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- An attempt to estimate the paleotemperature based on the analysis of
boreal fossil molluscan assemblages

—On the Early Pleistocene Omma-Manganji fauna—

Kazutaka Amano*

Abstract Various methods have been used for estimating sea surface temperature, based on the analysis of
fossil molluscan fauna in Japan. By using the HDM characteristic curve and climato-geographic zoning
mathods, Mizuhopecten-Glycymeris assemblage which was widely distributed in the Early Pleistocene Omma-
Manganji fauna was examined. It was proved that the sea surface temperatures of the Japan Sea coast areas
in Early Pleistocene were 0.5 to 3 degrees lower than those of the recent Sea of Japan. In this age, an
intermittent influx of warm current to the Japan Sea frequently took place in relation to the opening of
Paleo-Tsushima Strait. The obtained data mentioned above show that the Early Pleistocene climate around

Japan Sea was more weakly affected by the warm current than the Holocene one.
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Fig. 1.

Localities of fossil and recent Mizuhopecten-Glycymeris assemblage.
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2% 1. EHrHFTH O Mizuhopecten-Glycymeris {tAEFOFEH &L 57— 7.

Table 1. Localities and data sources of the Early Pleistocene Mizuhopecten-Glycymeris
fossil assemblage.

Formation Loc. or Hor. Data source

1. -Sarabetsu Bakkai Noda et al. (1982)

2. Zaimokuzawa middle part Akamatsu (1984)

3. Setana Soibetsugawa Present study

4. Tomikawa Hosokomatazawa @ Sakagami et al. (1966)

5. Narusawa Loc. N-6 Iwai (1965)

6. Daishaka Loc. D-B-6 Iwai (1965)

7. Haizume Loc. 25 (HMB 1) Kobayashi et al. (1986)

8. Haizume Oginojo Present study

9. Kota Lower horizon Mizuno & Amano (1988)
10. Mita Loc. 86 Matsuura (1985)

11. Omma Loc. 16 (Kakuma) Kaseno & Matsuura (1965)
12. Omma Loc. 31 (Okuwa) Kaseno & Matsuura (1965)
13. Seoguipo Loc. 3 (JejuIs.) Yoon (1988)

14. Hamada Loc. 6 Hatai et al. (1961)

15. Ichijiku Ichijiku 1 Baba (1990)

16. Soga Loc. 10 Nobuhara (1990)

% 2. Mizuhopecten-Glycymeris {L AR ORERERL. & AR

Table 2. Species composition of the Mizuhopecten-Glycymeris fossil assemblage. *Pacific Ocean side

localities Japan Sea side P.s.™

Species 1 2 345 6 7 8 9 10111213 1415 | Depth(m)
Nizubopecten vessoensisgr. © o ® ©¢ ® ¢ ¢ o @ o 6 ¢ o | ® © | 10-50
A lokyoensis e o e o o ® -
Glycymeris yessoensis o e o e 0o 0 e o 0 o 5-30
Hodiolus difficilis ° oo ° ° o0 0-20
Chilamys nippoiensis L e o° ° ° e | 0-20
Swiltopecten swiftii o e ) ° e | 0-20
Honia macroschisea o 0 o o ° ) 0-20
X umbonata ° e o0 o | O 0-300
 Lucinoma anmulata o o o o @ [ | e 20-150
Lyvlocandia crebricostala | o ° ° 10-100
C. ferryginea gr. PY o ® 00 ©® 0 0 e o | 30-400
Negacardi ta ferruginosa ° ° e o o ¢ o | 10-100
Fzocallista brevisiplhonata e o0 o0 0 Y ° 0-30
Nercenaria stimpsoni ™ ® e e ‘ 0-20
Acmaea pallida e PP o | 0-20
Puncturella nobilis e e 0 00 o 0-50
Homalopoma amussitaluw o o e e ° e | 0-50
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3. WWE dtigdisl 2km _EROWER) ERLA

Table 3. Molluscan fossils from the Setana Foramtion (river floor at 2km up-stream
of Soibetsu River, southwestern Hokkaido).

Yoldia (Cnesteirum) johanni Dall Miodontiscus nakamurai (Yokoyama)

Arca boucardi Jousseaume Clinocardium californiense (Deshayes)
Glycymeris yessoensis (Sowerby) Profulvia kurodai (Sawada)
Porterius dalli (Smith)

Mytilus (Crenomytilus) gravanus (Dunker)
Modiolus difficilis Kuroda et Habe
Chlamys (Chlamys) nipponensis Kuroda

C. (C. ) daishakaensis Masuda et Sawada

Swiftopecten swiftii (Bernardi)

Ezocallista brevisiphonata (Carpenter)
Saxidomus purpuratus (Sowerby)
szsula (Maciromeris) voyi (Gabb)
Thracia kakumana Yokoyama

Mya (Mya) japonica Jay
Amnisocorbula venusta (Gould)
Mizuhopecten yessoensis (Jay) Macoma nipponica Tokunaga

Lepeta alba (Dall)

Puncturella nobilis (A. Adams)
Trichotropis nobilis (A. Adams)
Homalopoma amussitatum (Gould)
Crepidula grandis Middendorff
Capuloacmaea commoda (Middendorff)

Yabepecten tokunagai (Yokoyama)
Anomia chinensis Philippi

Monia macroschisma (Deshayes)
Limatula vladivostokensis Scarlato
Thyasira tokunagai Kuroda et Habe
Lucinoma annulata (Reeve)
Boreotrophon candelabrum (Reeve)
Admete lischkei (Yokoyama)

Cyclocardia crebricostata (Krause)
C. paucicostata (Krause)

ten-Glycymeris {tAHEH &M ES) (2, 3, 4 »°
CHOUMBHIcE L TWA T & -7, & 7‘:,
gt @ 72 D RSEEER TR U 7o LA M DR 9
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bR L 7.
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7 % O IBE OTIRESE & > THFE &
Ui, iz, T5LTEONIHBEOMEMEY
D EIpEETT L, BT EEh s _KHD
BRIz >V TRE L7z, Big, ML B EEH
EHA AT Call, 1970 Ok, thig), &
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Loc., 23, 26, 29), {isE (Masuda et al.,, 1983
® Loc. 47, 66) IcAIbhTHD (FhehX1 o
Loc.a~h & LT/R L), ThdoEHORER
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HEYISER AT I L TR, Rk
A ofERRE 2 BRR R GETEHEN 8k
TLIEE I d 2 50), RRAM GIEEHEN T
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Table 4. Molluscan fossils from the upper part of Haizume Formation (cliff in front of
Oginojo railway station, Niigata Pre. ).

Puncturella nobilis (A. Adams)
Niveotectura pallida (Gould)
Umbonium sp.

Acila (Truncacila) insignis (Gould)
Yoldia (Cnesterium) johanni Dall
Acar plicata (Dillwyn)

Striarca symmetrica (Reeve) Liotina semiclathratula (Schrenck)
Glycymeris (Tucetilla) pilsbryi (Yokoyama) Gareoostnaea? sp.

Empleconia cumingii (A. Adams) Homalopoma amussitatum (Gould)
Chlamys (Chlamys) nipponensis Kuroda Littorina sp.
Mizuhopecten yokoyamae (Masuda) Turritella (Neohaustator) saishuensis etigoensis Ida
M. tokyoensis (Tokunaga) Tachyrhynchus asatoi (Oinomikado et Ikebe)
Lima zushiensis Yokoyama T. cf. horinjiensis (Oinomikado et Ikebe)
Limaria basilanica (Adams et Reeve) T. sp.
Monia macroschisma (Deshayes) Cryptonatica andoi (Nomura)
Astarte hakodatensis Yokoyama
Tridonia bennetiii (Dall)

Cyclocardia ferruginea (Clessin)

Glossaulax aff. vesicalis (Philippi)
Euspira pila (Pilsbry)

Mitrella burcardi anachisoides Nomura
C. myogadaniensis (Itoigawa) M. yabei (Nomura)
Megacardita ferruginosa (Adams et Reeve) Searlesia japonica Yokoyama
Miodontiscus nakamurai (Yokoyama)
Felaniella usta (Gould)

Axinopsida subquadrata (A. Adams)

Lucinoma annulata (Reeve)

S. sp.

Siphonalia declivis Yokoyama
Reticunassa japonica (A. Adams)
Olivella japonica Pilsbry
Pillucina pisidium (Dunker) O. fulgurata (Adams et Reeve)
Chama sp. Ophiodermella miyatensis (Yokoyama)
Clinocardium sp. O. sp.

Rhodopetoma erosa (Schrenck)

Propebela candida (Yokoyama)

Pseudamiantis tauyensis (Yokoyama)
Ezocallista brevisiphonata (Carpenter)
Mactra sp.

Fabulina nitidula (Dunker)

Macoma nipponica Tokunaga

Mangilia tabatensis (Tokunaga)
Epitonium sp.

Chrysallida sp.

Panope japonica A. Adams Odostomia sp.
Pandora (Pandorella) wardiana A. Adams  Odostomia ? sp.
Entodesma sp. Solidula sp.

Thracia kakumana (Yokoyama) Chemitzia sp.
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A ~Jbf& 39° (Loc. 5~7), Jbf# 39° & ki 35°
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BN 5 5 i, EFERE)LA/KIERE 158
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Method for obtaining the paleolatitude from a HDM characteristic curve.

Fig. 2.
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Fig. 3. The HDM characteristic curves at each locality of Mizuhopecten-Glycymeris
fossil assemblage.
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#& 5. Mizuhopecten-Glycymeris {tAERISEROEE (L), A& (T), H#E (PL), &K (PT)

Table 5.

Latitude (L), temperature (T), paleolatitude (PL) and paleotemperature

(PT) at each locality of Mizuhopecten-Glycymeris fossil assemblage.

Formation Recent HDM
LCN) TCO) PL(°N) PT(C) PT-T
1. Sarabetsu 45. 2 10.0 42.5 8.0 —2.0
2. Zaimokuzawa 43.3 12. 5 40.0 13. 0. +0.5
3. Setana 42.7 13.5 41.0 13.0 —0.5
4. Tomikawa 41. 8 14. 5 40.5 13.5 —1.0
5. Narusawa 40. 8 15. 5 39. 8 13.0 —2.5
6. Daishaka 40. 8 15.5 38.4 14.0 —1.5
7. Haizume (L) 37.5 17.0 37.9 14.0 —3.0
8. Haizume (U) 37.5 17.0 37.2 15.0 —2.0
9. Kota 37.2 17.5 35.9 16.5 —10
10. Mita 36. 6 18.5 36.3 16.0 —2.5
11. Omma (Kakuma) 36.5 18.5 36.2 16.0 —2.5
12. Omma (Okuwa) 36.5 18.5 35.2 18.0 —0.5
13. Seoguipo 33.0 18.5 34.0 20. 0 +1.5
14. Hamada 41, 2 13.0 39.0 13.5 +0.5
15. Ichijiku 35.3 18.0 35.4 17.5 —0.5
16. Soga 34.8 20.0 33.5 21.0 +1.0
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W, —75, HDM HriEphfRE i K 0id, BB
EEEHTHETIC 20°C L HEE S, PR TH -
TeEBAONEDS, IT~19CLITFTh -
Wiy, HECXB3ETOEENREDONS.
X & inlam X OBERIIPERT (1981) T &
g, BRRFEOI>bAF—v 7 - R—y v JHE
RO L TV AKIEORERIZE [, HARWEH
TREEY N VIRFEIGICERES N TWVWS, b
HIT T ORI O R KT 3% 8~10°C T
H 5. HHFEHIH O Mizuhopecten-Glycymeris b,
AT TA R —Y s R—Y VSEREEZ S
N % FE Cyclocardia paucicostata (Krause), Cap-
lacmaea commoda (Middendorff) iz W31 btk
#EHENE (K1 @ Loc. 3) PO MBIR S 1
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4. Mizuhopecten-Glycymeris HEHICH SN AEB X OHBE L) & THHEHREE (BS) DR

Flg. 4.

Bivariate relatjonship between latitude / paleolatitude and hivalve species

diversity of Mizuhopecten-Glycymeris assemblage.

TW5. ¥72, Mizuhopecten-Glycymeris {tA%5E
NI BE LS i, WiE D 5 1k Chlamys isl-
andica Miiller, Cyclocardia crassidens (Brode-
rip et Sowerby), Acirsa ochotensis (Middend-
orff) I EX L DA K=V 7 - X— Y v FERH
WESINTVSE @A, 1989). —J, JbimE =)l
J& (X1 ® Loc.4) oz sofidEsn
TV R EiED, 1966). Licds- T, BEHrid
Hi ] D S IX & i T X OB S HE & =1
JEOMIcRETEZ > TdH 5. HDM Febdhiiik
i, 10°COFERMRAILHREILPEEIcHRE &
nBDT, 8~10CaERd HIHX &ipln X
ORI D Rt IR 50, BELD S 10C
OHBRMBE T L T it —HL TV 3,
Pk &z e, HDM Fihfhiz M Wik

b, WYX 21809 5 5T b ETitEii
O HAHH TIRBIE L b & RIWKESEL, i
FrE IR A & JERERER 1 22 1 T BAESEY R EIZK
BB 2CEESEhL - EZELOND.

REF - HAFHYBPERROBYIFCTH 5 &
DR IX ¢TIz Otuka (1939b) Itk ->THEh
TWwa, Ll, BENEAERKRZRRSNT
WiV, 72, B (1978), Ogasawara (1981)
BFERARA LR B KR LAOFEP S, BT
P2 & o EE R g T, RIRCE ST
RSB T, BBRAHEARBICRA LI &
FeRE Ut = D%, Kitamura (1991) 3AKRE
O H b AHEOITIc &L b, 1. 2Ma LIRS
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30°

5. HDM iR & % ST AT o SN2 KiK.

Fig. 5. The average of sea surface temperature during Early Pleistocene, used by the

HDM characteristic curve method.
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ZEAR D SERE SN, Kaseno and Matsuura
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7% 6. Mizuhopecten-Glycymeris (bR, REHOREK L L LK - BRROEHK
S, TEH; ES, B4 ; BS, "W HEREE ; WS, BEFRAEN; CS, B . CW, BB

S USRI IcAERT 2O
Table 6.

Number of species and species ratio of cold current to warm current species

at each locality of Mizuhopecten-Glycymeris fossil assemblage.

S, number of sepcies; ES, number of extant species; BS, number of bivalve
species; WS, humber of warm current species; CS, number of cold current species;
CW, number of species living both in cold and warm water current.

Formation S ES ES/S% BS WS CS CW
1. Sarabetsu 14 9 64. 3 11 0 -9 0
2. Zaimokuzawa 17 14 82.4 14 0 11 3
3. Setana 36 34 94. 4 27 0 24 10
4. Tomikawa 35 21 60.0 21 0 14 7
5. Narusawa 52 28 53. 8 23 0 23
6. Daishaka 28 18 64. 3 25 1 14
7. Haizume (L) 28 18 64. 3 17 2 8 8
8. Haizume (U) 66 34 51.5 33 6 i5 13
9. Kota 73 52 71.2 40 19 16 17
10. Mita 38 30 78.9 29 6 13 11
11. Omma (Kakuma) 105 57 54. 3 61 12 28 17
12. Omma (Okuwa) 79 52 65. 8 46 18 13 21
13. Seoguipo 44 30 68. 1 36 8 7 15
14, Hamada 70 29 41.4 44 0 18 11
15. Ichijiku 88 63 71.6 46 30 12 21
16. Soga 23 18 78. 3 14 9 1 8
A HEH O RN © B A KiIRIC K b K -

ELLXFLENTVS DD Z NN DOEREER D
LM TERNWT & SR L TV 5 a[fEkEds
B, TITES KDL LITES A ER
FTRIEDL VD, EFHEH TS S Ly
H5BEEFEZDLEZNLHIORAIC HDM Frik:
R A EH T 2 I3 T RAEEENEELT 3
TEERRLTVS,
FZOREIERRIc O VWTTH B, Tl
EHHRHAE UT—3E L < - 7248, BEE (1991)
PHRFE LTV B & S W PIHPIRE & T
W3, < ORRIC SIRFEEINA DHIHIIE U WA H)
BAHOLND. Lleh-T, T THE L 7ohikin
BENoDNWE L L b DERT EZELI ONS.
%7, Rk, RMiofbAEMORROREE % B
TOWHFEZS LEEH G ELZ 650 bAINT
W, L L, K0RBEBLEN-GETSD,
THERE U 7o S EEH O BAE & /KR 028 DI IEER)
ThAHEZELZOLNS,

- -
|G

\

AN

AEEHED 51024, TRV EE R, B
18 THE % W I 12 WO Fe BT RS O /NG TR B PO ER
RICESEH OB EERT 5. 1, RKEKRF DM
HE-LHEMER, HEAFEoIN REELicizE
BRI SHH, CHEEWE W, L TBEL
FLES3.
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X 6. Mizuhopecten-Glycymeris {tAEFIPIC 8\ CEFRME, BEHRAEO LY 5254,

Fig. 6. The species ratio of warm current and cold current species in the
Mizuhopecten-Glycymeris fossil assemblage.

130° 140° {A}

Cool-temperate

emperate

30°

X 7. EHHETE oW AYS RS X 5.
Fig. 7. The climato-geographical division during Early Pleistocene.
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