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Changing composition of benthic foraminiferal
thanatocoenoses in Matsushima Bay, Northeast Japan,
from 1960’s to 1990’s.

Ayahide Kamemaru”®

Abstract The distribution of benthic foraminiferal thanatocoenoses in Matsushima Bay, Miyagi Prefecture,
Northeast Japan, is studied by analyzing 36 surface sediment samples obtained in 1991 and 1992. A Q-mode
cluster analysis of the benthic assemblages reveals five clusters (A, B, C, D and E). Diagnostic species of each
cluster and their distribution in the bay are as follows: (A) Fararotalia nipponica, Cibicides lobatulus (south of
Sabusawa and Miyato Islands); (B) Elphidium subarcticum, Elphidium somaense, Murrayinella minuta (mouth
of the bay and south of the middle bay); (C) Ammonia beccarii forma 1, Elphidium subgranulosum (Shiogama
Harbor); (D) Ammonia beccarii forma 2, Elphidium subarcticum (the middle bay); (E) Trochammina spp. (the
inner bay). When the distribution pattern of these five clusters is compared with available oceanographic data,
it becomes apparent that the observed cluster distribution reflects ocean environments, such as temperature,
salinity, and dissolved oxygen contents.

Some historical changes have also occurred in the composition of fauna in certain areas of the bay. For
example, dominant species in Shiogama Harbor in the 1930’s included Miliolidae, Elphidium crispum, and
Pararotalia nipponica, Trochammina spp. and Elphidium subarcticum dominated the fauna in the 1960’s. How-
ever, in the 1990’s, Ammonia beccarii forma 1, Elphidium subgranulosum became dominant. The change from
the 1930’s to 1960’s can be explained by the disappearance of rocky shore, whereas the change between the
1960’s to 1990’s reflects improving quality of waters of Shiogama Harbor, such as increasing dissolved oxygen
contents and decreasing dissolved nitrogen.

The proportion of Trochammina spp. in the Bay assemblages varies noticeably from area to area. It decreases
in the middle bay area, but increases in the estuaries of Takagi River and of Tona Canal. In order to improve
water circulation of the bayhead area by introducing Pacific Ocean waters into Matsushima Bay through
Nobiru coast, a canal was dug out sometime during the last three years. Such an enhanced water circulation
enabled calcareous foraminifera to flourish and in turn decreased the ratio of agglutinated species. On the
other hand, the increase of Trochammina spp. in the estuaries may be explained by surmising an increasing
influence of river water, either increased run off or increasing amounts of waste, both chemical and biological,
carried by the river water.
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X2. MEZIcB T ZKE (BREKERREIC X 519884~ 19924 D ELMIE D EHfili).
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Station number 1 2 4 7 8 9 10 | 10" 11 12 13 14 15 16 | 16" 17 19 | 32 33 35 36 37 38 a9 40 41 42 43 44 45 46 47 48
Total (LivingeDeadjand Lving [T L|T LT tfv ofT ofv of7 o7 o7 of7T LfT o7 ofvr o7 o7 ofv of7 o7 ot of7 o7 of7T ofv of7 of7 bl 7oLy ufT oLfT LT LT oLfT LT L
Agglutinated Foraminifera
Mikammina fusca 1
Haplophragmoides hancocki 2 3 1
Textularia earlandil 11 1101 1
Tiphotrocha ke kettas 1 2
Trochammina hadai 29 1412 |7 20 3[42 3188 [50 |6 2 21 1 7.3 |26 1 136 _j21 19 [4s2]s2 |41 1 (28 2]|30 (38 2020 1{12 |7 3
T. f. japonica 2 48 2(10 1 (8 26 3[44 7188 (45 |5 4 43 10 16 |8 5 1|24 143 2|26 4 |24 |50 2|33 18 12 |6 10 |5
T pacifica 2 1 1
T 8p. A 1
T 8pp. 7 17 419 2|9 s 22 6|37 4(39 (33 |1 3 55 1 3 14 19 |35 |21 6 20 |64 4127 42|50 123451 1{28 112 15 3|7
L) i 322 2 1 4 22
E. scabra 4 7 34 8|14 1|14 1(8 31406 3 [12 |9 6 |4 1 13 3 110 |3 16 1|12 (8 7 67 (2 4 5 1 3 25 3|83 4|44 4|38 4
Gossolla izukae 1 1 11 1 2 2 1 2
Calcarsous Foramindera
Quinqueloculina cuka 1 1 3
Q. contorta 5 2 2 2 2 3 5 4 1
Q. elongata 2 1 3 4 1
Q. fukushimaeneie 2 1 1
Q. d. tukushimaensis | 1 1 1
Q. . lamarckiana 1 3 1
Q. costata 31
Q. rodiensis 1 1 5 1 1 6 4 3 1
Q. saminuium 2 3 3 2 3 1 5 5 3 k)
Q. L33 1 1
Q. wuigars 1 11 4 1 3 1 7 3 1 1
Q. spp. 2 1 1 1 8 6 311 8 1 2
Massifina inaequalie 2 1
M. secans 1 1
Triloculina_rotunda 1
T lerquemiana 1 1
T trigonula 1
Mikolinella circularis 11 112 5 1
M. o, circularis 3 1 1
M. oblonga 3 2 1 o
M. of. oblonga 1 1
Lagena laavis 1
Oolina melo 1 1
Fiesurina df. annectens 1 1 1
F. hcida 4 2 2 1 1 2 2 1 j1 1 1 1
F. marginala 1 1 1 1 1
F. sp. 11
Parafissurina sp. 1
Bukminella elegantissima 4 4 1 1 31 2 5 1 1 1 2 1
Bolivina seminuda 1 2 2
B.  stiaula 2 31 1 1 53
B. . tokiokai 1
B. of. durandii 1 1
B. spp. 1 1 1 2 (32 2 1
Brizarina sp. 1
Stainforthia ? sp. 1
Chrysalidinella dimorpha
Uvigerinela glabra 1 2 1 1 1 21 1 41 4 22 1 11.2(8 2
Buccelia frigida 15 IS5 9 12 16 15 112 3 10 |10 19 |4 2 4 10 |3 15 15 12 (7 10 |28 3[10 |6 3 |28 1§22 2 14 {5 2 (9 14
B. d. figida 1 1
Porosorolalia makiyamai 1 2 2 3 17 6
Pseudoparelia naraensie 1 2 1 1
Neoconorbina stach 1 2
Rosalina bradyi 1" 1 1 2 1 5 12 4 1 1 4 1
R. vilardeboana 13 1 5 4 14 |3 3 16 1 1217 3 1
R. 7sp. 2
R spp. 4 6 4 13 4 3 2 5 8 [} 1 1 1 1
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Station number 1 2 4 7 8 i:] 10 |10° 11 12 13 14 15 16 _[16' 17 19 | 32 33 35 36 37 38 39 40 41 42 43 44 45 A6 47 48 49 50 51

Total (Livingt+Dead) and Living [T L{T LT LT |7 L[T L|T LfT LT L[T L|T LT T LIT LT LT T T o7 o7 LT o7 L7 LY LT LT LT LT LT T LT LT oLl LT T ofr L
Vahvulineria hamanakoensis 2 6 12 12 n 20 1|14 41123 1 2 3 9 4 10 17 5 1 9 1301017 |16 2(8 2 3
V. . 1
Grabratella o, globosa 1 1 2
G. o, chasteri 1 1 1 2
G. mitietti 2 3
G o, miietti 1
G. . pateliformis 2 2 2
G. opercularis 6 2 6 2 8 10 (23 |9 1 4 4
G. subopercularis 2 2 2 6 1 1 2
G. 5pp. 3 1 1 2 1
Ammonia beccarii forma 1 12 1110 125 74 12 15 311 3 2 14 6 5 4 741244 2 5 2 11 2 2 20 8|15 1|10 4
A forma 2 14 |55 4123 J49 |8 51 8|38 10 |11 38 3|29 1|1 2 7 4 10 |64 (50 1|72 7|71 6|25 4|2 26 138 5|2 1 |1 22 1|47 20110 2|64 5|60 2|16 |15
A forma 3 2 1 1 2 7 16 |2 1|6 2 2 3 1 1 2
A japonica 1 8 8 21017 6 22 1|1 1 |18 6 2 2 7 12 4)10 229 4|4 12 |10 2
A ketienziensis 3 1 1 3 :
A PP, 3 2 1pn 3 4 5 71 3 3|4 3 1 1 1 1 3
Pararotalia nipponica 17 6 1 4 22 9|12 127 (36 (27 |17 5(6 4 |11 6 28 |3
Murrayineka minuta 63 6 1|3 24 1 32 18 1|25 1 24 3 s |3 7 1 1 51|10 42 18 49
M takayanagi 1
Elphidium advenum 4 1 1 8 5 7 3 1 2 1 3 1 11 8 1 -]
E. o, advenum 3 1t 1 11 3 1 2 2
E. clavalum 3 1 5 1 3 5 1 1 2 22 2
E o, clavalum 4 1 1 1
E crispum 4 5 6 4 10 (15 25 |4 7 4 2 3 H 7 7 5
E. hanzawai 1 1 1 1
E. jenseni 1 1 2 1 1 2 1 1 1 1 3 1
E kusiroense 1 2 1 2 1 2 1 2
E. . kusiroense 7 1 5 1 1
E. reticulosum 3 5 4 1 3 2 4 1 2 32 7 2 4 3 1
E. d. reticulosum 3 1 4 1 1 5
E. sendaiense 1
E. subarcticum 24 |27 25 |89 |28 |2 172 2 34 " 28 1|13 1 25 |5 27 |14 16 (70 (24 (29 (28 2 213 6 36 |61 6(118 |44 |31
E. subgranulosum 25 14 115 18 6 12 3 6 2 7 15 1 1 3 7 58 5|58 10 8 9 1|5 21 13 1 2 H 13 1" 11"
E. subincerntum 7 7 3 1|10 2 20 9|4 3 2 5 5 14 10 312 3|14 6{13 1|2 1 |25 7(2116 3 6 2|3 9 9 1 5
E. S0Mannse ‘5_2 3 14 10 32 4 19 24 3|10 2 11 1)1 19 37 5{43 8 2 6 2 |12 1 102 119 1|19 48 21 19
E . somaense 1
E. 8p. A 5 4 1|4 10 10 2 4 2 1 4 3 3 4 3 11 1 3 17 19 3 1m1
E 5p. B 1 3 1 2
E. 5pp. 2 2 4 4 1 5 1 2 1 1 1 21 2 2 2 K 5
E. repandus 3 1 1 2 2 2 4 1 1 1
E 0. 1
Cibicides lobatulus 21 1 7 8 2 12 |2 26 |2 20 |9 1 3 1 1 2 7 10 |8
C. . refuigens 3 1 2 2
C. subdepressa 3 2 2 2 3
C. 5p. 2 1 3 1 1 4
C. 7sp. 1
Nonionelia stella 21 8 8 2 43 1 N7 1122|212 2
Pseudononion japonicum 5 3 5 5 1 1 2 4
Astronanion df. steliigerum 1
Melonis sp. 1
Pulienia sp. 1
Hanzawaia nipponica 1
Gen. et sp. indel. 3 4 1 6 2 6 4 1 1 2 3 2 3 1 3 2
Numbers of kving specimens 2 14 36 5 2] 38 25 [1] 1 2] 31 7 0 14 7 41 1 1 4 13 18 9 11 75| 26 7 3 10 53 kb 27 2 2 3
Living/Total ratio 05|55 [14.4] 24 | 0.7 [16.5] 8.6 ] 0.5 | 0.8 15 | 2 3 ] 7.3 0 29 {13.1/ 03 [ 04 | 1.8 (6.1 [ 7.7 | 4.3 | 6.4 | 27.2 {12.2| 3.4 | 2.3 | 6.4 [22.8[13.2( 7.2 (0.4 [ 0.8 ] 1.2
Total (Living+ Dead) 375 |255 [250 |255 |270 |230 {282 [225 {197 |251 {206 |251 |234 [274 [205 |198 {244 [313 [308 [258 |219 [213 [233 211 |173 [280 213 1208 128 [157 |231 {235 [375 {489 [238 |259

4
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BLUBBOEEFLABEGEEKRE L, 398,
106F.2FEE LY. TODBERSHEINLD
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BFN 3, IBAMECREBORILATRARE D
b, BRBLUEBNTREDLT S (K9). &EO
HIIBEREO10fELL LD R, 196041
BOWTHBOWIFEHEAKRE L BBEMBEDL S
BObDD, O EBRIBOMEDZE 3K 5 5L
AN T& - 7= (Matoba, 1970, Fig. 23). St.8 Tl
5000fAE A 8L THRAMER 2, oA
MAEFITOEED 72D L v AR DI N REHL
BT ARARHMEDOEICMEL THY, AE» S50
HNAADEZ SN D, ERKICOLTIRESRIEE
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KW LS St 410 T5EEBRKRKTH
D, BEFKORKTI0fEKR &R ETIEE
W, L LA SHED BEN &, BOHOEE
Al c2s~42flEk ERA LB, FANEDL
BRTIR1~3EEEEBODTNEWVEENLS, B
IR AH O BRI (E 30 &Ll Lo % 7R3 A
(St. 4, St. 7, St. 9) PEWAEMICHFLET 5. 19604
RICBOWTHEOPIILEIRELE L LI,
BRIOE AT Yy FIRRICKZWEEZ/RL T
7= (Matoba, 1970, Fig. 24). 2l Fd X 5ic BFN
i3, BABE, EERBELE IC1960FEMR & U E
MzRLD, HEORHAEEALRESE TR
5. 1960F M i3 MK o BALARE (10 co)
Hizo DEEKEER L -0 L, 4035 E
AEOBAE (1) dhvofEKTERLT
W3, Chi3gEs s 7Ry v 75 —%2AWI
W, BAEBORERIRS TE R P -1 DTH
3. F AR &, 1960 D, 196564
11A 3 H, 19664E10H26HIcxt L, SEIRFIC
BEFTHOMETEL 3.

L/T tid, BRI crEbicHRIC10%6 @A
28BN H B DD, FNLADOHEETIZ10%K
WTHY, BOWTIR 1 BRiEEBDTEL 3B
(K10). 1960FER T EREH» o BREHI T
10%LET, BOMTHHEBTIISX 2B L
(Matoba, 1970, Fig. 25), #h4E &L D EWE
MZERLTO, 7072 UalRHREEF SR8 5 D
T, RERNELEFEHNELOFAIVRETH
BfichEgiRTEaw,

X9 EBEHLICETS1gbHhOfEE

(Benthic foraminiferal number).

X10. EEoElE (L/T H).
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A/T i3, BOEH» SEE AR VML
(K11), 19604t (Matoba, 1970, Fig. 26) &
REBINC G ER ORI /RS, U L7sAs S 34
ICHE T 5 &, 1960FERICK LAEI, B
K OTBRETIRYEE L 0 EMERICH 5 —F, &
R TRAIHEMERICH 5. S hicidkic R
T3, BEBDH%> Trochammina J&DNE
BRECHEELTWS,

B, BOS» o8B ~mAVED L
(H12), 19604 (Matoba, 1970, Fig. 28) &
EHOERE R, 1272 LBOEICH WV T1960
FERTHEHEZEL OHATHOEABA TV DK
L, 5E50EEZBA 5013 1 HISDATH 5.

BZE H(S) 14, Shannon-Weaver B %
HOWT, HS)=—Xpilnpi (i 12 i ZHOFE DO
BART) TRkbans., HEE Eq i, Buzas

and Gibson (1969) Ic¥ D %, Eq.=e¢"/S (S
B TRbahb. REBNTREEE ICK
ERENITODT, BEKEOMEMSBRIE L /NS
KB &R, BESBREIEDEINBEZLEE
FIERMLTW3 (X138, 14).

2. V3R —-RABELUVI60FERDEEFTL

HPEEL DR

EABREII L TiE, SEREREN 7L —
TIFLED B, MEBROBUEICESE Q
E-FI7 5329 -GM%fT-1c. BUEICE
Horn (1966) ®E#EEE# (index of overlap:
Ro) ZHW 7z, Ro BLToRXTEbEN B,

Ro=(% (xi+y) In(xi+y:) — Sxdnx:— T x:lny:)
/(X +In(X+Y)—XInX—YInY)

2L X Wl B X caEn sl v AR

M1l BEEEOHE (A/TI).

X13. EBAHELICSTIEEHRE

K12, BABLICBT 3B

X14. BABEICBT 2HEHE.
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YIcgshafEEx: 8 X0 i FEHORD
My R Y o i BEOBEOMAGFEK.
BT & 38R (UPGMA) & b E{
EoSWE>holERs 525 — %2k L. B
PE6AEEICE>D 7 525 —%2HAL L
(K15). chomy 7325 —%BRECRET 3

0.39

FOSSILS 61 (1996)

L, TOHEIZAET B R HERE b DX
SLTHTT S (K16). &7 5 2 ¥ — DR
BloyELHoMcd 5L Ebic, B—@HD
1960FERDELEBFLREE L DLBRERAS .
95248 — A MEBAOERRERMSG D St
16, EEERAD St. 170 2 Rk RSN 3.

0.5+

0.6

0.71

0.8

0.9

|

10 6 17 1 19 13 16' B 51 14 49 12 5O 32 33

IAlBI: 82 |c|

D1

36 37 7 48 35 38 4 47 46 9 41 42 10 45 17 39 15 10' 40 44 43

| | 1
|02 ‘D3| 3] ! 2 I

M15. QE—F27 3529 =TI Fry Fos 54 ADPSEDI SRy —IKXGSh 5.,

NOBIRU

X16. 735 z%—5n7HEK.



it & 61 (1996)

IO 25BN, ARBLUVBEEREEE <A
TV, EEEL LT}, Pararotalia nipponica,
Cibicides lobatulus SEIF 5N 3. InSICA,
St. 16 T3 Elphidium crispum 75, St. 17Tl
Glabratella cf. patelliformis HSLERII% { FET 5.
IhoOfEIFILE (1986) 1T & Lo #IR
HICEKT 2MBEBICERTE6D0THE. BB
196041 3 C DHigIE > & D FHEHRINZ 1T - T
WS, LA LEAS, AFED St 17O R
¥ 2km OHED» SEEFLREENRESNT
W3 (Matoba, 1976). % 113 Elphidium soma-
ense, Elphidium subarcticum, Eggerella scabra
BEEEELLBET, AHRICEBT 208D
77 2% — B OBAREICHIMT 5.

I524— B: BOEE L OB REETO
HiEORKBIDs 725 —1CBT S, oD
AEHIFERA0LI |, ZHEE $28~338L 0T
Nb&I 7325 -—DHTERRKTHS. i
Elphidium subarcticum, Elphidium somaense,
Murrayinella minuta 75 & %58, IO EBG
REHOAR 2009 77 725 —ihhh
5. %7735 2Z2%— Blid, OO St. 1, St.
13, St. 16, St. 190 4 XK THEK & h,
Pararotalia nipponica DLHETHEHO T o, ¥
IZ St 16IE T DREMSRHETH 5. 196041
i3, BIKERED St. 19f1E TEBHRINE L TV 3
%3, E. subarcticum, M. minuta 15 & SEH TS
ElEREGHEIR SNV, ¥77525 - B
213, BhRIEEERO St. 8, St. 12, St. 14, St. 49,
St. 50, St. 51D 6 &kl Tk E N 5. Cho DR
¥t BFN (31000 {21 ET, FricHhRED St
8, St. 49, St. 51 T 33000 A=W 2, AHET
K T® 3. Buccella frigida 3% e HHE
THBELCHEL, ¥77525— Bl LHRTP
nipponica @ EEHFRAME, 196048 & o ifi
B3, M. minuta, P. nipponica = HEBFEE L,
E. subarcticum, E. somaense, E. crispum 13 E %
Rifkd 2 BETH - 72, 1990F T, P nip-
ponica DIFHAE BRI L fc AR TS, HiF
OHEELREIICEIREREZRShE V., «©
72 LBRRE L D @ St. 496K T3, 1960
IZ Trochammina J& (LI'F Z DB I3 DO—IB 1

11

HLTOWTHE CORENTE -1 HlELE
WZ &b SMEE Trochamminag J& & L T—14%
LTHD) #50% 2L T icoicxtL, AEI
DI 2R OEHBE LB L TV3 T EDBE
Hahs.

U524 — C: HEE®D St. 32, St. 330 2 K
Bl o & N 3. Ammonia beccarii forma 1
(Matoba (1970) D4y ¥ EBE I HE S <) &
Elphidium subgranulosum DS #EICLE L,
Elphidium somaense biizakHc L L THEH
Z TS, L/T Hid, St 3230.3% TH B3 DI
XtL, St. 3313131% & RK&ELHAEMHH 5. T
I 13 St. 32T0.38, St. 33T0.41 &£ AHIET
B/NTdH 5. St. 33T Trochammina J&h3 &5
D E subgranurosum [CIR\WVWTEHET 5.
1960 D & ok T3, Trochammina &, E.
subarcticum 15 B # T, A. beccarii forma 2,
Pararotalia J@75 E % HET 2HETH > 7.
1960FERDEAB LRI R LK L CERED
RERZRBRWIE SN,

93525 — D : BRI O EIERR O #EE O
Ak ok s N5, FHEEE L Tid, Ammonia
beccarii forma 2, Elphidium subarcticum hs%E
Fons, BFN &, 100fEAELLTF 4 5 #1500
REREUHENSHD, BRANEZHL TV S,
A/T i3, 10~50% CHEREA~NLAML TV 3,
FREE, EREEBRANEFEDLTVS, 0
LIHIEIL 7527 —ICERB LD S, HE#EE
DEE B I S ER DR F [ EFE -
rEADBBDOND, Av 525 —iF, Tk
HIRIDDYT I SRI—IXRTonB, TS
5 24— D113, BEhREERO, St. 2, St. 7, St.
35, St. 36, St. 37, St. 38, St. 48D 7 &K THEK
&N 3. Trochammina JEBE L & N, Fic St
2,St. 36 TREAETH 5. 1960FERD C 0T
BEIBAHRGEEE L, $ic St. 36, St. 38&131F
[E—HETIRBERE STV, &2 AMHEME
St. 28 XU St. 39%[R< &, BHHTIORBIE
BTEH B SO OHMPENEL CRP LTV 5.
ZFhitZEb - T A. beccarii forma 2 D FXTHERE
ML TWAE, 72525 - D213, &
FhREREE D St. 4, St. 470 2 FK TR S h,



12

ERHEDN OHHE CIRERPBD ThTHiE A
beccarii forma 1 % EME S ET 5 & TR
SiFohd, ¥72 5285 — D3}, BHREHE
WoORKD St. 460 A THKS N, B#KIC
Eggerella scabra DFFELL S, 477525 —
D2, D3VFHhOREKBLSHT 2HBEHTH,
19604ER T3 Trochammina B bEEL,
A. beccarii forma 2 EEMfE-TWi, T O
T b4 Trochammina J& D XA 131960
FRCHERTRD LTV 3,

95285 —E: BRBOAK L ORI 3.
IS EEE, BFEN (Z100ELIT, BEHE
201 F CHRAICTBR B T I0LLT, ZHE131.03~
245 WFNOKYI TR —DHTHR/INTH 5.
—7 A/T tid, KRS ORBHTO% UL &
TEHWEIE L5, Trochammina BHEM L T
ET 50, AIKEFEOMHEEZSUHERE, 90%
VIE% Trochammina BO A THD 2 AR D 2
DDV T ISR —IHFONE, 4TI 525 —
El i, BREOS 5RBTE472 525 —E
2oamEERVIBEOREE L VRS,
Ammonia beccarii forma 2 #BifEd 3 T & TH
Houdohs, JoBEDOIBEROEES,
Trochammina J&HBE T A. beccarii forma 2
FERE L T\, 48] Trochamminald o B H 45
BREVWTFhoOMSETOHBERERZ 2 b0 0,
1960FER EET 3 & St 41FFETHML TV
2P, zoEhotiE TRV R SEMERNIC
HB. 47525 —E213, SWIIFDOEEL
D St. 40, HAERFOERIO St. 10, St. 43,
St. 44D 4 EB L DR EN B, 0% L L%
Trochammina B THY, AQIKBEZZLALES
FRWV. JOWIRTIEI960FER b ARBEAHild L
TW7ohs, HEp& T OSSR & S B
LT3, HHic St. 40, St. 441118 T3 196044
T3 Trochammina J& DX EE 1360% 57 -
ookt L, 4EIF0%LUEE CDETHDTY
5.

' =

1. EEBEOHNHIDNT
AMECREGEBE SO HBAHELTE

FOSSILS 61 (1996)

ELTH-T FF, BEAFHEMSRTERICOL
THRT 5. BEBHETE, RBROROGERE, B
B, BEOREEERIET 2 0 EN D 5. HEH
Btk T 5 —MOAKERDERICOVWTIRIN
FTEL DB EI TS (B2 1d Bandy et
al.,, 1964; Alve and Murray, 19957 &), /Af# 13
WehHoEYEIcb# v (Alve and Nagy,
1986), FHK& L CIdBIEDORBRIKIC L 5 T &4
HES N3 (Alve, 1995a). AR TIEIE S DR
BTHEEOEIEA 109K LKL, T5 L&
BB L CHEMAEHO LT 20 IdREETH B
P, Elphidium subincertum &, Ao A
IRERE IR TRERESES, EEREKICB L
T o—mHBEML TV 2 KL D0, FOKE
BisRgE S N5, FEkO®ROYENEEIGIKE
Bt bNBEEBOSWEELZIRTVEE
o3, BEAH T Trochammina J&DE M
o, 6 Aiclk~X1TAIRRBRKELHDL
(Kitazato and Matsushita, 1996), < ®f§ici&
HREEOZ BEEEN/IZ EE2RET B, ADF
D Trochammina JBIZ & D —ERHAHEIE L 72
BESRONZ 600D, AL HHOETREDL
TR SN FEREAR TIE, K60 cm OF
05 H80%EMATIDBMHEEST 5 (BAL -
B, 1993). &- TREEBORERE T, &
ZHO LS KBARD S LI BEEEOROE
PEHEINE ERIEFLILL, PEABEICKL S
BROREZEOHBIVDEVEEbNE, MEBRE
EEBOBPEES T WIBEREICS 200
bLhY, FLABETOERCIVBEERED
HMORGEOBEITIIV S &N H BT LERET 5.
Bk O OBEZ, TERNBETIIEET/NS L
& &1 (Ikeya, 1977; Alve and Nagy, 1986) ,
1960FERDOMEE T bEkD RESRSI L TW
% (Matoba, 1970). AWFF TH KD EIE A HLE
HIE D - HIEBIBOREI DIF LA LT, HERE
LEAHEORBEIEBETHE I L, HHED
ROBHOEEBII/NE W EERET S, BOK
@ L/T 11396k &b TR, ERBEL
BABEOHENKRE TH 5 43, Murrayinella
minuta, Pararotalia nipponica 75 & DEOEHEH
DOBEBREDOEER, BROBEIIZLH -/t L,
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AROBEBEPKE LR LITVT EERL
TWa, —F, REBAOHE, 4 BMEATHE
WMahrr753z24— ARk, £EEE-14
(&Y, FTERBRE LA OB OB
BT THEIEh0, LHOEAXREILDE
W ELD B> o FHERE L - fAA TR S hT LW 37
e E L, D Eo k> IBABE T, EEE
EhCBEHECELIBOBEDEBELEET
BULBENHB—H, HEBRICA SN 3 FHNE
&) (1 7213 Matsushita and Kitazato, 1990; Alve
and Murray, 1994) 233k & h e REHIBEE
AR IC T % AF|EAH B (Matoba, 1970; Scott
and Medioli, 1980). LIED#E®RES T X, M5
BORABFLAIE LR E OHPAERET S 5.

2, U525 —-LBERE

MEBB LU ZOBABE, BN IEEE
LhoskEE, 52o07 32y —IcRSant.
K525 -0DFKE, TNOHEBENEZBD
BOOWE®, KE, EEOREELE O % EHK
L7z, KEIBET 2813, 875 25— 0K
DT AR, BotSfF T 2 KERBRHA
DEBKOEHEEREH LIt bDTH 5.

75 2%— A Ok, MEBAERRNS,
HEBEAEBERICART 5. T OMEROKE I,
rh~fR L Ok, BRELKELTEL KL
BREBEZRYT. HREYITFD COD &iBMN & 0 Mk
WKL - T WA, TDY 7Ry —ORRFEIIL
HOEERELTF BELOGHEMBEL» 58t
rZEan, BHELU/ACAEEESSV. BB I0D 5
Z & — OUHEIC BT B KE S IV
IZhhoigw,

27324 —CREGERORATHEKsL, £
E K 12 Ammonia beccarii forma 1,
Elphidium subgranulosum &, {hDEK & H~
THRETH . KR, homEictbxT&FiR
45CE—FEETH 35, EF 13221 CE i
—RBEETHY, FEESB/NEE>TWVA, 1§
i3, ZZF1332.6%, EF3229% LBRBT 58
O BERLTHSE. BEBRERIZLF
10.1 mg/¢, EF49 mg/0 &, BRD{tho ik
IKERNRTE bIT—FEV. [FHIE, SEFEI0%L

13

rolTHh b, HEHRARET TN L 72 COD ©
fliid, £240 mg/g LIk, EZ50 mg/g D E&,
MREBERRBOBHR S IZEFRCEVETH 3.
23 2%—B,DE ZNFNOHERIE ONTH
@, B O, AR, BREE, BREVD
FHIRICX ST 3. FEkiRIR 2 924 — B,D,E
DI, £F34.1°C, 3.3°C, 2.7°CE BRI LK
B, WIcEE13224°C, 23.6°C, 237 CEBR
BEEREND S, HARBIEKR, £F1332.6%,
32.2%0, 32.2%0 & #HERIC & BEAIHB TRH WS D
D, EF329.8%, 289%, 28.6% & ERIF LR
D LEEICH D, IBAEBIRRRIE L, £FE,
10.4 mg/¢,108 mg/2, 11.0 mg/¢ L ERIZ L
=<, BEZ3, b5mg/l, 54 mg/L, 52 mg/L
EHDMEAERY. TOXIITKEORMEIIED
o o BRIPAERENL, BRIZEZOFRE
BRELBB EMbh s, EHIZ, BOHO
7 2% — B2 DREKMBIMT 2R TEREEY
BRAZAMS B L LI, fli~FRP»SRBANE
g5 /4%, EFLH COD EBREAL
KELBBEBMH S, COXHIK75Z5— B,
D, E ZhZ DR K809 % ks, BOH
DO BRIATIRICEIL B 2 & &, BERENE
O & BRIEAEKELT 5 T & & IIERESR
FHHBIENREENS. 1960ERDNED
KBWTH, BOK, BRE, BR{FEzHLZHO
R E T A EAFARBESED O, F &
L TENDKRB/KDERE & KR DEL & BEAs
» 5 EHRENT (Matoba, 1970). ZRED
WEIREE I, BN TKEB L UVAEREBROER
#, KE® COD B KTH 2 —H, HHRIRE
Thb, oBEOARIss2Is—EIBL,
Trochammina JBICREI N ZBEEREHT0% L
LA EDBEEDOBIEEAETHD, 5Lkl
BESAIKEEOERICHLVWSDOTHE I L%
RLTWV3, ‘

3. ﬁﬁ%mﬁﬂé&éﬁﬂﬂﬁ%@%%;
1960 FEROEHEBEOELE B HEE I,

Trochammina &, Elphidium subarcticumi s B

#, Ammonia beccarii forma 2, Pararotalia

BREEHEL TV SRICOBRORAR O F
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PR & - T W B A beccarii forma 1,
Elphidium subgranulosum O pEHHIE 2 V31
b3ULUITLEDLETNTD » 7. 19604ER DIKLE
AFLETEE & s L THEBFH o KE BB R L
EENDRIOEBHBOATH B, TOHHRL S
F1930FERDIEAF LU E S HMEI LTV
(Asano, 1937). 19304ERD 7 — & ldalfl &k ik
WLEEiOY 4 XBYELShTH 59, KRR
SRMAEDBEH OV LI EHETH 2 AlfEM:2 b
5500, WiEHAFLHD Miliolidae %13 U ¥
Elphidium crispum, Pararotalia nipponica 15 &
WIN AR DEEHD T b TS Z DY
ICRESBFETH 72, Lichi> T Ok TI14E
RN 1 B 2458 A3, 19304E ¢ @ Miliolidae, E.
crispum, P. nipponica 7> 5 19604E{ D Trocha-
mmina &, Elphidium subarcticum %=# 7T, 1990
HAD A. beccarii forma 1, E. subgranulosum
~NERZR U7, 1930ER D BB L, AW D 7
7Ry — A OFFEFE (M 575 4% O FLR HER ) h
IKEFEN S, SHEMEU» SPEWIZES ) 1
—¥d 5. 19514FEFRITD 5 J145r @ 1 2 X i
Ik B L, YoMkt 3H (21 &) B &
D TIEHEHIASILAS » TW 7 (K17A). Asano
(1937) FHEURHRIG S Z IR L TWisnas, it
LI NHER TN S OO B TERIE
nicilklo b o LHEE s N 5. 19604E R I
R TicIhsosiidlbhn, #ETHI
I T3 (Matoba, 1970, Fig. 3&Ml). X -

FOSSILS 61 (1996)

T1930-A D EEARE D M B 13 A TR 2 i
LA OMBMIcLZ D EMREN B,
19604 b o K #k o M PR BRBE 13, KK D
B FIREECIKE O A FEIR E PR OMd T
% %A/ d (Matoba, 1970) 7% &, REZD
DI LR THFETE R DSBEL > T, L L
1H3 5 19604E8h 5 19904ER D [z, BEE:IcH
FAKBKOBHFBFAEIT 3mg/ L » 5
5mg/f ~HE L 72, & 725 BRIE - KSR B
NFER (1992) 1Tk 3 LIERHERERIBTIRID
M, BF:ich i 3IER/KDOEHLEN 3mg/l H» 5
0.6 mg/f~, KHTREXLEN48 mg/g » 5
2.7 mg/g ~, Wiihti36.2 mg/ ¢ »51.4 mg/ ¢
ANED LTV S, & o E IR K EE R 31977
ELIRBRERAIT » T A KEHREEIC L -TH, K
Jg/kad COD kb9 AHPIASRENTVWS, C
D & 51219604 5 19904EAR 1T [ h> - T KT
A OEFEREIE VN S IEYASEE S h B gH) %
AL, BHNOM DK & OBRES ORI b E -
TW3,

M PRI I 61 3 EAEG LD, BI04
D [T Ammonia beccarii Y. AK » & Troch-
ammina J& FAANEEDOZ L ASED SN, HEETE
I & BEEKDOE MR L BTSN T
W23 (fH « T4, 1987, 1989). — 4/ v = —
DONBIR T, HRGEFEIC X D BRERIR O
IKFBEENSBINT 2L EbIT, FNETORE
PELEREE L c OB LR 4 EBTE

V. "

K17, Mg oM. A 195 VEMIBIERAFFEIT 6 /35y 0 | MUEKEEE, B: 19934E[E HHHEEBESAT 5 /15 1 s

X
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WAKEESMb > EMNREINhTVS
(Alve, 1995b). HEEHEHICB VL TH1960ERL2 5
190 FEROB O BREEORRIZ, BERKED
BN & OWFREORIE EBE T 5 J EMSHEE
a3, WHEERDRTE, FENHEEL, BE
BATROAREHOHELHKL LT VEBEHTH
3, SEEEEDOH TEZBOKREERANAES
N &3, ABBEAANO ABESD, EEFTL
ok BICEEEBLIET I EED S TR
Lt Wi 3,

BBFED S5 B Ammonia beccarii formal D4y
il E A 5 &, EHEEOMICERRBER LK
IZE~10%EPPHVWERFEOBEMNR SN
% (2525 — D2#HR). 1960F R I3IEREH
JEHH 2km OHEEHTIONLI LD P PEHVEH
HEERL, COBOAHBHERDFEAPLHIIK
OWALBEHEST ZEMNRBINLTV S
(Matoba, 1970). W3 N ic ¥ & Ammonia
beccarii forma 1 1Z T PRONIBE FTOLE
MBREENG, MZiEH, (1991) 3, CoFEZWN
BRWEHOMKEL L, BB TIRRKOEA
THENPEH T 2HKOEVHREE,LOWEL T
W5, % f Trochammina spp. Haplophra-
gmoides spp., Miliammina fusca, Valvulineria
hamanakoensis, Elphidium somaense 73 & % It
EREELTBYFTVWSE, KE TS Trocha-
mmina spp., Elphidium somaense |ZF{EFEL 12 -
TV3, LorLlLENSEHVWERBEETD A

15

beccarii forma 1 & Elphidium subgranulosum
LOREOREINBHTTHY, THL1K
HEZ2ECSE 2 RBEERORHIZSROFET
b5,

4. Trochammina BDiEKEICDIT
Trochammina BDFE L, KDL ODRERE,
Bokig» oHESh TV FlZiE, S, 1955
Ikeya, 1977; Mk, 1986; /NMZi34», 199178 &).
EZMICHT 3 T hadai 13, XRECHEERNE
KICBE3—HEFITIRIFEAEO LD, 3R
ICEHIIC L BE/LED 51 B (Matsushita
and Kitazato, 1990). B EBK T, T cf.
quadriloba 3, 7ki824~28°C, 1£4r30~31% T
RORE, BEHET I3 EBHohIcENTVS
(Salami, 1976). AEFFEDBEFEICBIT S D
JBOREHEE % 1960 & Lhikd 5 &, BRI
B L UBRER T EEE LR LT B okt
L, BZERB ISR ORI S T E
FLTWV3 (X18). MEBBITH VW TIFEEK DO
OB L BHERRIDIEVWEEZEZSNZDT, B
BEETOT S LAE L3RRI o0& VWi
RKT 2 EHEFHOENTIEE L, KI0ERORE
FEALELTESRABIENTES, RO LD
2, BI0EMTORBOREDHEXEE N &,
BOEERIC & 3 EBKDOERRI & OREA T
ShTwa (itHE « THb, 1987, 1989). MEEIC
BOWTR, BREE X UBRIEDHETORE DM

X|18. Trochmmina J&®D &8 2 MR, ‘
A: 19604Eft (Matoba, 1970k D& H!), B: 199044,
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KRB 131960 A S D LT 308, EifER
DEFILBIIBHFHRAREIIIGOFERSSE S
5~6mg/LBTHIL»HZ{LIFED SI T,
AJE D AT SR AS TN L 7oA T
19604ER, 4 EE &I /KEBRBM S22  IBE
BEEOELEIAHTH B, —HBEREE L UE
HRIERhERIc B 1T 2 EEOEBKOENICEHT 5
&, 19644 8 A 0EHll ©25.9~27.7% (Matoba,
1970 & D IESHE) Th - 7245, SR DHEEHD
BABSE TI3284~294% LML TW3E, 2o
EAEMOERE LTI 1960ER LB i1 E
D OREAMANEET 5K SNz &5
Zohd, TOKEEEL THRBED S DK
DOWMADHEREICIE D, CORBOERICH 2B
RETHERBKOBERLEL B 0iEN ML
LHEEEN S, SEKXFIIBIT 2BHNOERKD
EHHERIc L 3ENEEAERONE L 12
L3, =N FEKOBEEBEBLE LI EDK
MERBIENTES, DL ICERMTRGE
LR sEFIcE T 2ESABEML, KB
DHIREHIEL > 2 &1, AKEREOER
&> TIRIFE LD, HICBEREOR % FF
> Trochammina B D ENEBR/D L 12T & %2R
B4 5, —K, WIRABRTERECAKBIKES
A3 &I, AKEREOESEE 3R
LTW3a. fmJIRABTOD BFN 3, 1g %0
100fE{ALIF EF L /NS L, BAEBILRICE -
TRELVWEBBETHLIIENREBINS,
19IFEDEHREDRHEICEINIE, TOBEHEOER
Bk oES i3, HAEREOTEE29%, BF
22.5%0, BRI TIREZE16.8%, EF274%
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1-3. Trochammina hadai Uchio, St. 10’

4-6. Trochammina cf. japonica Ishiwada. St. 10’
7-9. Ammonia beccarii (Linne) forma 1. St. 33
10, 14. Eggerella scabra (Williamson). St. 4
11-13. Ammonia beccarii (Linn¢) forma 2. St. 7
Scale bar=100 ¢ m.
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Late Holocene relative sea-level changes and reconstruction of paleoenvironment by
diatom fossil assemblage analysis in Akkeshi Moor, Hokkaido, northern Japan

Yuki Sawai* and Kaoru Kashima*

Abstract Paleoenvironmental surveys, using diatom assemblage analysis, have been carried out in Akkeshi
Moor and its surroundings to obtain records of Holocene sea-level changes. Surface sediments from various
modern environments were taken, and water salinity at each locality was measured to assess geographical
distribution, environmental optima and tolerance of living diatom species. The living diatoms were classified
into eight species-groups that characterize the following environments: ( I ) fresh water, (II ) fresh water
(adhered to plants), (I) moor, (IV) brackish water, (V) brackish water (gregarious on aquatic plants), (VI)
mud marsh in brackish water, (V) saline water (gregarious on aquatic plants), and (V) outer and inner bays.
Fossil diatom assemblages and radiocarbon ages of drilled core samples from three sites in the moor were then
examined, demonstrating relative sea-level fluctuations during the last five thousand years, with the following
sequence of events: (1) a shallow bay spread over most of Akkeshi Moor, with gregarious oysters around the
moor (ca. 4700 yr B. P.), (2) the sea-level became about 1 meter below the present level (ca. 2700 yr B. P.) and
(3) the sea-level increased to become about 1 meter above the present level (ca. 1000 yr B. P.), then moor
vegetation formed after this transgression.
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Fig. 1. Location of drilling core and surface deposits.
@ Drilling core sample @Surface deposit sample
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Distribution of salinity

//

A: river mouth area

V7] gregarious area of seaweed

C: central lake area

Environmental section by
Shiozawa(1969)

B: oyser bank area
D: mud flat area
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I © Aulacoseira granulata T Meridion circiitare

V . Synedra fasciculata

VI : Nitzschia granulata

IV : Navicula cryptocephala

® 10% ~
® 20~39%
e 10~19%
- 4~9%
+ ~3%

VI . Cocconeis scutellum

Fig. 2.

2. JERRH & BIFEHAINIT B i BBl & EESERIT R O ) 1 K.

Environments and distribution of diatom assemblage in the Lake Akkeshi and River
Bekanbeushi.
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Diatom species classified as environmental group.
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Achnanthes lanceolata 0% ]
Aulacoseira granulata FoRFRERY 0%
Ho5NZMHoE
Cymbella minuta ok EERY 0%
Diatoma hiemale 0%
Cocconeis placentula FokBEERY 0% .
#K X
Frustulia rhomboides 0% Honf
Meridion circulare HKEERY 0%
Navicula lapidosa HTRESKZN
Navicula contenta
Pinnularia lagerstedtii 1
Navicula cryptocephala 0~10% 7] ASNBMOE
Achnanthes brevipes 15%
Bacillaria paradoxa ~
P 3~30% PAYTS
Rhopalodia gibberula 23. 24% Bk
Synedra fasciculata kIS IEMER 10~25%
Nitzschia granulata BKERTBBMEN 10~25% HHNIMo L D: BERF8
Cocconeis scutellum kISR E 15~33% ] #onk
Thalassiosira spp. A EE R 30%LLE 45 7k HTRESEN
Honmmok
Paralia sulcata IF £i 8.5 §:] 30%LL L
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HFIFRIBEE & ERH OERES30% LT 08
FricEhLTw3, i/, EcE L TEEL
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LTWBD RSN, . RENLT DI
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Al, A2 (X8, 4

WA TE, BIEFLBEOHEEREHENE/L
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ToE#E» SOF, O, @—AH#H, @-BH,
@FCXNy L., OFCcRBAKEHIO
Cocconeis scutellum & HIKFERE 1 @ Aulacoseira
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SHNIKEORARBRE P - EBbNB. @
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@ C. scutellum DS A 1ML, FicgkERT
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D Cocconeis placentula & B KEH I © A
granulata SO L TH D, BESKRLICHETL
TV kI EDHEESNSE. @-BHETEC
scutellum & & ICH/KFER VIO Paralia sulcata
bEMLTWE, Tolihs, @-BEhrEHE
R L Twa LElilfrans. @OFIcHs L
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AIREMEASE V. EIRR OB 3 fth D R R B IR HEREY)
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etal, 1996). @—A%H, @-BEHIIBWLWTH A
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EEEPEERL TV LS N B, @F T,
BIKEEE I © Navicula lapidosa £ 0 &, HKIK
IO HKEERE 1 D Achnanthes lanceolata 75
EHNCERT S, coTEMS, TTTRAIIOD
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% 2. BRMAICBY TR ORIBLEE LiKEXHOBR

Table 2. Outline of environmental changes and sea-level changes in the Akkeshi area.
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Warm water molluscan assemblage from the upper Miocene Kanomatazawa
Formation in the Shiobara area, Tochigi Prefecture, Japan
Reconsideration of the Shiobara Fauna

Tomowo Ozawa*, Takami Nobuhara* and Akira Nunomura*

Abstract The upper Miocene Kanomatazawa Formation in the Shiobara area, Kanto region, yields shallow
marine and brackish water molluscan assemblages currently called the Shiobara Fauna. The assemblages are
the type of the Shiobara Fauna which developed in the middle to late Miocene temperate waters of northern
Japan and the Japan Sea coast. This study reports an occurrence of a warm-water molluscan assemblage in the
middle part of the Kanomatazawa Formation, which is dominated by the gastropods Umbonium (Suchium)
miyagiense and Olivella cf. iwakiensis and the pelecypods Glycymeris cisshuensis and Callista chinensis. This
assemblage suggests that the Shiobara Fauna lived under warm-temperate conditions that were intermittently
influenced by warm-water currents in late Miocene. At this time, the tropical to subtropical Zushi Fauna flour-
ished along the Pacific coast of central to southwestern Japan under the remarkable marine climatic warming
of Climatic Optimum 3. The warm-temperate assemblage shows the following characters as a forerunner of the
Pliocene warm-water Kakegawa Fauna. 1) Its generic composition is analogous to those of nearshore assem-
blages of the Kakegawa Fauna: 2) It contains ancestral forms of the characteristic species of the Kakegawa
Fauna such as Umbonium (Suchium) suchiense and Glycymeris albolineata. In particular, U.(S.) miyagiense
reported here is comparable to adult shell size to U.(S.) suchiense. These facts suggest that the transitional
zone between the warm and cold water realms played an important role for isolation and speciation processes
of the warm-water benthos.

KUAEBRREYEHE L THNES I ONTEL
(8PS, 1963; Chinzei, 1986). EEBHEE OB
EHEREEHERICO VT, Ostrea HE,

Iz
WHAREIL S ORI A T 5 hiRE N E

HERIRE h— R bt ol A RE s LA
HETHIEFEFYRORSAME LTmshTw
% (Yokoyama, 1926; Akutsu, 1964; Iwasaki,
1970). ¥ 5 B 4 B 12 Dosinia kaneharai,
Laevicardium shiobarense, Chlamys kaneharai,
Neverita kiritaniana 13 E DB HE &4, Hi
chrittic BARHEMI 3 & OHIL B A O KEEN T8

BEBRFEREREERMAMRZREMNERE
Department of Earth and Planetary Sciences, Gradu-
ate School of Science, Nagoya University, Chikusa,
Nagoya 464-01.

19964F 4 H10H5A4, 19964 9 H19H5ZH

Dosinia-Anadara %, Lucinoma-Turritella #
. Pecten-Chlamys BENSEHIE (1981) ik »
THEHONTEY, TS EROEKE SE
O3 & CAEORMERIC O TOBREZREL
TW3,

I, EESYEH LW TRFERERTH S5 h
Fit O HBESBEEE L O E THRFBEAT
W3, Ogasawara et al. (1985), /)NEE (1988)
&, Miyagipecten matsumoriensis *° Nanao-
chlamys notoensis L ED A ¥ H A B OKED
BREOHEEPLIEELE b & ICEFREYE =~ H
MBIt =L TWwWAB, % f, Ogasawara
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(1994) BV~ VToEBIRERGEERL,
EESYEHBEREZEZ SN TV LD SEMVE
1 (warm-temperate 7 © mild-temperate) I
ARELTWRELTWS, Fi, HRYEOE
Rt Td 2 ERIRED» 51, ottt oERR
YR (ENIEBE) OREREICRREIICDEH
5 EH# (Umbonium (Suchium) miyagiense,
Glycymeris cisshuensis) THRENE3HEDE
FEO/NE - BH (1992) itk » THishTw
3. Li-h-TARRER, BFEESYEHOEEEEY
HIFRZHINE D DA 73 53 HADBETRRENYEE
ORI BEEEET I L TOERALAMNEE LD T
W3 EVA B, ARXTRERREBIGEDONS
1 5 OSBRI IS R RK A B LA B O FERE
B, BERICOLTEFENIKHREL, ERLdd
HTHBESBEOERII DV THERENZ 5.

B, AMETHRLILAGERE, EHEXK
FHIRATREREEIC ESN B5 T2 & « U8
L.

HERE

h—g b FRE s B EE=%v 7 ViIRA
R G2 ABETEY, THREFL B
EME CAEATEDODN TS, HABRII T
pofRER, BERRE BMaEo 3 0REH
510, HARBEIZZ N ZN500m, 1000m,
300m T& % (Akutsu, 1964). EEBE RS
LU L IRBEBIKER L 0L, BIKARS
% Ui LTS 5. BRI I hl~rphL
DEURBEWABL 015353, TEH» ShEgicnig
TERBROBROEROEINEEY, LITRES
BAEEICERIE L TV 5. BIRE RHTRIELKE B
BLUBIKARERE» Sk s, TEHTREIX
BREBCEIKEWSBERA TS, HIFMIE
W HVE S D s & KHEHIUE A 5 R & SER &
Ko ond, mEETIIEMERTI0-20 Eo
FEME R EEEL IR TH S, —H, E
oS IEEEES S AL cigdhicE 3 M
BEfCEEISNTWE, T78bb, FAETIIME
JbERT30-50EOEER =FH, ERTIIFEIL
EMRTT0-90E D HEM £ KT,

Iwasaki (1970) 13 DEARERIMEHREN S
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AR HERE U 72 BEBY IR & o PEER O HERE IR & T &7
BERRZ 7 —v &L, BRIPERSNTL%E
WEERIRZAF— V& Lk, EHRF—Yoikfic
1d, BE{b U 7-BIRERERICA - 7oA FERERIC
% OREEYIBIESER L 72,

ARFFETIE NS DNFEKDOEED H 5 FHRIH
Rl oBERIRBERAEESYLABEERAEST S C
LAEEMI, M1IKRTFRFAR, HRo2-o
DI — b EFILMCHEAEEIT-> . - &b
BRRBO ZELBEOSHEE(LIBEEI AL
(K2). BRoVv— bt TRELEELEL TH~
hhibE BB T, LIELIFEE25-5m Dk
HE, BE3-6m O~ RIEIKEBISEREL T
W3, —%, TRAERODV— t TIZEHBEELIE
U<, BkoBOEM~HHOM~hiL 0733
MEiE, BUKEMNDEE, MhE sReEDh
8, fi~thhiEE, BEKS0m ichic - TE
CRETIREBREESTIETNEMIBFKELT
WA, B, WHDLV— b &ESICERRBTRT
HBICBIKEBE RIS 2 08 hEIc 18 5 S HR7E
L5, 22 THL— F ORKKIE, BEERR
BTFHICSHRET 2EUKERD 5> bR LD b
DIESOTHEEMICHIEL T3, &KEkEY1L
LAREYT 3 BEGERRBERSICED LTV,
ZOEHNER MRS, BE BalZBucibi-
TEBY, UTRERTEIINB6>OHEMNED S
ni.

LSk L Spc3

SEOHEETH S IREFHYLEDO ) 2 P %
Flicgey, BEvonte>o{tGHEDCRE
WERERT. INoDBEDS B, Crassostrea
gigas #¥%E, Dosinia kaneharai Bt8, Chlamys
kaneharai BE X Z T h, FHiF (1981) O
Ostrea #t%€, Dosinia —Anadara #¥5, Pecten —
Chlamys B¥ECHHY L, BR|MOREWE~E
&, BRBS L ZIDEKOEED D 3 XEIIE,
NFEKOEEDOH WEOCHEL L THNEDT S
T EMTEB, F12, Cultellus izumoensis' BEEE
1 Macoma optiva X Portlandia hurukutiensis
AL CRENE~RE X VEHRT S, &
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Fig. 1. Routes of columnar sections and fossil localities plotted on topographical
maps of “Sekiya” and “Nishinasuno” scale 1:25,000 published by Geo-
graphical Survey Institute of Japan.

MBERERLTEBY, LK0MMARECREORH
HLEZOND, FHAREREC “Palliolum”
sp. ADEESIRHTEELTCWIHEEDS, HA0
IBEOEBREA2ZETNWEIHENEORES
ZZohb,

SEHIcEB I N2 D, Loc. NGU-01 (%
Ro—1+) & Loc.DAI-01 (FRARN—}) T

¥ 5 N1 Glycymeris cisshuensis, Umbonium
(Suchium) miyagiense 13 E 2B EUHETDH
%. Loc.NGU-01 T3, SREAXZHEFILLEC
h~HR AR ERE T & » EEE AP EE I E
He s COMEREOLDTHKATHHE L
AV ELTEELTVE I ETHRE O SN2,
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1. BERREERESYLAY) X b,
Table 1. List of molluscan fossils.
Localities DAI -01|DAI-02 |SIM-01 [NOZ-03|NOZ-04{NGU-01]NOZ-05NOZ-06{NOZ-07NOZ-09
assemblage GU Cu Cu D D GU Cr Cu Ch P
Species
Acila sp. indet. R 9] VA A
Saccella confusa (Hanley) R
Yoldia (Cnesterium) notabilis Yokoyama R
Portlandia hurukutiensis (Nomura and Zinbo) A VA
Portlandia lucidaeformis (Nomura and Zinbo) F
Anadara_ninohensis (Otuka) F o] C F
Glycymeris cisshuensis Makiyama VA VA
Chlamys kaneharai (Yokoyama) F A VA
"Palliolum” sp. A VA
Mizuhopecten paraplebejus (Nomura and Hatai) F F
Crassostrea gigas (Thunberg) VA
Ostreidae gen. et sp. indet. A
Lucinoma annulata (Reeve) C A R
Felaniella usta (Gould) R C C F
Macoma izurensis (Yokoyama) C A
Macoma optiva (Yokoyama) VA VA
Cuitellus izumoensis Yokoyama VA VA VA
Dosinia kaneharai Yokoyama 9] R A VA R VA
Dosinia_sp. A F
Callista chinensis (Holten) R F R R C
Panopea japonica A. Adams F
Umbonium miyagiense Nomura and Onishi VA
Umbonium _sp. indet. R
Turritella_sp. indet. F R R
Neverita_sp. indet. C
Naticidae gen. et sp. indet. F F o] C C A R 9]
Phos _cf. iwakianus (Yokoyama) R F C
Siphonalia (?) sp. indet. F R R
Neptunea koromogawana Nomura R
Nassarius sp. indet. C
Olivella ct. iwakiensis Nomura and Hatai C R A

R:1-2 F:3-5 C:6-10 A:11-20 VA: 21- specimens

assemblage: GU (Glycymeris cisshuensis - Umbonium miyagiense ); Ch (Chlamys kaneharai ); D (Dosinia kaneharai ); Cu

(Cultellus izumoensis ); Cr (Crassostrea gigas ); P ("Palliolum” sp. A)

BhicHELTWwWA Z &, (R OIEE i
AR LTl D B M O 5 & 33
MTHBEIENS, BZOLEMNTHZEEZ
Sh3. COBEICBVTRICEHE NS DIRIE
RRERAFARET 22 0HEMKTHS. 718
bHH, Umbonium (Suchium) miyagiense, Glyc-
ymeris cisshuensis, Callista chinensis 752 { i
H U, Olivella cf.iwakiensis, Shiphonalia? sp.,
Dosiniasp. A BSEBIICHMELTVE, D&
S LB & 78 A TR, FRIIE O BTN 1|
EBEAKBWEICHBFICSED Sh TR Y, fEEit
B 5% S 1 D SE BRI 12 B SR s el HE oD SR TR R 1 77

ELTOWRIEILRD, SOIRELIERFETH
% Umbonium (Suchium) miyagiense, Glycy-
meris cisshuensis 3, %O HFHOERATY
B O(EISWE) oR#EE, Umbonium (Suc-
hium) suchiense, Glycymeris nakamurai I 1
FNBHBLRHETH 5 T LB TNE TORMKMT
DFEERIP S MiciE - TV 3 (UNE, 1983 ; Matsu-
kuma, 1986 ; /N « A, 1993). 758, ABE
WXk b EW L - Umbonium  (Suchium)
miyagiense %, AFEOHH (=R L HENR
HETIC AT 5 _LEch i) DEATHICH
BLTHA B KREL, TLABFHHD
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Umbonium (Suchium) suchiense \ZJEHEMNIIC L BOTROE OB AEYIE O R EFEN 01k L
KTEs (K3)., ool i, ZoimEkic DOH > EERBEL TS,

X3. BEMRIRIEREER R R IAE LA,

Fig. 3. Warm-water molluscan fossils from the Kanomatazawa Formation. 1, 2. Umbonium (Suchium)
miyagiense Nomura and Onishi. 1. Loc. NGU-01. ESN2563, 2. Loc. NGU-01. ESN2564. 3.Glycymeris
cisshuensis Makiyama, Loc. DAI-01, ESN2565. 4, 5. Callista chinensis (Holten). 4. Loc. DAI-01,
ESN2566, 5. Loc. NOZ-02, ESN2567. 6. Olivella cf. iwakiensis Nomura and Hatai, Loc. DAI-01,
ESNZ2568. scale bar=1 cm.
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DI BFRRERNPEMT 2HER, TF
BIR® Loc.DAI-01 2o bEHL TV 3,
Glycymeris cisshuensis * & 5% & L, Olivella
cf. iwakiensis, Umbonium sp. 75 & % £ 5 TR
ZRT. L, Ch o BEHMICGERS NICE
RERLTBY, BEEZE S BERBTICHRY
ML EBIRELTVS, B, THORERE
Cultellus izumoensis B EMENICET 5 2 &
»o, ZoBEBTOILAREIREYERLD
HEDORKERICHE & bIETAT NI D LY
Wrans,

IS DBERRERVPEMT 2{LARBIHRK
Oxttb L 0 IZIEEILBELEZ S, BRIRETE
B cBRROEENET 2N b o & %
/RLTV 3,

EHoESR

15 Y AABORBEOHRCELILES - T
SEIREIRE & & Friic s 7o NSERD (1988)
i3, BERCREEREEY AT OERIAED
AHEPEEIYE (N. 10 - N. 14703¥) oduc
BWTW3B, 4[E, Loc. SIM-01& b kA fL
it EBZENTE LD,
angustiumbilicata, Globigerina

Globigerina
praebulloides,
Globigerinita glutinata, Globorotalia continuosa,
Sphaeroidinellopsis seminulina 15 & TR I N
TH Y, index species IR & - & THERZHE
TRV SEd s, L LEMS, Saito
(1963) (TREERIREO—EEH (Kt-1) 5 Globi-
gerinoides ruber DEMAEREL THY, KEOD
FIHE L Blow (1969) O4H T N. 16 D
Wickhicsd, i, BEREICBHEEEDLN S Kt-
2 H 513 Globorotalia lengauensis BEH L T
D, AFOLRIIN. 16 TH 3. SEIOBHESR
RIATHYHLABROEHELEL Saito (1963) D
Kt-2 0Ii3IFE Ficdh i 5. Saito (1963) D
S LRSI R A B E ST Gobi-
gerinoides J&*° Globorotalia menardii & E N
THY, REBYLAEIELER, BROLED
HoltTEEHRLTVE, oD EnD,
RRE T O EE I ET 5 5RO F%E
EN. 16ffiicdh b EEZL o3 GRILK¥EEE
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WIEBIE» S DFMEIT L B).

NEE B (1992) &, Bt — St
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YO URAICHETIREESIMLAEERFLEME (1)
—REAFERSBEKICES EEFFLE -
POTRIE " - EEFEE « IHHA

Recent and fossil benthic foraminiferal assemblages co-occurred with the
Calyptogena communities (II)
—Benthic foraminiferal assemblages with the Late Cenozoic cold seepage —

Kazumi Akimoto®, Sumie Saga* and Kazue Yamada®

Abstract This report discusses the relationship between the benthic foraminiferal assemblages and the
chemical paleoenvironments with the cold seepage during the Late Cenozoic time. Benthic foraminiferal as-
semblages co-occurred with the peculiar molluscan assemblages, which were related with the Late Cenozoic
cold seepage and were distributed in Miura Peninsula and the Kakegawa area, are examined by means of
Q-mode factor analysis. The results of this analysis reveal the following chemical factors and the relationship
between benthic foraminifers and molluscan taxa: (1)chemical factors, which influences the distribution of
benthic foraminifers, are the hydrogen sulfide contents, methane contents, dissolved oxygen and alkalinity of
the interstitial and bottom waters, (2)Bulimina aculeata, Bulimina striata, Hyalinea balthica, and Nonionellina
labradorica co-occur with the Calyptogena assemblage, (3)Rectoboliviana columellaris and Uvigerina proboscidea
are found together with the Lucinoma assemblage, and (4)Nodosaria longiscata, Rectoboliviana cf. asanoi and
Stilostomella lepidula are dominated in the samples yielding the Acharax assemblage.
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O _EERFAEF I, FERORT 2GEHEKICBEFR L
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et al, 1992). Th5icd ET%F&’%?LEE“:E
BELmEIhTVS (B, 199370&) 23,
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ior College, Shikatsu-cho, Nishikasugai-gun, 481,
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(3) ERRAEENTHAE IS T B /K@D 5 D
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ANEEICET 5 (Nobuhara and Tanaka,
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(5) Z=HFBAILT S 5 PEEErE650m B 7 =
5B DOBIRAIKEHEYE >~ v b & (CN5b B
10.8-13.0Ma) . CTORFFEH S, 51T
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AT (MCO1, 02) & ES (MCO03) #5181
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KB oI, WEF )y Ls—F 74K
(S, 1978) & X o vik (ZMIEh, 1985)
ZOEE L7, JBfb#g, 2502 » ¥ 2 (HEEI%0.063
mm) OF ETKEVWL, BEZEELL. 2F
BrAVEEBEE2SE LR, BOBERED
0.125mm Ll LD EAEF FLHMEE A 2000, L& F
N3 &> ICnEFEEARINLA. 2L T, SR
BaHBZ1154 v Y2 DBHICTSH B 0bIF, W
REXBEME T CHNRSI» SROEREN
0.125 mm Ll E 0@ EEREH L .

EEBFLRILAHE

16:8kHc B VT 3 AL EEH L 73/ iIc>
WTQE- FRFAHIEIT- . RFEMNE%.
K1, BETSVICFIRER 2 1SR L. B 1
~6RTETTEDHMOTI%ZHATE 5. L
T, ThooRFEERT 5.

FOoE1IRTFANEIEEBES X U/NEEOD
Lucinoma BHE B & Pi/KED Calyptogena BHEE
2Rk, AT WRZIRER K UELER
D Acharax HEZSCHBICHHT S, GV
HEHTAED S B, Bulimina aculeata (6.00)
B IC, Cibicides aknerianus (1.64)
i3 b BT 2R W R T, Cibicidoides mediocris
(2.98) (& LB R gy ~ th R Er AR g T BRI,
zhzhnE AL (kxe« ERJ)I, 1989),
Nodosaria longiscata ( — 1.93) ¥ & U Stilo-

#1. RFAEERONMm

Area Formation _|Sample position Sample no. Factor 1| Factor2| Factor 3] Factor 4| Factor 5| Factor 6

1 {Sagami Bay contact with Cayptogena | D3K/118-02 0.11016] -0.14839| 0.24074| 0.63050| 0.30224| 0.44487
2|Sagami Bay around Cayptogena D2K/718 0.32276] 0.13281| -0.25775| 0.53731] 0.24643] 0.09155
3|Miura Peninsula |Nojima around Lucinoma 95011401-01 0.58551| 0.18219| -0.26070| -0.22815| -0.17497| 0.07173
4|Miura Peninsula |Nojima contact with Lucinoma 95011401-02 0.57990] 0.28813| -0.44511| -0.05204| -0.06257| 0.05053
5|Miura Peninsula |Koshiba contact with Lucinoma 95011402-03 0.50209 0.23217| -0.35246| 0.32966] -0.10600| -0.19547
6|Kakegawa City |Horinouchi |contact with Calyptogena |93102401s-b07 0.49964| -0.03280| 0.51396| -0.03880| 0.11540| -0.26158
7|Kakegawa City [Horinouchi [contact with Calyptogena |93102401s-b8 0.31417] -0.12600{ 0.52290| 0.49136] 0.30976/ 0.16411
8|Kakegawa City [Horinouchi [around Cayptogena 931024015-a8 0.29398| -0.21474| 0.48678| 0.13770| -0.03522| -0.59591
9|Kakegawa City |Tamari above Cayptogena 920223A 0.71821] 0.21463| 0.31826| -0.42609| 0.12078| 0.17500
10|Kakegawa City |Tamari contact with Calyptogena |920223B 0.75282| 0.26018| 0.22846| -0.38766] 0.08914| 0.20153
11|Kakegawa City |Tamari below Calyptogena 920223C -0.08758| -0.11048| -0.03331| -0.13492| -0.18014| 0.51555
12|Miura Peninsula |Misaki around Acharax MCol -0.30841] 0.86748| 0.13998| 0.07872] 0.10746| -0.01661
13|Miura Peninsula |Misaki around Acharax MC02 -0.33528] 0.79701| 0.16866| -0.01331] 0.06310{ -0.00795
14|Miura Peninsula [Misaki contact with Acharax MC03 -0.31120{  0.76999| 0.28287{ 0.03721| 0.11478] -0.03293
15|Miura Peninsula |Hayama contact with Acharax A00 -0.08149| -0.11812] -0.26666| -0.27433| 0.77186] -0.13258
16|Miura Peninsula [Hayama around Acharax Al3 0.35074;  0.29215| -0.51486] 0.46011| -0.09449| -0.18014
17 Miura Peninsula |Hayama contact with Acharax B09 -0.06284| -0.07713] -0.37130{ -0.21642| 0.78103| -0.07492
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#2. FAODLT.
Species ‘Factor | Factor2 !Factor3 |Factor4 |Factor5 |Factor6 ;Factor7

| Agglutinated f ; T
| 1[Gaudryina atl pacifica Cushman andn McCulloch | -0.100591 -0.50752| 0.43198] -0.15697| -0.32355| -0.85648/ 0.17319)

Calcareous foraminifers . |
2|Ammonia k (Ishizaki) 0.40355 -0.207891 -0.10756| 0.98464| -0.17364| -1.207011 0.94532
3|A. rakanabensis (Ishizaki) -0.353091 -0.40943| -0.03957| -0.21252| -0.36918| -0.09397| -0.07862
4|Amphicoryna scalaris (Batsch) -0.279901 -0.32509| -0.25048| 0.059981 -0.20724| 0.18238] 0.13966
5|A. separans (Brady) -0.302631 -0.34803| -0.06838/ -0.32380| -0.33462| 0.15535] -0.08304
6|Anomalinoides glabrata (Cushman) -0.36706] -0.41248] -0.05753| -0.04251| -0.25541] 0.32705| -0.26075
7|A. globulosa_Chapman and Parr | -0.47498] -0.08128! -0.06553| -0.20236| -0.30442| 0.08556i -0.10580
81Bolivina robusta_Brady . 0.32722! 0507931 0.56529| 0.84317] 0.20900| -0.797671 _ 0.64654]
9|Bolivinita quadrilatera_(Schwager) 0.020701 -0.519891 0.61222] -0.00198| -0.17433] -0.58924! -0.01908|
10|Brizalina dalaeformis iokiensis (Asano) -0.14558] -0.593091 0.46603! -0.05023| -0.41575| -1.24857! 0.12994|
L1|B. karreriana (Brady) 0.09132! -0.58008| 0.82214]| 0.04820/ -0.16077| -1.06707| 0.19879
12|Buccella tanaii_(Uchio) -0.19302| -0.18236/ -0.54430| 0.18678| -0.45968| -0.17596i 0.24402|
13|Bueringia creeki_Finlay -0.03208 -0.24476] -0.35681| -0.47091| -0.56052| 0.21804| -0.90301
14| Bulimi l d'Orbigny | 599595 1.492001 2.76392] -3.17122] 0.93285] 1.196261 0.89772
151B. marginata_d'Orbigny | 071057] -0.48128 0.86673| 0.91417| -0.14184/ -1.851631 0.72664|
16|B. rosirata Brady | .0.48326] -0.10354] -0.05309] -0.24590] -0.32771] 0.09225] -0.14669
17|B. striata_d'Orbigny 1.35641] -1.187741  3.18555| 4.72499| 2.70519| 2.50111] -1.71036
1818. cf. striata_d'Orbigny -0.33406] -0.46633 0.04857| 0.27277| -0.08580| 0.692791 -0.49655
19| Cassidulina carinata_Silvestri -0.35881] -0.42594/ -0.03100/ 0.03631| -0.21301| 0.418491 -0.31970
20| Chilostomella ovoidea Reuss -0.538761 -0.60975! -0.20839| -0.62816] -0.94366| 2.53971! 3.09989
21|Cibicides aknerianus (d'Orbigny) 1.643861  0.54876: -1.37454]  1.126201 -0.47159| -0.335501 0.98422
22|C. refulgens Montfort . 0.291201 -0.12288| -0.568601 -0.68122| -0.74151] 0.326741 -1.62085
23|C. wuellerstorfi (Schwager) i -0.652131  0.560961 0.23472] 0.2867S| 0.05015| 0.56214| -0.44538
24|C. sp.B . -0.35309! -0.409431 -0.03957 -0.21252] -0.36918| -0.09397! -0.07862
25|Cibicidoides mediocris (Finlay) . 2.97843] 2722741 -4.39852| 3.75061| -0.60316/ -1.060201 1.62226
26| Eilohedra nipponica_(Kuwano) | -0.41152 -0.42069! -0.238631 -0.37356/ 0.06169] -0.008001 -0.01624]
27|Elphidium advena (Cushman) | -0.05537| -0.42813] 0.08615| -0.25756! -0.50107| -0.60605| -0.40504|
28|E. crispum (Linné) i 024080/ -0.143041 -0.54215] -0.28781| -0.49503| 0.55482| -1.47677
29|Globobulimina auriculata (Bailey) -0.432111 -0.446741 -0.14870! -0.35385| -0.53267| 0.81648| 0.83170|
30|G. pacifica_Cushman -0.42370| -0.61088| -0.16204! -0.87957! -1.07953| 3.37492! 4.13708
31|Glob idulina oric lata_(Belford) -0.19223| -0.26932] -0.32572| -0.025311 -0.43873| -0.11040! 0.16585
32|G. subglobosa (Brady) -0.16139] -0.29351] -0.272091 -0.38678! -0.48812| 0.174561 -0.61587
33|Gyroidina k i Aoki -0.55474|  0.131691 -0.00419! -0.22328| -0.28582] 0.08300| -0.14742
34|G. orbicularis d'Orbigny i -0.29004! -0.39282| 0.00327| -0.07531| -0.21124] 0.42152! -0.26422
35|He ia nipponica_Asano | 0.677331 -0.081401 -0.53688 0.25130( -0.83140| -1.32501| -0.16130]
36|Heterolepa haidingerii (d'Orbigny) | -0.07641| -0.654311 0.63456| 0.00386] -0.43128| -1.633441  0.19947
37|Hoeglundina elegans (d'Orbigny) 0.50428] 0359891 -1.75874| -0.97693| 1.08004| 0.131801 -1.97630
38|Hyalinea balthica (Schroeter) 0.96604| -0.65364| 2.11667| -0.22589| 0.08803| -2.70332| 1.23274|
39|Melonis pacificus (Cush -0.459111 -0.13538/ -0.076131 -0.20912{ -0.31478! 0.08791| -0.10718|
40|M. parkerae (Uchio) | -0.92206] 1.86116] 0.94124] 0.10975] 0.22034] -0.31706]  0.00686|
41|M. sphaeroides Voloshii | _-0.154161 -0.262411 -0.39823| 0.40945| -0.02737| 0.28027| 0.43488
42|Nodosaria longiscata_d'Orbigny | -1.92815] 5.31545: 1.71847| -0.07087| 0.77525| -0.05547{ 0.20315
43|N. tosta_Schwager -0.22777| -0.431801 -0.00773| -0.44522! 0.08600| -0.27313| 0.08968
44|Nonion japonicus Asano | -0.346171 -0.41555| -0.02272| -0.20711f -0.37073| -0.13245| -0.07167
45|Nonionellina labradorica (Dawson) -0.17322! -0.72885i 0.56578] 1.80976] 0.74106/ 2.47574] -1.64604]
46| Oridorsalis tener (Brady) -0.370011 -0.10523| 0.240431  0.03140| -0.17112| -0.08234| -0.14918
47|0. umbonatus (Reuss) -0.041451  0.19059! -1.18548] 0.89485| 2.79417| 0.56488!1 0.87393
48|Orthomorphina_spp. -0.713441  0.600441 0.19435/ -0.20187| -0.18663| 0.04295! -0.10834
49|Pa idulina neocarinata_(Thal ) -0.226011 -0.298231 -0.31380| 0.20975| -0.13015] 0.224331 0.26618
50| Parrelloides bradyi (Trauth) | -0.73757i 0712731 0.12368/ -0.18459] -0.19038| 0.062561 -0.16622
S1IPl lla al; Schwag | -0.610301 0.32103! 0.03292! -0.19960| -0.24955| 0.07478! -0.14260
52|Pullenia bulloides (d'Orbigny) © -0.928391  1.31260! 0.25803| -0.15034/ -0.09449| 0.042261 -0.19126|
53|Rectobolivina_cf. asanoi Murata | -0.725381 -0.94196: -2.181231 -2.15196] 6.24775] -1.27695: 0.77593
54|R. bifrons (Brady) . -0.086031 -0.24999' -0.18970 0.00338| -0.10608| 0.315981 0.28036
55IR. columellaris (Brady) | 1.590371 0.567621 -0.64256i -1.37822| -0.38008| 1.05332! -1.26474|
56|R. limbata (Brady) -0.36293] -0.41921i -0.04426/ -0.00310| -0.23421] 0.37277! -0.29023
57|R. limbata lata (Cushman) | -0.31525! -0.414021 0.05355| -0.05044| -0.22761| 0.20232| -0.20681
58|R. raphnus (Parker and Jones) | 0.00430 -0.34067! 0.03558] 0.01227| -0.39914| -0.678291 0.36176
59IR. striata curta (Cush 0.23284] -0.88464!  1.38938| 0.44442| -0.27559| -2.59379| 0.26095
60|Reussella_sp. -0.33926/ -0.42168i -0.00586! -0.20170| -0.37228] -0.17094! -0.06472|
61|Rutherfordoides cornuta (Cushman) -0.31403] 0.63309! -0.03546! 1.04405| 0.48012] 0.59808| 0.59353
62|Siphonodosaria h; is_(Ishizaki) | -0.31851] -0.44004! 0.04470| -0.18547| -0.37694] -0.286401 -0.04386|
63!S. oinomikadoi_(Ishizaki) | 0.60675] -0.03021i 0.23640| -1.37232] 0.53465| 0.672511 0.54953
64|Sphaeroidina Cushman and Todd -0.063101 -0.363371 -0.06764] 0.51865| 0.05068| 0.291061 0.17933
6518l lla h kai_(Ishizaki) -0.48653] 0525821 -0.98325| -0.80793| 1.94053| -0.225021 -0.14319
66!S. k (Ishizaki) 1.04730!  0.16677! -0.85194| -0.640301 -0.73024| -0.19259! -2.02984|
67S. lepidula (Schwager) -1.66909| 3.829501 1.11413] -0.19206| 0.35102] -0.01935] -0.20568
68| Trifarina bradyi Cushman -0.16139| -0.29351! -0.272091 -0.38678| -0.48812| 0.17456] -0.61587
69|Uvigerina akitaensis Asano -0.06435| -0.217631 -0.50376! 0.65907] 0.10111] 0.350191 0.64575
70|U. hispidocostata_Cushman and Todd -0.243981 -0.307181 -0.29269| 0.15983] -0.15585] 0.21034| 0.22401
71{U. peregrina_Cushman 1.11684] 0.50967 -1.342761 -0.98382] -1.02216] 0.56695| -3.22061
72|U. cf. peregrina_Cushman 0225151 -0.52322 0.29861| 0.28741] -0.09583] 0.16588] -0.35751
73|U. proboscidea Schwager -0.026741  0.035161  1.485261  0.405201 0.08114/ -1.617321 0.23634
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stomella lepidula (—1.67) (3 F & ZEHGH#E 15>
#4535 (Akimoto, 1991). IE% & ICHDOFL
FRERTHEOKESER LTV RS, B
RF kI BIfRT 2 LfliTE 5.

B3 (1991) &, ZIE/ERE Acharax & B
KEFFFsvoy) 4 EOREDH UL S, i
BOER L IhKEEElm TEERK S - TV
%. GEE - EE (1994) &, Calyptogena L H>
SHEZABOHKEL D@ ERGT E L /2.
Calyptogena B¥ERZET 22N, #iKkEB LU+
FHEDOHEREERE & LI ~hiE iR TH 5.
(Aoshima, 1978 ; Sharma and Takayanagi,
1982) {t.F Calyptogena DHREE 2, HERE
DENEEFIEF—FT 5. HHE Lucinoma
spectabilis BE5 (3, BIRTEh M O @ KRR
300m) (23T 5 (FEAIE», 1995). Thod
BEE, B1RFWKECHERTZE LERE
XH9 5.

=B DE Acharax BHEHAEICRIEDOE 2 K
TRRIED, VSRR, NS S Ik
@ D& Calyptogena BFHERKL, BLOELEH D
& Acharax BERHICBRADOZENWLSHT 3,
VISR M B L OZELERF Ok 3B KK %
RFICAVEF 2 - Ty —angdEnsd (REIZ
M, 1994 ; &, 1995). B OFE&LAE R T
Bulimina striata (—1.19) D534 (345 7K 5 HK
RSN, Bk EMHEBET 32 (Akimotoet al,
1994). Thonl tirn, H2RFEHK, &
CITHAbKFICBRT 3 LHEES N 5.

FIRTOEDEME T Calyptogena FFHEIC
BEfR L, B\ MERIEZNED Calyptogena BEEE: &
HEESF 238 (93102401s-b07, -a08, -b08) 1T 3
2. mVWAORTAME R, BlLEHOS
Acharax BFEEE (A13) BLUFRERBOS
Lucinoma Bk (95011401-02) icH b, b
DERE S Acharax ¥ & U Lucinoma B2 5
Mg 5. EUBHOAKED 6PCDEIEE, ¥
VEBHRBKOEEERET 5 (REE D5,
1995) . Bulimina aculeata (2.76) B X U
Bulimina striata (3.19) D 3LEE & Cibicidoides
mediocris (—4.40) D75 \WHERERK 12, Akimoto
et al., (1994) D * & v EE QKW EKICBGRT
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5 type B ORABFLHIEICHMUT 3.

PIEmEEM Yoy ) HABHESTHRICBNT,
Bulimina aculeata X U Bulimina striata 13 %
J@~6cm IcZ E L, Cibicidoides mediocris,
Hoeglundina elegans (—1.76) ¥ & U Oridorsalis
umbonatus (—1.19) BHEBEYPIcHHT 5.
Nishi (1992) it K 1 id, B.aculeata ¥ & U H.
balthica 3 &4 (epifauna) ¥ - IEANERE
(shallow infauna) T& v, O.umbonatus ¥H
45 (infauna) TH 5., Lich->T, TORTFIR
EABFLREOMESHTERMRL TS, Z ORER
i, MIEMEEMERE Yoy ) 4 HESRBICE
W T Calyptogena WSRBIZHER L, Acharax DSE
B (FE12cm) KHEE T A2EEEBL—HKT
5.

EOFEARNTFANBRUEBEENR Yoy ) H
A BWESTEEHFEOGKE Y VA, BZHED
& Calyptogena BHEFFEl (93102401s-b08) B &
VI BB D& Acharax BHERE (A13), HOD
Z NI KIE D Calyptogena BEEICIRET 3 =
¥l (920223A,B) I2EB» 51 5. Calyptogena &
AW d Acharax WEHHET 2RI E WRTF AR
B OoN, pOYEREEMOGIKE YV M EB
FOBE BB OAIKED §PCHEWI &b,
FARTFIE A 5 v E2ECEKICEFRT 5 & ER
ah 3. Bl Calyptogena BEDEBIBICB VT,
Bulimina striata (4.72) 3 & UF Rutherfordoides
cornuta (1.04) 3 pH7.8 I D REIBRKICEE L,
Bulimina aculeata (—3.17) (3 pH7.8LI F D3RS
W (Bt o, 1996) . Cibicidoides
mediocris (3.75) &EBKD 74 U E (alka-
linity) 2SE0EkHCHET 5. Licdi-T, &
DORF Bk 7 v 0 ) EIcBfRT 2 L Ebh
5.

IEDS b NFEME IELEE O & Acharax
SR (A00,B09) i, ADZNIEiEKEBDE
Calyptogena THEF K (920223C) HERBO&
Lucinoma B¥$E:0KH (95011401-01) &:ﬁ#ﬁ? 3.
1IE @ BE &S i3 Bulimina striata (2.71), ﬁoeg—
lundina elegans (1.08), Oridorsalis umbonatus
(2.79), Rectobolivina cf. asanoi (6.25) 2‘% LT
Stilostomella hayasakai (1.94) 12, £ /-BH D
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513 Globobulimina pacifica (—1.08) B X U
Uvigerina peregrina (—1.02) 1ZiBH 5N 5. B.
striata DFEHFIE EIKEKD 2 5 Y REICIEE
WHHEE A S B (Akimoto et al.,, 1994). B. striata
B L 0. umbonatus (%, # A = R igH 0 BIKE
HOE Wi EH 3 % (Cruz and Lopez, 1988).
—7, G.pacifica i3, HEEZIcEWTY oy ) #H
ABEERBANTREELRLL, LD ->T, ED
HBHKTFIEA 7 v OFEMEERET S

ik J@ D Calyptogena B %G UKL (92022
30), BLUWIEMEIy oy ) # 4 BES R
IO AIKE ¥ v kG (D3K/118-02) (T idIED
mOWE 6 K TFARMEY, FLMINEOS
Calyptogena Bk (93102401s-a08) 1T 3£
DENDH/AGT 5. IEOFER % H T 5 Bulimina
aculeata (1.20), Bulimina striata (2.71), Chilo-
stomella ovoidea (2.54) # X U Globobulimina
pacifica (3.37), OBARE, H/KOEHFMIZX -
THASFTVS Botidh, 1996). col &
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Mmoo, TORTEEKEZERETH L. C
ovoidea B £ U G. pacifica 3B REREE IC4E B
L (JbH, 1989 ; Nishi, 1992), B.aculeata ¥
& U B. striata & BRFEEE O (K WVEBRKICZ W
(Botid A, 1996). &F A3 1E @ Nonionellina
labradorica (2.48) & £ @ Hyalinea balthica
(—270) &, ZThZNEKHIH 5V IREFKIE
B2 49 A (Nishi, 1992). L7c2s-T, O
N EHIBUKOBRIBEEEZ L TV B RS
5.

X 1K Figirofs s £ & o, BREEICHIR

FERAEALROREREZRT. CORR, Th
FNORIKTI B BB IS T A [Ef DA
FAOBEL»AEDLINE., T§0b5,
Calyptogena B & HLE L T, KHEEXBEICE
Bulimina aculeata, Bulimina striata % X U
Nonionellina labradorica 5, % 7= NI &
Hoeglundina elegans 730344 5. EHEREICH
% 3FONMDERZ, EEKOT VA ED

low alkalinity (IV-)

high alkalinity (IV+)

aerobic (VI-)

aerobic (VI-)

,}I‘f‘/"‘/,l”’
\N. longiscata *-
Nttt .. e % 0 e s,
\S. lepidula <))

\\\\\\\\

—
’

NONN
VR RN

anaerobic (VI+)

’
N

N
2

H. balthica

| epifauna-shallow infauna (lll+)

R. striata curta

()

c

1)

5 VAR A A

q) \\\\\\\\\\\l\/\
Y = .

= R. cf. asanoi 2
R FE N EEP LA

“related with Acharax .-

7 /|

O. umbonatus

~

.

infauna (llI-)

related with Lucinoma
community

C. ovoidea

free

C. aknerianus

C. mediocris

| G. pacifica

X]1.

PRI E AU A A ALt & b A HERTEREE & OBIER.
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B ERALKFR KT 2D Z ISR L Tw
5. Rectobolivina columellaris ¥ & O Uvigerina
peregrina 1, Lucinoma BEEICEHHIICEb N
%, Acharax BE%E & 13, JKE &8I Nodosaria
longiscata ¥ & U Stilostomella lepidula 53, P
IZRectobolivina cf. asanoi 25$LET 3.

EBKDAY VIRELEERFLREORER

YIBEEM Y o v ) 44 BEIHBEEDO LK
Boon b EROVWT, BEHicE I 5 Bulimina
striata 1 & U Rutherfordoides cornuta @ B Hi 4§
BEIERBKD 2 & viBE L OMFR (FKoTid b,
1994) 2Kat L7z, Booid» (1944) i & hid,
mE ORI y=15916-logx—17.347 TXK D
ah b, HAK188-02ic B ) B B. striata & R.
cornuta DIAE OKEH3204% TH b, HKET718
THBEEDZNI3125%TH 5. HiED A 5 vk
B 13240nl/kg, %HDZ id76nl/kg &L REdbh
3. BIEOMEI, BAIZ (1988) i<k Mol
HovooYAfa33a=F—HEDA S Vil
E (174nl/kg) & b EFW,

Calyptogena {tAHs& £ N 5:81188-021%, o
1a=74-WEHTELL L EHE SN,
Bulimina striata, Nonionellina labradorica,
Cibicides wuellerstorfi, Oridorsalis umbonatus
ALET L. ChoofElE, oo reyy
A3 a=7 4 EFEMERBLORT 2=
7 4 — MU OBRAREIC D 515 (Akimoto
et al., 1994). —7%, Calyptogena {t.a%EH I
HET1812 1L, O. wmbonatus ¥ & U Cibicidoides
mediocris MS%EE L, B.striata ¥ & U R. cornuta
DBEETHA. L, Yo YhFM4aia=5F4—
AR OBEICRLUT 5. FH i Calyptogena b4
BEICBWVWTD, BIAEELEMIC B striata
L U'R. cornuta DHEEMN SFHI L4 & VIS
LERMB—FKT B, Lihi->T, MAEOHEE £

7 VRS ORBREES T ORRLT 5.

MBEERIFEAN £ v & — BRI o RIS
BICRYIEFRM Y o v Y 4 A PR RIERPE 4K
BEBRO"CERICOLTOERE, BZAETE

45

R ORI LI I =BES K CE LB
BEE Acharax BE O R B 2 5 v iw ik B
Calyptogena {tEDERIZH>WT, B HEKRKFEHE
FESESR B 10 (3B 2 & Calyptogen DR
FHEERARML L T W Wi, BEAKRE IR
RBHAKBH I 3FEERELRORES S Tt
REEE BV LI, PLEDFH 2zl k b BRLE
Lk 3.

XERERE B S GREES06804027 :
REMTHE), Fik 7 FE B AT ERE M E¥
wrIREE S (REVOCHE) 8 & ORMER
Bl (REBLAREF) 2BHO—HIcE T,

X &

Akimoto, K., 1990. Distribution of Recent benthic
foraminiferal faunas in the Paciffic off southwest
Japan and around Hachijojima island. Sci. Rep.
Tohoku Univ., 2nd ser. (Geol.), 60, 139-223.

Akimoto, K., 1991. Paleoenvironmental studies of
the Nishiyatsushiro and Shizukawa Groups, South
Fossa-Magna region. Sci. Rep. Tohoku Univ., 2nd
ser. (Geol.), 61, 1-102,

BROCANTE, 1993, S FE Yoy ) A4 2332 =
74 ) EEERILREE bFreoy ) A BILEGHR
ERRHESE, 351-370, HEEBEIEHRE.

BOCINEL « EAJIPYER, 1989. AAGRMIC B 2 RAE
HHARBEORE S — KRR QWL IC @S
T—. WHEFHRE, 32, 229-240.

BROCHIEL - IR < 3R fLF - FHEEE, 1994, &
B2y v EREBRKBERRICE T 2 HBEER
LR, MEFLBIOVEENAIBHES,
301.

Akimoto, K., Tanaka, T., Hattori, M. and Hofta, H,
1994. Recent benthic foraminiferal assemblages
from the cold seep communities— A contril?ution
to the methane gas indicator—. In. Tsuchi, R. (ed.),
Pacific Neogene events in time and space. Contribu-
tions to the West Pacific, 5-13. Kurofune Printing
Co. Ltd. Shizuoka.

FROCFNET » BRZSHESE » KURHESE - 1996, M EKI
LB BIER - MBUKD LRSS EHEBAB LR
DA E ORI WEFAH03EFHALHEES,
389. }

Aoshima, M., 1978. Depositional environment of the
plio-plestocene Kakegawa Group, Japan — A} com-

|
parative study of the fossil and the recent



46

foraminifera —. Jour. Fac. Sci., Univ. Tokyo, sec. I,
29, 401-441.

B RIRHE - B - BH % - 1995, {bFARETE
%ﬂ:Eﬁi‘%Eé*Lf:dﬂ%ﬁﬁﬁm)%ﬁ@ﬁm%ﬁ&@m.
=ZH¥E, ELEE (1500075EA1) OWEHERE» S
%Eé hiLFEREME. HAETXLMAER

&&, (29), 19-22, H/AETHEZREA.

Cruz, A.M.and Lépez, A. A., 1988. Influence of the
hydrothermal vents on the distribution of benthic
foraminifera from the Guaymas basin, Mexico.
Geo-Marine Letters, 8, 49-56.

A E - Al - miEEL - BREE . itEH 7.
INETRRA - B (SUH, 1988. EMELSN BB
BAAVFHNAERFENA ) LAVEELBEEL
T AMKBIHREN B EOBE. JAMSTEC i
7%, 11, 211-217.

AR fF - MER" - il &, 1988. HEZBHDL
HEIC B 2RI EOBER. B4ETLA»L
2000] BFFE Y v # v v AES, 177-188,

ARERPESS - BEVLRRE - KI5, 1995, =¥ EDE
BB O IRBRIEE & LFARBYBEEOLA. =
W¥E, ELUEE (15007740 OWIEHREE» S5
E.é ni(LFAREME. BEET XM AERS
&, (29), 89-96, HZAEMHELZER.

AREBBELS « KIGHIE « BTN - ROufiE, 1994. #
BEmEhTRRI N HEORBIEH JAMSTEC
FEHETZE, 10, 405-413,

B - AK B« BT - MHENE, 1991, =i#
BEO=BE,» SFERIN/I oy ) 4 Ban=y.
BZEETRBMETIZEERS (B4, (39),93-94.

Kanie, Y., Hattori, M. and Sasahara, Y., 1992. Two
types of white clam communities in Sagami Bay,
central Japan: geologic settings and the Tertiary
records in the Miura and Boso Peninsulas. Sci.
Rept. Yokosuka City Mus., (40), 37-43.

JEE i, 1989, EABILBEOHRYIbTOEEST
(FHD. BA~NY b RFEREE, (35-36), 41-4T.

fElgfE— « 8EH4CT, 1995. LRBR OBE —/NEE

FOSSILS 61 (1996)

Ofl—. BRTEMERE44EFI2HE TFHE,
14-15.

BB % REPEDS < BILEK, 1995, =¥t
PEEILBRET - — 77 — o{bA. kR, L
Eﬂﬁ (150077 4ERT) OWEH s » SRR I hicfb

BEEYES. BAET LM RAERESE, (29), 77
—87, BRETHEZESR.

Nishi, H, 1992. The depth distribution of living
benthic foraminifera within marine sediments of
Suruga and Sagami bays, off the southern coast of
Japan. In Takayanagi, Y. and Saito, T.(eds.), Stud-
ies in benthic foraminifera BENTHOS’90, Sendai,
1990, 109-115.

ILFEE - EEE—, 1994, #HIIBHEZAE» S v
oy ) AAFLADRR. BEBREHNRATIR
BRI, 10, 45-51.

Nobuhara, T.and Tanaka, T., 1992. Paleoecology of
Akebiconcha kawamurai (Bivalvia, Vesicomyidae)
from the Pliocene Tamari silt Formation in the
Kakegawa area, central Japan. Palaeogeograp.,
Palaeoclimat., Palaeoecol., 102, 27-30.

IR, 1995, =k B RMoE LEHOAIKE
> /7 LRER. Zil¥E, ELEE (15007 841) ©
WiBBRR > SRE S hic(LEARAEME. WAR
XL RAREE, (29), 23-29, MAEHHEER
B2

Sharma, V. and Takayanagi, Y., 1982. Paleo-
bathymetric history of Late Neogene foraminiferal
assemblages of the Kakegawa area, central Japan.
Sci. Rep., Tohoku Univ., 2nd ser. (Geol.), 52, 77-90.

SIS, 1978, BILABIR~< =2 7. 34-46, #ig
B

ZHIEE « EPFES - B4)IIPUEE, 1985, NaTPB i< &
PEEE RS RE - HtATRREO DI~ LA,
(39), 17-19.

R LA, 1993, BREM L KE hFERRHA O
HRERCHOWHE. Tk 4 R R R T LFRHR
BEtRETREREETRHE, 1-9.



{t A 61 (1996), p.47-54 a7

BETOLMRBEINORR SN EERBELARE
IS FE—" « Sl « RINKE"

In situ fossil chemosynthetic community found from the lower Pleistocene
Kazusa Group, Yokohama City, central Japan

Ryuichi Majima*®, Yukiko Tate® and Takuji Shibasaki~

Abstract A fossil methane seep community is preserved in marine strata of the lower Pleistocene Kazusa
Group, Yokohama City, central Japan. This community occurs in a 9m-high and 9m-width outcrop, and con-
sists of lower (4.5m in maximum height, 9m in width) and upper (83m in maximum height and 6m in width)
lenticular layers within the silty sand matrix. Each layer abundantly yields large-size (about 10 cm in shell
length), articulated bivalves, such as Lucinoma, Conchocele, and Acharax, all of which have been considered to
have symbiotic, chemoautotrophic bacteria in their gills. Both the layers are cemented by carbonates charac-
terized by very light carbon (6 "C= —55.06%, (PDB)). The molluscan fossils associated with the shell layers
show a paleo-bathymetry ranging from 100m to 200m in depth.

Above observations evidently indicate that these fossil layers are an in situ chemosynthetic community in
the ancient methane cold-seep site. The mode of occurrence of the two layers probably records a fluctuated

history of upwelling fluid including methane seeped from unknown subsurface sources.

FL&HIC

MIETRRXICHH T 5 NESHEETH LREED &
LA A CABEEERA L, BE LRI
M EROZ o AL, B FE &SR
OETHD (K1), BHFHICIZEOARH _KH
fbamy vy IRICHEL, ({LAEERBOHIHIZR
BWELDE>TWE, COREWE N
% bR o ME (ThL: FIKBELDE3)
E/NSEE (BAL: FicE L 073 3) BRI
Hicsd, FLABERMLAOEIRE EM ST,
BUE 0 S BEARMALE S TH B T LAV
L.

BED > DBEKICEENLHILKERL A 4 v %
KEFE T 2CFABHE I XA S ic Y%
Dt RZHOEBEL S s TWE CKH,
1987). TN o DHEDHHIZFIKBERD K TG
7L — MEREICIZE—RL, BREHRR

CREHRE Y KFHE S Y E Geological Institute,
Faculty of Education, Yokohama National Univer-
sity, Yokohama 240

19954F11 H24 HSAt, 19964FE 4 J] 2 HZE

BICHURELTWA I EDbh-TE. —4,
BHETRRA S NI B L RIS 5755
{LABESRI AR, SHEShTw s G
2k Palaios, 7 (4), 1992 D {t¥ &bt AEED
HrtEin &),

HWERRIERIC A 2 &, Th S DILABIEE 3 AR
DIETHHKRD TERE T & ARET 2R &
LTHEHEh TV, kEZE, (L¥EasLaR
EhZHD SHEIh TV A FEMEIR < IX, B
(D7L— MERTOF 7 b =7 2 0HEREER &
Miisd Ttz hooEHMSHEHEATL S
(Niitsumaet al., 1989 ; Sohet al, 1991 ; 1BF
THERELHE, 1991 ; BE Ak ERE,
1993 ; BZEEMMb EHIX v oo ) 71 (L EHA
EHfRE, 199573 &),

—75, HEYIEENC A B &, (LFAREEIKE
K xVF-ITRFE LR ARICE D EERE
B L IERERETER L TV 2 ABERENT
W3, EHMIcS B EEYRRIRO 2 & v RRER
EF B BDIKIED L AR AR E = %0
FoFHELTVWBEEBWZ B, BEES, 25V
D& 12 2 EY DK IERICE S  EER



K 1. (bFasbaBEERRHO M EK
Fig. 1.

Index map showing the fossil locality of
chemosynthetic community from the Lower
Pleistocene Kazusa Group. The fossil
locality is plotted on a 1:25,000 - scale
topographic map of Japan, Quadrangle
“Totsuka,” Geographical Survey of Japan.

WEBLTWEHEINELLTHE, L,
EHIRIC & B &K D LEARREHE KRBT
IRVFE—IURESTICEEEEHEETRETH 5.
DT L, BAROEHEICL > TERICKEN
foBIC & B KEBE 0 ER L RS I L B
oL ] Ick->T, KBtz 2V F—ITRET
BHERNLH LI ELTH, {LEARBERZ
NEREMERICESZECZILILERELTVS
(Gage and Tyler, 1991). %< O{LFEAKEE
BRI EOBHBYE S EUMAL L EERETE
BLTWwW3, COEERICEINIENEZ, O
LOBBEEVEE THRBELENZITEVLTLO
Tdh5.

D& DI LFEEREEE, WERRIENICS T
SAEYIFENNC R T OB TEIKEVIFENR TH
3. {LFARBEIM T, o DBKERERE S
A1, Z OB IIHEIER T OBEESHD CE
B E, LIABBREDILEARBENERS
ZHIR T/ N7 7 ) Tk B 24 & v L& g
TAERICE O BEENa v 7Y —va v fbd a2l &
BHEISH, WIEE T O ORIEREC LTV
3. Lchi->T, {LEARBEDOHBIER T OME
EHBICIEHAENABREOBHEEFHANLOMNHRD
BWLTWBEWZ B,

BATRHLEARIAHEL VAT Yoy ) 4
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1 %8 (Calyptogena) #F L4 23HENFEHEQ,
£ DWMEHLTHLN T % 72 (Niitsumaet al,
1989 ; M, 1991 ; EFHHERELRE,
1991 ; Wl EHxBEiE, 1993 ; Ogasawara
etal, 1994 ; #ABEHHM EHX v o9 ) 4 8H
{LAFEEFMR, 199572 L), Lirl, vay y#a
A1HRBEBREZ ICH BT 3 Akebiconcha
kawamurai 15 E%2BRLE, WINLWBE, &
ERS, BERKHOF v 21, H5 WV Ii3HEY
BREORBOFICEL I EBHOSNTED
(Fujioka and Taira, 1989), EEH L #-{tGb—
fRich R IS EIRE/RT. —, Lucinoma,
Conchocele, Acharax % ¥4k & 3 2 {L¥ &t A
B, KRESSGHRTEHRL, EROEENTS
BTEMEBV, LED->T, LEABRILAEED
WEMET O & % & 3 i & Lucinoma,
Conchocele, Acharax 15 & % T4k & 5 (LGB
ERETHONKROBELTVEEVZ B,

SEFER S N ETRX O{LFEERILARE
BESHOm, IBHoIm OB, SEHL, &
86 F T #9 4000 i & ® Lucinoma, Conchocele,
Acharax I Ep SRR E N TV iz, TOHER
B TH 5  EMLADERD SHERRTE .
AHEDOHMII C OBEHALHT 5 &1tk ->T
{LFERBROBER FONMEEEZRT I &I
H 5. BBRRERZELHEEYE (NSM)
ISR - RE LT

HEBE

FAEBHEELOMERK & KRR ERK 2 1R L
fo. T OMIROMEDO—iEE R 1d N82° W T,
NNEA8 m o518 M LTWw 2, ABZHEDIL
AEERBIKMED S/INEBHH 4 5 BHEICY
e, TOREMEEREHSKA3% O EIKERE
WELEE TAOAMBRIIECES,SED,
BUKEBE2RAET 5. EAo/NEBREICHERE
D510 RIABES & OHEREREE S FGE L, BUK
EEERAT 5. MEOHRAIWHERED SRE
WEAN BRI EHR R ESZELL, 2L
LT EAMBLERYT. &l —ic kK
BThdIENEV, OHBRL» SLEABIL
ABENEH L.
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Fig. 3. Sketch and picture of lower part of the outcrop yielding chemosynthetic community. Sketching area
(above) isindicated by a white quadrangle in picture (below). Arrows indicate a burrow cemented by
carbonate (Fig. 4-4).
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X4. {bpepifbqrE g (DFEA R ESEHA T - 7. QU 2% T50cm HHIcX Y)Y 27 v FZ21T- 72
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TS L 72 BRI () 3 &KHD).

Fig.4. Outcrop yielding chemosynthetic community of the lower Pleistocene Kazusa Group, Yokohama City.

We observed the outcrop using a scaffold (1) and divided it into 50cm-square divisions for sketching
the outcrop (2) (Fig. 3). Upper part of the outcrop (3)(white circle indicates a hammer as a scale). A
burrow cemented by carbonate (4) (arrows in Fig. 3).
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Fig. 5. The most dominant species of the
chemosynthetic community of the Lower
Pleistocene Kazusa Group, Yokohama City.
All articulated. 1: Conchocele bisecta (Con-
rad), NSM PM15795. 2 and 3: Lucinoma
spectabilis (Yokoyama), NSM PM15796 (2),
NSM PM15797 (3). 4: Acharax cf. tokunagai
(Yokoyama), NSM PM15798.
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Species l

Bathymetric range of living specimens (m)
500 1000
1 1 1 1 1 1 1

L 1

Puncuturella fastigiata A. Adams
Bathybembix crumpi yokoyamai (Otuka)
Fusitriton sp.

Boreotrophon candelablum (Reeve)
Buccinidae gen. et sp. indet.
Turridae gen. et sp. indet.
Dentalium yokoyamai Makiyama
Acharax cf. tokunagai (Yokoyama)
Acila divaricata (Hinds)

Yoldia sp.

Portlandia sp.

Limopsis tokaiensis Yokoyama
Solamen spectabilis (A. Adams)
Lucinoma spectabilis (Yokoyama)
Conchocele bisecta (Conrad)
Crassatella sp.

Terebratulina sp.

m M mOmMT T oy M R

F-
———

6. {LFARILABERKED Y X b,

Fig. 6.

List of species from the chemosynthetic community of the lower Pleistocene Kazusa Group, Yoko-

hama City. Black bars show bathymetric range of living specimens (Habe and Kosuge, 1967; Kuroda
etal, 1971; Habe, 1977; Higo and Goto, 1993). Abbreviations: A, abundant; C, common; F, frequent; R,

rare.
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Calyptogena fossil associations in the Pliocene of Ikego, Kanagawa
Prefecture: composition, mode of occurrence and taphonomy

Yasuo Kondo*, Kiyotaka Chinzei**, Saburo Kanno***
and Yoshiaki Matsushima****

Abstract Little-disturbed fossil colonies of a deep-sea giant white clam, Calyptogena sp. 1 are found in a
gigantic displaced block consisting of cemented shell beds, from the lower Pliocene Ikego Formation, on the
northeast coast of Sagami Bay. In the dense bed of Calyptogena more than half of the individuals are conjoined,
and most of them are embedded parallel to the bedding. This mode of occurrence, along with oxygen-isotope
data, is interpreted as nearly in-situ, or only slightly dislocated from the habitat. Calyptogena is occasionally
associated with Lucinoma spectabile, Conchocele disjuncta and Acharax sp. Also, bathyal gastropods, such as
Neptunea and Buccinum species are present, suggesting a similar bathymetric and climatic regime to the mod-
ern Calyptogena colonies in Sagami Bay. Individual shell beds are very similar to the planar concretions widely
found just beneath the modern Calyptogena colonies. Judging from the tectonic setting of the area where earth-
quake occurs repeatedly, the thick succession of such concretionary layers may be interpreted as representing
recurrent rapid burial events triggered by earthquakes. Stratigraphic change in the areal extent of cemented
layer and density of fossil occurrence, show a stepwise increase upwards. This may be an indication of cyclic
activity of seepage in the area.
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FEOEETH HHBR—K (BEEKX) &it
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SARBICh, TEVFESEAVAETHE L
ZHEBRE T3,

FIEMLSEIET TR, TAEYFOEM,
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ELTE - B, B S8 0 - 1EHROMT» o,
LA 28D TOREEE LD T S BRIBOHETED
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E30E A EMEFSE SI0OERMERFESTES
BLUVERTEYERESSERS
JNE HBE*

FEEFEMEH¥ 4% (30th International
Geological Congress) 75, 1996(E8 A4 H» 6
4B ThEILROPEEEES + v 5 -
Zrlic LChEs nuke, FAR C OBEER, JbE
REHEFEROWHE LEPE O « HHEFICE
THRHREFREEDTED, TORROFEEL &
UASHOERFAFABEOITbE&bEEOMRTT
DLFIcBMLL., i, BATEYEXEHD
FIHMWHEFHRAEREBRZTETHH S L
» o EEEREESF 10 EFFFES (10th
International Union of Geological Sciences Or-
dinary Session of Council) ICFEEED—A &
LTHELL., &5I, oy ickhn-EHE
THEYIF¥W 4 (International Paleontological
Association) ® Business Meeting I & $HPG7E
ER (AATEMFRRR) oREELTHEL
72. LIE® IGC,IUGS,IPA @ 3 D DL&E A I
7 5.

IGC : IGC (318785 ELIR, 44 1 Rz h
T&EcEy VIEEBE2ET, BiElo29th IGC iF
1992 I FER TNz, 4ED30thIGC b E v
7, BMEIZ100%B A, 2MEREIZ6000
ANELICDIF » 7o, BInE OEBINER OB,
thE3500, HA400, o 7300, ¥KE270, F
AV e A—=RbF5 YT e 753 VvRFZNEFN100,

*Report on the 30th International Geological Con-
gress, the 10th International Union of Geological Sci-
ences Ordinary Session of Council and the Business
Meeting of International Paleontological Associa-
tion.

**Akira Yao KB KFEEZIHIREEE

#F 5801 ETHE. BEDLOBMENEL -
T &ld, EHEDDRUFTHAS BRI O
HARACHES -7 ETHHEERLIZL, W2
Dty s v TRERSPEALBEALT O
Shr—2b®-1. BE¥EFosrsa L@z
oo ad, BRAlYUYEIY LTS, vUHEYY
4152, OFHE KR 7 —HHETHB00D Ly ¥ 3
vHHE N, DEEREHN2600H, R 5 —HEK
¥122008FTH - 1. FD D b HEYFEICHEL

Py vRYYAEROEDTH 5.

A-4  Biological evolution in the early his-

tory of the Earth.

K-2 International Geosphere-Biosphere
Programme: A study of global chan-
ges (IGBP).

1-4 Sedimentary stratigraphy and palae-
ontology of deep-water facies.

1-7  The Permian/Triassic boundary and
global Triassic correlation (including
IGCP 359).

1-8  Global events and correlation of Ju-
rassic and Cretaceous starata (in-
cluding IGCP 350 and 362).

1-10 Biostratigraphy

1-11 Carboniferous to Permian Tethys evo-
lution: palaeogeography, palaeocea-
nography, and palaeogeodynamics.

2-1 Palaeobiogeography and reconstruc-
tion of palaeocontinents (including
IGCP 319).

2-2 Global mass extinction and subse-
quent biotic recovery through geo-
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logical history (including IGCP 335).

2-3 Palaeocommunities through geologi-
cal history (including IGCP 366)
[IPA].

2-4 Taphonomy, trace fossils, and ex-
traordinarily preserved fossil groups.

2-5  Evolution of marine vertebrates
[IPA].

2-6 Evolution and environmental signifi-
cance of calcareous-algae, stroma-
tolites and mudmounds (including
IGCP 380).

15-4 Palaeoanthropology and geoarch-

aeology

15-5 Migration of plants and animals re-

lated to environmental variation in

the late Cenozoic.
RHEEN/8000FELWVWT 72 b5 7 bHS3 45
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N8R L7 1 ¥ CD-ROM M2 B&H#E Il 50,
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FRRITI3797 — 2 (XEA[16, 23, #41) <

blh-TEREN, £/, 2licdHbETLD

Ya—hIa—Reg—2vay ThELNI &

B, COLBETREINIMXDOWVL DD, 20

#% 0 Proceedings & L THHHERENEFET

b 5. kElD31st IGC (20004F) 3V A4 « 7«

Sex4n (F5YN) TSNS EMkE

D, xalE (20044F) L3 TA 70T (74

Lywx) EA—RN)T (94 =) WBIEH

LTW3,

4[E]030th IGC (3 EHE 5 & & o H 91
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TEHI N, 2O EIFTEEND S OBME
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INLLEZ 3.
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ZEONEE AW LT &/, MR T b MEE
THHADHS BENIKEL L >TWV 3,
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Hlith3), FRLEKDLWTEHRI NI,
IUGS EFIFFERICHE LT LA s}, HAE
@ TUGS sHGHE: T d 3 A AN B OB E B
FHREE LB E AL LT, BAROHERE
DEMHEEIC I - EBEICOSLENETSH 5.

IPA: IPA B3 AT BT 5 BB/ %51
e HEMEL, F7, HEYFENIHROERLKS
REHTAIEEHMICLTVWS, 2BELTH
A-Hlik-#L48» 5755, IPABRLIIGCIK
PHOETAFEGBICHINE I EILE>THED,
SEMSZNICH TS,

IPA Business Meeting (8 A 6 H) Icii2E,
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1995 DAERIE AT S . (1)1992— 1?96@
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2 IUGS 20 6 OBESENIERY, d-1E6H
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LETHAIA (Scandinavian Univ.Press) @ %€ #f
FRRBHIC O EDNATERTDITYL 3.

felld N & C &ickidft, LETHAIA OE M
LSBHESBL LTS, (3) kR : “The Direc-
tory of Paleontologists of the World” & “Fos-
sil Collections of the World” @ 2 > D%,
BEAFICHET « HAKT 5 T & 21992 ICIRE L
7ol I FIFER REEHICESMER L)
POBETICRE > TV, BHEE, World Wide
Web network 2F\ 7= “Directory” DHiT% 1
FZLTWA, (44EE) : 19944F 13 Shallow Tethys
15& 64, 1995413 IGCP 32875 & 4 (O EKES
BORMBEED L. DEOERBEL SN B
L5, HEMESEOEBENFIRERES 2
IPA DFEED, HYEHATHLLEHLE 228
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#HHEHELTWS World Wide Web network
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SHOEE

FEEOAB RBAOLTHEYFERAELBI KR SIZE
B b DThH -7z, AFEHB X CHREmE LI
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BB O - RHICBIT 2050 P, Siod
B OMEIC SEEKEV DML 4 H - 1205,
EICHEM » 2 32> LT TN
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BTV OTELAICD W T OHFE DR — 5L
LOWEEHkE» > Ricga, K& o1y
Fons, —oREMLL LA OWREEER T E
KL DB - IR d 30T, NIBHEEDFET
BE TS 5. bl AERIBFER L0
EddT a2EMtAIR, 0y 1 7OMBITHD,
SEGFEHED—A, KTEEARNHIRRBEE DK

*The Fifth Quadrennial Conference of the Interna-

tional Organization of Palaeobotany.
**Ken'ichi Saiki FIEEI thiig4fe
***Tamiko Ohana @) ERBRIFHIZA
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TLWAH Y ) EEOM/NITELAZED B4 Hik
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HA, WTFHEYOELBICET 35 BHMAND
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1 7OIALAICET 2RI L Thh TV,
L%, BOEHIORRICEDIWEIATHB.
WEFEL CERIRH L RO #(L - BT EEE
RIS DR —E, 724V H, 3—RVKE
@ Karl J.Niklas #+ic X 0 #icBiF 3 7o »
MY —HIROHBESTIITEN, TONFIINY
AELSEE > TWVWA, SEIGI T HNAEL
5, IV hTOA MY —ICBE L BIESRE
INhtk, ThoDH> bR E L - FHEEG, HAE
WY O YRR S ERE L DBARE b &I LAEY
DHEREDEREZRLE5bDTH 7. FA1 Y
@ Thomas Speck &=+, Hanns-Christof Spatz
o RBHAEYMOX - BRORHEL b & ic/b Gl
VIO BERETEY, FEROETRICEER 2%
MFTWiz, [ L KA v ® Volker Mosbrugger
Btoicky, EYOEICH T 3EKEBOEL
2a3vEa—F—Il&->T¥a IL—bTEHHRE
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Jack Wolfe {#451993%FEIcFE L - KUEBE T O
1 FE CLAMP A &sh, hicBd 3
ISHB PR ERSHRE s N,

CLAMP T3, ¥EoEE%231DEHEICH T,
SURCBEOEMOELE & & F & FuKBEEY
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ZOEEMEAE L AKEHECFIHI AT
3, BAOWYHAFHALTIDOS 0/ 5 60%
WHEZRIEL LS VI RAOTITF, WilfiF
To LS BRENLHEREZHEEHLILbDbHY,
HMBEIFALL

HEREE L 2BELOEE 0 ERBL /b
Db, Eocene DREMBICHT 5y v K YU A
THERRBHRVEHEIN TV, 7275, HEIR
BOHR AT 2 EMNENTHBICb b
STEHVLNI T — 7 BRCKOEMICEET 5 b0
KR-TW, B AA, TYVTHERIATL
2biFTRIEL, F-sINEDENDGZDFEAT
3. TDXS>BRAEDLD, EAIEEEL R
REEREMBARRD) X 2HHEH
(Palaeocene-Eocene) D HEMIEEICEE T 3 K&K
i, BT ToEME L TROVELER -
TR SNTW .,

Pll, & cEBRETIHRNICOVTHMNL
7oh, bBEAAIDEMNICHEL OEELNTFER
gt ans, BED S IEHEBEL (EERR
ERE) bt o [H#REORTEMILAON
HroRaohdfbhoRR=HE L, Plant-
Animal interaction DL ICEF - KRB E A
fo. i, FERFORERFHELOHIERET
BT 2 BRI, MASED « FEBETFSA
S & B ALiE O hERERMY LA ICBE T 2 NED
BE ORISR SBALERE - T STV,
B U FERFOHRERSELICKS, 7110
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BicBd 30T, BEX DOEES Pleistocene
DILEERNRICKEFELL 74—V F T — 7 OFER
KESWRERBERS TV,
LElD&ETIE, LERABERD S OFFEEDOFH
EHHEIL-> T, REIDHBED 4 5% (2000
), PETEHMIND I ENRES NI, Z
DIAETI, BEATED—BOWEDERITI
ENBTEEFEVRIZITH B,

Wk

RERTHR, 2HOFAKLRMNERS NI,
FhEbig, vATOEYEE (The Field Mu-
seum) O Patrick Herendeen {45 DRA T,
2, o5 FEMNOEERD SHFERICWS
F TORENDTEYLAEMZ N, &L b
ftAoELE - FEREBRZhEEBIFLEVLL
M1z, RXBHENTWETES LWEA%
BET DB INIETBBIINL.

B HICF vy — i@yt (Denver Museum
of Natural History) @ L \WE/R “Prehistoric
Journey” 2 RE¥ 2%/, o LVE
FHEHBRENT VA, KRXIPBLEICR
Ry PBYTONTVWE DY TREL, HRUED
B LB L T THARRER] 05 Ly,
BOLASERMEHT S LTcoMBlE LTbnT
WAERPHIRHITH - e, 88, 7FrN—FHc
i3, ESHLODI A, FUN—ICBERKNE - T
WicZ 2RI A & YR OETR EMD
feF 4 AT L=Dfioh TV, 2%, 3035 F
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906 b KA 2 i (Sixth North
American Paleontological Convention (NAPC
-96)) 75, 19964E6J1 9 H—6J112HIc7 ¥ v
¥ DCOR Y v =7 v[ENE KL YT 6
Pifi s 2 3 v =7 1G0T HER SO E
e, Ya—T gy b ¥RE, 2 —-3¥FK
7y JHENES, A ) — 5 v FIEH
T, 7 v v b YRS, ORI A
ot ciThNn, oo, kel s
L figlE T o Ay o 8 & s = Hi s L
ThH»Nh 2 60T, 1969EDH 1 42 (7 1 —
VR IR DISASE WPt s T v 3. gifla]
(H 5[0 D&FE19926ETH 505, Shlid 4
ERDEVWS T EICE, EFESIIIOLHKE
e 24215207, LINCZEORSEE G
5.

L ToHETIrbNi, 6)J18H : 2
SO (A1) =5 v FINF =+ E— 27 Bl
JWoN— b EEREDQUITHER O A ) — 5 v M A v /8=
5 v EAT N5 F TILIRD AR, 6 HOH :
ke L7 ¥ a v, 6J110H : AR - 855
b 2 1 (J.W. Schopf : e v 770 74— /h
t iy DL, B.Runnegar : BU:EfCIcH 13 2 A
B ~vToEYodis otEq(b) « — kil
(O - #2 5 —) « HH/NES, 6 H11H : —
ek (19« B2 — « RS« £ 57 4) »
R 2 (S M. Stanley @ 23+ < il © 73
e hI{LTE DD, R Potts : [fRH 43
v H B — & DHEEIT B F B A BREE D ANLE
YD) « ve 7Ty s v, 6 H120H @ —kakin
(1« #2457 —).

*Sixth North American Paleontological Convention
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{EBEfE—: Records of life-history informa-
tion preserved in the shell
microgrowth patterns.

HZ&EH: Growth kinematics of bivalve

shells.
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event (12)
« Understanding biodiversity patterns: his-
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* Quantitative stratigraphic paleontology
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