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Ab st ra ct  

Li tho- ,  b io - ,  an d  ch emo s t r a t ig r aph y  o f  th e  Cr e taceo us  fo r ear c  b as in  

s ed imen ts  ex po sed  in  Ho kk a ido ,  nor th er n  J ap an  a l lo w a  syn th es is  o f  th e f aun a l ,  

s ed imen to lo g ica l ,  an d  env i ro nmen ta l  h i s tory  of  th e  nor th- w es t  P ac i f ic  marg in .  

A l th oug h th e  su cces s ion ,  n amed  th e  Ye zo  Gro u p,  h as  y ie ld ed  an  ab und an t  r eco rd  o f  

m id -  to  l a te  Cr e taceou s  in v er tebr a tes ,  a  mono to no us  l i tho logy  o f  s and s to n e and  

mu ds ton e ,  sho w ing  o ccas io n a l  l a te r a l  f ac ies  ch ang e ,  h as  cau sed  conf u s ion  r eg ard ing  

th e  l i th os t r a t igr ap h ic  n o men c la tur e .  Based  o n  ou r  w id e  a r ea l  map p ing  of  th e  

s equ en ce ,  and  an a ly s i s  of  l i tho-  and  b iof ac ies ,  a  n ew  l i th os t r a t ig r ap h ic  s ch eme fo r  

th e  Ye zo  G rou p i s  p rop osed . In  a scend ing  or de r,  th e s ch eme i s  as  f o l lo w s : th e  

So ash ib e tsug aw a Fo r mat io n  ( Low er  A p t ian  mu ds ton e  un i t ) ;  th e  S hup arog aw a  

For mat ion  ( Lo w er  A p t ian– low er  U pp er  A lb ian  s and s ton e- do min an t  tu rb id i te  u n i t) ;  

th e  Maru y ama F or mat io n  ( lo w er  Upp er  A lb ia n  tu f f aceou s s and s to n e un i t ) ;  th e  

H ik ag eno saw a Fo r mat ion  ( Up p er  A lb ian – Midd le  Cen o man ian  mu d s ton e-do min an t  

un i t) ;  th e  S aku  F or mat io n  ( Midd le  Ceno man ian –Up p er  Tu r on ian  s and s to n e- co mmon  

tu rb id i te  un i t ) ;  th e  K ash ima  F or mat ion  ( U pp er  Tu ron ian– Lo w er  Camp an ian  

mu ds ton e-do min an t  un i t ) ;  and  th e  H ako bu ch i  F or mat ion  ( Lo w er  

Camp an ian – P a laeo cen e  sh a l low - mar in e s an ds to ne- co ng lo mer a te un i t ) .  In  ad d i t io n ,  

w e  d es ig n a te  two  fu r th e r  l i th o s tr a t igr ap h ic  u ni t s ,  th e  Mik asa  Fo r mat io n  ( Up p er  

A lb ian– Tu ron ian  sh a l low -mar in e  s and s ton e-d o min a ted  u n i t)  and  th e  H abor og aw a  

For mat ion  ( Mid d le  Tu ro n ian– Camp an ian  sh e l f  mud s to n e /sand s to n e un i t ) ,  wh ich  

co rr esp ond  to  th e  au to chr ono u s p a ir s  o f  th e  sh a l low er  f ac ies  of  th e  S aku  an d  
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K ash ima  fo r mat io ns ,  r e sp ec t iv e l y.   

D esp i te  l ack  of  so - ca l led  ‘b lack  sh a les’ ,  b ecau se  o f  s i l i c ic la s t ic  d i lu t io n ,  

our  s tr a t igr aph ic  in teg r a t io n  h as  r ev ea led  th e  h or izon  o f  o cean ic  an ox ic  ev en ts  

(O A Es)  in  th e  Ye zo  Gro up .  OA E1 a  hor izon  in  th e  So ash ib e t sug aw a  For mat ion  i s  

ch a r ac ter ized  b y  a  l ack  o f  f or amin i f er s ,  macr of os s i l s  and  b io tu rb a t ion ,  and  a  

pro min en t  po s i t iv e  ex cur s io n  o f  δ1 3 C o r g .  A s ign i f ican t  h ia tu s  du r ing  th e  la te  A p t ian  

an d  ear ly  A lb ian  r emov ed  OA E1b  h or izon .  OA E1 c  ho r izo n  in  th e  Maruy ama  

For mat ion  sh ow s  a  d i s t in c t  n eg a t iv e  ex cu rs ion  of  δ1 3 Co r g  w i th  a  con co mi tan t  h igh  

prod u c t iv i ty  o f  r ad io la r ian s .  OA E1d  h or izon  in  the  midd le  p ar t  o f  th e  H ik ag eno saw a  

For mat ion  con s i s ts  of  w eak ly - lamin a ted ,  py r i te - r ich  mud s to n e .  P lank to n ic  an d  

ca lca r eou s  b en th ic  f or amin i f er s  a r e  ab sen t ,  w h er eas  r ad io la r ian s  a r e  ab und an t  ab ov e  

OA E1d hor izon .  Th e  mid- Ceno man ian  ev en t  ( M CE) h or izon  is  id en t if i ed  a t  th e  to p  

of  th e  H ik ag eno saw a  F or mat ion .  S tep -w ise  ex t in c t ion  of  ca lca r eo u s  b en th ic  

for amin if e rs  an d  a  d ec r ease  in  r ad io la r ian  d iv er s i ty  b eco me app ar en t  abo v e th e  MCE  

hor izon .  I n  th e  s tudy  a r ea ,  O A E2  ho r izon  h as  b een  w e l l  do cu men ted ,  and  i s  p laced  in  

th e  midd le  p ar t  o f  th e  S ak u  F or mat io n .  

 

Keywo rd s :  Cr e taceou s ;  s t r a t igr aph y ;  Yezo  G rou p;  O A Es ;  P ac i f ic ;  f or ear c  b as in  
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1.  Int ro d u ct ion 

Kno w led g e of  Cr e taceou s o cean – c l ima te sy s tems pro v id es  impo r tan t  

in fo r mat ion  to  h e lp  un d er s tan d  a  fu tu r e w ar m gr een hou se  w or ld .  I n  p ar t i cu la r,  th e  

mid - Cr e taceou s  w ar ming  a rou nd  12 0–9 0 Ma,  enh an ced  by  a  h ug e  pro du c t ion  of  

ocean ic  c ru s t  and  p la teau s  in  th e  P ac if ic  an d  Ind ian  O cean s ,  b rou gh t  h ig h er  l ev e l s  of  

gr een hou se  g ases  and  h ig h  po lew ar d  h ea t t r an spo r ta t ion  ( e .g . ,  Lar so n , 199 1 a ,  b) .  

Th is  g lob a l  w ar ming  in du ced  an  u n iq u e d eep- ocean  c i r cu la t ion  an d  ex p an s io n  of  

an ox ic  con d i t io n s,  k no wn as  o cean ic  an ox ic  even ts  ( O A Es)  th a t r esu l ted  in  l a rg e  

tu rn ov er s  of  mar in e  b io ta  ( Leck ie  e t  a l . ,  2 002) .  Man y  p a laeon to lo g ica l  an d  

geo ch emica l  s tu d ies  of  O A Es  h av e  b een  co n du c ted  in  l an d  s ec t ion s  acr os s  th e  

Te th y an  r eg io n  ( e .g . ,  E rb ach er  e t  a l . ,  19 96 ) ,  o n  d eep- sea  cor es  f r o m th e  A t lan t ic  

(e .g . ,  Br a lo w er  e t  a l . ,  199 4 ;  Wi lson  and  Nor r i s ,  2001 ) ,  th e  A n ta r c t ic  ( e .g . ,  Br a lo w er  

e t  a l . ,  19 93 ) ,  and  f ro m equ a tor ia l  P ac if ic  r eg ion s  ( e .g . ,  S l i t e r,  1 989 ) ,  w h er eas  th er e  

i s  l i t t l e  in fo r mat io n  abo u t  Cr e taceou s  en v ir on men ta l  ev en ts  in  th e  N or th  P ac i f ic .  

Th e  Cr e taceo us  Ye zo  Gro up ,  exp o sed  in  cen t r a l  Hok k a id o ,  nor th er n  J ap an ,  

w as  p rob ab ly  d epo s i ted  a t  abo u t 35 –45 °N  ( Ho shi  an d  Tak ash ima , 19 99 ;  K od ama e t  

a l . ,  2 002 )  a lon g  a  w es tw ar d  subd u c t io n  marg in  in  th e  no r th - eas tern  A s ian  co n t in en t  

dur ing  th e  Cr e taceou s .  Th is  gr oup  con s i s ts  of  a  1 000 0- m- th ick  for ea r c  s ed imen ta ry  

s equ en ce  o f  s and s to n es  and  mu ds ton es  w i th  sub ord in a te  con g lo mer a tes .  Th is  fo r ear c  

bas in  is  ca l led  th e  Yezo  Bas in  (O k ad a ,  1 983 ) ,  ex tend ing  f ro m o ff shor e  of  n or th  

Hon sh u ,  th rou gh  Ho kk a id o ,  to  S ak h a l in  I s land ,  Russ ia  (F ig .  1 ) .  A s  th e  r o ck s  con ta in  
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ab und an t ,  w e l l- pr eserv ed  macr o-  an d  micr ofo s s i l s ,  man y  b ios t r a t ig r aph ic  s ch emes  

hav e  b een  es tab l i sh ed  ( Matsu mo to ,  19 42 ,  1 977 ;  Tan ak a ,  19 63 ;  Ob a ta  an d  F u tak ami ,  

1975 ,  Fu tak ami ,  1 982 ,  Tak e tan i ,  198 2 ;  Maed a ,  1986 ,  To sh imi t su  and  Maiy a ,  1 986 ;  

Mo to y ama e t  a l . ,  199 1 ;  K aw ab e  e t  a l . ,  199 6,  20 03 ;  Tak ash ima  e t  a l . ,  199 7 ;  

To sh imi t su  e t  a l . ,  19 98 ;  K aw ab e ,  2 000 ;  Wan i  an d  H ir an o . ,  200 0 ; Mo r iy a  an d  H ir ano ,  

2001 ;  A nd o  e t  a l . ,  2 001 ;  N ish i  e t  a l . ,  2 003 ) .  In  th e  la s t  d ecad e ,  ca rb on  i so top e  

ex cur s io ns  of  o rg an ic  ma te r ia ls  h av e  a l so  b een  r epo r ted  ac ro ss  th e  

Ceno man ian /Tu ron ian  b oun d ar y  ( OA E2)  an d  f ro m th e  u pp er  Low er  A p t ian  

(H aseg aw a  and  S a i to ,  1 993 ;  H aseg aw a,  199 5 ,  19 97 ;  A nd o e t  a l . ,  2 002 ,  2 003 ) .  

Mor eov er,  th e  th er mal  s t ru c tur e  of  th e  n o r th- w es tern  P ac i f ic  of  th e  A s ian  

co n t in en ta l  marg in  h as  r ecen t ly  b een  inv es t ig a ted ,  b ased  on  ox yg en  i so to p ic  

an a ly ses  ( Mor iy a  e t  a l . ,  200 3) .  Th ese  s tud ies  pro v id e  impor tan t  in fo r mat io n  o f  

Cr e taceo us  env i ro nmen ta l  ch ang e  and  f au n a l  tu r nov er  r e la ted  to  g lob a l  ev en ts  in  th e  

mid - la t i tud e  n or th -w es t  P ac i f ic .  

Ho w ev er,  th e  n o men c la tur e  of  th e  l i tho s tr a t igr aph ic d iv i s ion s in  th e  Ye zo  

Gro up  a r e  comp l ica ted  an d  d i f f e r  b e tw een  th e  i nv es t ig a ted  ar eas  w i th in  Ho kk a id o ,  

an d  s ev er a l  n ames  h av e  b een  u sed  syno ny mo us ly  f or  th e  s ame  l i tho s t r a t ig r aph ic  un i t .  

We ,  th e r efo r e ,  p r op ose  h er e  a  n e w,  syn th es ized  s tr a t igr aph ic  f r amew ork ,  in c lu d ing  

macr o-  and  mic rof os s i l  b io s tr a t igr ap h y,  b ased  on  ex ten s iv e  map p ing  o f  th e  en t i r e  

ar ea  in  th e  cen t r a l  r eg io n  o f  H ok k a ido .  Mo r eo v er,  w e  o rg an ize  th e  s tr a t igr ap h ic  an d  

geogr aph ic  d i s t r ib u t ion  of  O A E ho r izo ns  r ecor d ed  in  th e  Ye zo  Gr oup  u s ing  th e  n ew  

s tan d ard  s t r a t igr aph y.   
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- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -F ig .  1  n ea r  h er e  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

 

2.  Geo log ica l  s et t in g  

 Th e  Jur as s ic to  P a laeog en e  s equ en ces  ex po sed  in  th e  w es te rn  and  cen t r a l  

pa r t s  of  H okk a ido ,  no r th e rn  J ap an ,  ar e  b as ica l ly  d iv id ed  in to  th r ee N– S t r en d in g  

tec tono -s t r a t igr ap h ic  d iv i s io ns  ca l led  th e  O sh ima  ( Cr e taceou s  vo lcan ic  a r c  o n  a  

Jur as s ic  accr e t ion ar y  co mp lex) ,  th e  S or ach i– Yezo  ( Cr e taceou s– P a laeo cen e for ea r c  

bas in  an d  acc r e t io n ary  co mp lex) ,  and  th e  H id ak a  ( low er  P a laeo g en e  acc r e t ion ar y  

co mp lex )  b e l t s  f r o m w es t  to  eas t  (K imin ami  e t  a l . ,  198 6 ;  U ed a  e t  a l . ,  2 000 )  (F ig .  1 ) .  

Th ese  w er e  f or med  a lon g  a  w es tw ard -d ipp ing  su bdu c t ion  o f  th e  I zan ag i–K u la  P la tes  

und er  th e  eas tern  marg in  of  th e  A s ian  con t in en t  (e .g . ,  O k ad a ,  19 74 ) .   

Th e  S or ach i– Yezo  Be l t  con s i s t s  o f  a  coh er en t  su ccess ion ,  f ro m th e  

Hor ok an a i  Oph io l i t e  th rou gh  th e  S or ach i Gr oup  to  th e  Ye zo  G rou p (F ig .  2 ) ,  and  th e  

accr e t ion ary  comp lex es  o f  th e  Ido nn apu  an d  K amu iko tan  zon es  ( U ed a  e t  a l . ,  20 00 ;  

F ig .  1 ) .  Th e  H oro k an a i  Op h io l i t e  and  th e  low er  p ar t  o f  th e  So r ach i  Gr oup  r ep r esen t  a  

p iece  of  b asa l t i c  o cean ic  c ru s t  ( I sh izu k a ,  1 981 ;  Tak ash ima  e t  a l . ,  2 00 2 a) ,  wh i le  th e  

upp er  p ar t  o f  th e So r ach i  Gro up  i s  r epr esen ted  b y  sub aq u eou s  ca lc- a lk a l in e  an d  

a lk a l in e  vo lcano- sed imen tar y  s eq u en ces ,  sug g es t in g  an  o cean ic  i s lan d  ar c  s e t t in g  

(G i r ard  e t  a l . ,  1 991 ;  N i id a ,  199 2 ;  Tak ash ima  e t  a l . ,  20 02 b) .  Th e  Ye zo  G ro up  

co nf or mab ly  ov er l ie s  th e  S or ach i  Gr oup  and  compr is es  v er y  th ick  s an ds ton e  an d  

mu ds ton e  s eq u en ces .  Th e  s and  c las t ic s  o f  th i s  s equ en ce  w er e  d er iv ed  f r om  

Cr e taceo us  g r an i t i c  r o ck s  and  Jur as s ic  accr e t io nary  co mp lex es of  th e  O sh ima Be l t ,  
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wh ich  r ep r esen ts  a  con temp or an eou s  con t in en ta l  a r c  s e t t in g  ( K i to  e t  a l . ,  19 86) .  

A l th oug h  a  p a r t  o f  th e  H akob u ch i  Fo r mat io n  in c lu d es  th e  up p er  P a laeo cen e  in  th e  

Oyu b ar i  and  N ak a to nb e tsu  a r eas  ( And o  e t  a l . ,  20 01 ;  A nd o,  20 03) ,  th e  g eo log ica l  ag e  

of  th is  f or mat io n  r ang es  mos t ly  f ro m ea r ly  A pt ian  to  ea r ly  Maas t r ich t ian .  Man y  

h ia tu ses  ex is t  b e tw een th e  Camp an ian  an d  Maas t r ich t ian .  Th e s ed imen tar y  

en v ir on men t  o f  th i s  gr oup  sh ow s  an  eas tw ard- d eep en in g  f ac ies  t r en d ,  f ro m f luv ia l  to  

co n t in en ta l s lop e  ( F ig .  2 ) .  Th e  Yezo  Gr oup  i s  un co nf or mab ly  capp ed  b y  la te  Eo cen e ,  

non- mar in e  and  sh a l low - mar in e  s ed imen ts  of  th e  I sh ik ar i  and  Po ron a i  Gr oup s ,  o r  by  

youn g er  N eog en e  d epo s i t s .   

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -F ig .  2  n ea r  h er e  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

 

3.  St rat ig ra ph y  of  th e  Ye zo  Gro u p 

Li tho s tr a t igr ap h ic  no men c la tur e  fo r  th e  Ye zo  Gr oup  i s  v e ry  conf used .  

Va r io u s  d ef in i t io n s h av e  b een  p rop osed ,  d ep end in g  on  th e  ar ea  and  th e  r esea r ch ers ,  

becau se  th i s  gr oup  b as ica l ly  con s i s t s  o f  a  mon oton ou s  s equ en ce  o f  s an ds ton e  and  

mu ds ton e  an d  th e i r  a l t e rn a t ing  b ed s ,  w h ich  occas ion a l ly  exh ib i t  l a ter a l  f ac ies  

ch ang es .  Th e c r i t er ia  of  l i th o log ica l  bou nd ar ies  h av e  b een  d ef in ed  by  s and s to n e  

in te r ca la t ion s  and /or  d e ta i led  ch ang es  o f  the  s an ds ton e /mud s to n e  r a t ios  in  

a l te rn a t ing  b ed s .  Ho w ev e r,  o ur  s tud y  r ev ea ls  th a t  th e  Yezo  Gro up  thr oug ho u t  

Hok k a id o  is  b as ica l ly  ch ar ac te r ized  by  s ix  a l ter na t ion s  of  mu ds ton e-do min an t  un i t s  

an d  s and s to n e- co mmon  u n i t s ,  w i th  in ter ca la t io ns  o f  s ix  d i s t in c t  s t r a t ig r aph ic  k ey  

un i t s  (F ig .  2 ,  Tab le  1) .  Th e  r ev is ed  l i tho s tr a t i gr aph ic  d ef in i t ion s  p rop osed  in  th i s  
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pap er  a r e  a s  fo l low s ,  in  a scen d ing  o rd er  ( F ig s .  2 ,  3 ) :  th e  So ash ib e t sug aw a  F or mat io n  

(mud s to n e  un i t ) ;  th e  S hup aro g aw a  Fo r mat io n  ( s and s ton e- do min an t  tu rb id i te  u n i t) ;  

th e  Maru y ama Fo rmat ion  ( f e l s ic tu ff  an d  tu f f aceo us  s and s to n e un i t ) ;  th e  

H ik ag eno saw a  F or mat ion  ( mud s ton e- do min ant  un i t ) ;  th e  S aku  F or mat ion  

(s and s ton e- co mmo n  tur b id i te  un i t ) ;  th e  K ash ima  For mat ion  ( mud s to n e un i t )  and  th e  

H ako bu ch i  F or mat io n  ( sh a l low - mar in e  s and s to n e  u n i t) .   

We  a l so  r ecog n ize th e s an ds ton e- do min an t ,  ou te r - sh e l f  to  sh or ef ace  

Mik asa  F or mat ion  an d  th e  o v er ly ing ,  s an d y mud s ton e-d o min an t  ou te r - sh e l f  

H abo rog aw a  Fo r mat io n .  Th e  f or mer  i s  exp o sed  in  th e  Mik asa  a r ea,  and  th e  la t t e r  in  

th e  To mamae  and  Mik asa  ar eas  ( F igs .  2 ,  4 ,  5 ) .  Th e  g eo lo g ica l  ag es of  th ese  

for mat ion s corr espon d to  th e S ak u an d  th e K ash ima  F or mat ion s expo sed  in  th e  

Oyu b ar i  ar ea ,  r e sp ec t iv e ly  ( F ig .  2 ) .  A dd i t ion a l l y,  in  th e  s tudy  a r eas  w e  n ame  s ix  

s tr a t igr aph ic  k ey  un i t s  a s  K Y- 1  to  K Y- 6  c ons i s t ing  of  o l i s to s t ro me  (K Y- 1 ) ,  

tu f f aceou s  s an ds ton e  ( K Y- 2 ,  K Y- 4  to  6) ,  and  s ands ton e- con g lo mer a te  u n i t s  (K Y- 3 )  

(F ig .  2 ,  Tab le  1 ) .   

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Tab le  1 ,  F ig .  3  n ear  h er e  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

 

3.1 .  So ash ib e t su ga wa  Fo rm a t io n  ( r ed ef in e)  

 

D ef in i t ion .  Th is  fo rmat ion  i s  ch ar ac te r ized  by  a pr edo min an ce  o f  d a rk  g r ey  s i l i ceou s  

mu ds ton e ,  and  co rr esp ond s  to  th e  So ash ib e t sug aw a  Mud s to n e Memb er  o f  th e  

Shu p ar og aw a Fo r mat io n  of  Tak ash ima e t  a l .  (20 01)  ( F ig .  3 ) .  Tak ash ima  e t  a l .  ( 200 1)  
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def in ed  th e  memb er  a s  th e  b asa l  u n i t  o f  th e  Ye zo  Gr oup  b ecau se of  th e  l i tho f ac ies  

sh i f t  f ro m in  s i tu  vo lcan ic  and  vo lcan ic las t ic  ro ck s  of  th e  S or ach i  G ro up  to  

te r r ig enou s ,  d a rk  g r ey  mud s ton e  a t  th e  b ase  o f  the  memb e r.  A s  th e  memb er  i s  w id e ly  

tr aceab le  and  c lea r ly  d i s t in gu ish ab le f r o m o th e r  memb er s  ( s and s ton e- do min an t  

fac ies )  o f  th e  Sh up ar og aw a  Fo r mat io n  o f  Tak ashima  e t  a l .  ( 200 1) ,  w e  r ed e f in e  th e  

memb er  as  th e  b asa l  f or mat ion  o f  th e  Ye zo  Gro u p. 

 

Stra t ig ra ph ic  re la t ion sh ip .  Th is  fo r mat ion  co nfo r mab ly  o v er l ie s  th e  

Sh i r ik i sh iman a ig aw a  F or mat ion  o f  th e  So r ach i  Gro up . 

 

Typ e- sec t ion .  Th e  So ash ib e t su  Riv e r  s ec t ion ,  nor th ern  O yub ar i  a r ea  (F ig s .  4 ,  6 :  

s ec t io n  11 ) .  

 

L i th o log y .  Th e  fo r mat io n  co ns i s t s  of  d ar k  gr ey  p a r a l le l- l amin a ted  mud s to n e  w i th  

man y  in te r ca la t io n s  of  f e l s ic  tu ff  b ed s  (F ig .  7 A) .  Th e  lamin ae  a r e  co mp o sed  o f  f e l s ic  

tu f f  and  v er y  f in e- gr a in ed  s an d  lay e r s .  D eep- sea  t r ace- fo s s i ls ,  su ch  as  L o ren z in ia  

an d  Co smo rha ph e  ar e  fou nd  o ccas ion a l ly  in  th e  mu ds ton e .  Th e  tu ff  b ed s  ar e  wh i te ,  

ha rd  an d  g en er a l ly  1 0–3 0 cm th ick ,  th oug h so me  b eds  a t ta in  a  th ick n es s  o f  1–7  m .  

Th ey con ta in  f in e -gr a in ed ,  b ubb le -w a l l  g la s s  sh ard s  w i th  mino r  amoun ts  o f  

id io mo rph ic  f e ld sp ar  and  b io t i t e .   

 

Th ickn es s  an d  d i s tr ibu t ion .  Th e  f or mat ion  is  4 5 0–70 0 m  th ick  in  th e  eas ter n  p ar t  o f  
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th e  Oy ub ar i  ar ea ,  an d  no t  expo sed  in  th e  Mik asa  an d  To mamae  a r eas .   

 

Fo ss i l s  a nd  ag e .  No  macrof o ss i l s  h av e  b een  fo u nd  f ro m th i s  f or mat io n .  Rad io la r ian s  

occur  abu nd an t ly  th rou gho u t th e s equ en ce  o f  th i s  fo r mat io n ,  b u t th er e  ar e  n o  

ag e -d iagno s t ic  sp ec ies .  P lank ton ic  for amin if e r s  app ear  r ar e ly  in  th e  upp er  p a r t  o f  

th e  fo rmat ion  (F ig .  8 ) .  Th e  ea r ly  A p t ian  sp ec ies ,  L eupo ld in a  cab r i  ( S ig a l ) ,  o ccur s  

f ro m th e  upp er mo s t  p a r t  o f  th is  for mat ion  (S a i to  and  A ndo ,  200 0 ;  Tak ash ima  e t  a l . ,  

2001 ;  N ish i  e t  a l . ,  20 03 ) .  A gg lu t in a ted  b en th ic  fo r amin i f er s ,  su ch  as  Ba th ys ipho n ,  

a l so  o ccur  o ccas ion a l l y.   

 

D epo s i t iona l  en v i ro nm en t .  Mic ro fo ss i l  a s semblag es  and  d eep -sea  t r ace  fo ss i l s  

sug g es t  an  ab ys sa l  env ir on men t .   

 

3.2 .  Sh upa ro ga wa  Fo rm a t io n  ( r ed ef in e)  

 

D e f in i t ion .  Th is  f or mat ion ,  co rr espo nd ing  to  th e  To mi to i  and  Shu p aro g aw a  

For mat ion s  o f  Mo toy ama e t  a l .  (1 991 ) ,  is  d is t ing uish ed  f ro m th e  mu ds ton e- do min an t  

So ash ib e tsug aw a  For mat ion  by  th e  o nse t  o f  co mmo n  to  f r equ en t  in te r ca la t io ns  of  

s and s ton e  b eds .   

 

Typ e- sec t ion .  A lon g th e  S hu p aro  Riv er  s ec t io n ,  th e  cen tr a l  Oyu b ar i  ar ea  (F ig s .  4 ,  6 :  

s ec t io n  12 ) .  
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Stra t ig ra ph ic  re la t ion sh ip s .  Th e  Sh up arog aw a  For mat ion  con for mab ly  ov er l ie s  th e  

So ash ib e tsug aw a  Fo rmat ion  in  th e  Oyu b ar i  a rea ,  w h i le  th e  b asa l  p ar t  o f  th i s  

for mat ion  i s  no t  ex po sed  in  th e  To mamae  and  Mik asa  ar eas  b ecause  of  po or  

ex po su r e .  

 

L i th o log y .  Th e  Sh up ar og aw a  For mat ion  i s  ma in ly  co mp osed  o f  a l t e rn a t ing  b ed s  o f  

tu rb id i t i c  s an ds ton e  and  d a rk  gr ey  mud s to n e .  Th is  for mat ion  in co rpo r a tes  a  th ick  

o l i s tos t ro me  b ed  ( K ir ig i sh iy ama  O l i s to s t ro me  Memb er)  in  th e  mid d le  po r t io n ,  and  i s  

sub d iv id ed  in to  th r ee memb er s  a s  fo l low s :  th e  Refu r epp u S an ds ton e ,  K i r ig i sh iy ama  

O l i s to s tr o me,  an d  Oku sak a ino saw a  S and s ton e  and  Mud s ton e  memb er s ,  in  a scend ing  

ord e r  ( F ig s .  2 ,  6 ) .  

Th e  Refu r epp u  S and s to n e Memb er  con s i s t s  o f  a  v ery  th ick -  to  

med iu m-b edd ed,  s and s ton e-d o min an t  s equ en ce  in  th e  lo w er  p ar t  ( F ig .  7 B)  and  th in  

to  v ery  th in- b ed d ed ,  mud s ton e- do min an t  a l t er n a t in g  b ed s  in  th e upp er  p ar t .  I t  lo ca l ly  

co n ta in s  s lu mp  b ed s .  Low er  s and s ton es  ar e  s tr a t i f i ed ,  w e l l  sor ted ,  u su a l ly  r ang ing  

f ro m 10  to  50  cm th ick ,  and  o ccas ion a l ly  mor e  th an  1  m  th ick .  Th ey  ar e  turb id i te s  

sho w ing  th e  S3 – Tb - e  d iv i s ion s  of  Low e  (1 9 82) ,  w i th  man y  so le  mark s .  Th e  

s and s ton e /mu d s ton e  (S /M)  r a t io  in  th e  lo w er  p ar t  i s  abou t  5 /1 .  S an d s ton es  in  th e  

upp er  p ar t  a r e  l es s  th an  5  cm th ick ,  w i th  T c - e  d iv i s ion s ,  and  th e  S /M r a t io  i s  1 /2  to  

1 /5 .  Mud s to n es  in  th i s  memb er  a r e  un i fo r mly  le ss  th an  10  cm th ick ,  d ar k  gr ey  and  

w eak ly  b io tur b a ted .  In  th e  nor th er n  Oyu b ar i  ar ea ,  th i s  memb er  i s  do min a ted  by  
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sand s ton e  th ro ugh ou t  ( F ig .  6 :  s ec t io n  11 ) .  

Th e  K i r ig i sh iy ama  O l i s tos t ro me  Memb er  r ep r esen ts  an  o l i s to s tr o me  b ed  

co n ta in ing  hug e  a l lo ch tho nou s  b lo cks  of  mass iv e  s an ds ton e  ( <4 0  m  th ick) ,  

a l t e rn a t ing  b ed s  of  s and s ton e  and  mu ds ton e  ( <20 m  th ick)  an d  l imes to n e ( <6 0 m  

th ick)  in  a  mudd y  matr ix  ( F ig .  7 C) .  L imes ton e  o l is to l i ths  con s i s t  o f  co r a l ,  l a rg e  

for amin if e rs  (O rb i to l ina ) ,  ru d is t s  and  oo id s ,  con tamin a ted  w i th  p ebb les  of  ch er t ,  

g r an i te  and  s and s to n e .  Th e  w id th  and  th ickn es s  of  l imes to n e  o l i s to l i ths  i s  g r ea tes t  in  

th e  n or th e rn  Oy ub ar i  ar ea  w h er e  a  60 - m- th ick ,  s lab- sh ap ed  b lo ck  i s  con t inu ou s ly  

ex po sed  fo r  a  d is tan ce  of  3  k m in  a  N– S  d ir ec t io n  ( F ig .  4 ,  ar oun d  Mt .  K i r ig ish iy ama) .  

Th e  l imes ton e  o l i s to l i th s  th in  o u t  in  th e  To m amae  and  so u th er n  Oyu b ar i  a r eas .  

Ho w ev er,  th e  o l is to s tr ome  b ed  i s  w id e ly  t r aceab le  thro ug hou t  th e  s tu dy  a r ea  a s  a  k ey  

un i t  ( K Y- 1 )  ( F ig .  6 ) .  

Th e  Ok u sak a in o saw a  S an ds ton e  and  Mu ds ton e  M emb er  b as ica l ly  co mpr is es  

mu ds ton e-do min an t  a l t e rn a t ing  b ed s ,  an d  v a ry ing  th ickn es ses  of  s and s to n e,  f r o m 5  

to  50  cm d ep en d ing  on  th e  ar ea  ( F ig .  7 D ) .  S an d s to n es  ar e  turb id i t i c ,  ex h ib i t ing  T b - e  

s equ en ces  w i th  so le  mark s  and  nu merou s  p lan t  f r ag men ts ,  wh i le  th ick  s and s to n es  

sho w  th e  S1 - 3  d iv i s ion s  o f  Lo w e  ( 198 2) .  I n  the  Oy ub ar i  a r ea ,  in te r ca la t ion s  o f  

s and s ton e  b eco me co mmon  to  abu nd an t  in  th e  mid d le  p ar t  o f  th is  memb er  ( F ig .  6 :  

s ec t io n  11 ) .  Mud s ton es  a r e  b io tur b a ted  w i th  mo der a te  n umb er s  o f  tr ace  fo ss i l s .  

 

Th ickn es s .  Th e  f or mat ion  i s  app ro x imate ly  1 500  m  th ick  in  th e  typ e- sec t ion .  

Ho w ev er,  i t  ex h ib i t s  v ar iou s  th ickn es ses ,  r ang in g  f ro m 800  to  24 50  m .   
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Fo ss i l s  a nd  ag e .  Mu d s ton es  of  th e  Ref ur ep p u  S and s to n e  Memb er  y ie ld  a  f ew  

for amin if e rs  an d  co mmon  r ad io la r ian s ,  bu t  no  macro fo s s i l s  (F ig .  8 ) .  P lan k ton ic  

for amin if e rs  in c lu d e  th e  Up p er  A p t ian  sp ec ies ,  G lob ig er in e l lo id es  ba r r i  ( Bo l l i ,  

Lo eb l ich  and  Tap p an )  an d  G .  du bo is i  ( Ch ev a l ie r ) .  A gg lu t in a ted  an d  ca lcar eou s  

ben th ic  fo r amin i f er s  a l so  o ccur  o ccas io n a l l y.  Th e  Ok u sak a in o saw a  S an ds ton e  and  

Mud s to n e  Memb er  co n ta in s  abun d an t  r ad io lar ia ns  and  p lan k to n ic  for amin if e rs ,  w i th  

a  subo rd in a te pr opo r t io n  of  co mmo n agg lu t in a ted  an d  ca lca r eo us  b en th ic  

for amin if e rs .  Th e  U pp er  A lb ian  ammon o id ,  Mor ton icera s  cf .  g eo m etr icu m  S p a th ,  

occur s  in  th e  u pp er  p ar t  o f  th i s  memb er  (K aw ab e ,  2 000 ) .  Th is  memb er  a l so  in c lud es  

th e  t r an s i t io n a l in ter v a l f r o m th e Tic in e l la  p r imu la  p lank ton ic  f or amin i f er a  ( pf )  

zo n e  to  th e  low er  p a r t  o f  th e  Bi t ic in e l la  b re gg ien s i s  p f  zo n e ,  a ss ign ed  to  th e  

Lo w er – lo w er  Up p er  A lb ian  ( N ish i  e t  a l .  200 3 )  ( F ig .  8 ) .  A s ig n if ican t  h ia tu s  i s  

pr esen t  f ro m th e  Pla no ma l ina  ch en iou ren s i s  to  H ed b erg e l la  p lan isp i ra  zon es  of  

H ard enbo l  e t  a l .  ( 19 98) ,  app rox imate ly  11 5 .5 –1 08 .21 Ma ( 7  my r) .  I t  m igh t  h av e  b een  

er od ed  by  d ep os i t ion  o f  th e  K i r ig i sh iy ama  O l i s to s t ro me  Memb e r.  Th e  l imes ton e  

o l i s to l i th s  y ie ld  la rg e r  fo r amin i f er s  of  orb i to l in id s ,  e .g . ,  O rb i to l in a  l en t icu lar i s  

( Blu men b ach ) ,  and  i t s  ag e  i s  as s ign ed  as  La te  A p t ian– Ear ly  A lb ian  ( Matsumaru ,  

1971 ) .  

 

D epo s i t iona l  en v i ro nm en t .  L i tho logy  and  b en th ic  f or amin i f er a l  d a ta  sugg es t  th i s  

for mat ion  w as  d epo s i ted  on  th e  con t in en ta l  s lop e  ( e .g . ,  Mo to y ama e t  a l . ,  199 1) .  
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Ben th ic  for amin if e rs  of  th e  Refu r ep pu  S and s to ne  Memb er  and  th e  Ok usak a in osaw a  

S and s ton e  and  Mud s ton e  Memb er,  con s i s t in g  o f  sp ec ies  of  Ba th ys iph on ,  Ga ud ry in a ,  

G yro id ino id es ,  G a ve l in e l la  and  Nod osa r ia ,  in d ica te  th e  u pp er  b a thy a l  zon e  o r  

deep er  ( e .g . ,  S l i t er  and  Bak er,  1 97 2) .  Ho w ev e r,  th e  l imes ton es  o f  th e  K i r ig i sh iy ama  

O l i s to s tr o me  Memb er  a r e  co n s id er ed  to  h av e  b een  fo r med  on  a  ca rb on a te  p la t for m ,  

su ch  as  a  r immed sh e lf  a lo ng  th e  A s ian  co n t in en ta l  marg in  ( S ano ,  19 95) .  Th e  

o l i s tos t ro me  in d ica tes  th e  co l lap se  o f  th e  sh a l lo w  ca rb on a te  p la t for m  and  mix ing  

w i th  th e  b a th y a l  mud s ton e  ar oun d  th e  A p t ian /A lbian  bo un d ar y.  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -F ig .  4  n ea r  h er e  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

 

3 .3 .  Ma ru yam a Fo rm a t ion  

 

D ef in i t ion .  Th e  f or mat ion  is  d e f in ed  by  an  as semb lag e of  h a rd  f e l s ic  vo lcan ic las t ic  

s and s ton es ,  tu f fs  an d  as so c ia ted  co ng lo mer a tes  ( Mo to y ama e t  a l . ,  199 1)  ( F ig .  3 ) .  

Th is  f or mat ion  a l so  p ro v id es  an  ex ce l len t  s tr a t ig r ap h ic  mark er  ( K Y- 2) ,  ex tend ing  

th ro ugh ou t  Hok k a id o  ( Tab le  1) .  

 

Typ e - sec t ion .  A lo ng  th e  Sh up aro  Riv er  s ec t io n ,  cen t r a l  Oyu b ar i  a r ea  ( F ig s .  4 ,  6 :  

s ec t io n  12 ) .  

 

Stra t ig ra ph ic  re la t io nsh ip .  Th is  fo r mat ion  co n for mab ly  ov er l ie s  th e Sh up ar og aw a  

For mat ion .  
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L i th o log y .  Th is  for mat ion  i s  co mpo sed  of  tu f faceou s  s an ds ton e  b ed s  ( F ig .  7 E) ,  

lo ca l ly  acco mp an ied  b y  cong lo mer a tes  a t  th e  b ase .  Th e tu f f aceo us  s and s ton e  b ed s  

ar e  0 .3–2  m  th ick ,  wh i te  to  p a le  br ow n ,  s i l i ceo us  and  v er y  h ard .  Th ese  b ed s  h av e  

tu rb id i t i c  f ea tur es  o f  gr ad ed  to  p ar a l le l - l amin a ted  s eq u en ces  ( Tb - e )  an d  b asa l  r ip-u p  

mu ds ton e  c las t s .  Mic ro scop ica l l y,  th e s an ds ton es a r e co mpo sed  o f  p la ty  g las s  sh ard s ,  

sub or d in a te  id io mo rph ic  p lag io c lase ,  b io t i t e ,  qu ar tz  and  h orn b len d e .  Th e  tu f f aceo us  

un i t  v a r ies  f r o m 4  to  84  m  th ick  thr oug ho u t  th e  s tu dy  ar ea .   

Th e  co ng lo mer a tes  acco mp an y ing  th e  b ase  of  th i s  f or mat io n  a r e usu a l ly  

l e s s  th an  2  m  th ick .  Ho w ev e r,  in  th e  cen t r a l  p ar t  o f  th e  To mamae  a r ea ,  th e  to ta l  

th ickn es s  o f  th e  con g lo mer a t ic  b ed s  ex cep t ion a l ly  a t ta in s  a s  mu ch  as  9 00  m  (F ig .  6 :   

s ec t io n  10 ) .  Th e  con g lo mer a tes  a r e th ick -b ed d ed ,  po or ly  sor ted ,  and  c las t- su ppo r ted ,  

s tr u c tur e les s  or  ex h ib i t ing  R 3 – S1  d iv is ion s  o f  Lo w e  (19 82) .  Th e  con g lo mer a tes  

co ns i s t  ma in ly  of  sub ro und ed p ebb les - to- bou l de r s  o f  rh yo l i t e ,  w i th  sub ord in a te ,  

w e l l- rou nd ed  gr anu les  to  p ebb les  of  mud s to n e,  ch e r t  and  s i l i ceou s  mu ds ton e  in  th e  

To mamae  a r ea ,  w h er eas  in  th e  O yub ar i a r ea th ey  a r e co mpo sed  of  gr anu les  to  

pebb les  o f  ch er t ,  s an d s ton e ,  s i l i ceou s  mud s ton e  an d  l imes ton e .   

 

Th ickn es s .  Th is  f or mat ion  a t ta in s  th ick n es ses  of  180 –90 0  m  in  th e  To mamae  a r ea  

an d  4 –84  m  in  th e  O yub ar i  a r ea .  Th e  ho r izon  an d  th ickn es s  of  th i s  f or mat ion  a r e  

d i spu tab le  in  th e  Mik asa  ar ea  b ecau se  o f  po or  expo su r e .  
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Fo ss i l s  an d  ag e .  A l th oug h  no  p lan k ton ic  fo r amin i f er s  an d  macro fo s s i l s  h av e  b een  

ob ta in ed  f ro m th i s  for mat ion ,  r ad io la r ian s  (spu mel la r ian s)  o ccur  abun d an t ly  ( F ig .  

8 ) .   

 

D epo s i t iona l  en v i ro nm en t .  A bun d an t  vo lcan ic las t ic  ma te r ia l s  in  th i s  fo r mat io n  

sug g es t  th a t  hu g e ,  f e l s ic  v o lcan ic  e ru p t io ns  ep isod ica l ly  o ccu rr ed  a lon g  th e  w es ter n  

c i r cu m- P ac if ic /A s ian  co n t in en ta l  marg in .  Ma in  t r anspo r t ing  ch ann e ls  for  th e  

vo lcan ic  s ed imen ts  ar e  in f er r ed  to  h av e  b een  lo ca ted  in  th e  To mamae  a r ea .  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -F ig .  5  n ea r  h er e  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

 

3 .4 .  H ikag en osa wa  Forma t ion  

 

D ef in i t ion .  Th is  for mat ion  i s  d e f in ed  by  th e  p r ed o min an ce  of  d ark  gr ey  mud s to n e  

( Mo toy ama e t a l . ,  19 91 ;  F ig .  3 ) ,  a l tho ug h the r e a r e in ter ca la t ion s  of  a th in  

s and s ton e- do min an t  u n i t  ( K an a j i r i  S and s to n e  Memb er)  in  th e  lo w er  midd le  p a r t .   

 

Typ e - sec t ion .  A long  th e  H ik ag eno -saw a  Va l le y  s ec t io n ,  th e cen tr a l  O yub ar i  ar ea  

(F ig .  4 ) .  

 

Stra t ig ra ph ic  re la t ion sh ip .  Th e  fo r mat ion  ov er l ie s ,  co nf or mab l y,  th e  Maruy ama  

For mat ion .  
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L i th o log y .  Th e  do min an t  l i tho logy  of  th e  H ik ag eno saw a  F or mat io n  i s  d ar k  gr ey  

mu ds ton e  (F ig s .  6 ,  8F ) .  A th in  un i t  o f  a l t e r n a t ing  b eds  of  s and s ton e /con g lo mer a te  

an d  mud s to n e  ( K an a j i r i  S and s to n e  Memb er)  i s  in te r ca la ted  in  th e  low er  midd le  p ar t  

o f  th i s  fo r mat io n .  Th is  un i t  i s  u sed  as  a  s tr a t igr aph ic  mark e r,  th e  K Y- 3  (F ig .  2 ,  Tab le  

1) .   

Th e  lo w er  p a r t  o f  th is  fo r mat io n  i s  ch a r ac ter ized  by  w eak ly- lamin a ted  

mu ds ton e .  Th e  in te r ca la t ion s of  th in-b edd ed  f e l s ic  tu f f s  and  d i s ta l  tu rb id i t i c  

s and s ton es  sh ow ing  T c - e  d iv i s ion s  a r e  co mmon  in  th e  To mamae  an d  Mik asa  a r eas .  In  

th e  nor th er n  To mamae  a r ea ,  th ick-  to  v er y  th ick -b edd ed  sand s to n es w i th  S3 - Tb - e  ar e  

a l so  in te r ca la ted ,  ex cep t ion a l ly  ( F ig .  6 : s ec t io n  9) .  On  th e  o th er  h an d , r ar e  

s and s ton es a r e  in te r ca la ted  in  th e Oy ub ar i  a r ea .  Mud s to n es  in  th e upp er  p ar t  o f  th i s  

for mat ion  ar e  mod er a te ly  b io tu rb a ted ,  and  o ccas io n a l ly  w eak ly- lamin a ted .    

Th e  K an a j i r i  S an ds ton e  Memb er  i s  co mp osed  of  th ick -  to  v ery  

th ick- b edd ed ,  s and s to n e w i th  v ery  th ick -b ed d ed  co ng lomer a tes  in  th e  To mamae  a r ea ,  

wh er eas  th i s  memb er  in  th e  O yu b ar i  ar ea  is  th in-  to  med iu m-b edd ed ,  

mu ds ton e-do min an t  a l t e rn a t ing  b ed s  of  s an ds ton e  and  mud s ton e  ( F ig .  7G ) .  

S and s ton es a r e pro x imal (S 3 – Tb - e )  in  th e  f or mer  ar ea  and  d i s ta l  ( Td - e )  in  th e la t t e r.  

Th e  co ng lo mer a tes  ar e  w e l l- rou nd ed ,  p ebb les  to  gr anu les ,  exh ib i t ing  R 3 – S1 d ib i s ion s .  

Th e i r  co mpo s i t ion s  ar e  mo s t ly  ch e r t  w i th  mino r  s and s to n e ,  mu ds ton e  and  ig n eou s  

ro ck s .  Th e h or izon  and  th ickn ess  o f  th is  memb er  ar e  d i sp u tab le  in  th e  Mik asa  ar ea  

becau se of  poo r  exp osur e  an d  s car ce  f os s i l  d a ta .  
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Th ickn es s  a nd  d is t r ibu t ion .  1 90 0–2 600  m  th ick  in  th e  Oyu b ar i  a r ea ,  an d  19 00 –20 00  

m  th ick  in  th e  To mamae  a r ea .  Th e  th ickn es s  in  the  Mik asa  ar ea  i s  u n cer ta in  b ecau se  

of  po or  ex po su r e .   

 

Fo ss i l s  an d  ag e .  Th e  o ccurr en ce  of  macro fo s s i l s  ( ammo no id s  and  in o cer amids )  

beco mes  co mmo n  abov e  th e  lo w er  p ar t  o f  th i s  f or mat io n  (F ig .  8 ) .  Th e  la te  

A lb ian– mid d le  Cen o man ian  ammo no ids  Mo r to n icera s ro s t ra tum  (S ow erby ) ,  

Mar ie l la  b e rg er i  ( Bron gn ia r t) ,  Ma n te l l i cera s  sa xb i i  (S h arp e )  and  Cu nn ing to n icera s  

cu nn ing to n i (S h ar p e)  o ccu r  in  th e for mat ion .  Mic rof os s i l s  ar e  abu nd an t  th ro ugh ou t  

th e  s equ en ce .  Ex cep t ion a l l y,  p lank ton ic  fo r amin i f er s  and  ca lca r eo us  b en th ic  

for amin if e rs  ar e  l ack ing  ar oun d th e K an a j i r i  S an d s ton e  Memb er,  w h er eas  

rad io la r ian s  b eco me v e ry  ab und an t  and  ag g lu t in a ted  b en th ic  for amin if e rs  a r e  

co mmon  in  th i s  in ter v a l  (F ig .  8 ) .  P lank ton ic  fo r amin if e r s  in d ica t iv e  of  th e  

Bi t ic in e l la  b reg g ien s i s  to  Ro ta l ipo ra  cu sh man i  p f  zo n es ,  f or  ex amp le ,  Bi t ic in e l la  

b reg g ien s i s  ( G and o lf i ) ,  Tic in e l la  su b t ic in ens i s  (G an do l f i) ,  Ro ta l ip ora  ap p enn in ica  

( Ren z) ,  R .  g lob o trun cano id es  S ig a l ,  and  R .  cu shma n i  ( Mo rr ow ) ,  o ccu r,  in d ica t ing  a  

La te  A lb ian  to  La te  Ceno man ian  ag e  ( N ish i  e t  a l . ,  2 003 ;  F ig .  8 ) .   

 

D epo s i t iona l  en v i ron m en t .  Ben th ic  f or amin i f er a l  a ssemb lag es  sug g es t  th i s  f or mat ion  

w as  d epo s i ted  in  th e  lo w er  p ar t  o f  th e  u p per  b a thy a l  zo n e und er  r e la t iv e ly  

oxyg en a ted  cond i t ion s  ( Mo toy ama e t  a l . ,  1 991 ;  K a iho  e t  a l . ,  199 3) .  
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3.5 .  Sa ku  Fo rm a t io n   

 

D ef in i t ion .  Th is  fo r mat io n  i s  d e f in ed  by  th e  f requ en t  in te r ca la t io n s  o f  tu rb id i t i c  

s and s ton e  b eds  ( Matsumo to ,  194 2) .   

 

Typ e- sec t ion .  Th e  A b esh in a i  Riv er  s ec t io n ,  Tesh io n ak ag aw a  ar ea ,  no r th e rn  

Hok k a id o  (F ig .  1 ) .  L i tho logy  and  d i s tr ibu t ion  of  th is  fo rmat ion  w er e  w e l l  

do cu men ted  b y  Matsu mo to  ( 194 2)  an d  Matsumo to  and  Ok ad a  (19 72) .  

 

Stra t ig ra ph ic  re la t ion sh ip .  Th e  fo r mat io n  o v er l ie s  conf or mab ly  th e  H ik ag eno saw a  

For mat ion .  

 

L i th o log y .  Th is  fo rmat ion  co mpr is es  a l te rn a t in g  b ed s  of  tu r b id i t i c  s an ds ton e  and  

mu ds ton e ,  and  in te r ca la tes  w i th  a  u n i t  ch a rac te r ized  b y  a  pr ed o min an ce  o f  

gr een ish -gr ey  mudd y  sand s ton es  (H akk in  Mu dd y  S and s to n e  Memb er ;  K Y- 4 )  in  th e  

mid d le  p a r t  ( F ig .  2 ,  Tab le  1) .    

S and s ton es in  th e  lo w er  p ar t  (b e lo w  th e  K Y- 4 )  ar e  l e ss  th an  40  cm th ick  

an d  exh ib i t  typ ica l  tu r b id i t i c  s eq u en ces ,  h av ing  T b - e  d iv i s ion s .  Mud s ton es  ar e  d ark  

gr ey - co lo ur ed  and  mod er a te ly  b io tur b a ted .  Th e  S /M r a t ios  ch an g e  f ro m 1 /1 0  to  1 /1  

(F ig .  7H ) .   

A v er y  ch a r ac ter i s t i c  l i tho f ac ies ,  g r een ish  gr ey  mudd y  sand s to n e  w i th  

ab und an t  tr ace -f os s i l s  o f  Plan o l i te s  ( F ig .  7 I ) ,  i s  obse rv ab le  in  th e  midd le  p ar t  o f  th i s  
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for mat ion .  Th is  g r een ish  un i t  ex ten d s  f ro m th e  Oyu b ar i  a r ea  to  th e  cen t r a l  To mama e  

ar ea ,  abou t  20 0  k m,  and  i s  d ef in ed  as  th e  K Y- 4  ( th e  H akk in  Mud dy  S and s to n e  

Memb er ) .  Th e  memb er  in cor por a tes  med ium- / th ick -b edd ed  sand s to n es ,  w i th  S3 – Tb - e  

d iv i s ion s ,  and  f r equ en t  f e l s ic  tu f f  b eds .  Th e  tu f f  b ed s  v a ry  in  th ickn es s  f ro m 0 .02  to  

2  m ,  an d  ar e  a l te r ed  to  b en to n i te s .  F in e ly  lamin a ted ,  p yr i te - r ich ,  d ar k  gr ey –gr ey ish  

b lack  mud s to n es  ar e  in ter ca la ted  jus t  b e lo w or  in  th e low er  p ar t  o f  th is  memb er  in  

th e  Oy ub ar i  and  To mamae  a r eas .   

Th e  upp er  p ar t  o f  th e  for mat ion  b eg in s  w i th  d a rk  g r ey  mud s ton e  an d  

ch ang es  to  a l ter n a t in g  b eds  of  s and s ton e  and  mu ds ton e .  S an d s ton es  a r e  th in-  to  

med iu m-b edd ed  tu rb id i te s  w i th  T b - e  s eq u en ces ,  and  th e  S /M r a t io s  a r e  no t  h igh ,  1 /10  

to  1 /5 .  S lu mp  b ed s  an d  s an d s ton e  d yk es  ar e  co mmo n in  th e  sou th ern  Oyu b ar i  ar ea .  

S and s ton es  ar e  o ccas ion a l ly  in ten s iv e ly  b io tur ba ted  an d  b ed d in g  p lan es  of  so me  

beds  a r e  d es t ro y ed .  Mud s ton es  an d  s and y  mu ds t on e  ar e  d ar k  g r ey-  to  gr ey- co lou r ed  

an d  in tens iv e ly  b io tu rb a ted .   

On  th e  o th er  h an d ,  th e  S aku  F or mat ion ,  expo sed  in  th e  nor th er n  To mama e  

ar ea ,  i s  mar k ed  by  fou r  th in n ing -up w ar d  s eq u en ces  (F ig .  6 :  s ec t io n  8 ) .  A 

ch ann e l - f i l l ing  cong lo mer a te / s an ds ton e  un i t  con s t i tu tes  th e  f i rs t  and  th ir d  s equ en ce .  

Th e  con g lo mer a tes  a r e  c la s t - sup po r ted ,  and  0 .5–4  m  th ick ,  w i th  d i so rg an ized  

er o s ion a l  b ases  ( F ig .  7 J) .  G r ad ed  b edd in g ,  f r om w el l - r oun d ed  cob b le  to  co a rse  

s and s ton e  ( R2 - 3 – S1  d iv i s io n s) ,  i s  co mmon .  Th e s an ds ton es a r e v ery  

th ick- / th ick -b ed d ed ,  sh ow ing  S1 – Tb - e  d iv i s ion s .  Th e  s econ d  an d  fo ur th  cy c les  sh ow  

th e  f ac ies  ch an g es  f r om v er y  th ick - / th ick- b edd ed ,  s an ds ton e-do min an t  a l t e rn a t ing  
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beds  to  th in- b edd ed  mud s ton e- do min an t  o n es .  Th e  s and s ton es  ar e  pro x imal  

tu rb id i te s ,  exh ib i t in g  S1 – Tb - e  d iv is ion s .   

  

Th ickn es s  and  d i s t r ib u t io n .  2 300  m  in  th e  O yub ar i  a r ea ,  18 00 –20 00  m  in  th e  

To mamae  a r ea .  Th e  up p er  p a r t  o f  th i s  fo r mat io n  i s  t ru n ca ted  by  th e  N– S t r end ing  

th ru s t  f au l t  ( K ash ima  Th ru s t  F au l t )  in  th e  nor th er n  O yub ar i  ar ea  (F ig .  4 ) .  

 

Fo ss i l s  and  ag e .   Th e  f or mat ion  b ear s  abu nd ant  macr ofo s s i l s ,  ex cep t  th e  H akk in  

Mud dy  S and s ton e  Memb er  ( F ig .  8 ) .  Th e  Ceno man ian  ammon o id s ,  Ca lyco cera s  spp . ,  

occur  in  th e lo w er  p ar t  o f  th e  f or mat ion .  Th e b la ck ish  g r ey  mud s to n e in ter ca la ted  in  

th e  b asa l  p ar t  o f  th e  H akk in  Mu ddy  S and s to ne  Memb er  i s  co rr e la ted  w i th  th e  

Ceno man ian /Tu ron ian  bo und ar y,  b ased  o n  th e  r e su l t s  o f  ca rbo n  iso to p e,  meg a-  and  

micr of os s i l  s tr a t igr aphy  ( e .g . ,  H aseg aw a  and  S a i to ,  19 93 ;  H i r an o ,  19 95) .  A l th oug h  

macr ofo s s i l s  ar e  f ew  in  th e  H ak k in  Mu ddy  S an ds ton e  Memb er,  th e  Lo w er  Tu ro n ian  

in d ica to r s ,  su ch  as  Pseu da sp id o cera s f l exuo su s  ( Po w el l)  and  v asco cer a t id s ,  o ccu r.  

Th e  u pp er  s eq u en ce  is  mar k ed  by  an  ab un dan t o ccu rr en ce  o f  h e ter o mor ph ic  

ammo no id s ,  in c lud ing  Nip po n i tes ,  Eubo s tr ich ocera s  an d  s caph i t ids ,  w i th  min or  

Midd le  Tu ro n ian  ind ica tor s ,  su ch  as  Ro ma n iceras  s pp .  ( ammo no id )  and  I no cera mu s  

hob e tsen s i s  N ag ao  and  Matsu mo to  (b iv a lv e ) .  Mic r of o ss i l s  co mmon ly  o ccur  

th ro ugh ou t  th e  s eq u en ce ;  r ad io la r ian s  a r e e sp ec ia l ly  abu nd an t  in  th e  H akk in  Mudd y  

S and s ton e  Memb e r,  an d  o ccup y  8 0–9 0 % of  th e  to ta l .  Th is  fo r mat ion  r ang es  f ro m th e  

Ro ta l ip ora  cu sh ma n i  to  H elve tog lo bo tru n can a  he lve t ica  p f  zo n es,  a s s ign ed  to  th e  
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Upp er  Cen o man ian– Midd le  Tu ro n ian  (N ish i  e t  a l . ,  2 003 ;  F ig .  8 ) .  

 

D epo s i t iona l  en v iro n m en t .  Th e  b en th ic  f or amin i fe r a l  as semb lag es ind ica te  th e low er  

pa r t  o f  up p er  b a thy a l  d ep th- zo n e w i th  r e la t iv e ly  lo w- ox yg en  co nd i t ion s (K a iho  e t a l . ,  

1993 ) .  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -F ig .  6  n ea r  h er e  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

 

3.6 .  Mika sa  Forma t ion  

 

D e f in i t ion .  Th is  fo rmat ion  i s  th e  co n tempo r an eo us ,  sh a l lo w er  f ac ies  of  th e  S aku  

For mat ion ,  and  i s  d ef in ed  by  th e  p r edo min an ce  of  s and s ton es  ex h ib i t ing  hu mmo cky  

an d  tr oug h  cro s s- s tr a t i f i ca t ion  ( Matsu mo to ,  1 95 1;  A n do ,  1 990 a) .  

 

Typ e- sec t ion .  Nor th- w es t  of  K a tsu r azaw a  Lak e ,  in  th e  eas tern  Mik asa  a r ea  ( F ig .  4 ) .  

 

L i th o log y .  Th e  Mik asa  Fo r mat io n  i s  ch a r ac ter ized  by  a  p r edo min an ce  of  s an d s ton es  

w i th  h u mmo ck y and  tr oug h  cro s s- s tr a t i f i ca t ion  ( H CS and  TCS )  an d  gr av e l / sh e l l  l ag s ,  

an d  in tens iv e ly  b io tur b a ted  s an dy  mu ds ton e  (F ig .  7K ) .  Th is  for mat ion  i s  d iv id ed  

in to  th r ee co ar sen ing -up w ar d  su cces s ion s ,  a s s ig n ed  as  th ir d-o rd e r  d epo s i t ion a l  

s equ en ces  ( D S1 ,  D S2  and  D S3 ) ,  each  o f  wh ich  fur th er  in c lu d es  th r ee  f our th- or d er  

s equ en ces  (4 th  D S)  (A ndo ,  199 7) ,  Wi th in  each  DS ,  cong lo mer a te  an d  co arse -gr a in ed  

s and s ton e  tend  to  th ick en  in  th e  w es t ,  and  in ter b ed d ed ,  s an dy  mud s to n e  b eco mes  
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do min an t  and  th ick  in  th e  eas t .  

In  th e nor thw es te rn  Mik asa  ar ea ,  th e D S1  b eg ins  w i th  a l te rn a t ing  b ed s  of  

tu rb id i t i c  s an ds ton e  and  mud s to n e ,  an d  g r ad es  in to  H CS  sand s ton e  w i th  b io tur b a ted ,  

ve ry  f in e-g r a in ed  s an ds ton e /san dy  mud s to n e .  A b asa l th ick ,  cro s s- s t r a t if i ed  

co ng lomer a te  o f  th e  D S2  cov ers  H CS  sand s ton es  o f  D S1  w i th  a  sh a rp  er o s ion a l  b ase  

(un co nf or mi ty)  ( F ig .  6 :  s ec t ion  1 ) .  Th e  D S2  co mpr is es  a  w id e  v a r ie ty  of  l i tho f ac ies ,  

su ch  as  c ro s s- s tr a t i f i ed  con g lo mer a te ,  ca rb on aceous  mud s to n e ,  s and y  mud s ton e  w i th  

oys te r - sh e l l  b ed s ,  med iu m-  to  co ar se -gr a in ed  s and s ton e w i th  TCS ,  H CS  f in e  

s and s ton e  and  b io turb a ted  s an dy  mud s ton e .  Th e  D S3  d epo s i t s  ar e  d i s tr ibu ted  in  th e  

sou th er n  Mik asa  ar ea ,  ma in ly  co mpr is in g  b io turb a ted ,  s an dy  mu ds ton e  an d  H CS  

sand s ton es .  Th e in ter ca la t ion s  o f  H CS sand s ton e  b eco me f r eq u en t  in  th e  u pp er  p a r t  

o f  each  4 th  D S .  Th is  DS  gr ad es  in to  th e S aku  F or mat io n  no r th w ar d  and  eas tw ard .   

 

Th ickn es s  a nd  d i s t r ib u t io n .  Th is  fo r mat io n  is  ex po sed  o n ly  in  th e  Mik asa  ar ea ,  

for ming  th e  So r ach i– Ik ushun b e tsu  A n t ic l in e  and  th e  Man j i  and  H a ton osu  Do mes .  I t s  

th ickn es s  r an g es  f r o m 40 0  to  7 50  m ,  an d  tend s  to  th ick en  eas tw ar d .  

 

Fo ss i l s  a nd  a g e .  Sh a l lo w- mar in e  b iv a lv es  ( inc lud ing  Ap io tr ig on ia ,  G lycym er is ,  

Meek ia ,  P inn a ,  Pseu dop tera ,  P te ro to r ig on ia ,  Th e t i s ,  Ya ad ia ) ,  g as t rop od s  ( e .g . ,  

Ma rg a r i te s ,  S em iso la r iu m )  o ccu r  a s  s tor m- lag  d ep os i t s  w i th in  H CS sand s ton es .  

Bio tu rb a ted ,  mudd y  sand s to n es  to  s andy  muds ton es  co n ta in  r ar e  to  co mmon  

ammo no id s  and  in o cer amid s ,  bu t  no  mic r ofo s s i l s .  Th e  Cen o man ian  ammo no id s ,  
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Man te l l i cera s  sp . ,  Ca lyco cera s  sp .  and  D esmo cera s  spp .  h av e  b een  r ep or ted  f r o m th e  

DS1  d epo s i t s  (K aw ab e ,  2 003 ) .  Th e  Tu r on ian  spec ies ,  I no cera mu s hob e tsens i s  an d  

Ino cera mu s  te sh io en s i s  N ag ao  an d  Matsu mo to ,  a r e  abun d an t  in  b io tu rb a ted  s an dy  

mu ds ton es  o f  D S2  an d  D S3 ,  r e sp ec t iv e ly  (A ndo ,  1990 a ,  b) .   

 

D epo s i t iona l  en v i ron m en t .  Th r ee  D S s  sho w con sp icuou s  la ter a l  and  v e r t ica l  f ac ies  

ch ang es ,  r ep r esen t in g  r ep e t i t iv e d e l ta pr ogr ad a t ion s in  th e w es ter n  marg in  o f  th e  

Ye zo  Bas in .  Jud g ing  f ro m th e  s tack ing  p a t te rn s  of  th e ir  f ac ies ,  3 r d-  and  4 th- ord e r  

DS s ,  th e d e l ta sy s tem i s  p r esu med  to  h av e  sh if ted  sou thw ard  w i th in  th e  d i s tr ibu t ion  

ar ea  (A ndo ,  1 997 ,  2 003 ) .  Th e  d ep os i t ion a l  env ir on men t  o f  th e  D S1  d epo s i t s  i s  

in te rp r e ted  as  b as in-p la in  on  con t in en ta l  s lo p e to  lo w er  sho r ef ace  th rou gh  sh e lf .  Th e  

DS2  r epr esen ts  non - mar in e to  sh a l lo w- mar in e  en vi ro nmen ts ,  su ch  as  f lu v ia l  ch ann e l ,  

back  mar sh ,  f loo d  p la in  and  t id a l  f l a t  in  th e  lo w er  p a r t ,  f o l lo w ed  b y  d eep er  mar in e  

(sh or e f ace  to  in n er  sh e l f ,  tho ugh  p ar t ly  ou te r  sh e l f )  in  th e up p er.  Th e  DS3  i s  th oug h t  

to  h av e  b een  d epo s i ted  f ro m low er  shor e f ace  to  ou ter  sh e l f  env i ro n men ts .  

 

3 .7 .  Ka sh ima  Forma t ion  

 

D ef in i t ion .  Th e  for mat ion  i s  d ef in ed  b y  th e  p redo min an ce  o f  d ark  gr e y,  mass iv e  

mu ds ton e  ov er ly in g  th e  S aku  Fo r mat io n  ( Mo to y ama e t  a l . ,  1 991 ;  F ig .  3 ) .  

 

Typ e- sec t ion .  K ash ima  v i l l ag e  in  th e  sou th e rn  O yub ar i  a r ea  ( F ig .  4 ) .  
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Stra t ig ra ph ic  re la t ion sh ip .  Th is  fo r mat io n  co v er s ,  con fo rmab l y,  th e  S aku  

For mat ion .  

 

L i th o log y .  Th is  f or mat io n  con s i s t s  ma in ly  o f  d a rk  g r e y,  b io turb a ted ,  mass iv e  

mu ds ton e  ( F ig .  7 L) ,  g r ad ing  in to  mudd y  sand s to n es  in  th e  u pp er mos t  p ar t .  Th e  

mu ds ton es  a r e  in ter ca la ted  w i th  tw o  f e l s ic  vo lcan ic las t ic  u n i t s ,  in  th e  lo w er  and  

mid d le  p ar t s ,  r e sp ec t iv e l y.  Th e  lo w er  vo lcanic las t ic  un i t  i s  10– 20  m th ick ,  

co ns i s t ing  o f  th ick -b edd ed ,  co a r se-  to  f in e- gr a ined ,  vo lcan ic las t ic  s and s to n es  w i th  

in te rb edd ed  d a rk  g r ey  mud s to n es.  Th e  s an ds ton e b ed s a r e  tur b id i t i c  w i th  T b - e  

d iv i s ion s ,  an d  les s  th an  2  m  th ick ,  r ar e ly  a t ta in ing  4  m th ick  in  th e  n or th e rn  Oyu b ar i  

ar ea .  Th e  th ickn es s  of  th e  mu ds ton es  i s  v ar iab l e ,  d ep en d ing  on  th e  a r ea ,  b u t  a l l  a r e  

l e s s  th an  2  m  th ick .  A d iagn os t ic  f ea tur e  of  th i s  un i t  i s  abun d an t  o ccu rr en ces  of  

Ino cera mu s  u wa j im en s is  Yeh ar a  f ro m th e  in te rb ed d ed  mu d s ton e  (F ig .  7 M) .  Th is  un i t  

i s  an  ex ce l len t  s tr a t igr aph ic  mar k er  (K Y- 5 )  th ro ugho u t  th e  s tu dy  a r eas  ( Tab le  1 ) .   

Co mp ar ed  w i th  th e  lo w er  u n i t ,  th e  up p er  v o lcan ic las t ic  un i t  d i f f er s  in  

l ack ing  mud s to n e  in te r ca la t io ns  and  macrof os s i l s .  Tu ff aceo u s  s and s to n es  or  tu f fs  

ar e  th ick- b edd ed ( <1  m th ick) ,  w h i te- co lo ur ed ,  co ar se-  to  v e ry  f in e-g r a in ed .  So me  

ar e  a l te r ed  to  b en ton i te .  

 

Th ickn es s .  A bou t  167 0  m in  th e  sou th er n  O yub ar i  a r ea .  Th e  th ickn es s  of  th i s  

for mat ion  in  th e  n or th e rn  O yub ar i  ar ea  i s  d i f f icu l t  to  e s t ima te  b ecause  o f  
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mo no to no us  l i tho logy  an d  co mp lex  g eo log ica l  s tr u c tu r e ,  w i th  i so c l in a l  fo ld ing  an d  

th ru s t  f au l t in g .   

 

Fo ss i l s  a nd  ag e .  Th is  f or mat ion  con ta ins  abu nd ant  ca lca r eou s  co n cr e t ion s ,  in c lud ing  

macr ofo s s i l s  su ch  as  ammo no id s  and  ino ce r amid s .  I .  u wa j im en s is  i s  p ar t i cu lar ly  

ab und an t  in  th e  K Y- 5  un i t  ( F ig .  8 ) .   

Mic ro fo s s i l s  ( fo r amin i f er s  and  r ad io lar ians )  a r e abun d an t ,  a l th oug h  

Te th y an  mark er- sp ec ies  ar e  v e ry  r ar e .  Th e  fo l low ing  fo ur  m id- la t i tu d e zo n es of  

p lank ton ic  for amin if e rs ,  th er e for e ,  h av e  b een  p ropo sed  f r o m th e  La te  Tu r on ian  to  

Camp an ian  in  th e  s tud y  ar ea :  th e  Ma rg in o tru ncana  p seud o l in n ean a ;  M. s inuo sa ;  

Con tu so trun cana  fo rn ica ta ;  and  G lob o trun cana  a rca  p f  zo n es  ( F ig .  8 ) .  Th ese  can  b e  

co rr e la ted  d ir ec t ly  w i th  th e  Te th y an  p lan k ton ic fo r amin i f er a l  zon es  ( N ish i e t  a l . ,  

2003 ) .  

 

D epo s i t iona l  en v i ron m en t .  Ben th ic  for amin if e r a l  a ssemb lag es  in d ica te  th e  u pp er  

pa r t  o f  th e  up p er  b a th y a l  d ep th  und er  r e la t iv e ly  med iu m-  to  h igh -  ox yg en  con d i t io n s  

(K a ih o  e t  a l . ,  19 93 ) .  

 

3 .8 .  H abo ro ga wa  Fo rm a t io n  (n ew)  

 

D ef in i t ion .  Th e  b ase  o f  th i s  fo r mat io n  i s  d ef in ed  as  b io turb a ted  mu d s ton e  w i thou t  

s and s ton e  in ter ca la t ion s ,  ov er ly in g  th e  S aku  Fo r mat ion .  W h i le  th e  lo w er  p ar t  o f  th i s  



 27 

for mat ion  i s  ma in ly  co mp o sed  of  b io turb a ted  mud s ton e ,  th e  u pp er  p a r t  i s  

ch a r ac ter ized  by  co ar sen ing  up w ar d  su cces s ion s ,  f r o m mu ds ton e  to  mudd y  san ds ton e  

an d /o r  s and s to n e .   

 

Typ e- sec t ion .  Th e  N ak afu tamata  Riv e r  s ec t io n ,  in  th e  n or th ern  To mamae  a r ea  (F ig s .  

5 ,  6 :  s ec t ion  7) .  

 

Stra t ig ra ph ic  re la t ion sh ip s .  Th e  fo r mat io n  i s  expo sed  in  th e  To mamae  and  Mik asa  

ar eas ,  and  con for mab ly  cov ers  th e  S aku  and  Mi kasa  fo r mat ion s ,  r e sp ec t iv e l y.  Th is  

for mat ion  i s  th e  sy n chr ono u s sh a l lo w er-w a te r  f ac ies  o f  th e  K ash ima  F or mat ion .   

 

L i th o log y .  Th e  l i tho log y  an d  s ed imen ta ry  cy c les  of  th is  fo r mat io n  d i f f e r  b e tw een  th e  

To mamae  an d  Mik asa  ar eas .   

Th is  fo r mat io n  in  th e Mik asa  ar ea fo r ms  a s in g le ,  co ar sen ing- up w ar ds  

s equ en ce ,  f ro m b io tur b a ted  s an dy  mud s to n e  to  v ery  f in e-g r a in ed  s and s ton e .  Tw o  

fe l s ic  v o lcan ic las t ic  tu rb id i te  u n i ts  of  th e  K Y- 5  an d  K Y- 6  ( Tsu k imi  S and s ton e  

Memb er )  ar e  in ter ca la ted  in  th e  lo w er  and  mid d le  p a r t s ,  r e sp ec t iv e l y.  Th e  K Y- 5  un i t  

co ns i s t s  of  th ick  b ed s o f  vo lcan ic las t ic s an ds ton es w i th  abu nd an t  Ino cera mu s  

u wa j im en s is .  In  th e  Tsuk imi- saw a  Va l ley  s ec t ion ,  th e  K Y- 5  b eco mes  ch an n e l- f i l l  

co ng lomer a tes ,  in c lu d in g  w e l l - r oun d ed  p ebb les  o f  ch er t ,  s an ds ton e  an d  mud s ton es  

an d  r hy o l i t i c  ro ck s ,  w i th  ab und an t  f r ag ments  of  I .  u wa j im ens is .  Th ey  a r e  

h igh -d en s i ty  tur b id i te  b ed s ,  ex h ib i t ing  th e  S1 - 2  d iv i s ion s  of  Lo w e  ( 198 2) .  Th e  K Y- 6 
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un i t  ( th e  Tsu k imi  S and s ton e  Memb er)  is  20  m  th ick  and  ex po sed  in  th e  eas ter n  

Mik asa  ar ea .  Th is  un i t  con s i s ts  mo s t ly  of  v o lcan ic las t ic  s an d s ton es  w i th  v e ry  th in  

in te rb edd ing  o f  d ark  gr ey  mud s to n es .  Th e  s an d s to n e  b ed s  r ang e  f ro m 0 .2–2  m  th ick ,  

an d  d i sp lay  th e  S1 – Tb - e  d iv i s io ns  of  Lo w e  ( 198 2 )  (F ig .  7 N) .   

In  th e  To mamae  a r ea ,  th i s  f or mat ion  con s i s t s  o f  tw o  co ar sen ing- up w ard s  

s equ en ce .  Bo th  s equ en ces  b eg in  w i th  s t ro ng ly  b io turb a ted  mu d s ton e ,  gr ad e  in to  

b io tu rb a ted  mudd y san d s ton e ,  an d  end  u p  as  med iu m-  to  co ar se- gr a in ed ,  

cr o ss - lamin a ted  s and s to n e (F ig .  7 O) .  Th e  low er  co ar sen ing- up w ard  s eq u en ce  

in cor por a tes  th e  vo lcan ic las t ic  mark er  un i t  o f  th e  K Y- 5  in  th e  lo w er  p a r t  an d  th e  

K Y- 6  a t  th e  top ,  r e sp ec t iv e l y.  

 

Th ickn es s .  A p pro x imate ly  1 950  m  in  th e  Mik asa  a r ea ,  1 750  to  2 250  m  in  th e  

To mamae  a r ea .   

 

Fo ss i l s  a nd  a g e .  Th is  for mat ion  y ie ld s  abun d an t ,  w e l l- pr eser v ed  macrof os s i l s  f ro m  

ca lca r eou s  co n cr e t ion s  in  bo th  th e  To mamae  an d  Mik asa  ar eas  ( e .g . ,  F u tak ami ,  1 986 ;  

Maed a ,  1 986 ;  Wan i ,  20 01 ;  Mor iy a  e t  a l . ,  20 03 ) .  Sev era l  region a l  b io zo n es as  I.  

uwa j imen s is– I .  miho ens is ,  I.  a ma ku sen si s ,  and  I.  j ap on icu s  in o ceramid  zo n es  

were p ro po sed in  th e  To ma mae  a rea ( To sh imi tsu  an d Maiya ,  198 6 ).  Mic ro fo ss i l s  

ar e  abu nd an t  th rou gho u t  th e  s tud y  a r eas .  A l th ou gh  Te th y an  p lan k ton ic  f or amin i f er s  

ar e  spo r ad ic ,  th e  f our  m id - la t i tud e  zon es ,  f ro m th e  Ma rg ino trun ca na  

pseu do l inn e iana  to  G lobo trun ca na  a rca  p f  zo n es ,  can  b e id en t i f i ed  in  th i s  f or mat ion .  
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Th e  g eo log ica l  ag e  i s  a s s ig n ed  as  Co n iac ian – Camp an ian  ( N ish i e t  a l . ,  20 03 ;  Mo r iy a  

e t  a l . ,  2 001 ;  F ig .  8 ) .  

 

D epo s i t iona l  en v i ro nm en t .  Th e  mud s ton e  in  th e  nor th er n  To mamae  a r ea  con ta in s  

ab und an t  b en th ic  f or amin if er s ,  e .g .  Ga ve l in e l la ,  G y ro id ino id es ,  Ho eg lu nd in a ,  

Oo l ina ,  S i l ico s ig mo i l ina .  Th e  p a laeo d ep th  o f  th i s  a s semb lag e  i s  con s id er ed  to  b e  

ou ter  sh e lf  ( S l i t e r  and  Bak e r,  197 2) .  Th e c ro s s- s tr a t i f i ed  s an ds ton e  s i tu a ted  tow ard s  

th e  top  o f  each  su cces s io n  ( e .g . ,  K Y- 6 )  in  th e n or th e rn  To mamae  a r ea  i s  in f e r r ed  to  

hav e  b een  d epo s i ted  in  inn er  sh e lf  to  low er  shor e f ace env i ron men ts  ( To sh imi t su ,  

1985 ;  Wan i ,  20 03) .    

 

3.9 .  H a kob u ch i  Fo rma t ion  ( n ew )  

 

D ef in i t ion .  Th is  f or mat ion  i s  d ef in ed  by  th e  pr ed o min an ce  o f  H CS  and  TCS  

sand s ton es and  cong lo mer a tes ,  and  co rr espo nds  to  th e  H akob u ch i  G rou p of  

Matsu mo to  (1 942 ) .   

 

Typ e- sec t ion .  Do wn s tr eam of  th e  Shu p aro  Riv e r  (d am-s i te  of  Lak e  Shu p ar o)  in  th e  

Oyu b ar i  a r ea  ( F ig s .  4 ,  6 :  s ec t ion  1 5) .   

 

Stra t ig ra ph ic  re la t io nsh ip s .  Th is  f or mat io n  confo r mab ly  o v er l ie s  th e  K ash ima  

For mat ion  in  th e  O yu b ar i  a r ea  an d  th e  H abor og aw a  For mat ion  in  th e  no r th - eas te rn  
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Mik asa  and  To mamae  a r eas .  H ow ev er,  th e  u n co nfo rmab le  r e la t io n sh ip  b e tw een  th e  

H abo rog aw a  and  H ako bu ch i  fo r mat io ns  i s  r eco gn ized  in  th e  no r th- w es ter n  l imb  of  

th e  So r ach i  A n t ic l in e ,  no r th -w es te rn  Mik asa ar ea .  Th e  H ak ob u ch i  For mat ion  i s  

ov er la in  by  a d is con for mi t y,  o r  an  ang u lar  u n co nfo rmi t y,  and  i s  cov er ed  by  d ep o s i ts  

youn g er  th an  th e P a laeo cen e ,  su ch  as  th e  midd le– upp er  Eo cen e  I sh ik ar i  G rou p ,  

co n ta in ing  co a l  measu r es ,  o r  th e  u pp er  Eo cen e– low er  O l igo cen e o ffshor e - mar in e  

Por on a i  Gr oup .   

 

L i th o log y .  A s th e  d ep os i t s  of  th e  H ako bu ch i  F or mat io n  fo rm  co mp l ica ted  s tack ing  

pa t te rn s  o f  th e  th i rd-  and  f our th-o rd e r  d ep os i t ion a l  s equ en ces (D S s) ,  l i tho lo gy  

va r ie s  d ep en d ing  o n  a r eas  an d  hor izon s ,  a s  in  the  Mik asa Fo r mat io n  (A ndo ,  20 03 ) .  

Th e  nu mb er  o f  s equ en ces  d i f f er s  b e tw een  sec t io ns ,  bu t  th e  max imu m r each es  ov er  15 ,  

in c lud ing  th i rd -  and  f our th- ord e r  D S s .  Th ey  main ly  con s i s t  o f  co ar sen ing -up w ar ds  

fac ies  su cces s io n s  ( CU S) ,  a  f ew  tens  to  1 00  m  th ick ,  o f  b io tur b a ted  s an dy  mu ds ton e  

to  H CS /TCS  sand s to n e (F ig .  7P ) .  O f ten ,  th er e  i s  an  as so c ia ted  th in  f in ing- up w ard s  

mar in e su cces s io n  (F U S) ,  l e s s  th an  s ev er a l  me tr es  th ick ,  b e low  th e  CUS .  F luv ia l  

co ng lomer a te ,  s and s to n e ,  mud s to n e  and  so met imes  co a ly  b ed s  ar e  in te r ca la ted  in  th e  

basa l  p a r t  o f  D S s .  Th ick  mar in e  co ng lo mer a te and  f lu v ia l- ch ann e l  co ng lo mer a te a r e  

sub or d in a te ly  d ev e lo p ed  a t s ev er a l  ho r izo ns .  F e l s ic  tu f f s  a r e in ter b edd ed a t  a  f ew  

hor izon s ,  and  th ick en  in  th e  n or th e rn  Mik asa  and  n or th e rn  To mamae  a r eas ,  wh er e th e  

beds  a t ta in  3 0  an d  8 0  m  th ick ,  r e sp ec t iv e l y.  Co mp ar ed  w i th  th e  Mik asa  F or mat ion ,  

th e  H ak ob u ch i  For mat ion  i s  ch ar ac te r ized  b y  a  smal le r  amou n t  of  o f fsho r e  mud s to n e  
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an d  a  l a rg er  amo un t  o f  con g lo mer a te  and  tu f f .   

 

Th ickn es s  a nd  d i s t r ib u t ion .  Th e  th ick n es s  i s  v a r iab le ,  r ang in g  f r o m sev er a l  t en s  to  

450  m th ick  in  th e  Mik asa  and  O yu b ar i  ar eas  ( A ndo ,  19 97) .  Th e  f or mat ion  i s  250  m  

th ick  in  th e  no r th e rn mo s t  p a r t  o f  th e  To mamae  a rea .  

  

Fo s s i l s  and  a g e .  A l th ou gh  a f ew  macr ofo s s i l s ,  su ch  as  S ph en o cera mu s s ch m id t i  

( Mich ae l ) ,  S .  h e ton a ian u s  ( Matsu mo to) ,  and  I n ocera mu s  sh iko tan en s i s  N ag ao  and  

Matsu mo to ,  o ccu r  in  th i s  for mat ion  ( And o ,  19 9 7;  A n do  e t  a l . ,  2 00 1) ,  th er e  a r e  n o  

ag e -d iagno s t ic  sp ec ies .  Th e p lan k ton ic  for amin i fe r s  G lo bo tru n can a ru go sa  ( Mar ie )  

an d  Sub bo t ina  t r i lo cu l in o id es  ( P lu mmer )  o ccur  in  th e low er  and  u pp er  p a r t s  of  th i s  

for mat ion ,  r e sp ec t iv e ly  ( Yasu d a ,  198 6) .  Th e  f o rmer  i s  a s s ig n ed  to  th e  Camp an ian  

( Rob aszyn sk i  e t  a l . ,  1 9 84) ,  and  th e  la t t e r  i s  o f  P a laeo cen e  ag e  ( Yasud a ,  19 86) .  Th e  

Cr e taceo us / Ter t ia r y  b oun d ary  s equ en ce  h as  n ot  b een  d e tec ted  in  th e  H akob u ch i  

For mat ion .   

 

D epo s i t iona l  en v i ro n m en t .  D ep end ing  up on th e s t r a t ig r aph ic  p os i t ion  w i th in  th e  

th i rd -  or  fou r th -or d er  DS s ,  d epo s i t io n a l  en vi ro nmen ts  ch an g e  r eg u lar ly  and  

rep e t i t iv e l y.  Th ey  in c lud e  sh a l lo w- mar in e  en v ir on men ts ,  su ch  as  o u ter  to  in n er  sh e lf  

an d  sho r ef ace ,  an d  sub ord in a te ly  e s tu ar in e ,  in c i s ed  v a l le y,  and  r iv e r in e  

gr av e l ly / s and y  r iv e r- ch ann e l ,  b ack- mar sh  an d  f lood- p la in .  
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4.  Lat era l  ch a ng e  o f  d epo s i t io na l  env iro n men t s  in  t h e  Ye zo  Ba s in   

Th e  Ye zo  G r oup  i s  l i th o lo g ica l ly  ch a r ac ter ized  by  an  a l te rn a t ing  s eq u en ce  

of  tu r b id i te -do min an t  an d  h emip e lag ic mud s ton e-d o min an t un i t s  ( F ig .  2 ) .  Th e  

Ap t ian– A lb ian  s eq u en ces a r e l a te r a l ly  s im i la r  in  a l l  s tu dy  ar eas ,  co mpr is ing  th e  

lamin a ted  mud s to n e So ash ib e t sug aw a F or mat io n ,  th e  tu rb id i t i c  Sh up ar og aw a and  

Maru y ama fo r mat io ns ,  and  th e  mud s to n e  H ik ageno saw a  F or mat io n ,  in  a scen d in g  

ord e r.  S ed imen ta ry  s tr u c tu r es ,  l i tho log ica l  a s so c ia t ion s  an d  s ed imen ta ry  s eq u en ces  

sho w  sub mar in e f an  sys tems  w i th  ch ann e l - f i l l  s t ru c tur es .  S car ce  o ccurr en ces  o f  

macr ofo s s i l s ,  and  co mmon  o ccur r en ce  o f  d eep -sea  t r ace fo s s i l s ,  su gg es t  ab ys sa l  

en v ir on men ts  in  th e  A p t ian .  Ben th ic  fo r amin i f e rs  ind ica te  th e  u pp er  b a thy a l  zon e ,  

ab ou t  3 00 –60 0  m  in  d ep th ,  in  th e  A lb ian .  

Th e  Ceno man ian– lo w er  Camp an ian  ro ck s  d isp lay  a  l a te r a l  v a r ia t ion  o f  

l i tho lo g y,  t en d in g  to  nor th- w es tw ard  co a r sen in g  an d  sh a l lo w in g  s equ en ces  ( F ig .  2 ) .  

Th e  u pp er mo s t  A lb ian– Tu ro n ian  Mik asa Fo r mat ion  is  ty p ica l ly  compo sed  o f  

sh a l low - mar in e ,  in c lu d ing  f lu v ia l ,  e s tu ar in e  an d  ou te r - sh e l f  s ed imen ts ,  sug g es t ing  

rap id  up l i f t  in  th e  w es te rn  marg in  of  th e  Yezo  F or ear c  Bas in .  Th e  ov er ly in g  

H abo rog aw a  For mat ion  r epr esen ts  d eep er  f ac ies  th an  th e  Mik asa Fo r mat io n  in  t er ms  

of  s ed imen tar y  en v ir on men t ,  a s  in d ica ted  b y  the  o ccurr en ce  of  shor e f ace  to  o u ter  

sh e l f ,  and  p a r t ly  u pp er  b a thy a l  b as in-p la in  depo s i t s .  On  th e o th e r  h and ,  th e  

Ceno man ian– Tu ro n ian  S ak u  Fo r mat ion  an d  Con iac ian– Camp an ian  K ash ima  
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For mat ion  ex h ib i t  su b mar in e  f an  sy s tems  and  bas in-p la in ,  r e sp ec t iv e l y.  Based  o n  

ben th ic  fo r amin i f er a l  a s semb lag es ,  th ese  f or mat ions  w er e  d epo s i ted  in  upp er  b a thy a l  

dep th s .  

Th e  n er i t i c  to  non - mar in e  H ak ob u ch i  For mat ion ,  d ep os i ted  du r in g  th e  

Camp an ian – Ear ly  Maas t r ich t ian  and  La te  P a laeo cen e  in te rv a l ,  co mp le te ly  cov ers  th e  

deep- sea  s ed imen ts  ac ro s s  th e  wh o le  ar ea  f r o m n or th  to  so u th .  Th is  fo r mat io n  

in d ica tes  th e  f in a l  s tag e  of  d u mp in g  and  up l i f t  o f  th e  Yezo  F or ea r c  Bas in .   

 

5.  OA E ho r izon s  in  t h e  Ye zo  G ro up 

Lamin a ted ,  o rg an ic- r ich  mar in e  s ed imen ts ,  in d ica t ing  s ix  o cean ic  ano x ic  

ev en ts  (O A Es  1 a– 1d ,  2  an d  th e  mid - Cen o man ian  Ev en t ,  MCE)  h av e  b een  r epo r ted  

f ro m mid - Ce taceo us  d eep- sea  cor es  an d  land  s ec t ion s in  th e  Eur op ean  Bas in ,  Nor th  

an d  S ou th  A t lan t ic  o ceans ,  and  eq u a to r ia l  m id -P ac i f ic  mou n ta in s  an d  p la teaus  ( e .g . ,  

Er b ach er  e t  a l . ,  199 6 ;  Leck ie  e t  a l . ,  2 00 2 ;  Cocc ion i  and  G a leo t t i ,  2 003 ) .  Th ese  

s ed imen ts  a r e  v i su a l ly- d i s t in c t iv e ,  so- ca l led  ‘b l ack  sh a les ’ ,  fo un d  as  b lack  to  d ar k  

gr ey - co lo ur ed  in ter ca la t io ns  in  w h i te ,  p e lag ic  l imes ton es  o r  gr ey- co lou r ed  

mar l s ton es .  Th ese b lack  sh a le  in te rv a l s  co mmo n ly  con s i s t  ma in ly  of  f in e ly  

a l te rn a t ing  lay er s  o f  ca lcar eou s  fo ss i l - r i ch  laminae  and  c lay /o rg an ic  ma t ter  ( Ar th ur  

an d  S ag eman ,  1 994 ) .  

Ho w ev er,  t e r r ig en ou s ,  s i l i c ic la s t ic  s equ en ces  ex posed  in  th e  N or th  P ac if ic  

reg io ns ,  su ch  as  th e  Ye zo  G r oup  in  J ap an ,  a r e  g en er a l ly  co mpo sed  o f  d ark  

gr ey - co lo ur ed  mu ds ton es and  p a legr ey  s and s to n es .  D ark gr e y,  
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mo no to no us ly- co lou r ed  d ep os i t s  th ro ugh ou t  th e  su ccess ion s pr ev en t  v i su a l  

recog n i t io n  of  OA E lev e ls  in  b ack gr oun d sed imen ts  in  ce r ta in  ou tc rop s .  I n  th e  Yezo  

Gro up ,  th e  av e r ag e  to ta l  o rg an ic  car bo n  ( TO C)  co n ten t  i s  abo u t  0 .5–1 .2  w t%  

(H aseg aw a  an d  S a i to ,  19 93) ,  h ig h er  th an  tho se  in  th e  Te th y an  and  A t lan t ic  ca rb on a te  

ro ck s  an d  mar l s to n es  (u su a l ly  TO C is  l e s s  th an  0 .5  w t%) .  Th e  or ig in  of  th e  o rg an ic  

ma t te r  i s  mos t ly  f ro m te r r es t r ia l  p lan ts  th r ou g hou t  th e  s equ en ces ,  sugg es t ing  th a t  

o rg an ic  f r ag men ts  (o r ig in  o f  th e  TO C)  w er e  t r an sp or ted  f ro m th e  w es tw ard  A s ian  

co n t in en ta l  marg in .  Th er ef or e ,  a s  th e  TO C o f  th e  Ye zo  Gr oup  i s  no t  a  use fu l  

in d ica to r  of  anox ic  en v iro n men ts ,  th e  b io s tr a t ig r ap hy  and  ch emo s tr a t igr aphy  a r e  

bo th  v ery  impo r tan t  in  id en t if y in g  O A E h o r izon s  in  th i s  s eq u en ce .  S ev er a l  

ch emos t r a t ig r ap h ic s tud ies ,  us ing  o rg an ic  car bo n i so top es f ro m th e  S aku  Fo rmat ion ,  

hav e  r epor ted  a  po s i t iv e  δ1 3 Co r g  ex cur s ion  r ecor d ,  r e la ted  to  th e  g lob a l  bu r ia l  ev en t  

of  mar in e  o rg an ic  ma t ter  a ro un d  th e  Cen o man ian /Tu ron ian  b oun d ar y  ( OA E2 ;  

H aseg aw a  and  S a i to ,  19 93 ;  H aseg aw a ,  199 5 , 19 97 ;  H aseg aw a  an d  H a tsu g a i ,  20 00) .  

Mor eov er,  an o th er  p o s i t iv e  δ1 3 Co r g  ex cu rs ion  (abou t  3 .6 ‰)  w as  ob ser v ed  in  th e  

So ash ib e tsug aw a  For mat ion  of  th e  n or th e rn  p ar t  o f  th e  O yub ar i  ar ea  (O A E1 a ;  A n do  

e t  a l . ,  20 02 ,  200 3) .  H er e ,  w e  su mmar ize  the  pu b l i sh ed  b io s t r a t ig r aph ic  and  

ch emos t r a t ig r ap h ic  r e su l t s  o f  th e  s tud y  ar eas ,  u s ing  th e  n ew s t r a t ig r aph ic  

c la s s if ica t ion  pr esen ted  in  th i s  p ap er  (F ig .  8 ) ,  an d  id en t if y  and  d esc r ib e  th e  O A E 

hor izon s  in  th e  s equ en ce .  

 

5.1 .  O AE1 a  ho r i zo n  
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 Th e  la te  Ear ly  A p t ian  O A E 1 a ,  sp an n ing  ab ou t  1  myr  ( 11 9 .5– 12 0.5 Ma;  

Lar so n  an d  Erb a ,199 9) ,  n amed  as  th e  N iv eau  Gog u e l  in  th e  Vo con t ian  Bas in  of  

Fr an ce ,  L iv e l lo  S e l l i  in  I t a ly  an d  F isch schie f er  in  G er man y,  i s  a  g lo b a l ,  

o rg an ic - car bo n b ur ia l - ev en t .  Th is  O A E o ccur red  w i th in  th e b asa l  p a r t  o f  th e  

L eup o ld ina  ca b r i  p f  zon e  (P r emo l i -S i lv a  e t  a l . ,  1 999 ) .  Th er e  w as  a  m icr of os s i l  

(p lan k ton ic  f or amin if er s  and  r ad io la r ian s)  d ive r s i ty  d ecr ease ,  and  n an no co n id  

(ca lca r eo us  n an nop lank ton)  sp ec ies  d i s app ear ed  a ro und  th e  OA E1 a  ev en t  ( Er b a ,  

1994 ;  P r emo l i -S i lv a  e t  a l . ,  19 99) .  Th e  sh ar p  n eg a t iv e δ1 3 C c a r b o n a t e  ex cu rs ion  

(0 .5– 3 ‰) ,  and  th e  f o l lo w in g  abr up t ,  p ro lon g ed  pos i t iv e  on e  ( >2 ‰) ,  a r e  r ecord ed  in  

th i s  ev en t  ( Men eg a t t i  e t  a l . ,  1 998 ) .    

In  th e  Ye zo  Gr ou p,  a  p a i r  o f  n eg a t iv e  an d  po s i t ive  δ 1 3 Co r g  ex cur s ion s  h av e  

been  fou nd in  th e So ash ib e t sug aw a  F or mat ion  o f  th e  S or ach i Gr oup  in  th e  Oy ub ar i  

ar ea  ( An do  e t a l . ,  20 02 ,  20 03) .  Th is  fo r mat ion  h as b een  r ed e f in ed  as  th e  

So ash ib e tsug aw a  F or mat ion  of  th e  Yezo  Gr ou p,  a s  d escr ib ed  abo v e .  Becau se  th e  

pa i r ed  ex cur s ion  sp ik es  o ccur  n ea r  th e  f ir s t  ap p ear an ce  d a tu m ( FA D )  o f  L eup o ld in a  

ca br i ,  th i s  po s i t iv e  ex cur s ion  i s  corr e la t iv e  w i th  th e  OA E1 a  ev en t  (F ig .  8 ) .  Th e  

OA E1 a in ter v a l  in  th e  s tudy  a r ea  is  v er y  th ick ,  ab ou t  11 0  m  ( F ig .  6 :  s ec t ion  11 ) ,  

co mp ar ed  w i th  1–5  m  in  th e  I ta l i an  an d  S w iss  s ec t ion s  ( Men eg a t t i  e t  a l . ,  199 8) .  Th e  

ex t r ao rd in a r i ly  th ick  in ter v a l in  th e  Ye zo Gr o up r esu l ted  f ro m a  hu g e te r r es tr ia l  

in f lu x  f r o m th e  ac t iv e  A s ian  con t in en ta l  mar gin .  Mu d s ton e  in  th i s  in te rv a l  i s  

ch a r ac ter ized  by  r ar e  b io tu rb a t ion  and  f in e  lamin a t ion ,  w i th  r ar e  or  b a rr en  b en th ic  

macr o-  an d  micr of au n as .   
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5.2 .  O AE1 b  ho r i zo n  

 OA E1b  w as  a  long - l iv ed  ev en t ,  ex tend ing  f ro m th e  Tic in e l la  b e jaou a en s i s  

to  H edb e rg e l la  p lan isp i ra  p f  zon es ( 11 4 .5 –10 8 .21 Ma,  ab ou t  6 .3  my r ; H ar d en bo le  e t  

a l . ,  19 98) .  Th is  ev en t  i s  r epr esen ted  by  s ev er a l  b lack  sh a les :  (1 )  th e upp er mo s t  

Ap t ian  N iv eau  J aco b in  th e  Vo co n t ian  Bas in  an d  L iv e l lo  ‘ 11 3’  in  cen t r a l  I t a l y,  an d  

(2)  th e  lo w er  A lb ian  N iv eau  K i l ian ,  P aq u ier  an d  Leen h ard t  in  th e  Vo co n t ian  Bas in ,  

an d  L iv e l los  Mo n te  N eron e  and  Urb ino  in  th e  A penn in es  of  cen t r a l  I t a l y.  

In  th e  Ye zo  Gr oup ,  an  in ter v a l  sp ann in g  th e  T.  b e ja oua ens i s  to  H .  

p lan isp i ra  p f  zon es  w as  n o t d e tec ted ,  b ecau se  th e  in te rv a l  i s  p laced  w i th in  th e  

o l i s tos t ro me  b ed  (F ig .  8 ) .  O A E1b ,  con seq en t l y,  i s  m iss ing  o w ing  to  e ro s io n  o r  h ia tus  

by  a  t ec to n ic  ev en t  in  th e  s tu dy  ar ea .   

 

5.3 .  O AE1 c  ho r i zon  

B lack  sh a les  r ep r esen t ing  th e  O A E1 c  ev en t  ar e  ch a r ac ter ized  b y  abu nd an t  

t e r r ig enou s  o rg an ic  ma t te r  in  th e  low er  Up p er  A l b ian  Bi t ic in e l la  b reg g ien s i s  p f  zon e  

in  cen tr a l  I t a ly  (A mad eu s  Lev e l )  ( Er b ach er  e t  a l . ,  1 996 ) .  Th e  δ1 3 C c a r b o n a t e  ex cur s ion s  

w i th in  th e B.  b reg g ien s i s  p f  zon e  ar e  n o t d is t in c t  in  th e  I ta l i an  s ec t ion  ( Er b ach er  e t  

a l . ,  19 96 ) ,  wh er eas  a  p ro min en t  n eg a t iv e  ex curs ion  o f  δ1 3 Co r g  (1 .5 ‰)  h as  b een  

id en t if i ed  in  th e  S an ta  Ro sa  s ec t io n ,  Mex ico  ( Br a lo w er  e t  a l . ,  19 99) .   

In  th e  Ye zo  G ro up ,  th e  B.  b reg g iens i s  p f  zon e  spans  th e  up p er mo s t  p ar t  o f  

th e  Sh up ar og aw a Fo r mat io n  to  th e  b asa l  p ar t  o f  th e  H ik ag eno saw a  Fo rmat ion  ( F ig .  



 37 

8) ,  and  i s  30 0  m th ick .  A n eg a t iv e  δ1 3 Co r g  ex cur s io n  of  abou t  1 ‰ is  mark ed  in  th e  to p  

th e  S hu p aro g aw a  F or mat ion  ( H ir ano  and  F u ku ju ,  19 97) ,  and  f o l lo w ed  by  a  

rad io la r ian  h igh  p rod u c t iv i ty  ev en t  in  th e  Mar uy ama For mat ion  ( F ig .  8 ) .  Th is  

ex cur s io n  in te rv a l  co u ld  b e  co rr e la tab le  w i th  the  OA E1 c  ho r izo n  of  Leck ie  e t  a l .  

(200 2) .   

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -F ig .  8  n ea r  h er e  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

 

5.4 .  O AE1 d  ho r i zo n  

Th e  up p er mos t  A lb ian  b lack  sh a les  (O A E1 d ,  Br e i s tro f f e r  Lev e l )  o ccur  

f ro m th e up p er  p a r t  o f  th e  Ro ta l ip ora  ap p enn in ica  p f  zon e ,  a s  w e l l  as  f r o m th e  

Sto l ic zka ia  d i sp ar  ammon i te  zo n e ,  in  Te th y an – A t lan t ic  r eg ion s  ( G a le  e t  a l . ,  1 996 ;  

Wi lson  an d  No rr i s ,  20 01) .  Bro ad  p os i t iv e ex curs ion s  of  δ1 3 C c a r b o n a t e  w i th in  th i s  

in te rv a l  sug g es t g lob a l ly- s ig n if ican t o rg an ic- ca rbon  b ur ia l  ( E rb ach er  e t  a l . ,  199 6 ;  

G a le  e t  a l . ,  199 6 ;  N ed er br ag t  e t  a l . ,  2 001 ;  Wi l son  and  N or r is ,  200 1) .  Th e  OA E1d  

hor izon  in  th e  equ a to r ia l  A t lan t ic  a r ea i s  mar k ed  by  co l lapse  of  up p er  w a te r - co lu mn  

s tr a t i f i ca t ion  du e  to  in ten s i f ied  w in te r  m ix in g  an d  r edu ced  su mmer  s tr a t i f i ca t io n  

( Wi lso n  an d  N orr i s ,  200 1) .  B io lo g ica l  r ecord s  in d ica te  th a t  th i s  O A E ev en t  d amag ed  

p lank ton ic  f or amin i f er  an d  r ad io lar ian  pop u la t ion s ,  a s  w e l l  a s  th e  car bon a te  

p la t fo r m  ( Er b ach er  e t  a l . ,  19 96 ;  N ed er br ag t  e t  a l . ,  2 001 ) .   

In  th e  Yezo  Gr oup ,  th e  R.  ap p en inn ica  p f  zon e ,  is  corr e la tab le  w i th  th e  

lo w er  mid d le  p a r t  o f  th e  H ik ag eno saw a  Fo rmat i on  ( F ig .  8 ) .  A l tho ug h  th e  b ase  o f  th e  

R. app en in n ica  p f  zo n e i s  ind e f in i te  b ecause  o f  a th ick  in te rv a l  o f  r ar e to  b ar r en  
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plank ton ic  fo r amin i f er s ,  mud s to n es  in  th e  lo w er  p a r t  o f  th i s  fo r mat io n  co n ta in  th e  

upp er  A lb ian  ammon o id s  Mo r ton icera s  ro s t ra tu m and  Mar ie l la  b e rg er i  (K aw ab e  e t  

a l . ,  200 3 ;  F ig .  8 ) .  Th ese  ammon o id s  ar e  in dex  sp ec ies  of  th e  u pp er  A lb ian  

Sto l ic zka ia  d i sp ar  ammon i te  zon e ,  a s  w e l l  a s  th e  R.  a pp en inn ica  p f  zon e ,  in  Te th y an  

b io zo n a t ion s .  A b ro ad ,  po s i t iv e ex cu rs ion  of  the  δ1 3 C o r g ,  w h ich  is  s im i lar  to  th e  

δ1 3 C c a r b o n a t e  cur v e  o f  OA E1 d  in  th e  Te th y an –A t la n t ic  r eg ion ,  i s  ob ser v ed  in  th e  low er  

pa r t  o f  th e  H ik ag en osaw a  Fo r mat ion ,  ju s t  b e low  th e  K an a j ir i  S and s to n e  Memb er  

(K Y- 3 )  o f  th e  Ye zo  Gr oup  (H i r an o  and  F uku ju ,  1 997 ;  F ig .  8 ) .  Th is  hor izon  i s  lo ca ted  

w i th in  th e  up p er  p a r t  o f  th e  S to l ic zka ia  d i spa r  ammo n i te  chr ono zon e  ( K aw ab e  e t  a l . ,  

2003 ) .  H en ce ,  w e  con c lu d ed  th a t  th i s  ex cur s ion  lev e l  i s  corr e la tab le  w i th  OA E1d .    

Th e  r o ck s  cor r e la ted  to  th e O A E1d  in te rv a l  ar e  w eak ly- lamin a ted  and  

pyr i te - r ich  mud s ton es .  P lank ton ic  f or amin i f er s  ar e  v er y  r ar e  to  ab sen t ,  wh er eas  

spu mel la r ian  r ad io la r ian s  sudd en ly  in c r eased  in  ab und an ce .  A g g lu t in a ted  b en th ic  

for amin if e rs  a r e  common ,  w i th  a s semb lag es  of  Ba th ys ip hon ,  G lomo sp ira  an d  

Hap loph rag mo id es ,  w i th  r ar e  G y ro id ino id es  and  L en t icu l ina .  Th e  do min an ce  of  

ag g lu t in a ted  fo r ms  mig h t  r ef lec t  r e la t iv e ly  d yso x ic  cond i t ion s ,  a s  w e l l  a s  th e  

Ceno man ian /Tu ron ian  bo und ary  ( K a ih o  and  H aseg aw a ,  19 94 ) .  A l th oug h a  

d i s so lu t io n  e f f ec t  o n  ca lcar eou s  sp ec ies  can no t  be  ru led  o u t ,  ou r  r e su l ts  sugg es t  th a t  

dysox ic  co nd i t ion s d ev e lop ed  an d  a  r ad io la r ian  h ig h  pr odu c t iv i ty  ev en t  too k  p lace  

dur ing  th e  O AE1d  in  th e  n or th- w es t  P ac i f ic .   

 

5.5 .  T h e  m id- Ceno man ian  Even t  ho r i zo n   
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 Th e  mid - Cen o man ian  Ev en t ( MCE)  is  a ma jor  tu rnov er  of  fo r amin i f er s  and  

rad io la r ian s  a s so c ia ted  w i th  a  0 .7 ‰ p o s i t iv e  sh i f t  in  δ1 3 C c a r b o n a t e  an d  a  p os i t iv e  sh i f t  

in  th e Sr /Ca  r a t io  ( Co cc ion i  an d  G a leo t t i ,  20 03 ) .  Th e  o rg an ic- r ich  lay e r s  

co rr esp ond ing  to  th i s  ev en t  h av e  b een  f ou nd  in  cen tr a l  I t a l y,  th e  Vo con t ian  Bas in  

( Co cc ion i  and  G a leo t t i ,  200 3) ,  an d  th e No r th  A t lan t ic  (D eep S ea  D r i l l ing  P ro jec t  

S i te s  3 67 ,  386  and  3 98 ;  Coo l ,  19 82 ;  A r thu r  and  D ean ,  198 6 ;  Su mmer h ay es ,  198 7) .  In  

cen t r a l  I t a l y,  th i s  ev en t  i s  a sso c ia ted  w i th  u pp er  Ceno man ian  o rg an ic- r ich  lay er s  up  

to  th e  Ceno man ian /Tu ro n ian  b ou nd ar y.  Th e  MCE lev e l  sho ws  a  g lob a l  p o s i t iv e  

ex cur s io n  in  carb on  i so to p e r eco rd s ,  corr e la ta b le  w i th in  th e  midd le  p ar t  o f  th e  

D ica r in e l la  a lg er iana  p f  sub zo n e  of  th e Ro ta l ipora  cu sh man i  p f  zo n e.  A b ov e  th i s  

ev en t ,  r ad io la r ian  and  b en th ic  f or amin i f er s  d ecr ease  in  d iv er s i ty  in  cen tr a l  I t a ly  

(E rb ach er  e t  a l . ,  1 996 ;  D ames té  and  Kö s te r,  19 9 8;  Co cc ion i  an d  G a leo t t i ,  2 003 ) .  

 H aseg aw a  ( 199 7)  p rov ed  a  sud d en  po s i t iv e  excur s io n  of  δ1 3 Co r g  ( abo u t  

1 .2 ‰)  w i th in  K S19 a  ( = th e  D .  a lg er ian a  p f  sub zon e)  in  th e  H akk in- zaw a  Riv er  

(Sh i ro k in  Riv er  in  H aseg aw a ,  1 997 )  s ec t ion  o f  the  Oyu b ar i  ar ea .  Th is  p o s i t iv e  p eak  

i s  pr ob ab ly  co rr e la tab le  w i th  th e  MCE ho r izon  in  cen t r a l  I t a l y.  Th er e for e ,  th e  

hor izon  i s  p laced  a t  th e  top  of  th e  H ik ag en osaw a  For mat ion  of  our  l i tho s t r a t ig r aph ic  

d iv i s ion .  Ben th ic  f or amin if er a l  a s semb lag es  sho w a  s tep w ise ex t in c t ion ,  mark ed  by  

43 % r ed u c t io n  of  ca lcar eo u s sp ec ies  du r in g  th e  3  myr  af te r  th e MCE ev en t in  th e  

sou th er n  Oyu b ar i  a r ea  (K a iho  and  H aseg aw a ,  1 9 94 ;  F ig .  8 ) .  Rad io lar ian  ab und an ces  

dec r ease  du r ing  th e  s ame  in ter v a l  ( Tak e tan i ,  1 9 82) .   
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5.6 .  O AE2  ho r i zon  

 OA E2 ( th e  Bo n ar e l l i  Ev en t)  w as th e la rg es t  en v ir on men ta l  and  b io t ic  

d i s turb an ce  du r in g  th e  mid - Cr e taceou s  in terv a l .  Major  ph en o men a  in c lud e  max imu m  

mix ed- lay er  t emp er a tur es  ( abo u t  3 3– 34 °C;  Wi l son  e t  a l . ,  20 02) ,  an  abru p t  dro p  in  

8 7 Sr /8 6 S r  i so top ic  v a lu es  ( Br a lo w er  e t  a l . ,  1 99 7) ,  in cr eased  vo lcan ic d ep os i t s  and  

in ten s iv e  h ydr o th er mal  ac t iv i ty  ( S in ton  an d  Du n can ,  1 997 ) .  Th is  ev en t  i s  mark ed  b y  

a  p os i t iv e  ex cur s io n  of  δ1 3 C c a r b o n a t e  ( >2 ‰)  w i th in  th e  Wh ite in e l la  a rcha eo cre ta cea  

p f  zon e ,  c lo se to  th e  Ceno man ian /Tu ro n ian  ( C/T )  bou nd ar y,  and  i s  con s id e r ed  to  b e  

re la ted  to  in cr eased  pr od u c t iv i ty  and  g lo b a l  ex p an s ion  o f  th e  oxy g en  min imu m zo n e  

(e .g . ,  D ames té  and  Kö s te r,  19 98 ;  P r emo l i- S i lv a  e t  a l . ,  19 99) .  A s ig n if ican t  tu rn ov er  

of  r ad io lar ian s ,  ca lca r eo us  n ann ofo s s i l s ,  and  d eep -d w el l in g  p lan k to n ic  fo r amin i f er s  

occur r ed ,  w i th  a  h igh  ex t in c t ion  r a te  ( 26 % of  a l l  g en er a )  o f  b en th ic  f or amin if e rs  

(E rb ach er  e t  a l . ,  1 996 ;  E rb ach er  an d  Thu ro w,  1 9 97 ;  P r emo l i -S i lv a  e t  a l . ,  1 999 ) .   

 Th e  C/ T b ou nd ar y,  b ased  o n  macr o-  and  mic r ofo s s i l  b io s tr a t igr aph y,  i s  

p laced  a t  th e  b ase  o f  th e  H akk in  Mud dy  S and s to ne  Memb er  of  th e  S aku  Fo r mat io n  in  

th e  Oy ub ar i  and  To mamae  a r eas  ( F ig s .  4 ,  6 :  s ec t ion s 10 ,  1 3 ,  and  1 4) .  A p o s i t iv e  

δ1 3 C o r g  ex cu r s ion  o f  abou t  2 .5 ‰ is  r eco rd ed  a t  th i s  bo und ar y,  ind ica t in g  OA E2 ( e .g . ,  

H aseg aw a  and  S a i to ,  199 3) .  I nv es t ig a t ion  of  b en th ic  f or amin i f er a l  a s semb lag es  in  

th e  Oy ub ar i  ar ea  d emon s tr a te s  th a t  th e  two  low es t  ox yg en  con d i t io ns  d ev e lop ed  

dur ing  0 .15  myr  b e fo r e  th e  C/ T b oun d ary  and  1 .5  myr  a f ter  (K a iho  and  H aseg aw a ,  

1994 ) .  Rad io la r ian s  b eco me ab und an t ju s t abov e  th e  C/T bo und ary  ( e .g . ,  H aseg aw a ,  

1997 :  F ig .  8 ) .  
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6.  Co n c lu s ion s  

Our  s tudy  of  th e  Ye zo  Gr oup ,  a  th ick ,  fo r ear c  b as in -f i l l  s equ en ce ,  d i s tr ibu ted  

acr o ss  H okk a ido ,  J ap an ,  s er v es  a s  an  impo r tan t  r ecord  o f  t ec to n ic ,  f aun a l  an d  

en v ir on men ta l  ch ang e  on  th e no r th- w es t  P ac if ic  marg in  d ur ing  th e  Cr e taceou s  P e r io d .  

Th e  l i tho-  an d  b io s tr a t igr aph ic  su mmar ies  of  the  s equ en ce w er e pr ev iou s ly  l i t t l e  

kno wn ,  and  v a r io us  l i tho s tr a t igr aph ic  d iv is ion s  h ad  b een  pr opo sed .  Based  o n  ou r  

w id e  ar ea l  map p ing  o f  th e  s equ en ces ,  a s  w e l l  a s  an a ly ses  o f  l i tho -  and  b iof ac ies ,  w e  

hav e  h er e  pr opo sed  a  n ew  l i tho s tr a t igr aph ic  s ch eme  f or  th e  s equ en ce .   

Th e  A p t ian –A lb ian  s equ en ces  ( th e  S o ash ib e t su g aw a ,  Shu p aro g aw a ,  Mar uy ama  

an d  lo w er  H ik ag eno saw a  f or mat ion s)  o f  th e  g roup  w er e  fo r med  o n  a  co n t in en ta l  

s lo p e  w i th  a  lo w er– upp er  b a thy a l  p a laeo d ep th  in  a l l  s ec t io n s.  Th e  Ceno man ian  to  

lo w er  Camp an ian  s eq u en ces exh ib i t  l a te r a l  v ar ia t ion s of  s ed imen ta ry  env i ro nmen t  in  

th e  s tud y  a r eas .  G en er a l l y,  th e  s equ en ces  ex po sed  in  th e  Mik asa  and  To mamae  a r eas  

sho w  sh a l lo w er  f ac ies  o f  sh e l f  to  non - mar ine  en v ir on men t  ( th e Mik asa  and  

H abo rog aw a  fo r mat io ns ) ,  wh i le  tho se in  th e O yub ar i  a r ea r epr esen t  a  con t in en ta l  

s lo p e  env i ro nmen ts  ( th e  up p er  H ik ag eno saw a ,  S aku ,  K ash ima  for mat ion s) .  A b ov e  

th e  lo w er  Camp an ian ,  th e  n e r i t i c to  non - mar in e  f ac ies  of  th e  H akob u ch i  F or mat ion  

w er e  d epo s i ted  in  a l l  ar eas .   

Th e  s eq u en ce  d o es  no t  con ta in  in te r ca la ted  b l ack  sh a les ,  a s  s een  in  th e  

Te th y an  and  A t lan t ic  r eg ion s ,  b ecau se  o f  r ap id  s ed imen ta t ion  and  a  co n s tan t  

vo lu minou s  in f lux  of  t er r ig enou s  d e t r i tu s .  H ow ev e r,  th e  in tegr a t ion  o f  th e  b io -  and  



 42 

ch emos t r a t ig r ap h ic r e su l t s  of  th e  s tu dy  ar eas ,  u s in g  our  n ew  s t r a t igr ap h ic s ch eme,  

rev ea ls  th e  h or izon s  of  O AE1 a ,  1 c ,  1 d ,  MCE and  2  in  th e  Ye zo  Gro up .  OA E1 a,  1 c ,  1d  

an d  2  h or izon s  ar e  ch a r ac ter ized  b y  a  l ack  o f  ca lca r eou s  f or amin if er s ,  ins tead ,  th ey  

ar e  c lo se ly  acco mp an ied  by  a  r ad io lar ian  h igh  pr odu c t iv i ty  ev en t .  On  th e  o th e r  h and ,  

MCE h or izo n  co rr esp ond s  to  th e  o nse t  of  d ec rease  in  r ad io lar ian  ab und an ce  an d  

s tep w ise  ex t in c t ion  of  ca lca r eou s  b en th ic  fo r amin i f er s .  

 

A ck no w ledg men ts    

 We  ex pr es s  s in cer e gr a t i tud e  to  Y.  Tak ay an ag i ,  T.  S a i to  ( To h oku  U n iv ers i ty) ,  

H .  H i r an o  ( Wased a  Un iv er s i ty) ,  S .  S ano  ( Fuk u i  Pr e f ec tu r a l  D ino sau r  Mu seu m) ,  T.  

To mo sug i  ( Ky ushu  U n iv ers i ty) ,  and  K .  Kur ih ar a  ( Mik asa  Ci ty  Mu seu m)  fo r  h e lp fu l  

sug g es t ion s ,  and  a l so  to  K .  K ob ay ash i ,  K . H aseg aw a ,  S .  Matsu d a ,  K . Matsu d a ,  N .  

Wa tan ab e ,  K . Ko mo to  ( Mik asa Ci ty )  for  sup po r t s  dur ing  o ur  f i e ld wo rk .  We th ank  T.  

H a tsug a i ,  A .  En ny u ,  S .  Eg aw a ,  F.  S u zuk i ,  A ,  And o  an d  T.  S ak a i  fo r  pro v is ion  of  

unpu b l i sh ed  d a ta .  Th is  s tudy  w as  sup por ted  f in an c ia l ly  b y  th e  JS PS  Resea r ch  

F e l lo w s  S ch eme ( No .  098 98  to  Tak ash ima ,  No .  063 65  to  Wan i ,  an d  No .  07 622  to  

Mor iy a) ,  Gr an ts- in- A id  f r om JS P S  ( No .  14 740 30 2  to  K aw ab e ,  No .  10 640 446  to  A n do ,  

an d  N os .  133 54 006  and  1 534 017 6  to  N ish i ) ,  and  in  p ar t  by  a 2 1s t  Centu ry  Cente r  o f  

Ex cel l en ce  (COE)  Prog ram on  " Neo -Scien ce  o f  Natu ra l  His to ry"  a t  Hok ka id o  

Univ ers i t y.  
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Mu s . ,  N a t .  S c i . ,  no .  3 ,  23 -30 .  [ In  J ap an ese ,  Eng l i sh  abs t r ac t]  

I sh izuk a ,  H . ,  19 81 .  G eo ch emis t ry  o f  th e  Hor ok ana i  Op h io l i t e  in  th e  K amu iko tan  

Te c to n ic  Be l t ,  Ho kk a id o ,  J ap an .  J .  G eo l .  S o c .  J apan  87 ,  17- 34 . 

K a iho ,  K . ,  F u j iw ar a ,  O .,  Mo toy ama,  I . ,  199 3 .  Mid - Cr e taceou s  f aun a l  tu r nov er  of  

in te r med ia te - w a ter  b en th ic  for amin if e r a  in  th e  n or th w es tern  P ac i f ic  O cean  

marg in .  Ma r.  M ic ro p a leo n to l .  2 3 ,  13 -49 . 

K a iho ,  K . ,  H aseg aw a ,  T. ,  1 994 .  En d- Ceno man ian  b en th ic  fo r amin i f er a l  ex t in c t ion s  

an d  o cean ic  dy so x ic  ev en ts  in  th e  n or thw es te rn  P ac if ic  O cean .  P a laeo g eog r.  

P a laeo c l ima to l .  P a laeo eco l .  111 ,  29- 43 . 

K aw ab e ,  F. ,  2 000 .  Cr e taceou s  s t r a t ig r ap hy  in  th e  Oyu b ar i  a r ea,  cen tr a l  Ho kk a ido ,  

J ap an .  Bu l l .  N a tn .  S c i .  Mus . ,  To ky o ,  S e r.  C ,  G eol .  26 ,  9 -56 . 

K aw ab e ,  F. ,  2 003 .  Re la t io nsh ip  b e tw een  mid- Cr e taceou s  (u pp er  A lb ian  to  

Ceno man ian)  ammo no id  f ac ies  and  l i tho f ac ies  in  th e  Yezo  fo r ear c  b as in ,  

Hok k a id o ,  J ap an .  Cr e t .  Res .  24 ,  7 51- 76 3. 
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K aw ab e , F. ,  H ir ano , H . ,  Tak ag i ,  K . ,  199 6 . Bio s t ra t igr aphy  o f  th e Cr e taceo us  Sy s tem 

in  th e  n or th e rn  Oyu b ar i  a r ea ,  H okk a ido .  J .  G eo l .  So c .  J ap an  102 ,  440 -45 9 .  [ I n  

J ap an ese ,  En g l i sh  ab s t r ac t]  

K aw ab e ,  F. ,  Tak ash ima ,  R . ,  Wan i ,  R . ,  N ish i ,  H . ,  Mor iy a ,  K . ,  2 003 .  Up p er  A lb ian  to  

Lo w er  Ceno man ian  b io s tr a t igr aphy  in  th e  Oyu b ar i  a r ea ,  H ok k a ido ,  J ap an :  to w ar d  

a  Cr e taceo us  b io chr ono logy  fo r  th e  No r th  P ac i f ic .  A c ta  G eo l .  Po lon ica  53 ,  8 1-9 1 .  

K imin ami ,  K . ,  Ko matsu ,  M. ,  N i id a ,  K. ,  K i to ,  N . ,  1 986 .  Tec to n ic  d iv i s io ns  and  

s tr a t igr aphy  of  th e  Meso zo ic  r o ck s  o f  Ho kk a id o ,  J ap an .  Mon .  A sso .  G eo l .  Co l lab .  

J ap an ,  1-1 5 .  [ In  J ap an ese ,  En g l i sh  ab s tr ac t ]  

K i to ,  N . ,  K imin ami ,  K . ,  N i id a ,  K . ,  K an ie ,  Y. ,  Watan ab e ,  T. ,  K aw ag u ch i ,  M. ,  198 6 .  

Th e  So r ach i  Gr oup  and  th e  Ye zo  Su p erg ro up :  l a te  Meso zo ic  oph io l i t e s  and  

for ea r c  s ed imen ts  in  th e  ax ia l  zon e  o f  H ok k a ido .  Mon .  A sso .  G eo l .  Co l lab .  J ap an ,  

81-9 6 .  [ In  J ap an ese ,  En g l i sh  ab s tr ac t ]  

Kod ama,  K . ,  Maed a ,  H . ,  Sh ig e ta ,  Y. ,  K ase ,  T. ,  Tak eu ch i ,  T. ,  2 002 .  In teg r a ted  

b io s tr a t igr ap hy  an d  magn e to s tr a t igr ap hy  o f  th e  Upp er  Cr e taceou s  Sy s tem a lo ng  

th e  Riv e r  N a ib a  in  sou th er n  S akh a l in ,  Ru ss ia .  J .  G eo l .  So c .  J ap an  108 ,  366 -38 4 .  

[ In  J ap an ese ,  Eng l i sh  abs t r ac t]  

Lar so n ,  R .L . ,  19 91 a .  G eo log ica l  co n sequ en ces  o f  su p er p lu mes .  G eo log y  19 ,  

963- 96 6. 

Lar so n ,  R .L . ,  19 91 b.  La tes t  pu ls e  o f  Ear th :  ev id en ce  fo r  a  m id- Cr e taceo u s 

sup erp lu me .  G eo log y  19 ,  547 -55 0 . 

Lar so n ,  R .L . ,  Er b a,  E . ,  199 9 ,  On se t  of  th e  mid- Cr e taceo us  gr een hou se  in  th e  
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Barr emian- Ap t ian :  ign eou s  ev en ts  and  th e  b io lo gica l ,  s ed imen ta r y,  and  

geo ch emica l  r espon ses .  P a leo cean og r aph y  14 ,  6 63-6 78 . 

Leck ie ,  R .M. ,  Br a lo w er,  T. J . ,  Cash man ,  R . ,  200 2.  O cean ic  anox ic  ev en ts  an d  

p lank ton  ev o lu t ion :  b io t ic  r e spon se  to  t ec ton ic  f or c in g  du r ing  th e  

mid - Cr e taceou s .  P a leo ceanog r aph y  17 ,  1-2 9 . 

Lo w e ,  D .R. ,  19 82 .  S ed imen t  gr av i ty  f low s :  I I .  D ep os i t ion a l  mod e ls  w i th  sp ec ia l  

re f er en ce  to  th e  d epo s i t s  o f  h igh- d en s i ty  tur b id i ty  cur r en ts .  J .  S ed imen t .  P e t ro l .  

52 ,  27 9-2 97 . 

Maed a ,  H . ,  198 6 .  S t r a t ig r aph y  an d  fo s s i l  mo l luscan  f aun a  of  th e  U pp er  Cr e taceo u s  

Sy s tem in  th e  Bib a i a r ea ,  Ho kk a id o ,  no r th  J ap an .  J .  G eo l .  S o c .  J ap an  92 ,  13 5- 153 .  

[ In  J ap an ese ,  Eng l i sh  abs t r ac t]  

Matsu maru ,  K . ,  19 71 .  Cer ta in  la rg er  Fo r amin i f er a  f ro m Jap an .  J .  S a i tama  Un i v. ,  F ac .  

Ed u .  20 ,  149 -15 9 . 

Matsu mo to ,  T. ,  1 94 2 .  F und amen ta l s  in  th e  Cr e taceo us  s t r a t ig r aph y  of  J ap an ,  P a r t  1 .  

Mem.  F ac .  S c i . ,  K yu shu  Un i v. ,  S e r.  D ,  G eo l .  1 ,  129- 28 0. 

Matsu mo to ,  T. ,  19 51 .  Th e  Yezo  Gr oup  an d  th e  Kw an mon  Gro up .  J .  G eo l .  S o c .  J ap an  

57 ,  95 -98 .  [ In  J ap an ese ,  Eng l i sh  ab s tr ac t ]  

Matsu mo to ,  T. ,  1 97 7 .  Zon a l  corr e la t ion  of  th e  U pp er  Cr e taceo us  in  J ap an .  

P a laeo n to l .  So c .  J ap an ,  Sp ec .  P ap .  21 ,  6 3-7 4 . 

Men eg a t t i ,  A . P. ,  Weis se r t ,  H . ,  Br ow n ,  R .S . ,  Ty son ,  R . V. ,  F a r r imon d ,  P. ,  S t r as se r,  A . ,  

Caron ,  M. ,  19 98 .  H igh -r eso lu t io n  δ1 3 C  s t r a t ig r aphy  th ro ugh  th e  ear ly  A p t ian  

" L iev e l lo  S e l l i "  o f  th e  A lp in e  Te thy s .  P a leo cean ogr ap hy  1 3 ,  53 0- 545 . 
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Mor iy a ,  K . ,  H ir ano ,  H . ,  200 1 .  Cr e taceou s  s tr a t igr aph y  in  th e  Ch ikub e tsu  ar ea ,  

Hok k a id o .  J .  G eo l .  So c .  J ap an  107 ,  199 -21 4 .  [ In  J ap an ese ,  En g l i sh  ab s t r ac t]  

Mor iy a ,  K . ,  N ish i ,  H. ,  Tan ab e ,  K .,  200 1 ,  A g e  ca l ibr a t ion  o f  meg af os s i l  

b io ch ron o log y  b ased  on  Ear ly  Camp an ian  p lank ton ic  f or amin if er a  f r o m H okk a ido  

J ap an .  P a leon to l .  Res .  5 ,  27 7-2 82 . 

Mor iy a ,  K . ,  N ish i ,  H. ,  K aw ah a ta ,  H .,  Tan ab e ,  K . ,  Tak ay an ag i ,  Y. ,  20 03 .  D emer sa l  

hab i ta t  o f  La te  Cr e taceou s  ammo no id s :  ev id en ce  f ro m o xyg en  i so to p es  fo r  th e  

Camp an ian  ( La te  Cr e taceou s)  no r th w es tern  P ac i f ic  th er mal  s t ru c tur e .  G eo logy  31 ,  

167- 17 0. 

Mo to y ama,  I . ,  Fu j iw ar a ,  O . ,  K a iho ,  K . ,  Mu ro ta ,  T. ,  1 991 .  L i tho s tr a t igr aphy  and  

ca lca r eou s  micr of os s i l  b io ch ron o lo gy  o f  th e  Cr e taceou s  s t r a ta  in  th e  O yub ar i  

ar ea ,  Ho kk a id o ,  J ap an .  J .  G eo l .  S o c .  J ap an  9 7 ,  5 07-5 27 .  [ In  J ap an ese ,  Eng l i sh  

ab s t r ac t]  

N ed er br ag t ,  A . J . ,  F ior en t ino ,  A . ,  K lo so wsk a ,  B . ,  2 001 .  Qu an t i t a t iv e  an a ly s i s  o f  

ca lca r eou s  micr of os s i l s  acr os s  th e  A lb ian– Ceno man ian  bo und ary  o cean ic  an ox ic  

ev en t  a t  D S D P S i te  5 47  (N or th  A t lan t ic ) .  P a laeo geog r.  P a laeo c l ima to l .  

P a laeo eco l .  16 6 ,  40 1-4 21 . 

N i id a ,  K . ,  19 92 .  Basa l t s  an d  do le r i t e s  in  th e  So r ach i– Yezo  Be l t ,  cen t r a l  Hok k a id o ,  

J ap an .  J .  F ac .  S c i . ,  Ho kk a id o  U n i v. ,  S e r.  4 ,  23 ,  301- 31 9. 

N ish i ,  H . ,  Tak ash ima ,  R . ,  H a tsug a i ,  T. ,  S a i to ,  T. ,  Mor iy a ,  K . ,  En nyu ,  A . ,  S ak a i ,  T. ,  

2003 .  P lan k to n ic  fo r amin i f er a l  zon a t ion  in  th e  Cr e taceo us  Ye zo  Gr oup ,  Cen tr a l  

Hok k a id o ,  J ap an .  J .  A s ian  Ear th  S c i .  21 ,  867 -88 6.  
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N ish id a ,  T. ,  Matsu mo to ,  T. ,  K aw ash i ta ,  Y. ,  Eg ash i r a ,  N . ,  A izaw a ,  J . ,  I kku j i ,  Y. ,  

1997 .  Bio s tr a t igr aphy  of  th e  midd le  p ar t  o f  th e  Cr e taceo us  Ye zo  Gr oup  in  th e  

So eu sh in a i  ar ea  of  Hok k a id o– w i th  sp ec ia l  r ef e r en ce  to  th e  t r an s i t io n a l  p a r t  f r o m 

Lo w er  to  U pp er  Cr e taceou s :  sup p lemen t .  J .  F ac .  Cu l .  Edu . ,  S ag a  Un i v.  1 ,  

237- 27 9. 

Ob a ta ,  I . ,  Fu tak ami ,  M. ,  197 5 ,  Cr e taceou s  S tr a t i gr aph y  o f  th e  Man j i  A r ea ,  Ho kk a ido .  

Bu l l .  N a tn .  S c i .  Mu s . ,  S e r.  C ,  G eo l . ,  1 ,  93- 110 .  [ In  J ap an ese ,  Eng l i sh  su mmary]  

Ok ad a ,  H . ,  197 4 . Mig r a t io n  of  an c ien t  ar c– tr en c h  sy s tems . In :  Do t t ,  J r.  R .  H . ,  Sh av e r,  

R .  H .  ( ed s ) .  Mo d er n  and  an c ien t  g eo syn c l in a l  s ed imen ta t io n .  S EP M.  S p ec .  P ub .  

19 ,  3 11 -3 20 . 

Ok ad a ,  H . ,  19 83 .  Co l l i s io n  or og en es i s  an d  s ed imen ta t ion  in  H okk a ido ,  J ap an .  In :  

H ash imo to ,  M. ,  U y ed a ,  S .  ( Ed s ) .  A ccr e t ion  Tec t on ics  in  th e  Ci r cum- P ac if ic  

Reg ion s .  Ter r a  S c ien t i f i c  P ub l i sh ing  Co mp an y,  To k yo ,  91- 105 .   

Pr emo l i - S i lv a ,  I . ,  E rb a ,  E . ,  S a lv in i ,  G . ,  Lo ca te l l i ,  C . ,  Ve rg a ,  D . ,  1 999 .  Bio t ic  

ch ang es  in  Cr e taceo u s o cean ic  anox ic  ev en ts  o f  th e  Te thy s .  J .  F or am.  Res .  29 ,  

352- 37 0. 

Rob aszy nsk i ,  F. ,  Car o n ,  M. ,  G on za les ,  J .M. ,  Wo nd er s ,  A . ,  198 4 .  A t la s  o f  La te  

Cr e taceo us  p lank ton ic  fo r amin if e r a .  Re v.  Mic r o pa leon to l .26 ,  145 -30 5 . 

S a i to ,  T. ,  A nd o ,  A . ,  2 000 .  N ew  f in d ing s  of  th e  p lan k to n ic  fo r amin i f er  L eu po ld ina  

ca br i  ( S ig a l ,  1 952 )  f r o m th e  Sor ach i  G rou p  of  H okk a ido ,  J ap an  an d  i t s  b ear ing  o n  

th e  Cr e taceou s  chr ono logy  of  no r th w es ter n  P ac if ic  mar in e  s t r a ta .  Bu l l .  N a tn .  S c i .  

Mu s . ,  S e r.C ,  G eo l .  26 ,  183 -19 1 . 
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S ano ,  S . ,  1 995 .  L i tho-  and  b iof ac ies  o f  Ear ly  Cr e taceou s  ru d is t-b ea r in g  carb on a te  

s ed imen ts  in  no r th eas te rn  J ap an .  S ed imen t .  G eo l .  9 9 ,  17 9-1 89 . 

S in ton ,  C . W. ,  D un can ,  R .A . ,  1 997 .  Po ten t ia l  l in ks  b e tw een o cean  p la teau  v o lcan ism  

an d  g lo b a l  o cean  ano x ia  a t  th e  Ceno man ian /Tu r on ian  b ou nd ar y.  Econ .  G eo l .  9 2 ,  

836- 84 2. 

S l i t e r,  W. V. ,  Bak e r,  R .A . ,  197 2 , Cr e taceou s  b a thy metr ic  d is t r ib u t io n  of  b en th ic  

for amin if e rs .  J .  F or am.  Res .  2 ,  167 -18 3 . 

S l i t e r,  W. V. ,  19 89 .  A p t ian  anox ia  in  th e  P ac i f ic  Bas in .  G eo log y  17 ,  9 09 -91 2 . 

Su mmer h ay es ,  C . P. ,  19 87 .  O rg an ic- r ich  Cr e taceous  s ed imen ts  f ro m th e  No r th  

A t lan t ic .  In :  Bro ok s ,  J . ,  F lee t ,  A . J .  ( Ed s) .  Mar in e  p e t ro leu m sour ce  ro ck s .  G eo l .  

So c .  Lo ndo n  S p ec .  P ub  2 6 ,  30 1-3 16 . 

Tak ash ima ,  R . ,  N ish i ,  H . ,  S a i to ,  T. ,  H aseg aw a ,  T. ,  1 997 .  G eo logy  and  p lank ton ic  

for amin if e r a l  b io s t r a t ig r aph y  of  Cr e taceou s  s t r a ta  d i s t r ib u ted  a lo ng  th e  S hup aro  

Riv e r,  H ok k a id o ,  J ap an .  J .  G eo l .  So c .  J ap an  1 03 ,  5 43- 563 .  [ In  J ap an ese ,  Eng l i sh  

ab s t r ac t]  

Tak ash ima ,  R . ,  Yo sh id a ,  T. ,  N ish i ,  H . ,  2 001 .  S tr a t igr ap hy  an d  s ed imen ta ry  

en v ir on men t  of  th e  So r ach i  and  Ye zo  g rou ps  in  th e  Yu b ar i–A sh ib e tsu  ar ea ,  

Hok k a id o ,  J ap an .  J .  G eo l .  So c .  J ap an  10 7 ,  1- 20 .  [ In  J ap an ese ,  Eng l i sh  ab s t r ac t]  

Tak ash ima ,  R . ,  N ish i ,  H . ,  Yo sh id a ,  T. ,  2 002 a .  G eo log y,  p e t r o log y  and  tec ton ic  

s e t t in g  of  th e  La te  Jur as s ic  o ph io l i t e  in  Hok k a id o ,  J ap an .  J .  A s ian  Ear th  S c i .  21 ,  

197- 21 5. 

Tak ash ima ,  R . ,  N ish i ,  H . ,  Miy amo to ,  Y. ,  Yo sh id a ,  T. ,  20 02b .  G eo log y and  
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s tr a t igr aphy  of  th e  So r ach i  and  Ye zo  g rou ps  in  the  To ky o  U n iv er s i ty  F or es t s  in  

Hok k a id o ,  J ap an .  Bu l l .  To k yo  U n i v.  F o r es t s  108 ,  5 7-7 6 .  [ I n  J ap an ese ,  En g l ish  

ab s t r ac t]  

Tak e tan i ,  Y. ,  19 82 .  Cr e taceo u s  r ad io lar ian  b io s t ra t igr aphy  of  th e  Ur ak aw a  and  Ob i r a  

ar eas ,  Hok k a id o .  S c i .  Rep .  To h oku  Un i v. ,  S end a i ,  J ap an ,  S ec .  S e r.  ( G eo l . )  52 ,  

1-76 . 

Tan ak a ,  K . ,  1 963 .  A s tudy  on  th e  Cr e taceo us  s ed imen ta t ion  in  H okk a ido ,  J ap an .  Rep t .  

G eo l .  Sur v.  J ap an  1 97 .  1 -1 22 . 

Tan ak a ,  K . ,  1 970 .  S ed imen ta t ion  o f  th e  Cr e taceous  f ly sch  s eq u en ce  in  th e  

Iku sh umb etsu  ar ea ,  Ho kk a id o ,  J ap an .  Rep t .  G eo l .  Sur v.  J ap an  2 36 ,  1 -1 07 .   

To sh imi t su ,  S . ,  198 5 . Bio s tr a t igr aph y and  d epo s i t ion a l  f ac ies  of  th e  Cr e taceou s  in  

th e  upp er  r each es  of  th e H ab or o  Riv e r,  H okk a id o .  J .  G eo l .  So c .  J ap an  91 ,  

599- 61 8.  [ I n  J ap an ese ,  Eng l i sh  ab s tr ac t ]  

To sh imi t su ,  S . ,  Maiy a ,  S . ,  19 86 .  I n teg r a ted  in o cer amid- for amin if e r a l  

b io s tr a t igr ap hy  o f  th e  Up p er  Cr e taceou s  o f  n or thw es ter n  H okk a ido ,  J ap an .  Cr e t .  

Res .  7 ,  307 -32 6 . 

To sh imi t su ,  S . ,  Maiy a ,  S . ,  In ou e ,  Y. ,  Tak ah ash i ,  T. ,  19 98 .  I n teg r a ted  

meg afo s s i l- for amin if e r a l  b ios t r a t ig r ap hy  o f  th e  S an ton ian  to  lo w er  Camp an ian  

(Up p er  Cr e taceo us )  su ccess ion  in  no r th w es te rn  Hok k a id o ,  J ap an .  Cr e t .  Res .  19 ,  

69-8 5 . 

U ed a ,  H . ,  K aw amur a ,  M. ,  N i id a ,  K . ,  2 000 .  A ccr e t ion  an d  tec ton ic  e ro s ion  p ro cesses  

rev ea led  by  th e  mod e  o f  o ccu rr en ce and  g eo ch emis tr y  of  gr een s ton es  in  th e 
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Cr e taceo us  acc r e t io n ary  co mp lex es  of  th e  Ido nn ap pu  Zo n e ,  sou th ern  cen tr a l  

Hok k a id o ,  J ap an .  Th e  I s land  A r c  9 ,  237 -25 7 . 

Wan i ,  R . ,  200 1 .  Rewor k ed  ammo no id s  an d  th e i r  t ap ho no mic  imp l ica t ion s  in  th e  

Upp er  Cr e taceou s  o f  no r th w es tern  Ho kk a ido ,  J apan .  Cr e t .  Res .  22 ,  6 15– 625 . 

Wan i ,  R . ,  200 3 .  Taph of ac ies  mo d e ls  fo r  Up p er  Cr e taceo us  ammono ids  f r om th e  

Ko tan b e tsu  ar ea ,  nor thw es te rn  Hok k a id o ,  J ap an .  P a laeog eog r.  P a laeo c l ima to l .  

P a laeo eco l .  19 9 ,  71 -82 .  

Wan i ,  R . ,  H i r ano ,  H. ,  200 0 .  Up p er  Cr e taceo us  b ios t r a t ig r aph y  in  th e  Ko tanb e tsu  a r ea ,  

nor thw es ter n  H okk a ido .  J .  G eo l .  S o c .  J ap an  1 06 ,  1 71- 188 .  [ In  J ap an ese ,  Eng l i sh  

ab s t r ac t]  

Wi lson ,  P. A . ,  No rr i s ,  R .D . ,  20 01 .  War m t rop ica l  o cean  sur f ace  and  g lob a l  ano x ia  

dur ing  th e  mid- Cr e taceo us  p er iod .  N atur e  412 ,  4 25-4 29 . 

Wi lson ,  P. A . ,  No rr i s ,  R .D . ,  Co op er,  M.J . ,  200 2 .  Te s t in g  th e  Cr e taceo us  gr een hou se  

hypo th es is  u s ing  g las sy  fo r amin i f er a l  ca lc i te  f r om th e  cor e  of  th e  Tu r on ian  

tr op ics  o n  D emer ar a  Rise .  G eo logy  30 ,  60 7- 610 .  

Yasu d a ,  H .,  198 6 .  Cr e taceou s  an d  P a leo cen e  Fo r amin i f er a  f ro m nor th er n  H okk a ido ,  

J ap an .  S c i .  Rep .  To h oku  Un i v. ,  S end a i ,  J ap an .  S ec .  S e r.  ( G eo l . )  57 ,  1-1 01 . 
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Cap t io ns 

F ig .  1 .  S imp le g eo lo g ica l map sh ow ing  th e  d i s tr ib u t io n  of  th e  Meso zo ic for mat ion s  

of  no r th - eas t  J ap an  an d  sou th ern  S ak h a l in .  D ash ed - l in ed  f r ames  sh ow  th e  s tudy  

ar eas  ( F igs .  4 ,  5 ) .  Th e  cen t r a l  r eg io n  (F ig .  4 )  co ns i s t s  o f  th e  sou th- eas ter n  

Oyu b ar i  a r ea  and  th e  no r th -w es ter n  Mik asa  ar ea .   

F ig .  2 .  S ch emat ic  d iag r am of  th e  Yezo  G rou p  in  th e  s tud y  ar eas .  N o te  th a t  th e  

geo lo g ica l  co lumn  sho w s  r ig h tw ard -d eep en in g  f ac ies .  

F ig .  3 .  Co mp ar ison  o f  l i th os t r a t ig r ap h ic  subd iv i s io n s pr opo sed  by  s ev er a l  wo rk ers  in  

th e  s tudy  a r eas .  

F ig .  4 .  G eo log ica l  map  an d  s tru c tur a l  pr of i l e  s ec t io n  o f  th e  Oyu b ar i  and  Mik asa  

ar eas ,  cen tr a l  H okk a ido  I s land  r eg ion .  Th e  so u th - eas te rn  Oy ub ar i  an d  

nor th- w es te rn  Mik asa  a r eas  a r e  bou nd ed  by  the  K a tsu r azaw a  Thr us t  F au l t .  

A l th oug h  mo s t  ar eas  in  th is  map  ar e  b ased  on  our  o r ig in a l  d a ta ,  th e  sou th e rn  

Mik asa  ar ea  ( th e  Man j i  and  H a to no su  D omes )  an d  n or th eas te rn  Oy ub ar i  ar ea  

(a ro und  th e  Mt .  Yu b aey ama)  a r e  mod i f ied  f ro m Tan ak a ,  (19 70) ,  O b a ta  an d  

Fu tak ami  (1 975 ) ,  F u tak ami  (19 82) ,  H ash imo to  ( 1953 ) ,  r e sp ec t iv e l y.  

F ig .  5 .  G eo lo g ica l  map  and  s tr u c tu r a l  pr of i l e  s ec t ion  of  th e  To mamae  a r ea ;  s ee  F ig .  4  

for  l eg end . 

F ig .  6 .  Cor r e la t ion  o f  s e lec ted  s ec t io ns  f r om th e  s tu dy  ar eas .  1 -5 ,  Mik asa  ar ea .  1 ,  

Sh ikor o- zaw a  Va l ley ;  2 ,  Pon b e tsu  Riv er ;  3 ,  Yo nn o- saw a  Va l ley ;  4 ,  

G an sek i - zaw a  Va l ley –N an ash i- zaw a  Va l ley ;  5 ,  Tsuk imi- saw a  Va l le y.  6 -1 0 ,  

To mamae  a r ea .  6 ,  S ank eb e tsu  Riv er ;  7 ,  N ak af u tamata  Riv e r ;  8 ,  S hu mar in a i  
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Riv er ;  9 , .  S oun n a i  Riv er –K o tanb e tsu  Riv e r ;  1 0 ,  Go sen  Riv e r– K an a j i r i- zaw a  

Va l ley –A k ano saw a  Va l le y.  11 -1 7 ,  O yub ar i  a r ea .  11 ,  S o ash ib e t su  Riv e r ;  1 2 ,  

Shu p ar o  Riv er ;  13 ,  Ten gu- saw a  Va l ley ;  1 4 ,  H akk in - zaw a  Va l ley ; 15 ,  Oy ub ar i  

dam,  1 6 .  H oro k aku ru k i  Riv e r,  17 .  May ach i - zaw a  Va l le y.  Each  s ec t io n s i s  c i t ed  

in  F igs .  4  and  5 .  N o te  th a t  th e  p r ec i s e  th ick n ess  of  th e  KY 2  ( sec t ion  11 -1 3)  and  

K Y- 5 cou ld  n o t b e d ep ic ted  b ecause  o f  s ca le pr o blem.  P r ec i s e th ick n es s  shou ld  

re f er  to  Tab le  1 .  

F ig .  7 .  P ho to gr ap h s  of  th e  r epr esen ta t iv e  l i th of ac ies  of  th e  Ye zo  G rou p .  A ,  

l amin a ted  mu d s ton e  w i th  f r equ en t  in te r ca la t ion s  o f  f e l s ic  tu f f  b ed s ;  

So ash ib e tsug aw a  F or mat ion ,  So ash ib e t su  Riv e r,  n or th er n  Oy ub ar i a r ea .  B ,  

s and s ton e- do min an t  a l t e rn a t ing  b ed s  of  s and s to n e  and  mud s to n e ;  Sh up ar og aw a  

For mat ion ,  Refur eppu  S an ds ton e  Memb er,  So ash ib e tsu  Riv e r,  nor th er n  

Oyu b ar i  ar ea .  C ,  o l i s to s t ro me  con ta in in g  la rg e  l imes to n e b lo ck s ;  Shu p aro g aw a  

For mat ion ,  K i r ig i sh iy ama  O l i s to s tr o me  Memb er,  O ku sak a ino- saw a  Va l le y ,  

cen t r a l  O yub ar i a r ea .  D , a l t e rn a t ing  b eds  of  s an d s ton e  an d  mu d s ton e ;  

Oku sak a ino saw a  S and s to n e  an d  Mud s to n e  Memb e r,  S hu p aro  Riv e r,  cen t r a l  

Oyu b ar i  a r ea .  E ,  f e l s ic  tu f f aceou s  s and s ton es ;  Maru y ama F or mat ion ,  U enb e tsu  

Riv e r,  sou th er n  To mamae  a r ea .  F,  w eak ly  lamin a ted  mud s ton e ;  H ik ag eno saw a  

For mat ion ,  Ten gu -saw a  Va l le y,  cen t r a l  Oyu b ar i  ar ea .  G ,  mu ds ton e-do min an t  

a l t e rn a t ing  b eds  of  s and s to n e  and  mud s to n e ;  H ik ag eno saw a F or mat io n ,  

K an a j i r i  S and s to n e  Memb e r,  S hu p aro  Riv e r ,  cen t r a l  O yu b ar i  ar ea .  H ,  

a l t e rn a t ing  b ed s  o f  s and s ton e  and  mu d s ton e ;  S ak u  For mat ion ,  Sh u mar in a i  
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Riv er,  n or th er n  To mamae  a r ea .  I ,  g r een ish  gr ey  mudd y  sand s to n e  w i th  

ab und an t  Plano l i te s ;  S aku  F or mat ion ,  K Y- 4 ,  H akk in- zaw a  Va l le y,  sou th ern  

Oyu b ar i  ar ea .  J ,  con g lo mer a te  b ed  w i th  ero s io n a l  b ase ;  S aku  For mat ion ,  

Shu mar in a i  Riv e r,  n or th e rn  To mamae  a r ea .  K , s an ds ton e  w i th  h ummo cky  

cr o ss -s t r a t i f i ca t io n ; Mik asa F or mat io n ,  w es tern  K a tsu r a- zaw a Lak e ,  so u th er n  

Mik asa a r ea .  L ,  mass iv e mud s to n e ; K ash ima  F o rmat ion ,  H or ok ak uru k i Riv e r,  

sou th er n  Oy ub ar i a r ea .  M,  In o cera mu s u wa j im en s is  sh e l l  b ed ;  K ash ima  

For mat ion ,  O ku samata- zaw a  Va l le y,  cen tr a l  Oy ub ar i  a r ea .  N ,  f e l s ic  

vo lcan ic las t ic  s and s to n e ;  H ab or og aw a  F or mat io n ,  Tsu k imi  S and s to n e  Memb er,  

Ash ib e tsu  Riv e r,  eas te rn  Mik asa  a r ea .  O ,  co ar sen ing  up w ard  s equ en ces ,  f ro m  

sand y  mu ds ton e  to  med ium-g r a in ed  s and s to ne ;  H abor og aw a  F or mat ion ,  

N ak an ofu tamata  Riv e r,  no r th e rn  To mamae  a r ea .  P,  s an d s ton e  w i th  hu mmo cky  

cr o ss -s t r a t i f i ca t io n ;  H ako bu ch i  F or mat ion ,  H ach ig a tsu- zaw a  Va l le y,  eas te rn  

Mik asa  ar ea .  

 

F ig .  8 .  Co mp o s i te  co lu mn  o f  th e  Ye zo  Gr o up ,  su mmar ized  l i th o log y,  macro - ,  

m icr of os s i l  and  car bon  i so top e  s tr a t igr aphy  and  micr of os s i l  b io t ic  ev en ts .  No te  

th a t  f iv e  O A E ho r izon s  a r e id en t i f i ed  w i th in  th e  Ye zo  G ro up . 

 

Tab le  1 .  L is t  o f  th e  w id e ly  t r aceab le  k ey  un i t s  o f  th e  Yezo  G rou p . 
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Figure 3, Takashima et al.

* Same definition is used in Nishi et al. (2003)
* *Same definition is used in Hasegawa & Saito (1993), Kaiho et al. (1993), Kaiho & Hasegawa (1994), Hasegawa (1995) and Hasegawa (1997)



Figure 4, Takashima et al.

14
2 

 0
0'

N

Mt. Ashibetsudake
1727m

Mt. Kirigishiyama

Mt. Yubaridake
1668m

Mt. Hachimori
1473m

1331m
Mt. Furanonishidake

14
2 

 2
0'

43  30'

14
2 

 0
0'

43  30'

43  10'

10km0

Lower Sorachi Group

Legend

Mikasa Fm

Kashima Fm

Haborogawa 
Fm

Hakobuchi Fm

Post-Yezo Group

Maruyama Fm (KY-2)

Sh
up

ar
og

aw
a 

Fm

Shuparogawa Fm (undivided)

Ye
zo

 G
ro

up

Hikagenosawa 
Fm

Saku 
Fm

Refureppu Sst Mbr

Kirigishiyama Olistostrome Mbr (KY-1)

Okusakainosawa Sst & Mdst Mbr

Kanajiri Sst Mbr (KY-3)

Main part

Main part

Main part

Tsukimi Sst Mbr (KY-6)

Hakkin Muddy Sst 
Mbr (KY-4)

Serpentinite & metamorphic 
rocks

Upper Sorachi Group

Soashibetsugawa Fm

Major thrust fault

Fault

Major syncline & anticline

Column routes in Figure 6

Ashibetsu City

Furano City

Kashima Vil.

1050m

1057m

Mt. Refureppu

1052m
Mt. Ikushunbetsudake

1023m
Mt. Ponbetsu

Katsu
raza

wa Thru
st 

Fa
ult

So
ra

ch
i A

nt
ic

lin
e

Iku
sh

um
betsu

 A
ntic

lin
e

Manji Dome

Hatonosu Dome

Ka
sh

im
a 

Th
ru

st
 F

au
lt

Yu
ba

rid
ak

e 
Th

ru
st

 F
au

lt

Mt. Bibaiyama
986m

Mt. Naeyama
819m

Mt. Yubaeyama
846m

Mikasa City

Yubari City

Ikushumbetsu Vill.

Katsurazawa Lake

Shuparo Lake

16

17

15

14

13

12

11

5

3

2

4

lst

14

Subordinate syncline & anticline

806m
Mt. Maruyama

 
Yezo Group

Oyubari areaMikasa area

0
-500m

1000

2000
A A'

A A'

1

Ikushumbetsu R.

Ikushum
betsu R.

Ashibetsu R.

A
sh

ib
et

su
 R

.

Soashibetsu R.

Tsukimi-sawa V.

Hachigatsu-zawa V.

Shirikishimanai R.

Shuparo R.

Shuparo R.

Sorachi R.

Shuparo R.

Okusakaino-sawa V.

Hikageno-saw
a R.

Hakkin-zawa V.

Ta
kino-sa

wa V.

Shikoro-zaw
a V.

Ganseki-zawa V.

Nanashi-zawa V.

Tengu-sawa V.

Po
nb

et
su

 R
.

Horokakuruki R
.

Yonnno-sawa V.

Mayachi-zawa V.

Oyubari Dam

Okusamata-zawa V.



Mt. Bozuyama

743m

1009m
Mt. Santozan

507m
Mt. Okusankebetsuyama

567m
Mt. Ohtengudake

961m
Mt. Obirashibedake

Mt. Shirochiuneyama
580m

Mt. Pisshiriyama
1031m

Mt. Haborodake
649m

Mt. Horobetsuyama
470m

Mt. Kamikotanbetsudake
512m

487m
Mt. Hakutosan

Haboro R.

Haboro R.

Sakasa R.

Mt. Sounnaidake
608m

Soeushinai Vill.

Seiwa Vill.

Tappu Vill.

9

8

9

10

10

6

N

10km0

14
2 

 1
0'

44  20'44  20'

14
1 

 5
5'

7

7

44  05'

14
1 

 5
5'

B B'

0
-500m

1000

2000
B B'

Figure 5, Takashima et al.
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Key Units Horizons Age PictureLithofaciesThickness

KY-1 Fig. 7C
Late Aptian−
Early Albian

Olistostrome or debris flow deposits occasionally 
containing "Orbitolina" limestone blocks

Middle part of the 
Shuparogawa Formation
(Kirigishi. Olistostrome Mbr)

< 400 m

KY-2 Fig. 7EEarly Late AlbianFelsic tuff and tuffaceous sandstone beds Maruyama Formation< 82 m

KY-3 Fig. 7GLatest Albian
Lower middle part of the
Hikagenosawa Formation
(Kanajiri Sst Mbr)

Sandstone-conglomerate beds100−300 m

KY-4 Fig. 7IEarly Turonian
Middle part of the 
Saku Formation
(Hakkin Muddy Sst Mbr)

Greenish gray tuffaceous muddy sandstone 
with abundant P lanolites  trace fossils and
very thick felsic tuff beds

< 300 m

KY-5 Fig. 7MEarly ConiacianLower parts of the Kashima 
and Haborogawa Formations

Green tuffaceous coarse sandstone beds with 
abundant I.  uwajimensis10−20 m

Fig. 7N, OLatest SantonianMiddle parts of the Kashima 
and Haborogawa Formations
(Tsukimi Sst Mbr)

KY-6 Tuffaceous coarse sandstone beds10−30 m

Table 1, Takashima et al.
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