of the Lisbon Valley area, Utah- 2A
Colorado showing areas of chief responsibility
for geologic mapping

3.~—Generalized geologic map of the Lisbon Valley area A

4,—Outline map of the Lisbon Valley area, Utah-
Colorado showing location of published 1:24,000 ¥4
scale MF maps

ix



INTRODUCT ION
LOCATION AND EXTENT OF AREA

The Lisbon Valley area includes about 720 square miles lying mainly in
northeastern San Juan County, Utah; a small strip on the eastern edge of the
area lies in Montrose and San Miguel Counties, Colorado (fig. 1).

GEOGRAPHY

The geography of large parts of the Lisbon Valley area has been described
in detail by Baker (1933), C. B. Hunt (1958), Richmond (1962) and Sumsion
(1971). Gregory (1938), Tanner (1937) and A. P. Hunt (1953, 1956, 1960) have
written engaging accounts of the aboriginal occupance and early exploration
and settlement of the area. To these reports the interested reader is
referred, for only an outline of the geography of the Lisbon Valley area will
be given here.

Most of the area is a desert that consists of rock plateaus studded with
mesas and trenched by narrow canyons. The plateaus generally lie near two
elevations--about 6,000 and 7,000 feet. The higher plateaus, exemplified
along the southern border of the area by Peters Point and other projections of
the northern edge of the Sage Plain, is mostly covered by sagebrush, juniper
and pinyon. The lower plateaus, exemplified by Dry Valley, are sparsely
covered by desert grasses and sagebrush. The pinyon and juniper woodlands of
the higher plateaus grade into scrub oak and aspen and yellow pine forests
above 8,000 feet on the slopes of the la Sal Mountains along the northeastern
edge of the area.

Total relief in the Lisbon Valley area is almost 8,000 feet. The low
point is in Kane Springs Canyon (4,600 feet); the summit of Mount
Tukuhnikivatz (12,483 feet) is the high point. More than 90 percent of the
Lisbon Valley area, however, lies between 5,500 and 7,500 feet. The only
large area below this interval is the floor of Spanish Valley; the Ia Sal
Mountains include all the higher elevations.

The semiarid climate of the Lisbon Valley area is characterized by large
daily and yearly ranges in temperature and a total annual precipitation of
about 10 to 15 inches, mostly as sporadic, intense thundershowers. Snow is
infrequent at altitudes below 6,500 feet and usually melts in a few days. The
La Sal Mountains have a generally cooler and moister climate than the rest of
the area, and near the summits snow commonly persists from November through
April.

The only sizable perennial streams in the Lisbon Valley area are the
South Fork of Mill Creek and Pack Creek near the north boundary. Cane Creek,
East Coyote Creek, and West Coyote Creek and some of their smaller tributaries
are in part perennial and in part intermittent. Dry washes, however, are the
characteristic "streams" of the area. Insignificant appearing gullies may be
converted for a few hours into impassable torrents by a single rainstorm.

The Lisbon Valley area is thinly populated. At the time of mapping, only
a few hundred people resided in the area, mostly in semi-permanent trailer
houses and shelters near active mines. The largest settlement is the town of

1
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La Sal on the east edge of the area. Many workers in the area make their
homes in the nearby towns of Moab (population, 1960 census: 4,682) and
Monticello (population 1960 census: 1,845). Most of the workers are engaged
in uranium mining, oil exploration, and stock raising.

U. S. Highway 160 passes through the western part of the area and
connects Moab and Monticello, the chief supply points. Utah Highway 46 in the
northern half of the area connects la Sal with the main highway. Several
improved roads in the central part of the area lead to the principal uranium
mines and oil wells. Dirt roads and trails are numerous, and only parts of
the La Sal Mountains and some deep canyons are relatively inaccessible.

Both Moab and Monticello have airports, and landing strips for light
airplanes have been built near some mines and ranches in the area, Moab, 6
miles north of the area, is the nearest rail point.

PURPOSE AND SCOPE OF WORK

Field study of the Lisbon Valley area was undertaken by the U.S.
Geological Survey on behalf of the Raw Materials Division of the U.S. Atomic
Energy Commission to obtain geologic data that would aid the search for
uranium. These data are also useful in the appraisal of other mineral
resources.

The Lisbon Valley area was long known to contain deposits of uranium and
vanadium minerals, and since 1952 it has become a major uranium producing
area. Successful test wells for potash were completed in 1958 and 1959, and
in early 1960 oil and gas were first produced in this area. Copper,
manganese, and coal have been mined on a small scale in the past.

This report describes the rocks, structure, and mineral deposits of the
Lisbon Valley area. The uranium deposits——their distribution, habits, and
possible origin--are discussed in detail.

FIELD WORK

Geologic mapping of the Lisbon Valley area began in the spring of 1954
and was completed in the summer of 1959, The mapping was done by G. W. Weir,
W. P, Puffett, C. L. Dodson, and V. C. Kennedy assisted for short periods by
A. R. Conroy, L. F, Emmett, I. G. Hendrickson, W. L. Newman, J. R. Shappirio,
and W. E. Sharp. Figure 2 shows in a general way the areas of chief respon-
sibility and when the work was done. The area north of East Coyote Creek was
mapped by W. D. Carter, J. L. Gualtieri, J. C. Warman, and W. R. Barton as part
of a geologic study of the La Sal Creek area (Carter and Gualtieri, 1965).

Mineral deposits were examined in a reconnaissance by Weir in 1953 and
during the course of the geologic mapping by the above-mentioned geologists.
Most mapping of active mines was done in the summer of 1956 and 1957 by Weir,
Dodson, Puffett, Theodore Botinelly, and R. P. Fischer assisted by Conroy and
P. L. Williams. Botinelly also studied the mineralogy of the uranium deposits
in Triassic rocks. Kennedy (1962) made a geochemical study of the mineral
deposits in the area. Developments of oil, gas, and potash were mostly later
than our field work in the area; we have drawn on published reports for a
brief description of these deposits.
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PREVIOUS WORK

The main geologic features of the Lisbon Valley area have been long known
from reconnaissance studies of the region and detailed studies of adjacent
areas.

J. S. Newberry (1876, p. 90~93), the geologist of the Macomb expedition
to the junction of the Green and Colorado Rivers in 1859, was the first to
describe part of the Lisbon Valley area. The expedition descended from the
Sage Plain near the head of East Canyon and proceeded northwesterly through
the canyon to near Casa Colorado rock and then, leaving the area, turned
westerly to the canyon of Indian Creek and the Colorado River. Newberry
described the topography and rocks along the route and noted the presence of
igneous rocks in the La Sal Mountains.

Reconnaissance by the U.S. Geological and Geographical Survey of the
Territories (the Hayden Survey) led to publication of a generalized geologic
map of Colorado and part of Utah, including the Lisbon Valley area (Hayden,
1877, pls. 4 and 14; 1878). Peale (1877), a geologist of the Hayden Survey,
described the geology of the La Sal Mountains in the northeast part of the
Lisbon Valley area, but attack by Indians prevented reconnaissance to the
south.

Cross (1907) traversed the Lisbon Valley area in a stratigraphic
reconnaissance of Colorado and Utah; he correlated the Plateau rocks with the
section then known in the San Juan Mountains. Later studies by Gilluly and
Reeside (1928), and Baker and others (1927, 1933, 1936) established much of
the current nomenclature of the formations in this region.

Butler and others (1920, p. 614-615, pl. 4) described some copper
deposits along the Lisbon Valley fault and showed the general character of the
area on a small-scale geologic map of Utah., The Colorado part of the Lisbon



Valley area was mapped by Coffin (1921) as part of the radium—-, uranium-, and
vanadium-producing region of southwestern Colorado. Gould (1927) published a
small-scale map of the La Sal Mountains and described the laccolithic
intrusions.

The search for oil in the Colorado Plateau resulted in publication of
many papers dealing with the stratigraphy, structural geology, and oil
possibilities of southeastern Utah in the late 1920°s. Most of these papers
are cited by Baker (1933, p. 1l1) in his detailed report on the geology and oil
possibilities of the Moab district, Utah, which includes the western part of
the Lisbon Valley area.

During World War II reconnaissance geologic maps of parts of the Lisbon
Valley area were made by geologists for the Manhattan District to help
appraise the carnotite deposits (Kirkpatrick, R. K., Union Mines Development
Corp., written commun., 1944, 1945, and Wardwell, H. R., Union Mines
Development Corp., written commun., 1946). R. D. Sample, H. H. Sullwold, Jr.,
and E. E. Gould (U.S. Geological Survey, written commun., 1943) made a
reconnaissance map of the Lisbon Valley anticline as part of a study of the
copper deposits in the area. This unpublished map was incorporated in
regional maps compiled by Fischer (1944) and by Andrews and Hunt, C,.B.,
(1948). Photogeologic maps of most of the Lisbon Valley area and the
adjoining la Sal, Utah-Colorado area were open-filed in 1952-53 and in part
published in 1956-57 (Hackman, 1952, 1956a~f; Hackman and Tolbert, 1956;
Tolbert, 1952, 1957a~c). The bedrock geology of the La Sal Mountains was
studied by Hunt, C. B., (1958); the surficial deposits, by Richmond (1962).

The generalized geologic map of the present report (fig. 3) was compiled
from preliminary 1:24,000 scale geologic quadrangle maps, whose locations are
shown in figure 4. The geologic setting of the Lisbon Valley area is well
shown on the Moab 2° quadrangle (Williams, P. L., 1964). Steen and others
(1956), Dix (1953a) and Lekas and Dahl (1956) were among the first to describe
the large uranium deposits in Upper Triassic rocks. Other significant papers
concerned with the general geology and mineral deposits of the Lisbon Valley
area are cited under specific topics of this report.

STRATIGRAPHY
CONCEALED ROCKS

Beneath the upper member of the Hermosa Formation of Pennsylvanian age is
buried a thick sequence of Paleozoic formations resting on the Precambrian
basement. This sequence is known chiefly from widely spread drill holes, for
with few exceptions, it does not crop out on the Colorado Plateau. The fol-
lowing sketch of the character of the buried rocks is based mainly on data
published before 1960; however, the stratigraphy has been updated so that it
is current as of December 1977. The buried formations are of importance
because they contain host rocks for oil, gas, and potash, and because some units
strongly influenced the development of the geologic structure of the area.

Precambrian rocks

A Precambrian complex crops out on the flanks of the Uncompahgre Plateau
about 40 miles northeast of the Lisbon Valley area. It is separable into an



109°30'W

38°30'N

EXPLANATION

I ] attwviem

109°15'W

Ignecus rocks,
chiefly diorite
porphyry

-

Mancos Shale,
Dakota Sandstone,
and Burro Canvon
Formation
Jm | Morrison Formation TRsg
- Jsr | San Rafael Croup San Rafael and
Glen Canvon Groups,
undifferentiated

Glen Canyon (roup

Chinle Formation

RIASSTC JURASSIC CRETACEOUS TERTIARY QUATERNARY

where concealed:
U, upthrown side;
D, downthrown side

to workings in

& (opper
.. Contact, dashed where

approximatelv located

Anticline, showing trace
of axial plane and bearing
and plunge of axls, dashed

where approximatelv located

and

Z Triassic, Permian,
= & Moenkopi Formation . .
= - m N Pennsvlvanian units,
F Cutler Formation
a - = . undifterentiated
= Ph Hermosa Formadion
= =
%z Uranium (locations in
Z S L. uigh angle fault, @ (lon (anvon Groun
Z o dashed where approxi ‘le !
= matelv located, dotted (JRge) are ot shatts

Chinle Formation (R )

38°15'N
Big Indian
Lisbon Valley
oS>y _—fault
= 'zfé;.(\
Big S ’\‘%‘.\ K
Indian 3\ ‘Q.'\ U
Jsr incline = o
— \ isbon Valle
Jm = Ii\ anticline Y
w Bi —_—
Tsr Buc
J
Jsr Rec
Jm
Jm
J'ﬁgc '\
Black
Bottom
%
+78's
v / K L 4 $
38"00‘N 38°00'N
109°30'W 0 1 2 3 4 5 Miles 109°00'wW

—
-

Figure 3.--Generalized geologic map of the Lisbon Valley area.

dN



Mount Peale
2 NW

(Weir, Kennedy,
Dodson, and
Puffett, 1961)

Mount Peale
2 NE

(Weir and
Puffett,
1960)

Mount Peale
2 SW

(Weir and
Kennedy,
1958)

Mount Peale
2 SE

(Weir, Dodson,
and Puffett,
1960)

Mount Peale
3 NW

(Weir and
Dodson,
1958)

Mount Peale
3 NE

(Weir and
Dodson,
1958)

Mount Peale
4 NW

(Weir, Dodson,
and Puffett,
1961)

Mount Peale
4 NE

(Weir, Carter,
Putfett, and
Gualtieri, 1960)

Mount Peale
3 SW

(Weir and
Dodson,
1958)

Mount Peale
3 SE

(Weir and
Dodson,
1958)

Mount Peale
4 SW

(Weir and
Dodson,
1958)

Mount Peale
4 SE

(Weir and
Puffett,
1960)

Figure 4.--Outline map of the Lisbon Valley area,
Utah-Colorado showing location of published
1:24,000 scale MF maps.

Jb




older gneiss and schist complex and younger granites (Dane, 1935, p. 20-24;
Cater, 1955; Shoemaker, 1956). The older complex is strongly foliated and
consists of gray, fine- to medium-grained, gneissic biotite granite that has
engulfed masses of biotite and hornblende schist and gneiss, and quartzite.
The younger complex is less widespread and consists of pink coarse-grained and
porphyritic biotite granite, in places cut by a probably comagmatic light-gray
granite and by pegmatite and aplite dikes. The younger complex is less
altered than the older complex, but locally all the Precambrian rocks are
sheared and crushed.

Cambrian system

Maps and sections by Baars (1958) and Lochman-Balk (1972) suggest that
Cambrian rocks in the Lisbon Valley area are about 900 to 1000 feet thick and
consist chiefly of coarse- to fine-grained sandstone and minor conglomerate,
shale, and siltstone, probably in large part resembling the Ignacio Quartzite
of the San Juan Mountains (Baars and See, 1968). The top 80 feet of the
Cambrian sequence in the Lisbon Valley area consists of dark-gray argillaceous
dolomite and thin beds of shale and resembles the Lynch Dolomite of central
Utah (Budd, 1960).

Devonian system

Unconformably overlying the Cambrian rocks of southeast Utah are
sedimentary rocks of Late Devonian age. The unconformity has little
expression in the subsurface or in the nearest outcrops in the San Juan
Mountains of southwestern Colorado (Baars, 1958, p. 96-97; Baars and See,
1968, p. 337). The Devonian of the Lisbon Valley area includes the Elbert
Formation and the Ouray Limestone. These formations together are as much as
400 feet thick; they thin northeastward (Baars, 1972, p. 94, 95).

The basal member of the Elbert Formation in the Lisbon Valley area
consists mostly of dolomitic sandstone and sandy dolomite and is as much as
120 feet thick (Budd, 1960). The unit is generally correlated with the
McCracken Sandstone Member of Knight and Cooper (1955) who described the unit
from cores from southeastern Utah. The upper member of the Elbert Formation
is dolomite and minor shale grading near the top to sandy limestone and minor
shale; it is as much as 180 feet thick (Budd, 1960). Gradationally overlying
the Elbert is the Ouray Limestone which is as much as 100 feet thick in the
Lisbon Valley area. It consists of medium—-crystalline to microcrystalline
limestone and dolomitic limestone and minor shale (Budd, 1960; Anon., 1960).
The upper part of the Ouray may include some beds of Early Mississippian age
(RKnight and Baars, 1957; Baars and See, 1968).

Mississippian system

Mississippian rocks in the Lisbon Valley area are mostly carbonates that
range in thickness to about 500 feet; they thin eastward and are truncated by
an irregular karst-like unconformity. They were commonly assigned to the
Leadville Limestone (Neff and Brown, 1958; Ohlen and McIntyre, 1965), because
of similarity of the subsurface section to the Leadville Limestone in outcrops
in the San Juan Mountains of southwestern Colorado described by Burbank (1940)
and Baar and See (1968). At present, however, many would correlate these
rocks with the Redwall Limestone to the south and west.



Several brief descriptions of Mississippian rock from wells in the
northwest-central part of Lisbon Valley area have been published (Budd, 1960;
Anon., 1960). The most detailed description is given by Mitchell (1961) who
subdivided the Mississippian into four units. The basal unit, about 100 to
120 feet thick, is relatively fine grained dolomite, originally an oolitic and
pelletal limestone, and contains aphanitic limestone and oolitic limestone at
top and bottom of unit., Above the basal unit is a carbonate unit, about 90 to
130 feet thick, which is chiefly a vuggy dolomitized calcarenite composed of
crinoid, bryozoan, brachiopod, and other skeletal material; contains white
replacement chert. Unconformably above is a unit, about 130 to 230 feet
thick, of crinoidal limestone and vuggy dolomite derived from crinoidal
limestone. The top unit is as much as 80 feet thick and is made up of
aphanitic limestone and minor oolitic and pisolitic limestone, in part
dolomitized; it contains light-brownish to bluish chert.

Pennsylvanian system
Molas Formation

The Molas Formation crops out only in the San Juan Mountains of
southwestern Colorado where it is chiefly red silt and clay with rock
fragments of chert and limestone derived from Mississippian and Devonian
formations. The distinctive lithology of the Molas Formation makes it an
easily recognizable subsurface marker in much of the eastern Colorado
Plateau. The thickness of the formation differs from place to place because
of its irregular bottom and its gradatiomal top. The Molas rests on a fossil
karst surface and grades upward into the Hermosa Formation. The Molas is
generally regarded as Early Pennsylvanian, but Merrill and Winar (1958)
suggested that Molas sedimentation may have begun in the Late Mississippian
and persisted into the early Middle Pennsylvanian.

In the central part of the Lisbon Valley area about 20 to 50 feet of beds
have been assigned to the Molas (Neff, 1960, p. 61). In the Elliot No. 1-C
Lisbon Valley well the Molas consists of 18 feet of reddish—-brown and grayish-
purple shale, light-gray bentonitic shale and pale~green sandy shale (Anon.,
1960).

Hermosa Formation

The Hermosa Formation is not completely exposed on the Colorado Plateau,
and the outcrops at its type locality in the San Juan Mountains near Durango,
Colorado, are not fully representative of the formation in the subsurface of
the Plateau region (Cross and Spencer, 1900; Roth, 1934; Bass, 1944a, b). The
Hermosa Formation of the Colorado Plateau was divided into three members by
Bass (1944a, b): a lower member, chiefly limestone; the Paradox Member, an
evaporite sequence; and an upper member, chiefly limestone. In the Lisbon
Valley area only a part of the upper member crops out.

As a result of exploration in the 1950s for oil and gas in the Paradox
basin, the nomenclature of the Hermosa and related formations was refined and
elaborated by Wengerd and Strickland (1954), Wengerd and Matheny (1958), Malin
(1958), and Baars and others (1967).



Lower member

The lower member of the Hermosa Formation ranges in thickness from about
180 to 240 feet in the central part of the Lisbon Valley area (Four Corners
Geological Society, 1960, p. 151; Anon., 1960), but it may pinch out in the
eastern part of the area (Neff, 1960, p. 61). In the Elliot Production Co.
No. 1-C Lisbon Valley well in sec. 9, T. 30 S., R. 24 E. the lower member of
the Hermosa is 192 feet thick and consists of grayish-brown and grayish-green
dense limestone with some gray and brown shale and chert in the lower part,
and grayish-brown, dense, clayey, and anhydritic dolomite at the top (Anon.,
1960).

Similar gray limestone units, resting on the Molas Formation and overlain
by the evaporites, were correlated by Wengerd and Strickland (1954, p. 2168-
2169) with Pennsylvanian rocks exposed on Pinkerton Trail, 12 miles north of
Durango, Colorado. For this lower member of the Hermosa Formation they
proposed the name "Pinkerton Trail Formation" (of the Hermosa Group). Baars
and others (1967, p. 397) designated an alternate type section for the
Pinkerton Trail Formation of Wengerd and Strickland (1954) in the Shell No. 1
Bluff well in southeastern San Juan County, Utah. The lower member of the
Hermosa is gradational and probably intertongues with the red shale of the
underlying Molas Formation. The contact with the overlying Paradox is a
regional disconformity (Wengerd, 1958, p. 118).

Paradox member

The Paradox Member of the Hermosa Formation is not exposed in the Lisbon
Valley area, but it has been penetrated by many deep holes and is partly
though poorly exposed near Moab, a few miles north of the area. The type
locality is in Paradox Valley, Colorado, about 20 miles east of La Sal; but as
all outcrops are poor and incomplete, the Paradox member is known mainly from
drill holes. Baars and others (1967, p. 400) proposed a subsurface type
section for the Paradox in the Reynolds Mining Company No. 1 Egnar well in
western San Miguel County, Colo.

The Paradox was named as a formation by Baker (1933), but was considered
a member of the Hermosa Formation by Bass (1944a, b). Wengerd and Strickland
(1954) and Baars and others (1967) proposed that the Paradox be accorded
formational rank within a "Hermosa Group".

The outcrops of the Paradox Member near Moab consist of jumbled masses of
grayish-white gypsum with small amounts of black shale and gray limestone
(Baker, 1933, p. 14). These masses have intruded younger formations, and the
stratigraphic relations are obscured. In the subsurface the Paradox consists
of cyclic deposits of salts, anhydrite, gypsum, and minor black shale,
siltstone, dolomite, and limestone.

A threefold division of the subsurface Paradox is made by Wengerd
(1958). 1In the central part of the depositional basin the lower unit consists
of black shale, dark-gray siltstone, earthy anhydritic and gypsiferous
dolomite, gypsum, and anhydrite.

The middle unit is an evaporite sequence--mainly salt with some
interbedded black shale and siltsone, gypsum, anhydrite, and dolomite. The



evaporite sequence is made up of cyclothems that show a pattern of increasing,
then decreasing salinity. A complete cyclothem consists in ascending order of
black shale, limestone and dolomite, anhydrite, halite, potassium and
magnesium salts, halite, anhydrite, dolomite and limestone, and finally black
shale (Herman and Barkell, 1957, p. 867-869; Hite and Gere, 1958, p. 221;
Hite, 1960). The cyclothems are commonly incomplete; the potassium and
magnesium salts, and the anhydrite and carbonate rocks above the salt are
frequently missing. The individual cyclothems can be identified in vertical
succession, and by their position with relation to a few key beds. They can
be traced from well to well.

Above the salt is a penesaline unit, lithologically similar to the lower
unit and not separable from it where salt is absent. This upper unit is
composed of black, silty, calcareous to dolomitic shale, anhydrite, gypsum,
and brown, argillaceous, finely crystalline dolomite and limestone. These
beds are referred to the "Ismay and Desert Creek zones" of the Paradox by many
geologists (H. He. Brown, 1960, fig. 1; Four Corners Geol. Soc. Nomenclature
Comm., 1960). The upper unit of the Paradox is transitional with the normal
marine clastic-carbonate upper member of the Hermosa Formation. Wengerd and
Strickland (1954, p. 2173) suggest that the upper contact of the Paradox
Member be placed at the top of the uppermost thick bed of jet-black shale or,
where this is lacking, at the top of the uppermost bed of anhydrite.

Reported thicknesses of the Paradox Member in the Lisbon Valley area
range from about 1,100 to 5,300 feet. These thicknesses include about 350 to
400 feet of gray limestone and dolomite, black shale, and anhydrite at the top
of the member. The bulk of the Paradox Member in the area is an evaporite
sequence consisting chiefly of salt with lesser amounts of anhydrite,
potassium salts, black shale, and dolomitic limestone.

The maximum thickness of the Paradox Member in the area is probably much
greater than the greatest reported thickness, for no well has penetrated the
entire member near the crest of the anticlines of Lisbon Valley or Spanish
Valley. Scattered wells on salt anticlines in adjacent areas show that the
Paradox Member is anomalously thick along the axes of the anticlines. For
example, along the axis of the Paradox Valley anticline the Continental Oil
Company No. 1 Scorup well (sec. 8, T. 47 N., R. 18 W. Montrose Co., Colo.)
penetrated more than 14,000 feet of Paradox salt-bearing rocks whereas the
depositional thickness of the member adjacent to the core of the anticline has
been estimated to be only 7,000 feet (Elston and Shoemaker, 1960, p. 51).
Such recorded abnormal thicknesses of the Paradox Member result in part from
the original greater thickness of salt laid down in troughs along the trends
of the anticlines, but result mainly from the intense deformation of
incompetent salt beds. Drill holes penetrating the cores of the anticlines
show that the beds are steeply dipping, locally duplicated by recumbent
folding, and to some extent, thickened by salt flowage (Hite, 1960, p. 88).

The Paradox Member is abnormally thin near McIntyre Canyon in the eastern
part of the Lisbon Valley area. In the Pure 0il Company SE Lisbon No. 1 well,
about one mile east of the edge of the area, only 1,162 feet of section is
assigned to the Paradox and of this only about 800 feet is reported to be salt
(Four Corners Geol. Soc., 1960, p. 153). The thinness of the member is
ascribed to deposition across an Early Pennsylvanian high (Neff, 1960, p. 61).



Upper member

About one-~third to one-half of the upper member of the Hermosa is exposed
in the central part of the Lisbon Valley area, and therefore, this member is
described with the exposed rocks on the following pages. The unexposed part
of the member consists chiefly of gray and grayish-brown limestone, in part
sandy and cherty (H. H. Brown, 1960).

EXPOSED ROCKS

Consolidated rocks that crop out in the Lisbon Valley area range in age
from Late Pennsylvanian to early Pleistocene. As in the previous section on
concealed rocks, the stratigraphy has been updated as much as possible so that
it is current as of December 1977, The oldest exposed consolidated rock is
the upper member of the Hermosa Formation; the youngest, siltstone and poorly
cemented gravel near the la Sal Mountains. Rocks of Jurassic and Cretaceous
age, however, account for fully 90 percent of the outcrops. The bedrock is
locally mantled with thin patches to thick sheets of surficial deposits of
Pleistocene and Holocene age. The exposed rocks are dominantly continental.
Marine fossils are found only in the upper member of the Hermosa Formation of
Middle and Late Pennsylvanian age and in the Mancos Shale of Late Cretaceous
age.

Deposition in this part of the Colorado Plateau was relatively
continuous. The most profound break is an angular unconformity between the
Cutler Formation of Early Permian age and the Chinle Formation of Late
Triassic age. Regional disconformities are found at the top of the Navajo
Sandstone of Triassic(?) and Jurassic age and at the top of the Burro Canyon
Formation of Early Cretaceous age, but the time significance of these breaks
is probaly small., No sedimentary rocks of undoubted Tertiary age are found in
the area, and the unconformity at the top of the remmant Cretaceous rocks
records a long period of erosion. Glacial deposits cover much of the slopes
of the La Sal Mountains. Alluvial and eolian surficial material is extensive
in the mesa lands and broader valleys.

Pennsylvanian system
Hermosa Formation, Upper member

Distribution and thickness

The Hermosa Formation crops out only in the central part of the Lisbon
Valley area. Limestone beds in the exposed part of the upper member forms a
series of dip slopes on the Lisbon Valley anticline between Lisbon Valley and
Big Indian Valley. Deep drill holes indicate that the upper member of the
Hermosa is about 1,400 to 2,100 feet thick in the Lisbon Valley area (H. H.
Brown, 1960, fig. 1). An estimated 900 feet of the Hermosa is exposed.

Lithologz

The exposed part of the Hermosa Formation consists of shale and non-
fissile mudstone (55 percent), sandstone (30 percent) and limestone (15
percent). Logs of wells in the area suggest that the buried part of the upper
member of the Hermosa contains little sandstone and a much higher percentage



of limestone (Baker, 1933, p. 92; Brown, H. H., 1960, fig. 1). The section
given below illustrates in detail the lithology of the upper member of the
Hermosa Formation exposed near Lisbon Valley. Comparison of this section with
that published by Baker (1933, p. 20-21), describing outcrops of the Hermosa
Formation on the Colorado River about 30 miles west of the Lisbon Valley
section, shows a westward increase in the number and thickness of the lime-
stone units. The following section, measured with hand level and tape by the
writers in 1957, was described from outcrops along main gullies southwesterly
from Lisbon Valley to Big Indian Valley.

Partial section of the upper member of the Hermosa Formation measured along a

southwesterly traverse beginning in SW1/4 sec. 16 and ending in SW1/4
sec, 20, T. 30 S., R. 25 E., San Juan County, Utah

Thickness
(feet)

Cutler Formation:

Basal units of Cutler Formation consist of about 8 ft of
grayish—red(lqg_A/Z)-/ and yellowish-gray (5Y 7/2) shale,

_/Color names with numbers based on rock color chart by Goddard and

others (1948).

very fine sandy and micaceous; overlain by more than 20 feet

of sandstone, pale-red (10R 6/2), moderate-orange-pink (5YR 8/4),
medium to very fine grained; composed of clear quartz, feldspar,
muscovite, and biotitej crossbedded in low—-angle trough sets,
contorted; forms minor ledges.

Not measured.'.'....l.!'..'....'...'.'..'..........'...........!...l.!l.
Hermosa Formation:
Upper member:

37. Limstone, medium-gray (N 5); weathers medium bluish gray
(5B 6/1); very fine to medium crystalline; horizontally
stratified in two units, each about 12 in. thick;
contains a few crinoid fragments; forms a ledge and
dip Slope in Creek.o'ooo-oouoo'o.uoooooo'oouoooouuoouoouo.ouooZoO

36. Shale (75 percent) and sandstone (25 percent). Shale,
grayish-red (10R 4/2), very fine sandy at top; forms
basal part of unit. Sandstone, grayish-red (10R 4/2),
locally weathers greenish-gray; silty and very fine
grained with abundant fine mica flakes; horizontally
stratified in thin beds. Unit forms slope; poorly

exposed--.....;..;........-...-...........-..-....-.;.-...;..-5.5
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35. Sandstone, pale-reddish-brown (10R 5/4); mottled,
especially at top of unit, with pale greenish yellow
(10Y 8/2); very fine grained, silty, micaceous;
horizontally stratified in thin units at base, more
thickly bedded at top; forms irregular dip slope in
creek; obsured by limestone fragmentS..ceeceeecesscsecssssesssldel

34, Limestone (90 percent) and mudstone (10 percent).
Limestone, light-gray (N 7), weathers greenish gray
(QEX 6/1), micrograined; in beds a few inches to
more than 1 ft thick; irregularly horizontally stratified;
top 12 in. contains streak of red mudstone; weathered
surface is pitted, suggesting eroded mudstone pebbles;
fossiliferous, USGS collection no. 16782. Mudstone,
yellowish-gray (5Y 7/2) and (5Y 8/1); at base and about
2 ft below top. Nodules of limestone in mudstone at
base contain foraminifera, USGS collection no. £-12488.
Unit forms minor ledges and dip Slop€eccesccccesesccccssocceesl0.8

33. Shale, pale-brown (5YR 5/2), in part mottled with pale
yellowish gray (5Y 7/2); silty, becoming very fine sandy
at top; forms slope littered with small fragments
1/8 to 1 in. ACrOSSeecescecsssosssrcsssssssssssessscsssossssscsslel

32. Sandstone, pale-red (1OR 6/2), pale-olive (10Y 6/2), and
pale~greenish-yellow (10Y 8/2); reddish color dominant,
streaked with green, yellow, and gray; generally similar
to sandstone in unit 31 but crossbedded in trough sets
and commonly contorted; forms ledg€ecscecscccscsscsccensccsselal

31. Sandstone (70 percent) and shale (30 percent). Sandstone,
pale-greenish-yellow (10Y 8/2) and pale-red (10R 6/2);
weathers pale red (10R 6/2); fine to very fine grained
silty, poor sorted; composed of angular clear and
reddish-stained quartz and feldspar and biotite; firmly
to poorly cemented, calcareous; lowermost sandstone bed
about 1 ft thick, contorted; most sandstone in thin
horizontal beds; sandstone grades upward to shale. Shale,
light-browish-gray (5YR 6/2) and greenish-gray (5GY 6/1);
brownish shale is clayey and is interbedded with sandstone
in lower two-thirds of unit; greenish shale, very fine
sandy; contains abundant mica flakes, at top of unit.eeeesessd5.2

30. Sandstone (80 percent) and shale (20 percent). Sandstone,
grayish—yellow (5Y 8/4) and pale-olive (10Y 6/2); fine
to very fine grained and silty; poor sorted; composed
of subangular clear quartz, feldspar, orange chert, and
biotite, with abundant green and black accessory minerals;
firmly to poorly cemented, calcareous; horizontally
stratified; splits to thin plates about 1/4 in. thick.
Shale, light-olive-gray (5Y 6/1); at base of unit and
interbedded with sandstone., Unit forms series of minor
ledges and dip S5lOPEecsscsesceossscosnscsssscssosacscsccscsnnssesslde
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29. Limestone, light-olive-gray (5Y 6/1) and light-bluish-gray
(5B 7/1), especially in bottom 5 ft; very finely
cf?%talline and silty to medium to coarsely crystalline,
coarser in bottom 5 ft; bottom 5 ft forms single ledge
upper part horizontally bedded in units a few inches
to a few feet thick; forms gully wall and dip slope.
Fossils common in beds above basal 10 ft; USGS
collection no. 16781, Upper 5 ft contains irregular
masses few inches to several feet across of silicified
limestone, light-olive-gray (5Y 6/1); weathers moderate
yelloWiSh brown (IQX& 5/4).0000000000..0000.00.000000000000003203

28. Sandstone (75 percent) and shale (25 percent). Sandstone,
grayish-orange-pink (5YR 7/2) to very pale orange
(10YR 7/2), fine grained to very fine grained, fair
sorted; composition similar to sandstone in unit 27;
firmly cemented, calcareous; very thin to medium bedded;
forms minor ledges and slope; thin-bedded portion shaly
weathering; mostly covered. Shale, grayish-red (10R 4/2);
forms slope; mostly covered. Top 5 £t is shale,
yellowish-gray (5Y 8/1) and pale-olive (10Y 6/2);
mostly COVEredasesesseesssssssssancssnsssssssnsssanssascsssssacsli8e9

27. Sandstone, pinkish-gray (5YR 8/1); weathers pale orange
(10YR 7/4), medium to fine grained, fair sorted; composed
of angular clear quartz, pink feldspar, orange chert, and
biotite, and common green accessory minerals; firmly
cemented, calcareous; horizontally bedded, beds about
1 in. thick; forms minor ledgeecsscecesssscscssccsscssessssseelel

26. Shale (75 percent) and sandstone (25 percent). Shale, pale-
yellowish-gray (5Y 8/1) and grayish-red (10R 4/2); very
fine grained sandy, micaceous. Sandstone, pale-yellowish-
gray (5Y 8/1); weathers pale orange (10YR 8/2), very fine
grained, fair sorted; composed of angular grains of quartz,
feldspar, and biotite, and abundant orange and black acces-
sory minerals; forms structureless lens about 5 ft above
base, 1 to 2.5 ft thick. Unit forms irregular slop€esssceeeel2,.7

25. Limestone, light-olive-gray (5Y 6/1), micrograined; horizon-
tally bedded in irregular knobby beds 3 to 8 in. thick;
forms prominent ledge and dip slope. Contains megafossils
and conodonts, USGS collection no. 16787 cccecscsccsscsssnccese8ebd

24. Shale, pale-olive (10Y 6/2); very fine silty and clayey with
very fine muscovite flakes, very fine iron-stained quartz;
poorly to firmly cemented, calcareous, with small gray
calcareous concretions at top of unit; thinly laminated
and unlaminated; forms moderate slope covered with very
small shale fragments; base obsured, may contain lime-
stone similar to unit 23.eseeescssssssssssssscscssssssssssssel/el

23, Limestone, pale-yellowish-brown (10YR 6/2) to light-olive-
gray (5Y 6/1); weathers grayish yellow (5Y 8/4); very

12



22,

21.

20.

19.

18.

finely crystalline; irregularly horizontally bedded;

forms minor ledge and dip slope littered with limestone
fragments. Top is poorly defined; thickness approximate.
Abundant megafossils, USGS collection no. 16780. At

base is conspicuous limonite band, about 1/4 in. thick

moderate yellow (5Y 7/6)ccecsccessccsscscscccscasscsssccsscsssled

Sandstone (50 percent) and shale (50 percent). Sandstone,
light-olive-gray (5Y 6/1), dusky-yellow (5Y 6/4) and
yellowish-gray (5Y 6/1), fine-grained and silty, poorly
sorted; composed of subangular quartz, biotite, muscovite,
and silt particles; firmly cemented, calcareous; horizon-
tally stratified, in thin flaggy units; thin-splitting;
macerated plant fossils occur as limonite impressions
on bedding planes in dusky-yellow sandstone; field
collection no. W-10/1/7-F1. Shale, mostly light olive
gray (5Y 6/1), sandy, silty, generally similar to sand-
stone but much finer grained. Unit forms steep cliff
above dip slope of limesSton@.eescececssccoscscsssccecssssoasesslbded

Limestone, light olive gray (5Y 6/1), very finely crystalline;
irregularly horizontally bedded; forms low ledge in dip
slope; contains abundant fusilinids in top 4 in., USGS
collection no. £-1249lceccccccscccosscccessscscoossscensssscenhed

Calcareous shale, yellowish-gray (5Y 7/2); weathers grayish
orange (10YR 7/4); firmly cemented, calcareous, thin bedded,
horizontally stratified; weathers to form steep slope
littered with irregularly curving plates. Top part is
very fine sandy, locally with abundant biotite; common
gray calcareous concretions. Contains rare scattered
fossils, USGS collection no. 16786; a single nautiloid
was collected from this uniteeececescessscceccsccoscocsssncaee’de3

Limestone, yellowish-gray (5Y 7/2); weathers same and
grayish yellow (5Y 8/4); very finely crystalline, irreg-
ularly horizontal bedded; forms prominent ledge. Contains
abundant fusilinids, USGS collection no. £-12490.cccseccsessss3.0

Shale (90 percent) and sandstone (10 percent). Shale, pale-
brown (5YR 5/2) and very pale-orange (10YR 8/2); brown
shale ié—ziayey, weathers to very small chips, and is
probably gradational with unit 17; orange shale is very
fine sandy and forms upper one-fourth of unit. Sand-
stone, grayish-red (10R 4/2), weathering same, and pinkish
gray (5YR 8/1) weathering grayish orange (10YR 7/4).
Grayish-red sandstone very fine grained, silty, with
abundant fine mica flakes; very thin bedded, probably dis-
continuous lens in lower third of unit. Pinkish-gray
sandstone, fine to medium grained, fair sorted; composed
of angular quartz, feldspar, and muscovite, with abun-
dant green accessory minerals; firmly cemented, calcareous;
forms minor ledge about 1 ft thick near middle of unit.
Whole unit forms slope; in part poorly exposed.ecececcceccscessees30.5
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17.

16,

15.

14,

13,

12.

11.

Covered. Abundant calcareous siltstone float near base,
yellowish-gray (5Y 8/1), weathers grayish orange
(10YR 7/4); contains fossil fragments; forms slope
litter of platy fragments. (Section corner 16-17-20-21
near top of covered interval)ooo.-o.ooooooooo-o.ooooooooooooo36.5

Sandstone, very pale orange (10YR 8/2); weathers dark gray
(N 3) and grayish orange (10YR 7/4); fine to coarse
grained, poorly sorted; composed of angular to sub—
angular clear quartz and feldspar, orange chert, and
biotite with abundant green accessory micaceous minerals;
firmly cemented, calcareous; bedding obsure; forms minor
ledge exposed in gully in generally covered area.eessssssssscsle0

Covered'...‘..‘.....‘.........."...‘..‘...............‘......‘.5‘5

Limestone, light-olive-gray (5Y 6/1), very finely crystal-
line; forms double ledge with middle part more platy, less
resistant; irregular horizontal beds. Common in upper
part is pale reddish brown (10R 5/4) and lighter, weathers
grayish orange (10YR 7/4) commonly with black to brown
iron oxide stain; in irregular tubular and ball-like
masses chert, generally a few inches in diameter and as
much as 1.5 ft long. Fossils abundant in lower part of
unit, sparse in upper part, USGS collection no. 16785.¢es4es,11.0

Shale, grayish-yellow-green (5GY 7/2), silty and very fine
sandy with abundant very fine mica flakes; firmly to
firmly to poorly cemented, calcareous; laminated. Forms
slope between top of sandstone cliff and limestone bed
at base Of unit 14..ooo..o.ooooooooooo.oo.oooooooooooo.oo.ooolloo

Sandstone, pinkish-gray (5YR 8/1) to grayish-orange-pink
(5YR 7/2) and moderate-yellow (5Y 7/6); generally similar
to unit 10 but has fewer mudstone flakes and fewer chert
pebbles. About 25 feet above base is poorly exposed
shale, olive gray (5Y 4/1), 1 to 3 ft thick., Unit forms
prominent ledge on rim of Lisbon ValleY.eeeeoseoossssescsssseal0.0

Mudstone (20 percent), shale (70 percent), sandstone
(10 percent). Shale, grayish-red (10R 4/2), silty and
very fine grained sandy; firmly cemented, calcareous;
laminated. Mudstone, same color as shale and yellowish
gray (5Y 7/2); firmly cemented, calcareous. Sandstone
grayish-yellow (53_8/4), fine to medium grained, fair
sorted; composed of clear quartz, feldspar and biotite
with minor muscovite and orange chert; firmly to poorly
cemented, calcareous; irregularly bedded, commonly con-
torted; forms poorly exposed ledge, about 5 ft thick,
about 33 ft above base of unit; may pinch out along
strike. Unit poorly exposed except for red shale at
base, sandstone in middle, and mudstone at Very tOPsecessssess63.0
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10. Sandstone, pinkish-gray (5YR 8/1) and yellowish-gray
(5Y 8/1); weathers same and grayish orange (lOYR 7/4);
coarse to fine grained, medium to very fine grained;
poorly sorted; composed of subangular clear quartz
and feldspar, orange chert, greenish-black biotite,
with common colored accessory minerals, sparse to
common scattered, yellowish-gray mudstone flakes 1/4
to 3 in., in diameter, sparse orange chert and black
chert pebbles 1/8 to 1/4 in. in diameter; firmly
cemented, calcareous, irregularly crossbedded in
planar and trough sets, bedding obscure; forms
irregular ledge..............-....................-..........13.5

9. Shale (70 percent) and sandstone (30 percent). Shale,
greenish-gray (5GY 6/1) and pale-red (10R 6/2); silty
and clayey, very fine sandy with abundant fine biotite
flakes; firmly to poorly cemented, calcareous; very
thinly bedded to laminated with irregular cuspate
ripple marks. Sandstone, pale-red (10R 6/2), very fine
grained and silty, fair sorted; composed of angular
clear quartz, feldspar, and mica flakes; firmly cemented,
calcareous; stratification similar to shale. Unit forms
slope littered with platy fragments; red color limited
mainly to 5-foot interval beginning 10 ft above base.

No fossils found--oo--oo-oo-ooooo-oo-oo--o-n.--o--ooao-oo--002801

8. Limestone, silty and sandy, very light olive gray
(5Y 7/1); weathers same and greenish gray (5GY 6/1);
very finely crystalline, silty and very fine sandy;
weathered surfaces finely punctate; some crinoid and
other fossil fragments partly or wholly replaced by
reddish-orange chert; irregularly horizontally bedded,
knobby weathering; forms minor irregular ledge with
more silty portions being less resistant; base is
transitional with unit below; abundant megafossils,
USGS collection noe 16784ccevsccccescssssssccssssssscscssscsnsBdel

7. Shale, light-olive-gray (5Y 6/1) and yellowish-gray
(5Y 8/1); weathers light olive gray (5Y 6/1), silty
and micaceous, firmly cemented, calcareous; very thinly
bedded and laminated; forms slope; contains sparse
ostracodes, USGS collection no. 16779 cecccecscsscccscsccnneealbBebd

6. Coveredol00'0lcc.lOoclolc.oooaoo'oooloolQolc'000000'0000000000001009

5. Sandy limestone, light-olive-gray (5Y 5/2); weathers dusky
yellow (5Y 6/4); very fine grained sandy and finely
crystalline with greenish~gray mudstone pebbles 1/8 to
1 in. in diameter; forms minor ledge in covered interval
in gully; sparsely fossiliferous, USGS collection

no. 1677800.000.0toooaooto-.-o.aoooooa00000.0000!'00!000000.'0100

4, Covered, probably shale as in unit 3..cecececosccscescesccssceasceldsl
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3. Limestone (50 percent) and mudstone (50 percent). Limestone,
light-olive~gray (5Y 6/1) and (5Y 5/2); weathers light
gray (N 7) and yellowish gray (5Y 7/2); mostly very
finely crystalline with irregular darker gray patches,
1/8, to 1-1/2 in. across; some beds partly a jumble of
broken shells; contains pelecypods and other megafossils,
USGS collection no. 16777, and fusilinids, USGS
collection no. £-12487, Mudstone, yellowish-gray
(5Y 7/2), silty with common muscovite; no fossils;
poorly exposed. Unit forms irregular slope; limestone
forms minor ledges and bencheS.eseeecssssscesssccssssssssessstdde5

2. Shale (80 percent) and sandstone (20 percent), light-olive-
(5Y 5/2) and pale-olive (IQZ.6/2), weathers same. Sand-
stone fine-grained to very fine grained, poorly sorted,
micaceous, firmly cemented, calcareouos; laminated; out-
crop yields small plates 1 to 4 in. in diameter. Shale,
clayey, fluffy-weathering. Unit forms steep slope lit-
tered with platy sandstone and limestone fragmentS.esssssessel7.9

1. Sandstone, yellowish-gray (5Y 7/2), greenish-gray (5GY 6/1)
and dusky-yellow (5Y 6/4), coarse to very fine grained
and silty, poorly sorted; composed of angular to sub-
angular clear quartz and feldspar, orange chert, biotite
and minor muscovite and sparse black accessory minerals;
coarse-grained sandstone contains pebbles of black
chert about 1/2 in. maximum diameter; firmly to poorly
cemented, calcareous; coarse-grained units are in beds
1 to 4 ft thick, cross—stratified irregularly in trough
sets; finer grained units generally thin to very thinly
bedded, horizontally stratified, with ripple-marked beds
beds in some silty units. Weathers to series of small
ledges with coarser grained and thicker units forming
tops of ledges. Some fine-grained, thin-splitting,
micaceous sandstone about 15 ft above base contains
flakes of carbonaceous plant material about 1/8 to
1/4 in. in diameter. Base of local eXpOSUrEececssssscssssses3ebd

Total exposed Hermosa Formation....se.743.4

Shale and mudstone units, though making up more than half of the exposed
Hermosa, generally crop out poorly. Yellowish and greenish gray, pale brown
and grayish red are the dominant colors. The mudstone and shale units range
from fluffy-weathering claystone to firmly cemented sandy siltstone, which in
places grades into fine-grained sandstone. Biotite flakes are abundant on
bedding planes. Most units are calcareous, and some contain limestone con-
cretions and grade upward into limestone., Calcareous shale and mudstone
locally contain marine fossils. The shale and mudstone units are fairly
persistent along strike and several units were traced about 9 miles, the
length of the Hermosa outcrop in Lisbon Valley, without showing much change in
lithology or thickness.,

Sandstone, generally yellowish gray or grayish red, occurs as thin
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interbeds in slope-forming shale and mudstone units and as resistant ledge-
forming units as much as 40 feet thick. The sandstone ranges from silty and
very fine grained to coarse grained and pebbly. Most units are fine grained
and poorly or only moderately well sorted. They are arkoses composed of clear
quartz, clear and pinkish feldspar, and variable amounts of gray and orange
chert, biotite and muscovite, and a green micaceous mineral., Most sandstone
is horizontally bedded or structureless; some medium— and coarse-grained units
are crossbedded. Cuspate ripple marks are locally common in very fine grained
and silty units. Marine fossils are very sparse in sandstone; fragments of
plant fossils are sparse to common in a few sandstone units and are especially
abundant in a conspicuous fine-grained, yellowish-gray sandstone unit in the
upper part of the exposed section.

Limestone beds form a small but conspicuous part of the exposed Hermosa
Formation. They make up the largest part of the outcrop of the Hermosa,
because they commonly form extensive dip slopes, especially on the southwest
side of the Lisbon Valley anticline. Most of the limestone is light olive or
bluish gray and finely to medium crystalline. Irregular dark spots, 0.l to
1.5 ins. in diameter, in crystalline matrix are trashy accumulations of broken
shells and scattered sand grains. Orange and reddish-gray chert occurs as
irregular nodules and veinlets in some beds. Marine fossils, dominantly
brachiopods and fusulinid foraminifera, are common to abundant in most of the
limestone units; a few beds, such as the top limestone of the Hermosa, contain
only sparse crinoid and shell fragments.

Contacts

The base of the upper member of the Hermosa Formation is not exposed in
or near the Lisbon Valley area., According to Wengerd and Strickland (1954, p.
2173) the base of the upper member of the Hermosa, the top of the Paradox
Member, is "generally chosen at the uppermost thick jet-black shale associated
with stringers of gypsum, or where the black shale is absent, at the first
appearance of anhydrite."

The Hermosa Formation is conformably overlain by the Cutler Formation in
the Lisbon Valley area. The top of the Hermosa Formation is the top of the
highest persistent limestone unit. This uppermost limestone bed is bluish
gray, only a few feet thick and, except for crinoid stem fragments, generally
contains few fossils. In a few places thin lentils of marine limestone lie
within the red beds assigned to the Cutler above the limestone bed, but the
contact is generally definite and easy to locate. 1In a broad sense, the
exposed Hermosa is transitional with the Cutler Formation, for the clastic
units in the Hermosa are generally similar to those in the Cutler, and near
the top of the Hermosa they are indistinguishable from those in the lower part
of the Cutler.

Fossils and age

Most of the limestone beds and some of the calcareous shale and mudstone
units are more or less fossiliferous along their entire outcrop. Our collec-
tions were taken from the measured section previously described. These
collections are probably fairly representative of the fauna of the exposed
Hermosa Formation in the central part of the area but other forms would be
added by search in other parts of the area. Bryozoans, for example, seem to
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be much more abundant in the upper limestone beds cropping out opposite the
head of Lisbon Canyon than in equivalent beds along the line traversed.

In the following lists the numbered sedimentary units referred to are
described in measured section. The macrofossils were identified mainly by E.
L. Yochelson and Helen Duncan. Thomas Dutro identified some of the brachio-
pods and checked the identification of others. D, H. Dunkle identified a fish
tooth in collection 16788, The nautiloid in collection 16783 was identified
by Mackenzie Gordon, Jr., and the ostracodes in collection 16799 by I. G.
Sohn. The fragmentary conodont specimens of collection 16787 were identified
by W. W. Hass, and the plant fossils in unit 22 by S. H. Mamay. The
foraminifera were identified by R. C. Douglass; the thin sections were
prepared by John Hutchison.

USGS collection 16777. Foraminifera: USGS collection f-12487.
Collected from limestone beds of unit 3 of measured section on north bank of
gully in SW1/4SW1/4 sec. 16, T. 30 S., R. 25 E., San Juan County, Utah.

Climacammina sp.

Endothyra?

Bradyina sp.

Triticites sp. aff. T. springvillenis Thompson, Verville
and Bissell, 1950

Dibunophylloides sp.

Crinoid stems

Echinoid spines

Derbyia crassa (Meek and Hayden)

Enteletes hemiplicatus (Hall)

Lissochonetes sp.

Linoproductus sp. indet.

Juresania nebrascensis (Owen)

Composita subtilita (Hall)

USGS collection 16778. Collected from sandy limestone, unit 5, on flats
below prominent cliff in SW1/4SW1/4 sec. 16, T. 30 S., R. 25 E., San Juan
County, Utah,

Lophophyllidid coral
Productid brachiopod cf. Juresania

USGS collection 16779. Collected from calcareous shale, unit 7, forming
slope about 500 feet northeast of prominent cliff in SW1/4SW1/2 sec. 16, T. 30
S., R. 25 E., San Juan County, Utah,

Sansabella
Healdia
Gen. aff. Aechminella?

USGS collection 16784. Collected from silty and sandy limestone, unit §,
on steep slope about 500 feet northeast of prominent cliff in SW1/4SW1/4 sec.
16, T. 30 S., R. 25 E., San Juan County, Utah.
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Crinoid stems

Echinoid spines

Fistulipora sp. (branching species)

Polypora sp.

Linoproductus cf. L. pratteniansus (Norwood in Norwood and
Pratten)

Allorisma sp. indet.

Phillipsid trilobite indet.

USGS collection 16785. Collected from platy limestone, unit 14, on flats
above rim of Lisbon Valley near the head of prominent gully draining to
northeast in SW1/4SW1/4 sec. 16, T. 30 S., R. 25 E., San Juan County, Utah.

Crinoid stems

Derbyia crassa (Meet and Hayden)

Neochonetes granulifer Owen

Linoproductus sp. indet.

Antiquatonia cf. A. hermosanus? (Girty)

Hystriculina cf. H. Wabashensis (Norwood and Pratten)
Composita subtilita (Hall)

Neospirifer sp. indet.

USGS collection £-12490. Collected from thin limestone bed, unit 19,
forming short dip slope in NE1/4 seec. 20, T. 30 S., R. 25 E., San Juan County,
Utah.

Bradyina sp.
Millerella sp.
Triticites sp. aff. T. cullomensis Dunbar and Condra, 1928.

USGS collection 16786. Collected from yellowish, platy-weathering, limy
sandy shale, unit 20, in NE1/4 NE1/4 sec. 20, T. 30 S., R. 25 E., San Juan
County, Utah.

Wellerella cf. W. osagenis (Swallow)
Schizodus(?) sp. indet.

Pharkidonotus cf. P. percarinatus (Conrad)
Bellerophontid gastropod indet.,
Straparollus (Euomphallus) sp. indet.
Low-spired gastropod indet.

Indeterminate organic object

USGS collection 16783. Collected from same unit as USGS 16786, about
2,000 feet northwest of line of measured section, in gully near small hill in
NW1/4 sec. 17, T. 30 S., R. 25 E., San Juan County, Utah.

Peripetoceras sp.

USGS £-12491. Collected from upper part of limestone, unit 21, near bend
of draw draining to southwest in NE1/4 NE1/4 sec. 20, T. 30 S., R. 25 E., San
Juan County, Utah,
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Tetrataxis spe.

Bradyina sp.

Millerella sp.

Triticites sp. aff. T. cullomenis Dunbar and Condra, 1928.

Field number: W-10/1/7-Fl. Collected from distinctive light-colored
sandstone, unit 22, in floor of draw in NE1/4 NEl1/4 sec. 20, T. 30 S., R. 25
E., San Juan County, Utah,

Calamites fragments

USGS 16780. Collected from limestone, unit 23, in main gully draining to
the southwest in NE1/4 NE1/4 sec. 20, T. 30 S., R. 25 E., San Juan County,
Utah.

Enteletes sp.

Juresania sp.

Cancrinella cf. C. boonenesis (Swallow)

Hystriculina cf. H. wabashensis (Norwood and Pratten)
Composita subtilita (Hall)

Neospirifer cf. N. dunbari R. H. King

Permophorus sp.

Fasciculiconcha? sp. indet.

Bellerophontid gastropod indet.

Euconospira cf. E. planibasalis Ulrich

USGS 16787. Collected from linestone, unit 25, in main gully draining to
southwest in NE1/4 NE1/4 sec. 20, T. 30 S., R. 25 E., San Juan County, Utah.

Pelecypods indet.
Low-spired gastropods indet.
Streptognathodus sp.

USGS 16781. Collected from limestone, unit 29, in several places on long
dip slope near main drainage in central part of sec. 20, T. 30 S., R. 25 E.,
San Juan County, Utah.

Crinoid stems

Fistulipora sp. (Massive species)

Tabulipora sp. (ramose species)

Stenoporoid bryozoan (incrusting)
Rhombotrypella sp.

Fenestella sp.

Rhabdomeson sp.

Cystodictya? sp.

Neochonetes granulifer Owen

Hystriculina wabashensis (Norwood and Pratten)
Echinoconchus? sp. indet.

Dictyoclostus sp. cf. "Marginifera'" lasallensis Worthen
Phricodothyris sp. indet.

Composita subtilita (Hall)

Neospirifer sp.

Rhynchopora n. sp. cf. R. taylori Girty
Allorisma terminale Hall
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USGS Megafossil collection 16782; foraminifera: USGS collection f-12488.
Collected from limestone beds and limestone nodules in mudstone interbedded
with limestone, unit 34, on northwest bank of main gully in NE1/4 SW1/4 sec.
20, T. 30 S., R. 25 E., San Juan County, Utah.

Ammodiscus sp.

Triticites sp. aff., T. cullomensis Dunbar and Condra, 1928
Crinoid stems -
Derbyia crassa (Meek and Hayden)
Juresania nebrascensis (Owen)
Cancrinella boonensis (Shallow)
Composita subtilita (Hall)
Neospirifer dunbari R. H. King
Phricodothyris perplexa (McChesney)
Punctospirifer sp. indet.

Allorisma cf. A. terminale Hall

Concerning the larger invertebrate fossils of these collections Yochelson
and Duncan (written commun., 1957) stated:

"The fauna as a whole is indicative of a Middle or Upper
Pennsylvanian age, comparing it to the Mid-Continent section.
In that area, essentially the same fauna also ranges up into the
lower Permian. On the basis of the larger invertebrates it
is not now possible to exclude a possible Permain age for

at least some of the beds, though this seems unlikely.
Similarly, the larger invertebrates found in both the Rico
and Hermosa Formations appear to be conspecific. We cannot
at this time clearly separate one formation from the other
on the basis of the larger invertebrates. At the same time,
there is no reason to question the field identifications of
the formations. There are no "critical" fossils listed in
this report."

The Calamites fragments in the sandstone and mudstone unit at the base of
the upper part of the exposed Hermosa are of little age significance because
this genus has a wide time range. They are of interest, however, in being
probably the first plant fossils recorded from the upper member of the Hermosa
Formation.

The dating of the Hermosa Formation in the Lisbon Valley area rests
mainly on the determination of the fossil fusulinids. The foraminifera fauna,
collection f-12487, in unit 3 of the measured section is of late
Pennsylvanian, probably Missourian, age; the faunas of collection £-12490 in
unit 19, collection £f-12491 in unit 21 and collection f-12488 in unit 34 are
of Late Pennsylvanian, probably Virginian age (Douglass, written commun.,
1958). Unit 34 is the highest abundantly fossiliferous limestone in the
section and is only about 20 feet below the top of the Hermosa as mapped in
the Lisbon Valley area. Thus, probably all of the upper member of the Hermosa
Formation is Late Pennsylvanian in age.
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Comparison with faunas of the top limestone bed of the Hermosa
Formation in the northern part of the Moab district

Two collections were made for comparative purposes in the top limestone
bed of the Hermosa Formation as this formation was mapped by Baker (1933,
pl. D) on the Cane Creek anticline. Baker’s collection 5949 apparently came
from this same bed about one~half mile southeast of our locality (Baker, 1933,
p. 22).

USGS collection 16788, Collected from sandy limestone just below access
road to Cane Creek exploration wells., Limestone forms bench overlain by red
beds of Rico Formation in NW1/4 NE1/4 sec. 36, T. 26 S., R. 20 E., Grand
County, Utah,

Caninia sp.

Crinoid stems

Crinoid calyx cf. Delocrinus

Fistulipora sp.

Rhombotrypella (Rhomboporella) sp.
Tabulipora

Ascopora? sp.

Derbyia crassa (Meek and Hayden)
Neochonetes granulifer (Owen)
Lissochonetes) cf. L. geinitzianus (Waagen)
Linoproductus sp. indet,

Juresania cf. J. nebrascencis

"Marginifera" lasallensis (Worthen)
Hystriculina cf. H. wabashensis Norwood and Pratten
Hustedia mormoni (Marcou)

Phricodothyris perplexa (McChesney)
Composita subtilita (Hall)

Wellerella osagensis (Swallow)

Rhynchopora n. sp. R, taylori Girty
Punctospirifer sp.

Edmondia? sp. indet.

Peripristis semicircularis (Newberry and Worthen)

USGS collection £-12486. From top of same unit and from same location as
preceding collection.

Bradyina sp.
Millerella sp.

Triticites sp. aff T. cullomensis Dunbar and Condra, 1928

The megafossil collection (USGS 16788) cannot be precisely correlated
with any of the collections from Lisbon Valley: (E. L. Yochelson and Helen
Duncan, written commun., 1957).

"Though it contains most of the faunal elements found in the
other collections as a whole, individually it has a far more
varied fauna. This may be a matter of facles or may be a matter
of age difference."
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As to the microfossils, R. C., Douglass (written commun., 1958) says:

"Comparison of the Moab area sample, f-12486, with those from
Lisbon Valley indicates that no precise correlation is justified.
The Moab sample could be correlated with any of the three upper
fusuline horizons. It is most similar to samples £~12490 and
£-12491 from 396 ft [unit 19 of the Lisbon Valley section] and
460 ft [unit 21 of measured section] above the base of

the section." Yochelson, E. L., and Duncan, Helen, written
commun., 1957.

Regional stratigraphic relations

The upper member of the Hermosa Formation is partly exposed along the
Colorado River southwest of Moab, along the San Juan River west of Bluff, and
in several faulted salt anticlines, but the basal part of the member is known
mainly from drill holes. Because the contacts are transitional and key beds
of regional extent are lacking, the thickness of the upper member is often
interpreted differently by different geologists. Published isopach maps,
though varying in many details, show the upper member of the Hermosa as an
irregular wedge that thins southwesterly (Wengerd and Matheny, 1958, fig. 17;
Wengerd, 1958, fig. 15; Fetzner, 1960, fig. 11). Irregularities in compo-
sition and thickness of the member result from a complex tectonic framework of
the Paradox basin in Late Pennsylvanian time, during which arkosic red beds
filled a trough on the southwest side of the rising Uncompahgre highland and
interfingered further southwest with normal marine sediments on the bordering
shelves (Wengerd and Mathney, 1958; fig.f 15; Fetzner, 1960, fig. 11).

The exposed part of the Hermosa in Lisbon Valley is composed of clastic
sediments and minor limestone and may be considered transitional between the
marine carbonate section of the buried part of the Hermosa and the continental
sediments of the Cutler Formation. The exposed Hermosa is divided into two
parts on the geologic map (fig. 3). The contact selected to divide the
exposed Hermosa 1s the base of a distinctive yellowish-gray unit of fossil
plant-bearing fine-grained sandstone and shale, unit 22 of the measured
section about 280 feet below the top of the formation. This basal unit
overlies a thin but persistent fusulinid-bearing limestone bed. The upper
part is generally coarser grained and contains less shale and more reddish
units than the lower part and thus, except for interbedded limestone, gener-
ally resembles the Cutler Formation. On the basis of field comparisons of
this upper unit with outcrops of the Hermosa, Rico, and Cutler Formations near
Moab, we judge that it should be included as a clastic facies of the Hermosa
rather than assigned to the Rico or Cutler. Most of the Rico Formation of the
Moab district (Baker, 1933) is probably correlative with the lower part of the
Cutler Formation in the Lisbon Valley area.

Permian system
Cutler Formation

Distribution and thickness

The Cutler Formation crops out only in the central and northeastern parts
of the Lisbon Valley area. On the southwest flank of the Lisbon Valley
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anticline the lower two-thirds of the Cutler forms the floors of Big Indian
Valley and other smaller valleys northwest of Three Step Hill; the upper third
commonly forms a corrugated slope that becomes increasingly steep near the
contact with the overlying Chinle Formation. Around the southwest side of
South Mountain red beds assigned to the Cutler are relatively nonresistant and
form rough slopes that are mostly covered by surficial material.

On the southwest flank of the Lisbon Valley anticline the Cutler
Formation is about 1,480 feet thick near Little Valley, but due to truncation
by the unconformity at the base of the Chinle Formation, the Cutler is several
hundred feet thinner at the head of Big Indian Valley. The Cutler apparently
thickens southwestward off the flank of the Lisbon Valley anticline; Kunkel
(1958, fig. 1) reports a thickness of more than 1,700 feet of Permian clastics
in the Gulf No., 1 Hart Point well in the southwest part of the area, in
T. 31 S., R. 22 E., San Juan County, Utah.

Lithologz

The Cutler Formation in the central part of the Lisbon Valley area is an
assemblage of red beds consisting mainly of arkosic sandstone and conglomerate
and micaceous siltstone and mudstone. A representative section of the Cutler
Formation describing the rocks characteristic of the formation in the Lisbon
Valley area is given below. Comparison of this section with that given for
the Hermosa Formation, beginning on page 33, shows that clastic units in the
two formations are much alike. The following section, measured with hand
level and tape by G. W, Weir and C. L. Dodson in 1954, was described from
exceptionally fine exposures of the Cutler along a prominent ridge about 0.5
mile northeast of Little Valley.

Section of the Cutler Formaton measured along a south-southwesterly

traverse in secs. 21 and 29, T. 30 S., R. 25 E., Sand Juan County, Utah
Thickness

(feet)

Cutler Formation:

39, Sandstone (50 percent) and silstone (50 percent).
Sandstone, light-greenish-gray (5GY 8/1), pale-
olive (10Y 6/2) and pale-reddish-brown (10R 5/4);
weathers white (N 9) and pale reddish brown (10R 5/4);
fine to very fine grained and silty; fair sorted,
composed of quartz, feldspar, and minor white mica
with common black accessory minerals; poorly cemented,
partly calcareous. Siltstone, grayish-red (10R 4/2)
and dark-yellowish-orange (10YR 6/6); contains fine
grains of quartz and small flakes of muscovite;
poorly cemented, noncalcareous. Unit forms slope.
Dark-yellowish-orange siltstone, 6.5 in. thick at top.
Unconformably overlain by light-gray, cross-stratified
conglomerate and sandstone of the Moss Back Member
of the Chinle FormatioN.ecescccsssvsescssccsccsnscasscsscrcsssaceel2el
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38. Sandstone, dark-reddish-brown (10R 3/4) and pale-
greenish-yellow (10Y 8/2); weathers dark reddish
brown (10R 3/4) and grayish orange (lOYR 7/4); fine
to medium grained, fair sorted; composed of subangular
grains of quartz, feldspar, and colored chert and
flakes of muscovite and abundant black accessory
minerals; firmly cemented, calcareous; cross stratified
in planar sets of low-angle cross laminae; forms minor

ledge.i.OO90000OO0'O0'0.0'.O'!-..........o.-'...o-10000!00!01!3.0

37. Siltstone (70 percent), sandstone (25 percent), and
limestone (5 percent) similar to unit 35 but near
middle of unit are thin beds of greenish-gray
(5GY 6/1) silty limestone, containing abundant
green and white mica. Siltstone is micaceous;
grades locally to silty limestone. Upper 50 ft of
unit forms steep earthy slope and has reddish-
brown cast; basal 20 ft of unit forms bench and has

Orange cast......l.....l.'.'..l...l......'.l............l....73l9

36. Sandstone, moderate-reddish-~brown (10R 4/6) and
yellowish~-gray (5Y 8/1); weathers moderate
reddish brown (10R 4/6) and moderate reddish
orange (10R 6/6); medium to fine grained,
fair-sorted; composed of quartz, feldspar,
colored chert, and white and green mica; firmly
to well cemented, calcareous; medium~ to small-
scale cross lamination with much-contorted
lamination; not fissile; forms knobby rounded

cliff""...l.'l...'...l..l'......'...".........'....’.'l'..lo.z

35. Sandstone (80 percent) and siltstone (20 percent).
Sandstone, pale-reddish-brown (10R 5/4) and light-
greenish~gray (5GY 8/1); weathers dark reddish
brown (10R 3/4) and moderate reddish brown (10R 4/6);
fine to very fine grained and silty, fair sorted;
composed of amber-stained quartz, feldspar(?), and
white mica with abundant orange and black accessory
minerals; firmly cemented, calcareous. Basal 6 in.
of sandstone is poorly sorted and contains medium- to
coarse-grained quartz and chert, Siltstone, dark-reddish-
brown (10R 3/4), micaceous; forms discontinuous beds
2 to 5 in. thick in middle part of unit.

Unit forms irregular 1edge.ooooo'ooooouo--0-000000000000000000508

34, Siltstone (70 percent), sandstone (25 percent), and
limestone (5 percent). Same as unit 33 except contains
thin beds of limestone, pale-red (53_6/2) and grayish-
yellow-green (5GY 7/2); weathers moderate reddish orange
(10R 6/6), very finely crystalline; in beds 1 to 2 in.
thick. Unit forms earthy rounded slope. Poorly

exposed...'...'.".’......'.....’.."0".’.."....”'..'..'..41.2
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33. Sandstone, pinkish-gray (5YR 8/1); weathers very pale
orange (10YR 8/2); fine grained, fair sorted; composed
of clear quartz and feldspar with abundant orange,
yellow and black accessory minerals; well cemented,
calcareous; very low angle cross stratification;
lenticular; not fissile; forms conspicuous minor
ledge.........o......o.............................-..........2.1
32. Siltstone (60 percent) and sandstone (40 percent).
Siltstone, dark-reddish-brown (1lOR 3/4); contains
fine grains of subrounded quartz and mica flakes as
much as 1 mm in diameter; poorly cemented, calcareous;
stratification obscure; nonresistant, forms earthy
slopes. Sandstone, moderate-reddish-brown (10R 4/6) and
light-greenish-gray (5GY 8/1); weathers moderate reddish
brown (10R 4/6) and grayish orange (10YR 7/4); very fine
grained, fair sorted; composed of subrounded quartz,
feldspar, and biotite and muscovite with abundant orange
and green accessory minerals; firmly cemented,
calcareous; stratification obscure; platy splitting;
generally forms thin ledges 2 to 4 in. thick; mostly
in upper half of unit. At 6 ft is lenticular bed of
red sandstone about 3 ft thick which thickens immediately
south of line of section to more than 4.5 ftesssesessssssensel’ds?

31. Sandstone (60 percent), mudstone (25 percent), and limestone
(15 percent). Sandstone, similar to unit 30; forms prominent
ledge at top of unit, and thin beds at base of unit.
Siltstone, pale-reddish-brown (10R 5/4), very fine sandy
and micaceous; grades into limestone by increasing
lime content and decrease in average grain size; well
cemented, very calcareous; horizontally laminated.
Interbedded wtih thin limestone and sandstone beds in
lower half of unit. Limestone, pale-reddish-brown
(10R 5/4), very finely crystalline, very silty and in
part fine sandy; grades to siltstone; horizontally
thin bedded; intercalcated with mudstone and sandstone
at base of unit. No identifiable fossils, but poorly
preserved irregular structures are possibly organic

in origin.....................................................8-1

30. Sandstone, dominantly very pale orange (10YR 8/2),
minor pale-reddish-brown (1O0R 5/4), fine-grained,
well-sorted; composed of subrounded clear quartz
and feldspar with minor orange chert and biotite
with common black and orange accessory minerals
firmly cemented, calcareous. Cross laminated in
small-to medium-trough sets. Forms prominent light-
colored irregularly rounded to sheer cliff. This
conspicuous unit is truncated by the unconformity
at the base of the Chinle Formation at the outcrop
about 4 mi northwest in Big Indian Wash from where
northwestward in the subsurface it underlies the
unconformity beneath many of the uranium ore
bodies in the Chinle FormatioNessecsssccscescscsssscccsssssceedbed
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29. Mudstone, grayish-red (5R 4/2); weathers same and

moderate reddish brown (10R 4/6), dominantly silty,

very fine sandy, very micaceous; poorly to firmly

cemented, calcareous and clay binding. Horizontally

stratified; thinly laminated. Forms gentle Slop€eececcescceee2le2
28, Mudstone (85 percent) and sandstone (15 percent).

Mudstone, moderate-reddish-orange (10R 6/6), similar

to mudstone of unit 27. Forms steep slopes under

thin sandstone cap. Sandstone, very pale orange

(10YR 8/2) and pale-reddish~brown (10R 4/2), very

fine grained, silty, fine to medium grained, and

silty to medium grained, fair to poorly sorted;

composed of clear to red-stained quartz and feldspar

and mica with abundant colored accessory minerals;

poorly to firmly cemented, calcareous. Structureless,

and cross laminated and contorted in upper sandstone.

Interbedded with mudstone in upper half of unit. Top

set of beds of sandstone, about 7 ft thick, is red

with pale-orange cap and forms a conspicuous ledg€eececeeceeeeeb69.9

27. Sandstone (70 percent) and mudstone (30 percent).
Sandstone, moderate-reddish-orange (10R 6/6) and very
pale orange (10YR 8/2), fine-grained; composed of clear and
white quartz and feldspar, very minor biotite and
muscovite with abundant colored accessory minerals;
firmly cemented, calcareous. Cross laminated in
medium-scale trough sets of low-angle cross laminae;
in part structureless. Mudstone, moderate-reddish-
orange (10R 6/6), silty and very fine sandy; firmly
cemented, calcareous and clay binding; laminated.
Unit forms irregular dip-slope bench with irregular
ledges of SandStonNEeeeccsveesocssssvecossssvecssssssscanonsssebds0

26. Sandstone (75 percent) and mudstone (25 percent).
Sandstone, grayish-red (10R 4/2), minor light-
yellowish-gray (5Y 9/1) and minor pale-red (5R 6/2),
fine-grained and fine to very fine grained, fair
to poorly sorted; composed of subangular to angular
clear and red-stained quartz and feldspar and mica;
firmly cemented, calcareous. Cross laminated and
structureless. Upper 20 ft of unit is sandstone cliff.
Patches of light yellowish gray occur irregularly on
top surface of unit. Pale-red sandstone is inter-
bedded with mudstone at base. Mudstone, pale-
reddish-brown (10R 5/4), moderate-reddish-orange
(10R 6/6), and very pale green (10G 8/2), commonly
silty, very fine sandy, and micaceous; laminated.
Persistent layer of pale—green mudstone about 0.9
ft thick at 6.5 ft above base contains irregular
calcareous nodules 1/4 to 1~1/2 in. in diameter.
Mudstone mainly in lower part of unit, forming
cliff or steep slope below thick sandstone cCapecescsscessssse2?5
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25, Mudstone (80 percent) and sandstone (20 percent).
Mudstone, moderate-reddish-brown (10R 4/6) and
dark-reddish-brown (10R 2/4), silty and very
fine sandy, poorly to firmly cemented, calcareous.
Sandstone, very dusky red (l0R 2/2) with patches
of yellowish gray (5!_8/1), very fine grained
silty, poorly sorted; similar in composition to
sandstone of underlying unit; forms minor ledges
near middle and at top Of Uniteseeessssseoosssssesnsossscsssneldbsl

24, Sandstone (85 percent) and mudstone (15 percent).
Sandstone, grayish-red (5R 4/2), moderate-reddish-
brown (10R 4/6), and white (N 9); weathers moderate
reddish brown, white at top; " fine to very fine
grained, poorly sorted; composed of subangular
quartz, clear and pinkish feldspar, biotite, and
muscovite; mica more common in grayish-red sandstone;
firmly cemented, calcareous. Cross stratified and
irregularly bedded. Forms low ledges and dip-slope
benches. Grayish-red sandstone forms ledge 10 ft
thick, 42 ft above base. Mudstone, moderate-
reddish-brown, similar to mudstone of unit 23,
interbedded with 8andsStOn€ssesessssssssssscsssssssessscssssesble?

23. Limestone and chert (60 percent), mudstone (40 percent).
Limestone, medium-olive-gray (5Y 5/1) and pale-red
(10R 6/2), very fine sandy and very finely crystalline
and silty, micaceous; mainly in thin beds, interstratified
with mudstone, More than one-half of the limestone is
replaced by white (N 9), dark-gray (N 3), and moderate-
reddish-orange (10R X 6/6) chert; replacement is parallel
to bedding with thin skin of limestone surrounding chert.
Mudstone, moderate-reddish-brown (10R 4/6), silty and very
fine sandy. Unit forms bench and low slope strewn with chert
fragmentSeesscsseessssscsssssesssssssssssscssssssssscssecsssscel’ded

22, Sandstone (65 percent), mudstone (34 percent), and
limestone (1 percent). Sandstone, pale-reddish-brown
(10R 5/4) and moderate-reddish brown (10R 4/6) and
white (N 9); weathers mainly moderate reddish brown
(10R 4/6) and pale grayish orange (1OYR 8/4); white
common at tops of beds on dip-slope benches; fine and
fine to medium grained, fair sorted; composed of
subangular clear quartz and feldspar with minor biotite
with abundant colored accessory minerals; firmly
cemented, calcareous., Mainly cross stratified in small-
to medium-trough sets in moderate— to low-angle cross
laminae. Mainly thinly laminated to thin bedded. Forms
ledges and dip-slope benches--8 ft thick at 34 ft above
base, 5 ft thick at 58 ft, 7 ft thick at 92 ft, and
26 ft thick at 103 ft, plus minor beds interbedded
with mudstone. Mudstone, moderate-reddish-brown
(1Q§.4/6), commonly very silty and very fine sandy,
micaceous, poorly to firmly cemented, calcareous.
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Horizontally laminated, commonly contorted near base
of overlying sandstone. Forms slopes and bases of
cliffs capped by sandstone. Limestone, light-olive-
gray (5Y 6/1); weathers medium olive gray (5Y 5/1);
finely crystalline; irregularly lensing; weathered
surface is finely punctate. Limestone partially
replaced parallel to bedding by light-bluish-gray
(5B 7/1) and moderate-red (5R 4/6) chert. Limestone
and chert in beds 0.5 to 1.5 ft thick at 97 £t above
base Of unit.-oooo-.o-.ooo--.ooooo..---.00-00--00-.-0-00500-129-6

21. Sandstone, dusky-red-purple (5RP 3/2) and light-brown
(5YR 6/4); weathers same and grayish orange (10YR 7/4);
very coarse to medium grained, poorly sorted; composed
of angular to subrounded clear quartz, clear and pink
feldspar, greenish biotite and rock fragments; firmly
cemented, calcareous. In trough sets of low-angle
cross laminae; some cross laminae contorted. Forms
vertical cliff and bench on point. Nodular concretions,
about 2.5 in. in diameter, common on surface.sscececcsscescss34.3

20. Sandstone (40 percent) and mudstone (30 percent), and
silty limestone (30 percent). Sandstone, grayish-
red-purple (5RP 4/2), grayish-red (10R 4/2), very
pale orange (IOYR 8/2), and pale-reddish-brown (10YR 5/4),
very fine grained and fine-grained and fine- to medium-
grained, fair-sorted; composed of clear quartz and clear
and pink feldspar and greenish biotite with abundant
colored accessory minerals; firmly cemented, calcareous.
Cross laminated and thin bedded in lenses forming thin
ledges mainly in lower two-thirds of unit. Mudstone,
pale-reddish-brown (1Q§_4/6), dominantly silty, some very
fine sandy; gradational with limestone; micaceous.
Sparse ripple marks, laminated. Forms slopes between
sandstone and limestone beds; poorly exposed. Silty
limestone, pale-red (10R 6/2), pale-reddish-brown (1OR 5/4),
and very light gray (N 8); weathers pale red (l0R 6/2); very
finely crystalline with abundant silt and common very
fine sand; very thin bedded; weathered surface finely
punctate. Unit forms irregular benches and slopeS.eeescssscsP4.5

19. Limestone (75 percent) and chert (25 percent).
Limestone, medium-olive-gray (5Y 5/1), weathers
olive gray (5Y 4/1) with spots of dark greenish
gray (5GY 4/1); very finely crystalline. Forms
dip-slope bench. Weathered surface finely punctate.
Sparse poorly preserved, unidentifiable fossils,
Chert, medium-dark-gray (N 4) and white (N 9); in
veins along joints and as irregular masses in
limestone. Unit is persistentececcscccscscsssscssscssosncscnecsled

18. Mudstone, moderate-reddish-orange (10R 6/6), similar

tO uﬂit 14.l.bloo..o..00.00.000.0.0'.0'000....0.00-.'0.00.00'06.0
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17. Sandstone (70 percent) and mudstone (30 percent).
Sandstone, white (N 9) and very light gray (N 8) with
rare moderate~reddish-brown (10R 4/6), very fine grained,
well-sorted; composed of subangular to subrounded clear
quartz and feldspar and greenish-black biotite with
common colored accessory minerals; firmly cemented,
calcareous. Obsurely cross stratified in trough sets
of very low angle thin cross laminae. Forms thin
conspicuous ledges-—~1.3 ft thick at base, 0.7 ft thick
in center, and 2 ft thick at top. Mudstone, moderate~
reddish~orange (10R 8/6), similar to mudstone in

unit 14000..l..l..lo........l.llQ.Q...Q.000--.0-00.0000.--.-00608

16. Mudstone (90 percent) and sandstone (10 percent).
Mudstone, moderate-reddish-brown (10R 4/6),
silty and very fine sandy; sparse to common mica;
very thin bedded; mostly poorly exposed. Sandstone,
similar to mudstone, very fine grained, SiltV.eesescesescaoceee3’e2

15. Sandstone (95 percent) and mudstone (5 percent).
Sandstone, pale-reddish-brown (10R 5/4) and light-
greenish~gray (5GY 8/1), weathers pale reddish brown
(10R 5/4), similar to unit 12. Forms prominent
cliff on pointeeceescescscscscssssnsscscssossssnssssssssseasanesslbs9

14. Mudstone (95 percent) and sandstone (5 percent).
Mudstone, moderate-reddish-orange (10R 6/6) and pale-
red (5R 6/2), slightly micaceous; poorly to firmly
cemented, calcareous; laminated and very thinly
bedded; forms steep slope. Sandstone, yellowish-
gray (5Y 8/1), very fine grained, silty; composed
of subangular quartz and feldspar; firmly cemented,
calcareous; very thin bedded; forms inconspicuous
thin ledges in MUdStoNEssesssevssssesscssssessescssssssncssssdel

13. Mudstone and fossiliferous limy siltstone (90 percent)
and sandstone (10 percent). Mudstone, pale-reddish-
brown (10R 5/4), silty and very fine sandy, commonly
micaceous, poorly to firmly cemented, calcareous,
laminated, poorly exposed. Limy siltstone contains
very poorly preserved fossil fragments, probably
crinoid stems; occurs as float about 35 ft above base.
Sandstone, moderate~reddish~orange (1Q§_6/6) and
grayish-~yellow (5Y 8/4), very fine grained and medium-
to coarse~-grained, fair to poorly sorted; composed
of clear quartz, clear and pink feldspar, green biotite,
rock fragments with abundant colored accessory
minerals; firmly cemented, calcareous; laminated and
thin bedded; forms conspicuous ledges at 44 to 47.5. ft and
at 63 to 66 ft; from 83 ft to top is a sandstone with
some mudstone, forming dip SlOpPEsssccsccessssscccscssssonsesl02.6

12. Sandstone (90 percent) and mudstone (10 percent).
Sandstone, grayish-red (10R 4/2), very pale orange
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(10YR 8/2), light-greenish-gray (10YR 8/1); weathers
pale reddish brown (10R 5/4) with a | few streaks of

dark yellowish orange (IOYR 6/6), medium to fine
grained, fair sorted; composed of subangular, clear
quartz and clear and pink feldspar with greenish-

black biotite and minor muscovite and kaolinite with
abundant colored accessory minerals; poor to fair
cemented, calcareous with some clay binding; laminated
and thin bedded, in part cross laminated with common
contorted laminations. Mudstone, pale-red (5R 6/2),
dominantly clayey; occurs as thin lenses and seams along
partings in sandstone. Unit as whole forms prominent
ledge on point and long irregular dip-slope bencheessssessess22.3

11. Mudstone (65 percent), sandstone (30 percent), and limy
siltstone (5 percent). Mudstone, pale-reddish-brown
(10R 5/4), silty and very fine micaceous, firmly
cemented, calcareous and clay binding; thin to thickly
laminated; forms slope between sandstone units.
Sandstone, pale-reddish-brown (10R 5/4) with pale-
greenish-gray (5G 8/1) blotches, fine to very fine
grained, fair-sorted; composed of clear quartz and
feldspar and greenish biotite; firmly cemented,
calcareous; laminated, irregularly interbedded with
mudstone. Limy siltstone, pale-reddish-brown
(10R 5/4), in part very fine sandy, micaceous; well
cemented; in very thin beds, weathering to nodular
fragments on dip slope. Abundant trace fossils in
sandstone in upper part Of UNit.cececccsscsscscscessnsscesnssnssb5.0

10. Sandstone (80 percent) and mudstone (20 percent).
Sandstone, light-greenish-gray (5G 8/1) and pale-
reddish-brown (10R 5/4), weathers pale reddish brown
(10R 5/4); fine to medium grained, fair sorted;
composed of subangular clear quartz and feldspar and
greenish-black biotite with common colored accessory
minerals; fair cemented, calcareous. Laminated in
bottom part, upper 9 ft structureless. Sandstone
occurs as ledge 3 ft thick at bottom and ledge 10.8 ft
thick at top and as thin beds of sandstone irregularly
intercalated in mudstone., Mudstone, pale~reddish-brown
(10R 5/4); weathers same with some spots of greenish
gray (5G 6/1); silty with abundant very fine mica
giving high luster to surface of laminae; well cemented,
CAlCArEOUSeessssssescesssasssssscannconsossosnssssoscsscssssesslled

9. Mudstone, dark-reddish-brown (10R 3/4); weathers moderate
reddish brown (10R 4/6); silty and micaceouos. Forms
slope. Poorly exposed. Unit may contain some thin beds
of reddish fine-grained sandStoONE€.sssessssscesessssssssssssssdbs?

8. Sandstone and conglomeratic sandstone, grayish-red

(5R 4/2) and pale-reddish-brown (10R 5/4) with
blotches of pale reddish orange (IOYR 8/2), medium-
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to coarse-grained and conglomeratic; poorly sorted;
composed of subangular clear quartz, clear pink and
weathered pale-orange feldspar, greenish biotite and
small rock fragments with abundant colored accessory
minerals. Pebbles dominantly 0.5 to 1.5 in. in
diameter; consist of igneous and metamorphic rocks
similar to those noted in unit 5; pebbles occur
irregularly in pockets throughout unit; poorly to
firmly cemented, calcareous. Cross—stratified in
medium~-scale trough sets of low-angle cross—laminae.
Forms irregular slope and dip—slope bencheesecssescscsccsssesel5.9

7. Mudstone (75 percent), sandstone (20 percent), limy silt-
stone (5 percent). Same as unit 6 but contains limy
siltstone, pale-red (1OR 6/2); weathers same or lighter;
very fine sandy with sparse medium grains of quartz, mica,
and feldspar; well cemented with fine to medium crystalline
calcite; weathered surface finely punctate; unidentifiable
small fragments possibly £0SS1i1Sueeessssesensssssscscenssnesedd0

6. Sandstone (70 percent) and mudstone (30 percent). Sand-
stone, pale-reddish-brown (1OR 5/4) with minor pale-
red-purple (5RP 6/2) and blotches of pale greenish
yellow (10Y 8/2), very fine grained and silty, fair
sorted; composed of angular clear quartz and feldspar
with common mica flakes; well cemented, very calcareous;
irregularly bedded. Forms two ledges 10 ft and 4 ft
thick separated by 8 ft of mudstone. Mudstone, moderate-
reddish-orange (10R 6/6), silty, firmly cemented, very
Calcareous, poorly exposed...................................22.0

5. Mudstone (80 percent) and sandstone (20 percent). Mudstone,
dark-reddish-brown (10R 3/4), silty and very micaceous;
thinly horizontally laminated. Forms slopes covered with
chips 0.5 in. across. Sandstone pale-red (1OR 6/2) and
grayish-red (10R 4/2) and pale-greenish-yellow (10Y 8/2),
fine- to medium-grained; composed of red-stained quartz
and feldspar and greenish-black biotite with abundant
colored accessory minerals; firmly cemented, calcareous;
cross-stratified in medium-scale trough sets of low-
angle cross laminae. Forms low irreglar ledge ranging
from about 1 to 6 ft thickeesessesscscsccccscscsssssssssssescébe?

4, Sandstone (90 percent), mudstone (7 percent), and
conglomerate (3 percent). Sandstone, pale-reddish-
brown (10R 5/4) and grayish-red (10R 4/2); weathers
same with common lighter streaks; coarse- and medium—
to fine grained, poorly sorted; composed of clear quartz,
clear and pink feldspar, greenish-black biotite minor
clear muscovite and rock fragments with common colored
accessory minerals; poorly to firmly cemented, calcareous
and clay binding. Abundant medium-scale trough sets of
cross laminae, cross laminae commonly contorted. Mud-
stone, moderate-brown (5YR 3/4) and dark-reddish-brown
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(10R 3/4), micaceous and fine sandy; occurs as irregular
lens about 2 ft thick in line of section in upper half

of unit; thickens northwestward. Conglomerate, moderate-
reddish-orange (10R 6/6); weathers moderate reddish

(10R 4/6); coarse-grained matrix similar to sandstone
described above. Pebbles dominantly about 1.5 in. but as
much as 3 in. in diameter, consist of pink granite, light-
gray aplite, clear and white quartz, white gneissic
granite, gray hornfels, schist, sandstone and well-
cemented, calcareous claystone. Occurs as irregular pods
and lenses up to 1 ft thick at base of unit. Unit as a
whole forms prominent double ledge with nick point at
mMudStone layeTresessssssssssssscssososnsssscssncsssssssonsssssdl,0

3. Mudstone (75 percent) and sandstone (25 percent) and
fossiliferous limestone. Mudstone, moderate-reddish-
brown (lOR 4/6) and grayish-red (5R 4/2), silty,
clayey and very fine sandy with abundant very fine
grained mica; poorly to firmly cemented, calcareous
and clay binding; forms slopes; poorly exposed. Sand-
stone, pale-red (1Q§_6/2); weathers pale reddish brown
(10R 5/4), medium grained, poor to fair sorted; in
thin beds, partly cross stratified grouped in isolated
lenses which form irregular ledges. Limestone, light-
olive-gray (5Y 6/1) to olive-gray (5Y 4/1), very
finely crystalline; contains common crinoid fragments;
weathered surface is very finely punctate; found only

as float..l.....l.............ll..........l..l...l........l..70.9

2. Sandstone, pale-grayish-red (5Y 5/2) and light-greenish-
gray (5G 8/1); weathers same and moderate greenish
yellow (10Y 7/2) and pale greenish yellow (10Y 8/2),
fine to medium grained, fair sorted; composed of clear
quartz, clear and pink feldspar, greenish-black biotite
and minor clear muscovite with common green, orange, and
black accessory minerals; firmly cemented, calcareous.
Irregularly bedded, partly horizontal and partly
cross stratified. Forms rough ledge and dip-slope

bench...l‘................l...C.........‘.l.l.................7.0

l. Mudstone (70 percent) and sandstone (30 percent). Mud-
stone, pale-red (5R 6/2) and grayish-red (1O0R 4/2);
common pale-olive (10Y 6/2) streaks in lower part,
dominantly silty near base and dominantly clayey near
top; poor to fair cemented, clay binding and cal-
careous cement; laminated; forms slope. Sandstone,
pale-red (10R 6/2) and grayish-red (10R 4/2)
with minor light greenish gray (5G 8/1), fine
grained to very fine grained and silty, fair sorted;
composed of angular white quartz, white and orange
feldspar, greenish-black biotite and clear muscovite
with abundant red, green, and black accessory minerals;
firmly cemented, calcareous, and clay binding; in thin
beds and thin sets of laminae in mudstone; forms prom-
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inent minor ledges. Contact between Cutler Formation

and Hermosa Formation is placed at top of a sparsely
fossiliferous marine limestone that forms a con-

spicuous and persistent hogback and dip=sSlop€eeessccoscscsesee2ba’

Total Cutler Formation. esessasl !48004

The dominant colors of the Cutler Formation are pale to dark reddish
brown and grayish red. Reddish-purple and dark reddish-brown coarse-grained
units are common in the lower part of the formation. Very pale orange, fine-
grained sandstone units are conspicuous because of their light color in the
upper part of the formation.

Conglomerate beds probably make up less than 2 percent of the formation
but they form prominent outcrops in the lower part of the Cutler. The pebbles
are as much as 3 inches in diameter, and consist of clear and white quartz,
pink granite, white gneissic granite, light-gray aplite, gray hornfels,gray
schist, sandstone, and claystone. Sandstone units range from silty, fine
grained to very coarse grained. All contain abundant feldspar and, except for
light-colored, fine-grained units in the upper part of the formation, most are
micaceous. Siltstone and mudstone make up more than half the formation and
commonly are darker and more micaceous than adjacent sandstone units,

Thin, discontinuous beds of gray and pale-red limestone, commonly less
than a foot thick, occur sparsely in the lower part of the formation. Most of
these limestone beds are sandy and silty, partly converted to gray and red
chert, and show no trace of fossils. A few isolated lenses of gray limestone
and limy siltstone mostly near the base of the formation contain marine
fossils.

The name Culter Formation in this report is also applied to a poorly
exposed sequence of red beds in South Mountain that in part is similar to the
Cutler Formation exposed along Big Indian Valley. Conglomerate and coarse-
grained sandstone, which are conspicuous in the Cutler outcrops of Big Indian
Valley, are not present in the South Mountain exposures. The mountain
sequence is more than 500 feet thick and consists mainly of reddish-and
yellowish—-gray, fine-grained arkosic and micaceous sandstone and micaceous
grayish-red siltstone with some red mudstone-pebble conglomerate and
yellowish—-brown, solution-pitted, unfossiliferous, very finely crystalline
linestone containing grains and chips of red mudstone. Possibly this sequence
contains unrecognized equivalents of the Moenkopi Formation of Triassic age or
of the Hermosa Formation of Pennsylvanian age.

Contacts

The basal contact of the Cutler Formation in the Lisbon Valley area is the
top of the highest persistent fossiliferous marine limestone of the Hermosa
Formation. Along the northeast side of Big Indian Valley this limestone is
commonly 2 to 4 feet thick and generally forms a short but conspicuous dip
slope. It contains scattered shell and crinoid stem fragments. Clastic beds
above and below this persistent limestone bed are much alike, and if the
persistent limestone beds of the Hermosa were lacking, the Cutler Formation
could not be readily differentiated from the upper part of the Hermosa.
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The basal part of the Cutler Formation contains a few thin fossiliferous
marine limestone and limy siltstone lenses. Most of these lenses are less
than a foot thick and less than 100 feet long. The lenses occur sporadically
and, although not confined to particular horizons, are mostly in the basal 100
feet of the Cutler. The highest fossiliferous marine limestone noted in the
field occurs about 300 feet above the base of the formation. Because of their
thinness and discontinuity, these limestone lenses in the lower part of the
Cutler are not easily confused with the top limestone bed of the Hermosa
Formation.

The base of the Cutler Formation is not exposed in the Ia Sal
Mountains. The formation is intruded by the diorite porphyry of South
Mountain.

The Cutler Formation is separated from the Chinle Formation by a regional
unconformity in the central part of the Lisbon Valley area and probably also
in the La Sal Mountains. 1In the subsurface of the western part of the area,
where the Cutler is overlain by the Moenkopi Formation, the contact is also
probably erosional.

Age

Most thin lenses of limestone in the lower part of the Cutler Formation
in the Lisbon Valley area are unfossiliferous or contain only a few broken
bits of shells and crinoid stems. About 300 feet above the base of the Cutler
Formation a fossiliferous limestone lens, less than 1 foot thick and only a
few hundred feet long, crops out about 1.2 miles northeast of Big Indian Rock
in SW1/4, sec. 18, T. 30 S., R. 25 E., San Juan County, Utah. This lens
yielded the following forms, identified by E. L. Yochelson (written commun.,
1960):

Juresania cf._gl nebrascensis (Owen)

Allorisma terminale (Hall) (abundant)

myalinid? pelecypod indet.

Aviculopecten sp. indet.

parallelodontid? pelecypod, indet.

Schizodus sp. indet.

Knightites (Retispira) cf. K. (R.) eximia Yochelson, (abundant)
moderately high-spired gastropda—bf. Yunnania

euomphalid gastropod, indet.

bone fragment, undet.

Yochelson compared this collection with earlier collections made near Moab by
Baker (1933) and McKnight (1940) and noted that the fauna resembles that of
their "Shafer limestone'" of the Rico Formation.

The Rico Formation is presently considered to be of Late Pennsylvanian
and Permian age. Fossil foraminifera from the Rico of the San Juan Mountains,
Colorado and from near Moab, Utah indicate a Late Pennsylvanian age (Henbest,
1948), although macrofossils from these areas have been interpreted as
possibly or probably Permian (Williams, J. S., 1949, p. 21-~24; Baker, 1933, p.
26; Baker, 1946, p. 35). In the subsurface about 25 miles west of Moab marine
limestone interstratified with red beds is reportedly of Wolfcampian (Permian)
are (Herman and Sharps, 1956, p. 82). The transitional facies of the Rico
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apparently rises in the time scale from its type area toward the west and
southwest (Henbest, 1948).

The Cutler Formation on the Colorado Plateau is regarded as Permian
largely on the basis of its stratigraphic position between Pennsylvanian-
Permian and Triassic units, for it has yielded few fossils. Because the
Cutler rests on the Hermosa Formation at its type locality on the San Juan
Mountains and at many localities along the front of the Uncompahgre uplift
(Herman and Sharps, 1956, p. 82), part of the Cutler in southwestern Colorado
and southwestern Utah has long been recognized as possibly Pennsylvanian,
Fossil vertebrates collected from the Cutler Formation near Placerville,
Colo., just north of the San Juan Mountains, indicate that the formation is
either very Early Permian or latest Pennsylvanian (A. S. Romer and G. E.
Lewls, quoted by Bush and others, 1959, p. 313). Fossil plants collected from
the Cutler in Indian Creek Valley about 6 miles west of the Lisbon Valley
area, also suggest either a Pennsylvanian or Permian age (Baker, 1933,

p. 33). Fossil plants and fragmental vertebrate remains collected from the
upper part of the Cutler in Monument Valley near the Arizona-Utah line were
determined as Permian in age (Baker, 1936, p. 35). The red beds of the Cutler
in the Lisbon Valley area contain only a few pieces of silicified wood and
very sparse bone fragments. Because the Cutler of the Lisbon Valley area
rests conformably on Upper Pennsylvanian limestone and contains beds probably
equivalent to the Rico Formation of the Moab district, the Cutler Formation of
the Lisbon Valley area perhaps contains the Permian-Pennsylvanian time
surface, but it seems reasonable to infer that most of the red bed sequence
above the highest limestone lens in the section in Early Permian in age.

Regional stratigraphic relations

Rico Formation

The regional stratigraphy and age determination of the Cutler Formation
of Lisbon Valley involve the stratigraphy of the Hermosa and Rico Formations.
The possibility that the Rico 1is represented in large part by what is called
Hermosa Formation in the Lisbon Valley area has been previously mentioned.
Here it is appropriate to discuss the definition, regional stratigraphy and
fossil content of the Rico, for though this formation is not recognized in the
Lisbon Valley area, outcropping beds both to the east (Cater, 1955b; Withington,
1955) and to the west (Baker, 1933) have been assigned to the Rico Formation.

The Rico Formation consist In its type area of the Rico Mountains in
southwestern Colorado of about 300 feet of dull-red sandstone and conglomerate
and minor amounts of interbedded shale and sandy fossiliferous marine lime-
stone (Cross and Spencer, 1900; Cross and Ransome, 1905). The formation is a
transitional unit between the dominantly marine Hermosa and the continental
Cutler, but lithologically the Rico more closely resembles the Cutler than the
Hermosa. The base of the formation was designated as the top of the highest
limestone that contains Hermosa faunas, which are composed mainly of brachio-
pods in contrast to Rico faunas that contain a relatively larger proportion of
pelecypods. The top of the formation was defined as the highest fossiliferous
limestone in the dominantly red bed sequence. In and near the type area
exposures are poor and the occurrence of fossils sporadic, so that the upper
contact of the Rico is admittedly of only local significance and does not mark
an otherwise recognizable lithologic or stratigraphic break. Despite diffi-
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culties in defining consistently the contacts of the Rico, the formation is
said to be a readily recognizable lithologic unit near the type area and to be
valuable in working out details of structure (Eckel, 1949, p. 13).

About 20 miles east of the Lisbon Valley area Cater (1955b) mapped a
sequence of beds, which overlie fossiliferous marine limestone and thin shale
beds of the Hermosa Formation, as "Cutler and Rico Formations undivided". The
lower part of this sequence consists of alternating beds of marine limestone
and arkosic material, lithologically similar to the Rico Formation of the San
Juan Mountains; the upper part consists of red and maroon arkosic sandstone
and conglomerate and reddish-brown sandy mudstone and corresponds litholog-
ically and in stratigraphic position to the Cutler Formation.

About 12 to 20 miles west of the Lisbon Valley area along the Colorado
River, Baker (1933) applied the name "Rico Formation" to a sequence of
coarse-grained to conglomeratic arkosic sandstone, red to lavender shale, and
several thin layers of limestone. The basal contact is placed at the base of
a limestone containing a Rico fauna characterized by an abundance of pelecy-
pods in contrast to the brachiopod fauna of the underlying Hermosa (Baker,
1933, p. 25-26). Baker mapped the upper contact of the Rico as the top of the
"Shafer limestone" of local usage, which over a large part of the Moab dis—-
trict is the highest marine limestone in the section. This limestone bed
pinches out near Moab, and northeast of Moab the Rico Formation is not recog-
nized, because the equivalent clastic beds are indistinguishable from the
Cutler formation (Dane, 1935, p. 35). In other parts of the Moab district
other marine limestone beds, more than 120 feet apart and lying both below and
above the horizon of the "Shafer limestone", are the highest fossiliferous
units in the section and mark the local top of the Rico. Generally, the
limestones of the upper Rico increase in prominence toward the southwest
(McKnight, 1940, p. 27).

In summary, the Rico Formation has been long recognized on the Colorado
Plateau and its type area as a unit lithologically transitional between the
Hermosa and Cutler Formations but having generally a closer resemblance to the
Cutler. The base of the formation has frequently been placed at a faunal
break in the fossiliferous limestone beds, though Williams, J. S., (1949,

P. 24) minimized the importance of this break and reported that in the San
Juan Mountains faunas of so—-called Hermosa aspect have been collected above
faunas of so-called Rico aspect. The upper contact of the Rico at the top of
the highest fossiliferous limestone differs from locality to locality.

The Rico formation is not recognized in the Lisbon Valley area, because
no major faunal or lithologic break was detected in the fossiliferous lime-
stone sequence that was mapped as the Hermosa Formation, and the marine lime-
stone beds in the lower part of the Cutler were too few and too discontinuous
to warrant subdivision. The red bed sequence containing the limestone lenses,
however, probably correlates with the Rico Formation of the Moab district.

Cutler Formation

The Cutler Formation at its type locality on Cutler Creek near Ouray in
the San Juan Mountains, Colorado, is a red-bed sequence consisting mainly of
coarse-grained sandstone and conglomerate and some shale (Cross and Howe,
1905). It retains this conglomeratic character throughout southwestern
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Colorado and into part of southeastern Utah. Farther west in most of south-
eastern Utah and in northern New Mexico and Arizona the Cutler is finer grained
and made up of red beds alternating and interfingering with light-colored cross-
bedded sandstone (Baker and Reeside, 1929) and is divided into as many as

seven members (Stewart and others, 1959, p. 495-496; Kunkel, 1958).

In the southern part of the Moab district near the southwest corner of
the Lisbon Valley area, Baker (1933, p. 32; 1946, p. 43) divided the Cutler
Formation into two members, in ascending order, the Cedar Mesa Sandstone
Member, consisting mostly of light-colored cross—bedded sandstone, and the
Organ Rock Tongue, consisting mainly of red siltstone and fine-—-grained
sandstone. These members cannot be recognized in the northern part of the
Moab district or in the Lisbon Valley area, where the Cutler is much like the
conglomeratic facies of the formation at its type locality. Some light-
colored cross—bedded and massive sandstone in the upper part of the Cutler of
the Lisbon Valley area strongly resembles beds characteristic of the Cedar
Mesa Member, and some sequences of fine-grained sandstone and siltstone are
much like the Organ Rock Tongue.

Triassic system
Lower and Middle (?) Triassic series

Moenkopi Formation

Distribution and thickness

The Moenkopi Formation is exposed only in Hatch Wash and Kane Springs
Canyon at the western edge of the Lisbon Valley area. It is missing in the
Big Indian Valley, Three Step Hill, and the South Mountain outcrops of
Triassic rocks. These localities are probably near the eastern edge of the
Moenkopi; if the formation was deposited here, it was removed during pre-
Chinle erosion. Possibly it is present in the subsurface in the Lisbon Valley
are, for reddish-brown shale and interbedded sandstone from drill-holes
southwest of Big Indian Valley have been tentatively identified as Moenkopi
(Lekas and Dahl, 1956, p. 161; Anon., 1960). Similar rocks, however, occur
within the Cutler Formation of Permian age.

The maximum exposure of the Moenkopi Formation in the area is about 100
feet in Hatch Wash. In the nearest exposures of the complete formation in the
valley of Indian Creek and in Lockhart Canyon, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>