





Changes 1n Stratigraphic
Nomenclature by the
U.S. Geological Survey,
1969

By GEORGE V. COHEE, ROBERT G. BATES, and WILNA B. WRIGHT

CONTRIBUTIONS TO STRATIGRAPHY

GEOLOGICAL SURVEY BULLETIN 1324-A

UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON : 1970



UNITED STATES DEPARTMENT OF THE INTERIOR

WALTER J. HICKEL, Secretary

GEOLOGICAL SURVEY

William T. Pecora, Director

Library of Congress catalog-card No. 73-608228

For sale by the Superintendent of Documents, U.S. Government Printing Office
Washington, D.C. 20402 - Price 30 cents (paper cover)



CONTENTS

Page
Listing of nomenclatural changes ... ... Al
Age and stratigraphic relations of Amchitka, Ban]o Pomt and Chltka
Point Formations, Amchitka Island, Aleutian Islands, Alaska, by
W. J. Carr, W. D. Quinlivan, and L. M. Gard, Jr.. . . ... . ... 16
Amchitka Formation ... . .. ... R . 16
Banjo Point and Chitka Pomt Formatlons - e e 18
N 19
Caesars Head Quartz Monzonite in the Western Carohna Piedmont, by
Jarvis B, Hadley and Arthur E. Nelson ... .. .. ... . ... 23
Metadiabase sills in Negaunee Iron-Formation south of Negaunee, Mich.,
by J. E. Gair and G. C. Simmons . ... : 24
Tracy sill .. ... o .. 26
Summit Mountain sill ... 26
Partridge Creek sill ... .. JO e 28
Suicide sill e e 29
The Osprey Formation (Plelstocene) and its Tower Creek Gravel Member,
Yellowstone National Park, by Kenneth L. Pierce, Robert L. Chris-
tiansen, and Gerald M. Richmond ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 30
Osprey Formation .. .. .. e e 30
Basalt member ... .. e e 31
Tower Creek Gravel Member e e . .. 32
A B ettt 34
Selected references . . . e 34
ILLUSTRATIONS
Page
FIGURE 1. Geologic sketch map of Amchitka Island, Alaska ... . Al17
2. Map showing distribution of middle Precambrian
metadiabase sills south of Negaunee, Mich. ... ... 25
3. Columnar sections of middle Precambrian metadiabase
sills in Negaunee Iron-Foundation . . . ... .. . ... 27
4. Index map of the northern part of Yellowstone National
Park showing areas underlain by Osprey Formation ....... 31
5. Type section of Tower Creek Gravel Member.. .. .. . S 33

III



v CONTENTS

TABLES

Page
TABLE 1. Distribution of Foraminifera in the Amchitka, Gunners Cove,
and Banjo Point Formations, Amchitka and Rat Islands,
Alaska e Al19
2. Pollen and spores from Amchitka Island, Alaska ... 21
3. Potassium-argon dates on rocks from Amchitka Island,
Alaska . ... . ... . . . e 22



CONTRIBUTIONS TO STRATIGRAPHY

CHANGES IN STRATIGRAPHIC
NOMENCLATURE BY THE
U.S. GEOLOGICAL SURVEY, 1969

By GEORGE V. COHEE, ROBERT G. BATES, and WILNA B. WRIGHT

LISTING OF NOMENCLATURAL CHANGES

In the following table, stratigraphic names adopted, revised,
reinstated, or abandoned are listed alphabetically. The age of the
unit, the revision, and the area involved, along with the author’s
name and date of publication of the report, are given. The pub-
lications in which the changes in nomenclature were made are
listed in the references at the end of this publication. The capital-
ization of age terms in the age column follows official usage.

Al



CONTRIBUTIONS TO STRATIGRAPHY

A2

(*6961 ‘s1oy30 pue *(dnoxn

Aaieq) ‘IPqWISW YNL BI[BI>J SIPO[IU] ‘PIAOPE SI[OAYY PEIYIBIY ‘OIXIP MON [BIFUSD-YIION T SUSDOIJ SIPPIM SIIDY JO) SH[OAYY PBoyIedyg
*(20AYYy saie
("6961 ‘sxayjo pue Asyieq) 'pardope IdqWLIY Y00y AIUSI[IIBY ‘OIXIP MON [BAJUSD=YRION ~ = ~=-r=-==r=smrses 2ua203sI3[g  FO) uwaEwwa v_ﬂuom&:ﬁ_wmcmrdm
("6961 ‘Umolrg pu®e SI00J) "20wv} * *(uopewIO] ®I}BYR[[B], JO)
-INSqNS U 22SSIUUIJ, UAS}S94 0} PIPUSIXD ISQUII S[BYS A} OISBY T 99SSIUUSJ, UANSIM U QUIOON S[PPIw IPqUIBTY o[BUS AN oIseg
. (6961 *(®10031g ®[[I1921
S3311g) ‘BlOO2IY B[[199110], JO PqWLW Joddn sB Paydope PN, Solrvg TTTUTOINY 0PN [BAJUS T $noaEjRI) A[1eq -10], JO) I2qWA PnJ, solreg
‘(uony
-eu 10| sdAanIe] .«ovﬁ I9q
("6961 ‘s33ra1g) ‘pa1dope JoqWISJY SUOSAWIT] SBIUBILBG T 001y oMPNg [BAFUSL) I 5100081210 A[X8 ~WSN SUO}SPUL] SBOUBIIEY
(*81V *d ‘310dax sty ‘sasylo pue
118])) "US0BI[(Q 10 SUIIOF B[ 03 (y )2us003I[Q WOIF PoSury>d a3y~~~ EISE[Y UIDISPMUINOg " 2u22031[Q 10 BUDIOF e[~ uoryewioy juiog ofueg
(6961 ‘SI2yjo puw Laieqg) -IoqWLIN 23241US], PU® Iaq *(dnoin
SWA 1M03Q : (BUIPULISE) SISQUISW OM) OJUI PIPIAIP PnJ, 191[BPUBH "OOIXS] MIN [BXJUSI-YRION ~ == - 2u200)SII[J BMIJ, JO) InJ, I3jdpueg
. (6961 *(2}[0AYJ SBI[BA
SIdYo pus L3[ieq) ‘Fequow Jaddn Se pa3dope JOqUIBTY OHUOH 0dUBY OINXIIN MON [BIUSI-UYJION ~ - 2uUd003SIa[J JO) JqUID]Y Ojluog odurg
(*6961 ‘Ydonaqpey) ‘dnoir) BISO)H BIJUODH
0} (PaUOpU®Bq®) dnoxy) Ad[dji2g WOIJ Paudissedl jfeseq Nedd preg-— BIUIOJI[B) UIDPSBAN - =~ s UBIOL[J ~T T T q[eseg yead pred
‘uBlu
("L961 ‘sIdyjo pu® Ina[iie]) 'pa3dope dnoxd payeg T BYSB]YV UWIBYRION =-0A3( 9387 Pu® (;)d[PPIN ™ ~ " ~ ~ dnoir pareg
*{(dnoan) dog, 131B],
(*6961 ‘SuIPpung pu® }SINbWOILS) ‘PIUOPUBYE SWUBN~ "~~~ BUL[OI®) YIXON ~~~ T o10Z03[8J A[T82 JO) auolsuaaix) uipeg
(*6961 ‘[[ouUuo(]) ‘uiseq }221) JDuEIDIJ Ul uoly} *(i )euadoy *(UO1IBWLIO] YDI1BSBA

-BUWIO] UIJESEA JO I2qQUIDUI [eSBq SB Pajdope JoqWB] Yo[no [[PMIV ~ OpPBIO[O) UINSIMINION  A[X82 PUB 2UD03[BJ 78] JO) ISqUIBIY Y2[ND) [[PMIV

‘(dnoan svwWO)

(*6961 ‘19Z8H) 'Sn022¥321) A[IRE 0} SN020BIDI() 8] WIOIF PIBUBYD 2By~ ——===-"="  DUBAIB]N ™ " """ Sn0soBI2I) A[1eF -0J JO) UOHEWIO] [PpUNIY
('6961 ‘SI2AIN pue *(9U0}SPWITY AB[[BA
uswyoeqg) ‘pardope (I§61) I2YSmog PUE UOPNET] JO JOQWOIY 2IUSIIY OOIXaIN MIN [BIUSI-YIN0g "~ - uwlddissiSSIy A[1el O] JO) I2qQUa] 2}U2dI1y
(*6961 ‘JuBIY) pue I23doo)) “ISqQUIB] UYouwy *(edn[epenn) *(uolyBWIO] PIOM
[eddy st 3u(ads 3021100 ¢ 1aded Sujweu ui pa[ads A[I921X00UI IBQUIDJY ~ T SBX3J, 189 M ueruaej Ali1ey Jo) JqWRW ysury dddy
(*6961 "M °( ‘uosiag) °pardope ynjy, desT sydedy BUOZLAY T AXeneg, T T yng, deor] ayoedy
(*91V "d *3x0d21 S|y} ‘sI9Y30 pue I1IB)) AIBI}IS], A[18€3 0}
I9P[0 10 AXBIMBJ, wOIy pal3ueyd 23y ‘uonBWIO] julog BYIYD 0}
PoUBISSE MOU 218 UOIIBWIO] BYHYIWY Ul Papn[oul A[I2WLI0] PUe[S[
BYIYIWY UWIBYIOU Ul S)20X [[B PIIOrI}sal UOBWIO] EYIYIWYy VSB[V UISIMYINOG™" """ LXRIMBJ, A[A®D T UOIJRWIO  BYIUYIWY
‘8961 ‘I2A00
Pu® pe®AIQIIIYA ) "PUIOI 03 (j )dUus0031[Q an% pa3usyd WW«« BpBADN T T T T SUBD0IN T uolewWaog BV
(*6961 ‘sniepung pue jsinbwonyg) °(; ) UBIOIAOPIQ
0} otozod[eg A[a1v2 wWoJy pa3uByd 23y ‘suoljrmIIoy 310dIUI[IA
pu® ‘pry ‘Am[IY : (Bulpusddose) Jo s3SISU0d mou dnoid "UOIIBRULIO]
JXOdBUL[[I Y} JO I2qWIBUW B 0} JUBI Ul Paonpal oydBMABID Uy
-pex pue psuopueqe UOHEBWIOJ SNUBNIW 'PPuyapat dnoir) s[IewWaqy " " BUI[OXBD YRION ™" =" """ (1 JURIIAOPIQ™ - 7 - dnoar) S[IBWRAQ[Y
*{uolBW.IOf
(*6961 ‘s33rag) 'ero29xg e[[1o2110], Ul paoe[d pue opxefe] Jo) IdqULB]N
UOI}eWI0] OpPIB(EeJ WOIJ PIAOUIDX ISqUSJY SU0jsdwiry seusng sendy 001y 03I2NJ [BIJUSD T UUTT SN020R)RI) A[IBE duolsowiry sewuang sendy
(6961
‘sI9Yj0 pue 21aydurer]) 'UBIUOAS( 0} SNOIPFIUOQIB) WOoXJ PI3ueyd 83y ~ "~ U0S3I() PUB BLUIOFI[B() - === UBIUOAD( " ISIYDS BIIN SWBIQY
90USIBIIX PUB UOISIAY uoijesory a3y awEN




A3

CHANGES IN STRATIGRAPHIC NOMENCLATURE

('8961 ‘@s®D)
“(MIU) B[BYS j}SANYIULJ PUEB ‘JIUN 3[BYS pawWIBUURN ‘(MAU) UOIJEWIO]
uoAug)) poompay ‘(mau) ulljBULIO] 221D Pparydayg ‘(Pa3dLils
-21) 2jBIPWO[3UO0) PUB[}E() ‘(MdU) UOIRWIO JII[[IN ulnbeop
I (BUIPUl2SE) OjUI PIPIAID DI ¥jIB.IS Y} J[Ney Jo0qrY) 2y} JO }58D
-ylIoN ‘uoljewIoq a[[iaxoul] BulL[iepun 03 paudisse }[ne} 0qBYD

2U} JO 1S2MYINO0S BIBI}G ‘3.10daL JO BaUe Ul Pasn 30U UOIIBWIOJ 0d[YY ™ 7777 BIUIOJI{B) [®AJUS T SN0DVIDIIY VYT uonBWIOq 021D
‘(dnoan saxsy jo)
(6961 ‘SI2Y30 pu® Ad[1eg) 'P2}dOPE SI[OAYY UOAUE]) SEAOUB)) ‘OIXSIN MON [BIFUSI-YIION ~~~ 777" auadol[d (i )A[1ed SI|0AYY UOAUB) SEAOUE]D

(*6961 “‘UnWUWOd
uaPlIM ‘YOS ' °"N) °SPLI@S UBIIIAOPI() J2MOr] 0} jus[eAlnba aq

114 pasn Ajjuasaixd s ! S2L12§ [BIoUIAOXd ¥ SEB PIjejsuldx S| UBIPBUR)) - Ug[IIAOPIQ A[IBH °S31Ia3Q [BIOUIAOIJ UBIPBUEB)

(*6961
‘sxaylo pu® Jead) °(;)AIenaa], A[1es 03 A1B1119J, WOy pa3ueyd 33y T T OPBIO[O) UASISBMYINOGTTIITITIIIIIT (3 )AxenaL], A[xes - "TUAlAydiog yeed O2I[B)
("8961 ‘WBYINQ) d[eYS A3131UO]y JO I3qWRN 2[3Ing se pajdop® “(218YS
(6961 ‘BAPUBJ) UOIIBWIO] AIIUOW JO JOqWRIN 2} WO0Fer d[pjng BIUIOFI[ B~ T BUSJOTIN 9)%€] A2J9JUOIY JO) I2QWAIA 2[3Ing
("8961 ‘SIdY30 Pu® UOSUIqOY)
*SN09IEIAL)) 2JBT] 0} SUID0d[BJ IO $NOSIBIDID )BT WOIJ paldueyd aFy < TTTIIIIIIIII BUBJUOP " =~ $N0208J2I) 21~ IUOZUO zIxend 3ng
(*6961 ‘sdieys) "opeIo[o)
U12)583Y3IN0S 03Ul OPBIO[O) [BIJUID WOIJ PIPUSIXD WNIAN[[Y ABMmproIg """ T QPRIO[OQ T e U031 T wnian[[y Aempeoxg
("6961 ‘BUOISWIY) "UBLIQUE) S[PPIA 03} UBLIqUEIDIJ ‘UBLIQWIBY)
91B] 03 UBLIqQUED A[IBF PUEB UBLIqWEBIdIJ 2)8[ Wo0ay padueys a3y -~ - Oy®p| UJ2)ISEIYINOG S[PPIA 0} UBLIqUEBIALJ 238] 777 7 2jrzirend) weysdlig
("6961 ‘s3311g) 'uoryBUILO] SBZOJ Ul pade[d ‘(uorjewao OWRO) JO)
pUE UOI}BWIO] OWEO)) WOIJ PIAOWAI ISqUWIBJY PU0jsdwI] Sefijog -~ 031y opong [ejua) = - SN02IBIBIY) 3BT JAqWJN duojsawl] sefijog

(*6961 ‘21nYyD)

‘(; )UBIUOA3(] O} SNOXIFIUOQIB) J0 UBIUOAS( WOI pasdueyd a3y ™ $)12SNYDPBSSB T T T () uBlUoAd( "Axfydiog ayuead [[IH 2n{dg
("L961 ‘urdisdjf pue ulals
-dgf) -uBLIN[IS 93BT PUE S[PPIN 0} UBLIN[IS I8 WOIy padueyd 23y ‘BIUBA[ASUUSJ UINSEIYINOS *uBLIN[IS 918 PU®B S[PPIN T speg pay 3angswoolg
("6961 ‘SUB[[NI) °2IPYMIS[d PISN SU0ISIWITT YHWSHOB[H : BIA®
j30dar Ul 9jIwo[o YIIWSYoB[g 0} PoSUeYd SUOISAWIY YIWSHIBG ~ "7 YEl[] [BVUSI-YMON T T UBLIQUEBD I[PPIW T T 2UOISIW] yHwsyorig
“(PH[0AUY I3[
("896T ‘unyjuey) ‘paldope QWA 38D NIB[F™ R 10443 () - uBlU0Ad(] A[IBY -ARL], JO) QUL 1E)D OBl
("8961 ‘urjuey) ‘perdope 2}joAyy I2ousdg IJig~ e s QUERACTTTTTTT T T T UBIUOAR( A[JBYH T 211[0AYy I3ouadg g
(°6961 ‘qqead) (dnoxp yrpuey
‘dnoar) yIpuey jo UonBUWLIO] 3[pplwx se pojdope )I[[IB1y UBWILBPAIg T BYSBIY [BIJUBD-3SBly " T - SNodIBIBIY) A[XBY JO) BN[[iB1y ueBwL.BpPAIYg
(*6961 ‘yaniqpey)
*dnoar) BISO)) BIJUO) 0} PIUIISSE SOOI ! pauocpurqe dnory) AdfaxIag T S BIUIOFI[BD) UISSIp\ T T auadolg T U - dnoay) A3(djaeg
U0} BULYSB M
(‘8961 ‘s1ayjo pue uosurqoy) ‘dnordiadng g O} PASIASL SPLIdG }[dg UJIISEd ‘BUBIUOW ‘oyep] STttt T uBlIqUUEBddag T T B ) S CT | 2t §
("6961 ‘Ad[pBMS)
‘duojsew] oye] juBAD JOo an3uo], onAd[dg SB AYonjuayl ojul (2uojsowl] 4T
PopuUaIXd 01y Ul UOITBWLIOS UB[[INPW JO I3QUIB]N dUOSaWL] dnaAd[[ag~" =7 777"~ 77 Ajomuayf -~ = UBIDIAOPIQ 9387 JUBID JO) In3U0], anad[[dg
("6961 ‘SUS[[NJ) ‘SI9YMIS[3 pasn UOIIBULIO] nBd3upaidy : eale
j10da1 Ul 2uojspurg nNBAUPIIAG ©) PaBUBYD UOHBWIOY NBIUPILRG T 7T YBR[} [RIIUBI-YRION T T 7 T uBUOAS( 23¥ T uoljewIo,f neaupairag
‘(uor}
("L961 ‘stdYjo pue d[00J) "Yei[} ur -BUWIO] UOSId}daf JO) J8q
UONBWIO] NEBdUP.AIdg 03 JUEBL Ul PIsIBI I2qUIdJA dUO}ISPUBS NBAUPIIAG " 7777 yeyn:- T T T UBIUOA3(] 238 -WPJN dUOISpUBS neaUpPIRg
("L961 °‘srdyjo pue 3jood) T(uUol3ewa0y UuljIey
“I9QUIBJ SU0)SPUBS 233Ny SI3)2dg 03} paldueyy IdqUIBJY 233ng SId}dag ™ T T T T T BUOZIY  "UBIUOAS( ]PPII 10 A[1B{ JO) ISqUIBJY d)3ng SI0)22g
('L96T ‘Pdel ‘Buiwt

pue 3i2qpueg) °‘OYep] O3Ul PapuUI}Xd UOIBRWLIOG OPNG YIoojaedg -04p\ PUE ‘BUBUON ‘OYePL T ueIUOAS(] A[1BY UONBWIO] 213ng Yjoojieaq



CONTRIBUTIONS TO STRATIGRAPHY

A4

*(3rBUs
SOOURIN JO) JoqUD]
T ODIKO MON T T < $N029BIAID 3BT auospurg ofoxry Jadoo)

("L961 ‘@ue( pue sipuer]) p23dopE IPQWIBT 2U0ISPUBS 04011y J2d00) -
("6961 ‘Umoag pu® 2I00J) ‘20eFIns
-qns Ul 22SSAUUSJ, UIIS2M 0jUl PIPU2IXd UOIIBWLIO] UIBIUNOJY HOOD ™ =~ 99SSIUUST, UIBISB M 7 ~77777TTTTTT 3USI0N S[PPIMTTT UOLPRUIIO] UFBIUNOI HOOD

("6961 ‘YonIqpPeY) "I[ESEY NEaq Pleg PU® SUOHEWO]
®}SOIS PU®B ‘BIBION ‘BPUII() : (BUIPUSDSE) sSIPNAU] ‘(PIUOpUBqE)

dnoay) AsayIag sadejdax ! pajdope (gg¢6I) WEE JO dnodr) B}SO) BIJUOD T BIWIOJI[B) UIDISD M ~ aua2011J dnoly) B0 BIIUO)
(6961 ‘siaylo
pue urwdi]) ‘UCIIBUIIO] SOfUC) 0} 2IPYMAISAS POJURYD SWEBN ~ == """ T Ut OPRIO[OD T “I3p[0 I0 2U0BL[Q T T 13er] zjaend sofauo)
("6961 ‘SIaY}0 PUB POOAL) "OIPYMIS[>
pasn UoIjBWIO] JI0 2U0}SAWI'] SUBWASO)) "BOIE 310d2.X UI UOI}BWIOJ *(uoryemrIoy)
312qPPPH JO I12qWOW B 2pBW UOIBWIO] 10 SU0SOWIT SUBWIADOQ ~ ~7= = === BIUBA[ASUUDJ ~~7 " 77T ueiuoAs(q A[ield 2U0)SBWIIT] SUBWA0])
("6961 ‘sIdYlo pu® A2[Ieg) ‘po}dop® UOITBWLIO] IIY20)) ‘OIIXIP MIN] [BIJUI-YIION 'PU2001J 2[PPIWL 0} A[IBD ~ "7 UOLJBWLIO 131Y20))
("6961 ‘s3311g) -uornyewro sezoJg ul pade[d pPue UOIJBULIOJ
OWE0) W01 P2AOWSI IS S242Yy PU® I2QUISJY 2uojsdwirr] selfijog — T0O1Y O3Ieng [BAJUDY T T SNO0SIVIBAY YR UOlBUWLIO] oW RO
‘SBSUBYIY PU®
('8961 ‘ullddy pu® JoYB]) "U0L3ax }s€0) J[NDH ‘ewreqe[y ‘1ddissisSiy
2y} ui sa1ias [Biouraoid ® 58 Pa)dope (FFeI) AB[W] JO SILIE B[INYBOD ‘BUBLSINOT ‘SBXJ, ~7 ~ T SN0298IdN) A[IBH T R & CISIR L0 1=0v%6 )
('6961 ‘112Y2g) 28usy wuln Jo
JUEBY [YIIO0U UO YBl[) UI3}SESYII0U 0JUl PaPUd}Xd UOIFBUWIO] A[ISAO[D) 77 = 77 YB}[{)] UISISBIYJION ~—~° SNo20BIAY ALBY T uonewiog £[12A0[D)
‘(uonewio
*A}Y2NjUdy] UI}SBIYINOS ISIM JO) WPqULB
("6961 “WIIIN) "P31dope I3qUISY PUO0ISPUBS IO I2A0[) PUB BIUIBIIA UIIS2MYINOG ™~ T T ueluUeAlAsuuag 2U0)SpULBS Y10 I23A0[))

("L961 ‘uysdy pue urdsd{) "eIUBA[ASUUDJ UJD}SBAY}NOS Ul

21BoWO[3U0) HUNSUBMBUS Ul PIPN[IUI JUS[BAINDS UOIIBWIO] UOIUI[D ™~ BIUBA[ASUUSJ UID}ISBIYINOG uBLIN[IS B[PPIN """ 7T T UONBWIO UOIUI[)
("696T ‘UmoIg PUEB DIOO]) "99SS2UUI],
uwi3)sam uf dnoid Jo uoljBWLIO} [BSBq s pajdope purg SIUdWLN T 99SSAUURJ, WIASOM T T - AUAOH "" 7T T T dnoay) auaoqie[)
(*8961 ‘s1B0D) ‘pardope 2N[0AYY HI2I) d[2LL) T BPEBASN UIYIION oo auddolg A[aed T T 9N0AYY Y9I B[2I)
("8961 ‘stayjo pu® uosuryarq) ‘pardope uorjBuLIO 93pIY UOCIIBWI) ~~~~~ OPBIO[O) U.I33S3MYInog "~ - s10928331) 238 UCIJBWIOJ 33pry UoITBWI)
(*6961 ‘SnI[PPUng puE ISINDWO.I}S) '‘PAUOPUBQE UISQ SBY YIIYMm
UOIjBW.IO] SNUBN2 92U} ‘}aed ul ‘sade[dey ‘IdqUBL dwemg jelJ *(dnoay) a[iBrWLqlY
PuU® J2qUIBW J2MO] pawguun U® sapnjour :psjdope uoryvwWIog PI) T U T BUI[OAB) YRION T T T (i )uepIAOPIO Jo) uolyewlOf PI)
“Y®B)[) UI2}SBIYINOS PUB
(°8961 ‘siayjo pus ‘Opeo[0)) UJI2}1S2MYIN0S ‘(uonyewIO B[UIYD)
aMBYGZ) "OpPBRIOIO) UIIIS2MYINOS 0JUl Papualxe IQUBIN F20Y Y2any)H ‘BUOZIIY UWIdISBIYIION ~~~~~~"77TTTTT DISSBLLJ, 98] JO) IBqWIBIY Y20y Y2.unyd
(*8TV °d “310d3x SIY} ‘SI2Y30
PUB 1I1B)) ‘BUIIOIJ 0} 2Ua203SB[J J0 3Ud20l[ Woay paldueys 23y
‘UOITBWIO,] BYIYIWY 2Y3} Ul Papn[oul A[12wrioy PUB[S] BYIIYIWY
WIdYI0U Ul SYI0X [[B Spn[oUl 0} papuedXa UOIBWLIO] U0 BYHYD ~TTT BYSE[Y Udd}samyinog - " 2UIOIN ~TTTUOLFBULIOY JUl0g BHIYD
(*6961 “112A33J[2B]N PU® sauop) "pa1dop® UO}BUWLIO] MINYH ~~ T T BYSB[Y WWBYINOS T T Snosdejad) ajery T uopRWLIO NIY)
(*'6961 ‘S19Uj0o pue Suiuuaday) 'UOIIBULION TOOIXO MIN U.193Sd M
a[uIy) JO I3qudw se pajdopw (8G6T) 42[00) JO I2QWST OPUOPIY BSIIN PUEB BUOZITY WId)seny " - T JISSBLLY, 93BT T T UOIIRWAO {upy)
“BIUBA[ASUUD J
pue ‘eui[oie) YIION
‘BIULBILA 35O ‘PU®] *(§ Yuerque)
("6961 ‘@BI(J) 'BIUBA[ASUUSJ U.19]SB2 OJul Papuajxa dnoay) saMoyiy) -AIB]y ‘BIUIBIlA ‘99SsauUuUd], A[Iey PU® UBLIqQUEB) A[IBH "~ dnoirr) aamoy[ry)
290UaI9J21 pUB UOISIAIY uor}8I0TY a3y 2WBN




Ab

CHANGES IN STRATIGRAPHIC NOMENCLATURE

("6961 ‘snrdpung
puz jsinbwol}g) ‘uonyewio] pr) °Yyi jo mwquew isddn se pajdopy
("6961 ‘s331ag) -BIOODIY B[[I199110], JOo I9qUIDUI [BSB(Q SPBUI PUB
UOI}BWLIO,] OPXelf®,] WOJIJ PIAOWAL ISqUISJA dUO}sdwl] seudng se3ny

(°6961 ‘sI3Y3}0 pue I1ase1,]) ‘Pa3}dope® UOI}BULIO] S}IDAT "

("L961 ‘urajsdy pue uialsdiy) -3.19YyMmas[® a3esn poo3d UI UIBUIIX dUO)S
-}Ig Jo 3reyg sndosy -310daX Jo ®31E 03 pajdope uoljewaoy sndosiy

("6961 ‘13pa0iydg) ‘1dq

WA ABALY 0} ISQUIBJ 00y S)BUOQIB)) ABAIY WIOXJ PIIUBYD SWEBN

("L961 ‘[de]y pue 31eqpueg) "uelddissISSIy A[1el pue
uvuoAd( 2387 03} uBldAISSISSIN PU®B UBIUOAS(] WOl padusyd 23y

(*L96T ‘s12yjo pue amd[[IE,) ‘pe3dope dnoxn odIpug

("L961 ‘due( pu® sppueT)
("6961 ‘s12y3zo pue Aa3[ieq) ‘dnoxd
vIsprA[0od JO Uorjeulioy iaddn se pajdope o31[0AYY So[3NYSY [H

*(L961 ‘sIdYjo pue anajjie],) "pardope suojsawI I
("6961 ‘uopiox)) -uelddissisSI] 23er]
0} UBIUOA3(] 318'] 03 UBIAAISSISSI|Y PUR UBIUOAd(] WO} Pa3ueyd 93y

(6961 ‘sadyjo pur 4A3]ieq) "pajdope I3qUIIY 91D [H

("6961 ‘Po1g ‘uosidlxg) -pajdope IdqUIBIN Yue], draq
("6961 ‘ZJ0H) 'Snoddw)
-o1) A[1ey Ppue drsseanf 93e 0} dsseanp 2je] woxy padueyp 33y
‘SIBAJY PUT UBW
-yorg) °"pordope (I¥61) I@ysmog pus uopner] JO IdqWII]N BUY BUOQ
(6961 ‘POOMIEH) ‘uOljEULIO] D[[IAXK]
Jo I3qudw Iaddn se pajdope (8961) UL JOo IBQUIB]Y Aemo[[e3e]N
(‘8961
‘UBWS9I,]) "I9AIY OPBIO[O) JO YI0U PUB }58D pPasn [IBJ\ UOSABID
{ISA1Y OpEBIO[O) JO 1Sam PuU® Yjnos dsn J0oJ pajeiIsuldl 48[y olg [Pd

("6961 ‘sIdYjo pue A3[ieg) 'pojdope JIqUIBJN UOAUB]) I3d(
("6961
‘9nyn) (i )uBLIqQUEBIAIJ O} SNOIdJIUOqIB)-21d uwoly padueyd 3y
("6961 ‘S1dYy30 puw 139z]) -23BIDWO[3U0) 20y O[ISB) BUulL[1dA0
aYy3} o3 pausdisse st 3[0AYI 3Y} Jud[a@ao jun 313 3003-0¢ 03 -03%
V "uoljBuLIO} pPwBUUn d}wiedos @ S8 poqudl) puB Isojly uosme(q
3y} jo doj a3} wodJ paAouwrdl SI 93w dud203[[() A[L8d JO IJn} dN[0AYL ¥

("L961 ‘s1dYjo puE 3[00J)

"UBIUOAS(] 938 0} UBIUOAD( o}8[ PUB S[PPIN wWoij pPa3ueyd 33y
("6961 ‘Buisne[y] pur usidyory)

*9UII0YSIB[J 0} ( )PUad0)SId]J PUB dUSDOI[J 938] WO paSueyd 33y
("L961 ‘s1dY30

pu® a[0oJ) ‘UBIUOA(] (; )A[18F O} (} )UBIUOA( WO PIBUBYD dFY = o

‘po1dope JISQWSIN 2UO)}SpuBy OpeA [H -

‘(uonBulLiog PI)
T BUIjoAB) YRION T (i )uewiaopaQ jo) Iquely dwemg e[

ST 001 03aeng [BARUBDD T

SN090B3}2L) A[ABF °~ 77 UOl}BULIO] OpIB[E]
BUBJUOI ™"~ SNOSIBIDIY 93BT T T UOWIBUMIO] S}I9AL
"BIUBAJASUUD J WID}SBIYRNOG ~~ 77 T T UBIUOAD( A[dBF uor3euriof sndosy
*(uoryRWLIO
AN NIed JO) Id3qUIB
ooy 3jBUOQIB) ABAIY

BUTWOAMN 7 -
"BUBJUOJ pu®
‘Burmiodp ‘e3oye( Yinog

T uelwId g 93er]
‘uerdd1ssISSI
A[IBF PU® UBIUOAS( 3BT

-uerddissiSSIJy 9}er] pu®E
A[ie PUE UBIUOAI( 3)Br ™~

UOI}BULIO] POOMI[IU]

R = BSB[Y UISYIION dnoi) jj001puyg
" (o[eyg soduRy jo)

I3QUISTA] duo)spueg opep Id
*(dnoxn midpeA[og

F0) P[0AYY SO[PNYISY [
“(dnoan

pateq jo) suojsowirry I[H

ST OdIXBI MON T T T T Snodoejaa)) 93erl
TOJIXDIN MON [BAIUIO-YJION *I9P[O A0 dU0ISIB[J A[IE€d

T e BYSB[Y UWIdY}aoN T .

T uBlUOAd(] dYer]
‘uelddissISSI]A
938 0} UBIUOA(] 938

ST BpBASN UJAYINOG UOIIBULIO BUBS[H

*(SII0AYY SI[[BA

FOXDIY MIN [BIFUSO-YFAON ™I T U T 3UAd0YSIBf g Jo) IaquIdIy 339(e) [
*(uoryewrao g
SPID Iy3rels
.................................. Yel) T 5n0adejea)) 9381 Jo) IsqudIy jue], dii(g
‘U033I() UII}SOMY}INOS PUE *SNO3VBIDID

BIUWIOJI[B) UIS}ISOMYIION Alaey pue dIsseanp 938y T uorjeuwrioy ueylo(J
*(suojsomt] £3i[BA
*OdIXII MON [BAIUSI-Ypnog T - uelddissisSI A[d1ed d¥er] JO) I2qUIIN BUY BUO(

UL PU® dYSAWEBE] MIN """ UBIOIAOPIQ B[PPHA T UOIIBULIOY SIAXIQ

SBXQI, T - mﬁowu.mawao WGN‘H ............................. hN—O Om.m_” ~wAH
*(3[0AYY SI[[BA
TOVIXI 307«. mﬁkuﬂwo|5.~oz ............................. Hov km&Ews Echﬁwo .NwwAH
‘pue[s|
w@oﬂm m:hd mua@wsﬂuﬁwwds ....................

2u9003S19{d

(¢ )ueraqueddag * 9j1101poUEL) WBYpPI(

-pudvos[ed
- e e e opeao[o) PUE SNOIVEIDID dYery T T 9SOy uosmE(
- (3uoysowry
ugl[ng jo) IBqUIBJY
s . Nmuﬂxrwz..:.::t:..:. R EN«EO>WQ o3er] QUuojlsowr] sseJ ~Nuwh.~o
*UOI3BULIO] 2IB[N],
yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy ﬁmﬂxcmmwﬂo TETTIIIIIIIIIIITE T 3UR00YSIv MOV h@QEOE hﬁ—o uBI02.10)
BIUIOFI[BD T uBluoAd(q (} )A[Ve T duojsuddry 4s(do)



CONTRIBUTIONS TO STRATIGRAPHY

A6

(*6961 “s12u30

PU® }]oMIY) ’'SNO020BIBID) 38T 0} (; )SN0d0eIdi) WOl pelueyd 2Fy T BIUAOFI[E) UISYINOG T $N020Ejad) 938 DHUOZUOI Z}ABNY quIod[of]
("6961

‘P1IQ) "pejdope (FF61) SI9YI0 PUB AI[PIBH JO UOIIBULIOT IIBQOJ ~ = -rerswmssssro BUTWOAMN "7 2UIVOY PUB BUIDOI[BI T UOI}BULIOf 3OoeqoH
("6961

‘SI9YJ0 pU® UOSIIIBY]) ‘2I9YMIS[@® 23BSN Pood Ul SUIBWDI SJIWO[O] ‘(dnoa3dradng

BUO[SH :®BIIB SUIBJUNOIN UOISSI 0] Poa3dodoe UOIIBWLIO] BUSRH 77 BUBJUOR UJIBISIM """ ugliqUuIBddag }[9d JO) UO[JBULIO BUS[RE

("6961 ‘SIdY30 PUEB POOA\) 2I3YMmdS[® 238sn pood
ul SulBwAI dU0)SdPW] 10 dnoiy) 3I9qISP[RH SIPqUIS]Y BIRPUBIN
pu® ‘pue[joog MIN ‘suBuAd0) : (3urpusdse) sspnou] *8ole jaodaa

ul UOI}BWIO BI3qISP[AH 0} PISIASl 3uojsomwlr] 10 dnolds JIBQISpRY T BIUBA[ASUUD J~ 77 UBIUOAS(] A[IBY ~~~7 UOljBULIO] 3I9qISpPH
("6961 ‘133933 pu® 2407T) ‘pojdope ajrIsWO[SUO) dNer] }ABSH BUIWoA A\ dUd203SI9[J 10 UIVOI[J ~~d}eIdUWO[BU0) dNB }BIH
U0
("6961 ‘sidyjo pue BnJeqryep) "pordope UOIIBWIIO] HIDAD A[BSJ[ " TTITTIUUTIUUU gysgly  A[AB9 03 dUSD03I[Q (§)93B[ T UOBWLIOY Y9310 A[ES
("L96T ‘SIdY30 pus 3[00J) (3uo3sowIr] 338Y S[IAS(
‘UBIUOAS( 98] O} UBIUOA3( S)B'] PUB B[PPIN WoLJ Pasusyd o3y BPBASN UBIUOA3(] 9}BT] JO) JSQUIBIN UOAUB]) S2ABY]
("6961 ‘IO[[I) '2I9YMas[d@ @8esn pood Ul SUIBWIL dUOJSPUBY UB[ABE]
*310d31 Jo e3le Ul UOIJBULIO] UB[IBH 0} pPadusyd Suo0j)spueg UeB[Lef[ BIULBAL A  UIDISDMYGNOG =" 7w UBIUBA[ASUURJ ™ """~ ~~ dUO0}SPUBS UEB[IBY
("6961 “SI9Y10 pue S3UI[[0D) "({ ) UBIUOAS *$139SNYIBSSBIA
9)Br] 0} SnoI3jIuoqIe)-}s0d 10 SNOISJIUOQ.B)) d}8] WO padusyd 23y pue duysdwBH MIN T (4 yuBIUOAd( @3Br SNUBIY HIUMPICH
("61V ‘d “ya0daa Sryj} ‘sidyjo pue
1I8)) "dUD031[() 10 dUVOH d1¥[ 03 (] )ous03I[() WO pajueyd ady T BYSB[Y UI3}S2MY}nog 'PUVOBI[Q 0 dUIV0F B[ UOIJBWIO,] dA0)) SIDUUNL
("6961 ‘stdyjo pue As[ieg) YnJ, wlppueg jo IBqUIIY 1M0}Q JO “(YnL wipEpueg
j1ed spewl pue pag adowng 3(EBnY) 0} JUBI Ul PIINPII JPQUIBJY 2[BND ‘OIIXIY MIN [BIJUID-YJION ™~ """ 3uano)sdfg JO) Iaqudy afeno
("6961 ‘s13Y30 pue 313JBYIYB AL ) "PR3dOPE UOT}BULIO] I BISqNID T ORMSBIY T T UTTTTTTTTT QUOLIN 93BT U7 UOIJRULIO 9 e}sqnan)
("6961 ‘YoUd0JA[) "Pa3dope UOIIBULIO] DA0L) D[BAUIDAY 77 === SUIBIN UIDISIA (§ ) UeIIEAOPI() 9)B " UOIJBULIOY SA0D) D[BAUIDID
(8961 ‘UBWIIALY)
‘I9AIY OPBIO[O) JO }S9M PUE YINOS ISN 10y pajelsurda 48[y ord [P
{ X941 OPBIO[O) JO Y}OU PUE 3ISBS 38N 0} PIJOLIPSAX [IBJ WOSABIL) ~ 7= 77mmmmms oo moomees oo L3 C N F— SN0VBIBL) DB T (AR HOSARIY
- (uotjeroR[n)
(*6961 ‘PuUadX) ‘Pa3dopE UOIJBULIO] BSO PUBLL =" OpBIO[O) UISISIM wﬁdvo:_hv AUBIMSIB[J T uol3BWIIO,] BSIJY Puel)
‘SNodVBIDID
("6961 ‘qqerg) pa33dope 3[BYS UUI[D " BYSB[Y [eljuso-1sey A[1BY 0} JISSBLLL, [PPY a[eyy uus[n
(*6961 “1ruyog pue
UsAd3g) 'dUPD0B(Q 0} Alel}IS], 93B] PUEB S[PPIW WOIJ PI3UBYD 93V " OPBIO[O]) UISISIMYINOF ~ I e U0 QYN qweg wid[in
("696T ‘SUD[[NIY) DIPYMIS[> 93BSN P003 U] SUIBWIA UOI}EULIO]
£31) usp.aey) {B3I® JI0ddd Ul SUO0ISIWIT A} USPJIBL) O} PRSUBYD JWBN ~~ yBl[) [BAIUSI-YPION =~ URIIIAOPI() A[I8H uorBwWIOg 431) uIpIen
("6961 ‘Umoig pUE 3I00Jy) "99SSAUUIJ, UII}SAM JO DIBFINSQNS *(dnoan xod
ur dnor) XOd[IM JFO UOIIBWIO] [PPlW se pajdope puBg MO[[IJ MO 3BSHBUUIJ, ULISI M~~~ U300 A[183 -[IM JO) PuBS MO[[td 3OJ
("8961 ‘ApeD) ‘uBLIqUIB)) A[IB{ 0} UBLIQUIEBIAIJ WoIJ Pa3uBYd a3y T UOWAD A UASYSIA T uepaquae) A[LBH T U 9[QUBIA 2[€pISaao
‘uBlddIssISSIIN
(*6961 ‘qqexg) ‘pa3dope dBYS B PIOJ ~ T B)SB[Y [BIIU0-}SBH 938 0} UBIUOAS(] 93@r === a1BYS 9w pIoq
*(uworyewr1o 310dIur[IIAL
("6961 ‘sni[epung pue 3sinburod}y) "pajdope IBQUIBIY YoInYD PAO[f BUI[OIB]) YJION = - (3 )ueolA0pIQ 3J0) IPqUIBIN Ydany) pAo(g
("696T
‘umolyg PuB OSIOOJ) °9ISSPUUSJ, WIFISIM JO ddEJINSqNS SY3 ul *(dnoin Xodrrm
dnoad Xod[Ip\ Jo uorjeurioy Joddn se pa3dops8 UOI}BULIO PUB[S] ANO[J ~ " 9PSSOUUI], UIDISIM ™77 3Usd0[ A[dBD  JO) UOIIBULIO] PUB[S[ ANO[J
90UPIDJI PUE UOISIADY uo1}8o0ry o3y sure N




AT

CHANGES IN STRATIGRAPHIC NOMENCLATURE

("6961 ‘si9q1o pum poop\) ‘usB[uoAd( A[1BF puU®B UBLINJIS ‘puB[AaBj] pue ‘Bluild ‘ugiuoAdq
938r] 03} (;)uBluoAs( A[Iey PUEB UBMN[IS 238 woa] pa3usyd 23y -aTA S9N ‘BlUBA[ASUUD J AQaey pue uspaInjig ajery QUOISIWIY JI2SAdY
("6961 ‘s1dyjo pus As[reg)
*9[0AYY pedYIEag PU® ‘UOl}BWIO] UOAUEB)) BZI[BJ 9[04y uUoLur)
SBAOUR)) ‘)[BSEBQ PoWBUUN : (SUIPUIISE) sApN[oul : pajdope dnoIy) SIIPY “OIXOIN MIN [BIFUSD-YLION ~~"dUd20l{J I[PPIW pu®e A[1gy "~~~ dnoxy) seadyf
‘(uorjemwirog OSIM  3O)
UBIUBA[ASUUDJ JIqUIDJA DUOISPUBS IO

("696 1 “IBIIIIN) "Po3dope JoqWBJA] SUOISPUBS 3DH0II ™
("6961 412493[OEIY PUE sauor) *(006T)

~ BIUIBIIA UID)S2MYINOG ™

uyoy JO UOIIUYSpP [BUISBIIO 0} PIPIIIISIA PUB PIUYSPSL UOIPBUWLIOL ~ """~~~ BYSB]Y UJISYINOF ~ = """~ SNOIBI_I) A[BH " UOIIBWIO] 3I001UUIY
(*L96T ‘sadYy30 ‘werddiISsISSI

pue and[[1e],) ‘dnox) 33odipuiy 03 PauIISSB )BIIWOISUOD HNPHIHDI I BYSE[Y UISHIION X0 UBIUOAD( (} )dYeT 9jeIOWO[3U0D HMNINH
(*6961 ‘qqexq) *(dnoxp Srpueyy

*dnoxn yipuey Jo uojewloj [BSeq S poldope 31Z3ABNP UBUIIY T BYSB[Y [BI3Ud0-3sBy T snoddejpr) A|req 3O) 3}ZIIBNY UBUDI]

("L961 ‘sidyjo pue and[fie],) "dnoir) 33001puy 03 PIUBISSB I[BYS NBARY ~TTTTTTTTTT BYSB[Y WIBYIAON ™" ~ welddissISS{ A[dey T aleys YeABY
('6961 ‘qqeag) *(dnoay yipueyy

‘dnoin Mipuwy] Jo uorswioy Isddn se pajdope SYOBMARID [NYIBI T BYSB[Y [BAFUDD-JSBE I snovoBIRI) A[dBqg Jo) oxpemdiely [nyjey

(*8961 “I9A00 pu® PBIIGIUYM) ~(; yousd
-0l[J PU® 3UIIOI] 0} dU30I[J A[I82 I0 dUIOIJ Woiy pasueyd 23y BPBASIN T (; )ouUd00i[J PUB DUIIOLW " uorjeuwro g yeoJ 99BY

(*6961 ‘qqeag)
9yoBMABIY [NY}BY PUB ‘SY[[IB1Yy uUBWISpalg ‘9}1Z}I8NYH UBUIDY

: (Sulpuaose) sopn[Aur ! juel dnol3 o} posIBl UOI}EULIO] MIpUe " BYSB[Y [BIJUSI-}SBH ~~TUTTTTTT SNOBSDEBIDAD A[IBF T UOIIBRULIO]  {IPUBY
("L961 ‘s19Y3o
pue ans[(ie],) ‘dnolf) 3j0dIpuy 03 poudisse IBISWO[BUC) INABUBY T ~ BSB]Y WIBYJION T UBIUOAS(] 3B ajerdwo[3uc) jnAeueyy
*(uory
-Bwaog  syNy  IY3reng
("6961 ‘Poag ‘uosialsg) "po}dope IPqUIR AIUIE] Uyop yeyy o SNodde}aI) Jer] Jo) JaqWIdY AIUdH uyop
("8961 ‘@s®)) 'pajdope uoIIBULIO] IB[[IN Ulnbyo p T BIUIOJI[RD ™~ T Snosde}adI) Ijer] T uolyewiog JI[IN urnbeop
(*1,9AT ‘SI9Y10 pu® 3{00J) "YBI) UI SUOIIBULIO] 31BIERddS dpBW DU *BuUTWos M
uol}BWIO] UOSIdYa L W0L] PIapn[dXe SIdqWA] WNIAN PU®B NBIUPIDG PU® ‘Ye}[) “BUBIUOI ‘Oyep] "~ =7 UBIUOAD( 3B T UOI}BUIIO] UOSIDY? [
"SBSUBNLY

pue ‘Bweqe[y ‘er3i09n
(*6961 ‘UYoulg pue 2AI[Q) "AYONJudlf UII}SIM OJUI PIPUIX?D ‘BuBISINOTT ‘sBXaJ, ‘tddisst

UOIJBULIOJ {99SSOUUDJ, Ul UOIJBULIO] UOSHIB[ WIOI] PIAOWLI ANy -ssiy ‘Aonjusyf usJ, susdoy UOI}BULIO] UOSYIB[
(*L961 ‘sadyjo pue 3[0oJ) *(ouojsowly uej[ng jo)
"UBIUOAS(] S[PPIN O} UBIUOAS( 1B pu® I[PPI woly pa3ueyd 23y © epBAIN UBIUOAD(] S[PPIIN JOqUIBJY SNWo[o SPISUOI]
*oqep] UJIPY}nos
(*8961 ‘S3BO)) "BPEBAIN U.ISYJIOU OJUI PIPUIIXD SOIUBI[OA BPBABPL PUB BPEBAIN UISYPION ~ T QU0 A[aed SOIUBI[OA BDPBABP]

(*2961 ‘s1ayjo
PUE 2[00J) ‘2I9YMIS[d® 33e UBIUOAD(] 938 JO UOIJBULIO] UOSIdYD[

JO JoquIBtM SUIBWSY 'UBIUOAS(] 9B PU® I[ppiIN Sl Yej[} ur ase *(uorjBWLIO,] UOSIdYIL JO)
fye)) Ul )1WO[o WNIAK 0} HUBI Ul PasiBl JOqUISIY 93 wo[o( WnIAH UB}[} ‘UBIUOAD( 2387 PUB I[PPIN JOQUID S}WO[o WNIAH
("1961
‘sI9Yjo Pue Ind[[Ie]) -dnoin 330dIpufyy 03 PauslIss® I[BYS IO IUNFL T BYSB[Y UWIBYIAON ™7 UBIUOAd( 938 T o[eys HIoJ DK
(6961 *3)1UOZUOI
‘ssoyf) -oisseanp A[ieq o0} OIsseInp JIo DISSBLL], woly padueyd 23y T ~ BIUIOJI[B)) [BIJUSI-JSBH """ orsseanp A[1vy ZABNP UIBIUNO BIUNH
(*6961 ‘auny) -sewreN 21yder3dods) uo pieog ay3z ~ °~ BPBASN UIIISIMYINOS
Aq uOolSTIAP (96 B YJIm S0UEpPIodOE® ul Iede[eny o} paSuryo 3ul[[2d§ PUB BUOZIIY UISSIMYJION " "= - (i )euddor g 7 C - duojsowl] led[eny
"SBX3J,
(*8961 pue ‘sesueyay ‘rddrssi

‘urddy pu® JI9YBJ) °SOlI3g B[INYBOD 0} PIUIISSE UOIJBULIO] UOJSSOY ~SSIJN ‘BUBISINOTT ‘BUIBQR[Y ™~ SnosdeIdl)) Alrey T UOIJBUIIO,] UOISSOH



CONTRIBUTIONS TO STRATIGRAPHY

A8

('6961 ‘sdaeyg) -opBio[o)
UI3}§83Y3IN0S 03Ul OPBIO[O) [BAIUSD WOJIJ PIPUDIXD WINIAN[[Y SISLANOTY

('8961 ‘19A00H PpUB PBIIGIHYA) "dUII0ISI[J

pu® ausdol[g 03 JUaV0ISId]J PUE (} )dUdI0i|d wWwody poSusyd a3y
(*6961 ‘s1a1p30

pue opueg) ‘uBlUOAD( )BT 03 uBIAAISSISSI)y WOay pajueByd o3y
("6961 ‘SluIeH) ‘aloym
-95[3 padueyoun SUIBUIAA dJ[WO[O( MIIASUOTT 'PISIADL ‘UOIBULIOY
jrods3uly 9yj 0} paudisse Mou s1 ma1A3uor] 3Y} 0} pouBisse A[snola

-21d BRI} °"PPSSPUUIJ, UII)SEd Ul PIUOPUEBQE W00 MIASUOT
("L961 ‘sadYjo pus

B ]: CRTUTE CT F may WNIAR[[Y SISTANOTT
BPBAIN T SUSI0ISIO[J PUB FUSIOI[J T UOIPBULIO] UMOPISNOTT
LANOSSIAT UB[UOAD(] 3987 """ SUOISOWT] BUBIS[NOTT

us], uIjsey T UBRIAOPI(Q A[XBE T 9jIwO[o( MIrA3uor]

3[00J) ‘"uBIUOAd( A[ABF PUE UBLIN[IS 0} UBLIN[I§ WOIF pa3uvyd 33y

B} [} "UBIUOAd(] A[I8H PUB UBLIN[IS ™ 9IWO[O( UIBJUNO SUOr]

('6961 ‘s1@Yjo pue *(dnoay
431eq) 'dnoiy) eIdpBA[OJ JO UOI}BULIOF [ESBQ SE PIJAOPE 3[BSEY 01BQOT ‘OIIXIIN MON [BIIUSI=YJAON ~ === 2ud0I[J I[PPIW ®ISpEA[OJ JO) }[BSEY 0}BQOr]
("6961 ‘sioUjo pue 31 yeqiyepy) 'po3dope UOIFEULION N9dX) SUBI — - == BYSB[Y T USVOIJ I[PPIW ™"~ UOI}BWIIO] X931 Ul

('6961 ‘yoniqpey)

*(y)dudd0I[g 03 PuU0ISIB[J I[PPIW IO A[Ied WOy pIJUBYD 9B T BIUAOFI[B)) WASYSD A T [PALLCH0) 1 P m—— I[oAYyy euody
(°L961 ‘[odey
pue 3I3qpueg) °OYep] O3UI PIPUIIXD UOI}BWIO] .:uaamm%mmmms "uerdississtii
AlIe PU® UBIUOAX] 3] 0} UBIAAISSISSIN A[IBH WOJJ PISUBYD 23y "~~~ gej[} PU® oyep A[Iel PU®B UBIUOAY(] 9387 7 UO[JRUWAO] WBYIES]
("6961 ‘SISA pu® uswydeg) paidope duc)sawr] dWB) PEIT ~~ OINXIN MIN [BIIUBO-YINOG = === UBIUBA[ASUUDJ ~ "~ suojsewl] due)) peary
(*696T ‘3UoI}sULly) -dI9YMas[d 238Sn Poo3d ur
SUIBUISI dUOISIWIT] Uojs3ue ] ¢ 8d1e 310421 Ul PasN UOIBULIO] UO)SIUBFY - OYEp] UIDISBIYINOG """ UBLIQUUIRY SIPPIN T dU03sauan] uojsduer]
("6961 ‘sI9Y}0 pur Josel]) °pajdops UOI}BUWLIO] 9240 SPI[SpuBr] CUBIUOIY SNO0BIDIY 93BT ‘UOKBULIO] MI31)) IPI[SPUB]
*(uoryeoBl)
(*6961 ‘pudax) "pa3dopPE UOIIBULIO PUF SPUBT "~~~ OPBIO[O)) UIDIEI M (oqe] [[ng) dUudV03SId[J T TTUOIBWIO] PUjy Spuer]
("6961 ‘sAQ pus uswyoeyg) ‘werddIssISSIN
Altel 0} uelddissISSI[y WoJ] paduBy> o3y 'SISQUIB] BUY BUO( PUE®
‘9JuUs0IY ‘BOUB( BIILY, ‘UUNN ‘OpPIo30WEB[Y ‘03108.1puy : (3ulpusd
-S8) sapnpur uonewiog -psjdope (Iy61) JIdYsmog pue uopner|
JO SIBQUIBJA 2JUdIAY PUE BUY BUO(] ! PISIADX dUO)SBWIT] AS[[BA SNBT ‘OIXIWN MIN [BIJUSV-YINOG ™~ werddissISSIN ALIef " ~""dU0)SOWIr] AD[[BA OB
(L96T
‘sI8Yjo pue Ind[[1e]) ‘dnoir) paieg o} PoUSISSE UOIIBWIO] HOINANFNF] === BINSB[Y WIDYLON UBIUOAS( 33T ™~ UOBULIO] Hoanan3ny
‘8961 ‘Sidyjo pue
90(]) ‘SNO3IBIDI) 3BT 0} SNOSIBIDAD A0 AJBIIIDJ AEPG vw&-mu:o 23y ~ BUBIUOIN snosdejaa) 938 " xXolduwro)) Youwy BPNIO O

("6961 ‘SIIIBY]) ‘2IYMSS[d Pa3UBYOUN SUIBWISI
dnoar) xouyf ‘(PasiAdd) 3IWO[O(] JOISBJN PUB *(PISIAdL) UOIFBWLIOL
jr0ds3ury] ‘sjrwojo 99daj[nday) ‘ejrwojoy 23pry Jaddo) : (3ur
-pusdse) Jo s3sisuod dnoar) ‘pasiAdx ‘uorjeuwrioq jrodsBury ur pepupd
-Ul MOU BJBI}S !IISSDUUIJ, UID}SEd Ul PIUOPUBQE dj1wO[o MBIASUOTY

("6961 ‘SIIIBH) ‘dI2Ym
-9S[3 Pa3uBYIUN SUIBWSX UOIIBULIO] }10ds3ury] *931molo(] 309SB] PO
3y} 03 paudisse A[snoraaxd 8jeIls 2y} [[8 snjd uoljBuLiog jrods3uryf
PIo 3y} jo jxed Jaddn ayj SUIBIUOD IJIWO[O(] JOISBIY PIsiAdx Y],
‘uorjeuwrroy jxods3ury] plo @43 jo jied iamo[ 23 sn[d 231WoO[O( MIIA
-3uor] 3y} 0} paudisse A[snotasad B}BIIS 9Y] [[B SUIBIUOD UOIIBWIOT
jr0ds3ury] pasIAal 3YJ, ‘998S9UUI]J, UII)SB3 Ul PIUOPUBQE d3IWofo(

MIIABUOT] PUEB POSIASI UOKIBWIO] 3dods3uly pu® 9WO[O FOISBI ™"~ 99SSOUUDJ, UIIISBE T URIOIAOPA() A[ABE T

"UBIOIAOPIQ

TTUUTT U 53SSAUUD], WAS)SBY  ALAR[ PUR WBLIQUIBY )BT e dnoxy) xouy

uorjewrio jrodsduryf

20UDIBJII pUE UOISIADY

uoljed0ry a3y SWE N




A9

CHANGES IN STRATIGRAPHIC NOMENCLATURE

(*6961 ‘Pul[opung pue }sINbWOIIS) 'PIUCPUEBQE UIIQ SBY

YoIym uonjewio sSNUBHI “Jaed ul ‘so0B[dey "SI3qUWIS]N UINpPEX pu®w *(dnoxn sfaeweqIy
yoang) pAolg : (Burpusdse) sIpupoul :psjdopr UOIBULIOF FAOASULIW ™ """~ """~ BUIOAB) YMON ~~TTTTTTTT (§ )UBOIAOPIQ  JO) UOLIBUWLIOS ERGLELITiNg
(*6961 ‘saayzo (uoryswIog 3[UIYD
pue 3Jupuusdsy) ‘pajdope (8961) 49[00) JO JOqUISIY OpUOPdY ESIIY BUOZLIY JIsseld], 8]  JO) ISQUION OPUOPIY BSIIN
("696T ‘umoxg pu® 3.I00J) “rddississI *(uonyruLIO] ®}}BUB[[B],
‘S0BFINSQUS UL 9DSSIUUD,J, UIIISIM OJUJ POPUIIXD IIQqUIDJN PUBS WBIPLISIL pus ‘sweqe[y ° us, dU00F I[PPIW  JO) IPQUIBIN PUBS UBIPLISIL
("6961 ‘UmoIg pu® II00J][) °SIIHIOM
JI3[[18d JO , PUBS 300J-(009,, $20B[daI !IISSOUUDJ, UISPSOM JO d0BIINS *(dnoan
-qns ui dnoly) dUIOqQIE[) FO UOIIBULIOY [Bseq S8 Pajdops pueg SIYAWI ™~~~ ISSIUUIJ, UIADPSI P "~ oo aUad0y S[ppiW duiaoqie[) jo) pueg siqdwsy
("L961 ‘sidYjo pur 3jooJ) *(duoysewiry 93BN
‘UBIUOAR( )BT PuU® I[PPI O} UEIUOAd(] I[PPIN Woay palueyd 23y BPBASN  ‘UBIUOAD( 2)8] Pu® S[PPIN  S[IAS(] JO) I8qUIDIA ISP
‘6961 .
‘@3ng)) °(} ) UBIUOAS(] 0} SNOJIDFIUOQIBY)) 10 UBIUOAD(] WOXF vwwﬂﬂno a3y S)jesnyousse (§ yurruoAd@ Xo[dwio) d1uedjoA uedel}ey

(*6961 °‘SIIIBY) "2I9YMIS[® Pa3uByOUN SUIBUWSI UL
-o[o( 109SB]N “JOOSBI 9Y3 03 Paudisse A[shoradad wjeils ayj [[& snjd
ods3ury] p[o 3y} jo jaed xaddn ay) SUIBIUOD JOISBIA PISIAdX BYJ,
‘uopreuLIo ] jrods3ury] pio 2y3 jo jxed iamo] oy} snid j1wofo Mata
-3uor] 9y} 03 paulIsse A[Snoladad B1BIIS Y} [[B SUIBIUOD UOIJBWIOL
310ds3ury] PaIsIAdX BYJ, "9ISSIUUSJ, UIIISED Ul PIUOPUEqE d3TUWO[O(]

MIIABUOT] PUB PISIADX UOIIBWLIO }a0dS3ur)] PU® SIWO[O JOISB " "7 9ISHBUUIJ, UII)SBY ~TTTTI UBTAOPI(Q A[XBG """ 23IWOTO(] JOISBI
*(uoyy
*AYOoN3Ud] UIDISBIYINOS -~BULIO SIA\ JO) J2QUISIA

('6961 “W[IN) 'PIdOPE IPQWISIY dUOISPUBS MOJ[OY] WNIIEJ PUB BIULBI[A UIIISIMYPNOG === UBIUBA[ASUUDJ DUOISPUBS MO[[O WNIIBIY

("6961 ‘s331ag) -d[3uvipenb S$140001(Q UI
UoIjewIo,] SB[[IABIB]N jo Joquidaw Jaddn se pojdope JISqUISJ]Y BSOAO],
("6961 ‘sidyjo pue
Poop) "312ymas[d® a3esn pood ul UOlBWLIO] BIEPUBIY "BIIR jIodaa
ul uoljewioy 3J3qIAPPH JO JAqWISW B IPBW UOIJBWIO] BIBPUBIN """ T o BIUBA[ASUUSJ ~ 7 ~ ~77 T UBIUOAS( A[XBE T uoljewio] BIEPUBY
("L961 ‘dur( pue sipuey) “jpun
ateys xaddn pue ‘(mau) IIqUILJN IUOSPUBY OPBA [H ‘}lun jo paryl
19MmO0[ JOo doj 38 (M3U) JIqUIAN duolspueg oLoily J12doo) Ylm jun
S[BYS IoMO] ‘IIQUIDJA] SUOISIWIT ULOYUIIIY) ‘IDqUIDN I[BYS SOIDURBIL)
: (3uipuadse) ojul PIPIAIP SU OIXIJ MIN UJIYIIoU ULl J[BYS SOIUBJ 7 oo ODIXdIN MAN ™~ T SNOSDBIBA B TTTTTTTTTTTTTUU3[BYG FOOUBIY
("6961 'sadyjo pue poop )
‘pajdope uoljewrto O3UBIUBYBJY JO JIIqWDJJ DUOISPUBS O[[PGIIUO ~
("6961 ‘s3311g) "SN039®}dI) 938 PUE A[IvF O} SNOIIBIDI) .8 puB
(i )Alveq woiy peSuryo 93y -pajdope JPqUIPJN PUOISOWI] SEBIUBIIBY 001y o0jBNg  "SNodVEBIIA) 3B PUB A[IBY T UOI}BWIO] S34an3ey
6961 ‘TUOS pue
suam(Q)) ‘uoljrwaog AYyjo3e]y Jo aseq e paowvid v:wAnﬁ.Ewm 3o doy

$N0298IRI) B T uoljew.10j SeB[[IABIB]N

BIUBATASUUD J ™"~ 7 uBIUOA( I[PPIN uonBWLIO ] o3uviueyepy

woxy pasouwdx (§061) ddeu)lf pus PWWNY JO AB[D SIBMAUO)S AOQUUY = === ABSIDL MIN T SN0 BIDI) DB T uorjewioy Ayjodepn
("6961 ‘POOMIBE[) ‘uoljeULIO] S[[FAXIQ *(wonewiioq S{IAXIQ

Jo Pquaw Jaddn sB pojdope (8961) UIRIH JO JPqUWIBY ABMO[[B3ER] ‘dUIBRIN PUB aaIysdwBly mMoN ~ UBIIIAOPI(Q S[PPIIN Jo) PQWIY Aemol[8IB]
("6961 ‘snj[epung pue jsinbwos}g) ‘suoyiBwIoy IIodBUI[[IIN *(dnoan sjrrwaqy

PU® pI) Ul PIapn[oul Mmou s)o0y ‘pPIUOPUBYE UOI}BULIO] SNUBIN BUI[OAB]) YIAON =~ 210z09[8J A[1BD 30) UOIBWLIO] SNUBIO W

("6961 ‘139493[0BIy pue sauof) ‘pajdope uopewrIo] 33PIY [[ODPB ~ T BYSB[Y UIBYINOG T Snodnwaa)) ajyery uoBuWLlo] 23pty [[0DOBI

(*L961 ‘qqelg PuU® UP{INYD)) ‘UBIUOAI( HE] PUE "UBIUOAS(]
“(;)9IPPIIN ‘A[ded O} UBIUOA3( 2387 PUB P[PPI WOIy Pasueyd a3y " BYSB[V [BIJUSD-)SBE  3)®Y pue ‘(} )I[PPUA ‘Afxey }BYD [[TH UUB)IW

(‘6961 ‘SIBAIN pue urwyoeg)
'pajdope (9g6T) SIBYI0 PUB [YSMO[}}0) JO UOIBUWIO] YOUBY SAOTT ™ OANXIN MIN [BIPUSD=GINOG === =mwmwmmms A1e13a3], A[1897 TT UOI}BULIO] YOUBY A0



CONTRIBUTIONS TO STRATIGRAPHY

Al0

(6961 ‘s1oY30 pue Ad[reg) ‘ISqUWIBIY LMO0}( JO “(ynL
Jied dpBUI pue pag 2o1wng AfEBNL 0} YUBI UL PIINPII IIQUIDTY 98N OIXSPY MON [BAIUSI-YRION ~ " ~~~"~""""""" 3ud00jSI3]J I21[2pUBg JO) ISqUISIY 1M0}(
"BUBJUO
ogy d pue ‘SulwoA M ‘oyep]
‘Jrodax siy3 ‘sidyjo pue ‘] ‘Y ‘90I91J) ‘pajdope uonjewdoq AaxdsQ JO 83J8 HABJ DUOISMO[[d X~~~ 3UBD0YSIR g T uoljswIo 4AsadsQ

(*6961 ‘yoniqpey)

auad0([J UOI}BULIO] BPULIQ

*(dnoir) Xod[Ip JO)

‘UOI}BULIOJ [BSBQ S8 dNOIL) BISOD BIJUO)) 0} POUSISSE UOIJBUWLIO,] BPUIXQ ™" BIUIOFI[B) UIIISI M
(6961

‘UMOlg PUE SICO]Y) "IISTBUUSJ, UIDISIM JO S0BLINSqNS g} ur dnoiH

XOJ[IM JO uUOBULIOY [EBSB]Q SB Po}dopB UOIJBULIO] SHIOMISBIXG PIO ™~~~ 99SSIUUD], UISPSI M

(8961 ‘@s®)) ‘jaodaa ur pasn
30U SI UOIJBULIOG ODIY) ‘}U®I UOI}BWLIOJ 0} PIsied SI puUB UOSMEBT
Aq pasn jeyj uey} 3SUIS PIILIJSII SI0W B Ul pPIsn SI IjeIdWO[S
-uo) pugp{eQ 3YJ, ‘UONBULIO] JII[[I]N UInbeOL 3¢} pPowWBU pue
PUe}BQ 3Y} WOIJ PAOWSI 318 djB.ISWO[3U0)) PUB[YE(Q Y} JO SIBAE[
djridwo[3u0d jusutwoad 3Y3} Mo[3q ¥IBIIS "UOHIBUIIO] [[lAXoulf
aYj 03 paudisse aue jneJ J0qBU) Y} JO IS9MUINOS BIBIIS PUB[YEBQ

2Ud20 A[d€® UOI}BULIOJ SHIOoM)IsBAIg PIQ

*(uorjeWrIO
0214 o) QU

‘pasIAdl ST (PI61) UOSME] AQ PIsh SB ISQUIBJY 23BIZWO[BUOD PUB[ B " s BIUIOFI[BY ~~ T SNoddEIBL)) )8 ?jeId3uIo[3U0) PUB[HBQ
("6961 ‘sdieyg) -aur] 2)8}g SBSUBY dY) SB AvJ SB OPBIO[O)
WI3)SBIYINO0S 03Ul OPBIO[0) [BIIUSD WIOI] PIPUIIXD WINIAN[[Y WNeBqsSnN ope.lo[o) ELCEIGEICTE pi wniAn[[y wneqssaN
("6961
‘SUS[[NIN) "SX3YMIS[3 23eSn Poo3 ul surewrax pa3dodde S}WOLO( UBUNON T YBR[} [BIIUSO-YIION  UBLIQUIBRD) 93BT PUB S[PPIY T 9U0}SPWI] UBUNON
(°L961 “uerddississiy
‘1930 pue Ind[[1e]) ‘dnoiH 331odIpuy 0} paulISSE SUOISPUBS HBIBON T BYSB[Y UISYIION A[Xed PUB UBIUOAS(] S}B ™~~~ auojspueg YIBON
("6961 ‘SI9Y}0 PUB POOAY) dI5YMas[d 23esh pood ul
UOI}BULIO] 10 dUO0ISSWITT PUB[}OdE MIN ‘BIIE JIoddod Ul UOI}BULIO] * (WO BULIOT )
B19QI3P[PH FO I3qWISWI ¥ dPBUI UOIJBULIOY IO SUOISOWITT PUBIOIF MIN ~ "= BIUBA[ASUUD " uBiuUOA(] A[Iey 2U0)SIWIT] PUB[IOIS MOIN
("6961 darysdwery
‘@ny)) “(j)urliquedstg o) snordjruoqie)-axd uwoay pasSusyo o3y MIN PUB $}IPSOYIVSSBIY T (§ ) UBLIqUIBDDLJ *931I01( Z3Iengd) 310dAInqmaN
(*L961 ‘s.3yjo pue ajoog) ‘uerddissSISSIN
Aprey o3 uelddissisSI A[ded PUB UBIUOAS(] 93BT WOIJ PaSuByd 33y~~~ 8peASN pue yeyny T uelddIsSISSI] A[18F ~~ 9UO0)ISIWI] UOAUR)) MOIIEN

("6961

‘sni{epung pu® JISINbWOI}S) °‘POUOPUEBGE SI[OAYY UIBIUNO MOIIOJ ~~ == ===
(*6961 ‘Yoniqpey) ‘dnolo ®ISO)) BIJUO) 0} POUIISSB pue

(pauopueqe) dnoar) A3[9)JI9g WOIJ PAOUWIIDI YNJ, 10 UOI}BULIO BIBION

(‘8961 ‘4pe)) ‘urlLiqUB) A[ABH 0} UBLIqUWEIIJ WOIy paduByd a3y -

eurjoIe) Y3IoN

* BIUXOFI[B) UIS}SI M’
~* JUOWID A UIIISD M

("696T ‘3I9A33IB] pPuEB Sduof) °‘pajdop® UONBULIOT HIDI) SUIYSUOON === BYSE[Y uldyinog
("8961 ‘weyan() '°[BYS AdISJUOJ JO IoquUISy o[3Ing SB

“(dnoxn dogJ, a238], JO)

.......................... dlozod[ed A[1B3 3JI[0AYY UIBJUNOJ MOIIOW

T QU0 (P NL) WO BWI0] BIRIOW

,,,,,,,,,,,, uBLIqUB) A[XBH T T 9MU[[AJ OOWEB[BSOOI
*(UBIUBWIOUS)) PUE UBIQ[Y)

SN020¥)dL)) 9)e'] puB A[1BY UOWBUWIO] a1 dUIYSUOOI
U0

poldope a[BYS ASIJUOIN JO (0961 ‘BIPUB]) IPqUIDJ]N 3Fwo}BI( 2[33ng ™ © BIUIXOJI[B]) 9)e[ pue ‘a[pplut ‘A[18s" T dleyg AJRUON
*(UOIBULIO
oZejueye JO) JIdqUIdIN

("6961 ‘sidYjo pu® poop\) 'pajdope .PQUIIJJ dUO0ISPUBS O[[PG3IUOI BIUBA[ASUUSJ ™ ~""7""""7"" uBlUoAd( S[PPIN 2u0}spurg O[[3qIUO

("6961 ‘pIeur]y) ‘dnoiH Yinowuojy jo uorjew.ioj doj spavux

pu® juel UOI}BULIO} O} P3SIBI PUBS UBY P3Y JO IBQUIdIY PUBS UOGULT, ™~ """ """"7"""""" f38IDP MON T SNOD2®IDAY BT dnoxH Yinowuop
("6961 ‘[PUUO(]) °UISBq }IDI) I0UBINJ *(uoryBWIIO] U28SB M

Ur UOI}BULIO] Y2}BSBA JO Isquidul d[pplw S8 pajdope JoqUIdJA BUI[O]N 0OpBIO[0) UID}SIMYIION dusvoy J0) JoqWIB]Y BUI[OI

S0UDIDJIX PUB UOISIADY uol}8ooy 93y swre N




All

CHANGES IN STRATIGRAPHIC NOMENCLATURE

*e[nsuiuad
("6961 ‘119ynJ) °pajdope uoBWIIO] Y9I Aueay UIBYOU ‘UBBIYIIN T uelIqUUeddag S[pprwT T UOI}BWLIO] BDID Ausdy
(6961
‘Y08 pu® suamQ) °AYjoSB]J JO ds8Q 03} papp® pue uwvjlavy jo doj
woay psaowdl (y061) ddeuy] puB [PWWINY JO AB[D SABMIUOIS AOqUIY " mememees £3SIBL MON T ~ Snod0eea) 9IBITTTTTTTTTT UOIJBUWLIO] UBLIBY
(*6961 ‘YouL0Iy) *({)welan(ig A[rey 03 (j)UBLIN[IS WOIF PaSusyd 88y "~ SUIBN UIASIMTTTTTTTTTT (g )uelan[ig AR CTTTTTT UOIPBWLIO A9[aBuBy
‘puB[sy
("6961 ‘@1nyD) °(; )uviuosdq 03 (;)urrddississiy woiy paSueyd a3y 9pPOYY PpUB S}IPSNYIVSSBIY ~ T (G ) URIUOAR( T o eIy Adund
("6961 ‘YoUs0ly) ‘'pa3dope UOoHBULIO] AQUIINYH ™"TTTTTTTTUTT QUIBIN UAISI M T 7 () uemdraopaQ oyery T ~ uoryewiod Aquind
("6961 ‘sidYjo pue A3[ieg) ‘dusd0i[J )€ pu® I[pPpIw 03
(¢ )oudd0ld woiy pa3ueyd 238 UOIBWIO] 94NJ 0} POBUBYD SWIBN “OJIXSJY MON [GIIUID-YIION T dUSV0IJ 98] PUE S[PPIWL T 3)BISWO[BU0)) dANg
('6961 ‘s33n1g) ‘tequadw se paydope
(mau) eineg ol ‘uorewIOf SBZOJ Ul podeld pu® UOIIEWION
OWE0)) WO PIAOWSI ISQUISA SPADY PUR JSqUIDIY duojsdwlf sefijog ~— 001y 039N [BAFUSD ™" SN0S0VYRI) 938 T UOleuLIoy] Sezod
‘PUB[AIBI pue
("6961 ‘I1°z®H) ‘DIBMB[O(] ‘CIUBA[ASUUDJ
‘SN090EIdI) A[18F 0} SNODBIBI) 9187 Puv A[1ey Woay pa3uryd a3y ‘BIUIBILA ‘A9SIDL MBN ~TTTTTTTTT SN0d0eIRa) AfaBy T dnoad svwolodg
(*g961
‘sroyjo puw 3Y3Layy) ‘pejdope (9961) d1paey jJo uoieuwrtog yodraodog BPBADN T UBIUOAR( ™™ uonsuLIo g Yyoraododg
("6961 ‘s3I0
pue 43[leqg) ‘IJ[0AUY sO[ANYIdY [H PUB ‘UOI}BWIO] BUOIIYIST, USSP
‘}jeseg o03jeqOT] : (3ulpuddsE) sIpnjou] ‘pajdope dnoir) eIBPEA[OJ OIIXI MIN [BIIUSI-YIION A]XE2 03 BUBVOI[J P[PPIW " dnoas) wvIdpBA[OJ
“(dN0Ayy
(*8961 ‘urjuey) ‘pajdopew Idqud]N AS0J aurey ueIuoAd( A[dB  JI9[2ABAJ, JO) IdqUBIN A30g
*(uoryeurio
("8961 ‘IozZRH) “IoqUa]y Avm BINDY JO) JId3qQuus
-8jBISIJ 0} IdQUIBY [1B]N PajeInpu] ABme}edsid Wodj Pasueyo sWepN PUB[AIBJY PUB BIUFSaIp T sud009[8J [1B] Po}BInpu] A8mMB}BOSLJ
(*L96T ‘sadY10 pPuE I[00J) "UBIUOAI(
938 03 uelddissIsSI] A[18{ PUB UBIUOAD(] 9}B] WOy pa3uryd 93y BPBASIN UBIUOA(] )8 2u0}saWIT Jead uodurg
(‘8961 ‘@sw)) -pojdope S[BYS IsanyYdULJ T L8 80011170 R — s CO 1T o aeyg jsinydurg
("6961 *(aN[0AYy pesyimag
‘sadayjo puw A3[ieg) ‘pa3dopB (§G6T) SUIBINS JO IBqUIBS]Y PN BHBISJ ‘OIXIJ MON [BIJUID-YJION =" 2udd0l[J S[pplwt JO) I_dqUIBI PnJ, v3[BI2J
(*6961 *2IBMR[3(] PUB ‘PUB[AIBIN *(dnoag srwojog
‘[3z8Y) °Snodde}dI) AJABH O} SNOIBIDA) )8 WOIJ padueyd o3y ‘BIUIBATIA ‘BIUBA[ASUUD J ~ SnosaBIRI) Al1BH Jo) uorjewriog odsdejeg
- (uoryeurIof
(*6961 ‘[ozBH) "I2qWy esuwjod Binby Jo) Bquap
-SeJ 0} ISqWIBIA [IB] PUBSUIIIY) BSUeBjodsed WOJI pasuByd SWEN " PUB[AIBI PU® BIULBILA "o dud209[ed [JB] puBsuadIy) BsUBjodseJ
(8961
‘Ape))) ‘uBIIAOPI(Q IPPIIN 0} (})UBIDIAOPIQ 93BT WO} padueyd ady T darysdwrey moN T UBIDIAOPIQ [PPIN ™ uoljBuwLIO] 33pLjaBg
(*6961 ‘SI24A]y pue uswydeqg)
‘Pa3dope (9G6T) SI9Y}0 PUB IYSMO[}}0] JO uojEWIog d9dg JIoYuBg ST ODIXO MANTTT T UBIUBA[ASUUSJ )8 ~ ~ UolBwWIog d33g Iayjued

*(dnoxr) sa193f jo)
("6961 ‘sadyjo pue AL3[leg) °"pa}dope UOI}BWIO] UOAUEB) BZI[8J ‘OIIXI MIN [BI3UII-YJION *au3d0l[d 2[pPIW 0} A[aed UOI}BUWLIO] UOAUB)) BZI[BJ

‘93 TUOZUOTN
(6961 ‘ss0y) 'pa3dopE SUOZUOI ZIIBNY JUSWNUOI dnIeF ~ -~ 7 === BIWIOFI[€]) ~~~ T gussmanf S[PPIIN ZJABOYH JUBWMNUOI 23nreJ

("6961 ‘SI9Y30 pu®B OPuUBS) “JUIWOAM “BUTWOA M *(duo3samti] a[odasdpory
UJI93}SaM PUEB OYEP] UIIISBIYINOS 0}Ul PIPuUdlXd JISqUIBIN d[BYS SUlBJ PUE ‘oyEBp] ‘BUBIUOP ~ T uerddississi)y A[1BH J0) I3qWIBIY 3[eyg dureJ

(*8961 ‘Ap®D) ‘UBLIqUIB) )] PUB
S[PPIIN 0} UEIOIAOPI(Q A[Iey 03 UBLIQUIEB]) S[PPII WOIJ PISUEYd dJy -~~~ """ JUuoWsA  UBLIQUIEB)) 33®vr] pUe I[PPIN ~~ UOIBWLIO] daydonbnei



CONTRIBUTIONS TO STRATIGRAPHY

Al2

("L96T ‘sidyjo pue a[00J) “BpRASN ‘23uBy jeldvuviyeg pus
‘Ygey) ‘°8uvYy uolsnjuo) Ul 938 UBIUOAS(] A[IBH PUT UBLINQIS ?ye] jo

fqBy) ‘saduey Aemin( puv sevwloy], ‘SUIRIUNOIY 3BOI) dedq UIS "UBIUOAI(]
-J}ou ‘SUIBJUNOIY AANqSUB)G Ul 938 UBIUOAS(Q A[ABy JO NIWO[O( LAsg " “8PBASN pPu® yeiN) A[xey puB UeMNIY SYVY TN qwuooq 4498
(°6961
‘S1Y30 pu® poop) Pa1dope (gg3T) SUYM JO SUOISSWNY SA0IBSUI[OG """~~~ BIUBAJASUUSZ "~ UBIUOAS( SIPPIN 7T 2UO0}SdWIT] dA0A3sUlPS
“SN020®WIDID
(*6961 ‘3324908 Pu® sd2uop) -pa3dops UOIIBULIOF SZ[NYIG ———"""=" BYSB[Y WIdYjnog 3%y pus (;)Apreyg T uonBwLIo 3Z[NYOY
(*6961 ‘ueisdy pue ursdy) “Aeslaf MAN UISISIMYIIOU “BlueAlisuusd
PUB BIUBA[ASUUSJ UISISBIYIOU Ojul PIPUSIXd UOHBULIO SIABYOYDS PUB ‘NIOX MON ‘A3SISf MIN ™~ UBIUOAD( AfIBy """ UuoljBUWLIOY dlaBYoydg
("6961 ‘sioyjo puw Ao[ied)
‘audIO0I{J PUB (j )SUSIOIJ 03 SUIVOI[J PUT SUSDOIY WOXY padusyd 93y  ‘0pBIO[O) PUEB OO MIN UB0I[J Pu® (} )Susdoip uonBUWLIO] ¥ vIuUBg
("6961 ‘pAvullY) "Pusg Yueqg Pay JO ISqUIBW JIMO[ S “(Pueg ueg pey
pajdope (£961) UOSS[Q JO UOl}BWLIO] YUBQPIY JO ISqULW JOOH Apugg oI £IBIDL MBN T sN0d28II) ey JO) JIeqWIBIY OOH Apusg
("6961 °‘s331xg) *(uoryswaoy se[[IABIB
MPqUIBINL YO, 0331 U 0} ISqUSIY 0331 UBS WOIF PIJUBYD SWEN """ T0IY ORBNg [BIIUSD T SNOGIBIDPIY 93wy J0) JIdqUID] 03dI(q usg
*gjoq x0
('6961 ‘sa9y30 pue S1Jeyayes\) ‘pajdopew nmfaE.—oh Lxenjousg 8yse|y susdoIy S[PPIW uonm_asu.:. - uon WO LIrenjousg
‘L961 ‘qqeag pus
ublAny)) "ULIUOAd(Q A[IeF 0} UBIUOAS( I[PPIN WOLF vowndAﬁ. aFy ~ BYSB[V [eXjusd-jseq uBluOAd(Q AfXey aU03SaW{"] JNOIJUOW|BS
"6961
‘819430 pu® 24oYduB’]) “UB[UOAD(] 03 SNOIPIIUOQIEL) WOIF PoBuUBYd 93y ~~~""U0FBIQ PUE BIUIOFI[BD ™ """~~~ UBIUOAS( ~ISIYIS SpUd[qUIOY uowW[BY
(*6961
‘ny)) () uBaquEeddrg 03 snolajiuoqae)-sad Woiy posuvyd I3y 3398y 30 (3 ) usraq & § IO (J-01qqeH W8S
("6961 ‘sdaeyg) °-opeIOjO) UII}SBD
-Jjnos OJuf OPBIO[O) [BIJUSD UIOI§ PIPUIIXD WNIAN[[Y S}B[] Aoy opgIojo) QU0 J “wWniAR[[Yy Sjely A¥ooy
-(uory
-8ULIOJ 9SIA\ JO) ISqUISI
("6961 “Id[[I]Y) 'Pa1dope IoquIBY duojspueg [edEq) SUIGQOY " BIUIBAIA UIDISOMGINOG ~—~—-r---rmr-mrrmsess usBjuBAjdsuudg suojspueg [Pdesy) sulqqoy
("L961 ‘qqeag pue uINY)) ‘UBIUOASI( A[18H ‘UBIUOAS(T
0} UBRIAOPI() A[IB{ 0} UBLIN[I§ PU® UBIOIAOPIQ) WOaj padusyo a3y " BYSB[V [8X3Ud0-}S8H  A[18{ 0} UBIDIAOPIQ A[AB " UOIBWIO] JISAIY peoy
*(uorBwao] $8[qOY JO a9q
("6961 ‘s33L1g) "snoddeIaXy) 938 puE Aprey woay pasueyd 3y TTTUOdYY 03Bng [BAFUSY s Sn03VBIDL) Af1By -WIS] SUO0ISOWIIT UOIBRIN O
("696T ‘@0aUOW) “BUOLY
AUIDOI A[TED 0} BUIDOBIQ IPPIW 03 SUSIOIJQ WOIF pasuryd 33y 00y 03IeNd UISISDMUIION  A[Xed 0} 2ued0SI[Q P[PPI~ dnoan e[rwasj8nn oIy
*(uongrwiro sezod
(6961 ‘s3311g) -poidopr IoqWaly ®BINBY O3 T 01y OoMBdNg [BAIUID T SNO0IIEIDA) 9B JO) Joquioly ®Ineg OlY
(76961 ‘s33tag) ‘uorewaoy sezoq ul peov[d PUB UO[BULIO] OWEBOD * (uoryewLIOq
W1y PIAOWIY ‘“IBQUIB] SPAdY 03 S3A9Y [ Woay PaSuBYd SWEBN TTTTOdY 0PNg [erjud) - SN0d08PRI) 338 $820J JO) JoqUISIY SA9Y
(‘8961 ‘2580)) °'pajdope UOMRUWIIO WOAUB) POOMPIY ™ ="~ GIUIOFI[BD T SNOIRIDA) 93BT TUOIFRWIO] UOAUB]) POOMPIY
(*6961 ‘udspuaNLI) pu® 3de[[EA\) 'dNOI UIBIUNOJ ejul[} JO *(dnoan) upejunop
uoljewIoy jsowmraddn se pajdope (gggl) SWBI[[IA JO 2[BUS UL Py ™ T (BY[) WIDISBIYIION ~TTTTTUTTUUUUT uBLAqUIBIRA RIUI[]} JO) S[BYS Ul PIY
. . *(N[OAYY sd[[eA 3O)
('6961 ‘s1dyjo pue As[req -pa}dope IPQUIDJY }99I) OPUOPIY ‘OIIXSIY MON [BAIUBD-YIXON ~ == =="=="=" 3U3I0}SW[J I2QUIDIY 33X Opuopay
('6961 ‘pawulp) 'pPUB UOIUL], 0} HuU®I Ul PaSied Ppu® pues Nueg
PoY wWoOXJ PIpn[dXs JI3qUIOJA PuBg UOULY, “IDqUIdJN YOOH ApuEes
pu®B (do}) J3qUIBA AINQSMIAYS dYj 03Ul PIPIAIPQNS PUBE Uy Pay T L3sIdp MON s PI) 938 pueg jueg pey
20UDIDIOX PUB UOISIADY uoryeaory 23y dwe N




Al13

CHANGES IN STRATIGRAPHIC NOMENCLATURE

(‘6961 ‘sni[apung

PUB 3sInbwiong *(j ) UBIAOPIQ 03 910209[8J A[1Bd WOXY pasuByd 3y T T BUIOAB) YRAON T (4 ) UBIOLAOPAQ T - uolyewaoy AXSI[LL
('8961 ‘weyan() °‘p33dope UOI)BULIO] BPUOPIY BAADL], ™~ =" -=-—=--rr=== BIUIOJ([BD °SUIVOIJ I[PPIW PuB A[ABS ‘UOIIBULIOJ BPUOPSY BAIDLYL
*(uopy
. . ~BUWIO] SPI[D IY3reng
("6961 ‘PPaq ‘uosidjag) ‘paldope JIsqUId]Y uoAuw)) }2qqLl, qei §N0208YPI) dJer] JO) JoqWN uoAuv)) 319qqLl,
. ("8961 *23IUOZUOI
uospuy) ‘Arenpis], A[awe 03 (;)Asenioy, A[res woaj pasueyo aBY T BUOZLIY Ax813a9], A[xwd Z}aenPH uoLus) SBXdJ,
(*6961
‘s19Y3o pue Ad[jeg) 'dUL003SIP[J 03} (; )oud203ISIO[J WOLF PISURYd 33Y “OMNXIIY MON [BIPUSV-YJAON -~ BUBDOISIB[ T dnoany BmMa,
(*696T ‘siayjo pue }39MIF) "SNOID®}
-31) 3)er] 0} AXeI}9], A[A¥d 10 SNO3VBIBI) 938 WO0AJ Pajueyd 2By~ BIUAOI[B) UISYINOG I $N030BIDI) 98] "NIUOZUOW ZIAENP BIUOINI,
(*6961 ‘suijppung pus 3Isinbwox}g) -pouopueqe dnoir) dojy, I9jey, T BUOIB]) YIION ™ T D10Z0918 g Afaweroo e dnoay dog, J9w],
. ("6961 *3udv09[8J
I13}B)) "dUSV03[BJ PUE SNOIIBIDI) IJB] 0} JUSVOFH WIOIJ POBUEYD dFy "~ - u0jBUlyYSe (. PUB SNod983aa) 918 T UORWAO] nemy
("6961 ‘sajo pue 3iyeqayepry) °psjdope uonewIof BUBIIUNG BYSBIY TTUTTTTTTTTTTYTT SUAQ0IL S[ppIw T uoijewlao,] BUBIURG
(‘6961 ‘Poa] ‘uosiapg) ‘sidq
WO uvl X pu® ‘AIUSH UYO[Q ‘MOl A{OWS ‘UcLusB)) JOGULL
1 (Bulpuddse) SIaqUIDWI INnoJ OjUI PIPIAIP UOIBULIO] SHI[D IY3Iels yein snodoejaI) 938  ‘uonjRULIo] SPID IY3reng
("8961 ‘4p8)) 'UBIIAOPIQ
Al1ey 03 UB[OIAOPIQ A[Xel Pu® (;)UuBLIqUIE)) 1B WOly pa3usyo a3V JUOULID A UBIIIAOPIQ A[JByy — UOI}BWLIO] dMO03S
(*6961 ‘qqeig) °pojdope ajeidwio[duoy) doyg BYSB[Y [BIIUID-}SBH ueluLa J ajeIdWO[BU0) do1g
('6961 ‘BuoIjswiIy) ‘dI9YmIs[d 93BSN POO3 Ul SUIBWAL
duojsawyr] sa{aey) 3§ ®AIE Ja0dda Ul PasSn UOIIBULIOJ SS[XBY) 3§ T OYBP] UJIIFSBOYINOG oo uBlIqUIE) 28] UTUUONBWAOY SI[IBYD ‘1S
*(uoty
-swiaod SPID 343ress
("6961 ‘Poay ‘uosixeJ) "pajdope ISqUWIN MO[[OY Ajowg yein SNOJIEBIPIY) 93BT  JO JAqUB MO[[OH ANOWS
(°6961 ‘sdieyg) ‘opBIojo)
UI9)sBaYINOS OjUl OPBIO[O) [BIIUSD WOIJ PoOPUIIX WNIAN[[Y WNIO[S opeao[o) BUIVOISID[J ™" WNIAN][Y WINOO[]
‘SeXD,
('8961 puw ‘sesusyly nﬁn%
‘uljddy pue Joyej{ °SIII®F ®[IngBO) 0} Ppausisse =o_ua=..~o~m 031]S -SISSIJ ‘BURISINOT ‘eWlBqey " ~ SN039BIDIY A[ARF T — uoljewtaoy o318
‘L96T "UBIUOAD
‘sIdyjo pue JIndq[ie],) °‘dnoir pareg 0} poulisse suojsawry lfeyg - 11§ 7 ajer] pue (; vozvm:&:..::::..::: suojsswir] jileyy
(*L961 ‘sady3o pue 3[00J)
‘uBluoAd3(] I[PPIN PU® A[ABY 0} UBIUOAS( S[PPIN Woaj padueyd 33y BPEBAIN "UBIUOAI( P[PPI pue Afaeg 23wl uosuowty
(*6961 ‘yonaqpey) ‘dnoxH IS0 BIJUO) 0} pouUIIsse i
pus (psuopueqe) dnoir) AS[}I3g WOIJ PIAOWISA UOIFBUIIO] BISIE ™" BIUAOFI[B UADPSD pY “w o= rmormsmsmmeces BUIIOF[ J - UOI)BWLIO ¥}SoIS
(*6961 ‘preuUll]) ‘PueS Yueg poy jJo Iequiswr Jaddn se ‘(pues Yuvg pay
Pa3dope (g961) UOSS[Q JO UOHJBULIO YUEQPIY JO IPqUIDIY AINQSMAIYG ™" """~ £3sIap MAN T SN0S0ORIDID 38T JO) IPQWIBIY AIngsmaayg
(*6961 ‘[[Puuo(]) ‘uisBq }a91) 0uUBIIJ *(uoryBwLIO
ul uoiBWIO] YOJBSBA\ JO I3quW Joddn sB Pajdope JoqUIDN dAIYS 7T OPBIO[OD UIDISOMYPION I U0 Yojesvp JO) JoqUIBIY SIS
(*8961 ‘as8)) 'Po3dope UOIJBULIO] Y921 PIABYASYG ™~ """ === BIUIOFI[BY " T Sh030¥3RI) BB UUONIBULIO] YNPd1) paeydayg
("6961 ‘PHWYOS PUB UDA]S) '2UII03I[(Q O} SUVOIY e
wWoxy padueyd 23e ! UOIIBWIO] UIBjUNOly daayg 03 pPasduByd SWEBN T OpBIO[O) UIISIMYPNOG ™" 7""m rrmommemmmmromeees 3uad031[Q Z}endH ursjunoOp .wanw
("2961 ‘ujsdy pue ulsdy) ‘auo)s )
-puBg ®BIOIEBOSN], PUB UOIIBUIIO UOIUI[) JO judfealnbs sspnpouj ‘A9sIaf MaN pue

BIlUBA[ASUUSJ WII)SEIYINOS 03Ul PIPUIIXD BIZWO[SUO) HUNSUBMEBYS I0X MAN ‘BlUBA[ASUURJ UBLIN[IS S[PPI Pu® AlB{" ajerPWo[Buo) junduemeysg
("6961 ‘@Iny))
“I9P[O J0 UBIUOA3(] O} JIP[O JI0 SNOIIJIUOQIB)) WOIF PIJBUBYD BFY T SLI@SNYIBSSBPTTTTUTTTTTUUABP[O 0 UBIUOA([ T 91IU24g uoIBYS



CONTRIBUTIONS TO STRATIGRAPHY

Al4

(*6961 ‘sidyjo pue Adtey) ‘SIPqUIBY Otuog odueyg

pue ‘e18fe) [ ‘Yooy dryss[ijeg ‘spueid) S[[eA ‘Me91) opuopay *(dnoan
‘uodur) 199(J : (3UIPUSISE) SIOQUIBU XIS OFUl PIPIAIP SY[OAUYY SO[[BA T OOIXSIN MON [BAFUBDI=YLION ~=7"""" " 3 us003SIdDJ BMI], JO) }I[0AYY SII[BA
* (931104 B
("6961 ‘s1oUjo puw £d[1vg) 'PaIdOPE IIqUIBY SPUBLD D[[BA  "OIIXIW MON [BAFUSD-YIION ~ === susoosOIg  Jo) hwa_A:vE oww—nwuw—ﬁwmwaxw
*(duoyssuir
(961 ‘sadyjo pue 3[00J) uE}[ng jo) IoquIsly
'UBIUOAD(] 938T] 0} UBIUOAd( 8] PU® S[PPIN WolJ pasueyo 23y BPBASN uBiUOAd(] 93] SUOFSIWT SUIJUS[BA
(*6961 ‘snippung
PUE )sinbwion)y) *(j )UBPIAOPIQ 03 dfozod[g A[A¥S UIOIF Pa3uUBYD SFY ~ T muIjorR) Y3ioN = (§ )uBplAOpPIQ T UOIJBWIO] Sl11eYm[)
("L961 ‘uresdy a0 X *(31BYS sn[[@oxBy o) Iaq
Pue ueysdjf) BIUBA[ASUUSJ W.IPISBAYINOS OjUl PIPUIIXD JOqUBA MIN PUB BIUBA[ASUUSJ """ UBIUOAI( I[PPIN -WS d[ByS sSuridg uoru(y
("L961 ‘ureysdy pu® urdjsdf) “BIUBAJASUUSJ UJIS3SBIYINOS Ul 93BID
-WO[3U0) NUNBUBMBYS Ul POPN[OUI JUS[BAINDD BUOISPUBS BIOABISNL, ™~~~ """~~~ BIUBA[ASUUDF === uBLINig A[Xeg T 2U0)SPUEBS BIAOIBISN],
("696T ‘saayjo pue Aspieg) -IPqUIBIY “(Png, IwIpPPUBRYG
a3aa11ysy, jo jied Jomo[ se pajdope (mau) pag PIIWNJ IMENUBS], ‘OIXOW MIN [BAFUBD-YJION """ 3U0038I9 I 30) IaquIdIN °@3aalys],
(‘6961 ‘s12Yjo pue Lajreqg) -(mau) *(dnoay) wispeA[Og
dnoiy) ®BIPpEA[OJ JO UOIJBWIIO] S[PPIWL IPBUI UOIJBWLIO] BUIODIYIS], ‘OJIXIW MIN [8USD-YIION " 2uUSD0H J 238 03 I[PPIW  JO) UOIJBULIO] BUWIOIIYOST
“(yng, wippusg
JO IPqUIBJY 9Baalys],
('6961 ‘s1dqjo pue 4As[ivg) ‘pajdope peg SOIWNJ IMeNUES], ‘OdIXD MON [BAFUI-YJION ===~ 3U3003SIP[J Jo) peg @otwmng imequesy,
("6961 ‘s1®Y30 pue 313JBYIyeAy) 'P}AOPE UOHBULIO] BYBPEBSI, ™~ " =t - eysely “QUOLW ( )o¥e[ Pue o[ppIwa-———- ~ 7 uonewaoq BYBpEST
("8961 ‘upuey) -pa}dope uUOBULIO Ad[[EA 3NOIL, SulBp[ UBlUOAR( A[1BY - UOHERWIO] AS[[8A 3INOLT,
(L9617 ‘[ode]y pu® 319qpuUBS) ‘BUBIUOW JO SIOQUIDIY JUSPIL],
pue yo[ny uedo] 0} jud[eAlnbd SB OYBPJ [BIJUSI-}SBD Ul PIZIU *SUTWOA A *(uolyBULIO] SHIO]
-8002x ‘Ayuraoyuodun Aq pajesedss ‘ISQUILYY JUSPLLL, JO sjaed oM, PU® ‘BUEIUOIY ‘OYEBP] T UBIUNOAS(] W] @aay], JOo) JoqUIDY FUSPLLY,
(8961 ‘upjuey)
‘SIIqUIBY AB0J PUB JB) OR[G Sepn[OU] °‘Po3dOp® 3[[OAYY JO[PARL], surey UBIUOAS( A[IBH """ JJ[OAYY JIS[PABI],
("6961 ‘s33L1g) ay3uwipenb S1A0001( ul ‘(uoyrULIO] SEB[[IA
UOBWLIO ] SB[[[ABIB]{ JO J3quidw JI3ddn Se pPajdops J9qUIBJY BSOAOL, "~ ~"7770d1Y§ OMPNJ [BIFUSY ™"~ """ SN0IVEIDI) I8  -vIBIY JO) JIqUISIY BSOAOJ,
(°ggVv 'd ‘3a0daa SIY} ‘SIdYY0 pu® ] I ‘90.I91J) ‘dUV03SIAJ 03 “BUBIUOA
SUAVOI[J WOIF PRAUBY) 33V ‘(MdU) uoijewroq AdadsQ Jo QUK pu® ‘Burwoipy ‘oyepr
[2ABIH )331) JaMO], 0} Pa3UEBYD SWEU PUR jUBL I2qUISWL 0} PIONPdY  JO BB MABJ SUOFSMO[[dX "~ "~ ~""""""""" 3U3V0}SIS|J DIRISUIO[BUOD I3 IPMO],
(6961 ‘SIOYJ0 pUE AB[IBY) 'BUIVOI[J 2IB[ PUEB S[PPIW 0} (3 )ouadoorig *(uorysurioq
wody pa3ugyo 23y -9jBIdWO[3U0) 3ANJ JO [IIUST] IABJO], ALDULIO] ‘OJIXOIN MON [BAUSD-YIION ‘9Ud00I[ J 93B[ pu® I[PpPIW 24Ang Jo) [13ud IAB}OT,

. (*6961 ‘s33rag) "I19q
SWBIN YN solreg pu® ‘UOI}BULIO] JO APOQ UIBW ‘I9QUIDJA 2UO)SIWIT

seusng sendy : (Juipusdse) sapn[our :pajdope BIDDAY B[[10ALIO], 021y 03@NJ [BIJUIY """ SNOIVBFII)) A[XBH T edag B[[II2110],
TBIULBIIA
("6961 ‘UBWI)SOLY) SO pU® ‘BIUIBIIA
‘UOJBULIO] UMOISWIO], O3 d}IWO[O(] UMOJSWO], Woij palueyo sweN ‘PUB[AXBIY ‘BIUBA[ASUUDJ ™"~~~ uslique)) A[Xey """ 3}IWO[0(] UMOISWOL
("6961 ‘uopion) ‘uwviuesjAsuusd Ajley
0} (;)ueruurag A[ley pue UBIUBA[ASUUDJ A[ABY WOy PasuByd 33y ~TTTTTTTTTT BPRASN UISYINOS T UBIUBA[ASUUSJ A[XRH T suojsswnr] yediddiy,
(6961 ‘pieur]y) ‘uorjeunioy ajexedas
® 9peW pu® puBg HuBg PIaYy WOIJ PIAOWRI JAQUWSK PUBS UOJULL ™ ~""TTTTTTTTTTTTT A3SIRp MAN T SNOPIBIDAY YT puRg UOGUL,
("6961
‘ssoy) ‘olsseIn ALIel O} SNOIEBIPA) A0 IISSBANL WOAF pasuryd ady BIUIOFI[B]) d1sseanpe A[xey 9j1i0IpoUBIY) BYBWAUL],
20UDIDIOI PUB UOISIAIY uo138007 93y swreN




Al5

CHANGES IN STRATIGRAPHIC NOMENCLATURE

(°6961 ‘s1dyjo pue
198BI) ‘SUSV0JSIVJ O} SUSD0ISIA[J 10 dUOI[J WOoIy pdduwyd 33y
(6961 ‘PUD{IIM) "Pa3dope ([961) PAOg JO PnJ, dUoISMO[PPX
(6961 ‘sni[Ppung pus 3sinbwioa}g)
(i )UBIOIAOPI(Q 0} 210zZ0d[8J A[X8d W04y pa3ueyd 23y ‘UOI}BWIO]
110d3W[I] JO JOqUID UIYPBX O} JUBI Ul PIONPaI dYdeMABLY) UIHPEX
‘6961
‘sIayjo pueB opuBg) -SUIWOAMN UIIISIM pu® ‘yel[) :uwamdof:o:
‘Oyep] UIIPSEIYINOS OJUl DPIPUSIXD JISQWIDJY SUOISOWIT ISINYPoom
(*696T ‘JOIIIIN) "S}UN pawreuun judlsisidd s Id9YJ0 snordwnu
SUIRIUOd ISIA\ dYJ ‘SISqUOW PIWBU ISAY} 0} UOWIPPe U] 'S1dq
-WIY dU0)SPUBRS MO[[OH WNDIB] PU® ‘YIog Isao]) ‘9a309y ‘[odeq)
SuIqqoy : (3ulpud0se) I8 A3YJ ISIM 9Y} Jo sidquLw se psjdops

— BUBJUOTN PuU® SUIWOAM AUIVOYSID[ T ng, auo}smorp@x
T BUBJUOY PU® SUIWOAM *3USI0SID[J X0 JUIDOL[J T JnJ, duoismo[e X
....................... BUI[OIBD YIION "~ ""TTTTTTTTT (3 ) URRIAOPIQTT T T 9)0BMARBIY UIYPeRX

*(puojsawuty
‘Burwos 3[0da3poT] FJO) IdqUIdIN
pus ‘yel[} ‘oyBpJ ‘BUBJUON ~TTTTTTITIITITIIII uBlddISSISSI SUO03SAWILT] ISINYPOOM

*AYPNIUSY UISISBIYINOS

pUE poWIBU U23q SABY ISIA\ 92U} UIYHM SIUOISPUBS JUEISISIA InOd PUB BIUISIIA UIRISIMYINOG 777777 URBIUBA[ASUUDJ ™ uoI}ewaI0y SSIM
*(uoryewixoy HieJg
(8961 S[PPII JO) JIIqUIdBN
“139z]) (i )SN0dVEBIA) ' 0} SNOSIEIAI) BT WOIF PaBuryd dFY T opBao[o) T (; )sno9owipa) dje] dtued[oA dBD APUrm
(*896T ‘UIjanyd) UBLIN[IS 0} URIUOAd( S[PPIN Woay pa3usyd 33y T eyse[y ST wennig T auosow] AqQU3no[ri ;A
(16961
‘umoag pue SI00JY) ‘UOTjEWLIO] PUR[S] Ino[ pue ‘pueg mo[iid 1x0d
‘UorjBULIO] SYIOM)ISBAXG PIQ : (Surpusdse) SUOl}BUWLIO] I3IY} OJUl
POPIAIP ST dNOID) XOJ[IA\ OY) ‘9ISSIUUDJ, UISISIM JO IDVIANSYNS 3y UL 777777 J9S9UUIY, UISNSIM ELERlCY dnoan xXod[t p
(*6961_‘uoS[PN
pue 90I191g) "dUSD0BI[() PUB SUIVOF 0} dDUSV03([(Q W01y pa3ueyd 33y — BUrOAp UIDYSIMIUYIION ~ dUI0BI[() PURB SUSOF T uorjewioq sui3d3Ip
(*696T “M (A ‘U0sIBg) ‘Arerad], 03 (§)AIBIIID], WO0IF PA3uByd Iy I BUOZINY Arenyd, T 918ISWO[3UO0) [1BIIYM
("6961
‘oyny)) (g )UBlIqUEOdXg 0] SholdJiuoqir)-sad WOy PIBueYd SIJYTTTTUTITUIUTITT S}RSMYDBSSBTTTTTTTTTTTT () WeLIqUIBRIdIJ ~TTTTTTTUT 93 IUBAD) POOMISI M
(°6961
‘[PUUO() ‘SIOqUId JIIYS PU® ‘BUO ‘Yo[n5 [[PMIV @ (Surpuadse)
SIqUISWL 99IY) OJUI PIPIAIP SI UOIJBULIOF ‘UlSB] }O9I) 20UBDIJ U OpPBIO[0) UID}SIMYIXON 7~ SUdD0Y PUB SUSIOI[BJ ™ ~ T UOIPRULIO YOIBSBM

(*6961 ‘sdaryg) ‘opwio[o)

WI9)SBIYINOS OJUI OPBIO[O) [BIIUSD WIOAJ PIPUDIXS WINIAN[[Y SOPISA”

.............................. opexojo)y

............................... BUIDOISB[J T T WINIANI[Y  SOPIIA



Al6 CONTRIBUTIONS TO STRATIGRAPHY

AGE AND STRATIGRAPHIC RELATIONS OF AMCHITKA,
BANJO POINT, AND CHITKA POINT
FORMATIONS, AMCHITKA ISLAND,

ALEUTIAN ISLANDS, ALASKA

By W. J. CARR, W. D. QUINLIVAN, and L. M. GARD, JR.

Detailed reconnaissance mapping in 1966 and 1967 of Amchitka
and Rat Islands in the western Aleutian Islands (fig. 1) supple-
mented an original study by Powers, Coats, and Nelson (1960)
and has resulted in some modifications of the ages and strati-
graphy of the rocks. Two formations, the Banjo Point and over-
lying Chitka Point, are here slightly redefined; the Amchitka
Formation is areally restricted and subdivided into two informal
units. Several potassium-argon dates are now available for the
Chitka Point, one for the East Cape intrusive complex and three
for younger intrusive rocks. Age of a fossil pollen collection
from the Chitka Point Formation agrees well with the radiome-
tric dates. New fossil collections from the Banjo Point Forma-
tion provide a better basis for dating.

AMCHITKA FORMATION

As defined by Powers, Coats, and Nelson (1960), the Amchitka
Formation includes rocks of diverse type and age. Rocks of the
northwest part of Amchitka formerly mapped as Amchitka For-
mation are petrographically like and stratigraphically continu-
ous with the Chitka Point Formation. The Amchitka Formation
of eastern Amchitka is retained, with some changes in contacts
with other formations (fig. 1), but it is divided into two informal
units: (1) older breccias, overlain by (2) the pillow lavas and
breccias of Kirilof Point. Both units are present in drill holes in
the central part of Amchitka.

The older breccias, which constitute the lower part of the
Amchitka Formation, are the oldest rocks exposed on Amchitka
Island; the base is not exposed. The older breccias are restricted
in outcrop to the eastern part of Amchitka Island, mainly be-
tween Constantine Harbor and the dioritic intrusive rocks of
" East Cape. The unit consists of fine- to coarse-grained sedimen-
tary breccias and minor interbedded sandstone, siltstone, and
claystone composed of volcanic debris. The rocks are generally
propylitically altered. The degree of alteration increases errat-
ically eastward toward the intrusive complex, and strongly meta-
morphosed older breccias occur within and adjacent to the in-
trusive masses. Numerous dikes, including many of hornblende
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FIGURE 1.—Geologic sketch map of Amchitka Island.

andesite, cut the breccias on the eastern part of Amchitka Island.
A maximum thickness of about 4,000 feet of the older breccias
may be exposed; however, because of numerous dikes and sills
that intrude the section and the possibility of fault repetition,
this estimate is probably too high.

The Kirilof Point unit consists of glassy generally monolitho-
logie breccia and tuff breccia, subordinate pillow lava flows, and
very minor bedded volcanic sedimentary rocks, most of which
were probably deposited in a submarine environment. The lower
contact of the unit is exposed 1.6 miles east of Pillow Point at
the base of a locally glassy lava and breccia sequence and at the
top of a thin layer of sedimentary rocks. The lateral continuity
of this contact and its stratigraphic and petrographic significance
have not yet been determined. Compositionally some of the rocks
of the Kirilof Point unit are less mafic than others known on
Amchitka Island; Powers, Coats, and Nelson (1960) published an
analysis of hydrated glassy breccia from Kirilof Point which in-
dicates that the rock is a latite. Most other Kirilof Point rocks
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analyzed in the current study are a little less silicic. The Kirilof
Point unit is about 3,500 feet thick in the vicinity of Pillow Point
and ranges from about 1,450 to 3,650 feet thick in drill holes in
central Amchitka.

BANJO POINT AND CHITKA POINT FORMATIONS

The Banjo Point Formation consists mainly of breccias, sedi-
mentary rocks, and minor pillow lavas of basaitic composition
and submarine deposition. Hornblende-andesite and basalt sills
and dikes intrude the formation in places. The Banjo Point is
more nearly conformable with the underlying Amchitka Forma-
tion than reported by Powers, Coats, and Nelson (1960) but is
overlain with considerable angular discordance by the Chitka
Point Formation. The Banjo Point remains virtually as defined
by Powers, Coats, and Nelson (1960) except for a few changes
in its boundaries with the Chitka Point Formation. Outcrops
near White House Cove and Burr House Cove, too small to be
shown in figure 1, are probably Banjo Point Formation. Largely
because of the major erosional unconformity between the two
formations, no complete section of Banjo Point is exposed. The
formation is a maximum of about 3,600 feet thick in a drill hole
west of Kirilof Bay.

Rocks called Chitka Point Formation are here restricted to
subaerial hornblende and pyroxene-andesite lava flows, breccias,
tuffs, and conglomerate in the northwestern two-thirds of Am-
chitka (fig. 1). Excluded from the Chitka Point, as mapped by
Powers, Coats, and Nelson (1960), are basaltic breccias, now in-
ciuded in the Banjo Point Formation and extending southeast-
ward along the Pacific Coast from about lat 51°32” N. The con-
tact previously shown (Powers and others, 1960) between Chitka
Point and Banjo Point Formations on the Pacific Coast is no
longer considered a formational boundary. Included in the Chitka
Point Formation by the present authors are all rocks previously
mapped by Powers, Coats, and Nelson (1960) as Amchitka For-
mation on the northwest part of the island, and some small areas
previously mapped by them as Banjo Point Formation along the
Bering Sea Coast between about 51°30’ N. and Cyril Cove. All
these rocks are hornblende or pyroxene-bearing andesites typical
of the Chitka Point and are stratigraphically continuous with it.
The Chitka Point ranges in thickness from a featheredge near
the middle of Amchitka to a minimum of 4,000 feet in a drill hole
2 miles south of Chitka Point; about 1,100 feet are exposed in the
vieinity of Topside.
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Thus we restrict the Banjo Point to basaltic rocks of generally
submarine deposition and the Chitka Point to andesitic rocks of
mostly subaerial deposition, each unit representing a distinct
episode of eruptive activity separated by uplift and erosion.

AGE

On the basis of Foraminifera and mollusks, Powers, Coats, and
Nelson (1960, p. 538) assigned an Oligocene or Miocene age to the
Banjo Point Formation. All their fossil material appears to be from
beds assigned to the Banjo Point in the current study. Recently
MacNeil (1967, p. 87) assigned an age of Oligocene (?) to the Banjo
Point on the basis of a further evaluation of fossils in it and in sim-
ilar beds on nearby Rat Island. Microfossils (table 1) collected by
the authors and R. H. Morris from the Banjo Point and Amchitka
Formations supplement the original collections which were made
by Powers, Coats, and Nelson (1960) and which were studied by
Todd (1953) and MacNeil (1967). Studies of the Foraminifera by
R. L. Pierce permit refinement of the original ages for these for-
mations. The Banjo Point Formation and similar beds on Rat Is-
land (Gunners Cove Formation) are designated as late Eocene or
Oligocene on the basis of mollusks and numerous microfossils from
several localities (table 1). Age of the Amchitka Formation is less
certain; it underlies the Banjo Point with general conformity, and
the one fossil collection from it (table 1) contains only two genera
not found in the Banjo Point; the species are not identified.

There is nothing to indicate a significant age difference be-
tween the Banjo Point and the upper part of the Amchitka Forma-
tion—the breccias and pillow lavas of Kirilof Point—but because of
the meager fauna and fact that the lower contact of the formation
is not exposed, the authors prefer to assign an age of early Terti-
ary to the Amchitka Formation.

A coal sample from the Chitka Point Formation yielded numer-
ous pollen and spores which were studied by Estella Leopold

TABLE 1.—Distribution of Foraminifera in the Amchitka, Gunners Cove, and
Banjo Point Formations, Amchitka and Rat Islands, Alaska

Gunners Cove

Amchitka Formation Banjo Point Formation
Formation WJC70A672
69LG101 (M337) 69L.G63 69L.GT74 69LC85 69LG96
Casstdulina globosa Hantken . ... X o e L X X
sp. cf. C. galvinensis
Cushman and Frizzell . - X X
Globigerina sp. o ... X EE X
sp. cf. G. eocaena Giimbel ... e e+ e s X
(?) Globorotalia sp. aff. G.
pseudobulloides Plummer X
Bolivina sp......... X

Oridorsalis umbonatus '(Ruésé) X o X
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TABLE 1,—Distribution of Foraminifera in the Amchitka, Gunners Cove, and
Banjo Point Formations, Amchitka and Rat Islands, Alaska—Continued

Gunners Cove

Amchitka Formation Banjo Point Formation
Formation WJC70A672
69LG101 (M337) 69LG63 69LGT74 69LC86 69LGIS

Gyroidina sp. c. G. Soldanii
octocamerata Cushman and
G. D. Hanna . X . L X X . ... X
Cibicides sp. cf. C.
sandiegensis Cushman and

M. A. Hanna . . . X X X
sp. cf. C. hodget Cushman

and Schenck . ~ X . .. .. X
hodgei Cushman and Schenck . X

sp. cf. C. haydoni (Cushman
and Schenck)

sp. . X
Nonion sp. aff. N. pl(matus
Cushman and Thomas . X X
Plectofrondicularia vaughani
Cushman . . AU o X
sp. cf. P. packardi multilineata
Cushman and Simonson . . X
packardi packardi Cushman and
Schenck . . I S RN . X
SPe e e - L
Guttulina sp. cf. G. problema
d’Orbigny I S R
problema & Orbxgny L
Planularia sp. aft, P. ma'rkleyana
Church
Uvigerina elongata Cole
Nodosaria sp. cf. N. pyrula
d’Orbigny .. ... .. -
holserica Schwager .. ... .
sp.(?)
Dentalina consobrina & Orblgny
(?) amchitkaensis Todd
sp.
Szgmorphma sp ‘of. S. schencki
Cushman and Ozawa - o X
Melonis cf. M. umbilicatulus
(Montagu) ... . e e T X
(?)Melonis sp. . . o . ... X X
Alabamina sp. cf. A. kernensis
Smith s ... X
kernemsis Smith . . . . e .
Bulimina schencki Beck . L e
Glandulina laevigata ovata
(Cushman and Applin) i e
Angulogerina hannar Beck - RO
Globorotaloides sp. cf. G.
suteri Bolli . o R
Radiolaria X . . L
1 Locality 69LG10: Amchitka Formation, pillow lavas and breccias of Kirilof Point, Kirilof
Bay, Amchitka Island ; lat 51°24’45” N., long 179°14’30” E.
2 Locality WJC70A67 (near M337 original collection made by H. A. Powers): Gunners Cove
Formation, southeast side of Gunners Cove, Rat Island; lat 51° 48’40” N., long 178°19" E.
3 Loeality 69LG6: Banjo Point Formation, south side St. Makarius Bay, Amchitka Island; lat
51°22°40”, long 179°13’10” E.
4 Locality 69LG7: Banjo Point Formation, 1.6 miles northwest of Mex Island, south coast
of Amchitka Island; lat 51°29’38” N., long 179°01’25” E.
% Locality 69LG8: Banjo Joint Formation, Banjo Point, north coast of Amchitka Island;
lat 51°28’36” N., long 179°08’15” E,
% Locality 62LG%: Banjo Point Formation, Clam Point (same stratigraphic horizon that
contained Chlamys aff. C. washburnei Arnold (Powers, and others, 1960, p. 537), south coast
of Amchitka Island; lat 51°24’32” N., long 179°09’44” E.

Wb b

>
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TABLE 2.—Pollen and spores from Amchitka Island, Alasku

[Identified by Estella Leopold. Sample 68 M—1 from a thin coal seam in volcanic breccia
of the Chitka Point Formation, lat 51°32’ N., long 178°58" E., Pacific coast of Amchitka]

Number Percent

Taxodiaceae-Cupressaceae-Taxaceae . .. ... ... .. 21 17.2
Sequoia type L . s o 1 8
Alnus p6 = o e 2 1.6
p5 o B e 27 22.2

p4 . 13 10.5

Picea . . 2 1.6
Betula e 3 2.5
Corylus type . 1 8
Juglans 2 1.6
Pterocarya . S L 2 1.6
Ulmus? . L N 1 8
Ostrya-Carpinus . .. . ... 3 2.5
Populus type ... 4 3.3
Corylus type . . . 1 8
Ericales, cf. Rhododendron . 3 2.5
Dicot pollen, mangled, broken . 13 10.5
Polypodiaceae SR | .8
Monocots undet. . . ... T 12 10.0
Undet. fern spores __2 1.6
Total . . 122

NoTE.—Seen but not in count:
Tsuga heterophylla
Quercus
cf. Fagus

(table 2). She reported that “the sample count contains 6.5 percent
of deciduous broadleaved trees now exotic to Alaska, and about a
fifth of the generic list includes forms foreign to the region*** the
age is Miocene, probably middle to late.”

Seven potassium-argon dates on rocks from Amchitka Island are
listed in table 3. Radiogenic dating is hampered by scarcity of
fresh holocrystalline material for whole-rock analysis and of rocks
containing minerals with sufficient potassium for dating of
mineral separates.

Three dates were obtained on lava flows of the Chitka Point
Formation at different localities in central and northwestern
Amchitka. All represent flows in the upper part of the Chitka
Point. The youngest date obtained, 12.4==1.1 m.y. (million years),
may be slightly too young because of the presence of a very small
amount of noncrystalline material in the groundmass. Of the three
dates, the one considered most reliable (14.1+1.1 m.y.) because of
the freshness and relatively coarse texture of the rock was ob-
tained on an andesite flow in a quarry near the middie of
Amchitka. On the basis of these dates and the pollen collection (ta-
ble 2), we assign an age of Miocene to the Chitka Point, previously
dated (Powers and others, 1960) as Tertiary or Quaternary.

A date of 15.8+=0.7 m.y. was obtained on a biotite-bearing phase
of the East Cape pluton. This complex of dioritic rocks intrudes
rocks as young as the upper unit of the Amchitka Formation, and
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fossils indicate that the Banjo Point Formation is also older than
the East Cape plutonic complex.

TABLE 3.—Potassium-argon dates on rocks from Amchitka Island, Alaska

Material Stratigraphic Age X 106
Sample Rock type, location analyzed relations years 1
‘WJC-87A—-66 . Hornblende andesite dike Hornblende .... Intrudes Amchitka 2.7£3.0
between Pillow Point Formation.
and South Bight; lat
51°21'55”N., long
179°20’40”E.
69 Amc-12 ... Basaltic andesite dike, ‘Whole rock ... Intrudes Banjo Point 8.9:+0.6
west side of Kirilof Formation.
Bay; lat
51°26’N., long
179°14’E.
WJIC-1-67._..... Basalt dike(?), point on do do 10.2=*+1.1
north side of St.
Makarius Bay; lat
51°23'30”N., long
179°12’50”E.
69 Amec-15 ... Pyroxene andesite lava do.......... Upper part of Chitka 12.4=*+1.1
flow on ridge 2 miles Point Formation.
north of Windy Island;
lat 51°36’N., long
178°48’E.
69 Amc-17...... Hornblende andesite lava do...... do 13.2*+1.2
flow, Mex Island; lat
51°28’30”N., long
179°02'30”E.
69 Ame-2 ... Hornblende andesite lava . do..o... Upper part of Chitka 14.1*+1.1
flow quarry, central Point Formation.
Amchitka; lat
51°31'N., long
179°02'E.
69-Ame-11__._ Biotite-hornblende Biotite ... Intrusive dioritic complex 15.8£0.7
granodiorite; lat of East Cape. Parts
51°23’N., long of complex intrude
179°25’E. upper and lower units

of Amchitka Formation.

1 All dates determined by Geochron Laboratories, Inc. Mineral separations by D. R. Miller.

Emplacement of the East Cape pluton appears to be concurrent
with a mid-Miocene change from predominantly submarine vol-
canic deposition to uplift, followed by mostly subaerial andesitic
volcanism along the insular ridge. The possibility of a major mid-
Tertiary uplift of the Aleutian Arc was pointed out several years
ago by Gates, Fraser and Snyder (1954).

Dates (table 3) of 8.9--0.6 and 10.2-+1.1 m.y. were obtained on
intrusive rocks that appear to belong to a Pliocene episode of ba-
saltic activity that followed eruption of the Chitka Point. Both
samples are from northeast-trending bodies that are probably
dikes in the Banjo Point Formation.

A date obtained on hornblende from a dike that is part of a
swarm that postdates the East Cape plutonic complex is probably
not very reliable because of the small amount of hornblende in the
sample. However, intrusive rocks of intermediate composition
apparently were emplaced relatively late in the island’s history.
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the north side of the mountain, near the crest. A stratigraph-
ically higher sill—the Suicide sill named and discussed below—is
exposed in a parallel belt a short distance to the north, near the
base of the mountain. At the type locality, the Summit Mountain
sill is underlain by 1,800 feet of iron-formation, which to the
south is in normal stratigraphic contact with underlying Ajibik
Quartzite, the Siamo Slate having pinched out to the east, and in
fault contact with Palmer Gneiss. To the northeast, in the axial
part of the Marquette synclinorium, the sill is separated from
the underlying Tracy sill by 120-340 feet of iron-formation.

At its type locality the Summit Mountain sill has an approxi-
mate thickness of 560 feet, calculated from an outcrop width of
800 feet and a dip of 45° in adjacent iron-formation. To the
northeast in the axial part of the synclinorium, the average
thickness of the sill is about 500 feet. The sill thins southwest of
the type locality, so that a mile away, at its termination against
a fault, it is 140 feet thick.

The Summit Mountain sill has a mapped linear extent of more
than 7 miles. From its type locality on the southeast limb of an
open syncline that plunges west-northwest, the sill continues 1
mile to the southwest and is truncated by a fault, as mentioned
above. The sill extends northeast from the type locality to sec.
18, T. 47 N., R. 26 W., where it turns north and then northwest to
its known limit against a fault in secs. 1, 11, and 12, T. 47 N, R.
27 W. The curved belt, concave to the west, marks the closure of
a major west-plunging syncline. The sill is extensively sliced and
repeated by faults in the SE1/4 sec. 13, T. 47 N., R. 27 W,, in the
south part of sec. 18, T. 47 N., R. 26 W, and in the north part of
sec. 12, T. 47N, R. 2T W.

PARTRIDGE CREEK SILL

The Partridge Creek sill is named for Partridge Creek which
flows a few hundred feet southwest of a ridge containing large
exposures of the sill near the center of sec. 12, T. 47 N., R. 27 W.
There at the type locality the sill is about 380 feet thick, judging
by outcrop width and the dip of adjacent iron-formation, and the
base of the sill is separated from the top of the Summit Moun-
tain sill by an 80-foot thickness of iron-formation. The strati-
graphic separation of the sills ranges from 70 to 140 feet across
the area. The Partridge Creek sill extends about 1 mile northwest
of the type locality, thins slightly in that distance, and is cut off
by a fault. Its possible correlative farther west is unknown.
Southeast of the type locality, in the SE1j sec. 12, the sill splits
into two layers, the lower of which is about 100 feet thick and
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the upper, about 200 feet thick. The two layers are separated by
a maximum thickness of about 150 feet of iron-formation. To
the southeast, the layers gradually change strike from southeast
to south in the axial part of the synclinorium. They pinch out in
sec. 18, T. 47 N., R. 26 W., the upper layer extending about half
a mile farther south than the lower layer. Near the southeast
corner of sec. 12, T. 47 N., R. 27 W., the upper layer thickens
markedly and passes into an irregular dike which cuts upward
across the iron-formation.

SUICIDE SILL

The Suicide sill is named for Suicide Hill? in the south-central
part of sec. 12, T. 47 N., R. 27 W. The upper part of the hill con-
tains numerous exposures. At the type locality the sill occupies a
west-northwest-trending syncline in which the upper contact of
the sill has been removed by erosion. The part of the sill remain-
ing has an approximate thickness of 580 feet, calculated from
the mapped width of the sill between its base and the synclinal
axis, and from the dip of adjacent iron-formation. South of the
type locality in the axial part of the synclinorium, the thickness
of the sill is indeterminate because of faulting. South of that
area, the sill passes southwestward without structural complica-
tion across sec. 24, north of Summit Mountain, and across the
SE1j, sec. 23, T. 47 N., R. 27 W.. Along that belt, near the bound-
ary between the Ishpeming and Palmer quadrangles, the sill has
a maximum thickness of 630 feet calculated from the mapped
width and an assumed dip to the northwest of 45°. At its type
locality, the Suicide sill is separated from the underlying Par-
tridge Creek sill by 940 feet of iron-formation. Two miles to the
south, on the north side of Summit Mountain, because of the
pinchout of the Partridge Creek sill and also apparently because
of gradual crosscutting of the iron-formation, the Suicide sill is
separated from the underlying Summit Mountain sill by only
100-250 feet of iron-formation. West of Summit Mountain in the
SE14 sec. 23, the Summit Mountain and Suicide Sills are con-
nected by a large dike of metadiabase.

The mapped linear extent of the Suicide sill is more than 4
miles. From its type locality, it extends more than a mile to the
northwest where it is truncated by a fault in the central part of
sec. 11. About a mile southeast of the type locality, it closes
around the nose of the northwest-plunging syncline. South of the
syncline in the axial part of the Marquette synclinorium, the sill

2 Suicide Hill is the site of an internationally known ski jump of the same name,
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appears in several segments bounded by faults; to the southwest,
it terminates against a fault.

Near the common west corner of secs. 18 and 24, the Suicide
sill is overlain by 400-700 feet of iron-formation that separates
it from an unnamed overlying sill. The possible correlation of the
unnamed sill with others (fig. 2) west and northwest of the
named bodies and possible correlations of some of the unnamed
bodies with the named sills cannot be established because of
structural complications and inadequate exposures.

THE OSPREY FORMATION (PLEISTOCENE) AND ITS TOWER
CREEK GRAVEL MEMBER, YELLOWSTONE NATIONAL PARK

By KENNETH L. PIERCE, ROBERT L. CHRISTIANSEN, and GERALD M. RICHMOND

Recent geologic mapping in Yellowstone National Park has dem-
onstrated that interlayered upper Cenozoic basalts and gravels
of several different ages can be recognized. The only previous
regional geologic studies of broad scope in this area, made in the
late 19th and early 20th centuries (Hague and others, 1896, 1899;
Hague, unpub. data, 1904), did not distinguish consistently
among these sequences. Although later studies, which were fo-
cused on certain topical problems or on only parts of the area
(for example, Howard, 1937; Boyd, 1961; Brown, 1961), estab-
lished many of the relations among these units, a comprehensive
stratigraphy has awaited detailed regional mapping. This paper
distinguishes one of the basalt-gravel sequences as the Osprey
Formation, consisting of two members—a basalt member and the
Tower Creek Gravel Member.

OSPREY FORMATION

The Osprey Formation is here defined as that sequence of ba-
salts and gravels, interlayered in locally varied proportions, which
fills or partly fills a canyon paleotopography cut both in the upper
part of the Yellowstone Tuff and in conformably overlying basalts
in the region of northern Yellowstone National Park (fig. 4). On
the nose between Lava Creek Canyon and Sheepeater Canyon, the
Osprey Formation rests unconformably on both the upper part of
the Yellowstone Tuff and the basalt which conformably overlies
the tuff. The oldest deposit overlying the Osprey Formation is till
of probable late Bull Lake age. The known extent of the Osprey
Formation is indicated in figure 4. The formation is well exposed
along the west side of Sheepeater Canyon, where the flank of Bun-
sen Peak is incised by the Gardner River. In this area, Boyd (1961,
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FI1GURE 4.—Northern part of Yellowstone National Park and location of areas
underlain by Osprey Formation (black), type section of Osprey Formation
(Qo), and type section of Tower Creek Gravel Member (Qot).

p. 402) recognized that the basalts and gravels here defined as the
Osprey Formation postdate both the Yellowstone Tuff and the
basalts that conformably overlie the tuff on the east rim of the
canyon,

The type section of the Osprey Formation is designated as the
cliff exposure on the west side of Sheepeater Canyon, 3,200 feet
almost due north of Osprey Falls and just east of the closest
approach in this vicinity of the Bunsen Peak Road to the rim of the
canyon. The section is about 200 feet thick. It consists mainly of
six flows of columnar-jointed basalt, several of which are separated
by as much as 20 feet of gravel, particularly in the lower part of
the section and at the base. The section rests on an eroded Eocene
intrusive body which forms Bunsen Peak.

For convenience in mapping and in order to provide the maxi-
mum possible consistency with previously used stratigraphic
nomenclature, the two lithologic facies of the formation are recog-
nized as members.

BASALT MEMBER
The basalt member is designated informally to include all the
basalt flows of the Osprey Formation. The basalts are olivine
tholeiites characterized by a low content of alkali metals, notably
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of potassium. Sparse plagioclase phenocrysts occur in most of the
flows; olivine is present in the groundmasses. The basalts typi-
cally are very fine grained, dense, and nearly black. Columnar
jointing is exceptionally well developed in many flows.

TOWER CREEK GRAVEL MEMBER

The Tower Creek Gravel Member of the Osprey Formation is
here defined to include all gravel and other sediments associated
with the Osprey Formation. The type section is the exposure on the
east side of The Narrows of the Yellowstone River Canyon directly
across from Calcite Springs and 5,800 feet N. 30° W. of the mouth
of Tower Creek. It is described in figure 5. At the type section the
Tower Creek Gravel rests on Eocene volcanic breccias and is over-
lain by Pinedale Till (fig. 5). The gravel is mainly cobble sized and
occurs in massive subhorizontal beds. The cobbles are about 65 per-
cent Eocene volcanic rocks, 5-15 percent quartz-bearing rhyolite,
5-25 percent upper Cenozoic basalt, and 5-15 percent quartzite
and Precambrian crystalline rocks. All the quartz-bearing rhyolite
clasts we have observed in the type Tower Creek Gravel Member
are Yellowstone Tuff. One distinctive type of clast is purplish-
gray to bluish-gray welded tuff with abundant white collapsed
pumice inclusions containing conspicuously large phenocrysts; this
lithology is characteristic of the upper part of the Yellowstone
Tuff in the nearby drainage area.

The name Tower Creek Conglomerate was first used on the
map legend of sheets 10, 12, and 17 of the atlas for the Yellow-
stone National Park monograph (Hague and others, 1899). Sev-
eral years earlier, Hague and others (1896, p. 3 and Canyon
Sheet) described these deposits and named them the Canyon Con-
glomerate. At a locality “just north of Tower Creek” Hague and
others noted that (1) the conglomerate does not contain rhyolite
cobbles, (2) the conglomerate and associated basalt are pre-
rhyolite in age, and (3) vertebrate remains collected from the
conglomerate were identified by O. C. Marsh as being from a
Pliocene horse. The identification of these vertebrate remains,
now lost, has never been confirmed. Jones and Field (1929, p.
275), however, concluded on the basis of physiographic relations
that the basalt and gravel in the Tower Falls area are much
younger than the rhyolite.

Gravel previously referred to the Tower Creek Conglomerate
was shown to be of two different ages by A. D. Howard (1937,
p. 36-80). On the east side of the Yellowstone River in The Nar-
rows area he observed only gravel bearing more than 5 percent
rhyolite. On the west side he observed that some gravel contained
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FIGURE 5.—Type section of Tower Creek Gravel Member. Measured by rough
hand leveling by K. L. Pierce at the type locality across the Yellowstone
River from Calcite Springs, Yellowstone National Park, Wyo. Qot, Tower
Creek Gravel Member; Qob, basalt member.

more than 5 percent rhyolite but that other gravel contained 1
percent or less. C. W. Brown (1961, p. 1182-1183) reported that
he failed to find rhyolite in the gravel on either side of the river.
Our field studies support Howard’s conclusion and demonstrate
the presence of two different ages of gravel and associated
basalt. The younger gravel contains readily discernible (more
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than 5 percent) cobbles of rhyolite, mainly from the upper part
of the Yellowstone Tuff; the older gravel contains few cobbles of
rhyolite and none of Yellowstone Tuff. The basalt that overlies
the older gravel underlies the upper part of the Yellowstone Tuff.

By restricting the name Tower Creek Gravel Member to gravel
of the Osprey Formation, which generally contains clasts identi-
fied as coming from the upper part of the Yellowstone Tuff, we
have selected the most conspicuous and extensive gravel exposed
in the Tower Falls area. We exclude gravel older than the tuff:
for example, that exposed beneath the basalt flow of Overhang-
ing Cliff on the west side of The Narrows in the Tower Falls
area. We exclude also deposits previously mapped as Tower
Creek Conglomerate in the Gallatin Range in northwestern Yel-
lowstone Park (Hague and others, 1899, sheets 10 and 17),
which in fact are associated with rocks of the Absaroka volcanic
field of Eocene age (H. W. Smedes, oral commun., 1970). We use
the term gravel rather than conglomerate in the formal name be-
cause many of the deposits are friable, and the local induration is
the result of hydrothermal alteration rather than diagenetic
cementation. In other places, hydrothermal alteration has induced
both decomposition and disintegration of clasts and matrix.

AGE

The Osprey Formation lies on a paleotopography cut in or
through the upper part of the Yellowstone Tuff. The interlay-
ered gravel contains pebbles or cobbles of that tuff in all localities
observed, including the type section. The formation is, therefore,
younger than the upper part of the Yellowstone Tuff. The upper
part is the younger of two ash-flow cooling units of the Yellow-
stone Tuff in Yellowstone Park and has been dated as 600,000
years old by potassium-argon determinations on sanidine pheno-
crysts (J. D. Obradovich, written commun., 1969). As the Osprey
Formation occurs in canyons cut in the tuff, the formation is
probably of considerably younger age. Glacial deposits of prob-
able late Bull Lake age overlie the Osprey Formation just north
of the type locality. The formation is therefore of Pleistocene
age.
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