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Zonation　of廿1e　UpPer　Cretaceous　in　Japan＊

By

Tats皿o　MATSUMOTO

Abstract

　　　Ascheme　of　the　zoning　which　is　best　applicable　to　the　Upper　Cretaceous　in

Japan　and　adjacent　areas　is　tabulated，　with　zonal　indices　and　raDges　of　principal

associated　species．　The　indices　are　species　of　Inocerami　and　ammonites　of　the

superfamily　Desmocerataceae．　They　are　mostly　particular　to　the　Japanese　province，

so　that　the　scheme　is　entirely　di任erent　from　the　well　known　ones　in　Western

Countries．　World－wide　correlation　is，　however，　attempted　as　far　as　possible　from　the

careful　considerations　of　genera　and　species－groups　that　are　common　to　Japanese

and　extra－Japanese　provinces．　A　tentative　result　of　the　apProximate　correlation　is

presented，　but　several　questions　remain，　especially　about　the　exact　position　of　the

boundaries　between　stages．　The　Japanese　sequence　will　throw　much　new　light　on

the　Upper　Cretaceous　sequence　in　the　vast　Indo－Pacific　area．

Foreword

　　　At　the　XXth　International　Geological　Congress，　September　1956，　I　read　a　paper

entitled‘‘Zoning　of　the　UpPer　Cretaceous　in　Japan　and　adjacent　areas，　with　special

reference　to　world－wide　correlation”．　The　paper　should　have　been　published　irn－

mediately　after　the　Congress，　but　the　publication　has　been　delayed　for　some　reason．

This　seems　to　give　inconvenience　for　the　students，　at　home　and　abroad，　working　in

the　Cretaceous　stratigraphy　and　palaeontology．　I　myself　have　to　refer　the　results

of　my　own　previous　work．

　　　In　the　meanwhile，　I　had　an　opportunity　of　visiting　the　United　States　as　a

Fulbright　Fellow　of　1957－1958．　I　was　benefited　on　that　occasion　by　new　acquisitions

concerning　the　subject．　In　addition　a　considerable　number　of　important　papers　has

been　added　to　the　literature，　since　I　prepared　my　previous　manuscript．　I　also　have

continued　stratigraphical　aDd　palaeontological　studies　of　the　Japanese　Cretaceous，

resulting　in　still　more　re6nement　of　the　scheme　as　compared　with　that　of　1956．

　　　This　paper　sumrnarizes　concisely　the　present　knowledge　about　the　zoDation　of

the　UpPer　Cretaceous　in　Japan　and　its　bearing　on　the　world－wide　correlation．　The

writing　principally　follows　that　read　at　the　Congress，　but　is　modified　in　many

places　with　new　additions　and　necessary　revisions．

祈Received　August　1，1959
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Introduction

　　　Generally　speaking　the　Mesozoic　strata　in　Japan　and　adjaceDt　areas　are　tectoni－

cally　much　disturbed　and　not　so　fossiliferous　as　in　the　standard　areas　in　Europe．

Fifty　years　ago　or　more　our　predecessors，　M．　YoKoYAMA（1890，1904），　K　JIMBo（1894），

H．YABE（1903－4，1909，1910），　etc．，　have　made　great　efforts　to　contribute　from　the

Japanese　material　to　Mesozoic　biostratigraphy　of　the　world．　These　pioneer　works

should　be　highly　appreciated，　notwithstanding　the　fact　that　the　subdivisions　at　those

dates　are　much　broader　than　the　then　already　well　divided　Mesozoic　sequence　in

certain　areas　of　Western　Europe．

　　　Since　then　a　great　deal　of　work　has　been　done，　both　from　stratigraphical　and

paleontological　sides，　on　the　Mesozoic　of　Japan　and　adjacent　areas．　Among　several

major　subjects　of　international　importance，　the　developrnent　of　the　non－marine

faunas　and　Horas　in　the　Mesozoic　of　Eastern　Asia　has　been　clari負ed　to　a　consider－

able　extent．　Another　contribution　may　be　the　zoning　of　the　Upper　Cretaceous，

which　has　been　much　studied　since　Dr．　YABE’s　classification　in　central　Hokkaido

（YABE，1909，1927）．

　　　　Dr．　S．　SHIMIzu（1935）once　presented　a　scheme　of　subdivisions　of　the　UpPer

Cretaceous　of　Japan，　but　did　not　complete　a　monographic　work．　The　zones　proposed

by　him　looked　nearly　as　fine　as　the　then　known　European　ones，　but　actually　in

many　cases　they　do　not　accord　with　the　facts　obtaiDed　by　subsequent　field　works．

Without　detailed　description　of　the　stratigraphic　sequence　in　each　area　and　without

paleontologica1’rnonographs　of　the　contained　fossils，　we　cannot　evaluate　properly

the　proposed　zones．　On　the　other　hand　active　geologists　and　palaeontologists　in

Hokkaido，　such　as　the　late　Professor　T．　NAGAo，　R．　SAITo，　K．　OTATuME　and　others，

had　been　accumulating　reliable　material　for　accurate　zoning　and　correlation，　but

for　various　reasons　their　works　have　not　been　completed．　At　first　in　cooperation

with　them　and　then　independently　I　have　devoted　myself　for　these　twenty　years　to

stratigraphical　and　palaeontological　studies　on　the　Cretaceous　System　of　the　Japan－

ese　Islands．　Recently　many　active　geologists　have　joined　with　me，　with　the　result－

ing　publication　of　a　compiled　book　entitledτ舵Cτε加6eoμs砂s彪〃z吻Z％θノ4吻κεsε

1S1αη4S．　In　that　book　I　have　presented　my　scheme　of　zoning　that　is　best　apPlicable

in　the　fossiliferous　Upper　Cretaceous　of　South　Saghalien，　Hokkaido　and　several　areas

in　Honshu，　Shikoku　and　Kyushu．　In　an　appendix　to　the　same　book　and　in　other

papers　which　have　been　subsequently　published　or　are　now　under　preparation，　I　am

describing　our　Cretaceous　ammonites　and　Inocerami，　both　of　which　are　the　principal

members　in　the　proposed　zones．

　　　As　set　out　below　the　proposed　zones，　with　some　recent　revisioD，　are　special　to

the　Japanese　province　and　never　can　be　regarded　as　direct　extensions　of　those　in

the　weU　known　areas　in　Europe　and　North　America．　However　world－wide　correla一
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tion　is，　none　the　less，　important．　Owing　to　the　kind　help　of　my　friends　in　Great

Britain，　France，　Germany，　the　United　States，　Canada　and　other　countries　and　also

to　the　cooperation　of　my　Japanese　friends　our　available　material　for　international

correlation　has　accumulated　to　a　considerable　extent．　I　offer　here　an　outline　of　our

present　knowledge　and　endeavour　to　advance　as　far　as　possible　the　problem　of

world－wide　correlation．

Propoged　Zones　of　the　UpPer　Cretaceous　in　Japan　and
　　　　　　　　　　　　　　　　　　　Adjacent　Areag

　　　ルZα彪グゴα1／bγ20微1sμbばゴ死sゴoη．－As　have　been　known　since　the　papers　of　YoKo－

YAMA，　JIMBo　and　YABE，　the　UpPer　Cretaceous　strata　in　Japan　and　adjacent　areas

are　fairly　fossiliferous．　But　they　are　not　necessarily　favourable　for　zonal　subdivision．

The　strata　are　products　of　fairly　rapid　sedimentation　supplied　with　a　large　amount

of　terrigenous　matters．　In　Hokkaido　and　Saghalien，　the　celebrated　fossiliferous

province，　the　Mesozoic　deposition　is　rather　of　geosynclinal　nature　and　the　Upper

Cretaceous　is　largely　composed　of　mudstones　rich　in　calcareous　nodules　with　sub－

ordinate　sandstones，6ne－sandy　siltstones，　a　few　conglomerates　and　some　tuffs（see

FuJII，1958）．　The　strata　are　intensely　folded，　faulted　and　Ioca11y　overturned．　Fossils

are　only　well　preserved　where　they　occur　in　compact，　calcareous　nodules．

　　　　Under　these　circumstances　accurate　zoning　cannot　be　done　without　laborious

and　patient　field　work．　Observation　of　the　sequence　along　a　single　route　is　not

sufhcient　for　establishment　of　zones．　Fossiliferous　strata　are　we11　exposed　along

valleys，　which　are，　however，　often　developed　deep　in　the　mountainous　areas．　A

number　of　valleys　has　been　examined　again　and　again　to　establish　and　trace　the

proposed　zones．

　　　　The　standard　or　type　areas　are　the　Naibuchi　Valley　in　South　Saghalien，　the

Abeshinai　Valley　and　adjacent　Saku　area　in　Teshio　Province　in　north　Hokkaido，

the　Ikushumbetsu　and　Yubari（Shiyubari）Valleys　in　central　Hokkaido，　Hobets

（Popets）and　Mukawa　Valleys　in　Iburi　Province　in　south－central　Hokkaido　and　the

coastal　area　of　Urakawa　in　Hidaka　Province　in　south　Hokkaido．

　　　　The　stratigraphic　sequences　of　the　Cretaceous　deposits　in　these　type　areas　have

been　described　in　my　1942－43　and　other　papers，　also　concisely　presented　on　plates

4，5and　60f　Tμα吻cεoμs　S夕s在働げ云みθ力吻ηεsθ々αηゐ（MATsuMoTo［Editor］，

1954）and　schematically　summarized　in　plates　2　and　text－fig．50f　the　last　mentioned

book．

　　　　Among　a皿mber　of　contributions　in　the　subsequent　work，　that　of　K．　TANAKA，

of　the　Geological　Survey　of　Japan，（勿TsusHIMAεZα1．，1958）to　the　stratigraphic

succession　along　the　Obirashibetu［＝Opiraushibets］Valley，　Teshio　province，　in　the

northeastern　part　of　central　Hokkaido，　is　important．　This　area　includes　classical

localities　of　JIMBo（1894）and　YABE（1903－4，1909，1910）．　I　myself　have　joined　TANAKA
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in　identifying　some　of　the　fossils　in　his　collection．　A　surnmary　of　his　results　is　in

acolumnar　section（TsusHIMAε云α1．，1958，　fig．1）．　Koji　KINosHITA　and　his　associates

of　the　Japan　Petroleum　Exploration　Cornpany，　are　accumulating　fairly　Iarge　collec－

tions　from　various　Cretaceous　areas　in　Hokkaido，　with　renewed　stratigraphic　obser－

vations．　Ihad　an　oPPortunity　of　studying　their　collections．
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　パ
　　　　Being　frequently　assisted　by　Messrs．　T．　and　K．　MuRAMoTo，　T．　OMoRI　and　M．

KIKucHI，　I　have　recently　obtained　more　and　better　specimens　frorn　the　classical　area

of　the　Ikushumbets　Valley　and　vicinities．　The　details　of　the　stratigraphic　succession

there　should　be　described　separately．　In　this　paper　the　important　results　are　con－

densed　in　a　columnar　section　of　Plate　7．

　　　　Even　in　Hokkaido　and　Saghalien　local　stratigraphic　ranges　of　the　species　may

vary　to　some　extent　among　various　areas，　depending　on　local　ecological　and　sedi－

mentary　conditions．　The　apparent　ranges　must　be　distinguished　from　the　true

ranges　by　careful　observations．　Thus　Plate　6　shows　the　rnost　reasonable　conclusion

of　the　local　correlation　among　di任erent　section．　The　true　ranges　of　the　selected

species　are　shown　in　Plate　8．

　　　　Outside　Hokkaido　and　Saghalien　the　Upper　Cretaceous　deposits　distribute　at

irregular　intervals　in　Honshu（i．e．　the　rnain　island　of　Japan），　Shikoku　and　Kyushu．

They　are　rather　heterogeneous　or　often　unequal　in　their　lithologic　constituents，

stratigraphic　sequence，　thickness，　mode　of　occurrence　of　fossils　and　intensity　of

structural　deformation　among　different　areas．　In　some　favourable　cases，　however，

the　zones　that　have　been　established　in　Hokkaido　and　South　Saghalien　are　clearly

recognized　and　thus　the　proposed　zones　are　principally　apPlicable　all　over　the　Japan－

ese　Islands．

　　　　Another　fact　which　should　be　remarked　is　that　the　faunal　province　of　Japan

and　adjacent　areas　is　entirely　di任erent　and　much　separated　from　that　of　Western

Europe　and　other　welI　zoned　areas．　In　other　words　the　genera　and　species　which

de6ne　each　zone　of　our　province　are　mostly　Indo－Pacific　elements　and　different

frorn　the　zonal　indices　in　Western　Europe　or　in　the　Gulf　Coast－－Western　Interior　of

America．　Furthermore　our　species　have　relatively　long　ranges　as　compared　with　the

highly　ornamented　forms　in　epicontinental　areas．　Notwithstanding　these　unfavour

able　conditions　zoning　is　possible　and　has　actually　been　established　to　some　extent．

Moreover丘ner　subdivision　into　subzones　or　supplemental　local　zonules　seerns　possi－

ble　in　certain　areas．　For　the　latter　case　we　select　relatively　well　ornamented　ele－

ments　which　are，　at　least　as　genera　or　species－groups，　mostly　cosmopolitan，　being

common　to　both　Japanese　and　European　or　other　distant　provinces．　These　latter

elements，　though　not　necessarly　abundant　in　the　circumPacific　region，　being　some－

times　immigrants，　are　very　useful　for　correlating　the　Cretaceou弍deposits　between

different　faunal　provinces，　while　the　former　elements　will　become　increasingly　im－

portant　as　zonal　indices　in　the　Indo－Pacific　region，　and　thus　the　Japanese　rnateria1
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Plate　7． Stratigraphic　s㏄tion　along　the　Ikushumbets　Valley（on　the　eastem　wing），　central

Hokkaido．
Species　in　square　brackets．　occur　in　the　neighbouring　areas；　those　in　double　brackets　are

doubtfully　recorded　as　occurring　in　this　area・

Lithology『in　the　columnar　section；　1：mudstone，　2：tuff　and　tu鉦aceous　sandstone，　3：丘ne・

sandy　s誠tstone，　4：silty　fine．sandstone，　5：sandstone　（medium　to　coarse．grained）．　6：

conglomerate　and　very　coarse．sandstone，　7：altemating　shale　and　sandstone，　8：shale

（frequently　laminated）．
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Plate　8．　Upper　Cretaceotls　zon田in　Japan　and　adjacent　areas．
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will　take　the　key　part　in　world－wide　correlation．　There　are　some　endemic　elements

which　afford　di伍culties　for　international　correlation，　even　if　they　are　available　as

zonal　indices　within　the　Japanese　province．

　　　　乙砂力εγCγ¢如c¢oμs　20η¢sゴη　加b〃αγ∫bγ〃2，ωゴ仇　so〃z¢　eψ1αηαZo⑲　％oZ2s．－The

annexed　chart（Plate　8）shows　the　scheme　of　the　Upper　Cretaceous　zones　established

in　Hokkaido　and　Saghalien．　It　is　not　much　different　from　the　table　which　I　proposed

in　1954（Table　I　facing　P．4in　T．　M．［Editor］1954）but　is　somewhat　amended　from

the　additional　facts　obtained　in　subsequent　studies　as　briefly　explained　above．

　　　As　the　narne　fossils　of　the　zones　I　have　selected　most　characteristic　species　of

both　ammonite　and　Inocerami．　The　ammonites　are　those　of　the　superfamily　Des－

mocerataceae，　especially　the　families　Desmoceratidae（s．　s．）and　Pachydiscidae，　with

afew　Kossmaticeratids．　Sometimes　a　zona1－index　exceeds　in　stratigraphic　range

beyond　the　designated　zone，　which　is　to　be　defined　by　the　assemblage　of　species．

The　cornmonly　associat巳（i　species　are　given　in　the　adjacent℃01umn　with　their　known

ranges．　They　are　other　members　of　Desmocerataceae，　Phylloceratidae，　Tetragonitidae

and　certain　heteromorpha．　Although　they　have　relatively　long　stratigraphical　ranges，

they　are　by　no　means　useless，　for　they　occur　fairly　abundantly　and　the　assemblage

of　several　coexisting　species　can　define　a　particular　zone．

　　　　In　the　next　column　on　the　right　side　I　put　selected　species　that　are　relatively

well　ornamented　and　short－ranging．　Some　of　them　occur　rather　sporadically，　but

some　others　are　fairly　common，　forming　subzones　or　local　zonules．　地εsゴ碗Zθs

砺涜％s（YABE　MS．）（HAYAsAKA　and　FuKADA），　for　instance，　occurs　abundantly　in　a

certain　limited　thickness　of　strata　in　central　Hokkaido，　forming　a　zonule，　and　is

found　rather　sporadically　in　other　areas．　Similarly　Mθ加ψ1αcρη蕗o〃αs　sμb醐紺γゼα～勉沈

（JIMBo）defines　a　local　zonule　in　the　Abeshinai　Valley　and　adjacent　area　at　a　higher

horizon．

　　　　Apart　from　amrnonites　and　Inocerami　there　are　a　few　other　species　which　are

characteristic　of　certain　zones．　Scμγκ（？）oαssゴ4α夕勿（YoKoYAMA），　for　instance，　is

very　common　in　the　zone　of　1η06θγα勿μsηo励2α耽ゴ，　while勘飽〃α（？）望゜即η］惣α

（ScHMIDT）characteristically　occurs　in　the　superjacent　zone　of　1カocθγα〃2μs　soみ〃2ゴ碗ゴ・

Smaller　foraminiferas　do　occur　in　our　Cretaceous　as　have　recently　been　reported　by

K．AsANo（1950　a，　b）．　The　study　is　now　being　succeeded　by　Y．　TAKAYANAGI．　As

in　the　Chalk　of　Northwest　Europe　species　of　belemnites，　echinoids，　crinoids　and

brachiopods　might　be　available　for　zonal　subdivision　of　our　Cretaceous，　but　they

have　not　yet　been　so　well　described　and　actually　do　not　occur　so　abundantly．　ADy－

how　these　sorts　of　fossils　await　further　studies．

　　　　Certain　particular　species，　e．9．　L仇“ραγμsノ％bo砺oμs　NAGAo，　a　crustacean，　and

力bloo1砂ゴs　4ε1ゴcα彦osZγ勿枷s　YABE　and　OBATA，　a　fish，　are　apparently　characteristic　of

adefinite　bed（within　the　zone　of　1勿cθγα〃2μs彪s12ゴoεηsゴs一在％zz‘sZグ桓加s　in　Hokkaido），

but　their　tme　range　is　not　precisely　known．　Their　occurrence　in　a　particular　bed
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may，　however，　depends　much　on　environmental　conditions，　as　in　the　case　of

trigonians，　ostreids，　glycymerids，　etc．，　that　are　embedded　in　some　particular　sandy

rocks．　They　may　be，　however，　of　some　importance　for　correlation　within　the　Japan－

ese　province，　as　is　now　being　exemplified　by　KoBAYAsHI（1957），　KoBAYAsHI　and

AMANo（1955），　KoBAYAsHI　and　NAKANo（1957，1958）and　NAKANo（1957，1958　a，　b）．

Among　the　plant　remains，　that　are　sometimes　intermingled　with　marine　fossils，

◎cα鹿o鋤αseems　to　be　of　use　to　a　certain　extent　for　correlating　the　higher　part

of　our　UpPer　Cretaceous．

　　　The　zones　here　tabulated　are　recognized　successively　in　a　continuous　series　of

Cretaceous　strata　in且okkaido　and　South　Saghalien．　The　Lower　Cretaceous　in　that

area，　except　for　its　upper　part，　is　generally　poor　in　fossils，　so　that　zoning　is　im－

possible．　The　table　comprises　the　upper　portion　of　the　Lower　Cretaceous　to　indicate

the　position　of　the　boundary　between　Upper　and　Lower　Cretaceous　Subsystems．

　　　　In　the　areas　outside　Hokkaido　and　Saghalien　the　Cretaceous　formations　are　dis－

tributed　relatively　discontinuously，　very　variable　in　both　lithologic　and　biological
　　　　　　　　　　亀

facies　and　often　interrupted　by　disconformities　and　unconformities．　Nevertheless

some　of　the　zones　are　well　traced　throughout　the　Iong　Japanese　Islands．　For　in・

stance，　the　zone　of　1勿6〃α吻μsμωの’勿2θηsゴs　YEHARA，　which　is　defined　in　Hokkaido

and　Saghalien，　is　recognized　in　the　Lower　Futaba　formation　of　Northeast　Honshu，

the　Goryo　formation　of　Southwest　Hのshu，　the　Furushiroyama　shale　（Uwajirna

group）of　Shikoku　and　the　Upper　Onogawa　group　of　Kyushu．　Similarly　the　zone

of　1吻cεプα勿μsカob¢Zsθηsゴs　is　traceable　from　Saghalien　to　Kyushu　and　the　zone　of

1仰cε7α〃2μsα〃2α肋seηsゴs一ノ幼o勿oμs　is　found　in　Northeast　Honshu，　Southwest　Honshu，

Shikoku　and　Kyushu．　The　zones　which　are　de丘ned　by　the　successive　occurrence　of

1カoceγα〃2％sηαμ〃2αηηゴ，五〇グゴω2Zα1ゴs　and工s6九〃2ゴ4ガ，　the　group　apParently　character－

istic　of　the　northern　area　of　the　Japanese　province，　have　now　proved　to　extend　to

Southwest　Japan．　The　highest　zone，1勿6〃o〃2μ8乃ρZ助o勿〃〃s－1物o卿撚oμs　sμ●oo〃2一

力γεssμs　is　not　only　recognized　in　Hokkaido　and　South　Saghalien　but　also　found　in

the　uppermost　fossiIiferous　bed　of　the　thick　Izurni　group　in　Southwest　Japan．　In

the　subjacent　part　of　the　Izumi　group　there　is　1勿cεγα勿μs　s厄ゐα㍑％ηsゴs，　whose

original　type　locality　is　in　the　Island　of　Shikotan，　off　the　eastern　end　of　the　main

island　of　Hokkaido．　Thus，　so　far　as　conditions　are　favourable，　nearly　all　the　zones

are　traceable　throughout　the　marine　Upper　Cretaceous　parts　of　the　Japanese　Islands

and　adjacent　areas．　They　are　of　great　use　for　correlating　formations　among　various

areas　within　the　Japanese　province（in　the　palaeogeographical　sense）．　The　fine

tracing　of　the　zones　irrespective　of　lithological　changes　has　been　illustrated　on

previous　occasions，　with　consequent　proposals　for　dual　stratigraphic　classification

（T．M．1942－43；T．　M．［Editor］1954）．
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World・wide　correlation

　　　Ge％γα1γ¢例αγ〃s．－The　above　explained　zones　have　been　established　on　the

fossiliferous　Cretaceous　in　Hokkaido　and　Saghalien　and　are　best　available　for　cor－

relating　formations　within　Japan　and　neighbouring　areas．　They　may　be　considered

as　entirely　unfamiliar　to　geologists　working　in　Western　countries．

　　　There　are　relatively　well　established　UpPer　Cretaceous　zones　in　British　Isles

（cited　by　C．W．　and　E．V．　WRIGHT，1951），　France（cornpiled　by　IIAuG，1912，　based　on

the　works　of　DE　GRossouvRE，1901　and　JAcoB，1907；reproduced　with　slight　rnodifica－

tion　by　CoLLIGNoN，1954），　Germany　and　adjacent　areas（ScHLじTER，1861－67；J肌ETzKY，

1951，1958），Madagascar（BEsAIRIE，1936　and　CoLLIGNoN，1954），　Nigeria　aDd　the

Cameroons（REYMENT，1956），　Gulf　Coast　of　North　America（STEPHENsoNε云α1．，1942），

and　Western　Interior　of　the　United　States（CoBBAN　and　REEsIDE，1952；CoBBAN，

1958b）．　It　should　be　noted　that　the　zones　proposed　in　the　various　areas　are　defined

by　particular　assemblages　of　species　which　belong　to　faunas　more　or　less　dissimilar

in　different　provinces．

　　　The　difference　is　particularly　great，　when　we　compare　the　zones　of　the　Japanese

province　with　those　of　the　above　mentioned　areas．　OD　account　of　this　fact　it　is

rather　di伍cult　to　assign　at　once　formations　in　Japan　to　any　of　the　stages　in　the

international　scale．　Therefore　series　names　are　temporarily　used　which　are　par－

ticular　to　the　Japanese　province．　Thus　our　Upper　Cretaceous　has　been　divided　into

three　series，　Gyliakian，　Urakawan　and　Hetonaian　in　ascending　order　and　each　of

them　is　again　bi－or　tripartite（see　T．M．1942－43）．　For　convenience　sake　we　some－

times　use　simpler　nomenclature，　K4α，　K4β，　K5α，　K5β，　K5γ，　K6αand　K6β（while　K1，

K2，　and　K3，　except　K3γ，　belong　to　Lower　Cretaceous）（see　T．M．［Editor］，1954）．　The

reference　to　this　Japanese　scale　of　the　proposed　zones　is　shown　in　the　left　column

of　the　table．

　　　　Although　endemic　species　are　numerous　in　each　faunal　province，　there　are　of

course　certain　widely　distributed　species　that　are　common　to　several　provinces．　It

may　be　di伍cult　to　establish　a　scheme　of　zones　wnich　are　applicable　extensively　to

all　parts　of　the　world．　I　doubt　whether　the　generalized　scheme　of　ammonite　zones

and　subzones　proposed　by　SPATH（1926）（and　later　adopted　by　MuLmR　and　ScHENcK，

1943）is　really　applicable　to　a　world－wide　extent　and　in　such　fine　scale．　Certain

species　can　and　actually　do　show　different　stratigraphical　ranges　among　the　separated

areas．

　　　　Now　the　vast　region　of　the　Pacific　and　Indian　Oceans　may　have　constituted　a

major　biogeographical　realm　in　the　great　marine　transgression　of　the　late　Cretaceous．

In　fact　we　already　know　of　marked　similarity　between　the　Upper　Cretaceous　faunas

of　the　Japanese　province　and　the　Paci6c　side　of　North　America　and　again，　between

those　of　Japan　and　South　India．　Some　relation　with　the　Late　Cretaceous　faunas　of



62 T．MAT8UMOTO

Japan　may　be　sought　in　those　of　New　Zealand，　Chile，　Patagonia　and　Antarctica，　all

areas　bordering　the　Southern　Paci丘c．　There　was　less　frequent　and　temporary　con－

nection　with　the　Western　Interior　of　the　United　States　or　with　the　Gulf　Coastal　or

Mexican　provinces．

　　　The　Cretaceous　faunas　of　South　India　have　long　been　studied（FoRBEs，1846；

SToHczKA　and　BLANFoRD，1861－66；SToHczKA　1867－－68；1870－71；KossMAT，1895－98），

but　is　now　awaiting　modern　zoning．　Up　to　date　zonation　has　recently　been　es－

tablished　by　CoLロGNoN（1954b）in　the　Upper　Cretaceous　of　Madagascar，　where　the

faunas　have　some　features　in　comrnoD　with　those　of　India　and　Japan．　Furthermore

the　Indian　and　Malgash　faunas　have　some　relation　to　the　Mediterranean　and　West

Eしlropean　ones　on　one　hand　and　more　intimate　connection　with　those　of　South

Africa，　Australia，　New　Zealand，　Antarctica　and　South　America　on　the　other．　Thus

we　shall　be　able　to　advance　correlation　step　by　step　from　the　better　connected　areas

to　the　remotest　parts　of　the　world．　While　modern　zonation　is　wanted　in　many

parts　of　the　circum・Pacific　region，　the　proposed　scheme　of　zones　in　Japan　and

adjacent　areas　will　throw　a　new　light　on　the　succession　and　correlation　of　the

Upper　Cretaceous　in　the　Indo－Pacific　realm．

　　　Turning　to　the　Japanese　material　I　give　here　concise　remarks　on　the　principal

species　and　genera　from　the　standpoint　of　world－wide　correlation．

　　　Sμccεss舵ooc解夕θηcθq∫批吻oゴθs　bθ10η9初9次）Aoαη伽oθγα加cεαθoη4王鋤1磁一

〇θαθ．－The　species　of　Acanthocerataceae　and　Hoplitaceae　are　the　most　important

groups　for　world・wide　correlation　of　the　Cretaceous　in　zonal　scale．　In　the　Cretaceous

of　Japan　and　adjacent　areas　several　representatives　of　the　superfamilies　do　occur，

but　their　occurrence　is　rather　sporadic，　except　in　several　cases　in　which　the　subzones

or　zonules　are　defined　by　local　abundance．　Their　stratigraphic　sequence　in　our

province　is　not　complete，　but　is　generally　in　harmony　with　that　in　the　well　studied

standard　areas　of　Europe　and　America．

（1）」Moγ加砺c〃αs鋤α‘ゴ（YABE　and　SHIMIzu）has　been　represented　by　many　immature

specimens．　Therefore　to　which　of　the　subgenera　it　belongs　is　not　clear．　Anyhow

the　species　has　been　reported　from　many　localities，　indicating　the　UpPer　Albian　age・

Recently　6MoRI　and　I　have　obtained　a　probably　adult　and　another　middle　aged

whorls　of　MoγZo励6θγαs（D¢〃α400εγαs）sp．，　from　a　locality　on　the　Ikushumbets

River　close　to　that　of　M物磁．　From　another　Iocality，　sornewhat　higher　than　IM．

（Dε斑400θγαs）sp．，　MuRAMoTo　and　I　have　obtained　another　example　ofハ必oγZO耽ε抱s

sp．，　probably　to　be　referred　to　ルτ（1）〃グク2αり0！プゴ！εS）．　The　discovery　of　these　two

species　throws　a　light　in　determining　the　upper　limit　of　the　Lower　Cretaceous　in

our　succession，　since砿（Dεゴ7「α406θタrαs）indicates　in　Western　Europe　Lower　UpPer

Albian　and　M（1）μγ♂202ノαγゴカ2S）Upper　Upper　Albian．

（2）　ル肋η彪11ゴo〃σs　〃2αγκ〃2φγの厄，which　is　said　to　de且ne　the　basal　zone　of　the
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Cenomanian　in　Europe　and　North　Africa，　is　undiscovered　in　JapaD．　The　In・

fragyliakian，　i．e．　the　Uppermost　Miyakoan［K3γ］，　has　been　set　forth　as　an　inter－

mediate　substage　between　undoubted　Lower　and　Upper　Cretaceous，　although　the

boundary　was　provisionally　placed　at　the　upper　Iimit　of　the　Infragyliakian　in　my

previous　papers（1942－43；1954　in　MATsuMoTo［Editor］）．　This　part　can　be　de丘ned

as　the　zone　of　Dθs沈ooεグαs〃oss勿αだ，　but　D．〃oss7ηαガitself　occasionally　exceeds　in

raDge　beyond　the　limit　of　the　zone．

　　　Among　the　species　oCcurring　in　the　zone　of　D．ゐo∬吻αオゴthose　belonging　to

S～b1ゴ02肋抱and　Gγ¢ysoη舵s　should　be　discussed　here．　The　former　have　been　recently

obtained　and　provided　me　for　study　by　Mr．　K．　TANAKA，　Professor　W．　HAsHIMoTo，

and　his　student，　Mr．　INoMA，　from　the　Shumarinai　area　adjacent　to　the　Opirashibets

Valley，　Hokkaido　and　by　Mr．　AMANo，　from　the　probable　extension　of　the　same　zone

in　the　Goshora　group　of　Koshiki　Islet，　off　the　west　coast　of　Kyushu．　The　species　of

Sれ）1‘02ム砲are　more　than　one　but　unfortunately　represented　by　irnmature　specimens，

some　of　which　have　peripheral　tubercles．　Although　the　zone　of　Sれ）1磁輪ゴα4ゴ⑫αγ

de6nes　the　uppermost　part　of　the　Albian　in　Europe，　certain　species　of　SZo1ゴc2ム泌

do　occur　in　the　Lower　Cenomanian．　There　seems　to　be　no　remarkable　distinction

between　the　UpPer　Albian　and　Lower　Cenomanian　species　of　Sれ）1ゴc2勧ゴα．　In　other

words　by　the　species　of　SZo1ゴc2んα勿alone　the　boundary　of　Lower　and　Upper　Creta－

ceous　cannot　be　well　de6ned　especially　in　a　region　far　from　Europe．

　　　　G夕¢yso毎彪s　indicates　Lower　Lower　Cenomanian　in　Texas，　as　recorded　by　YouNG

（1958）．The　specimens　from　the　Goshora　gro叩，　which　Mr．　AMANo　provided　me　for

study，　are　to　be　referred　to　G．1020ゴYouNG．＊　The　two　fragmentary　whorls，　which

Ionce（1942－43）listed　as．Acαη伽c励s　cf．加γη♂（WHITE），　from　bed

Shiyubari　Valley，　Hokkaido，　may　be　comparable　with　Gγの戊soη舵5　sp．

cognized　Gγの｝soη舵sωoo14γゴ㎏θゴYouNG　in　Mr．　M．V．　KIRK’s　collection

probable　Lower　Cenomanian　of　California．　Solne　of　the　species　which

referred　to　S励〃2αη云ε11ゴcεγαs　in　several　parts　of　the　world　collld　be

Gγのsoη漉5．　Thus　the　genus　is　becoming　important　as　a　widespread

the　Lower　Lower　Cenornanian．　From　this　ground　I　am　now　inclined

that　our　Infragyliakian，　the　zone　of　D．〃oss才ηoガ，　can　more　probably　be

the　Lower　Lower　Cenomanian　than　to　the　Upper　Upper　Albian．

（3）　Several　species　of　1協oηZε11ゴcεγαs　have　recently　been　discovered

fully　described）at　a　limited　lower　portion　of　Dρs7ηooεγαs（Psθ〃4ρ〃

zone（K4α）in　Hokkaido．　They　are　associated　with　the　longer　ranging

夕‘1ゴ存～scf．彦24bε7rcz〃αオzzs　（Bosc），　Os〃ゴ〃800ε夕αs　sp．

SPATH），　Z吻η4舵sゴ綱α云μs　MATsuMoTo，　So鋤ηooεγαs　booμ10ゴ4ε

IIf　of　the

I　have　re－

fronl　the

were　once

lmmature
indicator　of

to　conclude

assigned　to

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　（but　not　yet

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　励8〃のノ吻りoη勧〃2

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　正触o劫γ一

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　nov、（？）（related　to　O．ψ〃20sが）夕〃2ε

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　（MANTELL）etc．［see

　　祈P．S．（August，1959）Ihave　quite　recently　identified　G．　cf．10zoi　in　INoMA’s　additional　collec．

tion　from　the　zone　of　Dρs初ooθ抱sカos∫勿o海of　the　Shumarinai　area，　Hokkaido．
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（55）］．1吻物批〃os　sp．　is　known　furthermore　in　the　Monobegawa　Valley　and　Miyano－

hara　sandstorle　of　Shikoku．

（4）C鋤oocεγαsαs鋤吻勿（JIMBo），　C．吻ηosμzη（KossMAT）and　C．　oγ伽加1εMATsu－

MoTo，　SAITo　and　FuKADA，　which　are　more　or　less　allied　to　the　better　known　Cα砂一

coc〃αsκεωbo1辺（KossMAT），　are　not　rare　in　the　middle　part　of　the　zone　of　D．（P．）

ノ吻o〃吻勿．The％鋤01砺group　is　indeed　widespread　in　the　Indo－Paci6c，　Mediter－

ranean　and　West　European　regions，　in　the　Middle　Cenomanian　to　Lower　Upper

Cenomanian．

（5）　So〃oθηbα01房α微γ扱ηs　and　other　allied　species，　which　are　very　abundant　and

regarded　as　zonal　indices　in　the　Lower　Cenomanian　of　Europe　and　related　areas，

are　quite　rare　in　the　Japanese　province．1bγbεsゴcθγαs　sp．＊which　is　closely　related

to　E　ob～絃o仇勿（SHARpE）from　the　zone　of　So〃．微γ勿％s，　is　occasionally　found　in　our

Lower　Gyliakian（K4α）．

（6）C鋤oooεγαs　cf．　sれ吻2ムゴCoLLIGNoN（MATsuMoToε勧1．，1957，　p．20，　p1．6，6g．

2）occurs　in　bed　IIj　of　the　Shiyubari　Valley，　middle　part　of　the　Lower　Gyliakian．

This　species　is　known　in　India，　Madagascar，　Portugal　and　California．

　　　　Cα砂oo6θγαs　cf．勿ρゴo〃αγε（MANT肌L）has　been　recently　discovered　in　the　lower

part　of　the　middle　member　of　the　Mikasa　formation　of　the　Ikushumbets　Valley，

i．e．　upper　part　of　the　Lower　Gyliakian．　This　species　is　world－wide　in　the　Upper

Cenomanian．　Cα砂oooθms　oδτκ砺YouNG，1957，　from　Arizona，　is，　in　my　opinion，

identical　with　C．％α〃批1αγε（MANTELL）．

　　　　Relatively　compressed　species　of　Cα砂cooθ斑s，　related　to　C．　gε励o批（BRoNGNIART）

and　to　C．ノθαηηα％CoLLIGNoN，　occasionally　occur　in　our　upPer　Lower　Gyliakian（see

MATsuMoToε九1．，1957，　p．20，21）．　Probably　from　the　same　unit　came　Eμcψoooε7αs

sp．　and　Pγo加6砺仇oo〃αs　sp．，　although　they　are　rare　and　represented　by　imperfect

speClmens．

　　　　ノ10αz2仇oo〃α30fグ加ZO〃20“κsεgroup　is　rare，　if　not　absent，　in　Japan．　A　specimen

which　can　be　called　Ac伽云〃06〃αs　a任．％01％勿沈SpATH　came　from　the　upper　Lower

Gyliakian．　Several　exarnples　comparable　with　Eμo〃2ヵ12α106εγαsθ％o〃幼12α1％〃2（SHARPE）

have　been　obtained　from　the　middle　Lower　Gyliakian．∠4cαη仇oτεγαs（s．s．），　including

the　horned　species，　and　1ψo吻助α100¢グαs　are　world－wide，　being　rather　common　in

the　upper　half　of　the　Cenomanian，　or　in　the　Middle　to　Upper　Cenomanian．

（7）The　uppermost　Cenomanian　Acanthoceratids，　such　as　the　aberrant　D蹴砂ε解ηo－

cεグαs，have　not　yet　been　discovered　in　our　province．　Dzzη〃昭αカ06εγαs　is　character－

istic　of　the　Western　Interior　province　of　North　America，　but　seems　to　occur　also　in

Texas，　because．Acα％仇oc〃αsρ01似μ勿MoREMAN（1942，　p．203，　p1．32，丘g．1；text－6g．

2）is，　in　my　opinion，　an　example　of　D㈱砂㎎耽06〃αs．　Therefore　it　is　not　surprising

to　6nd　a　representative　in　Europe（see　WRIGHT　and　WRIGHT，1951，　p．29）．　We　should

　　　祈In　addition　to　several　fragmentary　specimens　in　our　collection　Dr．　R．　SAITo　has　provided

me　with　a　well　preserved　adult　shell．
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search　for　it　in　the　Japanese　province　too，　so　that　the　top　of　the　Cenomanian　in

our　succession　may　be　more　clearly　defined．　Sirnilarlyθ抱㍑γ舵γαs　and　Mε鋤τo一

τε抱shave　not　yet　been　discovered　in　Japan，　except　a　few　small　specimens，　which

possibly　can　be　regarded　as　an　inner　whorl　of　MεZO‘60cθ抱s，　frorn　the　bed　with

飽ηαbゴoεグαsin　the　Ikushumbets　Valley．

（8）　Ihave　recently　discovered　1五zηαbゴcθグαs　s巳ρZε〃2sεγゴαZμ〃2　（CRAGIN）at　the　top　of

the　middle　member　of　the　Mikasa　formation　in　the　section　of　the　Ikushumbets

River．　Whether　this　indicates　the　uppermost　Cenomanian　or　the　basal　Turonian

may　be　debatable．　In　our　case　the　species　is　associated　with∠4〃06πoc¢γαs　sp．，

Sαφoκ06θγαs〃oss〃2αZゴ（NowAK），　and　1拠cε7α〃2zzs　cf．1αb抱ψs　ScHLoTHEIM．　Therefore

Iam　inclined　to　put　the　bed　with翫拠疏oεグαs　s砂彪7ηs〃勿飢〃z　in　the　Ikushumbets

Valley　at　the　base　of　the　Turonian．　Anyhow，　it　represents　the　basal　part　of　our

UpPer　Gyliakian．κs幼允〃2s〃ゴo加〃2（CRAGIN）occurs　characteristically　in　the　Britton

member　of　Eagle　Ford　shale　of　Texas　and　the　Greenhorn　Iimestone　of　the　Western

Interior．　There　are　several　examples　in　California，　where　the　species　is　associated

with　1初oεγα〃ωs　1αb級Z％s　and　So幼oηoo〃σs〃oss〃2αガ．　Thus　this　species　is　becoming

important　as　a　world－wide　zonal　index．

（9）　1辺解s勿　沈ε％sl短ηsZs（PERoN）［＝呪　〃oZOゴ（YABE）］and　Psθz44α口）Z∂oo〃αs　so7ひ

o海吻sθMATsuMoTo　and　HAsHIMoTo　occur，　though　very　rarely，　at　a　horizon　some’

what　below　the　beds　with　abundant　1勿06εγα〃2〃sみobεZsεκsZs，　or，　in　other　words，　in

the　lower　portion　of　the　Upper　Gyliakian（K4β）in　Hokkaido．

（10）　Several　species　of　1～o〃20励τεγαs，　including　R．カsε％晶94ωεγ勿ηz〃2（JIMBo），　R．　aff．

μo肋蹴ゴεηsεCoLLIGNoN（already　described　by　MATsuMoToε云α1．，1957）and　R

∂四εγゴoゴ∂θ（DE　GRossouvRE）（recently　collected　and　supPlied　me　for　study　by　Pro・

fessor　HAsHIMoTo　from　Hobets［Popets］，　Hokkaido），　are　known　to　occur　in　the　UpPer

Gyliakian（K4β）．　The　specimens　in　older　collections　were　obtained　from　the　pebbles

or　rolled　blocks，　so　that　their　original　horizons　cannot　be　exactly　determined，　but

those　in　recent　collections　rather　indicate　their　predominance　in　the　zone　of

1ηocθプα勿％sみobeZsθηsゴs－L允s厄o¢％sゴs，　the　middle　to　upper　part　of　the　Upper

Gyliakian．

　　　　The　genus　Ro勿α砺cεγαs　is　world－wide　in　the　Turonian，　but　seems　to　extend

downwards．　Certain　species　of　it　may　prove　to　be　good　zonal　indices．　As　a　re－

rnarkable　example　can　be　reckoned　R．鹿％万oゴ4ε（DE　GRossouvRE）occuring　in　the

Middle　Turonian　of　France，　Syria，　Madagascar，　Texas，　California　and　Japan．（See

MATsuMoTo，1959　c　for　the　Arnerican　representatives　of　R．4勿〃ゴo鋤（DE　GRossouvRE）

［＝R．Zoboε％sεADKINS］．）

　　　　　γμbα万cθ7αsis　contemporary　and　parallel　with　Ro〃2α砺oεプαs．　It　is　not　necessary

particular　to　the　Japanese　province，　since　representatives　are　known　in　Mexico，

India　and　France（～）（see　MATsuMoToθ白1．，1957，　p．27）．

（11）Co11ゴgκo耽〃αsωoo1垣αγゴ（MANTELL）is　another　widespread　index　of　the　Middle
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Turonian．　It　occurs　not　only　in　Western　Europe　but　a】so　in　the　Western　Interior

and　Gulf　Coast　of　North　America．　Furthermore　its　probable　representative　is　re－

cognized　in　California．’Co〃ゴg％o働cεγαs旋≧slら£oθ？zsゴs（YABE　and　SHIMIzu）（1925，　p．134

［10］，p1．31［2］，　fig．10；pl．33［4］，　figs．6－10），　from　HoKkaido　is　very　closely　allied　to，

if　not　quite　identical　with，　C．ωoo1鋤γゴ（MANTELL）．　Its　original　types　came　from

the　pebbles　of　the　Opirashibets　River，　and　TANAKA　has　recently　obtained　Co11祖ηo砺一

cθγαssp．　from　bed　Mn，　middle　part　of　Upper　Gyliakian，　in　the　same　general　area．

Another　example　of　Co11ゴgηo働c〃αs　sp．　is　in　MuRAMoTo’s　recent　collection　from　a

drift　probably　derived　from　the　upper　member　of　the　Mikasa　formation　in　the　type

section　along　the　creek　of　the　Ikushun〕bets．

（12）Sμ妙γ伽06ッc1μs　SHIMIzu，　which　has　been　redefined　by　WRIGHT　and　MATsuMoTo

（1954），sllows　world－wide　distribution　in　the　Upper　Turonian．　S．ηψω勿（GEINITz）

and　then　S．ηoグ〃2α1ゴs　（ANDERsoN）　occur　in　the　zone　of　1ηocεγごz〃zμs　允s乃Zoεη5‘s，　the

upper　part　of　Upper　Gyliakian．　This　is　in　harmony　with　the　occurrence　of　the　two

species　in　California．　In　both　areas　the　two　species　are　often　associated　with

Sc鋤ηocεγαs　aff．　boみ醐励沈（FRITscH）（see　MATsuMoTo，1959　b，　p．109，　pl．30，6gs．

2a－c，3a，　b；pl．31，　fig．4；text－figs．7a，　b，8－11）．

　　　PグゴoκoC夕01〃s　n．　sp．αof　relatively　compressed　type，　which　is　allied　to　P．吻αco〃2万

MEEK　from　the　Upper　Turonian　of　the　Western　Interior，　occurs　at　Pornbets（near

Ikushumbets）in　the　zone　of　1仰c6抱〃zμs在s砺o微sゴs．　Frolll　the　same　locality　came

another　new　speciesβthat　resembles　Pγゴoκooycψsγε⑫s2⑭ゴSIDw肌L（1932）from　the

Upper　Turonian　of　the　Western　Interior．

（13）Rθθsゴ碗¢s勿吻物μs（YABE　MS．）（HAYAsAKA　and　FuKADA）forms，　together　with

other　associated　species，　a　definite　subzone　at　the　top　of　the　Upper　Gyliakian

（K4β），　in　the　zone　of　1勿oεプα勿μs　Zθs万o⑫ηsゴs．　Rεθsゴ4㌘s　resembles　Bα〃oゴsゴc〃αs

GRossouvRE（redefined　by　BAssE，1947）in　the　outer　whor1，　but　its　inner　whorl

indicates　the　intimate　connection　with　S〃励γ鋤oCyo1μs，　as　WRIGHT　aDd　MATsuMoTo

（1954，p．130）have　remarked．　Therefore　it　can　be　regarded　as　representing　the

intermediate　stage　between　Sμbヵηo〃oのノ01μs　and　Bσ〃o‘sπε微s，　but　Bαγ夕o磁o〃αs

itself　might　have　derived　directly　from　Sμ助γZoηocyoψs　and」配εεsゴ砺Zεs　might　be

alocalized　o任shoot．　While　Sμ励γ‘oηo砂吻s　and　Bαγ70‘s舵γαs　are　world－wide　in

the　Upper　Turonian　and　in　the　Coniacian　respectively，　Rεes泌］忽s　does　not　seem　to

be　so　widespread．　The　latter，　however，　has　recently　been　recognized　by　REYMENT

in　Columbia，　South　America，　being　represented　by　R．　sμbψb〃c〃α劾s（GERHARDT）

（1897，P・156，　P1．3，　fig．12）（REYMENT，1958，　P．10，　pl．1，　figs．4，5；pl．2，　figs．1a，　b，

2；text一丘g．4a；p．11，　p1．2，　Hg。3；text一丘g．3b），　and　also　by　C．　W．　WRIGHT（personal

communication）in　the　collections　of　University　of　California　from　Columbia．

REYMENT　assigned　the　beds　with　R．　s〃bψb〃oμψ伽s　in　Colurnbia　to　Coniacian．　As

regards　the　subzone　of　R．〃2ゴηゴ〃2μs　in　Hokkaido　I　hesitate　to　put　it　at　the　base　of

Coniacian，　but　consider　that　it　is　more　possibly　correlated　with　the　uppermost
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Turonian．　The　reasons　are　the　Coniacian　assemblage　of　species　in　the　superjacent

beds［see（14）］and　the　Turonian　aspect　in　the　assemblage　of　species　of　the　subzone

「see（56）and（61）］．

（14）Undoubted　examples　of」Bαγ夕o緬cεグαs（s．　s．）do　occur，　though　very　rarely　in

Japan．　One　at　a　locality　on　the　rnain　river　of　Ikushun〕bets　carne　frorn　a　level

immediately　above　the　bed　of　Rεθs‘4舵s〃2初勿2μs．　This　critical　locality　has　sub’

merged　under　the　arti丘cial　lake　of　the　Katsurazawa　dam　since　October　1957．

Another　near　Pombets　on　the　western　wing　of　the　Ikushumbets　anticline　is　evidently

in　the　zone　of　1汐20α～γα〃∂zzs　zzω¢ノ’ゴ〃¢ω2sゐ．

　　　In　addition，　Pグゴoηoの）clocθグαs　sp．，　a　close　ally　of　jp．9μ¢Vαbαηz〃2（STEINMANN），

Gα〃〃zゴεγゴcεγαs　ofαbε71εゴgroup，1セγo勿o〃αs　％吻磁αωαゴYABE　and　SHIMIzu　and

Pεγo〃‘o杉γαs　n．sp．　of　Z）1〆z栃oosれzτμ〃z－4グα砂ゴdZΩ6〃2　grouP　occur　in　the　zone　of　1ηocθ

γσ〃2〃sμ’卿復1グ勿βηsゴs，i．e．　the　main　part　of　the　Lower　Urakawan（K5α）．　The　as－

semblage　of　these　species　altogether　indicates　the　Coniacian　age　of　the　z／ω⑳’勿2閲sゴs

zone．

　　　　γαb碗ργαsoγ‘θη絃1θToKuNAGA　and　SHIMIzu，　another　member　of　the　Peroni－

ceratinae，　is　particular　to　the　zone　of　1．μω可油2¢ηsゴs　in　northeast　Honshu（Lower

Futaba　forlnation）and　Hokkaido．　The　genus　γαbε‘c〃αs　seems，　however，　to　be

endernic，　because　it　has　not　yet　been　reported　outside　Japan　since　it　was　errected

by　ToKuNAGA　and　SmMlzu（1926）．

（15）From　the　subzone　of　j肋oε¢τα勿μs　zη仇oεκsゴs，　which　is　situated　in　the　inter－

mediate　part　between　the　more　clearly　defined　zones　of」乙μωoワ迦εηs‘s　and∫．

α〃zα”μs｛～ηs‘s一ηαμ〃2αηη‘，there　is　no　clear　inform，ation　of　the　occurrence　of　any　good

representatives　of　Peroniceratids．　The　only　possible　mernber　is　P已γ励εκαη漉s

o㌘κ加1‘s（YABE），　but　the　type　specimen　actually　carne　from　a　pebble　in　the

Sanushibe　river，　Iburi　Province，　where　the　geological　structure　is　much　complicated．

There　is　thus　no　reliable　evidence　to　decide　whether　the〃2仇〇四sゴs　subzoDe　belongs

to　Upper　Coniacian　or　it　belongs　to　Lowest　Santonian．［See　also（55），（65）and（66）．］

In　the　Ikushun〕bets　Valley」P．　cf．　o夕宛κ加1‘s　occurs　in　the〃2仇oεηs‘s　zone．

（16）　PγoZθ芳αηπ2s　ノ♪〃α2αωαゴ　（YABE　and　SHIMIzu）　［＝？　P．α〃z藺μsεηsゴs　（YABE）］，

PγoZθκα勿彪sηo〃2ゴゴYABE，丁段α勿彪s　Z段αηz4s（RoMER），　T．　cf．01⑫εだ（BLANcKENHoRN），

and　T．ムz〃αso〃∬（KAwADA）are　found　in　the　zone　of　1ηoo〃α〃2zzsα〃20ψsθηsゴs一

元砂o厄o％s，i．e．　in　the　main　part　of　Upper　Urakawan（K5β）．　Therefore　the　zone　is

most　reasonably　assigned　to　the　principal　part　of　the　Santonian．

　　　According　to　YouNG’s　recent　study（personal　communication）several　species　of

Tεxαη漉sare　distinguished　as　forming　subzones　in　the　rniddle　to　upper　part　of　the

Austin　Chalk　in　Texas．　The　lowest　of　them　occurs　in　the　zone　of　1拠cθγα例μs

鋤吻1α妙1ゴcα劫s，which　he　considers　as　the　uppermost　Coniacian　but　could　be　the

basal　Santonian．　CoBBAN　showed　rne　an　interesting　faunule　from　western　Texas

（10c．　USGS．1467）which　consists　of　Tεκα砺ψ¢s　cf．01⑫θηBLANKENHoRN，　S云α励oηocεγαs
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gμα碗102吻ε（R6MER），　Bαo〃漉sα吻夕MoRToN，　Bαcμ1漉s　cf．　bα砺WooDs，　C1ゴosoα一

劫舵s〃ε擁ガb7痂s（MEEK　and　HAYDEN），吻oo〃α物〃s　sp．　ofε砂ακs〃s一ε20ε〃sZs　type

and　Eκo哩yγσsp．　This　can　well　be　a　key　point　for　interregional　correlation　between

Indo－Paci6c，　Gulf　Coastal　and　Western　Interior　provinces．　In　Madagascar　species　of

T耽αη舵shave　been　reported　by　CoLHGNoN　from　both　the　Lower　and　Upper

Santonian．　Thus　in　our　present　knowledge　it　cannot　be　generally　concluded　tbat

7セ斑砺彪sand　Sれz励0κocεグαs　characterize　Lower　and　Upper　Santonian　respectively，

even　if　they　actually　do　so　in　a　certain　limited　area．

（17）　Anyhow　such　Placenticeratids　as　S加励oη06θγαs　and　DZρ1αc〃200εグαs　have　not

yet　been　found　in　the　Japanese　province．　In　stead　we　have　MεZ砂1αcθ批πε抱s

s〃bだ1ゴsカゴα加〃2（JIMBo），　which　defines　a　local　zonule　in　the　upPer　part　of　the　Lower

Hetonaian（K6α），　above　the　prolific　part　of　the　zone　of　1加cε抱〃zμs　so乃〃2掘存．　The

occurrence　of」％θZ幼1αcθ励ゴ6εγαs　in　California　is　in　harmony　with　ours．　Mε加φ1α一

cεη海cθγos　bεsα〃ゴεゴCoLHGNoN（仇BEsAIRIE，1936，　p．200，　p1．21，　figs．21，22），　from

the　UpPer　Turonian　of　Antantiloky，　Madagascar，　is　entirely　different　from　the

species　from　Japan　and　California．　It　may　not　belong　to　Mθ加φ1αoθ碗伽夕αs．

（18）　S〃b〃20γ彦o痂ceグαs，　Dθ1αωoグε11αand　M¢御万曳s，　with　subgenera，　have　been　re－

garded　as　Campanian　representatives　of　Texanitinae．　Sμb勿oグZo励cεγos　c厄coεηsθ

（TRAsK），　for　instance，　is　a　good　representative　in　the　Campanian　of　California．

This　species　has　not　yet　been　found　in　Japan．　but　in　our　K5β，　Santonian，　there　is

an　example　which　is　rather　transitional　between　πκαπ漉s　and　Sμb〃70τ加％c〃αs．

Aspinose」膨ηα万允s　occurs　in　our　K5βas　in　the　Santonian　of　Taxas（personal

information　from　YouNG）．

　　　　合εμ40sc乃10εκbαol㌘α　and　11妙1ゴ勿り1αcθηκcεγαs　have　not　been　found　in　Japan，

although　a　few　representative　are　known　on　the　West　Coast　of　North　America．

Psθμ41）bαγγoゴsゴo〃αs拠8αoゴSHIMIzu　from　Hokkaido　is　doubtful　in　its　systematic　and

stratigraphic　positions．　I　know　an　isolated　occurrence　of　D抱万cεγαs　ZゴssoZ泌φγ〃2ε

（SPATH）in　the　probable　Urakawan　（K5）in　South　Saghalien．　Thus　we　have　poor

representatives　of　the　well　known　zonal　indices　of　the　Campanian．　Likewise　a

Maestrichtian　indicator，助舵ηo硫oμs，　has　not　yet　been　discovered　in　Japan．

　　　Sμcoεssゴoη　qプ　α〃2吻oηπθs　bθ10ηg吻g　Zo　Dεs〃200εグα加oεαθ．－Generally　speaking

ammonites　belonging　to　Desmocerataceae　show　universal　distribution，　being　more

common　in　the　Indo－Paci6c　region，　but　have　relatively　longer　vertical　range　than

those　belonging　to　Acanthocerataceae　and　Hoplitaceae．　Certain　genera（e．g．　Dεs〃20－

cε夕αs，P批os級，　Dα勿θs㌘s，　etc．）have　very　wide　stratigraphical　ranges，　covering　more

than　two　stages　or　several　zones．　Nevertheless　certain　species　can　de五ne　a　particular

zone　within　the　Japanese　province　on　account　of　their　abundance　and　characteristic

assemblage．　How　far　such　zones　can　be　traced　in　the　Indo－Paci丘c　realm　is　a　ques一
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tion　to　be　examined　in　future，　but　some　of　them　are　proved　to　have　fairly　wide

extenslon．

（19）Dεs％oθグαsZαZゴ4δγsα加勿（MlcHELIN）is　a　widespread　species　and　reported

mainly　from　Albian　but　sometimes　from　Cenomanian．　In　our　province　it　is　coD一

丘ned　to　Neomiyakoan　（K3β，　i．e．　probable　Albian）and　is　succeeded　upwards　by

another　species．

（20）Dεszηoo〃αs〃oss勿o云ゴMATsuMoTo　is　common　in　the　Infragyliakian（K3γ），

forming　the　lowest　zone　of　our　Upper　Cretaceous　together　with　other　associated

species［see（2）］，　but　extends　upwards　and　downwards　to　some　extent．　The　same

species　has　been　known　in　the　lowest　part　of　the　Ootatoor　group　of　India（MATsu－

MoTo，1954　a，　p．251）and　also　recently　recognized　in　California（MATsuMoTo，

1959c）．

（21）　Psθz440〃カ1Z“11α，　a　subgenus　of　Dεs〃20cρグαs，　is　characteristic　of　our　Lower

Gyliakian（K4α），　formiDg　a　broad　zone　de6ned　by　D．（P．）元●o吻oμ勿YABEヵ1μs　D．

（P．）ε20耽μ勿MATSUMOTO．

　　　　This　zone　has　proved　to　extend　to　southeast　Alaska（see　MATsuMoTo，1959　a）．

In　Oregon　and　California　D．　（P．）　ノ⑳o％ゴcμ〃2　is　rare，　if　not　absent，　but　D．　（P．）

ヵoγoη磁cμ物is　occasionally　found．　A　more　remarkable　representative　of　Psε〃∂ρμ一

擁μ〃αon　the　West　Coast　of　North　America　is　D．（P．）4側so砺WHITEAvEs，　occur－

ring　not　only　in　British　Columbia　but　also　in　southeast　Alaska　and　CaliforDia．　It　is

common　in　the　Upper　Albian（the　beds　with　Moγれ）ηゴcεγαs）．

　　　　Examples　of　D．（Psεμ4δ鋤1Z望〃∋outside　the　Northern　Paci6c　are　D．（P．）

co1αbσ7εηsθREYMENT，1957　from　the　Lower　Cenomanian　zone　of　1ψ吻s〃ゴcカocεグαs

o6τゴ4εη加1⑫in　Nigeria　and　D．（P．）ε匁勿ゴYouNG，1958　from　the　Lower　Cenomanian

in　Trans－Pecos　Texas．

　　　　In　the　zone　of　D．（」P．）　ノ砂oγ2ゴozz〃2　a　rare　species　of　1）α〃22sゴ彪s，　D．1α栃cαγゴηα伽s

SAITo　and　MATsuMoTo，1956，　appears．　That　species　resembles　a　form　obtained

from　the　Upper　Cenomanian　in　the　Western　Interior　of　the　United　States（according

to　a　kind　information　from　Dr．　CoBBAN）．

（22）　The　superjacent　part，　Upper　Gyliakian（K4β）is　characterized　by　Tγα80碗s〃20－

o〃o肋ssμboos加加s　MATsuMoTo．　In　its　upPer　part　there　is　Dα微s舵sα初μαη〃s

MATsuMoTo，　a　probable　predecessor　of　D．　sμ8α勿（FoRBEs）．　The　two　species　are

particular　to　our　province　in　the　present　state　of　knowledge．

（23）The　three　well　defined　species　of　Dα勿εsゴ～セs，　D．　sμ解加（FoRBEs），　D．磁勿εsゴ

（JIMBo）and　D．　sε〃2ゴoo鋤㍑s（YABE　MS．）MATsuMoTo，　range　through　the　whole

Urakawan　series（K5α一γ），　although　locally　abundant　in　some　particular　parts．　The

丘rst　species　is　known　in　India　and　Southeast　and　North　Africa，　but　is　too］ong

ranging　for　zonal　correlation．　The　second　species，　as　represented　by　D．∂α〃7εsゴ

初妙zηε4ψsMATsuMoTo，　occasionally　occurs　in　the　probable　Coniacian　in　California．

　（24）　Dεs〃20力妙〃ゴ花s4ψ妙〃oゴ4es（FoRBEs）is　characteristic　of　the　zone　of　1カoc¢γo〃2zzs
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∫c乃〃2畝グーCoκα4∂o〃αs”o∬〃2α海，　Lower　Hetonaian　（K6α）．　The　species　is　known　to

occur　in　IDdia（Arrialoor　group），　South　Africa，　Tunisia，　New　Zealand，　British　Colum－

bia，　California　and　probably　also　France（see　the　synonymy　listed　by　T．M．　and　I．

OBATA　1955　and　by　MATsuMoTo，1959　c），　suggesting　a　world－wide　distribution　in

Campanian（and　also　Lower　Maestrichtian？）．　In　Europe　and　Madagascar　D．1α惚κ

（SEuNEs）is　known　in　the　nearly　corresponding　and　also　higher　zones．

（25）1）α物sゴ～絃s乃εZδη磁ε〃s‘sMATsuMoTo　characterizes　the　zone　of　1仰τεグo勿〃s

s厄ゐo加ηεηsゴs，Iower　part　of　Upper　Hetonaian（K6β）．　It　is　the　last　representative　of

the　genus，　with　weakening　of　the　keel　and　the　subcostae．　A　Californian　example，

漉o〃oZooεγαsノ∀θsηoεηsθANDERsoN（1958，　P．218，　P1．57，6gs．1－5），　can　only　be　sub－

specifically　separable　frorn　the　Japanese　form　of　D．みθれ）καゴθηs‘s　and　should　be　called

D．12硫）ηαゴθ％sZsノケ⑫sηoθηsZs（ANDERsoN）．　In　both　Japan　and　California　the　associated

species　indicate　the　age　of　D．乃εZOηoκηsZs　near　the　boundary　of　Campanian　and

Maestrichtian，　if　not　de6nitely　Lower　Maestrichtian．　As　has　been　pointed　out　by

MATsuMoTo　and　OBATA（1955，　p．131），　there　is　a　possibly　identical　or　allied　form　in

the　Upper　Senonian　of　Madagascar．

（26）　飽μ〃ゴoεγαs（Gαγ4θηゴoεグαs）gαグ庇励（BAILY）is　associated　with　Tεκαηゴ允s　so〃Z伽ゴ

（BAILY），　T．　s1㍑η“γゴ（BAILY）and　PSθμ40scκoθηbαo〃2’αμ〃2b〃Zα2ゴ（BAILY）in　Southeast

Africa．　A　Santonian　age　is　thus　suggested　by　this　assernblage．　As　has　recently

been　remarked（MATsuMoTo　and　OBATA　1955，　p．137），　what　has　been　called　as　H．

解7碗砺in　the　Japanese　province　and　also　in　India　and　British　Columbia　is　an

allied　but　different　species，1Z（G．）αηgzzs渉z〃2　YABE．　H．〃zゴ6彪yゴANDERsoN（1958，　p．

219，p1．47，　fig．2，2a）is　nothing　but　an　example　of正1．αη砲s加〃2　YABE，　as　I　discuss

in　another　paper（MATsuMoTo，1959　c）．　This　species　is　rather　abundant　in　the　zone

of　1初oε抱〃2μsα〃∂αムsεκ∫Zs．ノ吻o働6πs　or　Z％磁〃20％厄，　in　the　main　part　of　Upper

Urakawan（K5β），　but　ranges　somewhat　upwards　and　probably　also　downward．　There－

fore　I　do　not　think　that　species　of仇μθγゴcργαs　can　define　a　narrow　zone．

（27）　正砒（G．）α♂28碗s云zz〃2　is　replaced　by　1ヲ．（G．）γε〃2bdα（FoRBEs）　in　a　higher　zone　of

our　Upper　Hetonaian（K6β）．　The　latter　species　came　from　the　Valudayur　beds　of

India　and　the　closely　allied　H．（G．）ノ⑳01ゴGRossouvRE　from　the　Maestrichtian

ηθμbぴgZ6μs　zone　of　France．

（28）The　genera　belonging　to　Puzosiinae　mostly　have　long　vertical　ranges，　as　have

been　tabulated　in　my　recent　paper（MATsuMoTo，1954　b），　so　that　they　have　Iittle

value　for　narrow　zonal　correlation．　However，　some　species　may　be　valuable　for

indicating　relatively　broad　zones，　if　they　are　carefully　considered　as　associates　with

other　more　characteristic　species．　The　examples　are　as　follows［（29）一（33）］．

（29）1』os級ηz物o耽αMATsuMoTo　in　the　zone　of　Dεs脚cε斑s（」Psε〃4ρ〃肱皆〃⇒

ノ晒o磁o〃〃2，0r　Lower　Gyliakian，　closely　resembles」P　o4ゴ伽sゴs　KossMAT　from　the

Ootatoor　group　of　India　and　1）．　sμbヵ1伽〃α加（Sc肌UTER）from　the　Cenomanian　of

Europe．
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（30）Pμ20s抱初妙％4如oγ紗加1ゴs　MATsuMoTo［＝ρ～㍗μ4勃20吻γs．］occurs　in　the

lower　part　of　Upper　Gyliakian．　It　occurs　also　in　California（Lower　Turonian）（see

MATsuMoTo，1959　c）and　is　known，　though　subspeci丘cally　distinguished，　in　the

Trichinopoly　group　of　India　and　the　Lower　Turonian　of　Portuga1（see　MATsuMoTo，

1954b，　p．75）．　Furthermore　P批os級初元1為γゴGRossouvRE　from　the　Upper　Turonian

of　Europe　is　closely　allied　to　P．勿吻％磁αas　I　have　remarked（MATsuMoTo，1954　b，

P．76）．

（31）」膨sq勿zosゴα釦c功cαMATsuMoTo　is　common　in　Japan，　occurring，　in　both　the

Upper　Gyliakian　（K4β）and　the　Lower　Urakawan（K5α）．　I　have　identified　a　few

examples　of　it　from　the　Turonian　of　California．　砿勿40吻c顔6α（KossMAT）is

rather　rare　in　Japan　and　California，　but　n】ay　occur　more　frequently　in　India　and

Madagascar．　Its　geological　range　is　nearly　the　same　as　IM．吻c炉6α．1匠吻bαγ醐sゴs

（JIMBo）is　as　abundant　as　M吻c功6α，　but　is　known　only　in　JapaD，　being　common

in　and　near　the　zone　of　1勿o¢¢γα〃2μs〃ばみoeηsゴs．

（32）及0吻20sゴαノ⑳o励cα（SPATH）andハ乙ゴs腕肋ω磁（JIMBo）are　very　common　in　the

zone　of　1ηocθグα〃2μsη磁勿αη砺，　Upper　Urakawan（K5β＋K5γ），　but　their　occurrence

outside　Japan　has　not　yet　been　ascertained．　Only　a　possibly　comparable　form　is

known　in　Rurnania．

（33）五ゴ励ゴη漉sis　not　rare　in　the　probable　Upper　Senonian　of　India，　Western

Australia，　New　Zealand，　Chile　and　Angola（P）．　I　know　a　species（probably　n．　sp．）

of　the　same　genus　probably　derived　from　the　zone　of　Pαo吻4εsoμs　sμboo〃z吻εssμs

in　South　Saghalien．　In　my　opinion　the　genus　is　a　specialized　end　member　of

Puzosiinae．　Accordingly，　if　the　species　are　better　sorted　and　if　the　strata　are　much

more　subdivided　than　at　present，　they　might　be　useful　for　correlating　zones　of　Upper

Senonian　in　the　Indo－Pacific　areas．

（34）Our　knowledge　of　the　evolutionary　history　of　Kossmaticeratidae　has　been

fundamentally　altered　from　the　material　of　Hokkaido（see　MATsuMoTo，1955　b，

1956a）．　The　family　comprises　two　subfamilies　of　different　epochs．　The　earlier

group，　Marshallitinae，　are　represented　by　1ぬプs〃α〃㌘s　and五bg吻微夕舵s，　both　of

which　range　from　the　Upper　Albian　to　the　Upper　Cenomanian，　distributing　in　Japan，

Saghalien，　Alaska，　British　Colurnbia　and　California　around　the　northern　Pacific；

several　identical　species　are　being　found　all　through　these　areas．　The　subfamily

furthermore　contains　several　specialized　genera，　such　as　Eo勿α〃αs舵s，　M挽αsα舵s

and　1協o¢oαγZ妙舵s，　that　could　become　good　indices　of　narrow　subzones　within　the

Cenomanian．　Their　representatives　are，　however，　rather　rare　according　to　our

present　knowledge．　ηb1604ゴscoゴ4εs　and　Wθ11〃2α砺彪s　are　known　in　southern　India

and　New　Zealand　respectively．　They　likewise　beloDg　to　Marshallitinae　and　their

evaluation　for　interregional　correlation　must　owe　to　further　careful　collecting　too．

（35）Among　the　later　sllbfamily　Kossmaticeratinae，面ssオηα蕗cεγαs　of沈ωbo1協α微初

group　has　recently　proved　to　be　a　good　indicator　of　Lower　Senonian（especially
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Coniacian）in　the　Indo－Paci6c　realm（CoLロGNoN，1954；T．　MATsuMoTo，1955　b，

1959c），　although　the　genus　appears　in　the　latest　Turonian　and　persists　into　SaDtonian．

In　Japan　the　genus　is　accompanied　by　yo〃⑳α勿αooεグαs，　the　bi－or　trituberculate

offshoot　of五bss〃20κceγαs．

　　　The　zone　ofκ仇εobα14ゴoημ勿　in　SPATH’s　1926　scheme（and　MuLLER　and

ScHENcK’s　1943　scheme）was　entirely　rnisplaced　at　a　too　high　horizon．　SpATH

depeηded　on“κ沈ω施14ゴoヵμ〃2”of　PAuLcKE（1907），　which　came　near　the　bed　with

Hψ1ゴ妙1αcεηκ6εγαsspp．　in　Patagonia．　This　has　been　revised　as庇Ogγα12α〃励εs（？）

吻〃c〃ゴMATsuMoTo（1955　b，　p．144，149）．漉ogγ励07η舵s　is　characteristic　of　the

Upper　Campanian　in　Grahamland（SPATH，1953）．

（36）Variously　specialized　members　of　Kossmaticeratinae　are　distributed　principa11y

in　the　southern　province，　including　South　India，　New　Zealand，　Antarctica，　Chile，

South　Africa　and　Madagascar．　However　they　have　not　been　properly　evaluated　for

zonal　correlation，　since　the　Upper　Cretaceous　rocks　in　these　areas，　except　in

Madagascar，　are　not　6nely　subdivided．　From　the　Madagascar　material　Co肌IGNoN

（1954）placed　the　zone　of　1％αoγ㌘sαε励ωin　the　lower　part　of　the　Campanian　and

listed　　several　species　of　Bγαん〃2απρs　and　▲Psεzz40〃05s〃2αあcεγαs　in　　the　zone　of

P包c妙硫cμsμε％bθ㎎i磁sof　Lower　Maestrichtian．　In　Japan　and　adjoiniDg　areas　the
‘‘

Upper　Senoniaパ’members　of　Kossrnaticeratinae　are　very　rare，　probably　for　some

palaeogeographical　reason．　Bγα万〃2αぴθs　has　been　reported　by　YABE　and　SHIMIzu

（1924），but　unfortullately　its　stratigraphic　position　is　uncertain．　From　the　zone　of

1勿ceγα〃∂μs　scん勿似ガ，　Lower　Hetonaian，　at　Toyajo　in　Southwest　Japan　an　imperfect

specimen　of　IWZα1舵s［＝翫ψαγα飽s　MATsuMoTo，1955］（2）was　found．

（37）Members　of　Pachydiscidae　are　fairly　useful　for　zonal　correlation．　Curiously

L卿εsZo〃αs，　the　Turonian　representative　of　the　family，　has　not　yet　beeD　discovered

in　the　Japanese　province．　The　genus　ranges　up　to　Lower　Coniacian，　as　clearly

illustrated　by　CoLLIGNoN（1952）with　the　material　from　Madagascar．　I　regard

‘L醐εsづ6θγαs’ノ吻boゴ（KossMAT）as　an　example　ofハわωα〃舵s．　That　species　is　known

from　the　Trichinopoly　group　of　India　and　from　the　Santonian　of　Madagascar．

ρseμψ吻60b旋s，　a　probable　offshoot　from　Lεωεs‘c〃αs　with　acquisition　of　tritu－

berculation，　seems　similarly　characteristic　of　the　Turonian，　for　it　occurs　in　Chalk

Rock　of　England（type－species），　the“uppermost　Turonian”of　Madagascar［P．

〃2αsゴ4φosεηsε（CoLLIGNoN）and　P．グo加1初zzs（KossMAT）］and　the　Trichinopoly　group

（‘‘probably　its　lower　part”）［P．αηαρ04窃sθ（KossMAT）］and　also　Ootatoor　gr皿p

［P．γo加1仇μs（SToLlczKA）］of　India．　The　genus　may　range　from　bottom　to　top　of

Turonian（or　further　up　to　Lower　Cgniacian），　as　LθωεsZcθ夕αs　does・Again　no　Japan－

ese　examples　of　the　genus　have　been　found．

（38）　Species　of　／1％ψαcJり硫ozzs　have　fairly　long　ranges　and　at　present　cannot　be

said　to　be　taxonomically　well　sorted．　Therefore　they　must　be　carefully　treated　for

zonal　correlation．　In　Hokkaido　and　Saghalien　／1．ルso‘cos如加s（YABE），　A．　s川勿〃ゴ
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（YoKoYAMA）and∠1．鹿ooσ％κsゴs夕ε20％sゴs　MATsuMoTo　are　characteristic　of　the

IJpper　Urakawan，　constituting　zonal　indices　together　with　1勿τεγα〃2μs妬〃〃z耽勿，五

σ物o勧sεηs∠sand　1．ノ⑳o働cμs．　Some　of　them　persist　into　the　superjacent　zone　of

1ηoo¢γα〃2μs　o7ゴθηZo1ゴs，　but　in　　the　latter　zone　AηαカσclUy4ゴscμs　（∧をψα6勿V4ゴscμs）

ηαμ勿α耽ゴ（YoKoYAMA）is　more　characteristic．

　　　Aform　which　was　temporarily　treated　as　a　variety（τσ1がbγ磁c∋of　the　first

species　by　YABE（仇YABE　and　SHIMIzu，1921，　P．58［6］，　P1．8［1］，　fig．4；text一備9．5）

has　now　proved　to　be　distinct　from　A．ルscゴoos加ψs（YABE）．　It　should　be　called

A．oα1豹夕勿6％s（YABE）and　occurs　in　the　higher　part（probably　Campanian）of　the

section　in　California（see　MATsuMoTo，1959　c）．

　　　　The　second　species　is　known　from“the　basal　Campanian”of　Madagascar

（CoLLIGNoN，1952）and　the　third　species，　though　subspecifically　distinguished，　in　the

zone　of　A．碗co伽％sゴs　at“the　horizon　between　Lower　and　Middle　Campanian”in

Madagascar（CoLLIGNoN，1952，1954）and　in　the　Arrialoor　group　of　South　India．

Thus　the　genus　seems　to　appear　relatively　earlier　in　the　Japanese　province　than　in

other　regions．

　　　　∠肋4αo吻くガscμs　sμbあ1該）bα加s（JIMBo），　from　our　Lower　Hetonaian（K6α），∠4．

σ夕酩100プ％sゴs（SToLIczKA），　from　the　Arrialoor　group　of　India，　Middle　Campanian

of　Madagascar，　and　the　upper　part　of　the　Upper　Yezo　group　at　Urakawan　in　Hok－

kaido（YoKoYAMA，1890）and　A．ρeη吻sμ1αγ‘s　ANDERsoN　and　HANNA，　from　the　Catarina

forrnation　of　Baja　California，　are　closely　related　to　one　another．　They　are　less

inaated，　more　strongly　ribbed，　and　geologically　youDger　than　the　type－species，ノ1．

白s6ゴcos故ψs（YABE）．　In　other　words　they　are　somewhat　related　to　POc妙dゴscμs

oo11ゴ解Zμs（BINKHoRsT），　from　the　Maestrichtian　in　Europe．　Similarly　A．プ泌％oZscαε

CoLHGNoN，　from　the　basal　Campanian　of　Madagascar，　considerably　deviates　from

／1．ノb5cゴoos故加s，　being　fairly　sirnilar　to　such　species　as　1㍍c妙硫oz6s　bμo肋α〃2ゴUsHER

（1952，emend　MATsuMoTo，1959　c），　from　the　Lower　Campanian　of　British　Columbia

and　Califomia．　Thus　there　are　in　the　Campanian　several　species　which　are　rather

transitional　from　Aηo吻o妙漉soμs　to　P已o妙硫c％s．　A．　oo1ガbγ働cμs，　mentioned　above，

and∠4．（？）4∂伽εη⑫ηsZs（Sc肌ilTER），　from　the　Campanian　of　Europe，　are　also　other

examples　of　such　a　group．　Dr．　CoBBAN　kindly　showed　me　two　species　of　A伽ψα一

ε妙直5cμs　of　the　oγγ級100γεηsゴs　group　from　the　lower－rniddle　part　of　the　Pierre　shale

of　the　Western　Interior　of　the　United　States．

　（39）　ノ1η4カατ吻4ゴscz¢s（ハを0ραo吻4εsc〃s）is　a　lateral　offshoot　and　should　be　noted　as　a

possible　zonal　index　in　the　Campanian　because　of　its　wide　distribution．　To　the

same　subgenus　I　refer　P已6吻4ゴsoμs吻加go砺cμs　PAuLcKE　from　Patagonia　and　P．

功乃αε夕oゴ血1ゴsCoLLIGNoN　from　the　Campanian　of　Madagascar．　They　were　grouped，

together　with　several　other　species　of　southern　hemisphere，　in刀bε吻勿～㌘s．　But　this

should　be　synonymized　with疋q加c妙直scμs，　since　P．吻加810励6μs（type　of　Hb●θμ舵s）

is　closely　allied　to／L（凡）η磁〃2αηηゴ．　Anyhow　the　Patagonian　species　was　recorded
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from　a　locality　not　far　from　the　zone　of　Hoヵ〃軌ρ1αcρηττ6θγσs　spp．　Pαc1砂直scμs

s～惣初〃2α捌ゴPAuLcKE，　one　of　the　associated　species，　is　in　n〕y　opil〕ion　aD　example　of

Aηαραc1り4ゴscμs（s．8．）in　South　America．

　　　　CoLLIGNoN　included　P已c妙4ゴsτ％sμ〃2幼吻ηθηsゴs　SPATH，　P．　s勿ψ1θx　HoEPEN　and　P．

α励θcμγsoグHoEPEN　in　his　llbψθκ漉s，　but　these　Pondoland　species　are　fairly　peculiar

in　their　relatively　evolute　whorls，　subcircular　whor1－sections　and　weak　orDaments．

Similar　form　has　quite　recently　been　discovered（but　not　yet　illustrated）from　the

zone　of　1ηocθγα〃脇sμωの’勿2θηs‘s－KOss〃⑳αあoεγαs　Zん¢obαZ42’αημ〃z　in　Hokkaido．　They

may　require　a　new　generic　name　and　zonal　collection　of　fossils　in　Pondoland　would

furnish　better　evidence　of　correlation．

（40）　E砂αc吻磁scμs九α夕αdαゴ（JIMBo）is　characteristic　of　the　upPer　part　of　UpPer

Urakawan（K5β）and　also　Infrahetonaian（K5γ），　approxirnately　Upper　Santonian　to

Lower　Campanian，　in　our　province．　The　same　species，　including　a　slightly　younger

（？）subspecies，　is　known　in　the　Nanaimo　group　of　British　Columbia，　probably

Campanian　of　California，　and　Lower　Carnpanian　of　Madagascar．

　　　　The　type－species　of　E幼α01りd！ゴscμs，　E．ゴs〃εηsゴs（REDTENBAcHER）occurs，　accord－

ing　to　BRINKMANN（1935），　in　the　UpPer　Coniacian　and　the　Lower　Santonian　of　the

Alpine　Gosau　beds．　The　Alpine　representative　seems　to　me　to　be　allied　to　E砂α6勿1－

4ゴs6μs］勉sMoθηsゴs（JIMBo）from　Hokkaido．　It　is　interesting　to　note　that　there　is

磁吻c吻4‘soμs　a任．花sκoε短s　in　the　probable　Upper　Coniacian　of　California（MATsu－

MoTo，1959　c）．　According　to　CoLLIGNoN　（1952，1954）E．‘scμ〃ηs‘s　occurs　in　the

Upper　Santonian　and　Lower　Campanian　of　Western　Europe，　Madagascar，　and　Zulu－

1and，　being，　therefore，　nearly　contemporary　with　E．ぬαグα4厩．

　　　　Other　species　of勘釦c勿∂ゴscμs　are　known　in　Madagascar　as　coming　from　the

Upper　Santonian　and　the　Lower　or　Middle　Campanian．　In　addition　to　the　above－

mentioned　species　there　are　several　species　of　E抑06妙磁scμs　in　the　Campanian．

E．馴o∬o勧磁（KossMAT），　fro7n　the　Arriyaloor　group　of　India　and　Madagascar，　E．

1⑳ゼGRossouvRE，　from　Europe　and　Madagascar，　and瓦1α励¢γガCoLLIGNoN，　from

Madagascar，　are　the　examples．　Their　representatives　have　not　yet　been　found　in

Japan，　but　the　species　allied　to　the　last　two　are　known　in　California（see　MATsu．

MOTO，1959　c）．

（41）Cσ妬4boε微s　is　another　important　member　of　Pachydiscidae　with　increasingly

recognized　wide　distribution．　Its　stratigraphical　range　in　the　type　locality（Nanaimo

group　of　Vancouver　Island，　British　Colurnbia）is　fairly　long，　extending　from‘‘Lower

to　Upper　Campanian”in　UsHER’s　correlation（1952）．　In　Hokkaido　and　Saghalien　it

is　characteristic　of　the　zone　of　1拠oεγα勿μs　soカ〃zゴ4κof　tbe　I．ower　Hetonaian，　being

represented　by　C．ッo〃の　α勿σゴ（JIMBo），　C．〃o∬オη藺（YABE　MS．）MATsuMoTo，　C．勿〃云ゴー

cos鋤μ物MATsuMoTo　and　C．〃砂sがc蹴ηMATsuMoTo．　The丘rst　species　appears

slightly　earlier　than　the　second　at　least　in　some　sections．　In　California　I　have

recognized　C．夕oんqyα〃2厩，　C．κε％bθグηακμ〃2　and　C．〃砂s蕗oμ〃z　occurring　in　the　Cam・
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panian．　Here　again　the　first　species　appears　earlier　than　the　second．　In　Madagascar

three　species　of　C例α∂Ooεγαs　have　been　described　in“Middle－Upper　Campanian”

（i．e．　CoLLIGNoN’s　zone　of　Eψαo妙4‘scμs　1εのゴ）．　Thus　the　genus　occurs　at　correspond－

ing　horizons　in　the　Japanese　and　Madagascar　provinces，　although　it　is　represented

by　different　species．　In　Europe　no　species　has　been　assigned　to　Cα％α6旋）o〃αs，　but

there　are　certain　possible　mernbers（e．g．ノ4勿勿o〃飽s∂γαscWゴREDTENBAcHER　from

Gosau）．　Taking　into　consideration　the　common　occurrence　of∧bωα〃ゴZεs　in　Europe

and　other　areas，　Cαηα4ρoθグαs，　as　its　probable　descendant，　could　be　expected　to　be

found　in　these　areas・　（See　also　the　next　paragraph）．

（42）P已加、gゴos漉s　is，　in　my　opinion，　a　derivative　of　Cαηα∂bcε夕αs　with　weakening　of

the　ornaments．　What　I　have　described　as　Cαηα406εγαs　co吻γεssμ勿MATsuMoTo吻

T．M．［Editor］，1954）is　in　our　present　knowledge　better　transferred　to　P已加g‘os舵s．

It　came　from　the　zone　of　1η06〃α〃2％s　s1励o故％ηs‘s　in　the　lower　part　of　Upper

Hetonaian．　P．αγψc〃1θκsゴs（ANDERsoN）（emend　MATsuMoTo，1959　c）is　a　Californian

example．　It　is　regarded　as　Campanian，　because　it　is　associated　with　1初cε夕σ勿μs

sc力砺砺．　The　genus　is　not　rare　in　the　Upper　Campanian　to　Maestrichtian　of　Northwest

Europe，　being　represented　by　P．カα加g‘oszzs　（ScH口〕TER），　type－species，　P．9γ砺云力∬

（SHARPE）and、P．　s渉obαεゴ（NILssoN）．　Its　widespread　distribution　is　suggested　further－

more　by　1）．　o勿αγμs（PAuLcKE）from　Patagonia，　which，　however，　is　rather　inter－

mediate　between　Cα陥∂60ε夕αs　and　Pα加g‘os舵s．

（43）　Pピzo厘ソ磁soμs　in　the　strict　sense，　namely　the　P．ク2θz必ε㎎ゴ6％s－80〃ερゴ／1εヵsゴs　group，

has　a　world－wide　distribution．　In　the　Japanese　province　P．　s〃bco勿ψγεss〃s　MATsu－

MoTo，　which　is　closely　allied　to　P．　o佛φγεssμs（SPATH）from　the　probable　Maest－

richtian　of　India　and　Madagascar　and　P．8011ω〃εηsゴs（D’ORBIGNY）from　the　Maest－

richtian　of　Europe，　occurs　cornmonly　in　the　Upper　Hetonaian，　but　begins　to　appear

in　the　upper　Lower　Hetonaian，　higher　part　of　the　Carnpanian．　The　occurrerlce　of

the　same　species　and　P．㎎εγZo勿（FoRBEs）in　California　is　correlatable　with　that　in

Japan　and　Saghalien．

（44）Since　the　so－called　Pαo妙4ゴso〃s　have　not　yet　been　completely　sorted，　still　in－

cluding　the　subgroup　which　seems　intermediate　between　Aη砂αc吻4ゴscμs　and　typical

仇6吻磁s6μs，　and　since　the　question　of　the　boundary　between　Campanian　and

Maestrichtian　has　not　yet　been　clearly　settled　even　in　the　type　area　of　Western

Europe，　the　range　of　the　genus　is　somewhat　inde五nite　in　its　lower　limit．　P．

〃ob⑳αs肋（SHIMIzu　1935）［＝P．　a任．㎎2γ鋤ゴKoBAYAsHI，1931］（see　MATsuMoTo，1936，

p．262，p1．30，6g．1；p1．31，　fig．1）from　the　shale　member　just　above　the　basal　con－

glomerate　of　Izumi　group，　the　probable　Lower　Hetonaian　or　Infrahetonaian　in

Southwest　J　apan，　much　resembles勘o勿磁soμs　jθγε㎎εγれ）％ゴCoLロGNoN（1952）from

the　Middle　Campanian　of　Madagascar．

（45）　∧を04θs〃200〃αs，which　has　been　regarded　as　a　subgenus　of　P已c吻4ゴscμs　by

MATsuMoTo　and　SAITo（1954），　seems　to　be　an　index　of　the　Maestrichtian．　The　type
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species，　P．（凡）ノ嬢o耽μs　MATsuMoTo，　occurs　in　the　Upper　Hetonaian，　both　the

zones　of　1勿ooθグαzηzzs　んεZoηα級ημs　and工　s乃ψo加ηε％sゴs，　of　Hokkaido．　Closely　allied

species　are　known　in　the　Upper　Senonian　of　Lower　California［P．（W）oα加γ仇αε

（ANDERsoN　and　HANNA）］and　in　the　Lower　Maestrichtian　of　Madagascar［P．（N）

オηo〃o励εκsθCoLLIGNoN］．　As　I　have　already　mentioned（1954　b，　p．82），‘‘勘γφμ一

20sゴσ”舵耽α（SHARpE）from　the“Upper　Mucronata　Subzone”of　the　English　Chalk

is，　in　my　opinion，　an　example　of地04εs吻oc〃αs．　The　better　known勘c吻磁scμs

oo抱co4勿s‘s（SToLIczKA）from　the　Arrialoor　group　of　India　and　upper　Lambert

formation　of　Vancouver　Island　and　P．％⑭εsゴWHITEAvEs　from　the　Nanaimo　group

of　Vancouver　Island　and　Campanian　of　California　are　somewhat　intermediate　be－

tween　Pαo吻4ゴsoμs（s．　s．）and　∧を04ε5〃20cθグαs．　Such　examples　seem　to　be　found

furthermore　in　Brazil、

（46）As　has　been　recently　demonstrated，（MATsuMoTo，1955　c），　IMρη〃ゴ～セs　has　a　long

range　like　its　probable　ancestor／1η4αc卿4ゴsc〃s．　Among　five　species　in　Hokkaido

and　Saghalien　three　are　from　the　Upper　Urakawan（K5β），　one　from　the　Uppermost

Urakawan（K5γ）and　another　from　Upper　Hetonaian（K6β）．　The　relatively　Iimited

occurrence　of　the　genus　in　the　Upper　Senonian　of　Europe，　Tunisia，　Madagascar，

India，　California　and　the　Western　Interior　province　means　a　partial　or　provincial

range．

　　　σrα肋ω舵s，Tεs万o㌘s　and　Psε〃4δ吻θημ㌘s　have　recently　been　separated　from

Mθ％舵s（MATsuMoTo，1955　c）．　The　type－species　and　other　examples　of　the負rst

and　second　genera　occur　in　the　Lower　Hetonaian　of　the　Japanese　province，　while

those　of　the　third　in　the　Upper　Senonian（s．1．）of　Europe　and（？）India．　Other

members　of乙吻肋ω舵s　are　found　in　the　Nanaimo　group　of　Vancouver　Island　and

doubtfully　in　Europe　and　Africa．　There　is　an　example　of　T6s疏o漉s　frorn　France．

The　facts　suggest　the　fairly　wide　distribution　of　these　bituberculate　Pachydiscids，

so　that　they　may　become　more　useful　for　international　correlation，　if　more　examples

are　supPlied　by　further　collection．

　　　Sμ66εssゴoκqプsoz％oオカεプα〃2〃20γzo∬4ψεcゴεs．－Species　belonging　to　Phylloceratida

and　Lytoceratida　are　generally　persistent　and　mostly　inadequate　for　zonal　correla－

tion．　Nevertheless　remarks　should　be　given　on　certain　forms，　because　their　suc－

cession　seems　to　have　been　misunderstood　and　because　well　sorted　material　can

sometimes　be　properly　used　for　correlation　on　a　broader　scale．

（47）　Successive　occurrence　of　the　species　of　／47¢α8αμ47ツoθ夕αs　and　Gαzz4クyoε7rεzs　in

the　Cretaceous　of　the　Japanese　province　is　clearly　recognized　from　both　strati－

graphical　and　palaeontological　grounds．　The　succession　as　shown　in　the　range

chart　of　Plate　8　is　available　for　correlating　strata　within　the　Japanese　province

and　may　become　a　reliable　basis　for　sorting　various　forms　in　the　extra－Japanese

areas．　ノ1κα9α％4ηcεγos　sαoツα（FoRBEs）［＝A〃z〃20κぴθs　bμ∂みαFoRBEs］is　distributed
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extensively　in　the　Indo－Paci丘c　and　Mediterranean　province，　but　it　raDges　from

Middle　Albian　to　Upper　Cenomanian，　so　that　it　is　only　useful　for　corre玉ation　in　a

broad　scale．ノ1．夕α〃2αs万故ゴ（YABE）is　a　rare　species　which　is　allied　to　the　nearly

contemporary　A．夕o〃の聯ηαゴ（YABE）．　I　have　recently　discovered　an　example　of　it

from　the　probable　Santonian　of　California．　It　resembles／1．♪01mss勿2μ勿（KossMAT）

which　occurs　in　the　Upper　Trichinopo］y　group　of　southern　India．　CoLLIGNoN（1956）

reported　the　same　species　from　the　Lower　Maestrichtian　of　Madagascar．　This　is

unusually　high，　but　the　species　may　have　persisted　in　that　part　of　the　world．　From

the　same　Lower　Maestrichtian　of　Madagascar　came　another　species　A．砺〃obo〃ε％8ε

CoLLIGNoN．　I　have　identi6ed　the　same　species　in　a　faunule　near　the　Campanian－

Maestrichtian　boundary　in　California．

　　　Without　examining　the　changes　of　characters　with　growth　up　to　the　adult，　we

cannot　identify　accurately　the　species　of　Gαμ∂ηcργαs，　while　many　forms　are　too

poorly　described　for　that　requirement．　G微4ηc〃αs勿舵（HAuER）from　the　Santonian

（T¢κα磁～2s　bearing　bed）of　E．　Alps，　France，　Carpathia（？）and　other　areas，　G．

ピα％紹四sε（REDTENBAcHER）from　Gosau（E．　Alps）and　Carpathia（？），　G．汲γα9μγ孤sε

KossMAT　from　the　Upper　Trichinopoly　group（India），　Senonian　of　Madagascar　and

Patagonia（？）and　G．庇η勿α％ηse（WHITEAvEs）frorn　the　Nanaimo　group（VaDcouver

Island）are　rnore　or　less　allied　to　one　another，　being　closely　related　to　G．吻ηs4り1ゴー

oα加〃2（JIMBo）and　G．彪ημゴ1〃砿z〃2　YABE，　especially　G．4吻sθ♪1ゴoα云z〃2吻允γ〃2θ∂仇〃2

from　our　Urakawan（K5）．　Recently　G．碗γ2sψ1‘cα加勿itself　has　been　described　from

the　Coniacian　of　Madagascar（CoLLIGNoN，1956）and　the　Turonian　of　California

（ANDERsoN，1958，　revised　by　MATsuMoTo，1959　c）．　G．ραγゴ60s如加吻v．　HoEPEN　fron〕

the　Senonian　of　Pondoland　and　the　Santonian　of　Madagascar　is　very　close　to　the

inner　whorl　of　G．　Zθヵ磁1〃αψ勿oγク2α伽勿YABE　from　the　upper　part　of　K5　and　lower

part　of　K6（zones　of　E吻α01砂4ゴscμs肋夕α磁ゴand　Cαηα40cεグαs〃oss〃2砿の．　Similarly

G．友％ゴ1沈εα加勿v．HoEPEN　from　the　Upper　Senonian　of　Pondoland　seems　to　be　an

immature　G．　sZγ勿劫zη（JIMBo）from　K5γ一K6α．　Comprehensive　and　careful　revision

with　a　resulting　monographical　work　is　necessary　for　clearing　up　the　subject．

　　　　Gαz44ηoεγαs（γθグ〃bグ‘彪s）〃⑳2ゴ（FoRBEs）is　widespread　in　the　Indo－Paci6c　and

also　Mediterranean　regions．　Its　type　locality　is　in　the　Vahldayur　beds　of　southern

India．　In　the　recent　collections　of　Mr．　S．　YosHIDA，　Professor　W．　HAsHIMoTo　alld

myself，　from　eastern　Hokkaido，　and　Dr．　IcHIKAwA　and　Mr．　MAEDA，　from　the　upper

part　of　the　Izumi　group，　I　have　recognized　the　Japanese　represerltatives　of　the　same

species．　Californian　examples　have　been　recently　added（MATsuMoTo，1959　c）．　So

far　as　the　available　evidence　is　concerned，　G．（γ．）〃oWゴis　most　reasonably　regarded

as　an　index　of　Lower　Maestrichtian，　but　could　range　slightly　upward　or　downward

　beyond　the　boundary．

　　　　Species　of　Zε〃zη4ゴ］㌘s　may　be　of　some　use　for　interregional　correlation．　Z．2戊fzγμηα

　（FoRBEs），　for　instance，　occurs　in　both　southern　India　and　Japan，　again　probably
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indicating　Lower　Maestrichtian．　Similarly　Z　o磁κs‘s（KossMAT）occurs　in　both

countries　of　Asia　near　the　Albian－Cenomanian　boundary．　Recently　I　have　noticed

the　common　occurrence　of　Z．幼Zo勧s　MATsuMoTo（1959　a）in　the　Cenomanian（pro－

bably　Lower　Cenomanian）between　Hokkaido　and　southeast　Alaska．

（48）Species　of　Tetragonitinae　are　very　long　ranging　and　of　limited　use　for　zonal

correlation．　Genusπカσ80η舵s　has　now　proved　to　range　from　the　Albian　to　the

Maestrichtian．　Among　several　Japanese　species　Tε協goη舵s♂αbγ％s（JIMBo）is　most

abundant，　but　persistent（K4β一K5γ）．　The　same　species　occurs　in　California，　but　is

known　only　in　the　Turonian　part　of　the　thick　section．　T．　bεα川α砂εヵsゴs　CoLLIGNoN

and　T．ε励ε㎎i碗CoLLIGNoN，　from　the　Coniacian　of　Madagascar，　are　closely　allied

to　T．8／κzbγμs．　In　the　Japanese　province　T．砂輻o％％s　KossMAT　is　as　long　ranging

as　T．40bγμs，　but　in　southern　India　it　came　from　the　Upper　Trichinopoly　group

and　in　Madagascar　from　the　SantoDian（CoLLIGNoN，1956）．　7⑭〃㎎o忽舵88鋤グ〃s

鋼ob1ε〃2藺oμs　MATsuMoTo，　which　ranges　from　the　Upper　Urakawan（K5β）to　the

Lower　Hetonaian（K6α）in　Japan　and　is　known　in　the　basal　Campanian　in　Mada・

gascar，　is　a　passage　form　to　T在γα80勿Zθsヵ0ヵε彪％sゴs（YABE）．　The　latter　species

ranges　from　the　Infrahetonaian（K5γ）to　the　Upper　Hetonaian（K6α）in　Japan　and

occurs　also　in　the　Upper　Campanian　to　the　Lower　Maestrichtian（？）of　California．

　　　1汐Zりoεγαs（Tθ渉γα80η舵s）”勿9抱％％勿KossMAT　var．初ρ01〃云ゴoγPA肌cKE，1907，　from

the　Campanian　of　Patagonia，　which　should　be　specifically　separated　from　the　species

from　the　Ootatoor　group　of　India，　is　very　similar　to　T．ヵψθ允ηsゴs，　but　seems　to

have　no　constrictions．

　　　　T¢云γ㎎oκ㌘s（sα9泌1吻舵s）cα1α（FoRBEs）originally　came　from　the　Valudayur

beds（probable　Maestrichtian）of　southern　India．　T．（S．）cf．　cα1αwas　described　by

YABE（1915）from　Toyajo（i．e．　K6α）in　Southwest　Japan　and　T．（S．）aff．εoωby

WooDs（1906）from　the　Campanian（？）of　Pondoland．　In　the　latter　area　and　in

Madagascar　T．（S．）η幼ε夕μs　vAN　HoEpEN　has　been　described．　According　to　ComGNoN

（1956）this　species　occurs　in　the　Santonian　and　the　Lower　Carnpanian．　He　remarked

that　T．（S．）cf．　oα1αfrom　Toyajo　is　better　ascribed　to　T．（S．）η吻〃μs．　I　know　a

few　Santonian　exarnples　of　T．（Sα、g吻1初舵s），　from　the　Upper　Urakawan（Santonian）

of　Hokkaido，　which　are　closely　allied　to，　but　not　quite　identical　with，　T．（S．）ηzφε仇s．

（49）Acareful　work　is　needed　on　the　taxonomy　and　dating　of　the　heteromorpha．

As　an　illustration　a　short　remark　is　given　here　on理妙吻川06θγαs．　In　Europe　H．

γεμss勿％μ沈　（D’ORBIGNY）occurs　rather　characteristically　in　the　UpPer　Turonian，

forming　a　subzone．　In　Japan　a　closely　allied　species，五r．　os乃吻磁（YABE）emend

ranges　from　K4βto　early　K5βand　another　allied　species，、互〃ε微s加〃2（YABE）（s．　s．，

i．e．　a　forrn　represented　by　YABE　1904，　p1．5，五g．1，　non　p1．3，五g．4），　comes　frorn　K5β．

Such　a　long　range　of　theγε〃ssゴα〃μ〃2　group　as　revealed　in　the　Japanese　succession

warns　us　against　too　much　reliance　on　theγεμss辺η〃〃2　group　as　a　world－wide　index

of　UpPer　Turonian．



Zonation　of　the　Upper　Cretaceous　in　Japan 79

（50）Another　example　is　found　in　BosZ”o乃ocθ夕αs．　B．カo攻ρ1δo％勿（R6MER）has　been

regarded　as　an　index　of　Upper　Campanian（or　Lower　Maestrichtian　according　to

the　boundary　definition　of　some　authors）in　the　European　succession．　An　allied

species，　B．　oZs〃』ゴ（YABE）occurs，　however，　in　the　Santonian　and　subjacent　part　in

Hokkaido．　B．　aff．　oお〃〃αゴhas　been　recently　recognized　in　the　Sarltonian　in　California

（MATsuMoTo，1959　c）．　B．ωoo4sゴ（KITcHIN）occurs　in　the　Upper　Turonian　of　England，

while　the　closely　allied　B．吻4ゴoμ〃2（KossMAT）comes　from　the　UpPer　Trichinopoly

group　of　India．　A　probably　identical　species　is　found　in　our　zones　of　1初oεγαγημs

彪s砺oθηsZs（i．e．　upper　K4β）and　1初oεγα〃2μsμωoワ’勿2鋤sゴs（K5α）．

（51）D⑳沈06θγαshas　proved　to　be　a　world－wide　Campanian　index．　It　is　most

abundant　in　the　Campanian　of　the　Western　Interior　province，　being　represented　by

asuccession　of　several　species　in　the　Pierre　shale　as　will　be　soon　published　by

CoBBAN　and　ScoTT．王1漉γoc醐s〃07ηりθηsθWHITEAvEs　is　in　my　opinion　a　re－

presentative　of　D⑳％oθγαs　on　the　West　Coast　of　North　America，　although　it　may

be　transitional　between　1）‘⑳〃206εγαs　and　Aを）sZocεγαs．　It　is　very　closely　allied　to

D⑳勿06θγαsαψ可゜ゴθηsθ（YABE），　which　occurs　in　the　Lower　Hetonaian（K6α）in　South－

west　Japan　and　also　in　Northeast　Japan（SAITo，1958－59，　with　emendation）．

　　　∧ゐsZocθ抱s（s．　s．）is　known　in　the　probable　Maestrichtian　of　the　Gulf　Coast　of

North　America　and　Africa，　but　its　typical　representatives　have　not　yet　been　con－

6rmed　to　occur　in　Japan．　Other　specialized　members　of　Nostoceratidae　seem　to

have　rather　limited　distribution．　∧わsれ）oεγαs（A％〃1カ200εグαs）and／1κoηocθγαs　are

known　in　the　Gulf　Coast　and　west　Africa，　while∧砂力oηゐθs　is　particular　to　the

Japanese　province，　except　for　a　very　doubtful　form　from　Africa．　In　Japan　and

Saghalien　M玖ρoη舵s〃2〃obゴ1ゴs　YABE　is　not　rare　in　upPer　K4βarld　K5α．　There　is

another，　new，　peculiar　ammonites，∧吻oη漉s－like　form　with　quadrituberculate　Hares，

in　the　subzone　of　Rεθs‘4ゴ在s〃z吻初2μs，　awaiting　fuU　description．

　　　舵oc万oc¢γαs　Sρ仇Z牲γμ〃2（JIMBo）is　a　probable　derivative　from正砂ψ力α毎ocσαs　of

theρθημs加〃2　group　and　occurs　in　K5βof　Hokkaido　and　Saghalien．　As　there　are

European　and　African　representatives，　a　wider　distribution　of　the　genus　may　be

expected．

（52）Psεμ4ρ”bεZocθτos　is　better　ascribed　to　the　family　Nostoceratidae　because　of　its

close　relationship　with」Wo6グゴooεγαs．　It　occurs　in　Japan，　California，　New　Zealand，

and　South　Africa．　It　is　Iong　ranging　in　Japan，　but　is　more　common　in　the　Cam－

panlan　ln　varlous　areas．

　　　0紗bε106εταsmay　be　parallel　to　Psθ〃40紗b杉Zooθγαs．　It　occurs，　according　to

CoBBAN（personal　information），　in　the　Campanian　of　the　Gulf　Coast　and　the　Western

Interior　provinces．　In　the　Maestrichtian，　i．e．　the　Navarro　group　and　its　equivalents，

So1εκ06θγαs，　with　constrictions，　takes　the　place　of　OXγbεZocεγαs．　The　two　genera

are　not　connned　to　this　part　of　the　world．　For　instance，　there　are　some　examples

of　So吻ooεγαs　in　Califol・nia　and　Baja　California（see　MATsuMoTo，1959　c）．　A　pro一
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bable　example　of　O”加100¢γαs　has　recently　been　obtained，　though　not　fully　des－

cribed，　by　Mr．　Keisaku　TANAKA，　from　the　Toyajo　formation（K6α）in　Southwest

Japan．

（53）　Scα1αγゴ］勉s　is　probably　a　derivative　of・砂望）カαηれ）cεγαs　and　gives　rise　to　several

genera　of　Diplomoceratidae．　It　occurs　in　K4β（Turonian）and　K5α（Coniacian）of

Japan　and　Saghalien．　In　the　Urakawan（K5α一γ）of　the　same　area　POZゆかo乃ooεγαs，

with　subgenera　Po触かcカocεγαs（s．　s．）and　S％励砂o力ocθγαs，　occurs　in　abundance．

These　genera　are　very　rare，　if　not　absent，　on　the　West　Coast　of　North　America　and

other　regions．

　　　Pγ助痂oε70s　is　another　endemic　genus　of　Japan．　Its　type－species，　P．　s祖〃20ゴ401ε

YABE，　which　is　presumably　related　to　Dψ1倣ooεγαs　as　WRIGHT　has　suggested　me，

comes　from　K6αtogether　with　Dゴ⑳〃20cθγαsαωの’κηsθin　Southwest　Japan．

　　　⑥〃gαsε11αhas　proved　to　be　rnore　widespread．　Its　type－species，　R．ημ即sεηs‘s

WRIGHT　and　MATsuMoTo　occurs　not　only　in　the　Campanian（K6α）of　Hokkaido　and

Saghalien　but　also　in　the　Campanian　of　California，　Sucia　Island　and　also（？）Graham

Land．

　　　G触Zoκoc〃αs　and　D鋤o脚cεγαs　are　world－wide　in　the　Campanian　and　Maest－

richtian，　but　their　examples　occur　rather　sparsely　in　the　Japanese　province．

（54）　飽γγ〃佗s（s．s．）of　cosZαψ〃2　group　is　world－wide　but　relatively　long－ranged　in

the　Cenomanian．　In　Hokkaido　and　Saghalien　7’．　oos加加s　LAMARcK，　T．αoκψs　PAssY

［＝τ．z砺εs～磁SHARPE］and　T．（勘オz〃τ漉πs）scカε〃oカ2〃勿κ〃s　Bosc　are　occasionally

found　in　the　zone　of　Dεs〃200εγosノ砂o励αソ〃2（K4α），　sornetirnes　associated　with

Cα砂ooo8筏∫ofαs勿だcμ〃2－％ωbo1漉group　and　also　with　1協oκ彪11‘oρ夕os　spP．

（55）In　the　subzone　of」％伽彪11ゴo〃αs　spp．　at　Ikushumbets　there　is　a　form　of

Os万％～gooεグαs　which　is　somewhat　intermediate　between　O．ヵ％20sZoκμ〃2（D’ORBIGNY）

（ofば勾）α夕zone）and　O．　bεo乃εゴ（SHARPE）（of　Lower　CeDomanian）iD　tbe　ear］y　whorls

and　is　closely　allied　to‘‘0．カzz203ψ）グ〃2εSPATH”（of　Lower　Cenomanian）in　the　last

whor1．　ID　the　same　subzone　and　also　subjacent　part　MuRAMoTo　and　I　found　many

specimens　of正Z妙o劾γグ‘1舵s枷b〃c〃α加s（Bosc）．　The　stratigraphic　relationship　of

this　species　with　an　isolated　holotype　of　1了．〃o〃20紘ゴ（YABE）is　not　clear．　These

specialized　species　could　be　regarded　as　indicating　Lower　Cenomanian　but　their

precise　dating　in　separated　provinces　await　further　research．

（56）Scaphitidae　appear　in　the　Albian　and　persist　into　the　Maestrichtian．　The

occurrences　of　its　numerous　species　are　dissimilar　among　different　provinces，

although　they　often　defines　subzones　or　zonules　in　the　respective　areas．　In　Britain，

for　exalnple，　SpATH（1937）has　reported　a　series　of　species　from　the　bottom　to　the

top　of　the　Upper　Albian，　followed　by　Cenomanian　S．ε4μα1ゴs　SowERBY　and　S．　ob〃4〃s

SowERBY．　In　theヵ1α〃μs　zone　at　the　top　of　the　Turonian　S．　gε初㌘ゴ（D’ORBIGNY）

is　described　as　occurring　fairly　abundantly　but　the　species　apPears　in　the　1αれz　zone

and　persists　into　the　ooγ允s加〃妬γψ勿zone．　Furthermore，　S．　b初o吻s　R6MER　and
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S．ゴ嚇α云μsR6MER　ocα1r　in　the　1吻9μσzone（Campanian）of　Northwest　Eulope．

飽φ10sαψ乃漉s　coηsZタゴoZμs（J．　SowERBY）is　characteristic　of　the　Maestrichtian　in

Europe．　In　the　Western　Interior　of　the　United　States　CoBBAN（1951）and　CoBBAN

and　REEsIDE（1952）have　tabulated　a　number　of　successive　species　belonging　to

Sαψ励セs，PZεγoscα劫屹s，　C1ゴosc‘ψ眈εs，　Dεs〃20so4〃舵s，．Aoαμ伽sαψ乃㌘s，1）ゴsco－

sαψ励θsand　1勤ヵ10sα功励εs　from　Turonian　to　Maestrichtian．

　　　In　South　Saghalien，　Hokkaido　and　Honshu　Sc¢ρJzゴZ¢s　and　O∂osc呼）Jz戎εs　are　fairly

common　in　K4βand　K5α，　but　their　species　do　not　seem　to　de6ne　zones　so　finely　as　in

North　America．　Cenomanian　representatives　of　Sτψ乃舵s　are　rare，　if　not　absent，　in

Japan．　I　agree　with　WRIGHT（1953）in　regarding　S．ヵ吻μs　YABE　as　a　representative

of　true　Sτ嬢厄花s　in　the　Japanese　province，　rejectingγε20舵s．　That　species　seems

to　be　restricted　in　the　Upper　Gyliakian（K4β），　while　S．ヵ5εμ46αθρμα1ゴs　YABE　and　S．

ッoη疏μγαゴYABE　are　not　uncornmon　in　both　zones　of　liηoo〃α〃2μs乃o加云sεηsゴs（K4β）

and　1勿oε夕α〃2μs％ωの’勿2εμsゴs（K5α）．　There　is　S．〆bγ〃205μs　YABE　in　K5β客．　0か

sooφ厄彪sカμεγo〃％s（JIMBo），0．カθγγ初ゴ（ANDERsoN），　and　other　related　forms　are

found　in　theμω⑳’勿2θηsゴs　zone　but　extend　down　to　the　乃obθZsρηsゴs　zone．　The

second　species　is　known　in　the　probable　Turonian　in　California，　while　the　type－

sp㏄ies　of　O彦Oso妙ん㌘s［0．　b1α4θηθ％s‘s（Sc肌UTER）］came　from　the‘‘Scaphitenplaner”

（Turonian）in　Germany．　A　form　which　is　fairly　similar　to　C1‘osαψM］絃sηo〃吻εκゴー

cαηzzs（REEslDE）has　recently　been　discovered　in　the　μω吻゜勿2¢ηsゴs　and　zη仇oθ％sゴs

zones．　In　spite　of　the　almost　universal　abundance　of　members　of　the　Scaphitidae

in　the　Campanian　and　Maestrichtian，　no　species　of　Sαψ万～セs，　Dゴscos6勿う励忽s　and

HbφJosoα♪み舵s　have　been　found　in　our　Hetonaiar1（K6α＋β）．　The　absence　of　110φ10－

scαク乃ゼ彪s　ooηsZηoZz／s，　Dゴsoosooゾ）乃π2s　ooηグαばゴ，　or　their　allies　and　also　that　of　51）乃εηo－

4‘soμs　species　in　the　Japanese　province　unfortunately　give　some　ambiguity　in

identifying　the　Maestrichtian　in　the　rock　succession．　The　same　statement　caD　be

applied　to　the　West　Coast　of　North　America．　In　that　region　species　of　Sαψ励θs

and　Oれ）sαψ〃漉s，　which　are　closely　allied　to　and　sometimes　identical　with　the　Japan－

ese　ones，　occur　in　the　Turonian　and　probably　also　in　the　Coniacian．

　　　　Several　species　of　Scaphitids　have　been　described　from　the　Ootatoor　and　Trichi－

nopoly　groups　of　India，　but　they　await　further　taxonomic　sorting　and　geological

dating．1カψ）so砂12漉s　oμη1z晩ゴ（FoRBEs）occurs　in　the　Valudayur　beds．

　　　　To　sum　up，　as　has　been　pointed　out　by　CoBBAN，　provincial　developrnents　of　the

family　in　the　independent　areas　are　apparent　especially　from　Turonian　onwards，

although　migration　may　have　taken　place　at　certain　epochs．　Therefore　the　re－

］iability　of　the　species　of　Scaphitidae　for　world－wide　correlation　is　still　doubtful

and　further　comparative　studies　among　separated　provinces　are　needed．

（57）　CoBBAN　（1951，1958　a，　b）　has　recently　presented　an　adrnirably　fine　scheme　of

　　　祈Tlle　age　of　S．ノ0γ勿os〃5　YABE　and　other　Japanese　species　was　erroneously　written　as

Cenomanian　in　REEslDE’s　list（1927）．
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zones　in　the　Upper　Cretaceous　of　the　Western　Interior　province．　The　zonal　indices

in　the　upper　half　of　the　seqtlence　are　mostly　species　of　Bαo〃㌘s．　How　far　the

zones　or　subzones　de丘ned　by　CoBBAN　can　be　extended　beyond　the　Western　Interior

P，。vince　i・n。t　necessa・ily　kn・w・．　F・・the　evaluati・n・f・peci…fB・・ulitidae　f・・

zonal　correlation　of　universal　scale　more　studies　on　various　regions　are　needed．

　　　Ihave　atternpted　to　sort　a　large　number　of　specimens　of　Baculitidae　from

California　and　adjacent　areas．　The　result（MATsuMoTo，1959　b）is　rather　promising

for　the　zonation　of　the　Upper　Cretaceous　in　this　region　and　also　for　the　world－wide

correlation．

　　　In　the　Cretaceous　of　Japan　there　is　a　considerable　Dumber　of　baculitid　species，

which　are　now　being　studied　by　OBATA　and　MATsuMoTo．　Our　preliminary　result

is　again　promising．　Most　of　the　species　from　Japan　and　California　are　Indo－Paci丘c，

some　are　cosmopolitan，　and　only　a　few　are　endemic　accordiDg　to　the　present

k。。wl。dg。．　The　exampl…fthe　c・・m・P・lit・・a・e　S励η・…α・励・硫醐（FR・T・cH）

in　the　UpPer　Turonian　and　Bαc〃ゴ在s　αητ4）s（LAMARcK）near　the　boundary　of

Campanian　and　Maestrichtian．　As　I　have　discussed（MATsuMoTo，1959　b），　there　is

apossibility　of　the　subspecific　difference　between　the　representatives　of　the　Northern

Paci丘c　region　and　Western　Europe．　This　does　Dot，　however，　necessarily　mean

geographic　subspecies　but　more　probably　implies　a　slight　difference　in　geological

age．　The　examples　of　the　Indo－Pacific　elements　are　So幼oηooεγαs〃oss勿α存（NowAK）

in　the　Lower　Turonian，　Bαc〃πεsツo〃q夕α〃2磁ToKuNAGA　and　SHIMIzu［＝？B・bεsα〃ゴεゴ

CoLLIGNoN］，　B．　boμ1εゴCoLLIGNoN　and　B．α吻ηsゴs　WooDs　in　the　Lower　Senonian，　B．

bα⑳ゴWooDs　in　the　Santonian，　and肋bαo〃1舵s　oo加co∂θ襯s（SToLIczKA）in　the

Lower　Maestrichtian．　The　last　species，　however，　has　not　yet　been　discovered　in

Japan．　Bαc〃㌘s　c万ooεηsゴs　TRAsK　seems　to　be　particular　to　the　Lower（to　Middle？）

Campanian　of　California，　while　another　peculiar　species，　which　is　probably　new，

occurs　in　the　zone　of　1ηooεγo〃2μs　soカ〃2ゴ4Zゴ［K6α］，　rniddle　to　upper　part　of　the

Campanian，　in　Japan．　Bαo〃舵s　ooo鋤η加1ゴs　MEEK，　which　is　transitional　to　E励α．

o〃舵s，occurs　in　the　Nanaimo　group　of　British　Columbia，　the　Upper　Campanian　of

California　and　Baja　California，　and　also　in　K6αof　Japan．

（58）While鋤ψψ吻110cε7αs　occurs　in　the　Lower　Cretaceous，∧吻ρ1り1100εγαs　is　com－

mon　in　the　Upper　Cretaceous．　It　is　not　certain　whether　this　replacement　took

place　simultaneously　or　at　different　times　in　various　parts　of　the　world．　A　world－

wide　species，ハを妙1り110cεγαs　sεγεsゴZ四sε（PERvlNQulERE），　which　can　be　regarded　as

intermediate　between　the　two　genera，　occurs　in　both　the　Upper　Albian　and　the

Cenornanian．

　　　Because　of　faintly　manifested　speci五c　characters　of　the　phylloceratids　it　is　often

di伍cult　to　determine　identity　or　distinctness　of　the　forrns　which　have　various　names

in　di任erent　countries．　One　of　the　examples　is　the　relationship　between亙γα勿osμ勿

（MEEK）and∧乙oo祝♪γess〃オηMATsuMoTo．　The　two　nominal　species　have　now　proved
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to　be　identica1（see　MATsuMoTo，1959　c）．　At　the　same　time　it　becomes　evident　that

ハζ筏沈osμ吻（MEEK）emend．　is　long－ranging，　from　Turonian　to　Upper　Campanian，

on　both　sides　of　the　Pacific　Ocean．　Similarly　the　distinctness　or　identity　of　P曳ソ1／o一

力αc吻cεγαs／bγbεs’α72〃〃2（D’ORBIGNY）and　P．ε20εηsε（YoKoYAMA）should　be　carefully

studied．　The　extensive　distribution　ofハをψ吻〃ooεγαs　lzεZO拠吻s¢MATsuMoTo　in

the　Campanian　and　Maestrichtian（K5卜K6β）has　been　suggested　by　its　occurrence，

outside　Japan，　in　Graham　Land　and　in　the　Moreno　shale　of　California．　Its　relation－

ship　with　certain　African　or　Madagascar　species　should　be　examined　too．

　　　Although　the　species　of　the　phylloceratids　may　be　widespread，　many　of　them

are　persistent．　Therefore，　without　knowing　the　associated　species，　we　cannot　tell　a

definite　geological　age．　There　Inay　be　exceptions　in　a　special　case．　For　instance，

so　far　as　I　know，　a　tuberclllate　variety　ofハセψ理y〃δcεγαs舵Zoη磁εηsεoccurs　in　the

highest　arnmonite－bearing　beds，　probably　Maestrichtian，　of　the　successions　in　both

Japan　and　California．

　　　“P1砂110c¢γαs”元1ψoηゴc卿μMATsuMoTo　seems　to　be　referred　to　Pαγ云sc肋εγαs（see

MATsuMoTo，1959　a）．　It　occurs　in　the　Cenomanian　of　Hokkaido　and　Alaska，　while

the　genus　Pαγおc1酩εγαs　has　been　known　in　the　Jurassic　and　the　Neocornian．　There－

fore　it　may　represent　a　relict　in　the　Northern　Pacific　region．

　　　　S〃τ6ε∬ゴoηqプオ1zε翌）ε6ゴθs　qプ1κooεγα〃¢ゴ．－Generally　speaking　fossils　of　Inocerami＊

occur　very　commonly　in　the　Cretaceous　of　various　parts　of　the　world．　There　is，

however，　much　to　be　done　as　to　their　taxonomy　and　dating．　In　a　few　areas，　e．g．

England　and　Germany，　they　are　relatively　well　classified　and　their　succession　has

been　considerably　clarified．　In　Japan　and　adjacent　areas　they　occur　in　abundarlce

in　the　Upper　Cretaceous　and　have　been　rnonographed　by　NAGAo　and　MATsuMoTo

（1939－40）．The　classi6cation　presented　in　that　monograph　is　essentially　applicable

at　present，　although　some　supplemental　work　is　rleeded．　In　addition　to　the　mono－

graph　there　has　been　much　advance　in　the　knowledge　of　the　stratigraphic　succession

of　our　Inocerami．　Thus　we　have　established　a　scheme　of　zones　defined　by　species

of　1カooε夕α〃2z4s，　as　tabulated　above，　and　can　precisely　correlate　strata　throughout　the

Japanese　Islands　by　rneans　of　the　zones　of　Inocerarni．　It　is，　however，　fairly　di伍cult

to　determine，　without　seeiDg　specimens，　the　identity　and　a伍nity　of　foreign　species，

and　accordingly，　to　reach　reasonable　conclusions　on　international　correlation．　Fortu－

nately　I　had　an　opportunity　of　studyiDg　specimeDs　at　the　British　Museurn（Natural

History），　the　Sedgwick　Museum　in　England，　and　maDy　institutioDs　in　the　United　States

so　that　I　can　give　some　remarks　on　the　Japanese　forms　in　comparison　with　the

European　and　American　ones．　As　to　the　species　of　other　areas　I　can　say　little　at

　　祈This　might　be　ranked　as　a　family　and　could　be　classified　into　a　number　of　genera　as

HEINTz　has　proposed．　In　this　paper　the　comprehensive　name　1加6θグα功μ∫is　used　for　the　time

being　and　I　refer　to　species－groups　instead　of　questionable‘‘genera　．
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present，　but　a　glance　at　the　New　Zealand　specimens，　which　Dr．　WE江MAN　exhibited

at　the　Cretaceous　Symposium　in　Mexico，　has　impressed　me　the　fact　of　intimate

alliance　between　the　species　of　Northern　and　Southern　Paci6c．

（59）　1ηocεグα〃2zzs　coηcεηカゴcz4s　PARKINsoN　is　characteristic　of　Albian　in　Europe　and

other　areas．　In　our　province　1．　ooη6θητγ勧sη2勤o耽μs　NAGAo　and　MATsuMoTo　is

very　common　in　the　Lower　Gyliakian（K4α）together　with　Co砂cocεγαs　ofη醐bo1碗

group　and　Dεs勿ocεアαs（Psεμ畝）鋤1なε11α）ノ砂oκゴoμ勿．　The　subspeci6c　separation　is

justified　frorn　both　morphological　and　geological　grounds．　The　evidently　delayed

occurrence　in　Japan　as　compared　with　Europe　may　suggest　provincial　development．

（60）1〃ooεグσ〃zμs友η〃ゴ5Zグ鋤〃s　NAGAo　and　MATsuMoTo　from　K4β（Turonian）is

somewhat　allied　to　1．伽μゴs　MANTELL　and　more　closely　so　to五励碗吻ぼWooDs

from　the　Lower　Chalk．　The　morphological　difference　is　so　slight　that　subspeci6c

separation　rnight　be　preferable，　but、乙Zε％Zs〃勿加s　is　evident】y　smaller　thaD　tbe

European　species　and　has　slightly　elevated　concentric　rings．　Again　the　delayed

occurrence　in　the　Japanese　province　is　evident．

（61）1拠cε抱〃2μsZεs励ε〃s‘s　NAGAo　and　MATsuMoTo（K4β）is　a　probable　descendant

froln　工　Zθηz〃s！タゴα云zzs　and　is　relatively　common　in　the　upPer　part　of　K4β．　Ihave

recognized　a　remarkable　resernblarlce　between　certain　specimens　of　our　1．在s万oεηsゴs

from　our　province，正cos飽〃α1μs　WooDs，　from　the　Chalk　Rock（Upper　Turonian）of

England，　and　1．加ゆ吻μs　WIIITFIELD，　from　the　zone　of　P加ηoCy61μs⑳o勿沈g例sゴs

in　the　Western　Interior　of　the　United　States，　so　that　speci6c　identity　rnight　be　sug－

gested．　Anyhow　the　three　forms　are　harmonious　in　geological　occurrence．

（62）As　has　already　been　remarked　by　NAGAo　and　MATsuMoTo（1939），1加τ〃仇ημs

乃obεZsεηsゴs　and　1．ゴψγκηsゴs　of　Upper　Gyliakian（K4β）are　evidently　sirnilar　to工

1α御αγo万PARKINsoN　and　its　allies．　In　the　Japanese　material　there　is　a　passage

forrn　from五coκcεη仇cμs　60s加加s　to五加b硫εκsゴsκoηs〃％故s．　From　this　and　the

corresponding　facts　found　in　the　European　rnateria1，　it　seems　to　me　better　to　regard

the　1α吻αグc〃‘group　as　a　derivative　from　the　ooκcεκ励o％s　group　rather　than　from

theαη～㎡ゴCμs－cγ仇ρsゴseries．　The　developments　may　have　been　provincial　and　parallel

between　Japan　and　Europe，　so　that　some　disharmony　may　be　found　as　to　the

geological　ranges　of　the　species　concerned．　Nevertheless　it　should　be　Doted　that　a

certain　form　which　is　illustrated　under　the　Darne　of　1．10勿αγo〃ゴ（or工cμ加ε万or　1．

万o㎎〃抱碗）and　common　in　the　Middle　Turonian　of　England，　France　and　Germany

is　very　similar　to，　but　distinguishable　from，　our工ぬobθ短ηsゴs．

　　　Ihave　recognized　several　specimens　from　Alaska　and　California　which　are

comparable　with　1初oθ抱z脇s乃obε飽κs‘s，　and　furthermore　a　closely　resemb王ing

species　from　the　Middle　Turonian　zone　of　Co11ゴgηo耽θγαs初oo1垣αγ2運ηoo〃o勿μs

ノ泌gゴ1ゴsin　the　Western　Interior．　Incidentally五ノ∀σ宮ゴ1ゴs　HALL　and　MEEK　is　indis－

tinguishable　from　an　immature五〇脚κ万SowERBY．

　　　In　North　America　there　is　no　true　representative　ofτ．1α〃2αγc海PARKINsoN
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which　can　be　exactly　identi丘ed　with　the　types　in　Europe．上吻ccゴ吻s　WIIITE，　from

the　zone　of　Co〃勅o耽εγαs吻雄ゴin　the　Western　Interior　proviDce，　is　evidently　a

member　of　the　group　of工1α勿αγcゐ‘．1．鋤γ吻sゴs　NAGAo　and　MATsuMoTo，　from

middle　to　upPer　K4βof　the　Japanese　province，　is　very　similar　to　1．ノ肋c厩4μs．

（63）　1〃ooεグα〃2μs　1αbψZμs（ScHLoTHEIM）is　a　world－wide　zonal　index　of　the　Lower

Turonian．　It　is，　however，　very　rare　in　Japan．　I　have　recently　obtained　its　probable

examples　from　a　bed　with　1（砲αbτo〃os　s4）允〃28〃勿加〃2　al〕d　So幼o〃ooεグosんoss〃2αガ

in　the　Ikushumbets　Valley，　Hokkaido．　The　same　species　occurs　fairly　commonly　in

California．　It　is　associated　with　κs⑳6θ〃2sθγゴ碗z〃2　at　one　of　the　Californian

localities．

　　　1初oεグα〃2μs吻cεγ加sJIMBo　from　our　UpPer　Gyliakian（K4β）（rather　cornmon　in

its　upper　part）is　somewhat　related　to　1．1αbゴα劾s　but　much　more　akin　to∫．1α劾s

SowERBY．　Upon　examining　British　specimeDs　I　am　inclined　to　consider上c夕2⑭sゴ

MANT肌L（s．　s．）→」乙6グ仇ρs2グθoo吻2sゴs　ETHERIDGE→工1α血s　as　a　reasoDable　and

natural　series，　admitting　the　long　range　of　1．10ψs　from　Lower　to　Upper　Turonian．

In　my　opinion」乙1励ゴ庇zzs　is　a　somewhat　specialized　offshoot　from　this　lineage．

（64）　1加c¢γαηzzzs〃ωo痴物¢ηsゼs　YEHARA　is　a　widespread　index　of　the　Lower　Urakawan

（K5α）throughout　the　Japanese　Islands．　It　is　furthermore　found　in　Alaska　and

California．　It　is　very　similar　to五ゐ1吻ゴMULLER　from　the　Emscherian　of　Germany

and　also　to上s加倣）〃ゴSoKoLow［＝1．αoμ励1ゴcαψs　STANToN］from　the　Coniacian

of　the　Western　Interior　province．　ln　my　opinion　these　species　are　probably　derived

from五抱s砺oεηs‘s－co5云ε〃ατμs一加7ψ1ε批s．　Dr．　CoBBAN　showed　me　an　interesting　forrD

which　has　radial　riblets　in　addition　to　the　normal　form　of上s加倣）勿and　came

from　the　upper　part　of　the　Coniacian　together　with　IPγoZ¢καη舵s　sp．　and　Scα劫飽s

励ηぴ．As　NAGAo　and　MATsuMoTo（1939，　p．289）have　already　described，　faint

divergent　ribs　are　developed　in　certain　Japanese　specimens　which　otherwise　are

indistinguishable　from　normal　forrn　of　」㌧μz〃4ノゼ〃2ε72sZs．　1カooεγα〃2zzs　g∂γゴoカゴHEINTz，

from　the　Lower　Senonian　of　Germany，　has　lnore　distinct　and　numerous，　radial

riblets．

（65）吻ocεγoη2μs砺〃oε〃sゴs　MATsuMoTo　forms　a　subzone　between　the　proli6c　part

of　the　zone　of　1．μω4元ゴ〃2¢ηs‘s　and　the　zone　of　1．α〃zα〃∂6s¢ηsゴs，　as　can　be　observed

in　the　succession　of　the　Naibuchi　Valley　in　South　Saghalien　and　that　of　the

Ikushumbets　Valley　in　Hokkaido．　The　subzone　can　be　conventionally　included　in

the　upper　part　of　the　Lower　Urakawan（K5α），　but　TANAKA（1958）has　shown　that　in

the　succession　of　the　Opirashibets　River　1．〃2茄oε〃sゴs　persists　into　the　zone　of五

α〃2α肋sε〃sゴs，UpPer　Urakawan（K5β）．

　　　　．乙〃zゴ1zoεκsゴs　itself　is，　as　I（1957）　have　recently　discussed，　evidently　related　to　a

certain　form　of五仇coηsZ醐s　WooDs．　That　European　species　may　be　too　broadly

defined　and　too　long－ranging　for　accurate　comparison　with　others，　but　some　of　its
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syntypes　are　very　closely　allied　to工ばφγ砺s　MEEK，　from　the　Coniacian　of　the

Western　Interior　and　Gulf　Coastal　provinces．

（66）1ηocεγα7ημs勿〃ムωαεηsゴs　NAGAo　and　MATsuMoTo，　that　occurs　sporadically　in

the　subzone　of上〃励〇四sゴs　and　superjacent　part，　is　very　similar　to，　or　possibly

identical　with，1．　ooγ吻0グ励s　SowERBY，　a　Lower　to　Middle　Santonian　species．　I

have　recently　recognized　unmistakable　examples　of五coγ4がbγ〃2ゴs　in　the　collection

of　Dr・PoPENoE　from　the　Iower　part　of　Member　V，　probably　Lower　Santonian，　of

the　Redding　area，　California．　An　allied　form　is　in　the　collection　of　Dr．　CoBBAN

from　his　zone　of　C1ゴosτα助舵sρεグ吻γbア磁s，　Lower　Santonian，　in　the　Western　Interior

P「ovince・上9ゴ1bεγガWHITE　is　another　allied　species　but　comes　frorn　the　uppermost

Turonian　to　the　Lower　Coniacian　of　the　Western　Interior．

（67）」rηocεγαz％sα才ηαムsεηsゴs　NAGAo　and　MATsuMoTo，　an　index　of　UpPer　Urakawan

（K5β）proper，　is　probably　developed　from上砺力o％sゴs．　It　is　fairly　similar　but　pro－

bably　para11el　to　the‘‘flat　variety”　of、乙幼ooκs海ηs　in　the　SantoDian．　The　latter

apParently　resembles五　ε20εκsゴs　YoKoYAMA，　another　UpPer　Urakawan　（K5β＋γ）

species・Outside　Europe・乙εψ㈱s％s　BAILY　from　the　probable　Santonian　of　South

Africa（where　Tεκ伽舵s　occurs）is　an　ally　of　this　group．　On　exarnining　the　original

speclmens　of　that　African　species　at　the　British　Museum（Nat．　Hist．），　I　noticed　that

1・のゆ伽s％sis　almost　indistinguishable　from工θ20¢ηsゴs．　BAILY　mentioned　the

similarity　of工αψαηs％s　to工1αZμs，　while　NAGAo　and　MATsuMoTo　remarked　the

intimate　relation　between五ε20εηs‘s　and五仇cεグ㍑s．　Taking　into　consideration　the

close　afHnity　（or　possible　identity）of　エゴηcθγオμs　and五1αZzzs　（see　63），上ε20の2sゴs　is

possibly　identical　with工θψα％s〃s．

（68）　Another　case　of　possible　identity　is　the　close　resemblance　between．乙ノ吻o勿oμs

NAGAo　and　MATsuMoTo　frorn　our　UpPer　Urakawan　and　the　world－wide」乙微吻1鋤一

力1ゴcα吻sR6MER．　STEPHENsoN（1950）has　already　pointed　out　the　fact　from　his　direct

cornparison　of　Japanese　and　American　specimens．　I　myself　have　compared　our

form　with　the　British　and　Texas　ones．　Moreover　I　have　found　at　the　Sedgwick

Museum　a　plaster　cast　of　a　large　specimen　from　the　Urnzamba　River　mouth，　South

Africa，　which　is　again　indistinguishable　from　our　large　form　of・乙ノ⑳oηゴo〃s．　In

my　opinionエノ吻o励c％s　is　derived　from，　or　has　a　common　ancestor　with，工ε20θηsゴs．

Similarly　that　African　form　must　have　intimate　relation　with工θψαηsμs．　Anyhow

this　sort　of　characteristic　form　is　a　world－wide　index　of　the　Santonian．　While五

μη∂〃α妙1ゴcαψsis　considered　to　characterize　the　Lower　Santonian（？Phls　UpPer

Coniacian）in　Europe　and　Arnerica，五ノ⑳o勿仇s　is　rather　abundant　in　the　upper　part

ofK5β．

（69）　1加oε花〃zzzs　bα1劫cμs　B6HM　is　widespread　in　the　UpPer　Senonian．　It　is　regarded

as　a　descendant　from、乙沈ooηs云αηs．　In　spite　of　the　absence　of　typical五ゴ♂200ηs加ηs

in　Japan，」L　bα1κcμs　is　found　in　tlユe　Lower　Hetonaian　equivalent（K6α）of　Southwest
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Japan．工8％b〃鋤α云％s　MEEK　from　the　Campanian　on　the　West　Coast　of　North

America　is　very　similar　to　or　possibly　identical　with上bα〃ゴoμs．

（70）　1ηoo〃α〃2zzsηo〃〃2αη毎YoKoYAMA　and　its　variously　ornalnented　descendants，、乙

oγ吻～翅1ゴsSoKoLow，工so力痂砺MIcHAEL，五sαc吻吻％sゴ8　SoKoLow　and　1．♪sεμ4ρ一

s耽αZ〃sNAGAo　and　MATsuMoTo，　are　characteristic　of　the　Japanese　province　and

adjacent　areas．　Identical　or　allied　forrns　are　found　in　other　parts　around　the　North

Pacific，　such　as　Alaska，　British　Columbia　and　California，　but　no　correspondants

have　been　described　in　Europe　and　other　well　known　areas．　The　similarity　to上

／obo加s　GoLDFuss　and　its　derivatives　is　on】y　superficial　and　cannot　necessarily　mean

contemporaneity．　The　resemblance　of　the　ornament　between五scみ砺4海and五

㈱砺1α妙〃co加s（or上勿）0耽μS）is　again　entirely　homoeomorphic．　Geologically工

soJ2〃2‘4海（an　index　of　K6α）is　evidently　later　than五ノ透）oη‘oμs（an　index　of］K5β）．

（71）1ηoo〃α勿〃s　sん伽彦αηεη5‘s　NAGAo　and　MATsuMoTo　is　characteristic　of　the　lower

part　of　K6β．　It　may　be　a　specialized　derivative　from」L　bαゐ㌘μs．　1．吻c功6μs

ANDERsoN　and　HANNA，1935＠oηWooDs，1917），　from　the　Rosario　formation　of　Baja

California，　is　probably　identical　with　1．　s厄〃o加ηθηsゴs．　Ihave　recognized　in　Dr．

CoBBAN’s　collection　from　his　zone　of　Bαo〃舵s　bαc〃〃s，　Lower　Maestrichtian，　of　the

Western　Interior　province，　a　species　of　Zηoc〃α％s　which　is　remarkably　similar　to

our　」E　s／2椛0勿22εηSゴS．

（72）As　to　other　species　in　K6β，　such　as　1．肋s加6η5ゴs　NAGAo　and　MATsuMoTo，

1．姥oηα砿％sMATsuMoTo　and工（～）鋤⑳εηsゴs　MATsuMoTo，　I　do　not　know　any

European　allies．　The　last　two　species　occur　in　the　upper　part　of　the　Upper

Hetonaian　in　both　Hokkaido　and　Southwest　Japan．　It　cannot　be　overlooked　that

1．（り鋤碗θ砲sis　somewhat　similar　to五（～）勲γosμs（MEEK　and　HAYDEN）from

the　Maestrichtian　Fox　Hills　sandstone　of　the　Western　Interior　province．

（73）The　systematic　position　of　1勿6e微z〃μs（Sε名g幼Zα？）α肋勿硯s磁YEHARA　is　still

doubtful．　Its　resemblance　to　S¢㎎泊αψos‘40卿砂bγ琉s　MAuRY　from　the　Maestrich－

tian　of　Brazil　is　rather　curious．　Our　species　is　very　common　in　the　zone　of　1仰cρ’

γα初μsオθs厄oρηs‘sand工μω仰吻2θηsゴs．　A　related　form　has　been　reported（BしsE，1923）

from　presumed　Coniacian　or　Upper　Turonian　of　Mexico．

　　　Coη01μ4吻g　Re物α嬬s．－As　a　conclusion　from　the　above　considerations［（1）一（73）］

the　following　approximate　correlation　can　be　made　between　the　Japanese　and　inter－

national　scales．

　　　Japanese　scale

Upper　Miyakoan［K3β］

Infragyliakian［K3γ］

Lower　Gyliakian［K4α］

Upper　Gyliakian［K4β］

　　　International　scale

Albian

Lower　Lower　Cenomanian

Cenomanian（main　part）

Turonian
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Lower　Urakawan［K5α］

Upper　Urakawan［K5β］

Infrahetonaian　［K5γ］

Lower　Hetonaian［K6α］

UpPer　Hetonaian［K6β］

T．MAT8UMOTO

Coniacian

Santonian

Lower　Campanian

Middle　to　Upper　Campanian

Maestrichtian

　　　　Recent　acquisitions　have　enabled　us　to　correlate　more　precisely　than　on　previous

occasions（e．g．　MATsuMoTo，1943；1954）the　Japanese　scale　with　the　international

one．　Yet　the　exact　dating　of　the　boundary　of　adjoining　units　in　the　Japanese

province　in　terms　of　the　international　scale　is　in　some　cases　still　dif日cult．　For

example，　the　very　point　of　the　Albian－Cenomanian　boundary　is　often　hardly　fixed

in　the　Japanese　succession，　although　the　zone　of」Dεs〃200θクrαs〃oss〃2αだincludes，　if　it

is　not　wholly　referable　to，　the　Lower　Lower　Cenomanian［（1），（2），（3），（20），（54），（55）］．

　　　　The　subzone　of飽ηαbゴcθγαs　s召ρ允沈sεγゴα故〃2，　the　Iowest　part　of　our　K4β，　is

probably　assigned　to　the　basal　Turonian　［（8），（57），（63）］，　but　we　are　not　successful

in　obtaining　good　indices　of　the　uppermost　Cenomanian［（7）］．　Similarly　the　subzone

of　Rεεsゴ4ゴ允s〃z勿勿2μs，　the　highest　part　of　our　K4β，　is　probabIy，　but　not　conclusively，

referred　to　the　uppermost　Turonian［（12），（13），（14），（57），（61），（64）］．

　　　　The　subzone　of　1勿cεγα〃％s〃2仇o劔s‘s　in　the　higher　part　of　K5αis　only　pro－

visionally，　but　not　with　certainty，　assigned　to　the　Upper　Coniacian；it　may　possibly

represent　the　Lower　Santonian　as　well［（56），（65），（66），（67）］．　The　position　of　the

Santonian－Campanian　boundary　in　our　sequence　is　again　provisionally　placed　at　the

boundary　of　K5βand　K5γ［（16），（17），（18），（24），（26），（36），（38），（39），（40），で41），（48），（51），

（57），（58），（68），（69），（70）］．Similarly　that　of　the　Campanian－Maestrichtian　boundary

is　oDly　approximately　determined　at　the　boundary　of　K6αand　K6β［（18），（24），

（25），（27），（33），　（36），（42），（43），　（45），（46），　（47），（48），　（50），　（51），　（52），（53），　（56），　（57），　（58），

（71），（72）］．

　　　The　upper　limit　of　the　Maestrichtian　in　our　Cretaceous　has　not　been　clearly

determined，　because　no　reliable　fossils　have　been　found　in　the　uppermost　K6β．

There　is　always　an　unconformity　between　the　Cretaceous　and　Tertiary　formations，

although　its　time　interval　may　vary　by　places．
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Plate　9． Zonal　indice80f　the　Upper　Cretaceous　in　the　Japanese

pmvince：Desmocera　tidae．
a．，ρθs初㏄θπ冨s鳶os5励’‘M▲鴨u冨o叫　Infragyliakian｛K3γ）；　b．

Dθs胡06θπ8s（Psθ鋤μ乃砲θ’ら）∫d！ρoπ‘6μ〃8　Y▲BE，　Lower　Gyliakian

（K4α）；c．　D．（P．）θ幻α邦％脚M▲鵬UmTO，　K4α：d．7翫αgo4εs脚cθ．

m碗ssμ加osω’μs　M▲鴨uMoTo，　UpPer　Gyliakian（K4β）；　e．　Z）α〃2θ一
●

s∫Zθs5㎎α絃（FORBE8），　Urakawan（K5α＋K5β＋K5γ）；　f．　Z）α〃昭s碗5

ぬ椀θ5∫（JI顕0），（K5α＋K5β＋K5η；　g．　Dθs〃2ρρ妙〃ξzθs頃ρ卵’わ5凌s

（FoRBE8），　Infrahetonaian．Lower　Hetonaian（K5γ十K6α）；　Dα〃2θ一

s漉5鋤oπα5θπs5s　M▲閥umTo，　UpPer　Hetomian（K6β）．

　　　The　figures　in　Plates　9－11　are　drawn　from　tlle　synthetic

ob8ervation　of　8everal　specimen8，　iロcluding　the　holotype，　Ied：o・

type　or　8yntype8．　T．　M▲脚噛o，o函．
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Plate　10．　Zonal　indices　of　the　Upper　Cretaceous　in　the　Japanese　province◆：Pachy－

　　　　　　　　discidae　and　Kossmaticeratidae．

　　　　　　　　a．κoss初o仇θ抱s砺obo磁α”μ坊ραμ6牝osωω例MA囎uMαro，　Lower　Urakawan（K5α）：b．

　　　　　　　　ノ1μ妙α6砂直sεμs／Osε5ωsZα畑s（YムBE），　UpPer　Urakawan（K5β＋K5γ）；　c．　Eμρα6旬直sεμs

　　　　　　　　肋抱血‘（JIMBo），　Upper　Urakawan（1ate　K5β十K5η；d．∠4μ砂α6妙4冨scμs（∧恒qρατ触4竃s6μsハ

　　　　　　　　ヵ銘椀σ捌ゴ（YoKoY△M▲），　Uppermost　Urakawan　orハnfrahetonaian（K5γ）；e．　C例α伽θ抱s

　　　　　　　　兎oss励が（Y▲BE　MS．）M△鴨uMαm，　Lower　Hetonaian（K6α）；　f．　Pαφy4『scμs　s吻ωπ・

　　　　　　　　ρ陀ssμ〃2　Mム怜u冨om，　UpPer　Lower　Hetonaian・UpPer正letonaian（1　ate　K6α＋K6β）．
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Plate　11．　Zonal　indices　of　the　Upper　Cretaceous　in　the　Japanese　province：Imcerami．

　　　　　　　　a．乃ωεθ抱〃甥s60銘τ例踊α岱砲φoヵ鋤s　N▲G▲o　and　M▲怜uMoTo，　Lower　Gyliakian‘K4α）；

　　　　　　　　b．Z加6θ’sθηs‘s　N△oAo　and　M▲囎σMo，o，　UpPer　Gyliakian（K4β）；c．1鋤ψ〃昭πs‘s

　　　　　　　　YEH▲R▲，　Lower　Urakawan（K5α）；　d．　Z〃g伽θヵs55　Mム愉MoTo，　transitional　part　from

　　　　　　　　Lower　to　UpPer　Urakawan（K5α一β）；e．1α励肋5θπs‘s　N▲G▲o　and　M燗uMo悟o，　UpPer

　　　　　　　　Urakawan（K5β）；common　in　its　lower　part；f．　Z∫ψo”勧s　N▲G▲o　and　M▲TsuMoTo，

　　　　　　　　UpPer　Urakawan（K5β）；　9．」㌧sM克吻ヵθπs‘s　MG▲o　and　M▲怜umTo，　Lower　UpPer

　　　　　　　　Hetonaian（early　K6β）；　11．　Z妬μ物αヵ％∫YoKoY』ぷ△，　Umkawan（K5α＋K5β＋K5γ）；　i．

　　　　　　　　Zo痴ヵ’α除SoxoLow，　mainly　Uppermo8t　Urakawan　and　partly　Lower　Hetonaian
　　　　　　　　（K5γ十K6α）；」．　Z　sc加2」謝Mloロム宮L，　Lower　Hetonaian（K6α）；k．　Z〃θ’α煽α％s

　　　　　　　　M棚u蜘To，　Upper　Upper　Hetonaian（1ate　K6β）．


