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Nucula hizenensis, Ostrea sakitoensis, Crassatellites matsuraensis, Venericardia yoshidai,
Cardium kishimaense © Y. 57, BB ERECERC ST E, (HEDAEL LoME» 5
i, FollBELTW. —%, #BcsETs Turritdla infralirata, Acila divaricata,
Chlamys ashiyaensis, Callista hanzawai, Crassatellites inconspicuus s Kk, HrBECE LK.

B L FROBAR E O(EARERY BT S &, LRoFBBSBCES 5 LEHE (Turritella
sakitoensis H DF ) 11, FABCYECETLIHETHS.

Dhokowr, FEMREOKBLVGIBLILL, HBEOLERET, EEDEEL EOREL
b, BABLEOBEGIGTHS EADRD. 00X 5 el %d BT 5 HEBOGHEC DL
T, R - BEORER - MBI K 5 HEIRE - kBT R S h B B oK - BESRE T

E4) BRETIEIHFELL.
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3k MARBER- - HEE - WEEN (CEREENLE) o BLAaERE

Table 3 Comparison of three molluscan faunae from Oligocene strata in north and northwest

species
Orectospira takaii
0. wadana
Turritella karatsuensis
T. sakitoensis
T, infralirata
Clathrus submaculosus
Ampullina nagaoi
Mammilla insignis
Orthaulax japonicus
Siphonalia? nipponica
Molopophorus sp.
Volutospina japonica
V. nishimurai
Fulgoraria sp.

Makiyamaia kurodae

Dentalium ashiyaensis
D, sp.

Saccella sp.

Yoldia laudabilis
Portlandia scaphoides
Nucula hizenensis
Ennucula sp.

Acila nagaoi

A. ashiyaensis
Glycymeris sp.

G. compressa
Solamen subfornicatum
Septifer nagaoi

Chlamys sakitoensis
Chlamys ashiyaensis
Lima nagaoi

Ostrea sakitoensis

O. lunae formis
Crassatellites matsuraensis
C. yabei

C. inconspicuus
Venericardia hizenensis
V. yoshidai

V. subnipponica
¥ vestitoides

Kyuragi
formation

Kyushu. Modified from MarsusaiTa 1949 and MIzUuNo 1964 by author

Kishima
formation

* Ok ¥ % ¥ *

*

except Kishima

formation
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FIEKOOE
; Kyuragi Kishima Kishima group
Speeies formation formation except Kishima
e 3 formation
Lucinoma sp. * =k
Cardium kishimaense *
Callista hanzawai *
Pitar matsuraensis * *
P kyushuensis *
v 8 yokoyamai # *
Py matsumotoi *
Dosinia chikuzenensis
Cyclina compressa *
Angulus mazximus * * 3
Tellina tricarinata *
Phazas sp. * *
Solen sp. ®
Pholadomya margaritacea * *
Periploma sp. * *

ST 5. ok, [LEBECOWTOERT, BELERTHE TG, o TR, 1THIR -
s (T L) KT 2 bE0EG AR EFHL, LERE o0 E LD TRIFLLD
ORLEREE LEC LTS, k2, HHEMRT Nucula R8T 5 ARSI W B,
ik Nucula BEE LU, WA EL oW {0hOREY ¥ LT LSS ACHEIEROEE,
BHECIEBAERHEL o LBHETHS.

V.2 L EHRDOFHE

TEBOEERECEMNRI Y25 L, B - Ml X T, WEOME - EEREEESRR-> T
B, WERC BT A EAORBFR - HIRWAM L UET 5 o 21X, HMBOEREE - LEOMR - ffFF
LB 5 LA ERE—BETHD. Lih T, (AR b - TE, LA c2BofEd
FRETA L0, VHETORMEERILENIETH - Th, TELRTSEOMR TRIT %
FEr 2 bAK. BURKA~DLAEOERBAY, #4%A - BEoEHEomERY T
FhmRLTw5.

BRIHIC 817 2 b REFREECE LR, bEFNBRMCTFAFMCER LTETS &\ 5 BRI
Epb, FPRECEECEERTRC(EE SN, CENERShEAEND, BEL IR
BEFUTERIE T - . RBERIL, (FER 342, 1BHICOE, 20~300 T Effio T3,

V.3 {btm o ER
V. 3. 1 #BIckT3LASHOESR

BBEECET2BMIEORENE, BEER . v/ B RAThHY, Zoapicy v =5 PR
FR IR ABAELTWS. Zhbofbak, HEPFe—#ABETHHT50TIIRS, B
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14 R-A {eREBR (REHERR - XINTA4T)

Figure 14-A Index map showing fossil collection sites in northern part of area studied
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Figure 14-C Index map showing fossil collection sites in southern part
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4
S ; = ;
bip /:;\\\ S M TRERS RN TA (N A SRR ST e e

14 ®-D L@ (JREESE BT
Figure 14-D Index map showing fossil collection sites in
western part

FPRY - MR AR O MBS S B . SAEOMENT, B OB E MR oK R IREEL LTmS
ENTED. BRI AEOBIMBEDSZI L LT, ER—BCERSh T30 “57 - “B
B U B LW o kERSTHS. Lirl, ChHLORSOIMESAERI RN, HE D
IH5THB. T, ERORFGOFEMEL LTS R, UTohExE o, Tbs, H—
DOREEHE T, RS AR IR Sk X THBIT 5 LIRE L, RERCFRE CHRIUCE L7k
ERPUERE B, 1HETRRTE S THS 5 MHEREMEHG L. Cofifmiirr e LT “&
bW THE", “SiE, “WB”, “VE", W OfMMLRE L. SI5RE, AR AR o E B
DHEESTE, FRORSEORBER LI, 1B 72 b 100~15018 O WiEE 4 o BEH A3 100 el
dgr, ALREMR B TRSBTHH C &b, Zhy “UB” &L, Thd hHREERESES DR
PR L -C, FERSERE LIED.

BEDEAR S E50T, HEBCET BIEAEDSMRELZ BRI R L0 FI7TRA-BTHS.
ZORpBEMENE X5, EELB - DEECEFL, A CABREFHTHZE, B- DiEE
PR Ch, {EROSMECIENIn Y ORELD - T, HERSEVERD EAEHEC NI EL-TWBE
L, BAWHAOHIRTIE, BEBR IV ELDCLHET LS, kEBE LTEFTESL L, L
Bbnk. Ti, MWRECAESMEELILET 2 &, ¥, fbgs vibeoElnET, b
WZ ok, BECE, B - mEEARBCHKLT, EREOEMAVIC e BRI,

V. 3. 2 {tROERE
MWERERTSEEOESRREICE, MEdhc /b e T 5 E, MENBELCETLIL
Bh5b.

E5) WSRO A 7541k, BERCHETHLEEHSE L CHTbhicd 0T, BENERYRTBERC W TRF
HhTwin,
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] N: 100 loclities

30 B  1HBEc kit 50 EERMEE. fn
] PEMLET, R R A 2

r Figure 15 Histogram of frequency distribution of
B number of fossil individuals collected
20— at a locality per hour, and categories
in relative fossil abundance

NUMBER OF FOSSIL LOCALITIES
!

very abundant
Y

common
abundant

2
s
i

1 T T
- 50-100-150- 200-250-300-

NUMBER OF INDIVIOUALS

BEROEIR : BECETHEAORESOERTSH - €, {bEEEMCHELESSL0THS.
BT, (EEISETHBHE, %5 Thuila L 0BEREIME TR, BETOREC LS
L, SERLML, BECTYAR, EIH10em 55 3m {0 vy KOO AN D EE LTS

FEBOER : B& L IHECHSWTHBLhBLEDOERT, EE 10~50cm OB OB, {£H
BENERELTETSAOTHY, SERFEELRVGESEOERNBIKTHS. CoBomERicik
Turritelle HHEEO L 5 CHRFRIFOMEEIFEL, LRMACOLE > GEBTEb0 &, B L
ol W EAER Y by, BEFACEERETHRT L0 LR H 5.

V. 3. 3 {tRBGHORFIRE

BMEREROCEEE Bl I - TETOERD B2, —BRICAHT, 2EO X Ik ER LT
w5,

% ORI, BRECPHIRERTHEEL TS, Nucula, Acila O X5 RHHEBHS < BRD
KEVHT, BEEACMAZUESHTULLEELTCHS. ZHROBROKRKMAMI BRI D 5 ITHR
BECTW B2 TH Y, WRAHTTHAEFI . FREF THRE Shs gy, Nucula
hizenensis, Acila nagaoi, Venericardia yoshidai, Pholadomya margaritacea, Angulus maximus
L EDG . e Th, Pholadomyail, 2 Ia b BIBEHBLTWTE, BLALDOEE, SROEER
REhxs.

BOW AL, EOEMTEN ) OBRTEHEIR TS, MR R, —REEREAT, F
BORENTELTCWEDOHBREATHSD. »=1%, BLALOEA, WHOFBLTBREFESh T
T, IR - TS o C, BIERELTPBTET D Z LRI HTHS.

BMOFL, BPEOZELD - Th, BECETHLAEGCYRBCAONE, BECPT L RBRLR
Frnb, WEETCEECETTRNL O, EhbEHFIR X MW ORBEEFE L Tn5.
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BOEHEBEVE L ORI TR, 20X BROBHOBELD, BOEHE I b LD
i, LT, REERSMBOWNECHRETS LTSRS,

BOERCONWT RS &, BT TALEETR, ROKXBSVEHNET 208K THDH,
Pl BIHE T, BEAEDOEESRBRYBRELTHT, BROMAL MFRFCAEShTVS. L
LA =, FRERBRHCECTER, FRYRTC &R, ik mold L LTELTED, Zhik
H@goRBoH», BEEEoTHL L, BELESRIEXEbES.

BEWEROILBRE : Ostreale YO W RAEEL T 55 MO bR cHERN EROEERHET D
THBE, LTEEOKEEGI EToTH D, BHOBEALBERCE - CEFFS.

Turritella HHEBOBEIMBOEEN X LD TRIFTHY, BEOFERLIANLIL LA A, M-
ZETIBHEIh TS, Turritella sakitoensis DBOKET XMBF—FELTE D, BOKBHN
BHECETTHD 9 &2, ROWIACHHERAD b D GFL, 1971).

V. 3. 4 {LROEHMERE L EHERECDOWNT

B CHEShALERD, EROBMTLOE TREFIRI, HHWIE, KELTOMOEINT X
=T, EEOHF» LEEBEINZBIT~ERSIWTE LR BECHNT 2 2 &1, o LTHiE
Ty, SRR i, IR - R A e B 5 2, — 0, {LERA
BUMHERE 2 & 5 MM O BT XV, MO THLHEBBIEORE E &, HEROFMECBRT 5
LhELBRD.

KD HE, REHEEY P ET AHETEROMGAREL SV TLE &, FEMYEL TEAR
DR LB D5 2 &, B0 RIS e Lt 2 &, KNS & offifsa
BELTRFEERTHE 2L, bTHTid 20 TMRATOMESH, EFRYEbe s B8 TbE
EGERTWABCE, Tl OBIEHEEND, WEMBROMAERER, KELAT, FHMMEEOBELR
LT3,

R LT, Turritella HHEBOBEL, SERUAE SOBEEIEEL TIRETS 2 L, RHED
e TR EH S Z &, REOERORENCRHRTH S 2 Eh b T, Turritella (LARHIKIE
DYEE DL L FI s EREE SR, SORBMEROTEELE LGRS,

V. 4 {bFEE O RK

MrEEakav @ U CE LBy bad, ERI6EITE - v/ R1E 1BE0 - % R25@E27#E - » =1
B 18, L -Ger43B46TE, & L UBEy v Bl E DL AR TH D, Turritella, Venericardia,
Pitar ZOF VUL, 1B1ETHE. Zhb05 bTRMCERLTWSORTERTSH D, L@
B DT7% % b, D\ THR18%, v/ 26 %, FRE3%, Bk v H1%THB. SETHRIE
Turritella, Dentalium, Saccella, Nucula, Acila, Cardium, Pitar, Cyclina, Angulus Thh, = h
L0 9B TREDOKIB0% 2 ED TS, [XH, EHEERIFLE0E0. 1%L TR 194 EEh T 5.

H6) v AD1BLEE, Dentalium ¥ 1L GEMT AR L AR TES A, 2EYERGER V2 THEELXD D, S5
DBRHYETS.
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ch b bEHOE BT, B L o TRKRES BioTnb. B &, {bEEO B L LD
fAfER oW Te A+ 277 8 RER L, (LEBHELREL,:OHELFE, UTro~3 138 LER

Ml E i,

V. 4 1 HMEREROLARE

CoBWoLERE (FI6E) ik, ERAEECIERENAS V0T, MOFEOLELT T, Bl L
DOFHO KNP FELBEr BB, LrL, HilofERoEMAEY(LARMThET2 L%, L
R OBR LOEES Hh L7 b, (WARBOMIC B - T, (bEHEORATEHREN EHK
% Pitar, Cardium, Nucula, Saccella O 4 BHOMXMcENHAEDEZTZE 1 0&EELL, Th
L0 4BLAT, BEENC BEIC LT % Dentalium, Angulus, Acila OFEWIHELYER LT, 0¥
DIOFFZRB LTz, SO TOEMEL - PEREIER - 1 b h oFbMmEER bR et
FikE LnT, B5RCET.

Nucula B (516K A - B - C) : Nucula 325% L 1=, SFIH40%30 K DR THEL, ©O\WT Pitar,
Saccella OEENE D, Zhbik Nucula 1 h H15%L HEGIERCEL, 20 Cardium O3
B0 NTORREY L OB TH 5.

W OGS IR & U0, AL 263 - PEESD 2122 Gk Pitar 7%, LI EME8 TIL Angulus
A, EREIUEE Nucula LFIERTEETh W5, LnL, Cardium QHEMNLL Eo o
Tz &b, ThbDOFFIRR L Nucula B ED T B, Fle, » = DHEIIFFITE 48
I LU 2 DAY, Nucula BEORERIC 7 = B EMb 272 D L HI LT 5.

PP BEOBODIIT, HIKH Nucula FHC X - TEET 5 & Ok Orectospira, Periploma Th
D, ORI L ST 5BV EDET, - ORIz EALELLWEIL Siphonalia? Th5
(6.

Saccella B (16 F) : piih 3 & Holh 4 CHMIEIRBY B B 5. T inb b Saccella 7330~40%
PlE% b, MBE10~20% U EoENS 5B THSL. O L C¥RECET % B Nucula,
Cardium, Pitar, Cyclina, Angulus Th%H. WYEORE LTE Makiyamaia, Portlandia #'2
DR X {5 —F, Volutospina, Solamen, Periploma %, = OFEEMNBEL TR,

Saccella-Nucula B (#16[9D - E) : Nucula 3 & Saccella Bt o> SRR 2 A3 5 56T, Saccella
& Nucula 2MBRL, #10%LIE (Saccella 318%, Nucula F521%), TROBE130% LT
BY, 2o Pitar & Cardium BZ0%LTORTSHS. OB - CHBCET 5 RIE, 50
54> Cyclina, Angulus, Dentalium 15X Ch%. BVEDE L LTt Orectospira, Malletia 735
B3 <BFEL, Siphonalia?, Solen 134 % b £ TE LI .

BLED 3#EE LT, BRI, PHMRERN11~12T, FEEGHESEOTISERERLL T
ATk, 1 EHMTEEGES 58~T0 HTH YD, ThIMLERESEGOTETCE L D b D i
&, Turritella, Cardium, Crassatellites DEHEHRESECEITS oh b 3BOMRHELEL » 45
ol b, BIUA=DEREELRENZ &, BEXRHTFLRE. ChbOH-BEL, 01—
FOEREWOREIDEHT2EHME - T B, i, 207 v— 7 OMR oL, #BhTs
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Cardium $ - Cardium-Pitar FEOHER LB THS.

Pitarg (16K G - H) : Cardium-Pitar FHZO\NT, & OEMICHIT 2T TH L. Pitar 57
30~40% (P1541%, BEXREM 110 © 61%) DI EEEL, Saccella & Nucula % #% 5~10% T &4
GHTHY, Cardium Z—2V P LagERREE L. HEoEs, CORCERCH>TE
+5{LH%, Turritella, Dentalium, Cyclina, Angulus (%5 %7T\Y), HAEDETE Malletia,
Periploma D3RI L v, Solen 12ip.

PO X 5 kit & o Pitar B3, Ui L, 036 - BB & B 2 O, MRS FoiEsrs 5
T b#o Pitar B, FIRO Pitar BACHEILC, Pitar DSBENI0% TV EHEL, ¥k
Turritella DEFEE.  ChEF U TEEO Pitar B3, FHHORBEL D & Saccella, Nucula
DEFRNE L, EH34a T, Saccells & Pitar ORI RBECT > THBED,

Cardium®B (H16ML) : EX LTHIPICEL, Cardium 5 40%P k (F150%) B L, Saccella
& Nucula 3 —§02 5 %EVF, Pitar 7210% YT oA L oW Th5.  Foid, Twritella,
Dentalium, Cyclina, Angulus DE¥%EBTHETS. MOEOREE L% Mammilla, Glycymeris,
Solamen, Solen 3 LU\, KrECHMINC X { T 5 Pholadomya 2SI X < Btk 5.

Cardium-PitarB (161 - J - K) : SEREROCERED, 4o ~&4K0 B WHRL
T\, Cardium 7320~30%, % L 0% Pitar 71156~30%, TR H I8 T Ex 55 0K LT,
Saccella k. Nucula ##10%UFChHHRTHB. = OMBIL, X FID~f Saccella-Nucula B0
FhEXBRTHD. Cardium-Pitar BB - CEET 2 BIE Turritella, Dentalium, Cr-
assatellites, Cyclina, Angulus THBHH, TeinCTh Turritella karatsuensis 1%, & OB\ THE
BORE (FH10%58) TEL, COBLOMEDIEINDIE-»Twb. ¥ Crassatellites 1%, Hfk
Boediowdt, oloRihd, oMk (HEELTWS. BPEDED L TIX Volutospina,
Glycymeris, Solen, Pholadomya 73X {tEoT\%. &< Volutospina DFETEEEN, o
BLT WHLB LLEL.

Bl be ot Cardium §f & Cardium~Pitar §fiY, & &R 53T, Nucula, Saccella, Sacc-
ella-Nucula DEBONEATFTRECTHD, & Turritella karatsuensis (X U L LTEE 2
O b8BT STz b, Nucula, Saccella, Angulus /i~ &, FHBRENISE\WC s
DEBEFLTWS. &, ZO/A-7E, OERLD b, POPEEFOHERERC L B
THEATSHS.

BAM (J16IM - N) : Pitar, Cardium, Saccella, Nucula ® 4 EEALERRO L EED %
PUNE L, o, D SR EV S ERMER R DRI RTH S, b, 4 WO TEIHERE
i3 Saccella 8 %, Nucula 10%, Cardium 14%55% L O° Pitar 21%C#H%. Ll EDiEs, H%H
T Cyclina, Acila, Angulus 35 L. O Turritella %o T\w5b. 0L 5 ek, chxcHBL
TERRCAROMRLRE LI Th D, Fi, HABREOLAREOMR (H16MS) CRELIL

HE7) X EWHEFATIE, FHBIBC ST, Pitar BOMEE Nucula - Saccella OB LM 57z, L, %
Dk, FAMRD Pitar O EZRD L, RBE Nucula F - Saccella o710~ &, ik Cardium P& LU
Cardium-Pitar FO 27— 7 ORBBEHRE LD LTS, Liha T, Pitar B, Y550 70— 7 OLBRCHE
BE, X0EETHLERCZTECIITHE.
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T, Fiobb, BEHOMRL MENEROMES, oL PHENREREYTRT L0255,

O BEDORD 23Tk Valutospina, Makiyamaia, Pholadomya 7%, = OBk X {FEfEL, Ma-
mmilla OFEHTITHETHS.

AT 33 5 8008, B4 s <, Nucula, Saccella, Cardium, Pitar »¥Z(LEREL
ST, Wi, 4~5% T E LpELRGER, FHBIcHI0% s muHRTEMLTW3HTHS.
ChbobERCL, FEAEEEY, PEHLTESLTORRTLAEER T, BTrox
53FE, ZhETONTERHBCHRLT, MR - BFOCEESR AL LT 5.

Angulus® (160 - P) : CoOIEE LCRFEL, BlTEL Wi, Angulus H
4093 < BET B & LTS b, Saccella, Nucula, Cardium, Pitar 2vhicEEThH D, BEE
BC Angulus mazximus D EED I - R E R T, MMoFC < TR EKS D2 & (10
LT, 2 6Kk2MR), Turritella karatsuensis %3 LA X EEMT & (1 %LT), CyclinaZ X £k
52k (FHT7%H) LEl, ZOROBHETHS.

WYEOB T ORTES & DI, s Tl Makiyamaia, Solen (3.2 OFHTIZ &L A
LEgELw». —7, BEREROCERERMCL &0 THils Ostrea sakitoensis 7%, JL#EOEHS2D
FEC e D BWERTE TR TWS. Moo Angulus BHTIL Ostrea g Ehi DT, L&
sttt b Ostrea OEHNL, &< RFNTREEALEIRS.

DentaliumBt (316 R) : Dentalium #20~30%LA LEEL, FE(LHTED Saccella, Nucula,
Cardium, Pitar 3% 5~10% CHEETHHTHA. “oEns, Acila, Angulus, Cyclina HAEHEIC
A, MYBEOBORTE, Mammilla, Siphonalia? Makiyamaia 7 OB Y BT 5K
M, Solenkix & A KEEL L.

AcilaFE(FE16KQ) : WA, Acila h20~30% DR Tl - IR L " THTH 5.
T 5 BI: Turritella, Saccella, Nucula, Cardium, Pitar, Angulus 7Y Chs. Crassa
tellites 1%, fhD(LEREL D & 2 OFACDE - T X {Bifkd%. —75, Dentalium, Cyclina ¥k, =D
CENTC, bo kBRI, FLREDBDAA T Orectospira, Siphonalia?, Solamen 7\
DR L fEoT B,

LA R Ui AbEREDE e, BRI 2SR E LAY S S, Ticbhb, Lo -
743 X OTSDILERHP L THS. ORI, My v a2 A - BREKSETEHRETL,
EREESODRBEENTHS. Lil, BRALIEE, + VI HIEENEROMBRHELD b,
MRS O LERECELT 5. oo owTE, Bl - BERLLETRLTCHSDT, 22T
L HMB LTS, BITMA S I UE 7R, YO LTRRLE. ok, difokhh 62 ¢
13, ¥V BA% DOERE 5, Ostrea 2M9% TEEN513, Cardium 3 X O Pitar 2347 ~10
BTNEGThTEY, BRE, EEMO v FY, Ostrea # & Cardium-Pitar B FRRHIRER
A VIR b s B ERLTw 5.

V. 4. 2 BEIEROLEHE
Y ok #bERL, BElEROLERECE L, MR SRoMEE, b LAFH TS
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ot ChbOEBMOBER BB O LA RE L, ki, BoffRKo@EEEECKE ik
BHBRBETER

CHERH LT, DTeo~% Turitella F L Ostrea B, WHEBEERETEL, 3 LA LB
LRERINABTHS. Shb 22, MRE EROEEMRALLRZEAHCEB TS &ikE
EAERL, FRENWBT LBREBEL TH 5.

Turritella®t (516X T) : Turritella sakitoensis 75, Fi%60%, WHEI0%L Fx HHAEET, b
Fpic Cardium, Pitar, Dentalium, Crassatellites, Ostrea F0ffh 2 ~3 OERAXEHZ L0H
B. EBZERLCOR, 325 ERCTERuD, BORELS Lkh, 4L ORMLEND, F
BoOEEFNFR L REEC Y » THEET S & L b o T 5.

Ostrea®t : |2 L A ¥ Ostrea sakitoensis OB TR E 5. N X » C Turritella saki-
toensis, Chlamys sakitoensis J 5\ L Pitar, Cardium #&Tsc b 5H, FOMOBEE S &
I, BEAE V. foks, FHIROMETE, WMBOBEHEME D,  ORIE »FTOREH T LR
TEighote. L, EHRCRTHREORE= 7 C, Ostrea EOFIERMIALITIZD, W DBD
oMM BT EDOFESEREIN TS,

V. 5 (LEHOFRFRY - Higey o

WIE T L e BALABO ST, ABEHMT % Ostrea #E DX T, B DEBIIZ LA LR
EXhD. XHLICB - DEBRCKT ALAROSME, BFYN - HRACEELTW5. FITHA -
Bix, {LEEOSMEHEAYBRINCRE LR THS.

V.5.1 EF IS T

Nucula 3 : 63 - HEO BETH, B LOEE  EHRODE L E L LTHMT 5.

Saccella T : B O D BRI ERRCET 5.

Saccella-Nucula Ff : Nucula TS LB TS 2 L2k {, & LTILE - RO BB
AT 5.

Pitar B : XL LTCDBROALHTTS. LK, CRCETS3DEOTRMIOIEEAC L E
+5. FLRBRETE, DEEEOMDERPCHENERY AL CHEETS. BRIBECLETSS, D
Bl L Thio.

Cardium Ff : B0 BB hic- THMhT 230, FMRODBETHCLEL W2

Cardium-Pitar 3 : RESIRZEL T, B DEBROAL ST S. &, dLiblitothigT,
BEEREDETHRCESHMLTVS. ok, JIEMEoRME/c L2 &, LRCLELWCRBC
%, FABRCOCBEROEEREBBNCEL TH5.

FAR: FL U THEODETFHE LU LMoL, RERRE v BETR, LEEtic
ELTH5.

Angulus Ff : MOMEAHE D B - DEBCERINCHMT 532, REODERHRC L ETS

Acila B : W0 DBEHRICET 530, KIFODBEFHMCLEL TS,
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FvERE: EL LTCDBEORERCAOTT 530, ABCLELTNS.

Turritella T : BRBIC/HMIT 50, BT Ostrea BEBELT, ABCETSHC L0055 (FERE
RO —AHIANE = 7 DFLR).

Ostrea B : 3 LAY AR SNS. ABORNTY, REBSMEOEYE, & IORELRD
BEPETS {ELTVS.

PERBEUT, HREACBERECHBILEREFIRTS L, 2¥0LihThd

Ostrea Ff—AJ8, Turritella % —BJE, Cardium #—BJE, Nucula FH—BETH (KIIEFAHT -
B % L 0D B (RIS - FEER), Saccella #—DEFE, Acila #—DBHR, v v = B —DJER L.

V.5 2 EBHMSH

Nucula T : BATELZ DX NT, 2MIRCHHTS.

Saccella B : HBOHA—HE LAMORNIFHHECIRESh, Wi - BERCITEL TN L.

Saccella-Nucula B : i3 X OHIRC S5,

Cardium 3 : FOEFCEL, MHIRCIEAShi.

Cardium-Pitar B : 2R T 5.

RER : &M HMT 25, ELEHERELEL TS,

Angulus Tf : FEATEMAACE L LTHMT 230, HFENEMO—HTLET 5.

Acila Bt - Dentalium T : B HA4 5.

v bR LORBENETRE L, M TIRBR I hi,.

Turritella B : WiiwdDh & LT, XRINFMES XORMEMEECTHHRLCE D, AN - H5 -

HEIESAR L.

Ostrea T : Wik LOBIRTEL T3,

DERENTSE, DEDEEDTHS.

MR AN AR oA 3 B b ERE © Nucula # - Saccella-Nucula £t - Cardium-Pitar 3 - Turri-

tella T,

FEEUT IR ST 2 (LERE : Cardium B (FFHK) - Saccella T () - HAFH ORKE) -
Angulus T (JLH),

1 HRCEERE S h B LEH : Acila B (W) - Dentalium F (Il - #5).

V. 5. 3 {LREED L HEXSORR

LBEROHTRD LR BE L A5, BHRES SEAHEOBR, X OLaEEM oMK L 27h D
OBYRLEE TRCRE R, HITRA - Biold, {LEHEQERK - HIRET 528 h O 2 BRI R 3
nTCws. LHEEMOSERT, BRIEERGOBR L—HLTW HELOLWT, EREIKT
AN AN

AJE : Ostrea i\~ LEMEHETHS.

HE8) HHREOMEHOBMKY - THETH ohaEOREY, HYCEHEHTS.
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BE: fAENETIXBEYE LT Angulus HTHD, ZoIMEREREN DV, FRC B
Tik, BET#E Nucula # - Saccella-Nucula H Bl b, it Cardium-Pitar i - BE B4
ThHDH. FBEZBUT Turritella E b\ 25, O BEIL Cardium #{TREINS.

CE: &% UTE{EHTH Y, B Cardium-Pitar BT BROMGEYELTCWS. L
1o THITRS YO 781 S v 2T Cardium-Pitar - LTRLTW5.

DJE : FHILAH (BRE, 1926) LHRdhaEAREER, BRECLKLT, LEHOSHI EYE
CSBETH B, REEE (1971 B, HECEWT, DB ARSI, KR TR, ik
ML o AER LT, aHEETEELL.

ALEBOMEATES T TIL, DIE T Angelus f1TH 5. DIE_LBIZIE ST 2:10m OFRC Cardium-
Pitar #1 - Saccella-Nucula 3 L0 v HARD bRA. “hb 3, BE¥O Nucula # -
Cardium-Pitar ks LU v ZhPhilbshs.

IR T DR T Pitar CH Y, Zo ML Cardium-Pitar —BEWH LR -Tnb, 20
&, MO Cardium-tuwar §C070h % L& 2 Hivs. DEARE, FFRHIKHET &8 A—HHL
Tk Saccella fHTH Y, HEHEFEED BIECHT TL, Angulus #] - Acila flETn-TWw%. &
O Saccella HHILFEANES OB TIXA bR, DE L Dentalium 47 - BAWHTHS. o
EHOTILHS & Wi Tk Cardium-Pitar {80FFET 220 B CRRELRER S, DER LRI E
1EEHTHS.

M Tlk, DETWIE Cardium-Pitar 1ThH%5. FEEF TR, ZofEIZZFh T Nucula N
T 5. Nucula fOJFREE, I D Saccella 11 v & TALE fEE Eh b, DE R Cardium-Pitar
& Nucula HTH D, BHEINE LD LEFERC MY 595, Cardium-Pitar #UY, TRi~rkL
WECEEIND Cardium-Pitar FOBEMEIRTHER ST bh, CoBEBIIEY - RiEomERIC
B BMERLC . DERLERD, BFCELEH, Rty = LELERTHS.

Rtz 7B 2 EHORE « RO bEHOBFERIL, MEOBRHOTEC L LSw»TE
TTHhiebDTHDHID, FEEFBHLCHRVIBRTE, CEHOBENED L - T
PEABLERDD. Ldi-T, FEBOBHN MR ORI hRHED > b, EENEET
BREATHBEDH ok 2 R OWT, DTEHRATS (F18K).

D25 (ATREEEERTRHEIZE) WIE - LA—HBEUFABK odEE, ReED26 (R
115) RN - A —HE UK O Rt Ac T h ZhirEd 5.

HROBFICHIE LT, #&5.5m /NI 2 7T 5 RIEILE OREEIL X bbb T o2,
BHTHE, WEROBREAHEETSZLIXTE%. FI8KAA5 Ebhb X5, D26RHEDAFET
1% Ostrea BHET 130T, {EEFEELY. D2BRMETE ABIER &1 L2, HEEEEe
Pitar )3 Ostrea L L HWELTHZ0M0EEZh5, UL, MRMELETT, AEE Ostrea #ix
WLEMEHRE RIS,

BREWOWTHS &, ML bIC 1~ 2 WoBRE Turritelle FHEBH D bD. D25RMET
1%, BETIHE Nucula BEHEIWDERIEL, ZhIXEEBBETHCHKTS Nucula HICH
BB EEZBRD. LhL, D26RIETIE, Turritells DEIMIMEER LI L.
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B8 Il - EAMO 2 R 2 7 e B 2B BEOB LT ER. D25, WREXRKERE
FE12%5 304 5 D26, [Aith115 sk
Figure 18 Sections showing fossil occurrences from cores of two borings carried out at the
district between Kawago and Taku
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ClEr, MRMEE Db LIE LWEEEHETH DS, D26RMHETIE, RETHCI T Cardium
FEHE I A LAHAH B, ik loR#ERFIC T 52 Cardium-Pitar FACHE I X 5.

Dz, WaR#iE biefbEE4EL 5. MRkdEx® U ¢, DE T Cardium-Pitar #f - Pitar
WCLALEREL, RSO DE TIlOLFHOBEEC—HT 5. DEPFHEO Nuculalf Off
TEL, WD Saccella HICHIGT B EHLRTL O LHEEE LS.

DB EMOBHEOWT, D25RMETIL Ostrea B E: L, ZHIILILIROEWS2D Ostrea %5is
- v TS R CIR i E B h B . —7F, D263ETHE, DR B b AR B LT e,

Plba@@ld s &, 27l safmEEa i L2, D25 - D2emipsEo LA o RFE,
W oMF s s LEEOBFICA KT W T—FHLTwb L Aabh 5.

BB EOEFHE (E1OK) « iR CIAHZ O CFEBI BT, FEMETL, BREOL
L DM B PHEACEHT 2R T ER . LT, RigorEBoEEORF L2 msic
4%, BEEBRNC X HAaulie Sy,

HHETEST O T b i HI4EREERS) o 2 7 & Feid LIk EE, IR 3 hb, Chic X5 &,

1) ABRERER EIELL, Ostrea FHIEE LTy,

2) BERARENCLEN D, BELUEREY Nucula BT %, %7 BJBicty Turritella

BRI L.

3) CRIMEAR i L.
4) DIFEBECHIELT, Fo tbERBETHS.

5) DETH - Ity Nucula $ - Pitar FRoBELT 2 bERNET 5.

6) DB LMY Nucula B - Pitar Ff - {RAH# - Cardium FRQ R OMERPEL TR Y, &

SRR HNERTHS.

7) DB ERBEIMEAT LE L. RSB T, Venericardia subnipponica OFHEIEH

BBH5.

Ll kogsE» b, FHOBEEZ MO & RT3 &,

i) BJEWIL Turritella BHEBE RV &, B IOEERPInC &b, HHOBER, EFO

FEcELT 5.

il ) DETIB - D Nucula Fr it 5B, EFODB TR Nucula HEBE DD LE

bhb.
iil) B DAEELBELC, FETIMHIEY 9 & Nucula HIDEHTHD, Cardium-Pitar $i5\1
0.

iv) Venericardia B JH1L, FEREOMMMIKCRBR Sy, COBERLAKOERD
Venericardia B3, peit{RIRFBMO T/ MEERIC T bh BB O Lifn 5BE I h T3 GF
k. 1963).

Pl B%C, FHOMLEML, b3 /LD b, EROEHC BT 5 AT 52, &6
ik, WRIEOLERLFET S E W25,

9D HEIRE R .
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- WIREIZE LT, BRI - S - 2 X OMEREERIER D I o R AR LT\ B L #
ZBhs. LY -T, WHEBOEROSMREDHELZERT S0, £HHRbi» THE
T - RN RE T T T ) RERSD. Linl, TSI TREKDESORKE LT, Bk
RE 0 LRBIKT - TBES AR E OBRRN B, S, (LARBOKE: - BESGAEZEEL, =OHH
SBEOBHES SO EROEHONHE XD X 5 sBliREk L ok L b,

B8 ORCEREOIRY: - FES M2 M5 b ER Licfikiz, FE—3% (1956) - 4 (1961
—1968) I X o TGS h, FELIKERR RPFSAMConTl HDM g, RESMFTOWT
4% VDM Hif) OHETHS. oFEE, MEHTHERT IR FRESWT, FhE0HED
ACSE R S - Bl KR Smofiflx L b, CosmfliflsMbaRicd - & 44 S BT
BORRBHETHS. MEEROMEH L b OB ROMEFIC DT, % X% oL ERR
DY, FHEZRUMOMAEROMITCIE, ZEAEFERIRLMNRHC Eb, T OREYEE

& Climatic Zone Marine Environments
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Figure 20 Horizontal and vertical ranges of genera of modern shells living in the sea around Japan
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B OALERED RN FH T 51D TEMA LTIk oS, Bl ait e &R - F BT
TEDREDPADG, BHRTIOFEERLI.

AW, BMEOHCELTL, HETOoBERXEIECLTw5. Tibhh, BERET
DWW, ETHRBOKE  BESACE#MESWIc &, IV, EEFHCoWT, BTk, f
BRI SO R R ER Licc &, BED2 K Chs. FoMBE LT, MEEoWTUL, i
BRoMCETECE, BAEREE 0fE N nl, BOKBTLAKE LWL, BECOWTUL,
P OREEERT, (RS RZ b T ELHE=SROMERC L €, B E b T
tnwZ s oHERE T bl 5.

V. 6. 2 fiEiiRORRE LTOREBEON M (201 - F21X)

LB AREOSHRAL, Bo v CHERFLHBTHSH, BO VA TIRIETRL .
¥, ML OEBREIEADL LD LR ERRL, BEAZETR TN, LiehiaT, HEBO
{EAEFHEO KM L B2 oditiy, BAEREOBOKY: BMESHEEXFIR T2 & b kLW & B
.

BAFEHOBOKY - BESMOMML, BLEThI T XTOBEOSMERIET S Lt Lo Th
Lo bhh. HRE, HFEEOGEEEELRFERROBOKE BESMERLLbOTHS. ”
o, BIAORTEOEIRNT, o HHAEECKAZ e ThS. FRIEROIEREE LicEL, ZhET
ChAETAESh, 0, HKWE L -8k, Tihb b, REMEX - PEEEE (1952) - B
(1951, 1961) - P¥R - GHEER (1965) - WK - NEAT (1966) - +H RHTHI (1962) - HILHE (1966, 1970
a-b) OERTHBE .

207 ot B X 5, BHAERERIE, BoRETRT, KP - BESTL, 552 EVHACK
EEBH) (Ostrea 13 LIRHEHLAR, Fragum GERERE) Bb25—0, BE L TOLSMNREEKC
bbb bonhsb. BEOHE, FREMES AT, RBSOBEALGMT SHEY, £ OBoSmiE s
it o EMENSEEZ DWD. Tiobb, ERTOLE, MoHBEBENEWES, TibbER
DG, FDB/OKED SR & Hic S h 5.

BAplaRT L, B2E, LHoEMN D, BT +— P2/ERLEIOTHS. ARELS &
boind X Hie, Turritella OICPHMEIMSOELE, Tinbb, HEHH» LEME CAHMCHI -
T BH, dbiR4lEDILO AR T2 0 2 359, Lird, ChbilsiTHUEOEECL
DAL T, ol0fEE, TN CTEBEMUFEOBIRCAMmTS. ol thb, Turritella BD
KFAAE, B DRSO E CLBET S, Turritella OIEDAMCONTHRD L, TDEICE
bhic 48T T2, BRI SIRIHC AT 2 0C, BE LToRmE, LR —mEkis
EHETS.

Siphonalia W O\THh5 L, FEOKPHMIBEH I DHEREFICE TR I ATV, RBLTHER,
THEI0) MEOBSHCR, dokTR X OTAEREC 11 3 B0 ARAE S & £ TV 5 2, EROKEBA BABDERCHL T

B Filo, BENOURKMEMNE - BRECET R85, B REECHETIZL0L), BEMCIHWISTHS, L

2o, COX5UEESN RRBOKT  BEAMOMEE, 4%, EHEOBMERC LT, HF, s IUE~N, o
BB ANEREh B THS 5.
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WIEHELE R AT 5 S 0 28 (ok LBEIRC S 546) ©, fol3k, EHLEOBE &<
BT R0 bW RS LT 5. Bhbsn D, #H isi% Fio BB & 82 oAt
ERLC, FBOKPSAEELIERAGS» bR E TLHELT, BERRIFRO D DEETL b
Wi, FEOEESMCOWTE, R &R UFE BT —Hkigar L HE L.

LR A 0B LT, FEEOLEREORKRRICImT 5 BA L EO BT oWT, HHElRIER
OFHE L LT O ARFE A HRAE L.

BAER O SR OPEC B\ T, LA Cardium kishimaense WX+ B4R & LT, Kl
- KEFEF - A (1960) I LI - T, Fragum %% B\ iz, %1z, % HMakiyamaia, Angulus
CETAEL, FROEFTOL L ~2HCT ERWiD, T TR, FhEROERRE Turris &
Tellina DA PA LT 5.

BRIBRSCOWT : CCTHEAL TV AEERSICOWT, KBS AL (1966) oflcicb - T,
B (T) - WEEE (ST) - BN (WT) - IR (TE) - % (SC) - %# (C) »6KFEHCK
G Uic. TEATICDWGTUL, KU (1952) @ X - CRIAARS, BREHE (N0) - EEms (N 1)
- R (N 2) - MR (N 3) - TIkiEis DO (N4) - HEEHbE (B) win
Do Thb.

V. 6. 3 {LEREOHEEMEOER (22R)

HALETOREMINL, HRRKREh%. 1HOMTC, ERILKTESHES b3 HDM g,
HRIEE SIS Ldpd VDM Hi<cH 5.

¥, M2 ME U THET S &, REFEOEETTY, e & » Tl S E i
T 2D, TORFAFHCHLhD HBROBOELC BT, —RI/NE. by, AEEOR
CET %0, RBico IR CET 2 280, S0 0B E0%H - Th, MkHEBoMci:, BRL
B EDERR LRI,

{ERRRC ST 2 BN 02, FEBEG A BRI L (LR OIS 7 bkl (522K A )
R E UTHRET iZdon b o4,

HEEFACDNTHD &, ZAEERHOBE MR, WTFhiESE (WT) »EE (Te) we— 270
bHY, £OE—7 bREDB~0LDOMERE I E o T 5. Lichia T, #EAROEE RSO HZ,
TCERH OB B O£ 2 MBI 2 5 LB EOBINCHEDTH B OIF, B - W .
FHROLELRTHD, ChMEAHMTrED D35 v #R ALK 5.

FEESMCONTHS &, BESTEEBBRL, KPOMEHEIR L D b, (LERECS B %
5. LHL, €= 2030 ThobARCR T R (N1) B2k hds (N2) ©f -
T, TR Th20~30%REOLELRT. Lihis T, #EERMOBRE S IROZEL BT
ik, ©—7 O, WEET (N 3) - FliEs (N4) - B (B) o&lhRokvg Kikd 5.0
ERHD.

BENERKOCAHEOH MR © Nucula B2 Saccella-Nucula T (322K B - C) 13, KF¥4H
TR 36\ T, B - AV ERO LEA T E20% LT TH b, Saccella - Acila TEE%R 0
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F LA OEERIC L BT E~10% T EE-C &, TSEHFEROLRNISAET, OB HRT
D LIRSS, BTl Nucula 1%, Saccella-Nucula e < H-NTHESEHEEO L EM
B Dokt B Y, FEEOLAREO LR L IR L a5 LEE S hee
T\, T, Nucula B Saccella-Nucula FEORMEMIBIL, FHiucSrE g (B2KA) &b
HECHERMLAESHER LTS,

Saccella BONFHAEEMBT, BHCE—~ 27055 C ETHERTT R5. ILa Lo o,
BHEZEOLRIMENZ EBRT, OB L b & Nucula B Saccela- Nucula BRI\ DA E bbb,

P Eo 3{EAHOBESACOWTAS &, FEMEOML, 3R LcENoBERT. 37
b, FREWC Y- 275b 0, TR EFETERORLRAERLh15~20%ThH ), oL
Il h BOEEL G LS.

bl ER BRI T, Nucula, Saccela-Nucula, Saccela o> 3 8L, EEH7nu LIES, Ai%ipss o
Bl e m TR AT T 5.

Cardium % - Cardium-Pitar # - Angulus BOKESAEEBE GB2K 1 ~K) 1, ##EESE
P315~25%, WEEHERHN?20~30%OHETHH, fhofbaht, & i Nucula Bf - Saccella- Nucula
FF - Saccella T#L 0 &, e D EGCHRE TR T LCHEAROEOD S, Hl - SEHTWERO LRI,
Nucula e & X 0 iEnis v E.

FENSICDOVTH S &, Cardium Ff - Cardium-Pitar TR, ERFHFCVWHUD LWE—7
DB Y, FREHUTOEREOMICKERENLLNS (15%H ). < oftdiiomt, ok
BoThb &R, rhVERLIZEVALLTES. Tho 2baHoEimE, 133 LR
O cte i

—7H, Angulus FOBESMIL, LR 2ELHOLhEE, SRBYRCLTWS. Tihbb, [
BORMMRO &~ 713 LRIEH R RETHC S 528, MERBOLROZILINTHY, WE
FEHMOAFOHFIIO0S L ETH - T, MOBEREOMCITRERENDD. DO EMD, Angulus
TEORMEIBNE, RS DI BRIETC T COfiFEZ R L, Cardium %f, Cardium-Pitar #o
et ORI LT RRE & R h 5.

Pitar ¥ - Dentalium 3 - RETOKFHATEE MM (22K F —H) 1%, Nucula, Saccella- Nucula,
Saccella © 3{EAROBHIBIC < BT, R EAHEROLEN 5 ~10% T K ELORH L,
MSEHEROEL LFE AL D 4 5 %L EE. ¥, Cardium, Cardium-Pitar, Angulus O
FEEBCHIR LT, TG - AR ORI % T EEGAS, IR - SN ER o kR
BRUTHA. U s, Pitar # Dentalium ¥ XL OREHY, Nucula Bilc &0 7 n— 7 L Cardium
Wl Lo 7 r—F Lo gL =T b2 5.

Pitar Ff - Dentalium Hf - [REWOMESEMS A 25 &, LRIEHLPREN ZCE— 728
HBHEOEThR, Wi T R O TR TERER Ry LT 5. BEOBE
ik, PR AL UG, R & R OMEROLRINZIEFR L TH S, WThice X,
RS LIRS § COAERBMOREDEIVNI N LA, Th b 3 FoOTE /AR R o 5
HThB.
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Bl EDifc Pitar $if - Dentalium $f - -G OKT - |EHTHO B dINE, FRESEO(LER
FEOPLFFERRCEELL TR D, A DL T, Chb 3RO KTE - BESML, (FIFEHR
OB HEOMEY R LT\ 5.

Acila BEOIRY- - HBESAREHEREE (H22RIE) 3, Nucula TinEosr—7k, BEWHLLEDS
A= F OB ORI A TR LCW5 2 &b, Acila BEOKF - MEASMI LR 2 71— 7 oA
FERT OO HRE Y o5 LHENEh .

BEREROCEREOF MR « BEINERY v T Twritella Bt L Ostrea BHL, 3 & A L1
BOCEVEERECH D, TRAC DLW ORI L 225 T, Lo, FhThIl Ao Turritella,
Ostrea OV« BMESMNZEAEZOEEHbbhEHICS Z LXWbNTHE. TR il
OB, ¥ LERBORL Ik T - BESMEERELESL LI LD, LEFOKF - &
EATSHERNC YD bID B H D DT, 13k A LR~ 575 EERC oW UL 2 55 <
T B EIRAR .

Turritella FEOBE, FOKRY - MEHAE, B Turritella G OIRF - TE A (RBLUEO R
B~ TR CIE—8+ 50, FBCEES bE Ostrea, Cardium, Crassatellites (#0.7~
1.0%) @ X5 bR LHIRIEHC 2 < ERT A E Tk b, Nucule s ERGIKIIC L EET 5B
FEERTE, APRTEUEHAIDETHS L, ERG DA TRAMIKEOBELL ) Tk
g o ki & 0 BEND, Turritella BEOIRP - TESANL, EEO RGBHEALEHEN SRS,

Ostrea BHCDWTIE, BECRBOKE - MESMA, EE L TEBOBRF R L EERET TH
BTk, Ostrea BOERE LOFMOERES, FEOD BWKRCBT 2 A ERT2 2 Lhb,
Ostrea FEOKF - THSAVIBED LREHHURE L2 h 5.

V. 6. 4 $HHEEEICRTIEREOKTE - EEAHOER (23D
BT X o TR 2 b Uk i b B R O

—————— HORIZONTAL ENVIRONMENT

e A - BEAAE, BAEICER L 07 H28R TS
N
0 “ 5. AEECHT, B (T) - B (ST)RED
N SRR, B (NO0) - BSs (N 1ikso
L Angulus.
= ; DZntcllum, %Eﬁiﬁgﬁbi: 'ﬂiEﬁ@ﬁ‘sF“ & E[E%%ﬁ%kif]’%o
g 3 Pi_tur. y B .
§ ?| Mixturg ACHG LoD RETH T, bzl Nucula FEOIEE ST
&N S s Pusiio DAL (N 3)ICAFE Lic &\ 5 BIR TR L.
= Nucula
g AR AEEROMLES, MCACERMORRE
=4 T - e AR ORI R R E s
¥ ARERS X5, HEBOLEREE, WH»
MR ECBHOAT - BEFHOW  pmgmiicsd €, % L OB DIEEHIC LT
R R e i
Figure 23 Relative positions of fossil ass- OFIRA HH T b, ZOHEAD T, HEATE

emblages in paleo-environment WD R HADIEER FT &, Ostrea %, Turr.

itella ¥t - Cardium 3% - Cardium-Pitar # - Angulus B¢ 7 v — 7, Dentalium Ff - Pitar B
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RBEHED 7 v—F, Acila $, Saccella 1 - Saccella-Nucula BEd 77— 7 TH %, Chbofhiait
DEESANCKRIT 5 ETFBEERDO 5 5, EHEOM»LEL T, FTMEEIBVEEZ LIS Z LI,
Ostrea FRIMOLER X b L BWIEROERE L\ WH 2 L, 810 Cardium B /v~ 7 & Nucula
Borv—F Lo, EESMEOENRSL L LTHD. BABO I/ Vv~ 73V Acila FEOTEHR
AL, EFOW S v — 7 s b OfiAEIEHET 50T, HEAGHEILTE R

RPN THD &, BEEROSMHEIIE LALER I G- TE D, BMEKITSC &bt
EECH 57, Cardium BED 7 Av— 713, Nucula BEO 7 v—7 LD h, SEEHWGEHRICR LTy
HEEbRS.

V. 6. b #HEHENSHRIHERBADCILARIHORELCOVLWTORR

P BN T, FORZA RS 5 3% LA BRFE - SR LT 5 O, BBy
ORI OLERBREEOAER L, BB OMNE - WM - 28 X OHERERIER & oW T DR
HArdsEFELbhs3. LhL, WEZIT, HFEBOLEROSMHLIE LEHERC DN, &,
TR - RSB ATR 5y, BEOBHE R EHEIRELTE D, bl &6k
kD LA LR IEER OKT - BESAD DT E .

ETE LR, HFEEOLEHOSMOMEL, BRI oGmcT &, RRIGEFELEL TE
ARFOMEIC IV 5 BFER - IR/ o 1O Cllfe b B 5 BRIZ TS, Sh it 2 T
W, SEMFAEIC RS BE— VS Y VIEHE - v S Y VTR - (RO OB X Tk
FHBEAENEZ DR, U, BEEIERE T SR - ik BE - ho@ER EOREAR XU
WREOEE - WESELDRL. BIECOWTUL, RIFECR W THENCT 4 4B 2 Hicbh
fekiivzins. L L, ¥l 1 BHOEEHFI0ZTOEGBR LAE L Angulus 2%, BFT
o TS LM EERCEEh, 2o X5 nlRoR (Angulus B HHEITCESTL, fuisice
EAEZ BRI C &, Cardium BFPBERICRESATHMTECE, BIUEOM Do)
i, ZhboMBECETAREMERTH 72D, HBHEVCVTABNLEREDERTH S LITELH-.

BHEOHERAT DWTL, HELLKAEEHOMEED 5 5, Yhahs SEA Lokl 2 o
LG, BRIC L - TE, LSBT RV S Lhiowds, EEBABHEELE bR M5 o
Lig, FHRCREEEEL bR, L, HFEBOMAER, & JCREERESCET S HRENERDOS
{LEHROER, B IUHACHHLS LWHERBEO REN BRT, D ki BENERO A LR
DAMHOMIEL, KL OMIT & 5B OBE) - RO MARIIEF LT e, Zots 2hichd
LTRASBOFERYN - RGN 2 08T 5.

{CERONHORELRBET 5H 2 OBERT, HBUNOEETEL. ThICoWTIL, RRDES
BHWIEHTRIIDEIC R L CE LT\ % Ostrea §f - Turritella ik, JciEd 5 EEMEIROHEILH
&, oL, BRe—HYELClD, WENCHMORFELEH - SETHEILLEE L O
B2 BB Elbhs. Lal, ThEBEEC - T, EELBFT 500, KEOENREEDE
Chbbht, Rk, EELDMORACBEREDD X 5ICHAZDEOMNE, SHBOBHNYVELT5.

HAEMB IR L AR CIL, Cardium T - Cardium-Pitar BEHvhTFHCMORE L b 422 E D
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EEARHLELTVA. UL, OARETE, 28 SHEoEHCEI 22T LAY RD
Hig. Lichi- T, BEREROMCEHOSHORERD, EELRHNOBSERICER Sz Tk
Touss EHERIT 5.

HIELOLRBERE, KE - KETHD. 202 BEYEBEIICTE Licon, LEBROKPE - &
EHAMTHD. SFRO2X DI, Ostrea B LLOAFM, Cardium D 7 v~ 7 & Nucula 3f
D7 A— FEICIE, ThZhB\EESACET 220858 bh, ThEhHIENEE L Y BRI KRED
BWEWIFERTH T, D L, Ostrea B, Nucula By r—F, Cardium BED 7 A—F D
SMOMELHE LB LOOEREELBRS. L L, KELKEIEELBERESBLOT,
B Nucula BED 7 Vv —7H, Cardium BEO 74— 7 X 0 4 HASHENCEGKIEC B - 7= L iLlE
TEIL. W~ 7O BN, ZIEFBEORIICH D, WIBREE XD LB EEL,
BB AT R R L LB 2 57 BIE, FIE O S ORISR T <, AR B
BrrLwz Lo wE, 2T KR KEOELLVMEEHOSHICREMFPEY B LF LhT R
EEBHZEFTTEv. L LEEBOSHE OB - SR S (EEFE 0570 & OB EIE
TH L, ROGIEHICME, SRRSO EE LI $ R 5 3G AT S BRAEVOTH-T, L
TehiaT, ST, 0EET, (LEHOSMORED, KRCHERYEHZ LMK 5.

¥fz, FHSNV- THOKCET, B IO/ — FORBIMEEY S 5 RAHO /A — F1eD
WTDGMORIEL, S HHETKT - WEDMCH bR - 0T, KR - KEOBIE,
BHBHCIEIRE - KRUSAOEH - KE - 3R - MR SR S h iR THS 5 LHERT 2.

PAboigdn, (EEBEOSARORECERID D & B s SRR - BIRKDORE - PRBE - BlKE
E, BRI RESLOER DL, ThHICOWTL, SHOWRCEDZ LITTS.

VI. BEBRBOHBICI2DNTDEE

CHETORTCELEEBOEM - BEOEL, B IXOMEAREDKTE - FBESM» D, HFEEOHE
AL TETOEEEZTRS.

VI 1 e ah o BsE

FrEBOHRM MY, JEERAMNSROEE=RATH LEHE IS X5, FRRHEOIIIC
A 4 %, RERTEEIC I - TR LS RELD 22 LT tiE S h 5. SbhrEnd
N, okt BIEOTEEGEEOMBICHBAFE LIc Z &1, IFFRER ST %GR EFE
Wi (FEFBEE) O~ OEAGES (FEh, 1964) B IUERKEFER L BRETRITCET 5
FrisBiME oM LHENES RS,

fr B AT O H Y, BHEOTRUAOMBEIL S - T,  ZhbREFOFF T
S TOU, B - fER R E ORI~ T TN S LA, RO X » THEES AT 5. K
WHRMOMER, BEROCRT, B, HSOMERE &S s 25T 5 WIS £ - T (e R

CEID BT (1949) KX o TH LIEHA, K (1960) 1 X o THRMAME LS hs.
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LickEabhs. Lirl, HEBOEHE  BEFLLIEREDHSMIBRS L, BEOKEROM
B DIRIFBIHEC b B ILMOEAE L, HRMOSA—HEIL &L TE, JBE - 5 - EHECETO
FCABH D, IR EEL T, BENE L, DEEREICES, o, HIRE D KESD

ER-bh B AR (Angulus Ff) Gt 2 L2 b, HERERL, FPTRBECERIER L D LHFT,
dHEL, B TEEHEROMEAL TRIE SR h Tuin B b - fe LHEEEh 5.

HEAMOTR - IOV, BEOE S, +o7eHEEDORM & 7 2 MEEINEEY A L T
TR at, RTF (1949) - JKEF (1964) - AT (1670) O HBEE L E#IC LT, HREAZHOER
REHE R T ORI P AR 5 iR E oW R —5H "~ ) v - BOW-S— v ¥ (FFFHRK, 1963)
—fEH D, HERELR, ChBHOWESHICOUTHBEEEZER L T TRV EEL T
5.

Frisfa s BT oE oA SR 2 &, fIMERY  fKBOERANS, 75 BEOE
B - Bfozb, REOFRSRE, BERERECETAHE - 75 SFEHMSE OHERI, B30T,
Fr BT OHER M B Lo S A LT kb b,

—77, W Lo B RBL LotE o2, FEBURMORERZ X » & RHE R
L, HEEHOMERL TR oI T, M RECEIER Lo &25, B - B RSN RET.
BT LI ERTORME - BEEL,HHNS LS.

V.2 AE O # K

PrERUERT, 07 2 B Lo AL, Y tE, b, BERETV LBEHOGABETCh-Te &
AAMBI TS (WREHE - B —5, 1967). & OHERZMIL, 77/ REHESCRY, B, blH
R CREERIE T b » 7o, R TIRBARARC LERBRE Ch oo 2 E43%, KRE (1955) Lo
THEEZ RT3, F/ SRR ORI, SERABMTERNNL A4 T, RMBIEC S5 RE
LI Cit, B0 AR L CHEMRERE > T emiEdEr b 5. LarL, RE2Rich »CF
JBBELIMPELRLT BIRIERZKBRBIC S e 213 L8R,

J5 7 AV IR A BRSO Fr B R TS0 AT, HIHEERH (Ostrea #) EMmbHRT, F
7 BE LR oK LIFUKMEBE (IR TSR BUE) 2 b BRE M Lo Bk BRI BT T 505
oo, FHEEFE CHER L LHEE X h 2. ABOMKD AT, RIUKRH - RE®AS Th, Sc
Lo TRIBENRET ST L, Ostrea kXL THMR - BRAOHKPEELELCHFET LS L XD
2%, ABOMERL, WKOBEHE LT LWERBEOBRE TR tbh it LRI 0 EELBRS.

BEEONL SR, YooK, REOFCHEELLEHEEShSEN, ThikEIRKRSh
SEELOFGCHIRSREIFCREL THB T b EST Bh5. Lil, HEEE» bAKER
ST HEHOEFMHETEH, BEENPREL, DEOBEIHMALTWA L EnbAT, AR OHERY
OFARTHATT 2 b OYEOHEHNC X B O TR, REOHEFTTL MOYHEBEAFLE LTI
T B 5 HESID AT E i\ 1D

%12) R (1964) ORBRECHT2EEHOTRC LS L, FEROYEOIEELHEAR (Pra v-BEA-F{ 58
3, MEELAEE CRETRIS TN, WHAREOHRMCh s REENEH T U ORENT, FiMsRo SRR ikl
MREHRETS. Thik, FRBOHBHOSMENEB THE o bR ToEMELLY 55 ThD5.
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HBIOROBEE L) HAD &, ABOHRETL, HAE—ARNTF-NE—ARO—HFChicw. HH
BOKRMNN, b EHMOMEC AT S 2w 2 iow 2y, TEOMICII 7 b FERBEERRH 5
LEZBRDHDOT, LRO—Hs, Mg, TN VCHIR TS > REEL b 5. Z DHEREI/NE
WL, 75 AE RIS ORI U A HEREEAVINT A IR IE—H LTk D, ABOEMES
75 BEOEFCHEUT 2 2 L 04 Th, MEHERMROREERED, & RIEHRE ORI s
W, TG ERERER ST ERFENS.

VI. 3 B J@ o HE B (8524K)

BIEL, b5 27 vA 7 v r BORR~ARIE LIRRTROBSE EOERTHD T &, IEITIE
EfRK - R - RECESR, BRC Y > CGRREOBRE & L, REikEkemitar 4
ETHC e EMALAT, BEREBOERAMCHBRIM L LLRIhI5. ABOSHAEELELT,
BEMEREEC T UL, MRMEFRY» LD, BEOREN IO EHHEL T, BEOHERIL,
ABHERMRIC { DNTHIROBA DI B T O sbhic LHERISh 5. LasL, BREDEEZE
bCR S h B HEFR OMIRNZE O EME, ABOZTHICENT% 0T, EMAMOTHICEL T,
ARPERLR L FETES s tEL bR S,

T, BE - CEEE bR RS L (R, BEORMEMIRCE 2 A—H BT Tk, JREYE
BHDBELFEELTHS. ZoT b, UM OHIEERT, BEoRRELTE=R LR L
D, MDA HCHE LD TR EELBRS.

EAROBIFN - IRV IRTE, 3 LOLAFHOIT: - HESM DA D &, AP T Ok
BEOENFAE L LTS A D, RN S O THEHERMCETLIBTIL, E& LT Angulus
FOERL, HIR IUHERL DL, BT KESEL oo TRIgWHEHELLRE.

RESHCEDERCIL, BEMEBOFNL, £ LT Nucula $f - Saccella-Nucula 3, #HYi1x L
UC Cardium-Pitar FEHRFTHTHI5RBETREH D, & &, HEEORAL, J6iB X & KEN
KCH oL D 5.

HIRE, DEEEDSALIENEL, ¥EELEL RS VW TH H, BEOHRYNLRELT,
Cardium B - Cardium~Pitar BENERT D X5 wBRETES o/, HEEEI MbOMIK L b $ k%<,
o, FE2HMOBELMS Nucula F - Saccella-Nucula F2X 0 A BWHFHRLTW5 & ki,
BRI R\ TR WMERRTH D1 b 2shb bF, HREYW X A8 A MIBIRE D 4 ERTH-
Tl ERBERT R X Bbh 5.

FEERAM O RO AT B b, HERENREW L2063, Nucule FhET 3o 213,
FEIHSE DOWRESBOMIR L D S RTH Y, KEDRED T LBREINS.

IR L OE D SEOHINCY, BEOKBEK Turritells WEBNEET . CORBEEONE
i, 2A—HEL - FETEL, ChI VEERIRhIEohT, BEBRBD L, BAE - H5
cHETERELEERER TR, Turritella TEOTESMHH, S EWCHEE LI X 5 € Cardium FED
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Lithofacies, Fossil Assemblages and Sedimentary
Environment of Oligocene Kishima Formation in Karatsu

Coalfield, Northwest Kyushu, Southwest Japan

By
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Abstract

General remarks

The marine Ashiya group of late Oligocene jage, overlying the coal-bearing strata of
early Oligocene, is extensively distributed in the coalfields of north and northwest Kyushu
(Figurel). The group is called the Kishima group in the Karatsu 'coalfield (Table 1).
The Kishima formation, the subject of this paper, is the basal unit of the Kishima group
(Figure 2). The formation differs from the other formations of the group in distribution,
sedimentary facies and faunal composition (Table 3).

This paper describes the lithofacies and thickness variations and the occurrence of the
fossil fauna of the Kishima formation in detail, and discusses the sedimentary environment
of the formation from the patterns of those variations and the fossil occurrence.

Stratigraphic relation between the Yoshinotani and the Kishima formations

The vertical change in lithofacies from the underlying Yoshinotani {formation to the
Kishima formation is gradual, and no megascopic evidence for a large scale erosion of the
upper part of the Yoshinotani formation has been observed in whole the area studied.
Comparisons among the isopach maps of the Yoshinotani, the Kishima and the Sari Sands.
tone formations indicate that the pattern of the thickness variation of the Kishima forma.
tion does not resemble that of the Sari Sandstone, but that of the Yoshinotani formation,
that is, the tendency of subsidence of the depositional basin was mostly changed after the
deposition of the Kishima formation (Figures 4,5 and 6).

Lithofacies and thickness variations of the Kishima formation

The exposures of the Kishima formation are distributed in narrow areas as shown in
Figure 7. The strata of the formation mostly crop out near centers of dome-structures
and are disturbed by many faults.

The formation consists mostly of the alternations of sandstone and mudstone, and is 60
to 280 m thick. The general aspects of the variations of the lithofacies and the thickness
are shown in Figures 9-A and 9-B in the cross sections.

Lithologically the formation is subdivided into four members, A, B, C and D in ascending
order (Figure 8). The A member begins with thin beds of pebble conglomerate and con-
sists of white-coloured, coarse-grained, arkosic sandstones cross-bedded in places, with
intercalations of mudstone and tuff. Molluscan fossils are rare in the member with the



exception of Ostrea beds which occur at the basal part and the uppermost of the member
in places. The lithofacies of the member scarcely changed laterally, but the conglomerate
beds relatively increase northwards (Figure 10).

The B member is composed of the alternations of mudstone and sandstone. The muds-
tones are dark grey to grey coloured, micaceous, poorly sorted and graded laterally into
very fine-grained sandstones, and contain plant debris and small calcareous nodules. Mollu.
scan fossils are abundant in the mudstones. The sandstones are light grey to grey coloured,
fine to medium grained and graywacke-type. No remarkable sedimentary structure is
observed in the sandstones. Although the sandstones scarcely contain molluscan fossil in
general, some of the sandstones are crowded with fossil shells of Turritella. The member
becomes thicker and increases sandstones west. and southwards (Figure 11).

The C member is composed of light grey-coloured, massive, fine- to medium-grained
graywacke-type sandstones. The variations in the lithofacies and the thickness of the
member are little through the whole area (Figure 12). Molluscan fossils occur rarely in
the member.

The D member (Figure 13) consists of dark grey-icoloured mudstones and grey-coloured
sandstones. The natures of the sedimentary rocks do not differ from those of the B member.
In the D member the sandstones are predominant upwards. The uppermost part of the
member is a bed of massive, cross-bedded, coarse-grained arkosic sandstone including
fossil fragments of Ostrea shells, corals and plants, and is followed with the basal conglo-
merate hed of the Sari Sandstone. Molluscan fossils are abundant in the mudstones of
the member, that is; the member has been called “Arita fossil zone” by Dr. T. Nacso
(1927).

The succession through these members reveals a sedimentary cycle from marine trans-
gression to regression, and besides, the cycle is divided into two minor cycles which are
composed of A-B and C-D.

In the thickness variation of the Kishima formation, the A, the B and the D members
are thinner in a zone [running on Tokusue-Oukawano-Takeo-Kuma, jfrom northwest to
southeast, and the thinner zone is scarcely shifted from the position of the thinner zone
of the Yoshinotani formation. This implies that a regional tendency of the subsidence of
the sedimentary basin might not be changed through the time of the Yoshinotani- the
Kishima depositions.

The features of the local variations of the members in lithofacies and thickness suggest
that the northern part of the area studied was at margin of the basin, and the southwes.
tern part was near a center of subsidence of the basin, that paleo-coast ran at WNW.
ESE direction on the north side of the great fault separating Tertiary strata from the
older granitic rocks (Figures 24 and 25), and that some of the sediments of the southern
part of the basin might be supplied from south or east, although the sediments of the

northern and the eastern parts were supplied from north.

Specific compositions and occurrences of
the fossil assemblages of the Kishima formation

The Kishima formation contains abundant molluscan ;fossils : pelecypod dominates the
fossil fauna, gastropod is next in abundance and followed scaphopod. In addition to these,
crab, coral and fish scale fossils occur only a few (Tables 4-A and 4-B).

The specific compositions of the samples are varied with fossil localities. As a result of
the simple comparisons among the specific compositions of the samples, the fauna is divided
into twelve fossil assemblages, namely, Nucula, Saccella, Saccella-Nucula, \Cardium, Car-



dium-Pitar, Pitar, Dentalium, Angulus, Acila, Mixture, Turritella and Ostrea assemblages
(Figure 16 and Table 5). The last two assemblages are largely different from other assem.
blages in specific composition and occurrence, that |is, both the assemblages are usually
composed of one or two species crowded in fine-grained sandstones, while all other assem.
blages are composed of more than ten species !scattered in mudstones. Considering their
conditions of preservation, it is presumed that the fossil assemblages occurring in mud-
stones were buried near the places where they lived, and the Turritella and the Ostrea
assemblages have a possibility which they were transported from their habitats to the
present places.

Concerning the specific compositions, the Nucula, the Saccella, and the Saccella-Nucula
assemblages are opposite with the [Cardium and the Cardium-Pitar. This opposition in
composition is almost reflected on the opposition in the Characteristic Curves between the
group of the former assemblages and the other group of the later assemblages. The
composition of the Mixture assemblage is intermediate between both the groups.

The occurrences of these assemblages are restricted stratigraphically and locally, for
instance, the Cardium assemblages occur only in the [southern part, the Angulus in the
northern part mainly, the Ostrea in the A member, the Turritella in the B member and
so on. Their occurrences are summarized in Table 7.

It is considered that such restricted fossil occurrences as mentioned above were caused
by the local variation of environmental condition within the sedimentary basin during the

deposition of the formation.

Assumption of the palececological distributions of the
fossil assemblages using “Characteristic Curves Method”

In order to estimate statistically the paleoecological distributions of the {fossil assembi.
ages, the HDM and VDM Characteristic Curves Method (Ina 1956 and Ocose 1961-1968)
has been applied to this study, being a little modified by the present author. The method
deduces the horizontal and the vertical distributions of fossil fauna from ecological data
of modern living shells. In the application of the method, the author has dealt with the
data of modern shells at genus level, not at specific level, because the fossil assemblages
of the Kishima formation contain no comparative species with modern species.

The ranges of the horizontal and the vertical distributicns of a genus in modern shells
have to include all of the ranges of species which belong to the genus, however, the ran.
ges of the genus are too extensive to be applied to this study (Figure 20). Consequently,
“critical ranges” have been deduced from the ranges of most species of the genus (Figure
21).

The results of the application of the “critical ranges” of modern genera to the fossil
assemblages are represented as the Characteristic Curves of the fossil assemblages (Figure
22). The comparisons between the Curves of the assemblages indicate that the Kishima
fauna, which is called for all the fossil assemblages, consists of warm and shallow water
dwellers roughly speaking, although the Nucula, the Saccella-Nucula and the Saccella
assemblages contain colder and deeper elements than the Cardium, the Cardium-Pitar and
the Angulus. Figure 23 shows relative positions of the fossil assemblages in the horizontal

and the vertical ranges, which are estimated from the curves.
Sedimentary environment of the Kishima formation

From the lithofacies and the thickness variations and from the occurrence of the fossil
fauna of the Kishima formation, the paleogeography and the sedimentary environment of



the formation are presumed as follows :

1) the sediments of the formation were deposited on warm and shallow sea-bottom within
a paleo-bay which was closed north- and eastwards and-opened southwestwards,

2) the sedimentary environment of the formation transferred gradually from littoral at
the time of the A member, through relative deeper and quiet sea-bottom at the time of
the B, the C and most part of the D member, to littoral at the last of the deposition of
the D, including a sedimentary episode which the sea-bottom was somewhat shallower at
the time of the C member than at the depositions of the B and the D members,

3) the water was shallower in the southern and the northern parts of the basin and so.
mewhat deeper in the southwestern part where was near a center of the basin through
the deposition of the formation (Figures 24 and 25),

4) the variations in the sedimentary environment of the basin are considered to be due to
local variations in the movement of the basin, and

5) an extensive subsidence of the basin began at the time of the deposition of the Sari
Sandstone. Subsequently the area studied was under open-sea environment, that is, the

Ashiya marine transgression began after the deposition of the Kishima formation.
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