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Fossi］F］owers and Associated Plant Fbssilsfrom the Kamikitaba  
Locality（AshizawaFormation，FutabaGroup，LowerConiacian，  

UpperCretaceous）ofNortheastJapan  

MasamichiTakahashil’，PeterR．Crane2and HisaoAndo3   
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3DepartmentofEnvironmenta／Sciences，FacultyofScience，lbarakiLhiversitn Mito，310－8512Jbpan   

OnianLSantonian）in Hokkaido（Nishida1991）that are per－  

mineraIizedincalciumcarbonate，andhaveyieldedexcellent  
detaiIsofanatomicalstructure（StopesandFujii1910，Nishida  

1991）．ln this paper we provide a preIiminary report on a  

newly discovered assembIage of Late Cretaceous fossil  
Plants（the Kamikitaba assemblage）of similar age to that  

from the Yezo Group．The new assemblage，from the  

Asamigawa Member of the Ashizawa Formation（Futaba  
Group），isofearryConiacianage（Ca．89millionyearsbefore  

PreSent，Gradstein et a／．1995）and substantially extends  

CUrrentknowledgeofCretaceousang10SPemSfromeastern  
Asia．The floraincludes well－PreSerVed ang10SPerm  

flowers，fruits，Seeds，reaf fragments and wood．Shoots，  

leaves，POllencones，COneSCaJesandseedsofconifers，and  

remainsofferns andlycopods are aIso present．Detailed  
treatmentsofseIectedtaxafromtheKamikitabaassemblage  
arecurrentlyin preparation（Takahashietal．in press）．  

In contrastto previouslydescribed fossilfIoras from the  
Upper Cretaceous ofJapan，the pIant remains comprlSlng  
the Kamikitaba assemblage are sma”，three－dnTlenSional，  

and charcoa】ified or mummified／lignitized（mesofossiIs）・  

Over the last fifteen years similar Cretaceous mesofossil 
floras have been described from Europe（e．g．，Friis and  

Skarby1982，Friis1983，1984，Knob10ChandMai1984，1986，  

Friis e（a／．1994），eaStern North America（e．g．，Crane et al．  

1994，1995），and most recentlyfrom Kazakhstanin centraI  

Asia（Frumina et a／．1995，Frumin and Friis1996，1999）．  

Researchontheseflorashasrevolutionizedourunderstand－  
ingoftheCretaceoushistoryofangiospermdiversity（Crane  
eta／．1995）．TheKamikitabaassembIageisthefirstrecord  

OfmesofossjIpreservationfromeasternAsiaandprovidesa  
basisforcomparisonwithmesofossilflorasfromelsewhere．  
Recognitionofthe Kamikitabafloraalsosuggeststhatthe  
applicationofbulksievlngteChniquestoothersampIesfrom  
easternAsia，isIikelytoyieldadditionar mesofossiIassem－  

blagesthatwi”furthereIucidatetheearlyevolutionofflower－  

1ng Plantsinthisreg10n．  

Materialand Methods  

TheKamikitabapIantmesofossilassembJagewasisoIated   

Apreliminarydescriptionisprovidedofanewa＄Semblage  
Of plantfossils（the Kamik托aba mesofossilf10ra）from the  

Asamigawa Member of the Ashizawa Formation，Futaba  
Group（］ower Coniacian，Upper Cretaceous）exposedin  

Kamjk詑aba，Fukushima Prefecture，nOrtheastern Honshu，  

Japan．Thefossilsaresmall，three－dimen＄ionalandchar－  

COaIifiedorlignitjzed（me＄Ofos＄il＄）andyieldexquisitestruc－  

turaldetajls when studied with scanning electron micros・  

COPy．The Kamikitaba assemblage comprlSeS the first  
record of this style of fossilplant pre＄erVation from the  
Cretaceous of eastern Asia．The flora compJements and  
extendscurrentknowledgeofCretaceousfossilplantsfTOm  
Japan and provides a basis for companson w肘1SimiLar  

mesofossi］assemblages from eastem North America and  
Europe．The fossilassemblage contains we”－PreSerVed  

angiospermf10WerS，fTtJ晦Seeds，Ieaffragmentsandwood，  

as welJas sh00tS，leave＄，PO（len cones，COne SCales and  

Seeds of con汁ers．Extant taxa that can be recognized  

PrOVisiona”yincIude：Lauraceae，Hamamelidaceae，  

Fagaceae，Comales，Combretaceae，andprobablyEricale＄，  

Magnoliaceae，Nymphaeales and Taxodiaceae．Leaf and  

rachisfragmentsoffems，SPOranglaWithh7Siruspores，and  

megaspores also document the presence of Selagine］－  

laceae and Schizaeaceae．  

Key words：Ashizawa Formation（Futaba Group）－  
Cretaceous－Fossilflowers－FossilpIants－Japan－  
Kamikitabaassemblage   

Plantfossilsfrom UpperCretaceoussedimentsin North－  
eastJapan havebeenstudiedformanydecades，andhave  
provided important data on the flora and vegetation of 
eastern Asia during the pre-Tertiary phase of angiosperm 
evoIution（Stopes and Fujii1910，Miki1977，Tanai1979，  

Nishida1991）．Especially significant for the study of an－  

giosperm reproductive structures is a rich assemblage of 
fossilplantsfrom marine depositsoftheYezo Group一丁ur－  

＊Corres匹）nding author：tel．087L832－1602，fax CW→833－こ賂32，   
e－mailmasa＠ag．kagawa－U．aCJP  
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Fig．1．MesofossilsfromtheKamikitaba10Cality（AsamigawaMember，AshizawaFolmation．L仇VeTG卸iacian，UpperCretaceous），Fuku－  

ShimaPrefecture，Honshu．円eridophytes．A．Megas騨）rety［給1，PrObableseragine＝aoeou6m喝aSFnreSmilartoEiJansonispodtes  

erlbnsonii（MineけPotonie，eqUatOrialviewshowingspongymassofexosporeattheproxinqLalFX）le，PP45426，×85．B．MegasFX）retyFX  

2，POSSibreabo止edmegas叩retetradofmegasporetypel，PP45427，×55．C．Circinatefemrachis，PP45428，×20．D．FertiIefern  

typel，PrObabIeSchizaeaceae，CIusterofpinnulesenc10Singsporangiawithapicalannulus．PP45429，×35．E．Fenilefemtyf光1，  

PrObable Schizaeaceae，detai10ftwo e10ngated sporangia each with an apicalannuIus，PP45430，×150．F．Fertire fem typel，  

PrObableSchizaeaceae，isolatedA揮）endicbpodtes／Cica血bpodかessporefroms匹CimeninFig．1Eshowingtriletemarkonproximal   
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from about500kg of carbonaceous，bIack，POOrlyLSOrted  

Sandy siItstone（SamPle F16）co”ected by MT and HAin  

March1998attheKamikitaba10CaJityafongatributaryofthe  
KFtaba Riverin Kamikitaba，Hirono－maChi，Fukushima Pre－  

fecture，nOrtheastem Honshu（StudyRouteBofAndoetaI．  

1995；37012′N，140O57′E）．SampleswerefromtheAsamiga－  

WaMemberoftheAshizawaFormation，Whichisthe10Wer－  

mostsedimentaryunitintheFutabaGroup．   
The Futaba Group comprises a sequence of sandy，tO  

SUbordinately silty，Clastics depositedin fIuviaIto shaIlow  
marine environments on the western margln Of a matured  
forearc basin（Ando1997）．The sediments outcropin the  

SOuthem Abukuma BeItin No什heastJapan cIose to the  

PacificCoastofHonshu（AndoetaJ．1995）．Tnthenorththe  

FutabaGroupuncon†ormablyoverliestheLowerCretaceous  

Abukumagranite，Whileinthesouthit restsunconformably  
On the sharesof the Permian Takakurayama Group．The  
Futaba Groupis 汁self overIain by the Lower Ofigocene  

ShiramizuGroup（Ando19971．   

The Ashizawa Fomation盲sthe！owermostofthreeforma－  

tions that comprise the FしTtaba Group．The Asamigawa  

Member of the Ashiza＼Va ForTTl己モionisinterpreted as an  

a”uvialfandepositcompTis享ng〇00r†yrsdedmidtoJowerfan  

Sandstonesand siltstones．somecf、．＼不幸Chcontainabundant  

Plant debris．Above the AsarTl；⊆己＼・．B Member，the Obisa－  

gawaMemberoftheAshizal＾ra For巾a！bnisinterpreted as  
Sha”ow marine，inner she「f to u〇DeT tOIower shoreface  

Sediments．TheoverlylngKasa▼「2tS」Fcmationisinterpret－  

ed to refIect meandering to b，a；亡et rト．・er Sediments with  

lagoonalfacies．The uppermost sedi¶erlモary un托in the  

Futaba Group，theTamayama FuTTl己ミ；っtl．isirlterPreted as  

braidedriverf100dpIainsediments・∴ヤ「己retUrntOlagoonal  

andsha”owmarinefaciesintheupper¶〇St〇aTt．Samples  

fromtheTamayamaFormationhave2Iso〉r；elゴedmesofossil  

assemblagesthatarenotconsidered行1th・S〇己Der汀akaha－  

Shieta／．in press．）．   

Based on theoccurrenceofLowerCcTT；e＝；己rT ammOnites  

andinoceramidsinthe middle ofthe Asトzat／：a Fomation，  

and a species of rower SantonianinoceraTY7；己巾OCeramUS  

amakusensi5）intheupperpartoftheTamayaTTlaFcma車On．  

the Futaba Groupis thought to range壷n age‘▼〇rTlea（b，  

ConiaciantoearlySantonian．Theageoftheロ；ant－bearlng  

Sedimentsin the AsamlgaWa Memberis prcbab！y Eand  
CertainFy not younger than）early Coniacian（Ca．89mMion  

yearsbeforepresent，Gradsteineta／．1995）．   

After dryingln thelaboratory，the samples were disag－  

gregatedinwaterandsievedthroughaO．3mmmesh．The  

Carbonaceous debrisrecovered wasthen cleaned ofadher－  

；【与 mineralmateriaIby treatment with hydroffuoric and  

hlナOCh10ric acids，thoroughlyrinsedin water，and driedin  

三▼†「dh）iduaIspecimens were then separated by visual  

＝モーて－：，っa†ion and pickingunderthedissecting microscope．   

SpecimenssefectedforscanningeJectronmicroscopywere  
mounted on polished aIuminum scannlng eJectron micro－  
SCOPe StUbs，SPUtter COated with platinumLPalladium，and  

examinedina HitachiSL800field emission scannlngelec－  
tron microscope（FEpSEM）．   

AIIspecimensilfustratedinthepresentworkaredeposited  
in the paleobotanical collections of the Field Museum of 
NaturalHistory，Chicago（PP）．  

Composit幸onofthePlantFossilAssembIage   

L仰0由   

LycopodscompnseaminorcomponentoftheKamikitaba  
mesofossilassemblageandarerepresentedbytwokindsof  
dispersed megaspores（Fig．1A，B）．   

Megasporetypel（Fig．1A）isthemoreabundantofthetwo  

megaspores andis representedin the coIIection by more  
than50specimens．ThemegasporesJaryconsjderablyin  
Size（0．75rl．3mmindiameter）andalsointheextenttowhich  

theornamentationhasbeenabraded．lnunabradedspeci－  

mens（Fig．1A），thewallornament（Perispore）iscomprisedof  

SPOngySPOrOPO‖eninthatformsareticulatepatterninwhich  

themuraareoftenmoreorlessundulating．Attheproxima）  

POle the exineis elaborated山to a spongy mass and the  

trilete markitselfis not clearly visibIe．ln abraded speciq  
mens the remaining spore waIl（exospore）is opalinein  

appearance，andthetriletemarkisraisedandclearlyvisible  
attheproximaIpole．Megasporesofthistypearethought  
to have produced by seIaglne＝aceouslycopods and are  
SimiIartoEHbnsonbporiteserねnsonii（Miner）Potonie，Which  

rangesin age from Barremian－Aptian to Santonian－  

Campanian（Kovach and Dilcher1988，Kovach and Batten  

1989）．   

Megasporetype2（Fig，1B）isrepresentedintheco”ection  

bylessthan20specimens．ln alT cases four megaspores  
OCCurtOgetherinatetrad．TheindividuaIsporesareca．0．4  

mm in diameter with a poorly-developed fibrous exospore 
arrangedin moreorlessreticulate pattem．Thesetetrads  
maybeanabortedformofthemorecommonEHanson／SPOr－  

ites megaspores．   

毎ms   

Ferns are represented in the Kamikitaba mesofossil 
assemblagebyfragmentsofleavesandrachides，OCCaSional  
leaffragmentsbearingsporangia，dispersedsorianddisper－  

Sedsporangia（Fig，1Cr）．Twotypesoffertilefern materiaJ  

have been recovered．   

Fertileferntypelisrepresentedintheco‖ectionbyabout  

15specimens that typica［1y show groups of sporangia en－  

CIosed bycIustersofadpressed pinnuIes（Fig．1D）．Sporan－  

gla are elongated，Ca．0．3mm10ng，and have a terminal  

annulus（Fig．1E）．Sporesaretrifete，Ca．40JLmin diameter  

ミ＿ノさ二∈eYOStX）reribsinthedista‖1emisphereandthincoveringofperine，PP45430，×1，5（カ，G．Fertilefemty㌍2，Circurarsporangial  
＝5－アヤ：naSinglesonJSShowingamassofsporangiawith10ngitudinalannuIisurrmndingacentralcavity．PP45431，×50，H．Fe†tiIe  
‾㌻‾・＝モ2jetai10fthreesporangiafrom specimenin Fig，1G showinglongitudinalannuli，PP4543l，×110．l．Transversesection  

‾て－て．三‘㌢■、唱Chisshowingthick－Walledco汗icalcellsandcavityfromwhichso什tissueshavedecayed，PP45432，×40．   
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、／．珊a cleartTilete mark and numerous prominent ribs on  

theirdistalhemisphere（Fig．1F）．Theribsarepartlyobscur－  
ed byagranurar perispore．Dispersed sporesofthistype  
from the Futaba Group have been referred to the genera  
Appendjcisporites and Cj由trjcosbporites汀akahashi1988）．  

The combination of the apical annulus and trilete ribbed 
SPOreS StrOngly suggests a relationship to the extant fern  
family Schizaeaceae．Perminera．ized schizaeaceous fem  
SPOrangia，Similartofertileferntypel，havebeendescribed  
fromthe UpperYezoGroup（Coniacian－Santonian）ofHok－  

kaido as Schjzaeqpteri5mesozo鹿（Stopes and Fujii1910，  
YoshidaetaI．1996b）．   

Fertileferntype2isrepresentedintheco＝ection bytwo  
dispersedsori，Ca．1．1mmindiameter（Fig．1G）．Eachsorusis  

COmPOSed of numerous sporangia surrounding a central  
SterileregionthatpossiblyindicatesthepositionofthestaIk．  
Noindusiumis preservedin either specimen．Sporangia  
have alongitudinalannuIus．Spores have notbeeniden－  

tified unequivocally．Sporesin similar，but more fragmen－  
tary，SPeCimensfromtheKamikitaba10CalityaretriIetewith  
apsilatewaIl．   

OtherfernmaterialintheKamikitabaassemblageincTudes  
Charcoa7ifiedfernrachideswithwe”LPreSeⅣedanatomy（Fig．  
11），SOmeOfwhichexhibitcircinatevemation（Fig．1C），anda  
Varietyofleaffragments．   

Con／短侶   

Conifers are abundant in the Kamikitaba mesofossil 

assembIageand arerepresented byIeavesand shoots，aS  
Wellas a variety of reproductive structures thatincIude  
OVUlateconescales．seeds，POlren conesand porlen cone  
SCa［es（Figs．2，3）．   

Conifer［eaves and shoots．Three dTfferent tyF治S Of  

0什en shows characteristic perforationsin the cuticle with  

SEM．1tispossiblethatmorethanonespeciesisrepresent－  
ed among thefragmentsof［eafyshoots grouped together  
hereasconiferleaftypel．1n particular，itispossiblethat  

the shootswith acicularleaves may be10ng tO a different  
SPeCiesthanthosewithamoreroundedapex．Thesystem－  
atic affinitiesofthese kindsofleavesfromtheJurassicand  
Cretaceousaregenerallytaken to bewithextantAraucar－  
iaceaeorTaxodiaceae（e．g．，Harris1979，SrinivasanandFriis  

1989），OreXtinctCheirorepidiaceae（e．g．，Watson1988）．We  
COnSider a taxodiaceous affinity mostIikely for the Kami－  
kitaba material．   

ConiferIeaftype2（Fig．2D，））isrepresentedintheco‖ec－  
tion by more than801eaf fragments，nOne Of whichis  
attachedtoashoot．Theleavesarelinear，Para‖eJrsided  
and dorsiventrafIy fIattened．They are up to2mm broad，  
Withanestimated（engthofupto8．Omm．Atthebase，the  

leaves narrow to a short，POOrly defined petio】e and are  
distinctlytwisted，PrObab］yindicatingthattheywerehelicaト  
1y－attaChed to the shoot，but planatedinto a dorsjventral  

arrangement．Attheapextheleavestapertoasharppoint．  
Stomataarerareontheadaxia＝eaf surface，butabundant  
abaxiaIlywherethey are arrangedin two broad bands on  
eithersideofthemidrib．Stomataaremainlyorientedwith  
theiraxesparal［elorobIiquetothelongaxisoftheIeaf（Fig．  
2J）．The systematic affinities of conifer Teaf type2 are  
UnCertain．   

Conn＝erleafけPe3（Fig．2H）isrepresentedintheco”ection  
bymorethan70fragmentsofshootsthat havelonginter－  
nodes（UP tO9．Ommlong and2．5mm wide）andleaves  
aTrangedinwhorlsofthree，Occasionalshootfragmentsin  
Which morethanoneintemodeispreservedshowthatthe  
Teavesofsuccessivenodesalternate（Fig．2H）．ThecuticIe  
Of the shootsis thick and featureless．Stomata have not  

been obseNed．The systematic affinities of coniferleaf  
type3areuncertain．Whileitissimilartoshootsofsome  
CheiroTepidiaceous conifers，itis aIso possible thatitis  
incorrectlyasslgnedastomajorgroup．Theseshootsmay  
Perhapsbeofangiospermorgnetaleanaffinity．Onepoorly  
PreSerVedspecimenshowsashootofthiskindconnectedto  
areproductivestructureresembIing hypogynousf10WertyPe  
3．   

ConiferreproductivestTuCtureS．SeveraIkindsofconifer  

conifer shoots have been recognized provisionally in the 
Kamikitabamesofossilassemblage．   

Coniferleaftypel（Fig．2A－C＝srepresentedinthecollec－  

tion byseveralhundredshootsw汁h attachedleaves．The  
Shoots range from O．8－1．5mmin width，Whire theIeaves  
rangefromO．8－1．5mmin Length．Leavesvaryconsiderably  

in shapefrom more orIess eIIiptica＝nlateraIviewwith a  
bluntlyroundedapex（Fig．2C），tOShoTter，broaderformswith  

anobtuseapex（Fig．2B），tOlonger．narTOWer，aCicuIarforms  
inwhichtheapexisacute（Fig，2A）．Stomataarenotvisible  
OntheabaxiaIleafsurface，althoughthissurfaceoftheFeaf  OVulateandpo‖enLPrOducing reproductivestructuresoccur  

Fig．2，Mesofo∬ilsfromtheKamikitabaIocality（AsamigawaMember，AshizawaFomation，IowerConiacian．UpperCretaceous），Fuku－   
Shima Prefecture，Honshu．Conifers．A．ConiferLeafty匹1，fragmentofleafyshootshowingacicular reav占svvithacuteapices，  
PP45433，×20．B．ConifeT［eafty【治1一打agrTlentOfa broadleafy shα火Showing Leaveswith broad bases and rounded apices，  

PP45434，×20・C・ConiferleaftyFX）1．fragment ofsIenderleafy sh00t Showingleaves with broad bases and rounded apices．  

PP45435，×20．D，Coniferleaftype2，almostcompleteisoIatedleaf，nOtetWistedbaseandmαeOrlesspara＝eトSided）amina（1eaf   

apexbroken），PP45436，×15．E ConiferFdlenconetypelshowinghelica”y－arranged．overIappingnlicrosporophylls，PP45437，×40．  

F．Coniferpo”enconetypel，microsporophy”showing［把Itateconescale，fives匹〉rangiaandshortstark，PP4543，×60．G．Conifer  

P⊃llenconetype2，COnefragmentshowingthickcentralaxisandattachedmjcrosporophyllsononeside，PP45439，×30．H．Conifer   

leaftype3（POSSiblegnetaleanorangiospem？），Shootshowingonecompleteintern∝】e（above）andonefragmentatyintemode（b∋low），  
noteleavesborneinaJternatingwhorlsofthree，PP45440，×30．l．Coniferpo＝enconetypel，PO＝engrainfromsurFaceofspecimen   

in Fig．2Fsrwing verTUCateWa”．irregulara㌍rtUreand orbicuFesonsurFace，PP45438，×2，2〔D．J．Coniferleaftype2，detair of  

abaxialsurfaceshowlngLongitudinaltoobliquelyOrientedstonlatabetweentt℃midribandtheleafmargin，PP45441，×120．K．Conifer  

SeedtyIX）1，S匹Cimen with叩rly→deve10障d wing，nOte COrdate base and depressionin the proximaIpart of the seed surface，  
PP45442，×150．   
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in the Kamikitaba mesofossilassemblage（Figs．2E－G，l，K，  

3A－C）．   

Coniferpo‖enconetypelisrepresentedintheco＝ection  

bymorethan50specimensthatincIudeisolatedmicrospor－  
OPhy”s（Fig．2F），aSWerlasconeswithattachedmicrosporo－  

Phylls（Fig．2E）．Conesareca．1．4mmlongandca．1．2mm  

Wide，andconsjstofabout12helica”yattachedmicrosporo－  

Phy”s（Fig．2E）．Microsporophy”s are peltate with a short  

Stalk attached to the adaxialsurface of a shield－Shaped  
head．Severalpo11en sacs（atleastfivein the most com－  

Plete specimens）are attachedlaterally and beneath the  
Stalk．The microsporophyrIheadis smooth with radiating  
CeIIs and often has a fimbriate margin．Stomata have not  
been obseNed on the microsporophylls．The abaxialsur－  

face of the microsporophyIIs often shows characteristic  
Perforationsinthecuticlesimilartothoseseeninconiferleaf  
typel，SuggeStingthattheymayhavebeenproducedbythe  
Same Plant specIeS．Pollen on the suげace of the mi－  

CrOSPOrOPyJIsismoreorlessspherica［，Ca．20／Jmindiame－  

ter，Withverrucatesurface，Grainshaveanirregufaropen－  

ing（Fig．21）and were probabfyinaperturate．Some speci－  

mens have orbicules adhering to the po11en wa”．Similar  

COneS and microsporophylrs from theIate Santonian－earfy  
Campanian of Sweden have been compared with po”en  

COneS Of extant Sequo由，Sequo由dendron and T云xodium，  

andassignedtotheTaxodiaceae（SrinivasanandFriis1989，  

SeealsoAulenbackand LePage1998）．   

Coniferpollenconetype2isrepresentedintheco”ection  

byaslnglespecimenca．1．9mm10ng，Whichshowsabout20  

microsporophyllsattachedaFongonesideofastoutcentral  
COneaXis（Fig．2G）．Each microsporophylr hasalongstaIk  

bearhlg SeVeraIe10ngated pollen sacs（number unknown）．  

Dista11y，the micros騨yOPhylls are expandedinto a small  

upturned head．Pollen grains have not been observed．  

Po11en cones of this tyT光are PrOduced by a variety of  

COnifersbutarees㌍Cial！ycommonamongextantPinaceae．   

Coniferseedtytxln＝；g．2K）isrepresentedintheco”ec－  

tionbymorethanl〔旧S〇eC；mens．Eachseedisovate，Ca．  

3．4mmlongandcal．9・¶・Tl＼・，べdewithanacuteapexandan  

Obtuseorcordatebase．0彗enthereisanarrowwlngthat  

VariesinitsdeveIopmerlモ■【ナ単㌢entSPeCimens．Seedsare  

dorsiventra］Iyflattenedl．・．ヤー≡叩aTked．smaIr，Iinear－Oblong  

depression over the seet さつ¢′On eaCh suげace，The  

depressionsone肘1erS：亡モナて－モ碧eづareverysimiTar，One  

is the seed attachrTlerTてS；＝三・・・▲e ttle Other may be a  

featureassociatedv．rtil言書付一三てニー．S：TTl：larwrngedseeds  

are produced byaver壬1＝1≡王三∵て三Yニセ；aceous conifers  

（AuIenbachand LePa；モ■；ウ‡   

ConiferovulatecorleSニ三三丁，＝そ‘ニ；3皐！isrepresentedin  

theco”ectionbythrees＝ウニ一号－ミ ニ＝ハeSCareSareCa．1．9  

mmlong，Ca．1．5mm＼A：；＝≡ ＝＝÷r三・㌻anarrOWbaseand  

rounded apex．They己r∈ －・＝て一三S≡・．e and woody．The  

bractscaleisnotvisib一き．PA事≡▲モ′三 きニモ⊂：renstwoorthree  

immature ovules are⊂｛Eさき・・一二■一∵三三＝aY；三Isurface of the  

COneSCalec10SetOthe＝三さモ：T～・＝－－T〇DyIesdirected  
towardthe coneaxis＿’㌧号SL：㌻r三二＝≡ご－1；esofconifer  

COneSCaletypelareし：－ニモ′三一   

Coniferovulatecones・ニ三三丁：＝モニ丁；三≡ 二srepresented  

モさ二三■？SareCa．4．7  intheco‖ectionbyfh．やS＝e＝Pモー…’．－  

mm Tong and 4．2mrYl．・∴＝三 ≡一＝ －∵7■＝I＝＝≡1in shape．  

Distally，theyhavearrTき＝′壬S：＝三－．＝rニさ‾三＝edtosquare  

モ：一P，1aTTOWtOWard  headwithadistinctu付さニ ＝一二丁一－＝・∵  

theirattachmentto軒e＝ニr三三－‡ ‾f 

andwoodythanconfe，T．・＿T＝＝＝†モ≡こ三三∵1つelanddonot  

Fig．3．MesofossiIsfromtheKamikjtabalocality（AsamigawaMember，AshizawaFα佃Cr’1・：FCcn・aCian，UpfXrCretaceous）Fuku－   

ShimaPrefecture，Honshu．Coniferovulateconescales．A．ConiferovuIateconescaSe㍉てel＿nOtebNOimmatureovulesattached  
nearthebasewiththeirmicropyles匹）intedtowardtheconeaxis，PP45443，×3つ．B＿C〇rlycvu†ateconescaletyFX2，nOtethethick  

WOOdytextureanddistinctapicaIumbo，PP4醐4，×15．C．Coniferovulateconesca－ebrDe3．showingbrokenpointofattachment  

andseedembeddedobliquelyintheconescalene甜thebase，PP45445．×15．   
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Showovu］esorobvious 

PreSumed fused to the ovuliferous scale．The systematic  
affinities9fconiferconescaJetype2areuncertain・How－  

ever，SimilarconescalesoccuramongextantTaxodiaceae  
and these fossils may have been produced by the same  
SPeCiesasconiferIeaftypelandconiferpoIIenconetypel  
（Seeabove）．   

ConiferovulateconescaIetype3（Fig．3C）isrepresented  

intheco”ection byabout15specimens．ThesefossiIsare  

PrOVisionaJlyinterpreted as cone scafes，but as additionaJ  
materialbecomesavailableitis possible thatthey may be  
reinterpretedasisolatedseeds．GeneraHytheyaremoreor  
Fessflattened，andbroadlyobovateandrounded．However，  

theyvaryconsiderablyinshape，andarefrequentlymoreor  
lessirregularinalldimensjons．TheyglVetheappearance  
thattheirgrowthwasinffuenced，SOmetimesinapartlysplral  
fashion，by other structures，PreSumabFy as a resuIt of  

PaCking［n aCOne．Each hasanarTOWattaChmenttothe  

PreSumedconeaxjsandathickerregion（theseedorseed  
body）embeddedinitobliquetotherong汁udinaraxiscIoseto  

its base．The systematic affin裾es of con汀er cone scale  
type3areunknown．   

月〃9わSPe〝れ5   

Angiospermsarerepresented亭ntheKam；kTtabamesofos－  

SilassemblagebyavarietyofsmaTlfl℡〟eTS．‘TU憮andseeds．  
WeIトpreservedfragmentsofang盲osDerm，！．咄arTCHeaves  

are also present but have noミ yet ヒeen studied．The  

ang10SPerm remainsarecons亭deredheTeUndeTthreehead－  

IngS；hypogynousfIowers，ePTgynOUSflovJerSandmiscella－  
neous seeds．   

Hypogynousf10WerS．SeveraldTfferent kinds of hypo－  

Perianthparts（Fig．4D）．Thecharactersofthisf10WerClearly  

indicatea relationshiptoextant Lauraceae．Fossjlflowers  
of Lauraceae have been recorded from several other 

Cretaceous mesofossilfloras（e．gり Drinnan et aI．1990，  

HerendeenetaL1994，CraneetaI．1994，EkIundandKvacek  

1998）．   

Hypogynousf10WertyPe3（Fig．4E，F）isrepresentedinthe  

COIlection byaboutnine specimens．FTowersare pedicel－  

late，trimerous，Ca，1．5－2．3mmIong．Theperianthconsists  

Ofthreesma”outertepars，eXtendingaboutonefifthtoone  

quarterthelengthoftheovary（Fig．4E，F）．Thetepalsare  
Placed atthe comersofthetriangularovaryand alternate  
Withwhatappeartobethreelargevalvesofthefruit（Fig．4F）．  

Stamenshavenotbeenobserved．Thefruitistriangularin  
CrOSS－SeCtion with no evidence ofstyfes atthe apex．At  

maturity the fruit splits into three valves along the three 
anglesofitstriangularcross－SeCtion（Fig．4E）．ThesuHace  

Ofthepedice［，tePalsandfrujtwa］1havescattered，distinct，  

Sma［lholesthat perhapsindicate the position of ruptured  
SeCretOry StruCtureS（Fig．4E）．Stomata are present and  

SUPerficiaf（not sunken）．The systematic relationships of  

hypogynousflowertype3areuncertain．1tispossiblethatit  
isincorrectlyassignedastomajorgroupandmaybepartof  
the samespecies as coniferleaftype3．］tis perhaps of  

gnetaIeanoTPOSSiblyconiferousaffinity．   
Hypcgynousf10WertyPe4（Fig．4G，H）isrepresentedinthe  

COllection by two s㌍CTmenS．Flowers are sessile on an  

e！ongatedinfrorescence and consistofa singIe carpel（Or  

POSSiblyimmaturestamen？）intheaxirofashortbract（Fig．  

4G，H）．Eachcarpelisca．0．75：1．1mm10ngandcaO．3－0．5  
mmwide．Ashal10WgrOOVeeXtendsfromthe basetothe  
apexofthecarpelontheadaxialside．Attheapexofeach  
CarPelthereis an oblique，OValsurface．］tis unclear  

whether this is the stigmatic surface or the broken style 
base．The systematic relationships of hypogynous f10Wer  
type4areuncertain．   

Hypogynousflowertype5（Fig．4．）isknownfromasingle  

SPeCimen．ThefTowerisO．9mmwidewithfivesepalsand  

twocarpels．Thesepalsextendabouthalfthelengthofthe  
CarPeIsand arerounded attheirapices．Thetwocarpels  
arefreeformostoftheirlengthandhavetheirventTalsutures  
facingoneanother（Fig．41）．Attheapexeachcarpelshows  

the point of attachment of a stout style（both broken）．  

StamensandpoIlenhavenotbeenobserved．Thesystem－  

aticrelationshipsofhypogynousfrowertype5areunknown，  
butare possiblywith the Hamamelidoideae（representedin  
the Kamikitaba assemblage by seed type2）and afmost  
Certainly with some group w汁hin the core eudicots sensu  
Magal16neta／．什999）．   

HypogynousfIowertype6isrepresentedintheco．fection  
by about ten specimens（Fig．5ArC）．The fIoweris  
PentamerOuS，aCtinomorphic，Withanestimateddiameterof  

aboutl．8mm（including the sepals）．The diameter ofthe  

receptacleis ca．1．Omm．The perianth consjsts of five  

broadmembranoustepa．s，andfivepetalsofwhichon‡ythe  

narrowpetalbasesarepreserved（Fig．5A）．Theandroecium  

COnSists oflOstamensin two whorls．The outer whor10f  

five stamens opposite the sepals have broad，lateraIly   

gynousfIowers，Orfruitsclearlydeve10Pedfromhypogynous  
f10WerS，are PreSentin the Kamikitaba mesofossilassem－  

blageandeighttypesare recognized here．   
Hypogynousf10WertyPel（Fig．4A）isknownfromasingle  

SPeCimen consisting of a thick，ribbed pediceIthat termi－  

natesin a broad flat receptacleabout2．5mmin diameter．  

Thereceptacrehasbroadimbricatepetalsattachedaround  
therim，Ononesidethepetalshaveseparatedfromtherim  
OfthereceptacletoreveaLnumerousshorteIongatedstruc－  
tures，SOme Of which have10ngitudina”y－Orientedlateral  

SaCSandresemblestaminodesorimmaturestamens．0ther  

detailsofthisflower（e．g．，PO11en，CarPels）areunknownand  

untilthese become availabIeits systematic affinities wi”  

remain uncertain．   

Hypogynousf10WertyPe2（Fig．4B－D）isrepresentedinthe  

COIIection byabout15specimens．Flowersarepedicellate，  

tTimerous，aboutl．2mm10ng andl．2mm broad．The per－  

ianth consistsofthreeoutertepaFsandthreeinnertepafs，  
bothborneonashortcup－rikereceptacle．Thenumberof  
StamenSisuncertainbutisatleastsix，andperhapsasmany  
asnine．Stamensdehiscethroughflap－1ikevalves（Fig．4C）．  

Stamenshavefourvalvesperanther（Fig．4C）．Thegynoe－  

〇；umis notclearlyseenin the specimen with unequlVOCaI  

StamenS（Fig．4B），Perhapsindicating thatthe flowerswere  

Jrl；sexual．ThefruitdevelopedfromasIngIecarpefandis  

＝てrnein a shal［ow cup－1ike receptacIe with persistent  
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Fig．4．MesofossilsfromtheKamikitabalocality（AsamigawaMember，AshizawaFomation．■ユ・．Fe・Cつ〔：acian．Up鱒rCretaceous）Fuku－  
Shima Prefecture．Honshu，AngiosFXrm hypogynousf10WerS，tyPeSIL5．A．Hy耶？仇・．・y睡1．showing broad receptacle．  

PetarS and elongated s廿UCtUreS（？staminodes orimmature stamens），PP45446，×20．B．Hyfm f10Wer tyPe2，Lauraceae，  

Showingsixtepats（threebroken）andstamenswithvalvatedehiscence，PP45447，×45．C．Hyp脚Sf10WertyPe2，Lauraceae，   
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blagebutremaintobecharacterized（e．g．，Figs．5J，6A，B）．   

Epigynous flowers．Epigynous fIowers，Or fruits clearly  

モ▼つanded bases（Fig．5A）．Theinnerwhor10ffivestamens  

－≡Ve narrOWer basesand are attached c10SetOthe base of  

ナe 咋tals（Fig．5A）．Anthers and pofren have not been  

〇bserved．TheovarylSIow，dome－Shapedand composed  

Offivecarpels（Fig．5A，B）．Theapexoftheovaryispleated  

intofivelobes，Which presumablyref］ectafive－lobed styIe  

n＝ig．5AC），butdetaiIsofthestigmaticsuげaceareunknown．  

Hypogynous flower typee is one of the most distinctive 
fossilsin the Kamikitaba mesofossilassembFage．1ts sys－  

tematicafnlityisclear］yamongsomegroupwithinthecore  
eudicotssensu Maga”6netaI．（1999）．   

Hypogynousf10WertyPe7isrepresentedintheco”ection  

by about seven specimens．The floweris pentamerous，  
actinomorphic and ca．2．5mmin diameter．The perianth  

COnSists of five，broad thick（fleshy？）tepaIs，Which are  

PerSistentandencIosethefruit（Fig．5D，E，F）．Petalshave  

not been observed．Atleast five stamens are present  
OPPOSite the sepals and alternating with the carpefs，but  
details of anthers and po‖en are not preserved，The  

gynoeciumissyncarpousconsistingoffivecarpelsalternatq  
ingwiththesepalsandstamens．Atmaturitytheovaryisa  
CaPSular fruit withlocuIicidaldehiscence（Fig．5E）．The  

CaPSUreCOntainseJongatedseeds（Fig．5F）withaprominent－  

1yribbedseedcoatthatresembleseedtype5（Fig．9H）．The  

SyStematicaffinityofhypogynousf10WertyPe7iscrear］ywith  
SOmegrOuPWithinthecoreeudicotssensu Maga116netaI．  
（1999）．Both the capsular fruit and the ribbed seeds are  

SimiIarto those of some Ericales．   

HypogynousfTowertype8isrepresentedintheco，7ection  
by about five specimens．The floweris pentamerous，  

actinomorphicandca．1．2mmindiameter（Fig．5G，H）．The  

Perianth consistsoffivesepalsfusedatthebasetofoma  
ShaIIowcup．Coro‖aandandroeciumare unknown．The  

gynoeciumissyncarpousconsisting ofthreefused carpels  
eachofwhichisdividedapicaIlyandhasabifidtip（Fig．5G，  

H）．Details of styfes and stigmatic surfaces are not well  

PreSerVed．Atmaturitytheovarydeve10PSintoadrycapsu－  

1arfruitwithsepticidaldehiscence．Eachofthreevalvesof  
thematurefruithasaprominenttwo－PrOngedapex．Speci－  

mensfromother10CalitiesintheFutabaGroupshowthattwo  
elongated seeds were producedin each valve．The sys－  

tematic affinity of hypogynousf10WertyPe8is cIearIywith  
SOmegrOUPWithinthecoreeudicotssensu MagaJ16neta／．  

（1999）．  

In addition to the eight flowers described above several 
Other types of hypogynous f10WerS（POSSibly three or four  
additionaltypes）occurintheKamikitabamesofossiIassem－  

developed from eplgynOUS fTowers，are COmmOnin the  
Kamikitabamesofossilassemblage．Fivetypeshave been  
recognized，Ofwhichepigynousf10WertyPeS2，3，4and5are  

much moreabundantthananyofthehypogynousforms．   
EpigynousfIowertypel（Fig．6C）isknownfromonespeci－  

men ofayoungfruit．lnlateralviewthefruitisdiamond－  

Shaped，2．Omm10ngandl．5mm broadatthewidestpoint．  

The fruit deveIoped from an eplgynOUS fIower and the  
Perianthis attached atits broadest point．Tepals are  
PrOminent，Ieatheryand hairy，butthenumberandarrange－  

mentof perlanth parts，and the androecium are unknown．  

The ovary is tricarpellate with the three carpels probably 
fusedbe10Wtheinsertionoftheperianth．Abovetheinser－  

tion ofthe perianth thecarpels are free．Like the sepals，  

thecarpelsandhypanthiumaredenselyhairy．Thesystem－  

aticaffinityofepigynousflowertypelisunknown．   
Epigynousflowertype2（Fig．7A－C）isrepresentedin the  

CO”ectionbyabout50fruits．Thefruitsaretypica”yl．1－1．9  

mmIong andl．OLl．8mm broad．Each consists of a cupr  

ShapedhypanthiumbearlnganaImosthemispherical，tricar－  

PeTrate syncarpous ovary．The ovary has three separate，  

Short，reCUrVed styIes at the apex（Fig．7B）．The ovaryis  

rounded trianguIarin transverse section（Fig．7A）andinter－  

naHyhasthreelocules．The hypanthiumtaperstoatrun－  

Catebaseandhasthreemajorribsthatrunfromthebaseto  
帥erimandthatareaIignedw汁hthree rounded cornersof  

theovary．Betweenthethreemajorribsaretwosubsidiary  
ribs that are also well－deve10Ped．Epiderma［cells of the  

OVaryWa”each bearasingIeshortpapi”a（Fig．7B）．Close  

tothe style bases，andin otherscatteredlocationson the  
fruit surface，the paplllae are sometimes e10ngatedinto a  
10ng，aPParentry UnicelluIar，trichomes（Fig．7C），Details of  

Perianth，StamenSand po‖en are currently unknown．The  

SyStematicaffinityofepigynousf10WertyPe2isunknown．   
Epigynousflowertype3（Fig．7DLG）isrepresentedinthe  

COIlection by about90fruits，many Of which are heavlly  
abraded．Thefruitisfusiform，tyPica”y3．257．25mm10ng  

andl，5－3．Ommbroad，WiththebasaItwo－thirdscoveredby  

thehypanthium．Abovethe hypanthium projectstheelon－  

gated，taPeringapexoftheovary（Fig．7D）．Thehypanthium  

bearsaboutsixprominent，broadly－triangulartoovatetepals  

（Fig．7F）．Prominent10ngitudinafvascuIarbundlesoccurin  

the tissues of the hypanthium．1n many specimens the  
hypanthiumandepidermisoftheovaryisabradedawayand  
the woody tissue of the mesocarpis exposed．These  

←  

lateralviewofsinglestamenshowingapICalextensionoftheconnectiveandtwopoIIensacswithvalvatedehiscence，PP45447，×170．  

D．Hypogynousf10WertyPe2，PrObable Lauraceae，maturefruit bonein ashal10WCUP－1ike receptacre，nOte remains ofpersistent  

F治rianth，PP45448，×30．E．Hypogynousfrowertype3，lateralviewshowingthreeoutertepals／bractsandtwovalvesofthepresumed  

OVaTyWall．PP45449，×30．F．Hy閥ynOUSf10WertyPe3，lateralviewshowingtwooutertepals／bractsandonelaTgeinnertepaVb  

（reft），PP45450，×30．G．Hypogynousflowerty匹4，Showingthreeunicarpe”atef10WerSattaChedtoaninfknscenceaxis，nOteSingle  
bractsubtendingupperflowerandimpressionsofbractsthatsubtendedthe10WertWOflowers．PP45451，×40．H．HypqynousfFower  

type4，ShowingthreeunicaTPe‖ateflowersattachedtoaninf10reSCenCeaXis，nOtethesingIebractsubtendingeachf］ower，PP45452，  
×30．l．Hypogynousfrowertype5，Showing pentamerous calyx and bicarF光”ate ovary，nOte broken style base＄and tepars with  

roundedapices，PP45453，×70，   
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Fig．5．MesofossilsfromtheKamikitaba10Cality（AsamigawaMember，AshjzawaFcrrTtet・丁・＝・ざニ丁＝三一 ＿二⊂F＝て？＝ざユだ Fuku－  
Shima Prefecture，Honshu．Angiosperm hyp（褐ynOUS fIowers，tyfXS6－8．A．他「＝7J5二十・ヲニ′＝モモ ＝コ・ヲ・・1ミて1・：：「喝five  

SePals，the points ofattachmentoffourpetals，and twowhorls offive s加ns s」rコ⊥「＝・・1；三＝．モニ三てe㌻壬Sr．・Tm仰aTy，  
PP45454，×50．B．Hypqynousf10Werty匹6，aPicalviewoffIowershひ〟i咽rem；rtsナs苧〇三！ご「＝S二≡一号′・＝之SeSS‥Jつ・JTj■r唱a行ver  

Caq＊lrate，SynCaTTX）USOVaTy，PP45455，×35．C．Hypqynousf10WertyTX6，a〇⊆〇≡、，e．1．ゴ：コ！／TST．・．・・てrefTTarSdperianthand   

StamenSSUrrOUndingafive－Car匹IIate，SynCarPOUSOVaTy，PP45456，×70．D．rJ）叩イり＿SL，ユ1：㌢与・＝e7・コ繋S了b！eETICaIes？1．apical   
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Fig．6．MesofossilsfromtheKamikitaba10CaIity（AsamigawaMember，AshizawaFormation，10WerConiacian，UpperCretaceous），Fuku－  
Shima Prefecture，Honshu．Misce‖aneous angiosperm hy隅ynOUS f10WerS and epigynous fIower ty【冷1．A．Misce‖aneous  
hy閥ynOUSflower，lateralviewofatransverselyfracturedflowershowingprobablestamenfilament．anthersandwell－deve10F治dhairs   
（POSSibFestaminatef10WerOfFagaceae），PP45463．×50．B．Miscerlaneoushy悶ynOUSfIower，IaterarviewshowingfivecaTtXIsand  

PuStu10Sea搾XOfthepediceI，PP45464，×40．C．Epigynousfrowertypel，lateralviewshowingremainsofasepalandtricarF光”ate  

OVatyWiththecarpelsfreeintheirupperparts，PP45465，×27．  

specimens are often more ovoid in shape rather than 
fusiform（Fig．7E）．TheovarycontainsthreetofourIocuIes  

（Fig．7G），Which open from the apex by broad vaIves at  

maturity（Fig．7E）．Each10Cu［eappearstocontain asingle  

elongated seedthatisreIeasedwhenthevalvesopen．ln  
thefossilmaterialthevafvesarefrequentlybrokenoffatthe  
baseandthe10Culeisempty．Detailsofstamensandpo‖en  

arecurTentlyunknown．Thedistinctivevarvatefruitdehiscen－  

CeSUggeStSthatthesystematicaffinityofepigynousf10Wer  
type3iswiththeComales．   

Epigynousf10WertyPe4（Fig．8A－C）is representedin the  

CO”ection by about60specimens．Each consists of an  

inferiorovarythatisbroadlye”ipticalto broadlyobovatein  

lateralview．TheovaryisdistinctIytriangulartothree－10bed  

When viewedfrom above orin transverse section（Fig．8C），  

and aboutl．3－2．2mm［ong andl．0．2．Ommin maximum  

diameter．Attheapexoftheovarytherearethreeseparate，  

Short，Slightfyrecurvedstylessurroundedbythebasesofat  
least three stamens and three or more tepals（Fig．8B，C）．  

The epidermisoftheovaryissm00th（Fig．8A）butis often  

abradedtoexposethemesocarp（Fig．8B，C）．Threepromi－  

nentIongitudinaJvascularbundTesextendfromthebaseof  
the ovary afong the three main ribs and converge on the  

COrreSPOnding styIes．Threeless prominent Tong汁udinal  

VaSCUlarbundlesare presentbetweenthe prlmarybundlest  
The ovary contains three10CuIes．0ne specimen shows  
thateachIocule probabIy contained two ovulesthatwere  
bornec10SetOtheapexontheinnermost10CUlewa”below  

the styles．Details of stamens and seeds are currently  
unknown．SmaIltricoIporate pollen grains（Ca．7－8FLmin  

POlarlength）occurnearthestylebasesofsomeofthefruits．  

Clarification of the systematic affinity of epigynous f10Wer  
type4w”lrequireadditionalstructuraIdetails，buttheformof  

theovary，thepresenceoftwoovuIesperlocule，andthesize  

and scuIpture of the pollen grains are suggestive of a  
POSSibleaffinitywiththe Fagaceae．   

Epigynousf10WertyPe5（Fig．8D－F）is representedin the  

COfTection by29specimens．Each consists of a narrow，  

elongatedinferior ovary，tyPicaIly2．8mmlong andl．1mm  

broad，thathasthreestylesattheapex（Fig．8D），Thecalyx  

COnSistsoffivefreesepaIs（Fig．8D，E）．Thecoro”aispoorly  

PreSerVed，Stamenfilamentsarepresentoppositeto，and  

alternatingwith，thesepaIssuggestinganandroeciumofup  
to ten stamens（Fig．8D）．The gynoeciumis tricarpe‖ate，  

SynCarPOuS and unilocular．Distinctive peltate，glanduJar  

trichomesoccuronthestylebasesandinrowsingroovesin  

Viewshowingfive（broken）fleshytepalssurTOUndingthefiveLCarPeIlate，SynCarPOuSOVary，PP45457，×22．E．Hy隅ynOUSflower  

tyFX7（POSSibleEricales？），Obliquelateralviewshowingfivefleshytepa［ssurTOUndingthesepticidal，five－10CUledcapsule，PP45458，  

×24．F．HypogynousflowertyI治7（匹〉SSibleEricales？），aPicalviewofmature叩uleshowingfivesepalsandfivevalvesofthe  
CaPSUle，nOte elongated seeds with a prominently ribbed seed coat，COmPare With seed type7（Fig．9H），PP45459，×18．G．  

Hyp増ynOuSf10WertyI㌍8，aPicalrateralviewshowing廿icarpelIatesyncaTPOUSOVarybcmeinashal10Wfive－10bedreceptacle，nOte  

remainsofse匹IsandFXtarSarOUndtheF衿ripheTyandthebifidapexofeachcar匹l，PP45460，×50．H．Hy隅ynOUSflowertype8，  

ObliquerateraIviewofspecImeninFig．5G，Showing什icarTXllateovaTy，nOtethebifidapexofthecarpelwiththerobessep訂atedby  
asutureextendingforhalfthelengthoftheovary，PP45461，×40．（．Misce”aneoushypogynousfIower，lateralviewshowingsepals  

V／ithwel卜deveIopedhairs，PP45462，×50．   
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Fig．7．Mesofossils什omtheKamikitabaIocarity（AsamigawaMem鹿「，AshizawaFrTプー ニ∵チ こ∵一千ニ子－ ＿＝Y＝？？＝eOUS）．Fuku－  
Shima Prefecture，Honshu．Angios〔拾rm ePigynous flowers，tyPeS2and3．エ ≡こ㌻一：∴≡；丁デー・＝モニ Ti？r・＝ ∴針JShowing  
hypanthjumandovarywiththreesho止Styles（Onebroken），PP45466，×45，EL≡＝言－÷／；：ニ■f／－＝モニ：＝：㌧∈：「rさv座州Showing  

threestylesatapexoftheovary，PP45467，×80．C．EpigynousfIowertytx2＿±ミニ三＝＝r‡＿・7：壬≡‾，Pl，7；〇三〇；脂eand hairs，  

PP45468，×3∝）．D，EpigynousfIowertyF光3，PrObableCornales，lat餅aLv伽．・S－T？L，「；一－てエー：三一・二子＝∩ざedaI治X OfovaTy，  

PP45469，×18．E．Epigynousflowertype3，PrObableComales，lateralviewc■己∩＝っこ÷＝三＝や：一千ー‡－コ▼へ；．ヱ．・e（耳eningfromthe   

apex（right）・PP45470・×20・F・Epigynousf10WertyFX3・PrObableCornales・de篭ナチエ＝二三：1ご‡ 

． 

Cretaceous1＝・1ナモ≡モて：：7・写＝〇nOfPortuga］（Friiseta／・  

1992）．l．heE70∴モrSLこ一∵・＝く三什＝k竃abaassemblagearea  

newspec盲es．tl＝三一三∵三：て，ご〇・ゴ0干Esguek怨fromoutside  

Portugal一丁三1三L三三ー ぞ：三．n TeSSl．The affinities of E5－  

gueiriaareナニ＝＿，；一二て＝＝モ∴ナ雪T！antCombretaceae（Friiset  

a／．1992「－．   

Misce‖2n軋S鍼≡．AIT召rfetyofdispersedseedsand   

theovarywaIl（Fig．8E，F）．Simpletrichomesoccura”over  

the surface of wel］preseNed specimens（Fig．8D，F）．  

Epigynous flower type5 can be assigned to the genus 
E岳guekia Friis，PedersenandCraneぐt992）．Twospeciesof  

Esguekib 旺adenocaIPa，Emkaensj5）were estabIished  

basedonfusainized（Charcoa］ified）f］owersfromtwo10Calities  

（Esgueiraand Mira）ofCampanian－Maastrichtian age（Late  
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Fig．8．MesofossirsfromtheKamikitabalocality（AsamigawaMember，AshizawaFormation，rOWerConiacian，UpperCretaceous），Fuku－  
ShimaPrefecture，Honshu．AngiospenTlePigynousfIowers，tyPeS4and5．A．Epigynousf10WertyPe4，PrObableFagaceae，IateraI  
Viewshowinginferior，three－10bedovarywiththreestylesatapex，nOteSmOOthsurFaceinunabradedpartsoftheovaTy，PP45473，×30．  

B．Epigynousf！owertyF治4，PTDbable Fagaoeae，Iateralviewshowinginferiα，threeL10bed ovarywith threestyles and rernains of  

PerianthpaTtSattheapex，nOteabradedsu血CeOfovary，PP45474，×37．C．Epigynousflowertype4，PrObabIeFagaceae，aPicalview  

Ofabradedovaryshowingthree－lotdovaryandremainsofthreevascuIarsb’andsconvergingtowardtheapex，PP45475，×45．D，  

Epigynousflowertype5，Esguekjasp．，aff．Combretaceae，lateraJviewshowinginferiorovaTy，remainsofperianth，filamentsandthree  
Styles，PP45389，×32．E．Epigynousf10WertyPe5，Esguejhasp．，a什Combretaceae，lateraJviewshowinginferiorovaTy，remainsof  

匹rianthandbaseofstyles，nOteremainsofpeFtategIandsinrowswithingroovesintheovarywall，PP45393，×28．F．Epigynous  
f10WertyPe5，Ebgue什jaspリaff．Combretaceae，detailofovarywa”showingsimpIeand匹Itateglandulartrichomes，PP闇9，×2∞，  

勺山b are presentin the Kamikitaba assembIage．0nly turesthatvaryin sizefrom ca．1．0－2．5mmin diameter．ln  

SOmeOfthemoredistinctiveformsareiTlustrated（Fig．9）and somespecimenstheouterIayeroftheseed r？exotesta）is  

±escribed brieflybelow．  moreorIesssmoothwithanapparentfyleatherytexture（Fig．   
Seedtypelisrepresentedintheco”ection byabout190  9A）．More commonly，this outerlayeris missing and  

SつeCimens（Fig．9A，B）．1tconsistsofflattenedwoodystruc－  eXPOSeSainnerscleroticfayer（endotesta）withadistinctive   
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，e†iculatesu什ace（Fig．9B）．Weinterpretthesestructuresas  

Seeds，butitispossiblethattheyarefruits．Theirsystematic  

affinityisunknown，butalthoughsmaIIer，theyaresimiIarin  

generalformtospecimensdescribedasCarpo〝theskLWenis  

fromthe macrof10raOfthe KujiGroup（Tanai1979）．0ther  

S【治Cimens of seed typelfrom other mesof10raSin the  

FutabaGroupapproachC．kLdjbnsjbinsize．   

Seedtype2isrepresentedinthecollection byabout40  
SPeCimens．Seeds are broadly erlipticalto more orless  
Circularinoutlineandca．1．5mminmaximumdiameter（Fig．  

9C）．The seeds are flattenedin cross－SeCtion．The  

exotestaisblack，Shiny，hardandbrittIe．1tisalmostalways  

fracturedinthe Kamikitaba material．0n the seed margln  
thereisadistincte”iptica＝1ilarscarwith a10ngitudinalsJit  

running along the center（Fig．9C）．The structure ofthese  

Seedsis very simirar to those of the subfamlly Hama－  
melidoideae（Hamame＝daceae）．   

Seed type3is representedin the collection by about4  
SPeCimens．Theseedisbroadlye＝ptica［in shape，Ca．1．7  

mmin maximum dimension，and flattened with aboutlO  
Weaklydelimited Fongitudinalribson eachsurface（Fig．9D）．  

The seed surfaceis covered by numerous fine cIoseIy－  
SPaCed，Perforationsformedbysma”thick－Wa”edce‖seach  

Of which contains the outline of a single crystal（Fig．9D）．  

Thesystematicaffinityofseedtype3isunknownbutsome  
Chforanthaceae haveseedsofthistype（Friispers．comm．）．   

Seedtype4isrepresentedinthecollectionbyaboutfive  
SPeCimens．The seed（POSSibly a fruit）is asymmetrically  

OVate，Ca．1．7mmlong．Atoneenditisdistinctlytapered，  

While at the otheritis rounded（Fig．9E）．The seedis  

flattened in transverse section with a distinctive surface of 

buIging，mOreOrlessequiaxial，Cells（Fig．9E）．Thesystem－  

aticaffinityofseedtype4isunknown．   
Seed type5is representedin the collection by three  

SPeCimens．The seedis sphericalto eIIipsoidalin shape，  

Ca．1．2mmin diameter（Fig．9F）．At one end thereis a  

distinctive cap that is connected to the seed body by a 
narrowzoneofattachment．Theseedsurfaceiscomposed  
Of thick－Wa”ed pallisade ceIIs withinterdigitating sinuous  

Outlines．Thestructureofseedtype5isverysimiIartothe  
Seeds describedin situ within fo＝cres of FbtomonkTl由   

kasai－na瑚10ngiifrom the Turonian of Hokkaido（Nishida  

and Nishida1988）．Based onthiscomparisontheaffinities  

Ofseedtype5areprobablywithsomegroupatthemagnoliid  
grade．A relationship to Monimiaceaeis unIikeIy．The  

digitate palisadecelFsand germinalcapare reminiscentof  
SeedsofNymphaeaIes．   
Seedtype6isrepresentedintheco”ectionbyaboutthree  

SPeCImenS．Theseedisovoidinshapeca．1．6mm10ngand  

Ca．1．1mmbroad（Fig．9G）．Theseedcoatiscomposedof  

equiaxialto ellipticalce”s with periclinalwalIs that are  

SlightlyimpressedtoformasmoothlyreticuIatesurface（Fig．  

9G）．Thesystematicaffinityofseedtype6isunknown．   

Seedtype7isrepresentedinthecollectionbytwodisper－  
Sed specimens．The seedis narrowly ovate，Ca．1．8mm  

long，Ca．0．7mm broad with the apex（PreSUmed hilum）  

turned to one side（Fig．9H）．The seeds are flattened and  

havea distinctive surface of narrowlye10ngated cells with  
raisedanticlinalceIIswa”sthatgivetheseedcoatapromト  

nentlyribbedappearance（Fig．9H）．Thesedispersedseeds  

resemble those that occur k7 Situ within the fruits of  

hypogynousflowertype7（Fig．5F）．Thesystematicaffinity  

Ofseedtype7ispossiblywith EricaIes．   
Seedtype8isrepresentedinthecoIIectionbyfourspeci－  

mens．Theseedsareovoidinshapeca．3．1mm10ng and  

Ca．2．3mmbroad（Fig．91）．Theseedsurfaceissmooth，but  

PerforatedbynumerousIarge，anddistinctive，PitsofvariabIe  

Size．Thesystematicaffinityofseedtype8isunknown．   

Seedtype9isrepresentedinthecoIlectionbymorethan  
700specimens．Seedsare elIipticalin outline，Ca．1．3mm  

rongandca．0．9mmbroad（Fig．9J）．Theseedsurfacehas  

Cellsarrangedin rows，Withtherowsradiatingfromapoint  
（the presumed hilum）generallypositioned near one end of  

theseed（Fig．9J）．Frequentlytheseedsarefoundadhering  

togetherin groups（generally pairs，rarely threes）and are  

OftenassociatedwithcuticuIarlayersthatmayrepresentthe  
remains of outer seed tissues．The systematic affinity of  
Seedtype9isunknown．   

SeedtypelOisrepresentedinthecollectionbyabout20  
SPeCimens（Fig．9K）．Seedsarenarrowlyovateinshape，Ca  

2．Omm10ngandcal．2mmwide．Atoneendtheyshowa  

Clear attachment scar．The seed surfaceis sm∞th but  

Fig．9，MesofossiIsfromtheKamikitaba10Cality（AsamigawaMember，AshizawaFomation．10WerConiacian，UpperCretaceous），Fuku－  
ShimaPrefechre，Honshu．AngiosFXmSeeds．A．SeedtyFXl，lateralviewofspecimenwithleathe－yOuterlayeroftheseedcoat   

intact，PP45476，×20．B．Seedty〔治1，latera（viewofs〔治Cimenwithouterlayerofseedcoatmissing，Showingreticulatesurface  

theinnersc［eroticIayer．PP45477，×46．C．Seedtype2，lateraJviewshowingfracturedexotesta，nOteelriptica＝1ilumscaronthe  

marginwithamedianrongitudinarslit，PP45478，×30．D．Seedtype3，lateralviewshowingweaklydelimited10ngitudinalribsand  

Seedsurfaceperforatedbynumerousfine，CfoselySPaCed．FX）reS，PP45479，×30．E．Seedtype4，lateralviewshowingcharacteristic  

Shape and suげaceα一Iamentation of bulging equiaxialcelIs．PP45480，×30．F．Seed type5（Cf．seeds of Fbbmonimja kasair  

nakajhongii，POSSibleNymphaeaIes），lateralviewshowingcapandpa州yabradedseedsurface，PP45481．×40．G．Seedtype6，lateral  

Viewshowing ovateout‖neandsmooth，faintly reticulate su血ce，PP45482，×36．H．Seedtype7，POSSibIe EricaleslateraJview  

Showingthedistinctive，ribbedseedcoatcom匹SedofnaETOW，e10ngatedceIIswithraisedanticlinalce”s；COmPareWithseedsinsiLu  
Withinhy悶ynOUSfIowertype7（Fig．5F），PP45483，×28．l．Seedtype8，IateraIviewshowingsm∝）椚seedsurfacepeげoratedby  

distinctive pitsofvaTiablesize，PP45484，×15．J．Seed type9，IateraIviewshowing rowsofraisedcellsconvergingatoneend，  

PP45485，×45．K．SeedtyFX10，Iateralviewofspecimenwithoutersurface（extotesta）paTtia”ypreservedandshowingdistinctive  

blisters．PP45486，×24．L Seedtypell．lateralviewofspecimenwith exotestamissingshowingchaTaCteristic‘ifingerprint．’ce”  

PattemOftheinnermesotesta，PP45487，×28．M．Seedtype12，Iateralviewofspecimenwith exotestaand mesotesta missing，  

ShowingincompJeteJy preseNed wing and distinctive c†γStalceIIs of the endotesta over the seed body，PP4糾88，×30．N．  

Miscellaneousseed．Iateralviewshowingovoidsha［衿andpa相allyabraded testa，PP45489，×20，   
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Ofpteridophyteswerebthlessdiverse（about6－13species）  

andlessabundant（Ca．3r13．5％）than eitherangiosperm or  

gymnosperm pollen．   
Qualitativecomparisonofthediversityandabundanceof  

different e］ementsin竹e Kamikitaba mesoflora，With their  

representationin the Ash；zawa palynof10ra glVeS a Sjmilar  
impression of the，el＝th，eimportance of ang10SPermS，  

gymnosperms an亡 ごて㌢「ごつごhytes．Conifers are weIトre－  

PreSentedinthe「へeSこFγa＿2〔dfragmentsofprobabletax－  

Odiaceousleafy silTTS ＝ニ〔｝erleaf typel）are especiaIly  
abundant．ThenTST三亡⊥「亡三ntDal叩OmOrPhintheFutaba  

Group samples sl＝子＝ニニ‘一．．ン：／r7aDe（UrOPOlk？nites k2eVir  

gatus）isaTsocLT＝ニ＝壬：訂○±三ニeOUSaffinity（Miki1977）．  

Furtherstud享es＝＝ニ仁子一三≡さ丁⊂≡て≡七、I．竹COnTferpollencone  

typel（Fig．2T12・＝へテラ＝ラ＝ て二 e5T三亡TてsLIVihether they are  

identicalto ナてモモ 一二＿ニラ＝ ＝・一・●∴1こ イ972a，1977）inl  

胞evJ9∂山5．   

Angios㌍rMS ≡「三・・モ ー＝・＝r壬写㌻き＝ ＝n the Kamikitaba  

mesofossi12Sさ㌢＝三；モ 三－＝ 三≡ ∩ ヽvo of the three  

Palynologic三’s2－＝モミLこr∵モ エミー＝三1．1Ja Formation（Miki  

1977），theyご＝モ三・・：＝モ・号二「＝・享子ーニラ＝＝）′mOreSPeCiesthan  

the gymnosコer一三   ーーラモ ぎ＝そニモS ゲeplgynOUS f10WerS  

（epigynous：丁・モ′丁ニモ‡二：二 三・≡eSつeCial［y abundantin  

themesofTγ三三；三て5v＝T三 ＝；∵モ己∩；；っsperm seedtype  

（Seedtyrns一三；T： ‾ 一千て三て三SC一ゴセ2tionsthatsome  

ang10SPePヱ7三＝r号うチーー∵モーモさニ：＝巧r”aynOthavebeen  

recogmze＝ －∵モ ニ：一ニ＝一て ＝三■：一ヂ＝′乙 The very smaII  

PO‖engr2∩三三ミ与：・：㌻チニT一＝；．1－＝：⊥SE’cp．Ⅵ訂tyPe4（Ca・7－  
8FEmPC’三・予て一 三＝：；詳言「∵三二reンlrightbe10Stduring  
Standa，＝＝∈、1－：ニ†；1：；三＝r：＝：壬LS≡－； 皐SinotherCretaceous  

mesoEl＝巧… 一 て 三与：・号1∵≡：TiTe PreSumed celrulosic  

POllenl・．三 ニ‘Lニニ÷一・：・＿ミ：＝！l号・㌧つe2（Lauraceae）wouId  
not卜EL．モミ＿－・∵チ＝こ：丁：二㌻：一＝T〇Xidativepreparation．   

tn十手ー＝－－：1一三＝：三－：二F；ニSamPlesfromtheAshizawa  
・ For叩三ニニー 三一；一－モ＿．r・て三Oa meSOfossilassemblage，  

Pter＝＝－：－＝ミ㌻壬ナチーー＝′三頭yrepresentedintermsof  

bctL≡こ今：モミ：・モ′子一 ㌻；≡二：jancethangymnospermsor  

eへ；F＝町－ミ qT；〒チ ・・一号n different paTynofoglCalsam－  

F’esT三三；㌻チ㌻㌻テニーー7三三「；！epalynof10rafortheFutaba  

G・ニ・＝三三三 一－・：÷ T㌢＝二二rle spOreS COmPrlSethe most  

＝∵ヲてモニニTT：三÷一号∵、・．・・■977）．Schizaeaceousspores  

T≡＝丁モニー一三－：丁＝㌻－Lご∴・e COmPOnentS Ofthe Futaba  
一  ＝，＝・二 ニー三 －：；：て 三二 5・＝－三三eaCeOuS meSOfossils（fertile  

‘r－てキ‘㌻三㌻モー・二手：た∵てantOfthegenerallysparse  

；㌢－r三－‡一一号▲三－iて〇三meSOfossilassembIage．   

▼子：：一二＿＝÷←：－㌻－＝＝rbined evidence of the meso－  r－一f ：ニ？三＝＝三：：：三丁三て∵モearIyConiacianvegetationin  

一号チー■†：－－÷「 一子二・壬与モーモe・d by the Futaba Group was  

Often bIisteredinto prominent，Shiny hemisphericalprojec－  

tions（PrObable resin bodies）．Some conifer seeds show  

Similarresin bodies，butthesystematicaffinityofseedtype  
lOis uncertain．   

Seedtypellisrepresentedintheco11ection byaboutlO  
SPeCimens（Fig．9H）．Theseedsarevariab（einshape，but  

are genera11y ovate ca．1．8mm rong and ca．1．2mm wide，  

Oftenw汁h one margIn Straightandtheotherconvex．The  

OUterIayer of the seed coatis misslng and exposes a  
mesotestacomposedofthinrwa”edcelIsthatoftenleavea  

Weakly deveIoped“finger print”pattern on the endotesta．  

Thesystematicaffinityofseedtypellisuncertain，butseeds  
WithsimiIaranatomicalfeatureshaveoftenbeencompared  
toextantMagno＝aceae（Fruminand Friis1996）．   

Seed type12is representedinthe co＝ection byabout7  
SPeCimens（Fig．9M）．Seedsareca．1．7mm10ngandl．Omm  

Wide．Theouterlayersoftheseedcoataremisslng，reVea－  

1inganovateseedbody，SurrOUndedalongonesidebythe  
remainsofadistinctwing．Thecellsoftheseedbodyare  
Verydistinctive，CUboidaland showthe outline ofaslngIe，  

more orless square，CryStalinside．The exposed ce”s of  

thewingaresmooth．Thesystematicaffinityofseedtype  
12in uncertain．1tmayrepresentanabradedformofseed  
吋Pell．  

lnadditiontothe12typesdescribedaboveaboutfiveto  
tenothertypesofseedsoccurintheKamikitabamesofossi］  
assemblagebutremaintobecharacterized（e．g．，Fig．9N）．  

Discussion   

me／bs5〟〃b招Of析e凡ノぬb∂Gro岬   

TheKamikitabaplantassemblageisthefirstmacrofossil  
OrmeSOfossi＝10ratObedescribedfromtheFutabaGroup．  

Previouspaleobotanicalstudieshavefocusedsolelyonthe  
dispersed paIynof］ora，mainly from the Kasamatsu and  

Tamayama Formations（Miki1972a，1977，Takahashi1988）．  

Three samples from the Ashizawa Formation（Obisagawa  
Member）werestudiedbyMikiO977）andarebroadlyrepre－  

SentativeofthepalynofToraoftheFutabaGroupasawhole  
（Miki1972a，1977）．   

AIlthreepaJyno10gicalsamplesfromtheAshizawaForma－  
tionweredominated（Ca．60－90％ofthe200spores／PO‖en  

COunted）byabout13speciesofgymnospermpo‖en．Sac－  

Cate POdocarpaceous－PlnaCeOuS grains andinaperturate  
probable taxodiaceous grains were especially prominerrt 
Withpo＝enofputativeAraucariaceaealsopresentin崇yne  

SamPles．C由SSqPOllis（PO”en ofextinct cheirolepidiaceo∵ち  

COnifers）wasconsistentlypresent（Ca．5－7％），WhiIemonosL－  

Cate POllen of presumed non－COnifer gymnosperms（e； 

CyCads，Bennettitales，Ginkgo，GnetalesandextinctgT〇ソニモ  

Werealsosignificantinsomesamples（Ca．3L16％）．   

Angiospermswerethe next most abundant grou〔）；ハチ号  

Ashizawa palynof10ra，With about8－20specleS aCCCuて一L；  

forca．7－25％ofthespores／PO‖encounted．Mo〔C＄」Pニ㌻言  

grains were slgnificantin some samples．bLJt eS〇e＝三 

PrOminentwereavarietyofsma‖tricoJpateandtri〇ニココて‾壬  
grains．Porateangiospempo”entypeswerere！eEナ．官1・T＝－≡  

InaIIthreepafynoflorasfromtheAshizawaFomaヤ〇【Sひ：▼eS  

一二き－Sつ干abundance，bybothconifers  

三－二三一・；二＝モーミ・L一三一；つSOermSPrObabIymorediversein  

・ニ′－－＝－・－こT－－こ一：  一号＝′チ＝〇¶inantconiferswereprobabIy  

一・ 1一子 三てつSコeTmS Were rePreSented by a  
－  ニ；一二，＝デー T＝＿3 叶at probablyincIuded Nym－  

・ ＝一三モ三三ミ、■三㌻二三＝モ≡e，Lauraceae，Hamamelidaceae，  

：・：，三チミ＝三；モ＝三≡ ニ＝rごTetaCeaeandEricaTes，aSWellas  

一三－：：＝「モ「一＝一i≡：＝三rr：1＝ed．Non－COnifergymnosperms  

爪三：三Sl二・一三∵モ＝モモ一ミ；一’L〇antinsomeareas．Fernswere  

ご㍗＝ニ三＝．ニr．うC三∴ 三n〔亡ant，but were nevertheless re－   
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PreSented by diverse speciesin the regionalvegetation．  
Schizaeaceae were especially prominent．The charr  
COalified preseNationofmanyoftheplantfossiIsa］soindi－  

CateSthatthevegetationwasperiodica”ysubjectedtofire．   

Comparison with otherLa（e CreねCeOUS欣〉招S k7他rtheast  

適P訓  
In addition to the pIant fossils from the Futaba Group，  

SeVera［otherUpperCTetaCeOuSfossilf］orasareknownfrom  

NortheastJapan．Leafmacrofossilsand po”en havebeen  

describedfromtheKujiGroup（Santonian－Campanian，Ando  

1997）of northem Honshu（Sasa1932a，b，C，Ogura1933，  

TokunagaandTakase1968．Sohma1969，Miki1972b，1977，  

Tanai1979），and frcm the HakobuchiGroup（Campanian－  

Maastrichtian；Endo1925，Oishi1940，Takahashi1964，Miki  

1977，Ando1997）and Yezo Group（mainly Turonian－  

Santonian；Sto【治SandFu5ii1910，Nishida1991）ofHokkaido．   

The KujiGroup o†northeastern Honshuis of early  

Santonian to ea巾Chmpanian age（Ando1997），and has  

yieJdedasimilarpa匝¶oratothatfromtheFutabaGroup，  

exceptforthepresenceofAqu伽0〟如itespo”enintheKuji  

assemb［ages（Miki1972b，1977）．Fossi＝eaf compressions  

have been recov訂ed什mlthe both the Tamagawa and  

SawayamaFomations，thelowermostanduppermostofthe  
threefomationsthatcomprisethe KujiGroup汀anai1979）．  

ThefIoraoftheTamagawaFormationconsistsof17species  
Of pteridophyte，Six s鱒ies of conifer and ten species of  

ang10SPerm，WhiIe the f10ra Of the Sawayama Formation  
COmPrises12s阿ies of pteridophyte，tWO SPeCies of  

CyCadophyte，e垣ht sfmies of conifer and20species of  

angiospemn．anai1979）．Amongthetaxarecordedinthe  

macrof10rathatmayalsoberepresentedintheKamikitaba  
assembJage，are Schizaeaceae（fertile fern typel），Tax－  

Odiaceae（COniferleaftyTXl），Lauraceae（hypogynousf10Wer  

type2），Fagaceae（ep短ynous f］ower type4），and possibly  
Magnoliaceae（SeedtyTXlO）．Seed typelfrom the Kami－  

kitabaas詑mbragemayaIsobesimjJartoα叩0〝肋eskLdibn－  

Sjsknownascompressk）nSfromtheSawayamaf10ra（Tanai  

1979）．1nterestingly，fossiIPlatanaceae，Which are we”  

knowninmesofIoras什cm Europeandeastern NorthAmer－  

ica，andrepresentedbyseveralspeciesintheKujiJeaff10ra，  

havenotyetbeendetectedintheKamikitabaa∬emblage．   

The HakobuchiGroup of Hokkaido（Campanian－Maas－  

trichtjan，Ando1997）hasyie［dedadiversemacrofIoracom－  

POSed of ferns，abundant Nibonjb（extinct cycad foIiage）  

and diverse angiospemleaves（Endo1925，Oishi1940）．  

PalynofTorasfromtheHakobuchiGroupcontainmorediverse  
andabundantangiospermFX）llenthantheolderpaIynofloras  
from the Futaba and KujiGroups（Miki1977），and fewer  

SChizaeaceous spores．Triporate pollen and Aqu伽／－  

k？nites are・aJso more prominent among the ang10SPerm  

grains．TakenasawhoIe，Palynof10raSfromtheHakobuchi  

Group are more modemin aspect than those from the  
FutabaandKujiGroups（Miki1977）．   

PlantfossilsfromthemiddIeandupperpartsoftheYezo  
Group of Hokkaido occurin calcareous nodules from off－  
ShoremarinedepositsofAIbiantoearlyCampanian（mainly  
Turonian－Santonian）age．Theypreserveexceptionarana－   

tomicardetailsandhavebeenstudiedintensivelyforalmost  
OnehundredyearsβtopesandFujii1910，Ogura1930，1932，  

Nishida1991）．Ferns currentIy recognizedin this flora  

incfudeavarietyofextincttaxa，aSWelrasrepresentativesof  
the extant families Cyatheaceae，Dennstaedtiaceae，Glei－  

Cheniaceae，Loxomataceae，Matoniaceae and Schizaea－  

Ceae（e．gりStopesandFuji71910，Kershaw1910，Ogura1927，  

1930．1933，Nishida1981a，1981b，1984，1989，1991，Nishidaand  

Nishida1979，1982，Yoshida et al．1996a，b）．Con汗ers  

includeAraucariaceae（e，g．，Nishida1981，StockeyetaI．1986，  

1990，1993，1994，Ohsawaetal．1991）Pinaceae（e．g．，Stopes  

and Kershaw1910，Ogura1932，Stockeyand Nishida1986，  

Stockey and Ueda1986，Ueda and Nishida1982）and a  

Variety of Taxodiaceae，aS WeIlas other conifers that are  
extinctorunassignabletomodemgroups（e．g．，Suzuki1910，  

Ogura1944，Ohana and Kimura1993，1995，Nishida and  

Nishida1984，1985，1986，Ohsawa et al．199l，1992a，1992b，  

1993，Nishida199l，1994，Nishidaeta／．199l，1992，Nishida，M．  

Nishida，H．andOhsawa，T．1991，Saiki1992，SaikiandKimura  

1993）．   

OtherseedplantsinthepermineraIizedftorafromtheYezo  
GroupincIude Gk7kgo（Nishida1991），CyCads（Ogura1930，  

Nishida1991），BennettitaIes（Ogura1930，Tanai1960，Nishida  

1991，Ohana and Kjmura1991，Ohana et a／．1998），SeVeral  

enigmaticgymnosperms（Nishida1974，1991），andavarietyof  

angiospermsbasedonstems，W∝吼andfructifications（Ni－  

Shida1985，1991，1994，Nishidaand Nishida1988，Nishidaet  

al．1996，Ohanaand Kimura1987）．   

Different styTes of preservation make the fossilassem－  
blage from the Yezo Group difficu托to compare with the  

Upper Cretaceous floras from the Kuji and Hakobuchi 
Groups汀anaj1979）．However，aSfurtherstudiesarecom－  

Pleted comparisons with the Kamikitaba flora，and other  
mesof10raS from the Futaba Group，arelike，y to be more  

Straightforward because of the preservation of anatomical  
details．For exampIe，fertife fern typelis similar to  

Schizaeqpteljs mesozoぬ（Stopes and Fujii1910，Yoshida．  

NishidaandNishida1996b），Whi［eseedtype5sharessjgnifi－  

Cant SimiIarities with seeds describedinside the follic［es of  

ProtomonhTl由kasaiTnakaU70ng〝（Nishida and Nishida1988）．  

FossiIf］orasfromtheYezoGroupand FutabaGroupmight  
alsobeexpectedtobesharefossilplanttaxainviewoftheir  
geographicalproximity，COmParableageandsimifarpalyno－  

floras（Miki1977）．Given the frequent occurrence of an－  

giospermreproducth／eStruCtureSinbothf10raS（Nishida1991），  

COmParisons focusIng On this component of the fossil  
assemblageswi］lbeofparticularinterest．   

Co／丁叩a鹿0∩〟肋me∫0ねSS〟他用S血m亡uJ叩e∂nd〈血勃  

Ame「ね   

TheKamikr［abaassemblageisthefirstmesofossilflorato  
be described from the Cretaceous of eastern Asia，and  
together with the recently described Sarbay f］ora from  
Kazakhstan（FruminaetaI．1995，FruminandFriis1996，1999）  

PrOVidesnewinsightsintothefloraandvegetation ofAsia  
duringtheLateCretaceous．TheKamikrtabaassemb［ageis  

also verycomparab（e tothe Upper Cretaceous mesofossif  
assemblagesfromEuropeandeastemNorthAmerica，jnthe   
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StyIeoffossi［preseNationandinitsovera”composTtion．］n  

ParticuTar，aSinothermesofossilf］orasofthisage，thes盲ze  

Oftheangiospemflowersandfruitsissma”andepigynous  

flowersareespecialFycommon，SuggeStingthatthese phe－  

nomena are basic features of ang10SPenTlflora）evoIution  
duringtheCretaceous．   
Systematica”y，theoccurrenceofsuchdiversegroupsas  

magnoliids（Lauraceae，POSSible Magnoliaceae，Nympha－  

eales），SaXifragoids（Hamamelidaceae），COre rOSids  

（Fagaceae），Myrtales（Combretaceae），andasterids（Cornares，  

EricaIes＝n the Kamikitaba assemblageis consjstent with  
evidence from Europe and eastern North America that 
angiosperms were diverse，and had already undergone  
COnSiderable systematic differentiation at an early Late  
Cretaceousage（Maga”6neta／．1999）．Theoccurrenceof  

Esguekk7in Europe andJapan汀akahashietal．in press），  

and Lhjbdendbjdeain Kazakhstan，North America and  
Europe（FruminandFriis1996），alsoestab＝shesthatatIeast  

SOmeangIOSPermSWeregeOgraPhicalIywidespread atthis  
time，inspiteofevidenceforfloristicdifferentiationbasedon  
Palynof10raS（Herngreen et a／．1996）．Additionalstudies of  

mesofossilassemblagesfromAsiawillbecriticaltofurther  
resoIvlngthehistoryofang10SPemdiversification，andclar－  

ifyingitsrelationtopre一丁ertiarybiogeographicpatterns．  

WethankProfessorE．M．FriisforhelpfuIcommentsonthe  

manuscript．This work was supported by Grant－in Aids  

（08640891and O9640827）from the Ministry of Education，  

Science，and Culture ofJapan to MT．，and byfe＝owships  

fromtheJapanSocietyforthePromotionofSciencein1997  
（S－97128）and1998（SL98106）to PRC．The research was  

alsosupportedin partbyU．S．NationaIScienceFoundation  

Grant EAR－9614672to PRC．PRCis aIso gratefulto Ka－  

gawaUniversityfortheirhosp汁aIityduringcompJetionofthis  

research．  

References  

Ando，H．，Seishi，M．，Oshima，M．and Mat＄umaru，T．1995．  
FTuvialLShaJ10W marine depositionaIsystems of the  
FutabaGroup（UpperCretaceous）：Depositiona）facies  
andsequences．）．Geogr汀Okyo）．104（2）：284－303．   

Ando，H，1997．Apparentstackingpatternsofdepositional  
SequenCeSintheUpperCretaceousshal10Wrmarineto  

f［uvialsuccessions，nOrtheastJapan．Mem．Geol．Soc．  

Japan48：4359．   

Aulenbach，K．R．andLeP8ge，B．A．1998．丁如働弛〝＝帽〃鹿〝  
SP．nOV．：firstoccurrenceof T如odjumfromthe Upper  
Cretaceous．lnt．J．Plant Sci．159：367r390．   

Crane，P．R．，Friis，E．M．and Pedersen，K．R．1994．  
PaIeobotanicalevidence on the early radiation of  
magnoliid ang10SPermS．PL Syst．Evol．，Suppl．8：51－  
72．   

Crane，P．R．，Friis，E．M．andPedersen，K．R．1995．Theorigin  
and diversification of angiosperms．Nature374：27r  
33．   

Drinnan，A．N．，Crane，P．R．，Friis，E．M．and Pedersen，K．R．  
1990．Lauraceous f10WerS from the Potomac Group  
（mid－Cretaceous）ofeastemNorthAmerica Bot．Gaz．  

151‾ rニ3≡上  

甘く山n已 H．aTYj KYaCek J．i998，Lauraceousinf10reS－  

ニ苧へこモミ三一′＝ぷニ∴モ誓‘T the Cenomanian of Bohemia  

＝＝チ＝－＝号ご；＿二 ＝ ニき－てて‘≡ml．1nt．J．PlantSci．159：  

■′‾■‾－－■‾′‾  

Emb．ま‾；＝≡ －．三ミニr三 ＝今＝ プリokkaido andits fIora．  
▼ 

さ； ＝壬て ＝一一二・■ －＝ ＿T一・∴．S㌢．27：57－72．  

的、已V＿‾⊇三＝ ＿こニケニて淳二苧コ5～′おnonian川Oralst「uc－  

■ ㌻／祭 ＝；＿；三一・＝A三三三一三ニー二・・＝γ一taining Normapo”es  

コ＝三r ＝子 ＝三三チ；二亡二＝三二・「⊂■．39：161－188．  

F侃E＿V＿‘妄≡こ ＝一三－，三rL でつClOtlUpper Cretaceous  

三「；コニ㌣一号＝・＝・＝＿二∴モγ三三一二SLTnSwedenandtheir  

チ．モ ゴ：，？三一＝㌻ニー エ” 一／ssouriBot．Gard．71：   

F隠已｝＿編‾＿Lミ訂亡加P．R1992．白gue拍  

F －；T ⊥ニチ≡；丁，号つ・・丁＝rb，etaCeOuS features  

－ニrTモ＿三て二rr三：子：＿ミニニ＝㌣ギ三，．Biol．Sk州er41：  
●■＝  

F血已｝，甑uぎ七知．P．R1994．Angiか  

S＝㌣：；r三㌻丁－て－J≡Lこ＝－「壬≡三rly Cretaceous of  

＿ 〇rt三三 ＝‡て∴；、・二 ‡二亡8＝罰－49．  

F熊L訂帆a竃Sわた？ミ ‾妄≡二 三コ吋喧∩析us gen．nov・，  

三「；＝与＝㌣：丁・Lr；：ナ：這十一軍芦一ean affinity from the  

ごつ亡モr ＝一子「そニチ∴て T き：・＿Tr Sv・Ieden．Ann，Bot．  

〇・′ニrニー 5こ ≡モ；≡三：  

FnxTI章n．S．ヨ「亡－セゝ 已V∴ン；モ 」n＝己endroid seeds from  

ナ号」㌻壬：，てつ＝テ：Tミ＝・．三二≡L一丈三rlandNorthCarolina．  

しS一三 ＝チ ＝三≡÷：二・二 ＝三．了÷．g4：39－55．  

Frvmh．S．才て1一恵」三J．‾？？； t．1agnoliid reproductive  

ワ言三「⊥ニーーモ：デ＝「一三一三一一▼JrOnianofno「tトWeSt－  

eF・三ニ・て二一 tr三㌻・：三＝号壬e andl”iciaceae・P］・  

S’．て二；て 2t ニラ≡一二‾！こ…  

Fn爪ina．£」Zヽ而「．ミニョてく画ina，l．A．1995．月ノ如沼－  
三 こ■‾三！：て≡ニ‡‡‡モモニ≡－プーrrモCenomanianイuronian  

ピ■、二Tr・ヱニ三・－・三－  ＝王台〇nt．」．29（1A）：194－202．  

Gradsteh亡。V＿i拓⊂P＿（：bg，）．G．，Hardenbol，J・，  

VarlVeer－＝＿「Tぎ「トニar＜Hu8ng，Z．1995．ATrias－  

sニ ▼＿－≡ミミニ モー；二L＝T＝＝ヲ＝∵S tirne scale．h7 W．A．  

∈ヒy爛㌣Vて′   ・r＝＝二＿ニ1・，andJ．Hardenbol，eds．，   

G≡－＝・；一三r、ニニ・T －－モS・＝e5and G10baICorreIation・  

ST壬二・ナ≡＝＝，コー：＝三ラニー：ニ，こ喝享stsandMinera［ogists，  

S＝や＝三 ニ＿ニ ニ三－：ナ て ミュ コ亡．95－126．  

HarTis．T，V、．；‾；，－モ ／＝什Sh；reJurassic F10ra．V．  

〇γ－＝ヲて≡ ‡一－三ー∵㌧▼ミそ＿叶ヽ］aturalHistory），London．  

H訂血PjL〇洩■〟＿」訂七挿xon，KC．1994．Fossil  

ElT．・．アミ 三－p＝；；：－r ナ ＿＝⊥ナ≡＝eae from the Upper  
〇でモニラニー ＿ ニ．Sンちt．Evol．189：29－40．  

極れ（こ⊂．■｛＿くe⊂偲V＿知者†唱．LV．andSmimov∈l，  

S．B：壬≒ ：・モー三＝壬∴ミ ＝三1′「〇f10rar PrOVinces：a  

〔⊃㌔′3・L・－ ・三－▼ミ＝－－三三へ±D・C・McGregor，eds・・  

E＝三：・：：・言：－－－：ニチミ r＝ AopI盲Cations．American  

エss二T＝＝：・－＝‡㌻㌻㌻三＝一＝コaTyndogists Foundation，  

S三て＿三‘三：一．ノて：＝ニ ー■≡「－1188．  

KeTShzM，E．V．・㌻： ニ＝；与…’sごfeTlOSteTicfern．Ann．Bot．  

こYニニr＝■ 2ご う≡．：子㌻  

K腑三才亡Vき．つ，H．一384．Neue Gattungen nach  

T こ－ニーr：i＝≡長一モー≡3CZemCenomanbisMaastricht  

Y・＝＝三 ．T t、■丁≡チ＿て⊂旦 FeddesRepert．95：1－341．  

K腑一三＿ぎ七Vai＿D．Ll．■3e6．MonographicderFrtlch－  

て＿一二三三－∈′  －＝ア＜pe－devon MitteIeuropa．Rozpr．   

’＿盲丁子＝ ＿㌻三∴＝号二．．⊃てトa47：1一引9．   



UpperCretaceousFossilPlants  205   

Kovach，W．L and Batten，D．）．1989．Worldwide stratigra－  
PhicoccurrencesofMesozoicandTertiarymegaspor－  
es．Palyno10gy13：247－277．  

Kovach，W．L and Dilcher，D．L1988．Megaspores and  
OtherdispersedplantremainsformtheDakotaForma－  
tion（Cenomanian）of Kansas，U．S．A．Palyno10gy12：  
89－119．  

Magal16n，S．，Crane，P．R．and Herendeen，P．S．1999．  
Phy10genetic pattem，diversity and diversification of  
eudicots．Ann．MissouriBot．Gard，（inpress）．  

Miki，A．1972a．Spores and poIFen f10ra from the Upper  
Cretaceous Futaba Groupin NortheasternJapan．J．  
Geol．Soc．Japan，78：241－252．  

Miki，AT1972b．Paryno10gicalstudy of the KujiGroupin  
northeastern Honshu，Japan，）．Fac．Sci．，Hokkaido  
UnivリSer．415：513－004．  

Mikj，A．1977．LateCretaceouspofFen andsporefIorasof  
northernJapan：COmPOSition andinterpretation．J．  
Fac．Sci．，HokkaidoUniv．，Ser．417：399－436．  

Nishida，H．1981a．Anatomicalstudiesofanewspecimen  
Of Yezqp始ぬ poIycyc10idbs Ogura from the Upper  
CretaceousofHokkaido．J．Jap．Bot．汀Okyo）56：169－  
180．  

Ni＄hida，H．1981b．ArevisionofthegenusCyathorachi5in   
Japan．Bot Mag．，Tokyo94：249－259．  

Nishida，H．1984．AnatomicaIstudies ofthefrond axis of  
theCyatheaceae，S，l．witharevisionofpermineralized  
frond axes from the Cretaceous ofJapan．h7M．Ni－  
Shida，edリContributions to Botany］n the Andes．l，  
AcademiaScienceBook，Tokyo，PP．5－80．  

Nishida，H．1985．A structura”y preserved magnoliaIean  
fructification from the mid－Cretaceous of Japan．  
Nature318：58－59．  

NisMda，H．1989．Structure and affinities of the pet†硝ed  
PlantsfromtheCretaceousofSaghalien，V．Treefems  
StemSfrom Hokkajdo，Fb招Cyathocauljs ogurae gen．et  
COmb．nov．and CyaLhocaulj5yezqpteroides sp．nov．  
Bot．Mag．汀Okyo）102：255－282．  

Nishida，H．1991．Diversity and significance of Late  
Cretaceous permineralized p］ant remains from Hok－  
kaido，Japan．Bot．Mag，汀Okyo）104：253－273，  

NisMda，H．1994．EIsemarjb，aLateCretaceousang10SPerm  
fructification from Hokkaido，Japan．Pl．Syst．EvoI．，  
Suppl．8：123－135．  

Nishida，H．and Nishida，M．1979．my愕qPIe伯伺C／血，gen．  
nov．，atreefern rachisfrom the UpperCretaceous of  
Hokkaido，Japan．Bot．Mag．汀Okyo）92：187－195．  

Nishida，H．and Nishida，M．1988．加わmonわ1由欠a5∂ト∩∂－  
kajhong／Igen．et SP．nOV．：a Permineralized  
magnoliaIeanfructificationfromthemid－Cretaceousof   
Japan．Bot．Mag．汀Okyo）1m：397r426．  

Nishida，H．，Nishida，M．andOhsawa，T．1991．Useoffluひ  
rescent microscopyin definIng a SmallllgUle－1ike  
OVUliferous scale of a permineralized taxodiaceous  
COnefrom the UpperCretaceous of Hokkaido，Japan．  
Bot．Mag．汀Okyo）104：231－234．  

Nishida，M．1974．Oguraxyk）n，a neWgenuS be10ngingto  
the famiry Taxodiaceae from the Cretaceous of Hok－  
kaido．Bot．Mag．汀Okyo）87：113－119．  

Nishida，M．1981．A cone－1ike hypocoty10f araucarian  
Seedling from the Upper Cretaceous of Hokkaido．）．  

Jap．Bot．56：111－116．  

Nishjda，M．andNi＄hida，H．1982．Histo10gyOftherhizome  
Of Loxsomqpsis and affinity of So／enosteIQPteris／OX－  

SOmOjdbs Ogura．Acta Phytotax．Geobot．33：302－  
307．  

N弓Shida，M．andNishida，H．1984．Structureandaffinitiesof  
thepetrified plantsfromtheCretaceousofJapanand  
SaghaJien，l．Petrified prants from the Upper  
CTetaCeOUSOfHokkaido（1）．）．Jap．Bot．59：48－57．  

Nishida，M．andNishida，H．1985．Structureandaffinitiesof  
thepetrified plantsfromtheCretaceousofJapanand  
Saghalien，”．Petrified plants from the Upper  
CretaceousofHokkaido（2）．J．Jap．Bot．60：312－320．  

Ni＄hida，M．andNishida，H．1986．Structureandaffinitiesof  
thepetrified pIantsfromtheCretaceousofJapan and  
SaghaIien，l11．Petrified plants from the Upper  
Cretaceous of Saghalien（1）．Bot．Mag．汀Okyo）99：  
191－204．  

Nishida，M．，Nishida，H．andOhsawa，T．1991．Yezosequoia  
Shimanukiigen，et SP．nOVリa Petrified taxodiaceous  
COnefromHokkaido．）．Jap．Bot．66：280→291．  

Nishida，M．，Ohsawa，T．andNishida，H．1992．f51ataiwan由  
nihongIIgen．etSP．nOV．，ataXOdiaceousconefromthe  
UpperCretaceousofHokkaido．）．Jap．Bot．67（1）：1－9．  

Nishida，M．，Ohsawa，T．，Nishida，H．，Yoshida，A．andKanje，  
Y．1996．A perminera［ized magnolialean fructification  
fromtheUpperCretaceousof HokkaidoJapan．Res．   
Jnst．Evol．Biol．，Sci．Rep，8：19－30．  

Ogura，Y．1927．On the structure and affinities of some  
fossir tree fems fromJapan．J．Fac．Sci．，lmp．Univ．  
Tokyo，Sect．3l：351－380．  

Ogura，Y．1930．0n the structure and affinities of some  
Cretaceous plants from Hokkaido．J．Fac．Sci．，rmP．  
Univ．Tokyo．a∋Ct．32二38ト412，  

Ogura，Y．1932．On the stTUCtl，Jre and affinities of some  
Cretaceous plants from Hokkaido．J．Fac．SciりImp．  
Univ．Tokyo．Sect．32：455－4B3．  

Ogura，Y．1933．0n the structure of a fossilstem of  
Cjbotium－tyPe from the Upper Cretaceous oflwate．  
Bot．Mag．汀Okyo）47：748755．  

OgLJra，Y［1944 Notes on fossilwoods fromJapan and  
Manchoukuo．Jap．J．Bot．13：345－365．  

Ohana，T．and Kjmura，T．1987．Preliminary noteson the  
multicarpel10uSfemaIefTowerwithconduplicatecarpels  
fromtheUpperCretaceousofHokkaido，Japan．Proc．   
Jap．Acad．，Series B63：175－178．  

Ohana，T．andKjmura，T，1991．PermineralizedOtozamites   
leaves（BennettitaIes）from the Upper Cretaceous of  
Hokkaido，Japan．Trans．Proc．Paleont．Soc．Japan，  
164：944－963．  

Ohana，T．and KiTTlura，T．1993．Permineralized BlaChy－  
PhyIIumleafy branches from the Upper Yezo Group   
（Coniacian－Santonian），Hokkaido，Japan．BuTT．Nat．  
Sci．Mus．，Tokyo，C19：41－64．  

Ohana，T．and Kimura，T．1995．Further observations of  
CunninghamjostrobusyubariensisStopesandFujiifrom  
the UpperYezoGroup（UpperCretaceous），Hokkaido，   
Japan．Trans．Proc．Palaeont，Soc．Japan，178：122r  
141．  

Ohana，TりKimura，T．and Chitaley，S．1998．BenneHjtar－  
PuS yeZOites sp．nov．（Bennettitales）from the Upper   



M．Takahashieta／．  206  

CretaceousaraucarianconesfromHokkaido；AIaUCaha  

nihongiisp．nov．Rev．PaIaeobot．Palynol．72：27－40．  

Stockey，RA，Ni＄hida，H．and Ni＄hida，M．1994．Upper  

CretaceousaraucarianconesfromHokkaidoandSagh－  

aTien；AIauCar由n脚nenSissp．nov．lnt．J．PlantSci．  

155：806－815．  

Stopes，M．C．and Kershaw，E．M．1910，The anatomy of  

Cretaceous pineleaves．Ann．Bot．（Oxford）24：395－  

402．  

Stopes，M，C．and Fujii，K．1910．Studies on the structure  

and affinities ofCretaceous pIants．Phil．Trans．Roy．  

Soc．B201：1－90．  

Suzuki，Y．1910．OnthestTuCtUreandaffinitiesoftwonew  

COnifersandanewfungusfrcmtheUpperCretaceous  

OfHokkaido（Yezo）．Bot．Mag．汀Okyo）24：18ト196．  

Takahashi，K．1964．SporenundPo＝endeTOberkretazeis－  

Chen Hakobuchi－Schichtengruppe，Hokkaido．Mem．  

Fac．Sci．，KyushuUniv．，Ser．D，14：159－271．  

Takaha＄h弓，K1988．Palyno10gyOfthe Up関rCretaceous  

FutabaGroup．Bull．Fac．Lib．A止S，NagasakiUniv．（Nat．  

Scり，28：67－183．  

Takaha＄hi，M．，Crane，P．R．andAndo，H．1999．Ebquek由  

futabensjssp．nov．；aneWangiospermf10Werfromthe  

UpperCretaceous（Coniacian－Santonian）ofnortheast－  

ernHonshu，Japan．Paleont．Res．（inpress）．  

Tanaj，T．1960．AcycadeantrunkfromUryudistrict．Hokr  

kaido，Japan．）．Fac．Sci．Hokkaido Univ．，Ser．410：  

引旧－550．  

Tanai，T．1979，LateCretaceousflorasformthe KujiDis－  

trict，nOrthea＄tem Honshu，Japan．J．Fac．Sci．，Hok－  

kaido Univ．，Ser．419：75－136．  

Tokunaga，S．and Takase，K．1968．PreIiminary study of  

SPOreSandpo”enfossiIsfromtheKujicoalfield，lwate  

Prefecture．Bu”．GeoI．Surv．Japan19：495－505．  

Ueda，Y．and Nishida，M．1982．On petrified pjneleaves  

fromtheUpperCretaceousofHokkaido．J．Jap．Bot．  

57：133－145．  

Wat＄On，）．1988．The Cheirolepidiaceae．h C．B．Beck，  

ed．，Originand EvolutionofGymnosperms．CoIumbia  

UniversityPres＄，NewYork，PP，382－447．  

Yoshida，A．，Nishida，H．andNishida，M．1996a．Aperminer－  

alized osmundaceous petiole from the Upper  

CretaceousofHokkaido，Japan．Res．lnst，Evof．Biof．．  

Sci．Rep．8：49r56．  

Yo＄hida，A．，Nishida，H．andNishida，M．1996b．Perminera］－   

ized schizaeaceous fern pinnule急 from the Upper  

Cretaceous of Hokkaido，Japan，1，Schizaeqpterjs．  

Res．1nst．EvoJ．Biol．，Sci．Rep．8：85－94．  

（触／帽d戸bb几旧Jγ8丁9997∂CC印始dノqp州ろ了999）   

CretaceousofHokkaido，Japan．Paleont．Res．2：108－  

119．  

Ohsawa，T．，Nishida，H．and Nishida，M．1991．A petrified  

Pinaceous cone from the Upper Cretaceous of Hok－  

kaido．J．Jap．Bot．66：356368．  

Ohsawa，T．，Nishida，H．andNishida，M．1992a．Acupres－  

SOidseedconefromtheUpperCretaceousofHokkaido．  

Bot．Mag．汀Okyo）105：125－133．  

Ohsawa，T．，Nishida，M．and Nishida，H．1992b．Two  

Sequo由一1ike cones from the Upper Cretaceous of  

Hokkaido．J．Jap．Bot．67：72－82．  

Ohsawa，T．，Nishida，H．and Ni＄hida，M．1993．Yubaris－  

trobus gen，nOV．，a neW taXOdiaceous cone from the  

UpperCretaceousofHokkaido．J．PfantRes，106：l－9．  

Oishi，S．1940．TheMesozoicfrorasofJapan．J．Fac．Sci．，  

HokkaidoImp．Unjv．，Ser．4．5：125－180．  

Saiki，K．1992．A new sciadopityaceous seed cone from  

theUpperCretaceousofHokkaido，Japan．Am．J．Bot．  

79：989－995．  

Saiki，K．and Kimura，T．1993．Permineralized tax－  

Odiaceous seed conesfrom the UpperCretaceous of  

Hokkaido，Japan．Rev．Palaeobot．Palynol．76：83r96．  

Sasa，Y．1932a．0n the geo10gy Of KujidistTict，Iwate  

Prefecture，1．J．Geol．Soc．Japan39：40l－430．  

Sasa，Y．1932b．0n the geo］ogy of Kujidistrict，Iwate  

Prefecture，1．J．Geol．Soc．Japan39：481－501．  

Sasa，Y．1932c．On the geo10gy Of Kujidistrict，lwate  

Prefecture，1．J．Geor．Soc．Japan，39：522－580．  

Sohma，K．1969．JkT7bosporibskLdiensis gen．etsp．nov．  

from the Kadonosawa Formation（Upper Cretaceous），   

lwatePrefecture，Japan．Sci．Rep．TohokuUniv．，Ser．4  

35：39－41．  

Srinivasan，V．andFriis，E．M．1989．Taxod寺aceousconifers  

from the Upper Cretaceous ofSweden．BioI．Skrifter  

35：1－57．  

Stockey，R．A．and Nishida，M．1986．伽u5わabo代沼nS鹿  

SP．nOV．andtheaffinitjesofpemineraIizedleavesfrom  

the Upper Cretaceous ofJapan．Can．J．Bot．64：  

1856－1866．  

Stockey，R．A．and Ueda，Y．1986．Permineralized  

Pinaceousleavesfromthe UpperCretaceous of Hok－  

kaido．Am，）．Bot．73：1157－1162．  

Sto¢key，R．A．，Ni＄hida，M．andNishida，H．1986．Perminer－  

alizedaraucarianremainsfromtheUpperCretaceousof   

Japan．Am．）．Bot．73：708．  

Stockey，R．A．，Nishida，M．andNishida，H．1990．Structure  

anddiversityofthew∞dyconiferseedling－1ikestruc－  

turesfrom the UpperCretaceousofHokkaido，Japan．  

Bot．Ga乙151：252－262．  

Stockey，R．A．，Ni＄hjda，Ht and Nishida，M．1993．Upper  

View publication statsView publication stats

https://www.researchgate.net/publication/248034669

