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ABSTRACT:

/c>NOVA. TD . & YA/VKOVA. К A. I **98. Bioxtratigraphv and correlation c f the Turonian -  Coniacian 
succession an»l !hc Turonian Coniacian boundary problem in the Far fcBst Russia bused on ammoni- 
•«is and inoceramids. Acta (ieologii a Polonica. 4X (4), 4X'-444 Warszawa

The stratigraphy ammonite and inbccntmid content o f ihe Turonian _ C oniacian deposits of Far 
f a s t  Russia arc presented The cvolut№n 0 f Monh Pacific ammonite* amj moceramids a» the boun­
dary of Ihe two stages was studied i,nd the levels o f fundamental changes within the ammonite and 
i'loceram id biota are recognized. The established palaeobiogeogra&hic difference between the 
Sakhalin and Ihe North-East region palacobastns is reflected in the existence of two independent 
I'kbI zonal schcmcs The main criteria o f  the Turonian Coniacian stage boundary in the Far East o f 
Russia were established on the basi4 of the two schem es. The Turoniim,'Coniacian (Т/C l boundary 
i\ clearly marked by the change in the taxonomic diversity of the zom>| m oceranud assemblages. It 
14 defined at the buse o f  the lnoceramus unajim ensii Zone The appc*rance of the endemic ammo 
n не species J'tmboicerax mthoens«■ M atsu m o to  is the ammonite criterion for recognising the 
T/C stage boundary in Sakhalin. This is supported by occurrences of ihe cosm opolitan Coniacian 
genera Peromceras and Lnrresieriq

I S T R O D V m O .y

U pper C re taceo u s d ep o sits  are w idely  d is trib ­
uted in P ar East R ussia , in S akhalin  and the Kuril 
Islands; and a lso  in N orth  E ast R ussia , w ithin 
no rth -w este rn  K a m c h a tk a , in the  K o ry ak ia  
Upland, and on the north  coast o f  the Sea o f  
O khotsk (T cxt-fig . I )• T hey are rep resen ted  m ost­
ly by m arine deposits and con tain  rich m urine fau ­
nas w ith  abundan t am m onites and inoceram ids. 
The study  o f  rep resen ta tives o f  these tw o  groups

Лш  th e  h ig h  degree o f  endem ism  o f
faunal assem blages from  the Pacific  palaeobio- 
g eog raph ie  R ealm . M oreover, num erous investi­
g a tions in R ussia , Ja p an . A u stra lia . New Z ealand , 
C a lifo rn ia  an d  A laska allow ed  tw o (northern  and 
sou thern ) p rov inces to  be defined  in th is huge 
realm  (V ereshchagin  1964. K hudoley  1979). 
T he part o f  the P acific  R ealm  d iscussed  in this 
p aper b e longs to  the  N orth  Pacific  prov ince. 
W ith in  the Pacific  C oast o f  R ussia  tw o  faunal and 
depositions! areas can  be d istingu ished  Sakhalin



Fig I. Location map of ihe investigated regions of Far East 
Russia

and the  N o rth -E a s t reg io n  (K a m c h a tk a  and 
K oryak ia). P a le o b io g eo g rap h ica lly , the fo rm er 
resem bles c lo se ly  Ja p an , w hereas the la tte r is 
m ore s im ila r to  A laska, particu la rly  in respect o f  
the occu rrence  o f  som e spec ies  typ ical o f  N orth  
A m erica . C a lifo rn ia  and V an co u v er Island.

T h e  T u ro n ia n  -  C o n ia c ia n  se q u en c es  arc- 
fo u n d  (T e x t-f ig . 1) in S a k h a lin  ( th e  W e st 
S ak h alin  M ounta ins): a n d  in N o rth -E ast R ussia , 
in the A n ad y r-K o ry ak ia  reg io n  (P e n zh in a  Ciulf. 
U g o l 'n a y a  B ay  an d  th e  K o ry a k ia  U p la n d )  
( P e r o a m e n t  1961 . 1971: P o y a r k o v a  1987; 
ZONOVA & til. 1993).

T he endem ic  sp e c ie s  co m p rise  nearly  809£ o f  
the faunas from  the  T /C  bou n d ary  seq u en ces, 
in c lu d in g  m any lo n g -ran g ed  tax a . C o n seq u en tly , 
deve lopm en t o f  re fin ed  zonal schem es is very  
p ro b lem atic , as is th e ir  co rre la tio n .

T he a im  o f  the  p resen t paper is to  confirm  the 
position  o f  the T /C  boundary  in F ar E ast and 
N orth -F ast R ussia , and to  try  to  co rre la te  this 
level w ith  o th e r reg ions o f  the w orld . W e carried  
out detailed  investiga tions o f  the  num erous se c ­
tions in S akhalin  a n d  in N orth-E ast R ussia  and

d e te rm in e d  th e  c h a ra c te r is tic  sp e c ie s  o f 
am m onites and inoceram ids from  o u r co llec tions, 
as w ell as from  the co llec tio n s  o f  D r. V.N. 
V e r e s h c h a g in , an d  Y u.G . M ir o l ib o v , both 
V S E G E I. S t. P eterhu rg , R ussia . A ll o f  the sp ec i­
m ens are  housed  in th e  TSN 1IG R M useum  of 
V S E G E I in S t. P e te rsbu rg , n o s 10693. 11799. 
11886, an d  12580. 12632 .12769 . 12940.

P R E V IO U S  R E S E A R C H

R esearch es on the C re tac eo u s  b io stra tig raphy  
o f  the  P ac ific  C o a s t o f  R ussia  w ere begun  by 
K r i s h to f o v ic h  (1932 ) an d  B o d y le v s k i i  (1937). 
V e r e s h c h a g in  & M ik h a i lo v  (1 9 5 8 ), E fim ova 
(1 9 5 5 ), and L iv e ro v s k a Y a  (1 9 5 9 a-b ). In the 
1920s an d  1930s, the sou thern  part o f  Sakhalin  
w as in ten siv e ly  s tu d ied  by Ja p an e se  geo log ists 
{e.g. Y a b b  1927). L a te r  th e  re su lts  o f  their 
rese a rch e s  w ere  used  fo r zona l su b d iv is io n  o f  the 
U p p e r C re ta c e o u s  su c c e ss io n  o f  Japan  
( M a ts u m o to  1942-43 . 1959). T he m ost im por­
tan t c o n trib u tio n s  to  the  s tudy  o f  the  T u ro n ian  -  
C o n ia c ia n  fau n a  w ere  m ade  by  P e r g a m e n t  
(1 9 6 1 . 197 1 . 1 9 7 4 ), V e r e s h c h a g in  (1 9 6 3 ). 
Iv a n o v  & P o k i i ia la in ln  (1 9 7 3 ), P o k h ia la in i*  
(1 9 8 2 ) , V e r e s h c h a g in  &  a t.  1 9 6 5 ), Z o n o v a  
(1 9 7 0 , 1974), D u n d o  &  E f r e m o v a  (1 9 7 4 ). The 
m ost recen t p a laeo n to lo g ica l s tu d ies  w ere  by 
Z o n o v a  a n d  Y a z y k o v a  ( Z o n o v a  1991, 
Y a z y k o v a  1992, Z o n o v a  & a t. 1993).

G E O L O G IC A L  SE T T IN G

In a te c to n ic  co n tex t, the K oryak  U p land  and 
the  n o r th -w e s te rn  c o a s t o f  th e  K am c h a tk a  
P en in su la  fo rm  p a n  o f  the  C re tac eo u s  K oryak -  
K am chatka  th ru s t an d  fo ld  b e ll. T h is  belt is the 
A sian  m arg in  o f  the Pacific  O cean . It stretches 
fro m  th e  w e s te rn  c o a s t o f  the  K am ch a tk a  
P e n in su la  in to  th e  K o ry a k  U p lan d  a n d  the 
A laskan  P en in su la . It co n s is ts  o f  very  co m p lic a t­
ed  th ru s t shee ts and frag m en ts  o f  P a laeozo ic  -  
M esozo ic  island  a rc s , m arg inal sea and ocean ic  
co m p lex e s . At p resen t, fragm en ts o f  th ese  s truc­
tu res  a re  describ ed  as te rran es  ( S o k o lo v  1992. 
N o k le b e r g  1994. F i l a t o v a  1995. K h ld o le y  & 
S o k o lo v  (in  p ress). T he K oryak  -  K am chatka 
th rust an d  fold belt fo rm ed  as a  resu lt o f  m id- 
C re tac eo u s  accre tio n . T h e  K oryak  -  K am chatka 
and the V erk h o y an sk  -  C h u k o tk a  th ru s t and fold



belts a re  un co n fo rm ab ly  o v erla in  by  «he O kho tsk  
C h u k o tk a  m arg inal v o lcan ic  beft ( S o k o lo v  

1992. F i l a t o v a  1 9 9 5 ,K h u d o le y  &  S o k o lo v  (in 
press). T h u s  S akhalin  anil th e  K uril Is lan d s are 
e lem en ts  o f  the ex ten s iv e  co m p lex  o f  is lan d  arcs 
and m arg in a l se a s  tha t w as  fo rm ed  in Ju rass ic  -  
C retaceous tim e along  the P acific  p e rip h e ry . T he 
O k h o tsk  -  C h u k o tk a  belt had  its co n tin u a tio n  in 
the Jap an ese  -  K orean  -  C h in ese  reg ion  (L ia n sh i 
&  RoNOFU 1988). in so u th east A sia , and in ea s t­
ern  A u stra lia  ( M o l l a d e  &  N a jr in  1983). The 
fragm en ts o f  th is  g lobal system  o f  v o lcan ic  belts

Fig 2. Location map of the Turanian Cnniatiun sections in 
ihe island of Sakhalin

d ev e lo p ed  a t the  co n tin en ta l m arg in s  o f  N orth  
an d  S o u th  A m erica . T h is  p ro ce ss  co in c id e d  w ith  
th e  h ig h e s t ra te  o f  o ce an -flo o r sp read ing  o f  the 
P ac ific . It cau sed  the  ap p earan ce  o f  new  c o n v e r­
gen t b o u n d a rie s  a long  Ihe co n tin en ta l m arg ins 
and a sp e ed in g -u p  o f  the  su b d u c tio n  o f  the  o ce an ­
ic p la te s . T h e  su p ra -su b d u c tio n a l ca lc -a lk a lin e  
v o lcan ism  d ev e lo p ed  on  th e  co n tin en ta l m arg ins 
(Z in k ev ic h  1981 , F ila tova  1995). T h e  co m p lex  
te c to n ic  co n s tru c tio n  o f  th e  reg io n s  s tud ied  is 
a  se rio u s  o b sta c le  to  th e  d e fin itio n  o f  c lea r strati- 
g rap h ica l b o u n d arie s .

In S ak h alin  the  T u ra n ia n  -  C o n iac ian  su c ce s­
sions w ere s tud ied  in the  W est S ak h alin  m oun­
ta in s  (Text-Fig. 2 ). T h ese  d ep o s its  belong  to  the 
B ykov  F o rm a tio n  in the  so u th  o f  the  is lan d , to  the 
T y m o v sk  an d  V erb lu d  fo rm a tio n s in the  cen tral 
p a rt, an d  to  the  A rk o v o  F o rm a tio n  in th e  no rth . 
T hey  are  rep resen ted  by rh y th m ic  a lte rn a tio n s of 
m ud sto n es an d  sandy  m u d sto n es  w ith  th in  in te r­
ca la tio n s  o f  sa n d sto n es , lu ffitceous  sandstones 
an d  spo rad ic  m arly  fo ss ilife ro u s  co n c re tio n s . T he 
refe ren ce  sec tio n  fo r  the  C re tac eo u s  d ep o sits  o f  
S ak h a lin  is in the N a ib a  R iv er va lley  T ex i-fig . 3 
in the  sou th  o f  the island  (PoYARKOVA 1987). It is 
the  m ost co m p le te  a n d  u n in te rru p te d  sec tio n  
a v a ila b le , w h ich  is th e  reaso n  for it being  ch o sen  
as th e  b a s is  fo r th is  s tu d y . In ad d itio n , th e re  are 
an o th er 20 se c tio n s  from  d iffe ren t lo ca litie s  in 
th e  is la n d . T h e  m a x im u m  th ic k n e s s  o f  the  
T u ro n ian  -  C o n iac ian  su ccess io n  in S ak h alin  is 
1300m .

A s m en tio n ed  a b o v e , N o rth -E ast R ussia  is 
te c to n ica lly  c o m p lex . T h e  T u ro n ian  -  C o n iac ian  
su ccess io n  w as  s tu d ied  th e re  in th e  K oryak- 
A n ad y r’ reg io n  (T ex t-fig . I) . It co m p rises  the 
fam ous T u ro n ian  -  C o n iac ian  su ccess io n  on  the 
P e n /h in a  G u lf  an d  in the  M am et riv er valley 
( P f .r o a m e n t  1971), in n o rth -w e ste rn  K am chatka 
(T e x t-fig . 4 ); a n d  (he P enzhim t r iv e r  sec tio n , in 
th e  P o n to n cy  an d  S lo v u tn y e  m o u n ta in s  on  the 
sp u rs  o f  th e  P e n /h in a  range . In Ihe no rth -eastern  
p a rt o f  th e  re g io n , su ccessio n s ;irc a v a ila b le  in the 
A n ad y r’ r iv e r  b a s in , a lo n g  the  c o a s t o f  the 
U g o l'n a y a  B ay  an d  in  the  n o rth -eas te rn  part o f  
th e  K oryak  ia  .M ountains.

T h e  T u ro n ian  -  C o n iac ian  su c ce ss io n s  in 
N o rth -E ast R ussia  a re  rep re se n ted  b y  sim ilar 
a lte rn a to rs  o f  m u d sto n e  an d  sandy  m udstone as 
in S ak h a lin , w ith  in te rca la tio n s  o f  san d sto n es , 
tu ffa ce o u s  sa n d sto n es  arid tulTaceous m u d sto n es, 
b en to n ite s  (v o lcan ic  c lay ) an d  m arly  co n cre tio n s . 
T he la tte r  co m m o n ly  fo rm  c o n c re tio n  lay ers . T he



m axim um  th ick n ess  o f  th e  T u ron ian  -  C o n iac ian  
su ccessio n  in N o rth -E asi R ussia  is 1000m .

F or a  long tim e, p rev io u s w orkers reco g n ized  
m any d iffe ren t fo rm a tio n s here, T h e  au th o rs  o f  
the p resen t p ap e r fo llo w  the  c lu ssifiea to n  o f  
V eresh ch agin  (1 9 7 9 ). w h ereb y  the  T u ro n ian  -  
C o n ia c ia n  d e p o s its  o f  th e  P e n z h in a  G u lf  
p alaeohasin  b e lo n g  to  the P enzh ina  F orm ation  
(= Р еГ -А Г  F o rm a tio n  in P er g a m ev t  1971). and 
the  d ep o s its  o f  O m g o n  C ap e  -  to  the  M ainachsk  
F o rm a tio n . T he A lb ian  -  T u ro n ian  su ccessio n  o f  
U g o l'n a y a  B ay is th e  G in te ro v sk  F o rm ation  and 
the C o n iac ian  -  E arly  C am pan ian  su ccessio n  was 
nam ed the B arykovsk  F o rm atio n .

1N O C ER A M ID  Z O N A T IO N

The au tho rs w orked  o u t tw o  independent local 
schem es using  inoceram ids (T ex l-fig s  4 ,6 ) .  T h ere
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are  now  five  zones in S akhalin , com rising three 
zo n es  in the T u ron ian  and tw o  in the Coniacian,

T h e  sa m e  in o c e ra m id  z o n e s  a re  used in 
N orth -E ast R u ssia , ex c ep t fo r Inoceram us tesh- 
ioensis  -  M ytilo ides incertus  Z one; which is 
rep laced  here by  the the  Inoceram us multiformis 
Z one. T he la tte r zonal taxon  is probably  the vic­
a rio u s  spec ies  o f  I . tesh io en sis . M oreover, the 
Inoceram us m ihoensis  Z one from  the Coniacian 
o f  S akhalin  is  not reco g n ised  here , because there 
a re  no  reco rd s  so  fa r o f  the zona l index.

M ytilo ides o ff. lab ia tus In terva l Zone

T h is  z o n e  w as f irs t d is t in g u ish e d  w ith in  the 
N a ib a  s e c t io n  o f  S a k h a lin  by  M a t s i  m o t o  

(1 9 5 9 ). In th e  s tu d ie d  a re a s , th e  zo n e  is  char­
a c te r iz e d  by M ytilo id es  a f f .  la b ia tu s  (S c h io  
THEIMj, In o c e ra m u s  c o n c e n tr ic u s  costatus  
N a g a o  &  M a t s i  m o to  an d  I. umboceramus 
Z o n o v a .  T h e  zo n a l in te rv a l is fro m  the  first 
a p p e a ra n c e  d a tu m  (F A D ) o f  th e  nom inative 
sp e c ie s  to  the  F A D  o f  In o cera m u s hobetsensis 
N a g a o  & M a ts u m o to .  In S a k h a lin  and Japan. 
M ytilo id es  a f f .  la b ia tu s  has been  found in 
a s s o c ia t io n  w ith  F a g e s ia  s p . ( M a ts u m o to  
1 9 7 3 . M a t s u m o t o  &  M u r a m o t o  1978. 
POYARKOVA 1987). T he zo n e  c o rre sp o n d s  to 
th e  z o n e  o f  In o c e ra m u s  n o v . s p . aff. 
In o cera m u s sa xo n icu s  in Ja p a n  (T o s h im its u  & 
a l. 1995).

T he P ac ific  M ytilo id es  a f f .  la b ia tu s  Zone 
p ro b a b ly  c o r re s p o n d s  a p p ro x im a te ly  to  the 
ra n g e  o f  M ytilo id es  la b ia tu s  ( S c h lo th e im ) ,  Л/. 
m ytilo id es  ( M a n t e l l ) .  M . ko sm a tti  (H e in z )  
an d  M . h a ttin i  ( E l d e r )  in  the  E u ro p e an  and 
M e d ite rra n e a n  re a lm s  ( K a u f f m a n  1978 a.b ; 
K a u f f m a n  & a). 197 8 , W a l a s z c z y k  1992. 
M a r c in o w s k i  &  a l.  1 9 9 6 . H a r r i e s  & al. 
1996).

Inoceram us hobetsensis In terva l R ange Zone

T h is  zo n e  w as first d istingu ished  w ith in  the 
N aib a  se c tio n  o f  S ak h a lin  by  M a ts u m o to  
(1 9 5 9 a). B esides Inoceram us hobetsensis, the 
characteristic  inoceram id species occurring  w ithin 
the zone are /. iburiensis N a g a o  &  M a ts u m o to , 
/ .  a f f .  / .  la tnarcki P a r k in s o n ,  / .  capita tus  
Z o n o v a ,  I. ob iraensis  N o d a  & M a ts u m o to ,  I. 
cuvierii S o w e rb y . I. cuvieriform is  P e rg a m e n t.

T h e  low er boundary  o f  the  zone m arks the 
F A D  o f the  index  tax o n . T he upper boundary  is



taken  al (he F A D  o f  Inoceram us (eshioensis  
N a o a o  & M a ts u m o to .

T h e  n o m in a tiv e  sp e c ie s  o c c u rs  in Ja p a n  
( M a ts u m o to  195 9 . 1977; M a ts u m o to  & 
T a k a y a n a g i  1982: T o sh im itsu  & a l. 1995) and 
N orth  A m erica  (M a ts u m o to  1959). Inoceram us  
hobetsensis  co -o c cu rs  w ith  the  co sm o p o litan  
am m o n ite  spec ies  R om aniceras (Yuhariceras) 
o rn a tiss im u m  ( S t o l i c z k a )  an d  th e  P ac ific  
e n d e m ic  ta x o n  S ca p h ite s  p la n u s  (Y a b e )  in 
S ak h a lin  ( P o y a r k o v a  1987 . Z o n o v a  & a l. 
1993). T he la tte r is a  ty p ica l T u ron ian  zonal 
index o f  S akhalin  an d  N orth -E ast R u ssia , an d  it 
is a lso  w id esp read  in Jap an  (Y a b e  I 9 I 0 .T a n a b e  
1977). T h is  zo n e  la rg e ly  c o rre sp o n d s  to  the 
Jap an ese  Inoceram us costa tus  an d  Inoceram us  
h o b e tsen s is  -  M ytilo id es  te ra o ka i  z o n e s  
(T o s h im itsu  & a l. 1995).

TURONIAN CONIACIAN
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Fig. Stratigraphic distribution of the Turonian Coniacian 
inoceramids in the RusMiin Pacific co»st lucceuion

Inoceram us tesh ioensis — M ytilo ides incertus 
In terva l Range Zone

T h e  Inoceram us te sh io en sis  Z o n e  w as  first 
d is t in g u ish e d  in  Ja p a n  by  M a ts u m o to  (1 9 5 9 ). 
L a te r  Z o n o v a  ( in  P o y a r k o v a  1987) p ro p o sed  it 
fo r S a k h a lin . T he a u th o rs  o f  th e  p resen t paper 
a c c e p t th is  /.one. w ith  tw o  zo n a l index  sp e c ie s , 
bu t w ith  rev ise d  lim its . T h e  /o n e  is now  taken  
as the  in te rv a l from  th e  F A D  o f  e i th e r  o f  the  tw o  
zona l in d e x es  to  the  F A D  o f  Inoceram us uw aji- 
m en sis  Y e h a r a .

In th e  s tu d ied  a re a s  the  zo n e  is ch a rac te rize d  
by  In o c e ra m u s  te sh io e n s is , I  m iro lu b o v i 
Z o n o v a .  I. tenu istria tus  N a g a o  & M a ts u m o to ,  
and / ,  a ff . m u ltifo rm is  P e r g a m e n t .

In S ak h a lin , bo th  zona l sp e c ie s  have been 
fo u n d  a s so c ia te d  w ith  th e  c o s m o p o lita n  
am m o n ite  taxon  Subprionocyclus  sp. M oreover, 
in Ja p a n  / .  tesh io en sis  c o -o c c u rs  w ith  Sub- 
p rio nocyc lus b rava isianus  ( d 'O r b ig n y ) .  S. nor- 
m a lis  ( A n d e r s o n )  a n d  R eesid ite s  m in im u s  
( H a y a s a k a  &  F u k u d a )  ( M a ts u m o to  1977). The 
p resen t zo n e  co rre la te s  w ith  the Inoceram us m u l­
tiform is  Z o n e  o f  N o rth -E ast R ussia  and the  /  
tesh ioensis  Z o n e  in Japan  (T o s h im itsu  &  al. 
1995).

Inoceram us m ultiform is In terva l Zone

P ergam E N T  (1 9 7 1 )  f irs t e s ta b l is h e d  th is  
zo n e  in N o rth -E a s t R u ss ia , on  th e  c o a s t o f  the 
P e n z h in a  G u lf . T h e  p re se n t a u th o rs  re v ise  the 
lim its  o f  th e  zo n e  h e re in . T he lo w e r  b o u n d a ry  is 
m a rk e d  by  th e  F A D  o f  th e  in d e x  ta x o n . 
T h e  u p p e r b o u n d a ry  is  ta k e n  a l th e  F A D  o f  
In o cera m u s u w a jim en sis . B e s id e s  n u m e ro u s  
s p e c im e n s  o f  In o c e ra m u s  m u ltifo rm is  
P e r g a m e n t .  th e  c h a r a c te r is t ic  in o c e ra m id  
sp e c ie s  o c c u rrin g  w ith in  the  zo n e  are  / .  n uceus  
Z o n o v a ,  I . m a m efen sis  P e r o a m e n t ,  / .  sub- 
m a m e te n s is  Z o n o v a ,  / .  p ra e in c o n s ta n s  
P e r g a m e n t ,  / .  m iro lu b o v i, I. te n u is tr ia tu s , I. 
o c h o ticu s  ( P e r g a m e n t ) ,  an d  sc a rc e  re m a in s  o f  
Inoceram us te sh io e n s is .

P e r g a m e n t  (1 9 7 1 )  in fe r re d  th a t the d ep o s its  
o f  th is  z o n e  r e p r e s e n t  th e  L o w e r  C o n ia ­
c ia n . H o w e v e r , In o cera m u s m u ltifo rm is  co ­
o c c u rs  w ith  T u ro n ia n  a m m o n ite s ,  su ch  as 
J im b o icera s  p la n u la tifo rm e  (J im b o ), N ippo- 
n ite s  m ir a b il is  M a t s u m o t o  a n d  S c a p h ite s  
p la n u s  (Y a b e ) .  T h e  a g e  o f  th is  zo n e  is th e re fo re  
L a te  T u ro n ia n .



Inoceram us uw ajim ensis In terva l Zone

T his /.one w as  firs t describ ed  from  Japan  and 
S akhalin  by MATSUMOTO (1 9 5 9 ). It ranges from  
the  F A D  o f  Inoceram us uw ajim ensis  to  the  F A D  
o f  In o cera m u s a m a k u se n s is  N a o a o  & 
M a ts u m o to ,  the S an to n ia n  index  in the N orth  
Pacific  p rov ince . In the  s tud ied  a re as , the /o n e  is 
c h a ra c te r i /c d  b y  Inoceram us• uw a jim en sis  < 
inc lud ing  su b sp ecies  ch irovoensis  Z o n o v a ) ,  / . 
ochoiicus, I. verus  ( P e rg a m e n t ) .  I. lo lm atchevi 
Z o n o v a ,  /. subgein itzianus  Z o n o v a ,  / .  m ihoen- 
sis  M a ts u m o to ,  I. kaw ash ita i N o d a ,  /. incon- 
siunsiform is  (Z o n o v a ) ,  / .  orlovkaensis  Z o n o v a ,  
an d  I. k rysh to fovich i Z o n o v a .

T h is  zone is d iv id ed  in to  tw o  p arts . In the 
low er part sm all fo rm s o f  / .  uw ajim ensis  p re ­
dom ina te  and are  co m m o n , w h ile  in th e  upper 
part it is the la rge  fo rm s that p redom inate . T he 
lo w e r p a rt a d d i tio n a lly  c o n ta in s  n u m e ro u s  
C o n iac ian  sc a p h itid s . Its base  is in fe rred  to 
e q u a te  w ith  th e  b a se  o f  the  In o cera m u s  
(C rem n o cera m u s) ro tunda tus  Z o n e  in Japan  
(TOSHIMITSU &  a t. 1995) and p ro b ab ly  c o rre ­
sp o n d s  a ls o  to  th e  sam e zo n e  in E u ro p e  
(KAUFMANN & a l. 1996). T h e  sm all fo rm s o f  I. 
uw ajim en sis  a re  m o re  w id e sp re a d  in th e  
P enzh ina  su c ce ss io n , but the  level w ith  la rg e r 
she lls  is b e tte r d e v e lo p e d  in S akhalin .

T he p rese n t zo n e  co rre sp o n d s  to  the zo n e  o f  
the  sam e nam e in Ja p an . A laska and C a lifo rn ia  
(M atsu m o to  1959).

Inoceram us m ihoensis In terva l Zone

T h is  co m p rises  the in te rval from  the  F A D  o f  
the index spec ies  to  the  F A D  o f  Inoceram us  
am akusensis  N a g a o  & M a i s lm o t o .  T h is zone 
w as first d is tin g u ish ed  w ith in  the  K aib a  section  
o f  S akhalin  by M a ts u m o to  (1 9 5 9 ).

Inoceram us m ihoensis  M a ts u m o to  is found 
in a s so c ia tio n  w ith  P ero n icera s  sp . an d . at 
the ex tre m e  b ase , w ith  F orresteria  a llu a u d i  
M a ts u m o to ,  supporting  th e  inferred  C oniacian  
age o f  th is in terval.

Scaphites p lanus In terva l Zone

V e r e s h c h a g in  (1 9 7 7 )  d is tin g u ish e d  the 
Scaphites p lanus  beds w ith in  the N aiba  section 
o f  S ak h a lin . T h e  p resen t zone is proposed for 
N orth -E ast R ussia  o n ly . T he zo n e  ranges Irom 
the F A D  o f  the  index  taxon  to  the FAD of 
Jim boiceras p lanu la tiform e  (Jim во).

B esid e s  Sca p h ites  p lanus  (Y a b e ) .  the char­
a c te r is t ic  a m m o n ite  sp e c ie s  a re  S c . perrini 
( A n d e r s o n ). Sc . gracilis  Y a b e ,  S c . pseudoae- 
q u a lis  Y aB E, S c . ( O to sc a p h ite s ) yonecurai 
(J im b o ) , X feso p u zo sia  p a c ific a  M a ts u m o to ,  
G a u d rycera s  ten u ilira tu m  Y a b e ,  S ca la rite t 
sc a la r is  J im b o  a n d  D ip lo m o c e ra s  sp. 
( M a ts u m o to  1954. P o y a r k o v a  1987).

T he n o m in a tiv e  species is a dom inan t form  in 
Jap an  in the  U pper an d  M idd le T u ran ian  succes­
sions (Y abf 1910. T anabf. 1977).

AVI M O N O ID  /« N A T I O N

T h e  p resen t s ludy  has ad d itio n a lly  led  to  the 
es tab lish m en t o f  an am m on ite  zonal schem e for 
the  T u ra n ia n  -  C o n iac ian  su c c e ss io n  o f  the 
R ussian  P acific  C oast (T ex t-fig s  5 -6 ).

Fig. 5. Strntigruphic distribution of I he Turanian Coniacian 
ammonites in the Russian Рас I lie coast succession
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The Fagesia  sp . Zone

V e r e s h c h a q in  (1 9 7 7 )  d is t in g u ish e d  “ the  
Beds w ith  Fagesia  sp."  w ith in  the L o zo v ay a  sec­
tion in S ak h a lin . T he b o u n d arie s  o f  the  present 
subzone ap p ro x im ate ly  co rresp o n d  to  th o se  o f  
the M ytilo ides  a ff . lab ia tus  Z one . In th e  s tud ied  
area, the d ep o s its  o f  th is  subzone are  ch a rac te r­
ized by F agesia  sp ., Scaphites p lanus  Y ab b , 
Zelandiies m ihoensis  M a ts u m o to  < M a ts  и м е л о  
1977) an d  G audryceras (enuilira tum . In Jap an  
the upper part o f  th e  sam e in terval is separated  
off as ihe Fagesia  thevestensis -  M am m ites  aff. 
nodosoides  Z o n e  (TOSHIMITSU &  a l. 19 9 5 ). 
R epresentatives o f  the  g en u s Fagesia  a re  w id e ­
spread in the  T u ro n ian  o f  the M ed ite rranean  
Realm (K h a k im o v  1970 , C o l l i o n o n  1962, 
S e ib e rtz  1979).

Roma nice ra s  ( Yubariceras) ornatissim um  
Тихон R ange Subzone

"The B eds w ilh  R om aniceras  ( Yubariceras) 
ornatissimum" w ere proposed fo r  S akhalin  by

Y a z y k o v a  (in  A ta b e k ia n  & a l.  1991). The 
boundaries o f  the p rese n t subzone are  p laced  at 
the F A D  an d  L A D  o f  the n o m in a tiv e  species.

In the studied  area th is subzone is characterized 
by R om aniceras I Y ubariceras) ornatissim um . 
Gaudryceras tenuiliratum, the sm all-sized  form s 
o f  Tetragonites g labrum  (J im b o ), N ipponites  
m irabilis  Y a h f , Scapliites planus. Sc. puerculus 
(Jim bo), Sc . pseudoaequalis, Sc. gracilis, Scala- 
rites sea laris.

T h is  su b z o n e  c o u ld  c o r re sp o n d  to  the  
R om aniceras I Yubariceras) ornatissim um  Zone 
o f  the  E u ro p ean  R ealm  ( M o r t im o r e  1986. W o o d
& a l. 1987. G a l e  1996).

Jim boiceras p la nu la tifo rm e In terva l /o n e

T h is  zo n e  w a s  f irs t e s ta b lish e d  in Japan  
( M a ts u m o to  1959). but V e r e s h c h a g in  (1977) 
su b se q u e n tly  re c o g n ise d  it in S ak h a lin . T he 
lo w er bou n d ary  o f  the zo n e  is m arked  by the 
F A D  o f  th e  index  ta x o n . T he upper boundary  is 
d ra w n  a t th e  F A D  o f  P achydesm oceras  
m ihoense  M a ts u m o to .



T h e  am m o n ite  fauna  reco rded  w ith in  the  zone 
is  d iv e rse , co m p ris in g  Jim boiceras p lanu la ti-  

fo rm e  (J im b o ), Scaphites p la n u s. Sc. p u crcu lu s , 
S c . pseudoaequa lts , Sc. gracilis, M esopuzosia  
pacifica , G audryceras tenu ilira tum . Sca larites  
sca iaris, N ippon ites m irab ilis , and th e  sm all 
fo rm s o f  T etragonites g la b ru m .

T he index  laxon  is a lso  w idesp read  in Japan 
(MATSUMOTO 1454. 1959. 1977).

S u b p rio n o cyd u s  sp . Subzone

'T h e  B eds w ith  S u b p rio n o cyd u s  s p ,” w ere 
first p roposed  for S ak h alin  by Y a z y k o v a  (in  
Z o n o v a  &  a t. 1993). T h e  b o u n d arie s  o f  the  p re ­
sen t su b zo n e  are  p laced  a t the F A D  and L A D  o f  
S u b p rio n o cyd u s  sp . T h e  la tte r  w as found  in 
asso c ia tio n  w ith  Tragodesm oceras subcosta tus  
M a ts u m o to ,  J im b o icera s  p la n u la tifo rm e , 
M esopuzosia p a c ifica . G audryceras tenuiIira­
tion  and Tetragonites glabrutti. T h is subzone 
p ro b ab ly  c o rre sp o n d s  to  the  S u b p rio n o cyd u s  
nep tun i Z o n e  o f  Jap an  (T o s h im itsu  &  a t.  1995) 
and E urope (H a n c o c k  1991).

P achydesm oceras m ihoense  In terva l Zone

"T he Beds w ith  P achydesm oceras m ihoense"  
w ere first d istingu ished  by  Z a k h a r o v  ( Z a k h a r o v
&  a t. 1996). T he present au tho rs p ropose to  regard  
them  as an independent /o n e ,  w ith  the N aiba su c ­
cession o f  S akhalin  suggested  as ihe strato type 
section . T he low er boundary  is p laced al F A D  o f 
the index taxon  and the upper boundary  al Ihe 
F A D  o f  Texanites  (Piesiolexanites) kawasakii 
(K a v a d a )  o f  Ihe S an ton ian .

B esides Pachydesm oceras m ihoense. ihe char­
ac teris tic  am m onite  species occu rrin g  in the zone 
a re  F o rresteria  a llu a u d i  M a ts u m o to ,  
P eroniceras  s p . ,  G audryceras densep lica tum  
Jim bo. G . tenuilira tum , N eophylloceras ram osum  
(M ee k ), Tetragonites g labrum , D am esites dam e- 
si Jim bo an d  Sc. puerculus  (Jimbo).

T h e  zonal index  o cc u rs  co m m o n ly  in Japan 
(T o s h im its i & al. 1995).

Scaphites spp . Zone

The zo n e , first d is tin g u ish e d  in N orth -E ast 
R ussia  by V e r e s h c h a g in  (in  K e sh e n iy a  1982), 
is  ch a rac te rise d  by an ab u n d an t and d iv erse  
C o n ia c ia n  s c a p h itid  a s se m b la g e , c o m p ris in g  
Scaphites obscurus  A la b u s h e v ,  Sc. puerculus

Jim bo . Sc . (O .) tesh ioensis  (Y a b e ) , Sc. f0.) 
stephano ides  Y a b e  and Sc. (O .f klanuithensts 
A n d e r s o n  ( A la b i  sh f.v  1989). T h ere  are numer­
o u s ad d itio n a l reco rds o f  the  la rge-s ized  forms of 
Tetragonites g labrum .

T h e  in ferred  C o n iac ian  age o f  th is zone is 
su p p o rted  by the  o ccu rrence  o f  Forresteria allu­
aud i.

F orresteria  a lluaudi Subzone

“The B eds w ith Forresteria alluaudi"  were dis 
lingu ished  by P o k h ia la .n e n  (1988) within the 
K oryk -  A nadyr' region o f  N orth-Easi Russia. The 
lim its o f  the present subzone are placed approxi­
m ately al the FA D  and LA D  o f  the index taxon 
respectively. The Forresteria (F .) alluaudi Zone is 
recogn ised  in the  M idd le C o n iac ian  o f  Japan 
(T osh im itsu  & al. 1995). Species o f  the genus 
Forresteria  arc indicators o f  the C oniacian  in many 
regions o f  ihe w orld  (K a u ffm a n  & al. 1996).

Peroniceras sp . Subzone

"T h e  B eds w ith  Peroniceras  s p ."  w ere estab­
lished  w ith in  Ihe N aiba section  o f  S akhalin  by 
V e r e s h c h a g in  (in  R e s h e n iy a  1982). Species of 
Ihe g e n u s  P ero n icera s  a re  w id e sp re a d  in 
C o n iac ian  su c ce ss io n s  w o rld w id e  ( K l in g e r  & 
WlEDMANN 1983).

T U R O N IA N , C O M  A C IA  N  B O U  N D A  R Y

The Turonian -  C oniacian boundary is one of 
the m ost discussed levels o f  the U pper Cretaceous 
(Text-fig . 8). R ecently the FA D  o f  Crenmocerumus 
rotundatus (T rO g e r  non  F iege) w as recom m ended 
as ihe basal boundary  criterion for the Coniacian 
slage (K a u ffm a n  &  al. 1996). Ill E urope, this 
boundary lies betw een the LA D  o f the am m onite 
P rio n o cyd u s  germ ari an d  the  F A D  o f  the 
am m onite  Forresteria <Harleites) petrocoriensis; 
in North A m erica il lies betw een ihe LA D  o f  P. 
germ ari and Ihe FA D  o f  Ihe Forresteria peruana  
and F. branconi (К л и п  m an &  a l. 1996),

W ith in  th e  N orth  P acific  P ro v in ce . Ihe p o s i­
tion  o f  th is  boundary  is m uch m ore con troversia l 
because  o f  Ihe p redom inan tly  en d em ic  fau n a . W e 
Iried  to  d e f in e  th is  boundary  based  on  b io stra tig ­
raphy  and Ihe even t levels in am m o n ite  and 
in o ceram id  e v o lu tio n . T h e  la tte r g iv es an add i­
tional fram ew ork  fo r th e  e s tab lish m e n t o f  bio-



/.ones an d  the  d e fin itio n  o f  ihe  s tra lig rap h ica l 
boundaries.

T h e  m ain  am m o n ite  c rite rio n  for the  T u ron ian  
- C o n ia c ia n  stage  bou n d ary  in F ar E ast R ussia  is 
ihe F A D  o f  P a ch yd esm o cera s n tfh o en se  
M a ts u m o to .  T h is  boundary  lies b e tw een  Ihe 
LA D  o f  Subprionncyclus  sp .. an d  ihe  F A D  o f 
rep resen ta tives  o f  the  co sm o p o litan  C on iac ian  
genera F orresteria  an d  P eroniceras.

The T /C  boundary  a lso  m arks a significant 
change in the tax o n o m ic  co m p o sitio n  o f  the 
am m onite assem blages, involv ing  the appearance 
of new  m orphotypes. F o r exam ple . Ihe thick- 
shelled Pachydesm oceras m ihoense, w ith  high 
strong r ib s . rep laces the th in-shelled  Late T uronian

planulatiform e , w ilh  num erous faint ribs anti 
constrictions. T h e  appearance o f  coarser elem ents 
during the C oniacian  a lso  characterized  Ihe rep re­
sentatives o f  the genus G audryceras, e.g . G. 
denseplicatum  (JlMRO). In add ition , ihe C oniacian 
is marked by the appearance o f  a new  Scaphites 
assemblage. T he C oniacian  species o f  Scaphites 
differ from  the T u ron ian  species in the ir larger 
shells and m ore com plex o rnam entation . Som e o f  
them are very  sim ilar to  E uropean  an d  N orth  
American C on iac ian  taxa. F o r ex am p le . Sc. ohscu- 
rus A la r l s h e v  is very  sim ilar to  S c . gein itzii 
d 'O rb icn y  and Scaphites corvensis  C o b b a n . Sc . 
puerculus (Jim bo) c losely  resem bles S. preventri-

i Armionoids 
I n o c e r a m i d s

Hg. 7. Chart of Ihe change in inoccramkt ami ammnnoid taxono 
nic ifiversity as recorded in ihe I  pper Ccnoinaman through l.p- 
xr Coniacian succession I Ik- Pacific coast succession of Russia

cos u s  C o b b a n . T he T uron ian  -  C oniacian  succes­
sions o f  the N orth  Pacific  p rovince are generally  
characterized  by the dom inance  o f  the hctero- 
m orph  am m onites. M any co sm o p o litan  genera 
w ere w idespread here during  th is tim e , including: 
Scaphites. Scalarites. W nrthoceras, Bostrycho- 
ceras, N ipponites, Sciponoceras, Neancyloceras  
and H yphantoceras. H ow ever, by the  beginning of 
the S an ton ian , the heterom orph  am m onite  d iversi­
ty w as very  lo w , and ihe non-heterom orph  e le ­
m ents had becom e the dom inant e lem en ts in the 
am m onite assem blages.

T he T /C  boundary  is a lso  m arked  by d istinc t 
ch an g es in th e  taxonom ic d iv e rsity  o f  the inoce- 
ram id  assem b lag es (T ex t-fig . 7 ).

A t the base  o f  the C o n iac ian  in the s tud ied  
a re a s  the re  is a p red o m in an ce  o f  the  sm all fo rm s 
o f  Inoceram us uw ajim ensis  Y h h a r a  and o th e r 
spec ies  o f  th is  g ro u p . T h e  u p p er p a rt o f  the 
C o n iac ian  su ccess io n  is c h a rac te rize d  by th e  p re ­
d o m in an ce  o f  the  la rge  fo rm s o f  inoceram ids o f  
th e  / .  uw ajim ensis  an d  I. m i hoe m is  g ro u p s.

S U M M A R Y  A N D  C O N C L U S IO N S

T uron ian  - C o n iac ian  d e p o s its  a re  w idespread  
w ith in  Ihe P ac ific  p a lae o b io g eo g rap h ic  R ealm , 
an d  they  h av e  y ie ld ed  n u m ero u s faunal records. 
T h ese  reco rd s  p rov ided  the  fram ew o rk  fo r later 
d e ta iled  in v e s tig a tio n s  w ith  the  aim  o f  defin ing  
th e  T /C  boundary  an d  d ev e lo p in g  Ihe present 
am m o n ite  an d  in o ceram id  zona l sc h em e s. As 
a  resu lt o f  f ind ing  som e co sm o p o litan  tax a . we 
w ere  ab le  to  co rre la te  Ihe s tud ied  seq u en ces 
ap p ro x im ate ly  w ith  th o se  in o th e r reg io n s  o f  the 
w orld . In ad d itio n , the  c r ite r ia  fo r the  reco g n itio n  
o f  the  p o sitio n  o f  the T /C  boundary  in F ar Easl 
R ussia  w ere id en tified . S tu d y  o f  the evo lu tionary  
d ev e lo p m en t o f  the N orth  P ac ific  am m o n ite s  and 
in o c eram id s  h as  su p p o rted  the  p ro p o sed  position  
o f  Ihe b o u n d ary .

In su m m a ry , zo n a l su b d iv is io n  o f  ihe 
T u ro n ian  -  C o n iac ian  successions in F ar East 
R ussia  (S akhalin ) and N orth -E ast R ussia  has been 
e s tab lish ed  by m eans o f  am m onites and inoce­
ram ids. T he m ain  com posite  c r ite r ia  for ihe d e f i­
n ition  o f  the  T /C  bou n d ary  in Ihe R ussian  Pacific 
C o ast are the fo llow ing  taxa: Inoceram us uw aji­
m ensis  Y e h a r a  and P achydesm oceras m ihoense  
M a ts u m o to .  T h e  T /C  b o u n d a ry  is s itu a te d  
b e tw een  the L A D  o f  Subprionocyclus  sp, and 
Jim hoiceras p lanu la tiform e  (JiMBO) and th e  FA D



o f  F orresteria (F .) a lluaud i M a t s l m o t o  and 
Peroniceras  sp . O u r resea rch es on  am m o n ite  and 
inoceram id palaeo b io g eo g rap h y  have h igh ligh ted  
the p redom inance o f  endem ic  tax a  w ith in  the tw o  
T uron ian  -  C on iac ian  dcpositiona l areas o f  the 
R ussian  P acific  C oast (F ar E ast R ussia  and N orth 
East R ussia), and have a lso  iden tified  som e d if­
ferences in the taxonom ic co m p o sitio n  o f  the 
assem b lages betw een  these  tw o  areas . T he la tte r 
d iffe rences cau sed  th e  necessity  o f  estab lish ing  
tw o  independen t local zonal schem es. H ow ever, 
these local schem es can  be read ily  co rre la ted  w ith  
on e  ano ther, and they  co llec tiv e ly  co rresp o n d  to 
the zonal schem e used in Japan  (T ex t-fig . 6 ).

T he evo lu tion  o f  the N orth  P acific  am m onites 
and inoceram ids du rin g  the T uron ian  S antonian  
interval fo llow ed the  sam e stages o f  post-crisis 
developm ent a s  found  in o ther periods o f  the Late 
C retaceous. A fter the C enom anian  -  T uron ian  
boundary m ass ex tin c tio n , the su rv iva l interval 
lasted  th roughou t the Early T u ro n ian . w ith  the 
subsequent recovery  interval spann ing  the m id- to 
Late T u ro n ian . T he m axim um  diversity  o f  both 
groups w as in the Late T u ron ian  (T ext-fig . 7). 
w hich corresponded  to  a phase o f  ac tive rad iation . 
T he T /C  boundary  b io -even t w as m arked  by the 
appearance o f  new am m onite  m orpho types and by 
som e reduction  in th e ir  taxonom ic d iversity . This 
is the stage o f  nom ism ogenesis in am m onite  e v o ­
lu tion  (W a u .isfr  1995). T he inoceram id d ev e lo p ­
ment w as slightly  d iach ronous in com parison  w ith 
that o f  the am m onites. T he C retaceous inoce­
ram ids exh ib it the ir m axim um  taxonom ic d iv e rs i­
ty at the beg inning  o f  a regressive cycle . By this 
tim e, the am m onites have a lready  lost the ir taxo ­
nom ic d iversity , because C retaceous am m onite 
d iversity  m axim a usually  co inc ided  w ith the p eri­
od  o f  peak transg ression . C onsequently  th e  inoce­
ram ids passed from  the rad ia tion  event to  the stage 
o f  nom ism ogenesis in the  m iddle o f  the  T uron ian  
a  little la ter then the am m onites (T ex t-fig s. 7).

The p resen t researches perm it intra- and inter­
regional correla tion  o f  the R ussian  Pacific Coast 
successions o f  the N orth Pacific  P rov ince , an d  also 
long-range d irect co rre la tion  betw een  that region 
and the  European and M editerranean Realm s.
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PLATE 1

I - In o c e r a m u s  hobetsensis  N a g a o  &  M a ts i .m o to ,  N o. 3 4 /12580; 
/. hobetsensis  Z o n e , M idd le T u ro n ian . N -E  R u ssia . P e n /h in a  G u lf  
co a s t, lo c . 55

2 -In o c e ra m u s  a ff. cuvieri S o w e rb y , N o . 37 /1 2 5 8 0 ; / .  hobetsensis  
Z one. M idd le T u ro n ian . N -E  R u ssia , P e n /h in a  G u lf  c o a s t, loc . 54

3 -  Inoceram us  c f .  cap iia ius  Z o n o v a ;  / .  hobetsensis  Z o n e , M idd le  
T u ro n ia n . N -E  R u ss ia . P e n /h in a  G u lf  c o a s t, lo c . 53





PLATE 2

1 -  Inoceram us nuceus  Z o n o v a ,  N o. 4 9 /1 2 5 8 0 : / .  m ultiform is  Z one .
U pper T u ro n ian . N-F. R u ssia , K arm aliv ay am  R iv er, lo c .77

2 -  Inoceram us m ultiform is  PERGAMUNT. N o. 45 /12580 : /. m ultiform is
Z o n e . U p p er T u ro n ian . N -E R ussia , N ik lekuyu l R iv er, loc . 631

3-5  -  Inoceram us tesh ioensis  N a g a o  & M a ts u m o to
3 - S p e c im e n  4 7 /1 2 5 8 0 ; / .  m u ltifo rm is  Z o n e . U p p e r  T u ro n ia n ; 

N -E  R u ssia . P o v o ro ln ay a  R iv e r , loc . 8
4 - S p e c im e n  4 8 /1 2 5 8 0 ; / .  m u ltifo rm is  Z o n e . U p p e r  T u ro n ia n ; 

N -E  R u ssia . P e n z h in a  G ull' c o a s l. lo c . 0 1 0
5 -  S pecim en  228 /1 0 6 9 3 : / .  teshioensis M . incertus  Z o n e . U pper

T u ro n ian ; S ak h a lin . K um a R iv e r. N aib a  R iv e r  v a lley , lo c . 26

6-7  -  Inoceram us v e n ts  P e r g a m h n t ;  / .  uw ajim ensis  Z o n e , L ow er 
C o n iac ian . N -E  R u ssia . A sg ich n iv ay am  R iv er, loc. 0 5 /2

6  -  S pecim en  42 /12580
7 -  S p ec im en  43 /12580

8 - In o c e ra m u s  a ff . m ultiform is  P e rg a m f .n t ,  S p ec im en  46 /1 2 5 8 0 ;
I. tesh ioensis  -  M . incertus  Z o n e , U pper T u ro n ian , S akhalin , 
K um a R iv er. N a ib a  R iver v a lley , loc . 26





PLATE 3

1 -  Inoceram us nuceus  Z o n o v a ,  N o. 51 /1 2 5 8 0 ; / .  m ultiform is  Z one . 
U p p e r T u ro n ian , N -E  R u ssia . K an n a liv a y am  R iv er, lo c . 77

2-7  -  Inoceram us m irolubovi Z o n o v a .  / .  m ultiform is  Z o n e . U pper 
T u ron ian

2-6 -  S pecim ens 5 8 -6 2 /1 2 5 8 0 , N -E  R ussia , K an n a liv ay am  R iver, loc . 77
7 -  S pecim en  6 2 /1 2 5 8 0 , P c n /h in a  G u lf  c o a s t, loc . 09

8  -  Inoceram us uw ajim ensis  Y e h a r a .  N o. 2 6 /8 3 3 5 . /. uw ajim ensis
Z o n e , M idd le C o n iac ian , S ak h a lin . B o lshaya  O rlo v k a  R iver





PLATE 4

1-2 -  Inoceram us kaw ashila i N’ODA, 1 -  N o. 2 /1 2 5 7 5 ,2 -  N o. 274/10693; 
/. m ihoensis  Z one . U p p er C on iac ian . S akhalin . K rasnoyarka R iver, 
N aiba R iver valley , loc. 84

3 -  Inoceram us  a ff. apica lis  W o o d s . N o. 5 5 /1 2 5 8 0 ; /. m ultiform is  
Z o n e . U pper T u ro n ian . N -E R u ssia . P e n /h in a  G u lf  c o a s t, T ru b a  
sp rin g , lo c . 64 a





PLATE 5

1 -  Inoceram us uw ajim ensis chyrvoensis  Z o n o v a .  N o. 8 /12025 :
/ .  uw ajim ensis  Z o n e , N -E  R u ss ia . G o lo d n y i s lre a c y , P en zh in a  R i­
v e r  V alley , loc . 108

2-4  -  Inoceram us m ihoensis  M a ts u m o to ;  /. m ihoensis  Z o n e , U pper 
C o n iac ian . S ak h a lin . N aiba R iver v a lley . lo c . 551

2 -  S p ec im en  1/12575
3 - S p ec im en  10/12575 
4  -  S pecim en  6 /1 2 5 7 5





PLATE 6

1 , 9 -  Inoceram us to lm a tchev i  Z o n o v a ;  / .  uw ajim ensis  Z one , 
L o w er C o n ia c ia n , N -E  R u ssia , U g o l’n ay a  B ay . lo c . 85 /3

2, 8 , 10 -  Inoceram us uw ajim ensis  Y e h a r a ;  / .  uw ajim ensis  Z one . 
L o w e r  C o n iac ian

2 -  lo c . 5 4 0 , N -E  R u ss ia . K o ry ak  U pland  
8 - N o .  131/12765; I. uw ajim ensis  Z o n e . L o w er C o n iac ian .

S ak h a lin , M alaya O rlo v k a  R iv er, lo c . 44 
1 0 - N o .  130 /12765 , /  uw ajim ensis  Z o n e . L o w er C o n iac ian . 

S ak h a lin . К ho e  R iver

3 -5  -  Inoceram us subgein itzianus  Z o n o v a
3 - N o .  11 /8335 , / .  uw ajim en sis  Z o n e , L o w e r  C o n ia c ia n , 

S ak h a lin , A g n ev o  R iv er, lo c . 13 Id
4  N o . 9 /8 3 3 5 ; I. u w a jim en sis  Z o n e . L o w e r  C o n ia c ia n , 

S ak h a lin , A gnevo  R iv e r , lo c . 13 Id 
5 - N o .  1 0 /8 3 3 5 , / .  u w a jim en sis  Z o n e , L o w er C o n ia c ia n , 

S ak h a lin . B o lsh ay a  O rlo v k a  R iv e r , loc . 216

6 -  In o cera m u s u w a jim en sis  ch iro vo en sis  Z o n o v a ,
/ .  u w a jim en sis  Z o n e , L o w e r  C o n ia c ia n , N-F. R u s s ia , 
Pen/.h ina R iver V alley , loc . 108

7 -  Inoceram us krish to fovich i Z o n o v a ; / .  uw ajim ensis  Z o n e ,
L o w er C o n ia c ia n , N -E  R u ss ia . Pen /.h ina R iver V a lley , loc. 
108





PLATE 7

1-2 -  R om aniceras ( Yubariceras) ornalissim um  ( S to l i c z k a )
1 S p ec im en  1 2 693 . R om aniceras  ( Y ubariceras) ornalissim um  

S u b zo n e , M idd le  T u ro n ia n . S ak h a lin , N aiba R iv e r , lo c . 38
2  -  S p ec im en  3 /1 2 6 3 2 : R om aniceras  ( Yubariceras) ornalissim um

S u b /o n e .  M id d le  T u ro n ia n ,  S a k h a l in , P o ly a k o v k a  R iv e r , 
G aste llo v k a  R iv er V a lley , lo c . 1091





PLATE 8

1 -S c a la r iie s  venustutn  Y a b e , N o. 38 /11799 ; Jim boiceras p lanula ti-
fo rm e  Z one , U pper T u ro n ian . N -E  R ussia . P en/.hina G u lf  C oast

2  -  Scalariies sca la r  is J im b o , N o. 30 /1 1 7 9 9 : Jim boiceras p lanula ti-
fo rm e  Z o n e . U pper T u ro n ia n . N -E R u ssia . P en zh in a  G u lf  C oast

3 -  H yphantoceras  c f . reussianum  ( S c h lO t l r ) .  N o. 2 9 /1 1799: Jimbo-
it eras p lanu la tiform e  Z o n e , U pper T u ro n ia n , N -F  R u ssia , P en /h i-  
na  G u lf  C oast



• 
1



PLATE 9

1,10 -  Scaph ites  c f . p errin i A n d e r s o n ,  9  -  N o . 32 /1 1 7 9 9 : 
Scaphites p la n u s  Z o n e . L o w er T u ro n ian , N -E  R u ssia , 
P en zh in a  G u lf  C o a s t,  lo c . 320

2 - 3 ,7 - 8 ,  11 -  Scaph ites p seud o a eq u a lis  Y a b e ; 7 -  N o. 50 /1 1 7 9 9 ;
Scaph ites p lanus  Z o n e . L o w er T u ro n ia n , N -E  R ussia . 
P e n /h in a  G u lf  C o a s t, loc . 320

4 -S c a p h ite s  (Sca p h ites) p la n u s  Y ab e ; Scaph ites p lanus  
Z o n e , L o w er T u ro n ian , N -E  R u ssia , P en/.hina G u lf  co a s t, 
loc . 320

5 -6  -  Scaphites (Scaph ites) g ra c ilis  Y a b e . 5 -  N o. 3 1 /1 1799: 
Scaphites p lanus  Z o n e , L o w er T u ro n ian . N -E  R ussia. 
P en zh in a  G u lf  C o a s t, lo c . 320

9  -  Scaphites  (O toscaphites) tesh ioensis  (Y a b e ) ; Scaphites  
p lanus  Z o n e , L o w e r  T u ro n ian , N -E  R u ssia . P enzh ina  G u lf  
co a s t, loc . 320

12 -  Scaphites { YezoJies) p uercu lus  (Jim bo); Scaphites planus
Z o n e , L o w er T u ro n ian , N -E  R ussia . P en/.hina G u lf  coast, 
lo c . 320

13 -  G audryceras tenu ilira tum  Y ab e ; Scaphites p la n u s  Z one ,
L o w er T u ro n ia n , N -E  R u ss ia , P en zh in a  G u lf  c o a s t.  
A sg ich n iv ay am  R iv er, lo c . 05-a





PLATE 10

1-4, 9  -  Scaphites  (O toscaph iles) tesh ioensis  (Y a b e ) ; 4 . 9  -  Jimboice- 
ra.s planulatiforme  Z o n e . U p p er T u ro n ian . N -E  R u ssia . P enzh i- 
na  G u lf  C o a s t. A sg ich n iv ay am  R iv er. Iocs. 0 5 .  3 2 0 ; 1. 3 -  ju ­
venile  fo rm  Scaphites  sp p . Z o n e . L ow er C o n iac ian , N -E  R us­
s ia . O m u ln a y a  R iv er. P en zh in a  R iv er V alley , loc , 35

5 , 6 -  Sca p h itesp seu d o a q u a lis  Y a b e . Scaphites p lanus  Z o n e . L ow er 
T u ro n ia n . N -E  R u ssia . P en zh in a  G u lf  C o a st, A sg ichn ivayam  
R iv er, 1 1 -  lo c . 2088 ; 12 -  loc . 320

2 , 7 , 8 -  Scaphites  ( Y ezt/iftrs) p uercu tus  (Jim bo)
2 - L o w e r  C o n iac ian . Scaphites  spp . Z o n e . O m u ln ay a  R iver.

P en zh in a  R iv er V a lley , lo c . 35
7 -  S ca p h ite s  p la n u s  Z o n e , L o w e r  T u ro n ia n .  N -E  R u ss ia .

P enzh ina  G u lf  C o a s t, lo c . 65 
8 - N o .  4 9 /1 1 7 9 9 ; L o w e r  C o n ia c ia n , S ca p h ite s  sp p . Z o n e , 

U g o l 'n a y a  B ay , loc . 14a .

10-11 — G audryceras ten  u ilira ttn n Y
10 S p ec im en  3 2 /1 2 7 6 9 ; Jim M ict/rux  m ihaense  Z o n e . C o n iac ian , 

S ak h a lin . N aiba R iv er, loc . 551
I I -  S p ec im en  9 /1 2 6 3 2 ; Scaphites planus  Z o n e . L o w er T u ro n ian , 

N -E  R u ssia . O m g o n  C ap e

12  -  T etragonites glabrunt (Jim bo); J im bo iceras p lanu la tiform e  
Z o n e . U p p er T u ro n ian , N -E  R u ssia . P en zh in a  G u lf  C oast. 
A sg ich n iv ay am  R iv er, loc . 03 /2





PLATE II

1 -  Jim boiceras p lanu la tiform c  (Jim bo); J im bo iceras p lanu la liform e  
Z o n e . M id d le  T u ro n ia n ,  N -E  R u s s ia ,  P e n z h in a  G u lf  C o a s t,  
A sg ich n iv ay am  R iv e r, lo c . 148





PLATE 12 

/b J y y U a -o c c tr a *
1-2 -  Л ш Ы й т г м  m ih o e m t' M a ts u m o to ,  I -  N o . 3 9 1 /1 0 6 9 3 ,

2 -  N o .3 1/12769; w nuhoensc  Z o n e ,C o n ia c ia n , S ak h a­
lin , N a ib a  R iv er, Iocs. 5 5 1 , 550





PLATE 13

1 -  G a u d rycera s detisep lica tu m  J im b o . N o . 5 /1 2 6 3 2 ; F o rresteria
a lluaud i S u b zo n e . M idd le  C o n iac ian . N -E  R u ssia . K oryak  U p lan d . 
M e lk ay a  R iv e r , lo c . 3050

2 -  P achydesm oceras m ihoense  M a ts u m o to ;  P achydesm oceras m iho-
ense  Z o n e , C o n iac ian . S ak h a lin . N aiba R iv er, loc . 550





PLATE 14

1 -  N eancyloceras  a ff . pseudoarm atum  S c h iX .te r ,  N o. 2 5 /1 1794; Jim -
bo iceras p la n u la tifo rm e  Z o n e , U p p er T u ro n ian . N -E  R u ssia . Pen- 
zh in a  G u lf  C o a s t, lo c . 31

2 -  G audryceras densep lica tum  Jim bo; Jim boiceras p lanu la tiform e
Z o n e . U p p e r  T u ro n ia n , N -E  R u s s ia , P en zh in a  G u lf  C o a s t,  
A sg ich n iv ay am  R iv e r, lo c . 145




