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BIORERO 2050 % 4 PREDHBILS.

T, W GEREREEOKEREN YR L, Che 8 ERERZL T2,
SRR LT, SRR R ek U, ChiciR e A RS U
TUBAS, SEERBNI RPNy,

2) =GR ORI IV AR b Uk HERIC s BB A R, £ O
A BE Lo

FoEE WA ITUBAEER, R T o EL £, Aok
B o PUEE - FUHDC USRS, LB - BEK - AUBEONITH B, Lird, ERHLDOKRERDS
I7E 2R B O OFEHNCEE LTV b B B0 T e i) Uic BRI,
TP EINCHIE BT 5 L o0 R S, WA CAIUCRE, BEER - BT, TUREEEL
Wi EDlicieb. Land, T b ORI OWHHTILERHNC AT L TR Y, F7,
FHAE OREEERI A 2 le D Erie 2 & HFEBRIR

3)  IEEHEN LA OB BIEFICS T OEIMAIL R TW A0, AT R 2,
3 OEIF R TIE, RETATROFSRE M bz & A EBENT %, BETMEIE A R
A O EEME L A B A S T B I LB b, 4 OBEREN LT\ %o

4) SRR BT L TOBRICS D, ok M GRa R BRI O T
bz kit ABofFHisichic>TiEb b5,

5) AHORFHORROKEIE, WHHEEOLS LOEREME L L, Lo b XkOh
BSED S LeERIhicbDrELbh S,

6) B, HEE CRMIT %o & 0T RO fERFIC oW T, ORI
Wi BN BB LTl B0

L & L2z

iR O EBERET S\ TR S DFREY  VIE ST 505, T OEMEIA RO EK
ThbILZ—FHLTD, O LIXFRDLINE S OIg-CHRT 2RO B ShiD
i, HARED S ODNC YO RIE LM BRRDbNE 2 L TLHLNC S TH
5%

e, A B b O B - R T ELBENREINC B & 0 ST 5 DI AT, AR HONT
o L HROMFRIERCENR TR Y, Lank, ThbOBFLA RN O REFFSEIFYT & i
WL T T X BEN S0t LBE, AROBIFRIEOHRES L OLEBERE (hR
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AEDERD) DIFFIZ T, HHUDDBIFUTEEIOMG L & i, HERWo MBIkt D
RESLENOOXLE, ¥ X OHEREREIO RAHHR LW EDTHE Z 215 £ TCh7cv, A
T E 7o, TAUEFTIRT D b D DGR DAL EOZER, b5 Wik i O{banpE
DFEREFPRTHLCONTH, SBROREAEMEBETEL4D0TES, bbHA,
ROYIEEEY R X OMEZEREE OFEENY, T QRIS BT 208 « FHd X OREe Xie g s
NTWBHEFNERCHE S PEINTWASTELA IA, ¥, TOREHMOC LS
HRET X TeV,

FRPHERI T 2R, W@ 2K R BB RS O BRSO B L 5 1), &
LI DB OMERENERE 5 11T, ThLAHER L 2T { —BOBRIERE % RANCZTER
FT520, SBRORUPFELED TP LOXS B LB TH A 5, HE2T, Aok
D& IR 1> WEBA TS 5 1 O BERH I £ k1 % B R R E 2 BTN HEE T 5 e b, &
HD R L OARNR DI BERBED S LT, Wi DRI RIRE U TER I 205
ZERABMCT B C LA, WESHRRECRERE L T LT, S8BT C b ik
ERF LTV %,

FHLZ N HOBENCE § i, & SRR 31T 5 REH I 1 B B Lo
B HEH T AR ZHGET U, KORE & RSB ORI O T 28 T B & ZIEART
STRH DA, BH AP ORMYIEOBROFM AR % 2 LN TEDT, FhbOll
BUCOWTIRN, &) b2V REERBOMBRIR MR HET5 & 218 Ui, ZRimiEOMRK
% DIFHERC O\ T OFEFIZCREENL, WP h OB HRET 501 D Th b,

C DB R R F oW X 5% L, TR BT R TR EOFR D b
DT b,

¥l ORFEEH, B3 o RN 6T 0 R5E 2 F o v THEEE R 5 1
Too AL CHEBRETAKRETHL S,

IL iAo ALk o Rk

A $51F 5 FHHONBT, BHEZAO b DI L TERHAE L A LT D
EE, JE(Genus) DRERICBEL T, BIEFE TONFOMIREIIC X 5L, Fhid L EEr
FEBD BRI, LoL, AUBORNTSLFRLH L IR o THI LT, T
FI B L LR S D,

BRI 4t & B PLIRSLA 7 ik, AR 3o\ T R IO RN 1338 L < KBS 3
LU, C OWROBRBEAEC R0 Tk D KRSz b b, LisbEWIMER & & bicki
PAEATESEECZA TV %o SHBHHMATEIO £ < ORI, B jEia—5 (1949)ic
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I oIS X 5, Ao TRBERNC B i o7 8 E O A & 07 2 0D ¥ 4 S HREEE
bhbe T, B OREHIIERMIC 1o CMIATi ¥ X O BRI L WEE T
5% FROEOBOORREC T, WERNSL X 5B E L EEY R LTW%,

IL T fp 4 45 0 A 9 BE O KL%

RREIRBR A= B T ORI G R 2 LB T BAbAMiREE 2 A 72 LUk b, BIfEZ CICf
AL Td, T OMOARMO FBHBELALEE D 2, 3 DRI D, TOEHEmbR
T 5,

ORI IR O FIEHIER - 1A L U, Z WS EERA GHEEED IR LT B,
BERCUL 7 > ~F} (Betulaceae) o = v} (Ulmaceae)¥s L 084 = 5F} (Aceraceae) ® 4, D23,
P B RECCHERNC Jo\» THRIRD T Ch 5, C 21T, A EER I v BT, + 78 (Car-
pinus) o 71> ~B(Betula) ¢ > 7 ¥ 8@ (Alnus) o 7V ¥ B(Ostrya) D=4\, = vEFC
= vBUlmus)<>r v ¥ B Zelkova) i £ 4, = L7 v ¥ OEISILED THEE Th b,

IR B0, 7a 2R (Juglandaceae) D 7 v 2 JB(Juglans) ¢ %7 0 2 & (Pterocar-
ya), vV 7 ¥Fl(Alangiaceaé)D 7 1 &G (Marlea), 77 ZFi(Cercidiphyllaceae)® 7
7 & (Cercidiphylium), < =+ 7 F%} (Tiliaceae) D>+ 7 & (Tilia), * 7 7 %F} (Hippo-
castanaceae) D 7 7 F & (Aesculus), * A1 7 = ZF} (Caprifoliaceae) O ¥~ = 2 & (Vibur-
num)is & B B D,

EIEER & LT3 2 ¥ P} (Taxodiaceae) D ¢ o pvg & F44 T, # 2 v = 1 7/E (Metasequoia)
707 bR bor SR B(Glyptostrobus) & HifD TEE Tl 558, A4 v 3w GKE)IE(T axo-
dium) b FNERIEE NS, ~ Y (Pinnaceae) d b DLt OEIRAMAE & R
R Ty, = 2 B(Abietaceae) D + 7 B (Picea) o = = G (Abies) o 1 5 v 7 JF(Pse-
udotsuga)?s X%, LIELIETR O OBBCHER I IZENS,

F o REC Ao T, LR LiE 2B (Nelumbo)~3 1+ 5 v @ (Hemitrapa) O L 5
TRPOREDIKFIRZNEEN TS Z Lk, RBOERFNLHEL S RIS kL5 & & Th
55,

DB~ % < D07 s T, FWAGTNPIIEORMY & e 2RFFIIROED Th b,

Bl MAZSRE Mo S HE
Characteristic Species of the Aniai-type Flora
Metasequoia japonica (ENDO)

M. miocenica TANAI et ONOE
Glyptostrobus europaens (BRONG.)

Salix varians HEER



Pilerocarya asymetrosa KoNNO

Alnus Kefersteinii (HEER)

Betula Mitai Tana1 et ONOE

Betula uzenensis TANAT

Betula mioluminifera Hu et CHANEY
Carpinus miocordata Hu et CHANEY
Carpinus miofangiana Hu et CHANEY
Fagus Antipofi (ABIicH)

Ulmus miodavidiana TaNAI

Ulmus longifolia UNGEE

Ulmus appendiculata HEER

Zelkova Ungeri (ETTINGS.)

Nelumbo Endoana O1sH1 et Huzioka (MS.
Cercidiphyllum crenatum (UNGER)
Acer palaeodiabolicum Enpo

Acer protomiyabei ENpO

Acer kokangenense ENpo

Acer subpictum SAPORTA

Acer ezoanum O1sHi et Huzioka
Aesculus majus (NATHORST)

Tilia distans NATHORST

Marlea aequalifolia (Gogerp.)
Hemitrapa borealis (HEER)
Kolopanax acerifolium Hu et CuANEY
Viburnum protoparvifolium TANAI
Viburnum Otukai TANAT

I 2 & L5 B M4 BE o FH %

BINR BT 2R BEBE» bR T 2/0AfME 4 7L L, CofEErxd o
TR 2 { DG, RO BAE L BB 8 U RS o & b ER T 5,

C ORHIPIE O R ORI, BRI EER Sl C 2 b, R O 132N £ <
DIEHPED B HREEMEZEA TV L L L Thb, 2T, MG 2 HER T S Htidno
KA, WHEREM CTL 5 2 L LHRD &, JEECH L e HE D 5, FEERCL 7 F
(Fagaceae) » 7 »F}(Lauraceae)¥s L 0 2 7 v £FJ(Sapindaceae) 7t & D 4 DA%,  BE KA
SEEC SV TAR ) EEThD, & LICRS B 7R, # > B(Cyclobalanopsis) o
25 7 B (Quercus) ¢ 7 V@ (Castanea) « =7 3> v [@(Lithocaypus) o 7' )G (Fagus) DI
&\ 7 ZFFC1E 7 2B (Cinnamomum) » 3 7' 7 ¥ |G(Machilus) « 7 == | % [G(Crypto-



carya) o 4 X 7 =JB(Phoebe)ic ¥ DT RLBHMED S DML, 27 v ETR A7 w R
(Sapindus)=> €7 v 2 ¥ ~ > [@§(Koelreuteria)lc £ 3%\, DiEH, ~> ¥ 7 Fi(Hama-
melidaceae) ® 7 7 (§)J& (Liquidambar), v ~ &< Myricaceae) D v = £ €JF LD (Myrica),
) 2 %R0 Y Y 2 @, 7o EH(Anacardiaceae) D v o JB(Rhus) o T AV ANY 7 G
(Pistacia) 7c £ b s THBICHED bhs, F7c, ~ A% (Papilionaceae) © =¥ < g (En-
tada), » 7w oo ~vFv 2 3B(Dodonaea), T FF v} (Sterculiaceae) O F v > F
)8 (Reevesia) » X 5 igHBHHEO D D%, LIELEMHE STV & L RN 2 Th
Bo LinL, MZAENURRC s TEBHTH S = VRIS v O S Ok, & OR EZHHY
PRC B TIRER L FEBAEL L D, £, ~3 + 7 v B0 v vy 2@ (Salvinia)
DX K ER UL LIEGATHD S B, b U 4358 (Smilax) © X5 is D §
DDA L L HDHET, PEVERSOCL L TCHA S, BERME LTIL PV ARFD
aEmie, 7¥ oB(Vitis) ¢ ¥ X 7@ (Hedera) s ¥ mMAWIZEND 2 LD 12>TH %,
FRENWNIBD TA L, AFHD2 7z, TBeZ VT rAtrrn T AGeavavyFy
B (Cunninghamia)ts £ % = B LT Ei\, ¥, Thie~ V@ (Pinus)e £ X7y
JB(Cephalotaxus) & 1225,
DLER~72% L DB RNT, BEEHNROKHG L b X 5 eREBLLITL L, KROHE
HhThD,

#2g IR o K EE

Characteristic Species of the Daishima-type Flora

Cunninghamia Konishii HAvATA .

Smilax trinervis MoriTA

Smilax minor MORITA

Myyica Naumanni (NATHORST)

Carya miocathayensis Hu et CHANEY

Betula kusaidaniensis Huzioka (MS)

Betula kamigoensis T ANATL

Carpinus miocenica TANAI

Fagus Hayatae PALIB.

Castanea Ungeri HEER

Castanea Kanekoi TANAI

Quercus kovaica TANAIL

Quercus subvariabilis TANAI

Cyclobalanopsis Mandraliscae (GAUDIN)

% 1) 43k, Comptoniphyllum :#he bh Tk b ok, kAL T 3 Myrica asplenifolia
B L TR Bl s W7 o G, Comptoniphyllum” OBEZRHEBT 2 LIk Lk,



Lithocarpus miokypophaea Tana1
Ulmus protoparvifolia Hu et CHANEY
Roso usynensis TanNal

Ligquidambar formosana Hance
Cinnamomum oguniense MorITa
Cinnamomum miocenum MORITA
Cryptocarya ennichiensis TANAI
Phoebe mioformosana Tanal
Dodonaea japonica (MoriTA)
Sapindus Kaneharai TANAT
Pistacia miochinensis Hu et CHANEY
Rhus miosuccedanea Hu et CHANEY
Acer ornatum CARR.

Avralia miobippinata TANAI

III. HERC 3T 2 BN & o iy

AT D R R T B BOK R, BELASERC W TAWE IR, S5IE
7o, FESBUNUIED I i AR 1 BHEB R VRO b A TR E L, MIAEITIL
BD TAIL G GEDTHIRENC N 2 0E, A58 0 g fEpiE ORI B DRI F5 W Tl
BRAEDFURIC B DRI R b D w2 B,

&AL D TFIIHUIEED A1 L 7o M0 GRS R0 A 1T M O HIBREN G PE e 88T B 7o, TG
ORI A BT 2 B iR bR L BT RED 25k, T BRI 51T % SR EE A i
HITDLEOBEY TH D,

UL 1 WA RO P81 LR

BUE F TICERT X 0T B b £ © MG ENRNT, 257 40 B T3 /h HR>T
Who £ M FOHC, WA Engelhardtia, Porana, Hemitrapa, BRI
Tk Metasequoia, Glyptostvobus, Taxodium O 6 BHIAIICHAEL Tl WIEHT, B
D MBI T TR THESL RONE, TLT, Chbo TBFEC FhFhikd i
BERL :, Th ORI KT 25K Z7RT LHE3ROFD Th B,

IR T X ST, MEIEIIE A R T A O PIER O e T, BEEINCST

Tt 2) AE AL OMIKE, EASEOEME L IO T Tz O TIEO B O 2 TR HE L B
Bb o, Tric, YHELPHEEOEFCELE V., LELELT, Zlo@irontiitLci
Ui, »RRY)BEREL 37— 2B BR300 CHB, * LT, HAEBLIELABE L w T,
DU CRIELAFREICERNEERTHIC EBLITLIES 3,
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WEWB, Fio, dEEREIBE XOHEKR « LB HA T2 bOR TN 2 L 18 TS
%%, TR SR HAET 5 D OB Ao, & LIS, B e HIRO L 5 IeHEEE
HE, 5D CIERENC T AT e D L 5 MR SCHA L TWAEIIT EA EiR,

BT, T bR TAIUE, PSS BTN I AE D P B LR EIINC 3T
A B IR D 55 5 4 TERLIERRDDO LV L 5,

B E7, R LOENIEED AFHOMBHIEE B, AR R >
WG T S &, WIRMENU 4, TR 6, L~ REHEER 45, PR 6, i~
ErER 4 »7e B, FET, = OHMERHNT SO (IR0 WEO RO M Bk e L,
B MHEHICIEAT ST LT, TOMOBERELRLT HCEDIHDLFELLH I LILW
HETHD,

L. 2 & RSB IE DT WB/E i

ORI T BRI, B E T 28 %51 /E 69 EAmL TV %23, £ D 5L FHD
7 A CAFBERC L Carya, Pteroceltis, Liriodendron, Cryptocarya, Phoebe, Liquidam-
bar, Entada, Forthergilla, Pistacia, Dilodendron, Dodonaea, Reevesia, Hemitrapa 75
ro 138, BB Metasequoia, Glyptostrobus @ 2 BHAM I HAETL TWicly, T
b, FCAEIC EACTARBIC B 5 B 20 20y, L Lo hb o b
Dilodendyon BT EHECEWTIRRELTW5, Zhb 69 o icTh
Phfd EBARIET LY BT, T LOBEDGAH L HEINC 7 e v M5 &, BARICR
T &5 R AR & k2T ) IR S B

A I BT B LA O RIRERE O o C, I O BIER £ T 2 $ Do d
%2 T 28K KO, Hidke BBOERR IR T 2THEHD D Z 2 TE D, THHDOHE
Fd I 2078, REEEIE Qs LU HEHEICIARET 50, EhEh 21 e
165 L Th Do ZDIEA, ARFBOAINM o TE o INCHAT L0 17 HH 525 LS »
Bk, BT & 0 X 5 IR ¥ 2o R SEH TR & O BSRIMD TATR S, T
INCHREN RN ENBE T E RV,

EBImEt, ChbOEPHAERCOWT, TOEHFMOMBHIRELE L TRIHT S &,
WIRMERC 4, RN 18, LS~ TebEHe Y 18, Wb iR 6, SFHl ~ e 14
BThs,

BT, ko X5 AR B AR O SARREED BHER TIUE, TR SR HiEae

B 8) WEEITY, LICHERT b b EN c BEO X SR LD R VL RO b DB
2 4) B O HERERO G ChY, < kI ILER WL B R & o BRICEC i 0 b 055

Ve
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BRHEIC AT D, 52 WEHEED T hEREROECERCHEET L Tn 5555 47
DHPFEC, RDEPL TV L2 X5, F LTHEC T v dStiEfting, oo
WBALBZDENEZRTEHES S,

IV. o H i & BirEnEss

AR I T B I ORAIEE, TEHRD DL OEIAEHIT I ST oA, (B RE
14 O & RFRLED & A3 D7 fe DI, T S O EE MBI B ASEEIT & A e D O IREL A
LTW5B Z EMENDI, HE2T, BWMEADBIZEOEBNTWD 2 L LHE 0T, Ao hy
WA BET 2 B2 o, AMoFERBARC W TR AR 1 S5 Ch ok, L
L, 3k LB OAEHREDBREI NS, 2 OfiBEONFE L LTI BIe o T, Ok
FEORBAFANTIEE L IR LI o T E D Th b,

IV. 1 rhgrllehi e D A1z 3 10 2 454G

Tz b O X 5, FMEERRYHEHTIE » UT 2 OB B BIC i o TET 5840
%<, Fin RBENPINIERBCTE LB SER T BEE S0,

Tiehb, FIZERRIYTEIIRE ¥ CO RN L, JbiEIc B\ TR IER I 0 514555k
IRIE, R O M AR, AR B BRI DTN H AR, IR I OFETARE, W
itk M OABEDR AR EED Is L OFIFRMENIRED ¥ & v XY BREMLELRT WS,

AP I W TURAHE R I O FHEeRE, AR INOM (& HaE, PIHIRH O sk
B, WHERINOIZBEORREE, RERINOGIIRE, DRI o« A KEE, Wi
BHORER( NP5 PRI B0 b D) &b BERIEINT,  WFR S s
WET%, chbDidh, FUMORIERR I B 5 e IRBIE D T daREED 5 g H
T AW, BRHIZ LR AR ATIA R X 5 Th D,

TTESTIRIYIREY, B OB RN, PHRIIRHEEO_LMBRE, (Wi NS o /)
E &R, SRR A Lo IR, PR M OITSE, whkE s lisE o #iL
HKIE, ¥ L ORHERNIET O PARE L £ 2050 & LT, BALHLIRC 31 5 &b o> Faghifs s

REB) fEki, AMom=irMokEE, ~~nro Arctic Flora offic AET 2 B4 550
Do Lo L, ~~MORORALHRAERE b O 84, La b L THERO it ofdic [/
Ellkdr, 1HAOLr S RMARAEEL, X LCth boREREEALFLL 1D
OEBERER ERICIER L TRV,

7 6) TREEPIREFELRIC I T, P X U B RIB ISR O BT o IR ic Feik T
5L0C, MERRIHEHEERODLEEZLbLTCREL LB DR,

FT) FMTERRCEERCS, BET COSEEOBEIC IS, ST 2 A KRBy LI T 5
LB ATREYHOMEEE TS 5,



5 A DEMAE BT Do £1, BIRRIOGRE, bELE T, BRSO T
E%lﬁﬂﬁﬁ,%*@&*mmﬁ®¢m%ﬁ,ﬁﬂ%%ﬁﬂ%ﬁ@%ﬁ%ﬁ®iﬁ%,Eﬁ
EUNESRH O BIFTRE, A TIREC RS 2 IR O T, BARRREEZL O H
RO LN, L FEIGE O =R £ o oL, WIThd B RBTEOMB RS
LT, @RS FOEAIKERC L WG Y Th b, JLigECET 2%
FHIZ LW R E b, B E TR RO AREBR O =~ FeE, & IUCHEEXO =~ F
n B AT A, et T S 5 WAHE, ERHIR O JIRE RO T
Y OICGRITEED £ 72, S OWEBESEIEML TEW52, WIhd FRETH D,

& EL IR T B A0 35 1 B 3R E 2 DIREEH LW OB TH 525, K —EFoO
RIHDFREN D, 0 54 7OILEHIROERPE LT 5, Tihb, BFEMOA
R T ORI ERTE, KR AG PO KR, FHRETALRHDIEE L & DL
PEORERTEOA L, BEHOERTLL LR TWS, L, WESROEEL SR
T\ Bo COED, FEHIZ LWHRE D, LR RICIE OG-8 B O Ieix E OHidn
b ERETE S,

#5%E  AFNT I B BRI EE D BEH

The Localities of Miocene Floras in Japan

Hokkaido

1) Tempoku coal field (Sya coal-bearing formation)

2) Tomamae coal field (Haboro coal-bearing formation)

3) Honjinnosawa, UryT district, Rumoe coal field (Honjinnosawa coal-bearing formation)

4) Owada district, Rumoe coal field (Yudoro formation)

5) Near Fukagawa-machi, Sorachi-gun (Naidaibu formation)

6) Sakipembetsu, Ashibetsu district, Ishikari coal field (Sakipembetsu formation)

7) Asahi coal mine, Ikushumbetsu district, Ishikari coal field (Asahi coal-bearing form-
ation)

8) Kayanuma coal field (Kayanuma coal-bearing formation)

9) Abura, Setana-machi, Shiribeshi-no-kuni (Kunnui group)

10) Yoshioka-mura, Matsumae-gun (Kunnui group)
Northeastern Honshu

11) Iwadate coal field (Iwadate coal-bearing formation)
12) Hachimori oil field (*“ Green Tuff ’ formation)

13) Ani coal field (Aniai coal-bearing formation)

2k 8) COAHOREEED b, ST DT Sabalites? sp. BERINI, T v v (BEEE) LB
R A, BB EORRE, MENOMARE WAL BB Es X eiREREO
FRE L D LA OMEE S bEHT A LAMbh T Y, BEBENEO 1 oofEEL L
LH b LIz,
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14)
15)
16)
17)
18)
19)
20)
21)

22)
23)
24)
25)
23)
27)
28)
29)
30)
31)
32)
33)
34)
35)

36)
37)
38)
39)
40)

41)
42)
43)
44)
45)
46)
47)
48)
49)

50)

Ani coal field (Utto formation)

Shimokita coal field (coal-bearing formation)

Fukuoka-machi, Ninohe-gun, Iwate prefecture (Yotsuyaku group)

Monzen, Oga pehinsula, Akita prefecture (Monzen formation)

Daishima, Oga peninsula, Akita prefecture (Daishima formation)

Nishitagawa coal field (Kamigd formation)

Nishitagawa coal field (Aburato and Iragawa coal-bearing formation)
Tachiyazawa-mura, Higashitagawa-gun, Yamagata prefecture (Tachiyazawa forma-
tion)

Nakamata-mura, Iwafune-gun, Niigata prefecture (‘‘ Green Tuff ”’ formation)
Iwafune coal-bearing area (coal-bearing formation)

Oguni-machi, Nishioitama-gun, Yamagata prefecture (Oguni plant-bearing formation)
Shiogama city and Saura-machi, Miyagi prefecture (Sauramachi and Ajiri formation}
Tsukinoki-machi, Miyagi prefecture (Tsukinoki formation)

Soma coal field (Shiote group)

Kwannonzawa, Agawa-mura, Niigata prefecture (Tsugawa formation)
Irihirose-mura, Kitauonuma-gun, Niigata prefecture (Anazawa formation)
Seki-mura, Sado-gun, Niigata prefecture (Suginoura formation)

Joban coal field (Shirado formation)

Joban coal field (Goyasu formation)

Shirakawa coal field (Tozawa coal-bearing formation)

Kuji coal-bearing area (Kanazawa and Asakawa formation)

Motegi-machi, Haga-gun, Tochigi prefecture (Nakagawa formation)
Central Honshu

Kitaaiki-mura, Minamisaku-gun, Nagano prefecture (Kitaaiki formation)
Usetsu-machi, Fugeshi-gun, Ishikawa prefecture (Minazuki formation)
Bessho-mura, Chiisagata-gun, Nagano prefecture (Bessho formation)
Gifu-Aichi lignite field (** Nakamura formation *’)

Gifu-Aichi lignite field (Hiramaki formation)
Southwestern Honshi

Iga coal field (Seki and Kabuto coal-bearing formation)

Ayukawa-mura, Koga-gun, Shiga prefecture (Upper part of Ayukawa group)
Kumano coal field (Miyai coal-bearing formation)

Kumano coal field (Upper part of Mitsuno formation)

Kobe city, Hydgo prefecture (Shirakawa formation)

Tsuyama coal field (Tsuyama coal-bearing formation)

Near Matsue city, Shimane prefecture (Upper part of Koura formation)
Iyo coal-bearing area (Shinjodai coal-bearing formation)

Shimonoseki city, Yamaguchi prefecture (Miocene formation)
Kyushu

Sasebo coal field (Yunoki formation)
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Résumé

Iz strated Catalogue of Tertiary Plants in Japanese (Coal Fields
— 1. Early and Middle Miocene Floras. —

by

Toshimasa Tanai

1. General Remarks

It is almost universally agreed that all the varieties of coal originated frome
vegetal matter, though there are some differences of opinion regarding its mode
of accumulation. Therefore the plants which formed the coal and their distribu-
tion are matters of vital interest to all who study the origin of coal deposits.
Of course, palaecbotany along with palaeontology is available for deciding the
relative age of the deposits, their correlation and historical interpretation. Es-
pecially, palaeobotany is more favourable to above-mentioned purpose on studies.
of coal resource, by the fact that the coal is primarily composed of plant-derived
materials and that plant fossils associated with coal are commonly a dominant
source of palaeontologic data.

The coal geologists are generally concerned with determing the extent of
coal resources and the quality of coal in each coal field. Coal is formed by dia-
genetic and metamorphic alteration of plant remains, being accumulated into
basins in which coal seams are deposited. Accordingly, it is necessary for the
study of coal resource to make clear that the coal is formed under any deposi-
tional circumstance and composed of any original plant materials. By such stu-
dies are reasonably presumed the amounts and quality of coal in unexploited
fields or the deep-level areas of exploited fields.

Thus, there are two viewpoints about palaeobotany in studies of coal re-
source : the first is the stratigraphical and ecological contribution to coal geology,
and the second is the contribution to coal petrography and the fundamental
chemical or physical investigation of coal.

For these purposes the writer has examined the fossil plants which are col-
lected from main coal fields of Japan and their relative areas, and also he has
studied the floral composition and its ecologic condition at that time when the
coal deposits had been formed. Lately he could grasp the general characters of
the floras in early and middle Miocene ages, though unsatisfactorily. In this
report the general outlines of floral composition and distribution in the time are
briefly summarized, and the illustrated figures of their main species are explana-
torily appended. The detailed description of each flora shall be reported in
another papers hy the writer.



2. Characters of the Miocene Floral Compesition

In the early half of Miocene age the transgression extended over Japanese
Islands, and the deposition occurred widespread during this time. These deposits
contain plenty of fossil plants and molluscs.

As already pointed out by Dr. K. Huzioka, the fossil floras of Miocene age
are divided into two contrasted types, which are considerably different in their
compositions. And they are named as the Aniai and the Daishima types respec-
tively.

A) The Aniai-type Flora.

This flora comprises mainly of deciduous broad-leaves trees such as grown
in temperate zone, and also includes conifers.

Among broad-leaves trees the leaves of Betulaceae, Ulmaceae and Aceraceae
are plentiful in numbers of their species and specimens. Especially, Betulaceae
is most dominant, and the genera of it are abundant in species as the following
order — Car pinus, Betula and Alnus. The family Ulmaceae is represented by such
genera as Ulmus and Zelkova, and the leaves of Zelkova are very abundant in
number. Such genera as Juglans, Pterocarya, Cercidiphyllum, Marlea and Vibur-
num are also commonly found in this flora.

Among conifers the family Taxodiaceae is dominant in numbers of species
and specimens. Especially, Metasequoia and Glyptostvobus are plentiful in speci-
mens, and Taxodium is rare. The family Pinaceae is comparatively rare, and
leaves of Picea, Pseudotsuga and Abies are frequently found with their cones or
fruits.

Accompanying with coal seams, such fresh-water plants as Nelwmbo and
Hemitrapa are frequently found.

The cha‘racteristic species by which the Aniai-type flora is represented, are
shown in Table 1.

B) The Daishima-type Flora.

This flora is characterized by the fact that the conifers are comparatively
vare and the ever-green broad-leaves trees are very abundant. The ever-green
leaves occupy over 80 percent of the total broad-leaves which are contained in
this flora. ’

Among the broad-leaves trees the leaves of Fagaceae, Lauraceae and Sa-
pindaceae are abundant in numbers of their species and specimens, especially the
family Fagaceae dominant. Among the leaves of Fagaceae Cyclobalanopsis is
most plentiful in number of specimens, with Quercus, Castanea, Lithocarpus and
Fagus following in the order given. It is one of the characters of this floral
composition that the leaves of Lauraceae are very abundant. Though their leaves
are frequently difficult to be determined only by leaf-impressions, such ever-green



trees of warm-climatic zone as Cinnamomum, Machilus, Cryptocarya, Phoebe and
Sassafras are found up to present. The family Sapindaceae includes the genera
such as Sapindus, Koelrveuteria, Dodonaea and Dilodendron.

Beside the above-described genera, Liquidambar, Myrica, Marlea, Rhus,
Pistacia, Rosa and Acer are commonly found. It is interesting for the ecological
condition that such tropical plants as Ewnfada, Dodonaea and Reevesia are con-
tained. There are also included some vines as Smilax, Vitis and Hedera.

Conifers are scarce in this flora, and Metasequoia, Glyptostrobus and Cun-
ningnamia of Taxodiaceae are rarely included. Leaves or cones of Pinus and
Cephalotaxus are also rarely found.

The characteristic species by which the Daishima-type flora is represented,

are shown in Table 2.

3. Comparison to the Present Floras in East Asia

Most of the genera contained in the Japanese Miocene floras are living now
in East Asia except some genera. Among 40 genera of the Aniai-type flora, the
extinct genera found in the present Japanese flora are six in number — Meia-
sequoia, Taxodium, Glyptostrobus, Engelhardtia, Porana and Hemitrapa. The
Daishima-type flora comprises 52 genera, and among them extinct 15 genera are
as follows — Metasequoia, Glyptostrobus, Carya, Pteroceltis, Liviodendron, Crypto-
carya, Phoebe, Liquidambar, Forthergilla, Entada, Pistacia, Dilodendron, Dodo-
naea, Reevesia and Hemitrapa. But these extinct genera are living in the pre-
sent flora of East Asia except Taxodium and Dilodendron. Accordingly, the
generic composition of the both flora is generally close to the living floras of
East Asia.

In order to facilitate considerations on the probable ecologic conditions and
climate under which those plants lived, Table 3 and 4 are prepared. The two
tables give a list of the fossil species with the nearest equivalent living species,
and the geographic distribution of the living species in East Asia.

As showing in Table 3, the Aniai-type flora is most similar to the present
flora which are now distributed from central to northern China. And yet, con-
sidering from the associational conditions indicated by the flora, it is most pre-
dominant in the elements of mountain-slope.

As showing in Table 4, the present equivalents of the Daishima-type species
are living mostly in the subtropical or warmer region, and scarcely in the tem-
perate or cold region. Among the living floras of East Asia, the Daishima-type
flora is considered to be closely similar to the present floras of Formosa, or from
central to southern China. And it is dominant in the lowland elements near the
coast.



4. Distribution and Stratigraphical Relations of

Fossil-bearing Formation in Japan

Miocene floras have been known from many localities of Japan. But there
are some confusions and unreasonableness on determining their fossil species, and
the fossil-bearing formations has been confused stratigraphically. Accordingly,
Miocene stratigraphy has been one of weak points on Cainozoic history of Japan.
Lately, Miocene floras have been made clear stratigraphically with increase of
knowledge on their floral compositions.

The Aniai-type floras occur mostly from the Miocene coal-bearing forma-
tion, and especially are known from the Miocene coal fields in the Northeast
Japan. The most floras of the Daishima-type occur from the lacustrine or littoral
sediments which are near stratigraphically to Miocene marine formations. These:
marine sediments contain frequently such molluscs lived in warm current as.
Vicarya, Vicaryella, Chicoreus, Telescopium, Littorinopsis and Geloina.

The Daishima-type floras are not yielded commonly in the coal-bearing for-
mations, though there are several exceptions.

The many localities of the both type floras in Japan are shown in Fig. 1.
and Table 5.

The both type floras have been once considered to be contemporaneous.
each other in age, and the difference of floral composition was attributed to the
fact that their habitats are different in height. Lately, Dr. K. Huzioka and Mr..
T. Inoue (1953) discovered the fact that the Aniai-type flora is lower in strati-
graphical horizon than the Daishima-type in the Oga Peninsula and the Ani coal
field, Akita Prefecture. Since then, this relationship has been observed in many
localities. Accordingly, it may be almost considered that the relationship between
the both type floras is not contemporaneous, but stratigraphically above and.

below in whole Japanese Miocene sediments.

5. Relationship between Fossil Flora and Formation
of Miocene Coal Fields.

The coal fields formed in Miocene age are distributed in many provinces.
of Japan. The coals are generally of low-grade in quality, and not abundant in
quantity, except some coal fields.

Generally, the Miocene coal deposits of Japan are found in the lower half’
of Miocene sediments. Namely, it can be said that thev were products in the
early stage of considerable transgression which had begun from early Miocene
age and then extended widely over Japanese Islands. The writer considers that
the topographic condition under which Miocene coal fields are formed was like-
that of a very lowland which was nearely sea-level in altitude and would be:



transgressed widely by the sea if the land caused slightly to sink.

The Daishima-type flora consisted mostly of lowland elements which grew
near the coast. So, their remains might be easily transported and deposited on
the bottom of the sea or lagoon. But in fact, Miocene coal deposits are accom-
panied with the Aniai-type flora which is composed mainly of montane elements.
Accordingly Miocene coal of Japan probably originated from the montane plants.

It may be unreasonable to consider that the coal-bearing formation were
formed in swamp or lake in montane area, or the fragments of montane plants
were carried by streams in a long distance and deposited on the bottom of the
sea or lake.

It is rather reasonable to consider that the climate was so cooly temperate
as the Aniai-type floras grew on the lowland area in that time when the coal
deposits were formed. And then, the climate was so warmly temperate, and in
the lowland area the Daishima-type floras were distributed luxuriantly in place
of the Aniai-type.

In the middle Miocene age, the transgression progressed so rapidly that the
depositional condition was generally not suitable for forming coal deposits except
several areas. Namely, the coal deposits were barely formed only in the areas as
deeply extended inlet.

Accordingly, the Miocene coal deposits of Japan generally originated from
the temperate plant matters, and were probably formed under the temperate,
rather comparatively cool, climatic condition.

6. Conclusion

On the basis of the results which the writer has been studied up to present,
the general outlines of floral composition and distribution in the early and middle
Miocene age in Japan are briefly described. And the original plants of Japanese
Miocene coal are discussed.

The writer continues further this study, and many important problems for
studies of coal resource shall be added or revised.
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PLATE I

Fig. 1. Cephalotaxus sp.

Figs. 2, 3. Picea Sugaii TANAI et ONOE (MS)

Fig. 4. Psendotsuga sp.

Fig. 5. Abies sp.

Fig. 6. Cunninghamia Konishii HAYATA

Fig. 7. Cunninghamia Konishii HAYATA Specimen fo living
species for comparison

Figs. 8, 9, 10. Metasequoia disticha (HEER)

Figs. 11, 12. Metasequoia japonica (ENDO)

Figs. 13, 14, Metasequoia miocenica TANAI et ONOE

Figs. 15, 16. Taxodium dubium (UNGER)

Figs. 17, 18, 19. Glyptostrobus europaeus (BRONGNTART)
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PLATE II

Figs. 1, 2. Populus sp,

Fig. 3. Populus latior AL, BR.

Fig. 4. Salix varians GOEPPERT

Figs, 5, 6, 7. Myrica Naumanni (NATHORST)
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PLATE III

Figs. 1, 2. Engelhardtia koreanica O1SHI

Fig. 3. Pterocarya asymetrosa KONNO

Fig. 4. Juglans miocathayensis HU et CHANEY
Fig. 5. Juglans shanwangensis HU et CHANEY
Fig. 6. Carya miocalthayensis HU et CHANEY
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PLATE IV

Fig. 1. Betula kusaidaniensis HUZIOKA (MS)
Fig. 2, Betula uzenensis TANAL (MS)

Figs. 3, 4. Betula Mitai TANAI et ONOE (MS}
Fig. 5. Betula sp. (cone scale)

Fig, 6. Betula kamigoensis TANAI (MS)

Figs. 7, 8. Betula mioluminifera HU et CHANEY
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PLATE V

Figs. 1, 2. Carpinus miocenica TANAL (MS)

Fig, 3. Carpinus simplicibracteata HUZIOKA

Fig. 4. Carpinus miofangiana HU et CHANEY

Figs. 5, 6. Carpinus erosa BL, subsp. ellipticibracteatn HUZIOKA
Figs, 7, 8. Carpinus s-Satoi TANATI et ONOE (MS)

Figs. 9, 10. Carpinus subjedoensis KONNO

Fig. 11. Carpinus ishikiensis TANAI et ONOE (MS)

Fig. 12. Carpinus erosa BLUME

Figs. 13, 14. Carpinus miocordata HU et CHANEY

Figs. 15, 16, 17. Carpinus miofargesiana TANAI et ONOE (MS)
Fig. 18. Carpinus kodairae-bracteata HUZIOKA

Fig. 19. Carpinus protojaponica ENDO (X 2)

Fig. 20. Carpinus nakosoensis ENDO

Fig, 21. Carpinus protoerosa TANAIL

Fig. 22. Carpinus Shimizui TANAT (MS)
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PLATE VI

Figs. 1, 2. Osirya subvirginiana TANAI et ONOE (MS)

Figs. 3, 4. Osirya japonica SARG. subsp. oblongibracteata HUZIOKA
Fig. 5. Corylus miochinensis TANAI et ONOE (MS)

Figs. 6, 7. Alnus Kefersteinii (GOEPPERT)

Fig. 8. Alnus miojaponica TANATL (MS)
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PLATE VII

Figs. 1, 2. Fagus Antipofi (ABICH)

Figs. 3, 4, 5. Fagus ferruginea ATTON

Fig. 6. Fagus kovaica HUZIOKA

Figs. 7, 8. Fagus Hayatae PALIB.

Fig. 9. Fagus Uotanii HUZIOKA

Fig. 10. Fagus protolongipetiolata HUZIOKA






PLATE VII

Figs. 1, 2. Quercus kovaica TANAI

Figs. 3, 4, 5. Quercus subvariabilis TANAT (MS)

Figs. 6, 7. Cyclobalanopsis Mandraliscae (GAUDIN)

Fig, 8. Cyclobalanopsis Nathorsti (KRYSHTOFOVICH)

Fig. 9. Lithocarpus protokonishii TANAL

Figs. 10, 11, Lithocarpus miohypophaea TANAI

Fig. 12. Lithocarpus hypophaea HAYATA Cupula of living species

for comparison {X3/4)






PLATE IX

Figs. 1, 2. Castanea miomollissima HU et CHANEY
Tigs. 3, 4. Castanea Kanekoi TANAT (MS)
Fig. 5. Castanea Ungeyri HEER






PLATE X

Figs, 1, 2, Ulmus longifolia UNGER
Fig,
Fig.

3. Ulmus appendiculata HEER

4. Ulmis pseudolongifolia OISHI et HUZIOKA.
Fig. 5, Ulmus protoparvifolia HU et CHANEY
Fig. 6. Ulwmus miodavidiana TANAT (MS)






PLATE XI

Figs. 1, 2. Zelkova Tibae OISHI et HUZIOKA
Figs. 3, 4. Zelkova Ungeri (ETTINGSHAUSEN)
Fig, 5. Pleroceltis? sp.

Fig. 6. Pteroceltis sp. cfr. Tartarinowii MAXIM.
Figs. 7, 8. Celiis miobungeana HU et CHANEY
Figs. 9, 10. Cercidiphylium crenatum (UNGER)
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PLATE Xl

Fig. 1. Liriodendron meisenensis ENDO

Fig. 2. Cinnamomum mioceniin MORITA

Fig. 3. Cinnamomum oguniense MORITA

Fig. 4. Lindera paraobtusiloba HU et CHANEY

Figs. 5, 6. Cryplocarya ennichiesnsis TANAI

Fig. 7. Phoebe mioformosana TANAI

Figs. 8, 9, 10. Liquidambar formosana HANCE

Fig. 11. Marginal character of the above species (X10)
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PLATE XIII

Fig. 1. Hydrangea lanceolimba HU et CHANEY
Fig. 2. Forthergilla viburnifolia HU et CHANEY
Figs. 3, 4. Sorbus sp.

Fig. 5. Rosa usyuensis TANAL (MS)

Fig. 6. Crataegus sp.

Fig, 7. Spiraea sp.

Fig. 8. Sophora miojaponica HU et CHANEY

Fig. 9. Cercis japonica KRYSHTOFOVICH

Figs. 10, 11. Entada mioformosana TANAL

Figs. 12, 13. Ailanthus yezoense OISHI et HUZIOKA
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PLATE XIV

Figs. 1, 2. Rhus miosuccedanea HU et CHANEY
Figs. 3, 4. Pistacia miochinensis HU et CHANEY
Fig. 5. Aesculus majus (NATHORST)

Fig. 6. Sapindus lirearifolius BERRY

Figs. 7, 8. Sapindus Kaneharai TANAIL






PLATE XV

Figs. 1, 2. Dodonaca japonica (MORITA)

Fig. 3. Dilodendron sp.

Figs. 4, 5, 6. Koelreuteria miointegrifolia HU et CHANEY
Fig. 7. Berchemia floribunda BRONGNIART

Figs. 8, 9, 10, Paliurus mioceniczs HU et CHANEY

Fig. 11, Vitis Naumanni (NATHORST)
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PLATE XVI

Fig. 1. Acer rotundatum HUZIOKA
Fig. 2. Acer Nordenskiordi NATHORST
Figs. 3, 4. Acer subpictum SAPORTA
Figs. 5, 6. Acer ornatum CARRIER
Fig. 7. Acer fatsiaefolia HUZIOKA
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PLATE XVII

Figs. 1, 2. Acer ezoanum OISHI et HUZIOKA

Fig. 3. Acer prototrifidium TANAT

Figs. 4, 5. Acer Miyabe: MAXIM.

Figs. 6, 7, 8. Acer palaeodiabolicum ENDO

Fig. 9. Acer protomiyabei ENDO

Fig. 10. Acer ornatum CARRIER

Figs. 11, 12. Acer profojaponicum TANAI et ONOE (MS}
Fig. 13. Acer kokangenense ENDO

Fig. 14. Acer palaeoplatanoides ENDO
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PLATE XVIII

Tilia subnobilis HUZIOKA

Tilia remotiserrata HUZIOKA

Tilia meisenensis HUZIOKA

Fig. Tilia distans NATHORST

Fig. 5. Tilia sp. (Bracteole)

Figs. 6, 7, 8. Reevesia mioformosana TANAI (MS)
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PLATE XIX

Mavrlea iragawense TANAT (»1/3)

Manrlea aequalifolia (GOEPPERT)

Kalopanax acerifolivm (NATHORST) (X2/3)
Avalia miobipinnata TANAI (MS)

Avralia celtifolia TANAI et ONOE (MS)
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Fig. 1.

PLATE XX

Cornus megaphylla HU et CHANEY

Figs. 2, 3. Diospyros miokaki HU et CHANEY

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

4
5
6
7.
8
9

Fraxinus insularis HEMSL, (X2/3)
Fraxinus ennichiensis TANAI

Porana kokangenense ENDO

Viburnum protoparvifolium TANAI (MS)
Viburnum Otsukai TANAI

Viburnum sp.
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PLATE XXI

Fig. 1. Salvinia natans ALL, fossilis OISHI et HUZIOKA (X2)

Fig. 2. Enlarged figure of the above species for showing the
nervation and the tubercles

Fig. 3. Salvinia pseudoformosana OISHI et HUZIOKA (X2)

Fig. 4. Enlarged figure of the above species for showing the
nervation and the tubercles

Fig. 5. Salvinia formosa HEER (X3)

Figs. 6, 7. Hemitrapa Yokoyamae (NATHORST)

Fig. 8. Hemitrapa sachalinensis (OKUTSU)

Fig. 9. Hemitrapa hokkaidoensis (OKUTSU)

Figs. 10, 11, 12. Hemilrapa borealis (HEER)

Fig. 13. Swmilax minor MORITA

Fig. 14, Swmilax trinervis MORITA
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PLATE XXII

Nelumbo Endoana OISHI et HUZIOXKA (MS)
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