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A r q o r t  a ~ i d  i l lus t rn t ions  on thr, correla t ion of the 'J~e+~aceoun f o r a ~ r t i o n s  of 
Grc~nl,flnd and Uaoka by R ,  !J. Imlay and 5 ,  R ,  P?eesi.de, Jr,, gou1ogi::tc of the  
Gsolcgical Survey, R r e  k i n g  placed on open f , iLe  for public fnaocction todgg, 
Secrata-t-y o r  the Interior Douglas LC (riy ~ ~ r ~ o ~ z n c e d  t oGq7. 

Correlation of the  Alaskan Cretasoous f o ~ s i l a  is based on a corllprrhensi~~e 
rea2;udpi o f  the Cre%sceo~~o  col lec t lof l s  that  have been made ky the Gsola{fical Survey 
in the Terr l toq- ,  The firfit such c3 l lac t i ans  were l a t e  in tho  19th acrit,urg 
and hn~re been added to intern5.ttantly during tic intervcninp, years, An individual  
col lect ions  were ohtalned, they wwe  examined and reports ~ ~ r ~ ~ m r e d  f o r  v se  in 
21~1-vog pui!licationa, The prescnt st;udy is primal-ily a reinkespretntion of the age 
s ignif  icsnoo o f  all these foss i l  collect;~.ons by camparing them with Cretaceous 
f u ~ j a i l s  obtainod 5 2  parts of Y q r t ' i  _ ! c r l c ~ z  whcre t ? ~ e  strntigrtiphic and faurmS 
succs:~sion i s  ~ u c ! ' ~  better ltnorzn +,?lax in i?laskn. (lonsidcrfition is also @van t o  
st rn t  q r a p h i  c and l i l ;ha lo~ ,$  c criteria, pnTt ie tdas ly  in areas whera i'oss5.l ovlclence 
i s  scant. Soctiorls of Cretncecrus rarks in tha FJtanusIra Vall.eg, k~ tile socthwestem 
part, of t h e  Ton>sr Rivsr l e:; 103, and ~ r ,  northorn Alaska nosth o f  t h e  Breoks ;8n?e, 
haw: heen cxamiusi! All t hc  i i l f o ~ ~ m ~ t l o n  has h e n  incorporated in ~ f ~ m t i g r e p h t c  
sumlarie s wllich shou1.d be useful to  f i g i d  geoicgis ts  rcgardl~s s of  - l !~o:~r  hck,yround 
i n  pa2aonto'logf. 

'The rsoxarnj.n:~tion was i n i t i a t e d  p l . n a r i l y  f o r  31~rcly scient i f  Lc rcr;.c;ans, but 
as TToqress of the  project coatinl12d i t s  immcd!.ate i?coxlumic appJ.ic,nhility P,cc;me 
increaslngip apparent,, ?'ha material is n ~ w  being ~ l a c c d  0:: opcn f i l e  prier t o  
f i n n l  publicat ion becausa of the i ncrensed pub2 ic int;ercst; in Laskrt s p e t r o l o u ~ ~ ~  
possi5~litios and the  part t h a t  t h i s  r~crtcrial can p l ~ y  in serving t h a t  intorest, 

"I ho repcrt is on fi1.e i i l  -the officcs of the  Geola;ielzl $ur~ey, Ram 1033 
( ~Abrary)  ant! horn 5224 ( Alnskan JeolcLq 9 n n c h  1, G3A hli ldlng,  'kahington, P . C , ; 
born 1C0, Old Pint, -3uildinz, San Francisco , C d i f o r n i n  ; b!f nes I351il.ding1 Collc&e, 
Alnskn ; S u b ~ e r t  Iiuilfling, 21ln?nu, Alas lrn; Centrnl  k i l d i r g ,  Anchorage, Alaska, 
and a t  the Te r r i t o r i a l  Ce_nartwent o f  Nines at Juneau, Alaska. Far persons directly 
interested, a limited n~unhsr of mimeographed copies are available f ree  upon a p ~ l i -  
c a ~ i o n  to the l l i roctor ,  Geological Swvey, !dashington 25, D, C. 
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I NTRODUCTI ON 

This is MurPber 10d of a series of correlation charts pre- 
he E m u i t t e e  on Stratigraphy of tha National bseerch 

i It has been sponsored by the U. 3. Oeological Survey 

hnbar, C. O,, et al. (1942) Correlation charts pre- 
Committee on ~tr-a~hy of the National ,Research 

Council, Geal, Soc. dm., all,, vol. 53, p. 429-434* 

and has required about seven months1 t h w  of both authors gathering 
and compilhg data and evaluating f assi'l, evidence, As the  two re- 
gions dea l t  w i t h  in the cha r t  are widely separated, the lists of 
references a r e  also given separat~Jy, The annotations dealing w i t h  
Greenland are based antirely on published infarmation. The annota- 
tions dealing with Alaska are based un a re-examination of nearly 
a l l  the Cretaceous f ossfia from AZaalca i n  the calXectiana af the 
Geological Survey. This has resulted in concepts not hitherto 
published and in some concepts that  are comp1et;ely at variance wi th  
those that have been published. Naturally for l a r g e  areas under- 
g o b 2  active exploration, such as Alaska, a correla t ion c h a r t  is 
out of data in many particulars a3 soon as published. Nevertheless 
it is valuable to the f i e l d  man whose activit ies  are confined to 
small areas but who must interpret m c h  of  hi^ data in term of sur- 
roundiw areas that he has not seen. It is valuable to the student 
and to the general geologist because it organhes scattered infor- 
mation in a manner that can be applied in the* f i e ld  probleras, 
makes quite unnecessary the meraorizetion of stratAgraphic section8 
and f o s s i l  names, and shows clearly that stratigraphic correlations 
are based on observation and reasoning and n& on a vast aemory. 
It i s  probably of greatest value to the specialist who makes the 
chart because ha discnvsra what are& md problems are most in need 
of research and can thereby direct his efforts and thoae of hia 
associatea in a raanner that w i l l  y i e ld  the greatest reaults. 



I. In eastern Greenland (Fig. 1) the  Aptian anrihlbian 
stages of the Lower Cretaceuus are represented mostly by black t o  
gray shale containing orange to red weathering conc~e t ions  or &in 
beds of clay ironstone. Sorne sections contain intercalations of 
l i g h t  yellcrw marl and yellow to brwn siltstone, sandstone, or con- 
glomerate, Sandstone dominates in the hptian p a r t  of the aequencs 
on Koldewey Island and on the northwestern part of Hold-with-Hope 
and is locally common in the Albian. In a few places ozcur enor- 
mous angular blocks that are interpreted as landslide material de- 
rkved f rom fault scarps bordering %he sea. The base of the sequence 
rests on an irregular surface coqosed of basal  Cretaceous, Juraseic, 
Triaesic, Permian, or older rocks. Locally in the Falskebugt area 
of eastern Viollaston Foreland, the Aptim'rests on the Valanginian 
beds w i t h .  angular discordance of about 2 4  dspeoa. The thickness of 
the sequence is estimated to be, nore than 2000 mtars (ldwc, 1949$ 
pp. 195-2113. 

The record'of Aptian in East lireedand is b&ad mainly on 
the occurrence of the ammonites Zkshayesites, Sawtinoceras ,  
Ancyloceras , and Tr opaeum (33ogvad and ~osenlrra- old, 
1935; Spath, 1946),hn basis of published studies in England 
and Prance (Spath, 1930; Rach, -1927; f i l ian and ,Reboul, 19151, 
Ancyloceras i s  characteristic af the .laver Apt ian  and is rare in 
the Barremian, Deshayesites is characterisuc of t he  upper part of 
the lower Aptian but  ranges into t h e  laver part of the  upper AptLan, 
and Tropaeum ranges f r u m  the upper .part of %he lmer Aptian i n to  the -- 
lmes part of t h e  upper Aptian. The genus'~anmaridnoceras was con- 
sidered by iihitehouse (1926, p. 204) to be restricted to the upper- 
most Aptian on the basis of'occurrencea,in Australia. He considered 
the records frm the laver Aptian of Gerinany to -be in error. How- 
sver, in t h e  d d a e  of the Cagollo formation Ln Sierra de ~ e r i  j& 
Venezuela, Sanmartinoceras is associated with Calombiceras, 
Desh esites, and Cheloniceras af f . C. cormelianu~n (D ' ~ r b i g ~ ) ,  As 

has not been found bela? t h e  upper Aptiani this asso- 
c ia t ion  probably represents the base of the upper Aptian rather .than 
any part of the  laver Aptian, provided that the amonLtes were all 
obtained from the same bed. It may be signiEicant &hat Sanmartino*. . - ceras has not beeri found in the highest Aptian beds of Mexlco 
W A r e y , .  IPbP), Colombia ( ~ i e d e l ,  19371, or Venezuela in azsocia- 
t i o n  with XSufrenoya justinae {Hill) .  On t h e  basis of the ammonites 
collected in Greenland o n l y  part of the rawer Aptian has boen 
definitely identified, but part of the upper Aptian may be repre- 
sented by Tropaeum and Sanxaartinoceras. Neither the very earliest - 
or lataet Aptian has been i d e n t s i e d  faunally  in Greedand. 





The lower and middle Albian are repreaenbd in Eaat  
Greenland, according t o  Spath (I946, pp. -8-lo), by several ammonite 
assemblages, whereas there is a lack of a n ~ r  typical upper Albian 
armnonites . Hayever, some impressions ref erred questionably t o  
Gastrb Utes by spath may represent the laver p&% of the  upper & though the only accurately dated o c c u m c s s  of the 
genus are i n  the d d d l e  Albian in E n g l d  (Spath, 1937, p. 2571, In 
Calif arnia, and in Alaska (see Annotations 14, 31, 46). This possi- 
b i l i t y  is based on the presence of Oastroplftes in the lower part  of 
the U m r y  shale in the western Lnterior of t h e  United States (Cobban 
and Reeside, 199, pp. 1892, 1893; Cobban, 1951, p. 21751, ,.Thfs 
shale on the basis of stratigraphic posit ion represents some'part, of 
the upper Albian, because it directly underlies the Belle Fourcha 
shale, which contains Cenomanian faunas, and it occurs a short inter- 
val  above the Skull  Creek shale which is correlated fauna l ly  vdth 
both the Duck Creek limestone and the Klamichi formation of Texas 
and with the Purgatoire formation of northeastorn New Mexico [Reesi.de, 
1923, p. 200). Both the Duck Creek limestone and tho upper part of 
t h e  Purgatoire formtion have furnished ammonites representing the 
basal upper Albian. It i e  probably of stratigrapkic significance! 
*hat the species of lfastroplites in the Mmmy shale are considerably 
different from the genotype s?ecies, G .  canadensis (%&iteaves), and 
may wentually be placed in a d5stincx genus. 

It seems probable that the age of the  upper part of the 
Aptian and Albian sequence in East Greenland varies fron one Locality 
to mother owing t o  erosion before deposition of the capping basalts 
and sediments of early Tertiary age. Ibweve~, the mount of erosion 
has not been ascertained and may not be deter~dnable owing to scar- 
city of foss i l s .  For the purpuses of the  chart, it is assumed tha* 
the ugper pa r t  of the  sequence in each general area corresponds t o  
the boundary between the niddle and upper iUbian, 

2. The Berriasian (used in same senae as Infravalangknian} 
has been f mnd in East Greenland only in two areas, whlch are (1) the, 
Scoresby Sound district and (2)  smthwestern Kuhn Island a d  the near- 
by northwestern part of Kollaston Poreland, Its absence elsewhere h~ 
East Greenland i a  explained partly by pre-Aptian erosion and parbly 
by nondeposition. 

In the Scoreaby Soulad district tha ma3n occurrence is in 
southern &meson Land (Aldinger, l93St p. 38; Spath, 1947$ p. 491, 
where d n o n i t s s  were  obtained Sn the upper part of about 500 feet of 
dark sandy ehake an8 soft,  thin sandstone and in a ahel ly  bed at the 
base of the  overlulm 330 feet of cross-bedded sandstone. These - - -  

amunites were placed by Spath (1947, pp. 53-57) in Sllbcras sdites 
and a new genus Hectoroceras and were considered by m as probably 
earliest ~ r e t a c e ~ t u l  latest JurasaAa, 

+ 



In the area cmprising southweatern Kuhn Ialand and ad- 
johing parts of Wollaston Fweland, the Cretaceous section ( w e ,  
1949, pp, 27-32, 96-100, l d 3  3 bsglns wi th  LOO meters of banded sand- 
stone and shals containing large boulders. The higheat boulder bad, 
about 30 feat belm the top, contains two Subcraspdites that Spa* 
(1946, p. 4; 1947, p, 58) considera to be Cretaceaua. Theso are 
associated with moni te s  that are reported to be reworked from 
Jmssio strata. Next above follows 40 meters of gray to roddisIl 
sandstone and sandy limestone that contain crampeditid ilrmnonitee, 
Lnclud5ng one specimen that Spabh refers questionably to Hsctoroceras 
(Spath, 39b7# p. 58, pX. 3# f i g ,  2). Above this follawc beds 55 
metars thick that include gray sandy shale interbedded with hard 
limestone, a covered internal, and then sme sandy Ij3nestone. This 
is succeeded by 75 meters of red to brawn sandy shale and interbedded 
smdy limestone. Ten meters below the  top of thl-s unit was obtained 
one specimen of the ammonite ToLlia which is characteristic of the 
Berrias sian ( ~ n f r a - ~ a 3 a n g i n ~ ~ ~ n o r t h e r n  Siberia and Navaya Z e d  ya. 

3. The middle Valanginian esdsts in two contrasting facies 
that grade i n t o  each other laterally and at places vertically (Maync, 
19&J, pp. 105-192). The Albrechts Bay facies, named from northcell- 
tral Wollaston Foreland, consists of gray, yellow, or pink marl and 
marly ehale containing limestone beds and nodules, 'he Young Sound 
facies consists  of cowfie breccias and conglomerabs, locally 
uns-hratified md unsorted, embedded in a matrix of sandstone and 
including lumps and lenses of gray or yellow limestone that bear 
nuroeroers aucellas. This facies, which Maync interprets .as foming  
at the base of fault scarps, passes upward in some sections in cen- 
tral Wollaston Fweland b t o  gray to ye'llwa, paxltly sanw limestone. 
Ths Falskebugt bede in eastern Wollaston Foreland display a s i d e  
mixed facies. 'rho asuignment of a middle VaLangiYlian age to these 
beds i s  baaed on such amrnonitea as Polyptychites, 
Dichotomitea and Newsaspedil;es. Rere is no 

af lmerT&anginiaH, and judging by the sections in northern 
Wollaston Foreland, there are only a few miters of red-brown sandstone 
that ~&$t repmserrt tho lower Valang5nian. 

4. The upper Valmg5&an in eastern Kuhn Island and in 
most of Wollasten Foreland 1s represented by 15 meters or l e s s  of red 
sandstone, breccfas, and locally marl and coquinoid limestone which 
Maync (1949, pp. 70-12, 192 1 has named the ~ ( d d r y ~ ~ s n  beds, Sornda% 
sMlar red beds in mrthestern Mollaaton ForeZand have firslished a 
siwla spec-n of wicoceras (kaync, 19L9, p. 98),  whlch S p t h  
(1946, p. 6) considers ia probably upper Valanginian rather than Lmer 
Hau terivian, 



5. From 90 t o  U0 feet of light-gray, raicaceous sandatone 
and dark-gray, brittle sandy shale exposed near Ilnudshoved on the 
eastern coast d Hold-with-Ilope have furnished pelscypods tt1a-C h b o l d  
(1934, pp. 9-27) identifies 1~5th Meria tenuicostata Roomer and Ino- 
terms sbnilsu. to I, cardissoides Goldfuss and considers to be 
late Emscherlan age; which is early Santoniarr aa used herein. Webold 
(1934, p. 21) also made the sane age assigrrnent for a specimen of . 
Pteria tenuicostata Roemw from Horn Foreland at the northeast end of* 
m i t h - ~ q e .  However, Maync (1949, pp. 136, 137, 212-214) e x a h e d  
the sequence at Home Foreland and concluded that it belonged Utho- 
logicaSly ilnd faunally with the Aptian and Albian sequence. He did 
not find a sirlgle specimen of fieria at Hme Fore lad  Puzd suggests 
the possibility of d s l a b e l i n g ~ e  specimen reported from there. 
He notes that Andreas Vfscher (~aync, 1949, p, L44) at a l oca l i ty  2 
kilometers aauth of Knudshoved found the Ifght-colored sandy Kmd- 
shwed beds marked basally by a thin conglmerate that rests on 
dark-colored marly beds such as are exposed widely at Home Foseland. 
Naync (1949, p. 215, 217) concludes that exposures of the Upper Cre- 
taceous strata of Santonian age are confined to the v i c i d t y  of 
Krmdshwed, 

6. Spath (LPG, p. 10) has identified the lwer Cenoman- 
&an arr~aolutte Schloenbachia in collections from T r a i l 1  Island and the 
southern part of Geographical Saciety Island (Stauhr, 2938, Donovan, 
1949, p. 8). He, a l s o ,  identified the Turonlan ammonites ScaphLtes 
a f f .  S. lamberti (de G~ossauwe)  and Prionotro is cf. P. woolga r i  
( ~ a n t ; U m s  Collienoniceras wo-rfiese ixdicate t h s  
kmer part of the upper Turonian. 

7. M a r i n e  shale cropping O u t  on t h e  north shore of the 
Nugssuak Peninsula in West Greenland have Mnished armnonites and 
pelecypods represe~ting the Coniacian to Maestrichtian stages of the 
Wppef Cretaceous (L~~iol, 1893; Madsen, 1897; Ram, ln8, p. 309; , 

Frebold, 1934, pp. 25-21). The presence of the Turonian stage baa 
not been proven. The Coniacian is rersresented bv Scanhites similar 
to S. vekricouus Meek and Hqyden (h&enlcranta, i 9 & & ,  p l .  1). 
 he-Maestrichtian is represented by mfio~,itos referred variousLv t o  
Acanbhosca hLtss roemri (dl Orbig+) and ;)iscosca hites nicol l&i 
d b m e l e c y P o d s  l i s t e d  frm West 
Greenland occur in the western in-berior of the United States in beds 
of Campdm ta Edaeetrichtian age mite and Schucht~t, 1898, pp. 
356, 357)* 

8. The Patoot beds in the southern part of the EJugasuak 
Peninsula h m  firn%shed a flora regarcled as of lateet Cretlrcceoua 
age (Heer, 1883; Ravn, 1918) a d  at Patoot have furxished species of 
lnocerarnue that in Europe are reported to be restricted to the upper 
S d o n i a n  ( ~ e - ,  1928; Msync, 1949, p, 279). The age limits of t h e  
Patoot be& are not bmn, It As possible that they a r e  entirely of 
S m t o n i a n  age. 



9. The Atans beds carry a dicotyledonous flora that was 
once oon~5dered to be of Senanian age (Heer, 1883; Ravn, 1918)1 
However, thoy are warlain by marine shales carrying Sca hites simi- 
lar t o  Scaphites vantricosus seek and Hayden and, t h e ~ k a n n o t  
be younger than the Coniacian. The Atane beds are reported to be 
separated fron adjoining formations by unconfornitiea. 

LO. The Kom beds contain a flora that was at first re- 
ferred t o  the Barredan and Aptian etages (Hew, 1118j), he latep 
because of the presence of a dicotyledon was referred t o  ths Albian 
(Berry, 1%; Ravn, 1918). 3rm (1946, pp. 246, 247) notes that 
the Kome beds contaln m y  species in aornrwn with the Kootenai for- 
mation of Montana and with the lprrer dlairrnore f omnaki on of Canada 
and that the  Lower illairmore has furnished a single dicotyledon, 
The Lower I 3 l b o r s  f ormatian is correlated with the Aptian stage 
on the  baeis of its flora (Berry, 1929; bell, 39h). This correla- 
t i on  seems reasonable, becauae the Lower 13lzdmore passes northward 
i n  Alberta and Brit i sh  Columbia into interbedded nonrnsxim and 
marine beds that underlie mame beds containing hmuroceras and 
Beudanticera ( ~ c ~ a r n ,  1945 ) , both def h i k e  Albian genera, The 
rarrge of Leii~oceras is not known, but in hhdagascar it occurR with -- 
manv other armonites that mark the  basal middle Albian zone o f  
~ouklleiceras ~nadlaturn (Collignon, 1949, pp. 103-110). This 
dating of Lemuraceras shows that $ha Lower Ellairlaare might include 
beds of early Rlbian age but certainly nothing younger. By compri- 
son the Kome beds of West Ureenfand probably represent the Aptian 
and p?t of Lhe Albian. 

U. Some shales exposed on the coast of the southerr! part 
of the Svartenhuk Peninsula have Wnished anrmonites related to 

aeek aml hayden (aosenkrantz e t  al., 1942, p, 
in %he western in ter ior  of the United States 

a r e  not known in beds older than .the Coniacian. Associated with -bhern 
in West Greenland are specimens that Hssem to belong ta the genus 
Borissjakocerasn (~osenkrantz e t  al., 1942, p, 33).  This  genus i n  
t h e  western in t e r io r  is known only in beds of C e n m i a n  and Turon- 
ian age not younger than the lower part of the Earlfie shale, 
Possibly the amroonita from % a t  Greenland redly belongs to the 
gems Bhneyites, wNch i s  sintZlar t o  Borissjakocaras, 

12. In southeastern A l a a k a  (Fig. 2) the presence of be& 
of Berriwian age i s  bd iaated  by one large collection of Aucella 
subokensis Pavlm (ides. loc.  10147) from Slocum Arm on t h e  west s ide  
of Chichagof Island. The presence of beds of VaZanginian age i s  
indicated-by typical apec&ens of Aucalla c r a s s i c o l ~ i s  Keyserling 
from Krusof Island (Mes, lac. 1784-r&ty Island (aes. locs.  
8H50, 58551, and Rtol in  Island ( ~ e s .  lots. 084U, 11077), On 







Admiralty Island at Pybua Bay th is  lspecies occurs in 300 to LOO feet 
of dark gray shale that is underlain by conglomerate and pebbly 
shale a t  a point between t v m  arms of the bay (~~Iart in,  1926# pp. 377- 
378). 'l'his pebbly shale has furnis l~ed r n q  specimans of Aucalla 
(Mes. loca. 3309$ 8851, 10095, and 10169) that belong to &, piachii 
Gabb or to similar species characteriaed by an elongate form and a 
narrm umbo. Such aucellae in California are common in the Knoxville 
formation of latest Jurassic age and rare in the overlying Paskenta 
group of Early Cretaceous age (~nderson, 1945, pp. 964, 965).  In the 
Arctic region of Europe and Asia they characterize beds of Portland- 
ian age, The aucellas that have been obtained from rEupremof Island 
and Gravina Island (Mwtfn, 1926, pp. 253, 319-3821 are not of Eg3'3y 
Cretaceous age, as they belong to Aucolla rugosa (Fischer) and 
Aucella cf, A. mosquensis (von h c v c h  in liussia range through 
=mr ~i;;mtsrid~,ian i n to  the basal Portlandian nut higher than 
the zyne of ~araiaktes  - albani (~rkell, 1946, pp. 24-26;-Sp;rth, 1936, 
p. 167; Pavlow, 1907, table opposite page u4). 

13. The Mesozoic is represented dong  the mountaLnous 
Pacific Coast of Alaska from Yalcutat to lbdiak Island by a t h i c k  
sequence of s late ,  graywacke, arkosic sandstone, minor amwnts of 
conglomerate and grit, and large ~msscs of d a r k  extrusive and intru- 
sive rock. These rocks have been included in the Yahtat  moup in 
the Yakutat Bay area, in the Valdea and Orca groups in the Chugach 
Mountains north of Prince Lilliam Sound, and in the Sunrise group on 
the Kenaj Peninsula (lhartin, 1926, pp, 480-487; Moffit, 1938, pp. 
89-82).  Throughout this distance of nearly 700 miles reliable f o s s i l  
evidence concerning t h e  age of these Uesoso5.c beds has been found in 
only three small areas, one on Barry-drm in the Port ITells district 
north of Prince Ufiliam Sound, one near Girdwood on the north s i d e '  
of Turnagain Arm southeast of Anchorage, and the other on a small 
island near KocUak. Curiously, these three areas contain identical 
species of Znoceramus characterized by bearing radial warhng. The, 
collections f rum Girdwood (lies, locs . 7238, 7378 15965-25968) and 
Barry Am (Bfes. loc. 8601) contain species of Inocerarnus that can 
be matched with western in ter ior  species that occur in h e  zone of 
Sca hitas bbne b e s i d e  (cobban, 1951, p , 2197 3 . One of these +* specres o tame near Kodiak was described by Ulrich ( 1 9 O L ,  pp, 
234-136, p l .  12, f i g s .  1, 2, pl. 3.3, Pig. 1) as Inocerar~pra concen- 
trica Ulrich, On the  same slab as the type of Inocerma con- - - 
centrica Ulrlch is a fragment of another fnoceramua with strong 
radial r i b b h g  identical w i t h  one of the species from Turnagain Arm. 
Both of these-species are associated in the western interior  in the 
Scaphites -i zone at Mes. loc. 21097 i n  t he  lcwer part of the 
Cody shale, Viyomang, and at Mesozoic locality 11951 in t h e  Mancoa 
shale near Price, Utah. The corresponding pos i thn  in Europe would 
be either upper Caniacian or lower Santonian. 



me Late Cretaceous age ~ h m n  by these species of Xnocera- 
mas at the three localities is supported by the cKscurPence o r  - 
conzatulid crinoid on the west side'of Evans Island Zn the weatern 
part of Prince W i l l i a m  Sound near the Kenai Peninsula (~ohnson,  1916, 
p. 198). This crinoid was reported by A ,  H. Clark t o  below to a 
group not k n m  before the Jurassic and t o  be closely related to a 
orinoid now l i v i n g  in Alaskan waters. 

The close dating of the th ick  eequence of slate and gray- 
wacka at only three places is not evidence that the entke sequence 
is so narrowly dated throughout its area of djstributior.. Tt-seeins 
probable that it represents mch more than the small j.nte~&>f 
t i m e  indicated by t he  Inmeramus. For example, a collection con- 

' t a i n i q  ea r l i ea t  ~retaceous AuceUas was made by K, P. Sharp in grey- 
waclce In the St. mias Uountains, Canada, on a ridge about ten 1rri.l.e~ 
due oast of the summit of Ut. Logan and Eou ~niles soui2waat of 
McArthur Peak. According to Don J. Miller C/, "These f osni ls  appar- 

9' Personal commnication of January 9, 195'1. 

e n t l ; ~  are frm a paywacke sequence which is widespread in the Alas- 
kan pa r t  of the St. Elias dountains and rvhich. farm a considerable 
pa t of the Chugach Mountains farthez*  vest.^' 

The a~.ccllas in questim are psor'ly ?reserved, but caflpari- 
sons m y  be made with Aucella okensis Pav'low, A. subokensia Pavlow, 
and A. - velgensis Lahusen. If correctly i d e n t i b d ,  these w o u l d  
repr%ont tk-rriasian stage of the very base of t h e  L,mer Greta- 
ceous. Kegadless oP specif ic  identity, &hey are large, stout  
A~cellas such as characterize the earliest Cret2ceous of khe Boreal 
rsgion and the Pacific Coast of North America from California north- 
~ c ~ d *  

Comide~itrg these age deterrrrlntitions and the age and die- 
trkbutfon of Cretacecus deposits in other p m a  of Alaska, it seems 
probable that #e.slate and graywaeka sequence includes equivalents 
a? all the Crlstaceclua to the north in the Cop?er River region, in 
the Cook Inlet region, and in southwestern Alaska, and was  originaIXy 
deposited as sediment8 in the ~srune seas that covered those regions. 
This sta$ement doas not preclude the possibility that Jurassio or 
older rocks may scmePlhere be regmsented in the slate and grayrpacke 
sequence. 



14. The Kennicott formation of the Chitina Valley, as 
defined by Idarth (1926, p. 3491, includes Lower Cretaceous strata 
at Fourth of July Pass, Kuskulana Pass, Bear Creek and Yohlin Creek 
east of Kuskulana Pass, and the headwaters of IdcCarthy Creek. 
Goneraised sections of the  Larer Cretaceous deposits have been pub- 
l i shed  by Baoff it (1938¶ pp. 7l-78 $, who notes that the basal beds 
are gemrallp conglomerate or grit of irregular thickness. These 
are averlain by 300 t o  500 feet or more o f  sandstone and sandy shale 
that contain calcareous concretfons. Above follows black shale that 
local ly is at least 3000 feet thick and includes sore sandstone and 
conglomerate. At the top i s  2500 f e e t  or rnore of conglomerate, 
sandstone, and sandy shale that have not furashed fossils and may 
be younger than the W l y  Cretaceous. Studies of t h e  mollusks of 
t h e  Konnicott formation ahm that at least three asselnblages are 
present. Two of these assemblages include species identical ~ t h  
species in the upper part of the EIorsetown formation of California 
(Anderson, 1938). The other asserablage is possibly present in Cal- 
Sornia but is present for  certain on the Quean Charlotte Islands 
and has been described in variouo papers by i'rtriteaves (1876, 1879, 
1884, lfl93, l9Wl 1W3 ) -  

!Che molluecan assemblage that is best represented in the 
Oeoloyical Survey collections Pram the Xennicott formation is pro- 
bably the oldest. It fs characterised by an abundance of the 
pelecypod Aucel lha and is t he  only assemblage that cuntatns this 
genus, It includes such anmslonites as Lemur oceras deansii {llhitsawes 1, 
L. cf. L. besAiriei (Gollignon}, L. cf, L. i n d i c u ~ n i ) ,  L. 
d 

lecontex (Andersonj, L. cf, 2. - taFfi (~n&son),~sudosonneFatia sp,, 
Sonneratia ? rogersi Ball an3 Ambrose, Puz osia  subquadrata Anderson, - 
and Lyt ocerai-itella) aurarium Anderson. Identlca2 or s i ~ 3 . w  
species are preserlt in t h e  upper par t  of the Horsetm formation in 
beds that Anderson (193Ur table 2,  p. 6tl) refers to h i s  LeConte and 
P w r i n  z ~ m a ,  This aeaembl~ge is w e l l  represented in collections 
fr~rn U.S.O*S. M~S. 10~s. 23117, 2191, 2201, 6872, 8873, 8876, 8877, 
8137d5 9L7dI 9489r 9971, 9972, 9978, 14485, 1L487, and 11434d in the 
Kennicott formatkon. 

A second assemblage considered slightly younger than the 
preceding is represented by a large collection f r w a  U. S.Ct.S. ~deo. 
loc , 9492, It contains such almnonites as Arcthoplites cf . A. 

, Cleaniceras , Beudanticeras haydeni T~abb), 
Lytoceras (Tetragoxfites) timothe-ayw), 

L* ceras ) sacya Forbcs and t h e  pclecypds Inoceramus colicen- + -- - 
G i c u s  i3ar nson and I. cf. I. a2nglicus Woods. Many of these apeci 
are i d e n t ~ c a l  with spzcies &curring near the top of the Horsetown 
f o r m t i o n  in beds tha t  Anderson (1938, tabla 2, p, 68) refers t o  
h i s  Neptune zone. 



A third aseemblage, represented at Mas. Mcs. 9481, 9485- 
940Tt l&ll, and 14f;l4, contains the swim species of Beudanticeras 
and Lytocsras as tho second assemblage, but in addition contains 
the amo- Holcodiscoides ctunslzewaensis ('b'ihitcaves ) {ldflh, p. 
208, pZ. 2h, fig. I; lWO, p. 2711) and JI.  aff. H. api l latus  -+ ( ~ t o l i c s k a )  (ld65, p. 159# pl. 77, figs: 7, 8). T e common Inocera- 
ma is & coarsely plicate form identical with I. concentricus var. - 
~ubsulcatus 1;iUtehira. This aseenhla~e is chaFacterized by the 
presence of Hclcodiscoides, which was based on a spokes froa 
ths Cenomanian of India (Spath, 1922, p. 124; Stoliczka, 1355, p. 
157, pl. 77, Pigs. 3,  3a). 'he germs is represented in the Greta- 
corns of California by a speciea described by Anderson (1902, p. 101, 
pl. 5, Pigs.  126, 121, pl.  10, f ig.  197). 

An Ubian age for a l l  three of  these assemblages is proven 
by the occurrence of ?aeudosonneratia, Sonneratia ?, ~eiuroceras, 
Cleonicsras, %--as, and the  species of - Ino- 
ceramus l isted, 

The assemblage containing Pseudosmeratia, Someratis ?, 
r o ~ e r s i  H a l l  and Mrose, and abundant Lermulucwas represents either 

e upper part of the lower Albian or the lmes p a t  of the lrdddle d- 
Albkm on the basis of the knm ranges of these genera. 1W.s age 
is confirulod by the identity of some species with, species b the 
LeConta and P e r r h  zones of Anderson in the upper park of the Horse- 
t m  formation in Calffclmia, This part can bo dated apgroxhmkely 
by the presence of Douvillaiceras, which i n  Europe ranges through 
the Bones of Lsymeriella tnrdafurcata and DouvUlefceras ~ l a t w n ,  
A suggestion m s e ~ t l b ~ a ( : e  i n  question represents the lmrer 
rather than the middle ATb5.m is fixmished by Sonnerertia ? rogerai, 
which i a  similar to the early fibian Uhligella balmnnsis Jacob 
(1907, p. 33, p l .  4, figs. 6-93'. Also, the identity of tho c m o n  
species- in the- Kennicott formation with those in t he  Hafda formation 
on #e Queen Charlotte Islands and the presence of Leyraeriella 
haidaquemis (Whiteaves) (1893, p. u, pk. 7, f i g s .  2a, b) in those 
islands suggests that the Leymeriella tmdefurcata sane is represented 
in both areas. 

The assemblag~ i n  the ~ e n n ~ t c d t  fwmation that contains 
Ilrcthoplites , Cleoniceks, abundant Beudanticsras and r e r a s ,  and 
%e p,lacypod knoceraruus concentricus parkinson-i~ pro ably not 
older than the Douvilleiceras mmnrrdllatum zone, because - - Beudanti- 
ceras is uncamon afid I. concen-t;ricus is unkncrwn below that %zone. 
C__ 

~rc th&i te s  in ~rsstXl&dranee~ f rom the upper part of the lower 
hlbian into the d d d l e  Albian (Spath, 1946, p ,  9 ) ,  In Russia. it is 
recorded with H l i tes  dentalus scwv&hy of-& m&idle Albfan 
(Bogoslmaky, " 1 1  m, p l .  7, figs. 38-c, PI. 8, figs. 
la, b, p l .  6, f ig .  b). CLeaniceras i s  no% knm abwe the aone of 



Douvilledceras mamillaturn, The identity of sorne of the species of 
Baudanticeras and Lytoceras with species from the highest part of 
the Horsetmm formation in Anderson's Neptune and Packard zones 
(1936, table 2, pp, 68, 6 9 )  suggasts a middle k l b i m  age assignment 
because that aart of the Horsetown has furnished the  armnonite 
&ytro2idocerHs (Anderson, 193d, p. 1911, pl. 50, f i g .  1). This genus 
v e  middle Albian, although it has been recorded from 
t h e  upper part of the lower Albian (Spath, 1942, p, 707). It is in- 
teresting that  the hiphest  art of the Horsetm formation has, a lso ,  
furnishez two speciesw of ~&troplites (~nderson, 1938, p. 196 ) ; which 
nenus is hmn elsewhere in Alaska, t h e  wesbrn interior  of Canada, 
&enland, and England. It has been accurately dated only in ~n~land, 
where it occurs at t he  t o p  of the middle Albian   path, 1931, pp. 
257-260). 

The third assemblage in the Kennicott formation ie undoubt- 
edly o d y  s l i gh t ly  younger than the assemblage with Arcthaplites as 
it contains species of Bsudanticeras and moceras in common, al- 
thouah the Dresence o,PHo?codiscclides rd&t h d i c a t e  an am as late 
as ~ ~ n o m &  and the c~arsely plicate  Tnoceramus concaniricus var. 
subsulcatus Wiltshire, might be taken as evidc nce of late Albian age. 
However. hudmticeras is not known to ranm abwe t h e  basal oart of - 

;he ~ e r v i ~ u ~ Z a ~  sons of the late-Alb~an in &rope (kpath, 
1942, p. 691 ), and-ell-known genus affords rmch more positive 
evidence of age than the poorly known genus Kolcodiscoides. Also, 
the coarsely plicate variety of Inoceraims concentricus is reported 
to be characterbtic of t he  sum of Pervinquieria inflata. 

m summation, the I<ennicott formation contains three m o l e  
luskan assemblages that can be correlated wkth certaintj with  beds 
of tha Albian stage of the latest Early Cretaceous in Cdiforda,  
in the Queen Charlotte Islands, and in Europe. The evidence is so 
overwhelmingly in favor of such a correlation that students of 
molluska would accept the age deterlnination without quallf2cations. 

In contrast, the students of plant f o s s i l s  have maintained 
that the age of the 1CeWcot t  fomnation i~.  ith her Late Jurassic or 
earliest Cretaceous, Knmlton {Moffitt, 1%d, pp. h2-WI; Idartin, 
1926, pp. 34.4-346) was very positive about th i s  detenninatiun an$ 
his conclusions have been confirl~sd recently by Roland W. Brown 

' y personal comunication. 

who notes the similarities of Wie plants w i t h  those in the KnoxvLlle 
f orrnation and Paskenta formation in Calif mnia. Hwenrer, it should 
bo noted that the plants in the l i e d c o t t  for~~la t ion  are associated 



with lower and middle Albian arrmonites of which rmry speciev are 
identical with  species in the upper par* of the Horsetown forrna- 
tion of California. Unfortunately the flora in the Horsetown for- 
mation has not baen described so that t h e  composition of i t s  flora 
is not known. Bearing on t h i s  problern is the i den t i t y  of some of 
the plant species in the Kennicott formatjon with species in the 
Corvrin fonnatf on in the Cape Lisburno area or northwestern Alaska 
(biartin, 1926, pp. b#6-I&), which Knwlton (Ipllr, p. 43 ). likewise 
maintained t o  be of Jurassic age, but which has been traced north- 
eastward into the upper part of the Torok formation of Albian age 
and i n t o  the Manushuk group which is partly of Albian age. 

15. The ktanuska forloation consists of a basal sand- 
stone mmber as much as several hundred feet thick, s~ overlying 
shale wtnber- several thousand feet thick, and an upper m e m b e r  of 
sandstone, siltstone, and shale about a thcslsand feet thick. Both 
the basal sandstone and the sandstoms near the top of the f orma- 
tion are conglomratic l oca l ly  and vary somewhat laterally in thick- 
ness slid Iitho'legic characteristics. The formation rests uncon- 
forrnably on rocks ranging in age from Early Jurassic to Early Cxe- 
taceous, In xitost places it is averlain concordantly by early 
Tertiary rocks which suggests that the contact does not represent 
more than a disconformity. In the  mountains west of Kings River, 
hwevar, the Utanuska formatian i s  reported to be averlain with 
angular uncanf o r d t y  by early Tertiary rocks (Martin and Kat;~,  
1912, pp. 15, 23, 3G-39; Urntin, 1926, gp. 317-321; Capps, 1927, 
pp. 31;-hO; personal. comnicatim from Arthur Grantz ) . 

The f assus  obtained from t h e  iiatanuska formation ind i -  
cate t h a t  the f o m t f o n  represents only the upper part of t h e  Upper 
Cretaceous, 'She basal sandstone and the immediately werlying 
several. hundred feet of shale are probably of Coniaciarl age as indi -  
cated by. their stratigraphic position belwr shales contdn ing  
Inocerms und~lztoglicatus Hmmer, by the presence of Parapuzosia 
and Prohauericeras, and by species of Inocerarws that are probably 
identicsj. with I, uwajimensis Yehara and I. naurnanni Yoicoyama from 
the ~aleourakawG stage of Japan (Nagao Llatumoto, 1939, pp. 
286-291~ p l .  34, f igs.  I, 3, bJ 6 ,  p l .  35, xigs. 1-3; 1940~ pp. 
31-36, p l .  14, f i g s .  1-10, pl. 15, figs. 1-21, The ammonite 
~rohauehicerw occurs in both the Turonian and Coniecian of Europe 
but is more common in the ConLacian. The species of Inoceramus in 
Japan are associated With some ammonites that are not known abwe 
the Coniacian, or are restricted to it, and they merlie beds 
(~eogyLiakian) that contain Turonian amoniteo  (BGatumoto, 1942, 
pp, 147-149). An age younger than Turonian f a r  the basal. beda of 
the Wtanuska f m W o n  ie indicated a l s o  by the absence of certain 
species of Inoceramus that characterize beds of CenmanSan and 
Turonian age 2n t h e  nestern i n t e r i o r  of Canada, in the KuskoMn 
region of western Alaska, and in northern Alaska north of the 
Brooks Range, 



Gverlyiag the lowertaost several hundred feet o f  shale is 
a somewhat greater thickness of shale containing calcareous con- 
crfitians and lenses and characterized by mam s~ecimens of Inoccra- 
rrms - undulatoplicatus Roemar. F'ragr~entG pa&yhiscld ammonites 
were found a% two localities. The age of the shale containing I. 

hoemer, judging by occurrences of th i s  specieo'in 
p. 6; Heintz, 192U, p. 76, pl .  31, Texas 

( A w n s ,  1933, pp. 452, 4533, and the western i n t e r io r  of the United 
States (cobban and Reeside, 1952, p, 1019), is either Coniacian or 
Santonian and probably m~atly early Santonian. 

In Japan 1. undulatoplicatus and i t s  varieties is appar- 
ent ly  included undeT I. IJagao and Idatumoto and perhaps 
a lso  under I. schnfdtx and ldatumoto, 1940, pp. 24-28, 
4l-44) whicK occur in the Japanese Neourakawan, Infra-hetonian and 
~n leohe todan  stages, These have been correlated with t h e  European 
Santonian, (;ampmimi, and Masstrichtian stages respectively 
(Maturnoto, 19ir3, p. 2291, Judging from the lists of fossils re- 
ported from the  Japanese stages just mentioned (Xatunota, 1943, pp. 
127-134, 1h9-lsl), there is no positive evidence for placing these 
stages higher than the Santonian. In regard to comelatian U t t ~ m o t o  
(1943> p. 229, 230) notes that Tie likevrise met with difficulties 
when we atteropt to carrelate in detail t h e  f i ne r  divis ions  of the 
Urakawan +Hatonian with those or the Ser~onian ( a  .l. ), except, how- 
ever, the Baleourakawan and Coniacian which, in turn,  approximately 
correspond with each otber, '1 

Cmrela$ion of the Paleourakawan with the ConSacian i$ 
based on such ammonites as Mmakites , 14Barroisiceras, and perhaps. 
Parapuzosia - pa indopacifica Kossmat. Jt imn- ever, that the 
daparless paleontol- are rather uncertain about correlations of 
t h e  higher Cretaceous strata. One fact suggesting that some of the 
Japanese stages for the late Cretaceous m s y  not represent as mch 
time as Suropean stages is the  dis t r ibut ion of' many of their arnmodte 
species through t w o  or threa Japanese stages (2datunot0, 19b3, pp. 
110-134). Such l o n g  tlurations for  axnmonite species does not agree 
with the Immn raagea of ~nost a r m n i t e  speciss in Europe and North 
America. 

Bearing on ths  age of the beds in the Matanuska formation 
that contain Inweramus undulatoplicatus Roe~ner is the occurrence of 
this  species on Vancmver I ~ l a n d  cbrhitewas, 1879, p. 168, pl. 20, 
figs. 2, '2e,}, T t  is presumably tho same species referred t o  as 
I. c f .  I. schmidti Uchael by Ushur (1952, p. 10, 11, 22, 25, 37, 
3d,  41)-'in h i s  studie~ of the armonite faunas of the Upper Cretaceous 
of Vancouver faland. He reports this Xnocerarrms from the H a s l a r n ,  
Qualicurn, and Trent River forinations rvhkch ha refers to the CamparrLm 
stage, althmgh admitting that the  amunite evidence is not conclu- 



sfve. His age deternLn&tion was probably influenced partly by 
various Japanese publications dealing w%th Upper Cretaceous amon- 
ites and partly by the fact that the Lambert formation, which 
occurs only about a thousand feet above t h e  Trent formation, con- 
taina an ammonite assemblage that he regards confidently as of 
mes trichtian age. 

In the Matarmaka formation some hundreds of feet of ahale 
lying above beds containing I. undu'latoplicatus Iloemer are poorly 
exposed and have not furnishzd f o s s i l  material of kncnvn age s igni-  
ficance. The next higher faunal assemblage was obtained from the 
Xcwer part of the upper third Rf the shale 1~13ber.  It i8 charcc- 
terized by Pachydiscus suciaensis (Meek 1, Nostoceras 
(Whiteaves), ~esmo~hyll-luteriatt) 
Neoph Zlocaras ra-rnosun {Heck), Ulaudry ceras denmanensa Whiteaves, 
-0tabi1 e Whiteaves, Anisoceras cooperi Oabb, Polyp- 
t y c h m  o b s t r  ictuin ( J b b o  ), and Inocera:r!lus sulrundatue ldee k, 
These species are found elsewhere in t ho  ~orthum-d Lambert 
f ormt ians  on Vancouver Island which Wshur (1952, pp. 19, 27, 34, 
40) correlates with the lwer part af the European Iiaestrichtf an 
stage, I l h  correlation appears to be based mainly on the smoothness 
of the adult shells of the pachydiscid ammonites, on t h e  abundance 
of uncoiled ammonites, and an comparisons with the described w o n -  
ites from the Navarro group of Texas and f roxn the late Cretaceaus 
beds of various areas bordering the Pacific Ocean. 

The Northumberland and Lamberi; formations can just as 
reasonably be correlated wSth t he  Campanian im with the lbaes t~ ichf ian  
stage on t h e  basis of the arnrnonite genera present. An age deternrFna- 
t i on  based on smoothness of adult pachydiscid a~lrmonitas seems r i s b  
considering how l i t t l e  is actualw known about the fzmi-ly. Campwi- 
sons with the amrnonitss of the Nnvarro group mrely reflects the 
fact that many of the ammonites of the Navarro are described whereaa 
most of khe ammonites of the Taylor group and Austin chalk are un- 
described, Comparisons with  t h e  latest Cretaceous ammonite assem- 
blages in southernmoat South America, AntarctZca, anrl India are of 
l i t t l e  value as far as exact correlations w i t h  t h e  Campanian or 
Maestrichtim stages are concern& becaube the Istask Cretacews 
i n  those meas has not been studied in arly detail. The amaonite 
collections have been mads mainw with respect to gross l i tho logic  
units. In fact the reported occurrence of certain species of 
anmonites from several different formatfona, some of which are 
separated by anconfornrities, suggests that some of the cwllectiona 
have been mixed. In Japan where cunsiderable d e t d e d  atratiwaphic 
work has been done, the Japanese paleontolo@ats admit their inabAlity 
to make exact corralations with the. European akagea abwe the Coni- 
acian (Matunroto, 1943, pp. 229-2301. It seeiw e ~ i d ~ n t  that mch more 
paleontological and stratigraphical work i a  needed dealing with the 
Cretacaous-rocks exposed in areas bordering the Pacific Ocean before 
mafly positive correlations can be made ~ 5 t h  the European stagas. 



The highest fossils obtained from the Bbatmuska formation 
are from the upper third of the shale mrnber. They include Pachy- 
discus, a large, round, flat weakly ornamented Inoceranrus sirnilar 
t o  I. sagensis Owen, and an elongate, fairly s t rong ly  ribbed - Tno- 
ceGnius similar to I. simpsoni Meek or to I. barabini Meelc (not 
Morton). Thase ape-ios of Inoceramuo in tEe western i n t e r i o r  of 
the United States occur in t h e  upper part of the Pierre shale in 
beds of l a t e  Campanian to early Idaestrichtian age. 

In summation, the Elatanuska formation is equivalent to at 
least  the  Coniacian ta Campadan stages of m o p e .  The hlghest beds 
may be Uestr icht ian.  There is no evidence that t h e  basal beds are 
older than Cordacian. 

The Matanuska formation has been traced from tho head of 
the Matanuska Valley eastward nearly 40 miles to neas Tazlina l a k e  
and probably extends much farther e &stward, It has been ident i f ied 
faunally on the north side of the Chitina Valley song CMtitu and 
Ymng Creeks where it is a b u t  8000 feet thick and consists of t h e n  
members similar to those in the mtanuska Valley area ( ~ o f f ~ t  and 
Capps, 1911, pp. 31-38; Martin, 1926, pp, 360-369). The expoaurea 
along these creeks have not been collected stratigraphically but 
aoma fossils obt~ lned from the I m ~ e r  4500 to 5000 feet of the forma- 
tion have been identified by Stanton (Bartin, 1926, p. 365) as 
definitely Late Cretzceous. This age datend-nakion is nmr confirmed 
by the of the anunonites ~ a F a  uzosia (14es. locs. 4l(11.,, UQ8, 
8862, 8866, 8869) and P a c h y b i s c u s ~ ~ d c .  i)i158), and by a frag- 
ment of a large 1 noceramus (Mes, Toc, dt160) showing the peculiar 
digit ate r ibbing of I. un~lulatoplicatus Hoemer , These fossils indi-  
cate a Caniacitul to Santcnian age. The reported occurrence of 
arnmclnits shells as rruch as 18 inches in d i k t e r  from the upper 
slopas of the  mountains bordering C h i t i t u  and Y o u n g  Creeks ( Idof f i t  
and Capp, 1911, p, 343 suggest t h e  presence of large' pachydiscid 
armnonites similar to .those in the u?per p a r t  of the Matanuska forma- 
tion in t h e  eastern part of the Talkeetna 14wnla5ris. 

Elsewhere in the Chitina Valley the Uatnnuska formation 
is probably represented by sandstone and conglomerate t h a t  rest un- 
conf'orrnably on 'miassic rocks at the head of Nikolai Creek ( l ~ a f f i t  
and Capps, 1911, pp. 31-40), at Dan Creek (Martin,  1926; p. 3 5 d ) ,  
and in the Kotsina and Kushulana Valleys {Idoffit and Uertie, 1923, 
pp. 20, h-51). The f o s s i l  evidence is rather meager and consists 
of an Inoceramus comparable to 3 ,  uwajirnensis Yehara a t  lies. locs. 
2198, 6302, 6309, 8924, and 0936. The o c c u z n c e  of ~ u c h  an 
Inoceran~us indicates that the  sandstone and conglomrate in question 
are probably equivalent t o  the basal few hundred feet  o f  the 
Matanuska formation a t  the head of the Matsmska Valley and in the 
southeastern part of the Copper Mver Basin. If these correlations 



are owrect  the laasaive 1,000 t o  2 & 0 ~  feet  of #a Kotsina con- 
glomerate fn the area of Kotaina fiver and Strelna Creek (Moffit, 
1938, p. 67 3 is squLvalent to the basal part of the Matarmska 
formation rather than to the laver part of the Semlcott  formmtion. 

16. The Nelchina limestone, according to information 
furnished by Arthur Grantz of the  Geological Survey, is sandy, 
range8 from 30 to 170 fee t  or roore in thickness, rests local ly  ~ 5 t h  
cenfordty  on 100 to 200 feet of eonglornerata and sandstone and is 
overlain by about 100 feet of aoft s h a h  and sandstone, The under- 
l y i n g  conglomerate and sandstone conWins innu~osrable well-preserved 
specimem of Aucella crassa KeyserZing and AuceZla crasaicollis 
Keyssrling. T h e t - s p e c  is characteristic of the VaLanginian 
in t h e  Boreal reg9on rand i s  reparted to reach its rnaAtmun abundance 
during the middle Valanginian. An age not younger khan Valanginian 
for the limestone is indicated by the presence of the dceply grocnred 
belenlnike genus Belertlnopais on the surface of the limestone and in 
an immediately overlying sands tone, 

17. Ammonites of Late Cretaceous age, probably Campadan, 
have been found at, Cape Kaguyak on the Shelikof Strait in t he  upper 
p a ~ t  of a sequence consisting of about 400 feet of black s i l t s t o n e  
and th in  beds of Limstone WerWng the llaknek f oriaation (Hazaard, 
1990, p. 227). The ammonites include Pachydiscus cf. P. ootacoden- 
sis Stoliczka, P. cf. P, suciaensis (Meek), ~ h y ~ l o e e r a ~  ramosum - 
Meek, ~audrycerzs cf, c. denmanense Whiteaves and Diplomoceras 
notab5le Vhiteaves. ~iTth these is one specimen of Inocerams that 
-ably an h ~ n a t w s  f orla of I. subundatus Irieek.~he SP, ammonites 
and the Inweramus m e  identical-wtth species in the upper third 
of +he Uatmuska formation of the Cook Inlet dis tr ic t ,  Alaska and 
with species from Vancouver Island and nearby islands described by 
Whiteaves (1879, 1903)# Meek (18761, and Usher (1952), fn the 
Matanuska forma%ion these species occur maw hundreds of feet above 
beds containing Xnacerarnus undulatoplicatus Roemer, aMch occurs 
nearly wor1d-wj.de at the base or the Santonian, Theref ore, strati- 
graphic position ahone shows that the faunule is yanger than lmes 
Santonian. In Vancouver Island these species wcur In the Imbert 
f ormatian and ~e lmer part of t h e  NorthursberlanB f armation and 
a r e  dated by Usher (1952, pp. 19, 27, 34, 39)  as Bdaestrichtian. A 
similar f a d e  from Lwm Ca'Lifolrnia was deeeribed by Anderson and 
Ham (1935) a& was reparted by them (1935, pp. 16, 17) to be wide- 
spread $n Califcrrnia in the upper part of the Panache formation, 
whilch they corrslated w i t h  the Campadan, 

18, Ammonites of Idate Cretaceous age have been obtained 
eouthwest of Kamishak BaEy frara greenish gray silty sandstones, a t  
least 2000 feat  M c k ,  that r e a t  on the Upper Jurassic N a h e k  for- 
matian (Hazaard -* et a1 ' 1950, p. 226). From a sea c l i f f  near the 



mouth of Douglas River was obtained Collignoniceras (Prionotropis ) , 
which, if correctly identified, is evidence of a Turonian age, 
Other collections made about seven miles southeast of %he mouth of 
the Eiamishak River include anmionites that indicate a Late Creta- 
ceous age younger than the Cenomanfan. The age of t h e  lowest part 
of the sandstone sequence i s  not knwrn, 

39. %he Chiynik formation near Chignik day and Ilerandeen 
Bay consists of 600 to 800 feet  of sandstone, shale, conglomerate, 
and coal that were deposited during only a s m a l l  p a r t  of Late Cre- 
taceous tirm. ~ e t e r k n a t i o n  of its age is b ~ s e d  mainly 3n t h ~  
presence throughout of the coarsely plicate Inacerams undul%to- 
plicatus Roerner, a species which occurs worldwide near the Conia- 
clan and §antonIan brrundary. Cif possible age significance is the 
presence near t h e  top of t h e  Chignik formation of a large specirnen 
of Pachydiscua (Ides. loc. 5580) that ia identical with P. rml t i -  
sulca%us (Whiteaves) (1903, p. 349# p l .  50; Ushur, 19525 p a l ,  pl .  m. 1-4, pl. 31t f i g .  i3) from the N d n o  group of Vancouver 
Island. Its occurrence on Vancouver Island is in the Qualicu~n for- 
mation which Ushur (1952, p. 7, 22, 3 8 )  correlates w i t h  the lower 
part of the Canipanian on the basis of s t r a t i p a p h i c  position. The 
presence in the Qualicum formation of strongly pl icate  Inoceramus 
similar to, or identical w i t h  I, undulatoplicatus Roerner suggests, 
however, t h a t  the formation ma? not be younger than Smtunian, 

20. The Herendeen limestone of Hemndeen Say and Port 
ldo l le~  is correlated with the lmdsr and rdddle Valanginian be- 
cause it contains nuulerws well-preserved speci~nens of AuceLla 
crass kc011 is Keysorling, There is no faunal evidenc o t w i n -  
a u d e s  rocks of 13erriasian age. It rests cor~cordantly on the 
Staniukovich shale, which contains aucellas wikh narrm, elongate 
urnbones comparable w i t h  A. i o c h i i  Gabb. Ris type of Aucella is: 
characteris t i c  of ~or t l a i i d i an  %- edq in California and northern 
Eurasia and has not been found anywhere in Alaska associated w i t h  
aucellas of Early Cretaceous age, Uesoaoic col lect ion 5572 ( M a r -  
t i n ,  1926, p. 292), which Atwood (1911, p, LO) could not locate for 
certain stratigraphically bemuse of a *hick snow cover, contains 
the same type  of Aucella as found elsewhere In the Staniukwich 
shale, In addition it contains a few s~nall ,  plump aucellas that 
Stanton (in M a r t i n ,  1926, p. 295) compared plrith A. crassicollis 
Keyserling but which can be matched better irt t h z  Hussian Part- 
landian by such a species as A. subinflata .Pavlow (1907, p. 67, 
pl. 6 ,  f i g s .  1-41 or in the lgrriasian by A, inflata Tcula 
(Pavlmt, 1907, p. 68, p l .  6 ,  figs. Sa-c>, -~tm these 
aucellas lack the swollen umbones and prominent constr ic t iom that 
characterize A. crassicollis Keyserling. Another collection (Yes. 
lot, - 5587 ) t h x t  Atwood considered t o  belong in the Herendeon lime- 
stone contains amonites and Inaceranus of Late Cretaceous age &nd 
probably was obtained from the basal part of the Chignik formation. 



21. The upper part of the Lower Cretaceous is probably 
represented in the Mutzotin M o u n t a s  by 300 to 1000 feet,  ar more, 
of conglomerate, sandstone, shale, tuff, lava f l m a ,  and locally 
lign9tic coal. (~apps,  1916, pp, 53-57; idoffit, 19113, pi?. 127-129) 
that are less indurated and less folded than the underlying basal 
Cretaceous (Valanginian) or Jurassic rocks. Plant fossils sf om 
these higher beds were once identified by F. R. Knuwlton as proba- 
bly Tertkary (Capps, 1916, p. 57) and later by Roland Brown 
(Idoffit, lPU, p* 128) as Upper Cretaceous, Hmever, one col- 
lection (plant loc. 8908) according to detertrdnations by Brm con- 
t e n s  Sequoia reichenbachi (Gainitz) Haer, which occurs in bods of 
Albian-n tht-i Yukon regkon (see Annotation 311, and Cladophlebia 
septentrionalis HolZick, which occurs In beds of Coniacfan to 
 anto on-n the Alaska Pednaula (me Annotation 19). Another 
collection ( P l a n t  loc. 6806) accmdlng t o  Brown contains Gleicherda 
nordenskioldi Heer, a species originally found in the I(- beds of 
west Greeaand. The Kome be& r~ontain wny species in common with 
the Kooted  formation of Montana and the Laver Blalrmara formation 
o f  Canada and are probably moatly of Aptian age (see Annotation X0). 
Noet of the e ~ d m c e ,  therefore, p d n t s  to an Early Cretaceous age 
that is appramately the same as that of the Cantwell formation of  
the A l a s k a n  Range and the Shaktolik group of the lwer Yukon region, 

22, A tuck  sequence of black shale and ~raywacke exposed 
near the Chisana a d  Vfhite Rivers in the Nutsotin Mountaim has 
furnished a few specimens of Aucella crassicollis Keyserling and 
A *  sublaevis XeyaerXng (%a. locs, 8 m J 7 8 1 0 ,  3.83391, which 
II  

species occur in the Valanginian of the Boreal ragLork, moacellas 
from Ues, locs.  8811 end 18349 resertlbls A, pAochii Gabb and are 
probably of late Jurassic age younger thzn - t k e e k  formtion* 

23. The Cantwell formason consists of several thousand 
feet of continental deposits and some interbedded Xavas and gray- 
wacka. It is well-indurated but is metamorphosed only now fault 
zonea. It rests w i t h  probably unconfwrrcity on slates and graywackes 
that have furnished foas i l s  of Late Jurassic and a a r u e s t  Cretaceous 
age (see Annotation 24). It is averlain b.y never& thousand f set of 
continental Eocene s b a t a  that are mch softer and less faulted and 
folded (~apps,  19l.0, pp. 112-1111) and have furnished many plm* 
f ossile . 

, The a&e of the C a n t m 1 1  f o r ~ l ~ ~ t f ~ n  for m11y years was con- 
sidered as probably Eocene on the basis of a few fragmentary plants, 
In 1936, however, Ralph W. Chaney accompanked S. R. Capps to a 
f o s s i l  locality (Plant  loc. 7278) and collected eight species that 
are characteristic of t h ~  Cretaceous flora of Alaska ( ~ a p p s ,  l y m ,  
p. 118; R. W. Chaney, rnemorandwi~ of Jan. 30, 1937). The species 
identffled by Chaney are as fo11mst 



2. Cephalota.xopsis rnicr ophylla lam - H o l l i c  k 

3. Sequoia obwata KnmrIton 

4. Populites drabi l ia  Hollic k 

5. Castaliites ordinarius Hollick 

6. Credner5a inordinata Hol l i ck  

7. P ?  de~~tatum Hollick 

8. Z5ayphus electilia Hallick 

Among the above apecies, Sequoia obwata and Zizyphus 
elect i l ia  occur elsewhere in Alaska i r l  the Chignik fortnation of the 
flasks Peninsula. This fonwtLon on the basis of L t s  mo~lusks is of 
late Coniacian to early Santonian age (see Amnotation 191, The other  
species l i s t e d  are comnwn in t h e  lower Yukon rsgion i n  either the  
Melozi formation, or the IEaltag formation, or in both, P o d o z d t e s  
lanceolatus occurs a l s o  in the M a t o  formation, which 'Lies between 
the &lmi and Kaltag formations and is dated on the basis of the 
ammonite ~astroplites as mainly upper Albian. 

Assignment of t h e  C a n t w e l l  formation to the Albian agrees 
w i t h  the f i e ld  observations that the formation was subjected to 
considerable orogertic movements before the overlying continental 
beds of Eocene age were deposLted. 

24. Part of the  thick sequence oft filata and graya~acke 
underlflng the Cantwell formtion has been assigned previously to 
a Late Cretaceous ape on the baeie of two  crushed fragments of 
Inocerams (Ms. l o i s .  10124, 10125) obtained on ~ o n ~ - ~ ; r e e k  in the 
Y entna district. These f ragnents represent a lmge , c enpreased 
species of Inoceramus, which kind occurs commonly in t h e -  Upper Cre- 
taceous but is a lso  hmfn in the Lower Cretaceous and in the 
Jurassic. Such fragment8 generally have little signjficance for 
close age determinations ., 

The Valanginian is represented at least locally i n  the 
slate and grmacke sequence cropping out on the  f l m k  of the Alas- 
ka Range. One fossil collection (Bdes. lm, 154l.4) made by Capps 
(1933, pp* 260-264; 1940, p. 111) f r o m  the West Fork of the Chulitna 
River contains some crmshed aucellas that probably belong to Aucella 
erassicollie Keyserlhg, At least one speei~nen hsls the umbonal 
swell5ng and pronounced constrict ion that characterizes that species 
mzd sevesa.1 o.ther speche~ls have the  megular, t h i c k  concentric 
r ibs  that a r e  common in aucellas 03' Valanginlai age, 



&ds of supposed Valanginian age in the eastern part of 
the Alaska Hmge in the S u ~ l o t a  Pass district ( Y ~ f f f t t ,  1933, p. 
154) are in part at least incorrectly identified. The aucellas 
from Bdesozoic locality 16085 belong to A* - rugosa (Fischer) which 
ranges from the dddle khmeridgian to The basal Pmtlandian. The 
Aucella from Wesmoic local i ty  16259 is an indeterminable right 
w h a t  might be either Ute  Jurasaic or Early Cretaceous in age. 

25. Sever& %hwaand feet of continental rocks exposed 
on ~e banks of the Yukon River near Seventpale River have furnished 
plant fossils that are reported t o  be p w U y  Upper Creta~aous and 
partly Eocene (Mertis, 1930, pp. 143-lL6; HoUick, 1930, pp. 18, 19, 
34; 1936, p. 31). The Cretaceous planks indicate a comelatian wlth 
t he  Wtag and Melozi f ornations of the lower Yukon region, which 
are of Albian age, although the Kaltag possibly extends into the 
Cenwnafian, 

26. Only the Berriasian and V a l a n g i n f a n  stages of the 
Lower Cretaceous have been identified in collections frum the Kandik 
f onnation in the Eagle district (~ert ia ,  1930, pp, 136-141). 'I'ha 
Berriasfan is represented by Aucella okensis Pavlm at Ides. l o c .  
2614. The Valanginian is represented-ella sublawis  Kayser- 
ling at Ues, Locs. 37% and 13429. 

27. The presence of nriddle Albian in the Tiolveflne Mount- 
ain area in the Hot Springs - lbnpart districts is prove31 by the 
presence of many specimens of the amnonites Lleoniceras Prom kdes. 
locs.  42711, h279$ and 11900 and 
4280, The species at lac. 
fieviaus reference to the 
these foss i l s  was based mainly 0x1 erroneous ident i f icat ion of the 
mo~lusks and on the insistence of be$anists  at t he  plants were 
of early Late Cretaceous age (Idartb, 1926, pp. 392-394; k r t i e ,  
1937, pp* 166-170) 

28, Earlisat Cretaceous not younger than V d a n g i n i a n  I s  
possibly represented I n  the Hot spring& - Ra~npart rllstrlcts, as 
indicated by some small aucellas ( ~ e s .  locs. 11390, 11391 and 35981) 
similar to A. sublaevie lieyserling. 'fie preservation of the aucellas 
doea not peFrdt a positive identaficatLon but hhejr plurap shape is 
suggestive of an early. Cretaceous rather than a Jurassic age. 

' 29. A $hick sequence of sandatone, shale, conglomerate 
and limeaton& exposed in the lafeier part of t h e  Kuyuhk Valley below 
the Kateel River resenibles the Shaktolik paup of the lwer Yukon 
and is identif ied w&th that group on the basis of a few plants 
( W t i n ,  1926, pp. WJ4-446; gartin in HolLick, 1930, pp. 32, 33). 

A similar appewing eequsnce of rocks in the upper part  of t h e  



Koyukuk Valley has been called the Bergman group (Schrader, 1904, 
pp. 77, 78; Martin, 1926, pp. 446-448). It has not  furnished fossils 
but i s  considered t o  be Cretaceous because of i t s  l i t ho log i c  resern- 
blance t o  the Shaktolik group. 

30. The Koyukuk group (Martin, 1926, pp. 442-444) has 
furnished aucel las  of Valanginian age including A. sublaevis Keyser- 
ling (ides. loc. 2180) and - A. cf. - A, c r a s s i c o l l i s - ~ e y s e r l i n ~  (Ides. 
lots. 2178, 2181). 

31. The 8000 t o  10,000 f e e t ,  o r  more of sedimentary rocks 
comprising the Shaktolik group i n  the  lower Yukon Valley have pre- 
viously been referred t o  t h e  laver p a r t  of the Upper Gretaceous 
mainly on t he  basis of plant fossils (Martin, 1926, pp. 424-429; 
Hollick, 1930, pp. 5-8; Martin in Hollick, 1930, pp. 31, 32). This 
age determination has been based on t he  identity of many species 
with species i n  the Dakota sandstone. I n  addit ion 3 species have 
been recorded previously from the  Karitan formation (~enornanian) 
and 5 from the  Magothy formatian (Coniacian) of t h e  Atlantic Coast. 
Also, 2 species have been recorded from the Laramie formation. The 
age evidence indicated by these species f r w n  t h e  Idagothy and Laramie 
formations has been more than balanced by t h e  presence of 1 2  species 
of Earby Cretaceous age, even though H o l l i c ~  (1930, p. 5 )  does not 
s t a t e  what stages of the Lower Cretaceous are represented. 111 
general, therefore, assignment of t h e  plant-bearing beds of the ' 

Shaktol ik group to the  e a r l y  Late Cretaceous has seerned reasonable 
under the assumption that t h e  Dakota sandstone i s  of Cenornanian age. 
This assignment has been p a r t i a l l y  supported by pre l iminary  deter- 
minations of #la marine mollusks by Stanton  ( i n  Martin, 1926, pp, 
412-416 1 

Hecent studies of ~narine mollusks confir111 the correla- 
tion of  the  Shaktolik group wi th  the  plant-bearing p a r t s  of the 
Dakota sandstone of Kansas, Iuwa, Sou%li Dakota and North Dakota but 
shows t h a t  both t h e  Shaktol ik  group and the  Dakota sandstone i n  the 
states mentioned are of Albian rather than Cenornanian age, This age 
determinstion is  based rnainly on t h e  presence of the amoni te  
Gastropli tes i n  the  Nulato formation (Ues. ~ G C S ,  2678, 2926, 2927, 
21438) of t h e  Shaktolik group and i n  t h e  Idowry .shale which overlies 
t h e  Dakota sandstone. The s igni f icance  of Gastropl i tes  and t h e  
similar Ideogastro lites i n  the  iduwry shale i n  t h e  United S t a t e s  has Ps been dis-by Co ban and Reeside (1951, pp. 1892, 1893). 
Gastro lites in England has been found at the t op  of the  middle 

bian Spath, 1937, pp, 257-260). Gastroplites in California is  K-T- 
represented by G, crossi (Anderson) and G. stantoni (Anderson) (not 
McLearn) ( k n d e r z o n m ,  p. 196) which &cur near the top of the 
Horsetavn formation associated with other ammonites of middle 
Albian age. The posit ion of Gastroplites i n  the Mowry shale 
cannot be lower t h a i  upper Albian b e c a s e  the  Uowry overlies the  



Skull Creek shale whlch i s  in p w t  t h e  northern extension of t h o  
Kiowa shale of Kansas and the Kiarnichi I'ormation of Texas, both of 
whlch contain late ~niddla Albian ammonites. The position of Neo- - 

astroplites is definitely above that of ~ a s t r ~ ~ l i t e s  in the  western 
f n t e r i o r  of Canada (~cLearn, 1945, p. 11, fig. l ' ' d  is probably 
above tha t  of some s~ecies of Gastroalites in the western interior 
of the DnAted states: In Canada leoeastroplites has been dated 
tentatively as late Albiw on the  basis of stratigraphic position, 
but the possibility of i t  ranang into the Cenomanian cannot be 
excluded. However, in the United States the entire Cenomanian seeus 
to be present in the beds averly3ng the  U o m y  shale (Cohban 8nd 
Reeaide, 1953, p. 1893; Cobban, 1951, p. 2197). At most Neogasko- 

not be younger than early Cenomanlan. If Haogastro- 
the latest AlbLan then the range of Oastroplites 

to early late Albian, 

Concerning the age of the Shaktolbk group, therefore, the 
presence of CiastropPktes in the Nulato formation is evidence that 
that formatian is no5 younger than emly late Albian. The species 
present, 0.  df. I;, allani Idcharn (MEIS. locs. 2926, 2927, 21418) 
and (3.. stzntoni  ~ Z L e s o t  Anderson) Mee. loc.  2670), are quite 
diffGrent from the species in the kb- shale and resemble species 
from Calif o d a  and northern Alaska that are of e q l y  middle Albian 
age (see annotations l5 14, 46). Such an age is a lso  indicated by 
two ammonites probably belonging to Cleoniceras (Edes, loc. 21UB), 
which genus is not knwm above #s early ~cldle Albian. As the 
adjoining &lmi and Aaltag formations contain many plant species 
in cuwnw, they are probably about the same age as the M a t o  for- 
mation. %he reported thickness of the Kaltag forroetion is so much 
less than the Hulato that it probably does not re~resent as much 
time and may not be younger than the 1niddJ.e Albian. Idkevcise the 
B;le lozi  formation probably repreeents only a small part of the mid&@ 
Albian. This is indicated by the f a c t  that i t s  f lora  is quite a s -  
t i n c t  from that  in t h e  Lemurocnraa beds in the lmer part of the 
Kemicutt  formation of the Chitina Valley (see annotation 14) or SI1 
the Lemuroceras-bearing 'Porok formation of northern Alaska. The 
Lemurwaras bed3 have furnished a variety of mollusks which can be 
dated codidently as lcwver A l b i a n  to earlx lniddle Albian. Con- 
sidering 'that the plants in the: Lomuroceras beds have been compmed 
by paleobotanists with Jurassic and earliext Cretaceous plants of 
Calflornia and other ,areas, tbre must have bean a marked change 
in the Qaakan flora durh8 middle Albian time. 



32. The Unga.lik conglomerate comprises several thousand 
feet of conglornsrat5c beds, appears to widerlie the Shaktolik group 
confollaably and is considered to be of about the same age (liartin, 
1926, p. U2), although it has not furnished determinable fossils. 
Unti r  t h e  formation has been uore thoroughly studied, the posai- 
bility eldsts that it may be at  least  partly of Neocouian age, as 
such strata have been identified to the north in the Koytlkuk Valley 
and to the ~wthwest in the KuskoMrn region. 

33. The presence of beds corresponding to the Coniacian 
s t w e  of the d d d l s  Late Cretaceous is based on a collection of 
fnocerams vancowerensis Shumard f rora t h e  nwthwest s ide  OI? .the 
hoke ~ive-88 a i r l d e  a b ~ ~  the confl.uence of t h e  
I n o k o  and 3d3tarod Rivers (Ides. loc. 13&30). The age signAficance 
of this speciea i s  cUscuased under Annobation 35. 

34. There i8 no reliable fossil evidence for the age of 
thcrusand~ of feet of sa~xlstone and s h d e  arrarlylng the P&eo&oic 
rocks in the Innoko and fditarod Valleys and in the upper mskokwfm 
Valley. Some specimens of Inocwamua Prom these beds are too poorly 
preserved for apeeLfic identification. The apparent radial folds  on 
specimens fran ges. loc, 7823 could be a result of crushing. the 
collection (Mes. loc, 12561) ~btajned near the head of the PIowl.tm 
River on the swthern margin of the Ruby d i s t r i c t  contains a number 
of b e l s d t e s  and fragments of a Large species of Inoceramus, The 
presence of belemnites suggests #at the beds containing them are 
of Early Cretaceous or Jurassic age because balerunites are rare in 
the Upper Cretaceous of Alaska and in the weatern interior of North 
America. The presence of a large species of Inoceramus suggests an 
fib- or later Cseta~euua age, &though a f e m o c e r a m s  
have been found in the Uppr Jurassic of Hcirth America. 

35. Upper crebceous graywacke and siltstolle estimated 
t o  be between 30,000 to 65,000 feet thick cover large areas In the 
Iluskokwb region as far northeast as the Stony River in the George- 
t m n  distr5ct  (Personal communication from J. M. Hoare and W. M, 
C d y )  * These rocks ham furnished 1- Inocerafilus and a few 
awnorbtea that prover that the C e n o d a n  wL Coniacian stages are 
represented, &ma of .the species of Inoceramus may repres&lt the 
Turonian or Santonian atages, The Inocerams of Guniacian age occur 
mostly in sediments that are intarbedded with  andesitic volcan5cs 
in the Jower part of the Kuskokwim ream, 



The Cenomanian i8 represented by Inoceramus dunveganensis 
McLearn (Mea, locs. PU87, I%&, 1886t5, 193'PO, and 29732) and I. 
athabaskensis McLeam (Kes. loc. 19383 and probably 18928 and x9392). 
- -is has been found elsewhere in the Dunvegan formation 
of'dlberta and Uritish Columbia (&Learn, 1945, p. 3). 1. athabask- 
ensis occurs in both the Dunvegan formstion and in the b z s a m f  - 
t he  s l ip$~t ly  younger La Mche foruatkon belmv beds containing %he 
ammorultc ~atinoceras and Inwarms labiatus Schlotheim of e s l y  
Turonian age ( ~ ~ c ~ s a m ,  19U, pp. 3 7 , 7 5 1  association of 1. 
m h w i s i  ldcLearn w i t h  I, ethabaskensin at bs. loc,  193813 is izter- 
esting because I. nahasi has been reporbd previously cnly from the 
Nero as t ro  l ib sEeds  of Cazlada (IdcLearn, 1945, pp. 11, 12) and the 
*(Cobban, 1951, p. 21tll). These Neogestroplites beds 
are either of latest Albian or early Womnian age and are distinct- 
ly older than the Dunvegan formti&, The Cenoma&an age of the 
hmegan forriation is based not only on its stratigraphic position 
but on Che presence of species of the amonite ~~lmreganoceras iden- 
Sicel  w i t h  species i n  the lmer part of %he Greenhorn formation of 
the Un5ted States whose age is well-astablished. 

Some of the epacies of Inocwaaus from the Kuskokwim re- 
gion might be either Cenomanhn or Turonian. One species (Mes. 
locs,  9226 and 18926) is sidlm to I. reachensis Etheridge (lioods, 
1911, p. 278, pl. 48, figs. 4, 5, p l ,  49, fig. 1) *om the Cenoman- 
tan of England. It is associated with Scaphitas (Ms. Toc. 18926) 
having evoluta sep.ta$e coil8 which occur in bed; ranging in age 
from late Albian to early Turonian and do not occur again until .  
near the end of the Cretaceous. Another species of Inocerturms (Mas. 
loc.  207~8) is sirdar to I. corpulentus XcUarn which occurs in the 
Dunvegan formation and the-younger Kaskapau and Klackstone f o r m s t  
t i o n s  of Alberta and Brit ish Colunbbia, Most of its reported 
occurrences are from beds of.Turonian age. 

The Codacian stage is almoat certainly represented by 
Ime~amua cf. I. uwajirnensis Yehara and an associated ammonite 
Parapuz os ia (~8;. 1 oc . 2071 7 ) . 'I he f noceramu a is identical w i  kh a 
species in the Lcmrer few hundred feat of t h e  Matanuska formtion,  
which has furnished considerable evidence for a Coniacian age (See 
Annotation 15). The Coniacian stage is probably also represented 
by Inoceramm vancouverensis Shumard (hhitewss, 1879, p. 170, p'L. 
20, f i g s .  4, 4a, b) (Mes. locs ,  13430, 20716, 21033, 21481) and by 
an assocgated ammodte cf. S, h n  d c o s t a t u s  Cobban (Mea. 
loc. 20716 3. The later apecles (~obbzn, 1 1 .  11, figs. 
1-14) is characte~ized by pecullm flattened, somewhat overhanging 
ribe on the sutured part of its shel l ,  a feature unknown in my 
other species of Scaphites. It occurs in rocks &pivalent t o  the 
basal part of the Niobrara lormation which can be correlated defin-. 
itely with the basal part of the Conlacian ataga. 

I 



Some evidence concerning the age of Inocerams vancower- 
enais Shumard i s  s h m  by its occurrence in the southern p a r t  of - 
Vancouver Island near the base of the Mambo group in t h e  s a m  
coal-bearing sequence that has furnished Inocerms undulatoglicabus 
Roemer (~ihiteaves, 1879, pp. 160, 171; 1903, p?* 3 4 d r  351, 397). 
The fossil-bearing part of this sequence is now included in the 
Haslam formation (Ushur, 1952, pp. 9-11) and is corralated by Ushur 
(1!?$2, pp. 36-3H) w i t h  the Campanian stage, with reservations. Of 
*e ammonites present Pseudoschloenbachia indicates an age not older 

. than Sankodan, Haumiceras and Camdoceras indicate an age not  
older than the Codacian, and t he  species present are comparable 
to apeciae of Coniacian to Campanian age in other parts of the 
world. Six of the species of amonites range up i n to  younger for- 
mations but t he  range of the. species within the Haalarn formtion is 
not discussed (Ushur, 1952, p. 37). Tho age sigruficance of Inocera- 
ma undulatoplicatus as s nearly world-wide marker near the Coniacian - 
Santonian boundary was not mentioned by Ushur and was probably not 
realized by him, A suggestion that Inmerams vancouverensis 
actually underlies 1. undulat~plicatus within the Nasla~fi formation 
is furnished in a sTatermnt by Ushur (1952, p. 11) that  tlPnocerams 
cf. achmidti is found abundantly on Urannen Creek and from the upp& 
p a r t ~ ~ a m a t i o n  between Nanoode Bay and Blurden Point,  and I. 
ex gr. subundatus Edesk is comnon in most other parts of the forma- 
ti on. 1' 

Concerntng t h i s  atatewnt, it i s  inferred that Inocerms 
cf. schrmtdti is identical with Pnocerams undulatop1ica.t~~ Boerner 
and t h a t e x  gr . subundatus includes I, vancouverensis Shurnard, 
If We a u ~ e r p o s i t i o ~ d u l a t  o p l i c ~ t u ~ o u v e r n i  a 
Xs valid, then the ~ a s l G  formation probably i n c l z d e b e d s  of Coniac- 
ian age, It i e r  probably significant that species similar to I. 
vancouverenais In the Western Interior  and in the Gulf region-of the 
United States occur at a lower level than I. undulatoplicatus, in 
beds that are  correlated with the lwver ~ o a a c i a n .  

The volcanfca and assoc%ated sediments that are hereAa 
considered to be of Cdacian age are reported by Joseph Hoare 
(personal comnlcation dated March 1, 1953) to rest with probable 
unconforndty on racks of Cenomanian age. 

Upper Cretaoeous sedimentary rocks yaunger than the Gonl- 
acLan llbay exist in the central Kuskokwim region, but the faunal 
and stratigraphic evidence i a  meager. 



36. The Albian i e  probably represented in t h e  lower Kus- 
kokwim region by thick masses of conglomerate that are interbedded 
w i t h  and grade laterally into grqmacke and silt st on^. These con- 
glomeratic sediments overlie beds of Valanginian age and are over- 
lain by beds of Cenomanian or locally of Cardacia~ age. The evi- 
dence for an ALbian age comists mainly of a small species of 
fnoceramer { u s .  locs,  21476 and 193953) chmacterized by an cxtend- 
ed posterior wing, prominent concentric ribbing of a p p r o m t e l y  
equal strength, and a weak sulcus on its posterior side. The rib- 
bing is rather similar to t h a t  of 1, neocbmiensis daorbigw (1846, 
pm 503, PI* 303# figs* 1, 2; 1f0odsT 19113 p- 2 6  pl* 45, figs. 1, 
2) or of I. - ewaldi Schluter {'IYollemnn, 1906, p. 272, pl.  6, f i g .  9) 
from the &tian and lmer Albian of northwest Europe, The extended 
posterior wing is similar t o  that on I. newobensis vax. d a t a  
~chmidt  (1872, p. 160~ p l .  3, figs. 9Z, b, text-fig. Toa, b ) m  
northern $&-beria. None of these Eurasian forms have a sulcus ofi 
the  posterior side, 

The Ubim age of the species of Inocerams in question 
from the lmer Iluskohlm is based on probable identkty with a speci- 
men from northern Alaska at Idea , Loc , 20399 at the top of the Lmer 
Cretaceous sequence. 'his apecbon is associated with Inoceramus 
anglimzs Goods, a middle and upper PlExian marker. It 2s in a litho- 
l o g i c  unAt whose upper part hers furnished Gastroplites and Fleoni- 
ceras, and is correlated with the lower part of the lniddle Albian 
substage. 

37. Beds of Valanginian age have been identuied faunally 
in the lmer and central Xuskokwim region west  of the Bolitna Valley 
in the upper part of 15,000 feet, or more of graywacke, sfitstone, 
chert, volcantcs, and very minor amounts uf Zirnestone. The evidence 
consists of Aucella crassicollis Ksysarling (~les, locs  . 19730, 
21473, 23166-A,. A .  crassicollis Keysding (Ides. locs . 21474, 
21h7S9 23163, 2367, 271691, and A, sublaevis Keyserling (Mes. loc. 
23171). The Berriaslan has not bzen idents ied .  The underlying 
beds include Upper Jurasaia at Xenst locally, because at one place 
( ~ e s .  loc, 20734) about 28 miles S,  8" W. of Aniak in the AHak 
District were obtained a p e c h n s  of Aucella mosquansis (von Buch) 
and A, rugosa (Fischer). Educh of the thick sequence below the 
~a lmig ln ian  is of Lake Triassic age. In places the Cretaceous strata 

, rest on gneias and schis t  that ara probably pra-CWrian, or at 
least m p h  older than nearby exposures of D e v o n i a n  lhestone (per- 
sonal c ~ n i c a t i o n  from 3. M. Noare, Dec. 5,  19521, 



38. An enormous thiclazess of beds in t h e  Plushagak Valley 
and Nushagak Hills haa been mapped by Mertie (1938, pp. 48-61 1 aa 
probably C'retacews, although the paleontologic evidence consista 
only of & f e w  fragmnts of indeterlninable Inocerarrius. ' h e  presence 
of Upper Cretaceous strata has been established, however, by 
Wallace M. Cody by actually tracing from the central Ihskokwirn 
Valley southward into the valleys of the lfushagak and Uulchatna 
Rivera (personal c o ~ c a t i o n  from Vl.  Id. C a d y ) .  

39. The presence of t h e  Bergma group in t h e  Kabuk Valey 
of northern Alaska is based on mapping westwarri from the  upper part 
of the tloyukuk Valley (Idendenhall, 1902, pp. 39-42; S d t h ,  1913, 
p?. 284-286) and not on foss i l  svidence. 

40. Not much more is known about the Cretaceous sequence 
on Cape Ljsburne than was swnrwi~ed by Martin in 1926 (pp. 455-167). 
Recently geolo@.sta mapping in the vrestern par t  of the lVainwri&t 
district have noted that t h e  upper part o f  the Tarok formation and 
the Pirmshuk group become less marine westward toward Cage Lisburnej 
as shown by a decrease in the number of marhe orgadsms, an in- 
crease in plant-bearing beds, and by l i thologic  changes, Aerial. 
photopaphs indicate that beds equivalent to t h e  Torok and Iknushuk 
are present fn the northern part of Cape Lishrna, but the exact 
corralst,ion of these u x i t s  with the Corwin f orination as described 
by Schrader (1902, p. 244, 2u; 1905, p, 72-74) and Coll ier  (1906, 
p. 16, 27-30, 36-42) is not hm. Certainly some of the plants 
from the Gamin forraation (Martin, 1926, p. 462) indicate a corre- 
lation with the lower part of thc Kennicott farnation of the 
Chitina Valley. This part contains many amnomites and pelecypoda 
that are of early t o  middle Albian age and that are identical w i t h  
or similar to species in the Torok formation of northern Alaska. 

-u. The Valanginian has been identified on the Kivalina 
River in the southern part of Cape Llsburne on t h e  basis of 
Aucella sublaevis Keperling (Ihes. loc .  137'16), The beds in which 
~ o s s i l s  occur are a southwestward continuation of the Okpik- 
ruak formation in the De Long Mmntains, 

42. The t e r m  l l N a . h u k  group, undifferentiated, lf is 
usefu l  in areas *at have not  been thoroughly studied or in which 
outcrops are few. In such areas the l ithological characteristics 
of the group are eseorltially tho same as in the  foothi l l s  of the 
Brooks &we between t h e  K i l l i k  and Anaktuvuk Valleys, 

43* The middle and upper parta of the Torok formation 
have Wnlshad Albian anmunibs belonging to Lemuroceras, CLeonl- - 
ceras, and budanticeras, Beudanticeras h a  been found at  seven - 
m i t i e s  and is associated w i t h  Lemracaras at one and with 



Clsodceras a t  one. Cleoniceras has been found a t  eight local i t ies ,  
and Leirmroceras at eight Iocalitiss.  Le~auroceras has not been found 
Mth CLeonic~rad ,  although t . e  stratigraphic posi t tons  of the various 
col lect ions  s h w  tha t  the lowest occurrence of Cleoniceras is below 
the highest occurrence of Lemuroceras . besides these m n o n i t e s  , 
the only other fossil of knawn stratigraphic signuicance is the 
pelecypod Aucellina dsPaliw KcLearn which occurs in t h e  upper part 
of the Torok f m a t i o n  s w  1500 feet above the lavest occurrence of 
Lamroceras. 

The Torok formtion is dated as early Albtan because it 
undarliss beds that are probably not younger than early a d d l e  Albian 

' end bec~sse it contains Lemrweras and Aucellina simKLar to species 
im the lmer part of the-fmmtion of the C h i t i n a  Valley. 
mia part can- be correlated with certain zones in the upyer part -of 
the Horsetm formation of GaBPornfa (see Annotation 14). Judging 
from the as tr ibut ion  of Lamroceras in the Xennicott and Horsetom 
formations, k t  r m e a  from t h e  top of the Imer AlbSan (zone of 
Le erLe11a tardd&cata) into th;? lawer part of the 1i5ddle Ubian 
zone of DwvilJeiceras mammillatum) but is most cumon in the lmer + 

Albian, Cleoniceras has the same hmm range but ia most common a% 
the top of t he  Leymerie'Lla tardefurcata BoneJ according to Spath 
(1943, pp. 687, 6 9 9 ) .  In Madagascar ( G o l l i ~ o n ,  1949, pp. 102, 109) 
Cleoniceraa and Lemurcrceras axe associated in beds that a r e  come- 
rated ~ 5 t h  -the D-as m l l a t u m  zone, but  Lemuroceras 2s 
mere conanon than C1eaniceras. In northern Alaska Cleonjceras ranges 
into and becomes fairly cormun in the Tuktu member of the 3miat for- 
mation, in which Lemuroceras has not been found. This common non- 
association of %hi two  genera suggests that they occupied slightly 
different ecological niches and that either genus may be abundant 
locally d u h g  late laver Albian and early ~lliddle Albian. Consider- . 
ing %ha% the time represented is only a s d L  pa r t  of t he  a b i a n  
stage, it is interesting tha-b the Torok formation ranges in thicknsss 
from 6,000 to 10,500 feet and the Tukbu me&er of the U m i a t  form- 
tion from 1,000 to 2,500 feet in the area between the  Xillik and 
M u w k  Rivers. 

It is doubtful, whether the Torok formation includes beds 
older than Albian. In some sections the basal part of the Torolc 
has not furnished f osaila, but considering the rapidity of seollmenta- 
tion. this sart need not raresent more than the zone of Acandtho- 
plit6a nod~acostatuln of thi basal Albian of Europe. 

The Torok formation thins eastward frm the Sagavmjxkbok 
VaUay t0 the Shavlovlk Valley and is absent eaat of the latter. 
! h i s  Wnning i a  ascsLbed to onlap against a structural high in the 
area betmen the Shaviwik md Sadlerochit Valleys (personal aormmi- 
cation Prom A. S. Keller and E i ,  L. DettarmanJ. 



44. The Okplkruak formation curresponds w i t h  t he  Berria- 
sian and Valanginian itages on the basis of &cellas i d e n t i c a l  mith 
species in northern Eurasia. Its basal few hundred feet includes 
~ i c e l l a  okensis Povlm and A, subolcensis Favlm, which are charac- 
t e r i s t ic  of t h e  beds at the-~urassic-~ratacems boundary. 'viith 
these are  species that probably belong to A. terebratuloides Lilhusen 
and A. surensis Pavlow. Both of these ran;?@ from the latest Jurassic 
into-the berriaaian but are more c o m n  in the latter, 

ldost of the Okplkruak formation is of Valanginfan age. 
Above the beds characterized by A. okensis and A, subokensis occur 
numerous A. aublaevis ~ e ~ s e r l i n ~ f  ~ m e s e  ~ g y  he assucidted 
A. crassa-~avlovr, or rarely JL. ~ra~aic011is Xeyserling. The latter, 
'Fmwer, is more camon at hW+er levels in the middle and upper 
parts of the formation. As A. crassicollis is reported to attain 
its meatest abundancein the-rni-vEnian ( ~ a v l m ,  1907, p. 771, 
the beds in northern Alaska having abundant - A. sublaevls are prbbabl?. 
lower V a l a n g i d m .  

There is no faunal evidence h all of Alaska for the pre- 
nence of rocks representing the Hauterivian, darrernian, and Aptiaxl 
stages, although t h e  Aptian may be represented locally in the Torok 
formation beneath beds containing Lermroceras and Cleoniceras. 
Durbg these stages Alaska was ernerr:ent and w a s  subjected at least 
local ly to mountain-builang movements before Albian time. Urogeny 
culminated probably during the Jarrein5.ai because, as noted by iwnc 
(1949, p, 2L2), there is no evidence f o r  the  presence of tho IIauter- 
fvian or Bwremian stages a m h e r e  in the Arctic region. I3y Aptian 
time, however, the seas were again encroaching on the lands, as ahown 
by the preawce of bods of that age in East' Greenland (L"rebold, 
1935; W n c ,  1949* pp. 258-270) and in Spitsbwgen  rebo bold and 
Stol l ,  193dl. p. 75, 76). Possibly the s h r i n k h e  of t he  Arctic Ocean 
during the Barrernian has some bearing on the near extinction of 
amonftes at that time. 

The or ogenic m w  ernents during Hauterivian and Barremian 
time resulted in differential erosion of the Ukpikmak i'ormation. 
This  is particularly evident in the area betmeen tho SagavanirIctok 
and t h e  Canning Valleys where tho  formation thins from a a r r r u ~ n  of 
1560 feet to l e s s  than 2W feet and is locally absent (personal 
communication from A, S, Ileller and a. L. Detterman). The sastern- 
moat exposure is about two d l s s  west of *the Cnnning River. No 
t race of' t h e  Okpilavak f orrnation has been found al ung the  banks of 
t he  C u  River or in the ares. tu the east, although exposures 
there are excellent. Fossil colleations f rm the  0kpf km-& f orma- 
tion between the Sagavanirktok a d  Canning Valleys contain ~ n o s t l y  
Aucella okensis Pavlm and Aucella subokensis Pavlow of krriasian 
age. ~ u ~ f a s s ~ c o l l i a  -ing mas found only  at one locality 
near the  Sagavanirktok River, Aucella sublaevis dqaerlinp, was  
found only at two widely a e p a r a a a l i t i e s .  The f o s s i l  evidence 
indicates, therefore, that the th inning of the Okpikruak fortnation 
i s  dm to arorsion and not t o  onlap againat a structural high, 



&. Correlations of the various members, tongues, and for- 
mations of the Colollle group is based part ly  on molLusks and form- 
Lnifera and partly on interpretations of the intertonguing relation- 
ships of dotdnantly nomarine or brackish water sequences on the 
south with rrlostly normal. marine sequences in t h e  Arctic CoastaJ. 
P l a i n  ( P ~ n e ,  Gryc, Tappan et al, 1951: Gryc, Patton, Payne, 1951, 
pp, 16&-167). At t h e  base t h e  Seabee member of the Shrader Bluff 
fmmation contains auch mollusks as Scaphites delicatulus \Wren, 
Watinoceraa, and lnocerainua 1 r r b i a t u s ' ~ ~ i u )  ~vhdch are of early 
i'uronian age. khe overlying 'I'uluga member contains Inoceratms sfmi- 
lar to I. lundbreckensis LicLearn and to I. cardiesoides ~ o 1 d f t . k ~  and 
species-of Scaphites which indicate a coFrelation w i t h  the upper part 
of the Santonlan ~md t h e  lmer part of the Campadan stages. The 
a t i l l  higher Senti~xel Hill member is correlated by ~wans of foradni- 
fera with the laver part of the  Riding Mountain forlaation of idanitoba 
and the Lea Park shale  'of Alberta, which are equivalent t o  the lower 
parti of the Pierre shale i n  the western interior of the United States. 
The Sent5nel Hill mlriber is absent In tho foothil ls  north of the 
Brooks Range and probably waa nwsr deps3Pted there. 

Uncd61.mdtkes based on physical criteria occur both abcme 
and below the Seabee raewd3er of We Shrarler Bluff formation (personal 
conmudcation from Thomas Payne arid George Gryc). The unconfondty 
below the Seabee member cannot represent more than a minor part of 
the Cenoraanian, The unconfomdty between the Seabes m e m b e r  and the 
Tduga me*r cauld represent any part, or all, of the late Turonian, 
Coniaklan, or ear ly  Santonian. However, part of that t i n e  is 
represented by 720 to 1260 feet of nearly unfoesiZiferous beds at 
the bass of the Tuluga melrlber below %he lowest occurrence of Ino- - 
ceramus lundbreckensis McLearn, Also, the fact that marine tran- - gressivn occurred in western, southwestern, and southcentral Alaska 
in Coniaciarl tlm, suggests that t h e  initial deposits of the Wuga 

'member were formed at t h a t  the. 

lr6* The Nanushuk group consists o f  an essentially non- 
marine or brackjsh wahr sequence on the south, eallod the Chandler 
formation, and a normal marine sequence on the north, called &he 
€ M a t  formation. These intertongue to some extent in the foothills 
of the  Brooks Range, but particularly in the area near Ulrrtat and 
along the upper course of Ikpdcpuk River, 

At the b e  of the Nanushuk group in the Co1vIZ.le Valley 
i a  abmd a thousand feet of marine sandatone, the TuHu member of 
the Uadat farmation, that 1s assigned to We basal part of the trdddla 
A l b h  on the presence of Cleonicaras and Jnocsramus an licus Woods, 
The latter i a  not lam below t h e  middle ~lbia-n C r-- e o n i c e r a z  
not been fmnd abwe the DouvlZleiceras mamillaturn Fane of t h e  
baeral rPiddLe Albiari. This age de te rdna t ion  is based partly on the 
presence of Cleonicerea and hmuroceras in the underwng Torok for- 
mtion, which indicate  an w e  f o r  that  formation not older than the 
later kt of the early ~ l b i a n .  



The Hatbox tongue overlying the TuRu mernber ranges from 
1000 t o  3000 feet .In thicloleee, i a  mostly n o m i n e ,  but has fur- 
nished a few marine f ossi la  of Albian age, Those include Inocera- 
mus anglicus Woods and l a a n y  other pelecypodn i d e n t i c a l  spt!-ly 
w i t h n o d s  in the %Mu member. Most of these pelecypda 
appea& to be undescribed species but sorns may be identical with 
species i n  t h e  Lemroceras beds of Canada (Uc~earn, 1945, pl8 .  3-5) .  
Other fossils include starfish arms and hmrints and the ammonites 
Cleoniceras and Gaatro lites. The presenci of Cleoniceras is evi- --+ dence for  an early mi dle  Albian age, The Gastroplites present 
resemble G. - allani McLearn (1933, pp. 18, 19, pl. 1, f igs .  6-0) 
which occcrs in the Western Interior of Canada in beds somewhat 
higher than those conrtai&g Lamroceras. The range of Gastroplites 
has been discussed in annotations 1, 14, and 31 and it has been 
sham that species identical or sinilar to G. - allani and C. sterltoni 
McLearn occur Ln the  Iwer Yukon and in ~ a m o r n i a  with orher armnon- 
i t e a  that have not been recorded abwe the early ~rdddle Albian. 
These fossils show, therefore, that at least part of t he  Hatbox 
tongue i s  of early middle Albian age. If Mea. lcc.  20484, which 
has furnished both Cleoniceras and Gastroplites, i s  actually from 
the top of the Hatbox tongue as reported by the collector, then the 
~ a t b k t o n g u e  does not include 811- of the middle Albian. - 

At the top of the Ijanushuk group Ln the foo th i l l s  of the 
Brooks Range abundant lnacerwrms have been found in marine inter- 
calations in the Niakogon tongue of %he Chandler formation. The 
cormon species include I. athabas kensis McLearn and I. dunveganensis 
Mcharn. These have be& i den t i f i ed  elsewhere in hlzska in Ihe 
lower part of the Upper Cretaceous sequence in the Kuskolrwkn region 
(sea annotation 36). In northwastern Alberta and northeastern 
Brlt2sh ColumbSa they are associated with  t h e  anmonite Dume ano- 
ceras i n  the Dunvegan formation. 1. athabaskenaia likew .je occurs - -+- 
at the base of the La. Siche shale zn Ehe River, A l l  the 
occurrences in Canada are in beds that underlie the lowest maonite 
zone of the Wonian, wUch zone has been identified in northern 
Alaska at the base of t he  Shrader Bluff for1nat5on imediatoly above 
the Nanushuk group. The stratigraphic po~ ib ion  of Dunveganoceras 
f n Montana, Canada, and England i a  upper Cenwnanian, accosang to 
present information, 

A n  unconformity between the  Hatbox tongue and the Niakogon 
tongue qmaunting to part of the d d d l e  Albian, a l l  of the upper 
Albian and part of the Cenomanian is shown by the fossils in these 
tongues, The absence of upper dlbiari is not surprising, aa the 
only defmte  upper Albign in Alaska identified by marine fossils 
is in the Chitina Valley (see annotation 14). Failure to ident i fy  
upper AlbPan rocks in northern Alaaka as w e l l  as in E a s t  Greenland 
(see annotation 1) sugge~lts a w i t h d r a w a l  af the sea from the 



northern part of North America during late Albian time. Against 
this interpretation i s  the presence of the Neo astro l i t e s  beds i n  
the western inkerior of Canada and the Unite ag--e7; States whic beds 
are considered to represent a marine invasion from the  north dur- 
i n g  t he  late Albian. It is possible that the  uncunformity between 
t he  Hatbox tongue and the  Niakogon tongue did not exkend far basin- 
ward and that there was little, if any, i n t e r r u p t i o n  i n  sadirrenta- 
t ion  i n  the area along the present Arctic Coast, The extent and 
character  of the unconf ormity w i l l  have t o  be determined by addi- 
t ional subsurface studies. 

47. The Ignek formation comprises t w o  members, accord- 
ing  t o  recent field work by A. S. ~ k l l a r  and K. N. Morris of t h e  
Geological Survey. l'he lower member consists of a sandstone u n i t  
about 200 feet thick and an werlying black shale u n i t  about 260 
feet  thick.  The sandstone unit  rests on the Okpikruak formation 
of Berriasian age two miles west of the  Canning River and on the 
Kingak shale of upper Oxfordian age along the Carmiag Hiver and i n  
Ignek Valley t o  the east, The sandstone u n i t  contains poorly pre- 
served pelecypods belonging to long-ranging genera, The overlying 
shale unit contains a uicrofauna identical with that i n  t he  Tuktu 
member and the  Hatbox tongue a t  t h e  base of the Nanushuk group 
(personal co~munication f rorn Harlan Bergquist ) . 

The upper member of the Tgnek formation is mch th icker  
than the lower member, contains bentoni t ic  beds, and reson~bles 
l i t ho log i ca l l y  par ts  of t h e  Colville group younger than t he  Seabee 
member. It contains a mnicrofaurut i d e n t i c a l  with that i n  the 
Tuluga member of t h e  Colvi l le  group (personal communication f'rorn 
Harlan Bergquist ) , This correla t ion is confirmed by the discovery 
of a squid which Reeside considers ident ical  w i t h  ~ e u s o t e u t h i s '  
longus Logan fl-orn the upper p a r t  of t h e  IIJiobrara forrnation of 
Kansas. 
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