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Chemosynthetic, cold-seep-dependent fossil assemblages from the upper
part of the Nakatsu Group (Lower Pleistocene), Sagamihara City,
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Abstract. Chemosynthetic, cold-seep-dependent fossil assemblages occur at five fossil localities in the riverside
cliffs along the Sagami River, Sagamihara City, central Japan, where the upper part (2.5 -2.0Ma) of the
marine Nakatsu Group is exposed. The upper Nakatsu Group is marked by coarsening-upward and subsequent
fining-upward sequences as follows (in ascending order): mudstone (Lithofacies A), mudstone and sandy
mudstone (B), sandy mudstone (C), alternations of sandy mudstone and muddy sandstone (D), sandy mudstone
(E), and mudstone (F). The fossil assemblages are dominated by the bivalve molluscs Lucinoma and/or
Conchocele that show high rates (79.2 % — 100 %) of valve articulation, occur in clusters, and are frequently
preserved in life positions. The fossils are commonly associated with authigenic carbonate concretions consisting
of high-magnesian calcite and/or dolomite that are greatly depleted in BC (§3C = -33.31%o to -22.60 %o
VPDB), suggesting the influence of anaerobic oxidation of methane. These observations indicate that the fossil
assemblages are chemosynthetic and cold-seep-dependent. The bathymetric ranges of extant molluscan species
and the water temperature inferred from the stable oxygen isotope ratios of the authigenic carbonates suggest
that lithofacies E was deposited in water depths of 150 — 240 m.

Key words: Authigenic carbonate, cold-seep-dependent fossil assemblage, Conchocele, Lucinoma, Nakatsu
Group, Pleistocene.
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Fig. 1. Maps showing exposures of the Nakatsu Group (1), the locations of the study sites (2), and fossil localities (3-5). The base map used in
(2) is the 1:10,000 “Aikawa” topographic map, published by the Geospatial Information Authority of Japan. The maps used in (3-5) are the

PEH (2), BXUOHHEEM (3-5). 20MERITELHEERITILoO1 [BI]) %, 3, 4, 504

1:2500 “Méchi” and “Tanashioda” topographic maps, published by Sagamihara City.
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Table 1. Descriptions of laterally traceable tuff beds (Tn1-Tn20; Fig.
2) in the upper part of Nakatsu Group. The tuff beds are classified
according to Heiken and Wohletz (1985).

Key tuffbed  Thickness (cm) Tuff bed classification
Pumiceous lapilli tuff
Tn20 2940 Coarse ash tuff
,,,,,,,,,,,,,,,,,,,,,,,, Fineashtwff
Tl = Coarscashtuff
Tnl8 10-15 Pumiceous lapilli tuff
Tnl7 14 Fineashtuff
Tnl6 1. Coarscashtuff
Inl5 8 Coarscashtuff
T4 1821 Pumiceous lapilli tuff
™ 537 hamiceon il
Tnl2 3-6 Scoriaceous lapilli tuff
777777777777777777777777 Scoriaceous lapilli tuff
Tnll 711 Coarse a:)srh tuff
,,,,,,,,,,,,,,,,,,,,,,,, Coarscashtuff
Tnlo0 10 Scoriaceous lapilli tuff
Tn9 1-6 Pumiceous lapilli tuff
s 00-13 Pumiccous lapilliwff
7 5o Pumiceous lapilli tuff
Tn6 18 Coarse ash tuff
TS 3 Fiewhuft
T4 3. Fineashtuff
Tn3 2-4 Pumiceous lapilli tuff
T2 2 Pumiccouslapillinff
Tnl 7-10 Pumiceous lapilli tuff
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Fig. 2. Lithofacies maps (1, 4, 5) and geological columns (2, 3) of the upper part of Nakatsu Group. Red lines numbered 1-20 in the lithofacies
maps indicate the locations at which geological columns 1-20 were constructed. The locations of lithofacies maps (1, 4) are shown in Fig. 1.2.
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Fig. 3. Outcrop photographs and interpretative drawings of locs. 1-3 in the upper part of Nakatsu Group. The legend is provided in Fig. 4.
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Fig. 5. Outcrop photograph and interpretative drawing of loc. 5 (lower horizon) in the upper part of Nakatsu Group.
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F2. HCAEMOWEEIYA. BEmiZe cUEdRE L, (LA ENH (Acharax, Lucinoma, Conchocele) O HEHRIL, JEET

[E T & 1z Riba o2 BRI N 3 2 BI6 CRHE L 7e.

BUER QA B O 5 FIEA IR T,

Table 2. Molluscan fossils from the upper Nakatsu Group. Two disarticulated bivalve shells are counted as one individual. Occupancy ratios of
chemosynthetic species (Acharax, Lucinoma, Conchocele) are calculated as the ratio of individuals of chemosynthetic species to all individuals
of molluscan fossils identifiable at the generic level. References of water depth of extant species habitats are shown in text.

Locality

Molluscan species 1 2 2 3 4 > > exta\r?]tastecre(iiizrs)t}}:a%f;tats
Lower Upper Lower Middle Upper P
Gastropods
Ginebis argenteonitens (Lischke) - - - - - 4 - - 50-522 m
Ginebis sp. - - - - - 4 - -
Fusitriton cf. oregonensis (Redfield) - - - - - 2 - -
Neptunea kuroshio Oyama - - - - - 1 - - 50-750 m
Siphonalia sp. 1 - - - - - - -
Fulgoraria sp. - - - - - 1 - -
Elaeocyma sp. 1 - - - - - - -
Bivalves
Acharax johnsoni (Dall) - - - - - 1 - - 100-5000 m
Acharax sp. - - - - - 1 - -
Neilonella coix Habe - - - - - 1 - - 50-2000 m
Neilonella sp. 1 - - - - - - -
Nuclana sp. 1 - - - - - -
Lucinoma spectabile (Y okoyama) - 1 - - - 4 - - 50-700 m
Lucinoma yoshidai Habe - - - - - 3 - - 50-750 m
Lucinoma sp. 3 4 6 7 15 44 6.5 10
Conchocele sp. 9 1 - - 1 2 2 3
Macoma sp. - - - - - 1 - -
Unidentified molluscs 3 6 9.5 30.5 8 39 15.5 5.5
Articulated bivalves 15 12 14 31 24 85 19 15
Disarticulated bivalves 1 1 1.5 6.5 0 11 5 3.5
Articulation frequency (%) 93.8 923 903 827 100 88.5 792 8l.1
Occupancy ratio of (%) 80.0 857 100 100 100  79.7 100 100

chemosynthetic species

75m MBS 2 EHEES N B MKIOEY 7 0T 7

S J& (X 1D Mk19 tuff: BFEIZE 2, 1999) ERfEEL, Na-G
PR TE OFERE, 2O TFAICEMT 2 In3 MK ATE
(2.66Ma) & EALIZEALS 5 Inll1EEHKEE (2.3 ~2.2Ma)
OHEFRFERD» LY 2.5Ma LHEE L7z, €5 C, FAEHH
OB IZ2.5Ma X ) F WM EHIMT S N 5.

R« HL (2007) 1%, FERSTFORRERHEHE
h o KglcBtpoag (B, 1990) % FHEFPHE _EAL DM
251 Tm EALICEAL S % & HEE & D Yogh MIRLEE
VAR (K10 Ysgh tuff @ T4 - #5K, 2006) &EXRILL,
Kglc Bt EIE DER T, ZOETIZEMT 21.97Mad
BIREF v bR EEMER 13 (FEREIZ2, 1999) L E R
JEALS B 2 v RN A ERGEEE O TR (EFH, 1990) @
ERDBHI2.0Ma EHEE L T2, fEo T, FHEHH QM
1Z2.0Ma & D FTWERR EHINT S 5.

tEEREAREL ZDER

IR IZ b 2 U 2 LI AL HEICECE 3 5.
{CEEOBHER L X7 v F%X3, 4, 512, EHLT:
BIEZR7IIRT. B3, 4, 5OR7 v FONHNIE

B4R LTz, FELALE RS IE, Bz (2017)
1o 72, 5o DLAEEMOEHE R X2 DR O Az
FWtETRL, BE AR HE(CEOERT 2
WP E L CEE L. T, £ 7 v FHHOBUELE
IR DZE[MIZ B NHEHETR LTz, EMIL 2 oER4 13 E
TRt OEE CEMHA @ ERL) LWEIRSEE
CATHB : FEHB2 TEB, HAHC @ EHI2 1EB, 3, 4), FEHh
5% EAMRLAHF O EREE CBHE) 256405, &
fEE O RE M, £fEoEHEER, BAERO4 R
B, &%, WFERMBENAD SERER2ITRT.
H A R FRIR D EITAE R 1IR3 ITRT.

E1 (BHHADRER)

FEMI 1 OBIABE & A7 v F % [¥3.1a-bITRT. EEMIL
5 Lucinoma sp. (X7.1) & Conchocele sp. ([X7.2) 23
BEM U, Siphonalia sp., Elaeocyma sp., Neilonella sp. »3
HpEL 72 ALFARTMAE O 5ERIX80.0% T, &
FrHRIT93.8% TH o Tz, HERBIRIIRE SH3ecm AT
TARERZEL, BEMNICHES 2 (X3.1b). FREIL 7
HAERBE (CbD) EEmMgh vy A hrbi D, &8I
¥ 2ERIIZ10.5wWt% TH o Tz,
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323, BAUAEERI D B A R DT R,
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Table 3. List of authigenic carbonates from the upper part of Nakatsu Group, showing analysis results of samples.

Localit Sample Carbonate ~ Carbonate in sample MgCO SBC 550 Reaction
Y number species (Wt%) (mol%i (%o vs VPDB) (%o vs VPDB)  temperature (°C)
5 High Mg Calcite 1.7 4.7 _ _ _
Middle Cbi2 Dolomite 4.7 33.4
__Cbll _ HighMgCalcite 79 ] 1.0 333236 104
High Mg Calcite 6.4 12.4 _
0 Dolomie 06 496 S A A
High Mg Calcite 8.1 13.4 _
¢ Dolomite o 06 wee oo e
Lower. . Cb8 __ HighMgCalcite 69 159 = T N
Cb7 High Mg Calcite 6.1 14.0 _ _ _
_________ Dolomite 54 44
Cb6 High Mg Calcite 42 18.6 _ _ _
_________ Dolomite 123 408
Cb5 Dolomite 31.8 46.2 —22.60 2.57 103
4 Cb4 Dolomite 21.9 47.4 - - -
High Mg Calcite 4.5 8.5 _ _ _
3 b3 Dolomite 12.9 45.0
2 Ch2 High Mg Calcite 5.9 10.4 . - -
Lower Dolomite 10.6 32.9
1 Cbl High Mg Calcite 10.5 12.6 - - -
o B L) Lol N L)
£*97 [Legend o03se REMI2 T, LEAENIZ LI L ki N2 THO%
$3:51 | A Calite ﬂud%m BHEE L 27 v F%[X3.2a-biz, EEf#X3.3a-blzZh
o -
53.01 | ¢ Dolomite y=0.031x ZIURT.
§ 251 | O Aragonite R*=0.9869 BEHI2 822 & Lucinoma spectabile (Yokoyama) (1X]7.3)
E 20 L Conchocele sp. (X7.4) DSEH L, Nuclana sp. 233L2E
S . }}’{2: 0(-)09199:0 L7z, FEMI2 EER2 51 Lucinoma sp. (X7.5) 2SEEH L
=19 I 7. ALBEARTHEILE O G HRRES 2 TH585.7%,
ERR FEM2 LHBA3100% T, AFFIITEL92.3%, LEs
3 0.5+ e 90.3% TH o 7z, FEMI2 1THERL A LUK <ok IR A 1 T
Z — PRHAIZ LV Y DRIEFEL, HUB WL B S
2 0 10 20 30 40 50 60 70 80 90 100 (Wt%) BoTWBZ ERREBLTWS (X3.2b, 3.3b). HA R

Weight percentage of carbonate for bulk rock

K6, &FIINT 20T A, FaxA bBLOT7TF4 D
AR, > v RV oM — IIERERZE £ R T

Fig. 6. Calibration lines for determining the weight percent of calcite,
dolomite, and aragonite versus bulk rock. The vertical bars indicate
one standard deviation.

BEMI 11X, $#5K (1932) @ Thyasira nipponica 85 =
E—EL, LGSR M BEACHPIINT Leda (Thestyleda)
ramsayi of Yokoyama, Limopsis tokaiensis Yokoyama, 35
& O Venericardia (Cyclocardia) ferruginea (Clessin) 23%
HIhTwa,

E#2 (5B, C: WEEERE)

PEHI2 13 S 24m, JEEICLT17.3mA» 5 % 280
EOTHE Lo 2 h, (CFERMBHIL2EE
ZAHBNTENT S L0 (M220HRKT), TH

WL, FEHL2 TEBOBEHHIEICRER CiF 50 cm F2EE,
BE100emEECTHEL, £ OFEMICHBIENITOH
228 (M3.2b), EEHLZ FESCIIMERR CS otz E72,
BRI, EH2OTFEE oM ORI D BIE
WIS 2 (2.2 0FERKT). ERELL 72 B4 RRIE
(Cb2) FEMg VYA FEFu< A FBEAL, &85
1IN 2 EEHIZFNENSIwt% & 10.6 wt% TH o 7.

EM3, 4 (EHC WEREE)

FEMI3 L ADFTIHEERE L X7 v F %X 3.4a-b & ¥ 4.1a-
bIZZFNZIURT. M3 & 432 BERE, 12ITXF—
DFRELHEES D (2.2, 2.3 DHIRIKT, 8, 9).

M3 225 Lucinoma sp. (X7.6) 25EEH L, EHL4
5 Lucinoma sp. (X7.7) & Conchocele sp. (X7.8) »3EE
U7z, s, EH3OBHOBEARIIETRIHL, 3
LI DGR S BALIC & D BRIEF OB NMERDS 2o 72,
ZD7:®, RFEEERMPMMOEMIZIEL T Lo
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7. AUFEERIH RGO HEERIE, FEHIE 100 % T,
ARRITENZFNE2.7% & 100% TH o 12, HARIRIE
1%, EM3TIOcmRE L HcmBEORE S HDHR
7y FORFANT—2F D, EHI4TI5cmEE & Hem
BEOKRESSDDDNRAYT v FHAN TEERATHIIZF
EL, WRTAERZET 2 (X3.4b, 4.1b). EHII D5
BEELL 7o BARBERYE (Ch3) 1IZEmMg A vd A & Fu=
A4 RS L, &EICNTHEEIZZNZN4E5wW% L
12.9wt% CTh -7z, FEMAH OERM L 7 HAERME (Cbd)
FERu<A Mok, 2FINT 2EENIF21.9wt%
Tholz.

EH 413 ES (1992) @ Loc. 17— 323 L A b
n, LZEE KK BALH DLIMNIT Fulgoraria elegantula
(Shikama), Nuculana yokoyamai Kuroda, Yoldia
naganumana (Yokoyama), Limopsis tokaiensis Yokoyama

DERESNHTWS,

ES (EtHE - BWERERE)

FEMIS X, B3 14m, EEIZLTI128mb» 5% 5 —iE
D E D S AR A B A ST 12 3 IZ e
TEMT 2200 (M230HKRM20), 2hzhzr T
AL HEEHIS T EB, EEMIS HRER, PEMMS BB L X s, P
M5 TEHOBHEEEE R v F %K 5.1a-biz, %K
42a-biz, Ef#%X4.3a-bliz/RT. FEHIS TERIX, & D
REUHBREP L L DT, EMSOPFERE _EEE L XX
LCREH T 5. Tk, FEMS ISR (1932) @ Thyasira
nipponica 550Uy, 53 (1992) @ Loc. 1812—2 L, 15
132 E B B U PASMT Leda (Thestyleda) ramsayi of
Yokoyama, Yoldia naganumana (Yokoyama), Diplodonta
(Felaniella) usta (Gould), Macoma tokyoensis Makiyama,
Bembix convexiusculum Yokoyama, Dentalium spp. & Z D

EHID LHE L TV L.

1. EEHE TR

PEMLS T E8 2> & Lucinoma spectabile (Yokoyama) ([X]
7.9), L. yoshidai Habe ([X]7.10), Acharax johnsoni (Dall)
(7. 11), Lucinoma sp., ¥ & Uf Conchocele sp. BSEEH L,
SACEEMD Y X VA FHTERY A XL L5 L. spectabile
R 7.8cm) DHER S Ntz (WEARSHEAMSMNT,
Ginebis argenteonitens (Lischke) ([¥7.12), Ginebis sp.,
Fusitriton cf. oregonensis (Redfield) ([X7.13), Neptunea
kuroshio Oyama ([X]7.14), Fulgoraria sp., Neilonella coix
Habe ([X7.15), Macoma sp. (X|7.16-7.17) 254LpE L 72,
LA R EA D HERIZTIT%, EFFIX88.5%
ThHolz.

HARIBIRIIA 7 v F#ifAL A (K5.1b) 12> T, FF
WEHEAGRICERIER), H5WIRBIRICFEEL, A7 v F
HIPHTERD 5 EEBIC I CHOZEDRE IR LD & DT
Rz2. 27 v F#iHE T 5 Tnl8 KA I20:) T

20194E9 A

1, BERMBIEES cmfBE O K S S O TER TR
EWICHEZEL, S CEMATICEET L. A7y FH
FHAM20 HERELL 72 2 D JE#E D A R (X15.1a @ Cb5)
ERo<A b2 ou D, &FIINT 2ERMIZ31.8wWt%
T, RERERAARLIZ—22.60 %, BREZERMIRHIL
2.57% ThH o7z,

24y FEHFHPEHOEBED Tnl19 %K AE & 37em T
P DA E K A E o o fEHe 1 iZfEHITIh - T
20emfEE DR E S OYIRRNETE O B KBRS ¢y F
WITEELTHKET 2. ZOEHED LRI 7- HAERER
¥ (Cb6, Cb7) IFEMg VYA~ & Fu<A F S
L, &EIINT2ERLIZZNEN42wW% & 12.3wt%
(Cb6), 6.1wt% & 54wt% (Cb7) THo 1.

Tnl9EEICETE & Tn20 EEUCETE OO EHEIZ S, HA
REREE DNy FIRICEE L TDREECRERICERL, —
ERIIBIR 2 T L, JEHEIZ £ o THA T80 cm O TF
FELTWi, ZOBE»GRINL 7 HAERRE TS Mg
ANVFAFDHD (Cb8) LFEMgHNVY A L Fu<A
FEEALTZHD (ChY) »64 D, FICNT2ER
iz znz2n69wt% (Cb8), 8.1wt% & 1.6wt% (Cb9)
THolz. CbI DREFLERMARLL L —30.66 %, FLFEE
ERNEEIE2.15% TH - 7z.

24y F#iFH B Tn20 B A E 5 b % @ _LAL90 cm
OB ERIKAMAETE ORI OREHEIZIE, BUEND 2 Wi
JEBRTE AR L 2Bk o BAERBIE S RRKDO D O
TR AMIZ200cmf2E, ZAUTEE L HFMIZ25cm
BEOHBETHEL WS, ZoHARBE 25 B3
OERKEEREEL Y X T A EBLEF CHIEMICER L
72, ZORBYED GEELL 7: BARERIE X E Mg o v A
MEFRo<A RBEELTZDD (Cbl0) &EMgu vy
4 +»6%h (Cbll), &FIIHT 2EREKITZNER
6.4wt% & 0.6wt% (Cb10), 7.9wt% (Cbll) TH o 7z.
Cb10 & Cbll ®RFELEFRMIMAELILIE, 207 —31.20 %o
& —33.31%, MELEFMAELLIE, 21 E412.38% &
2.36% TH o 7z.

B A R R 03B AT IR e B IRCE T 12k - T
ET DM, R TV S T HIBRK 2B KD B
WHBRIE 2@ D, RBEOURII—EDOFE L 5 2 T»
[ARERR N N

2. PEMISHES, EES CAHHE : WEREE)

PEHLS WS & BERLS B8 & Conchocele sp. (1X]7.18)
& Lucinoma sp. (X7.19-7.20) 25EEH L, &{LAEHO
NF Y B AFHTIRRY A X &% 5 Conchocele sp. (G
9.6cm) VSEEMIS FHERD HREEM LTz, (WEA M A LA
O EERIE, WEHMHIELI00% T, ERRIEZAZNTIZ%
L8l1% Thoie.

BERLS HRERD R & v T #iPH 802 & B AR R R 23 3 fHFT
THEHL, ZOKE33E10cm 25 1em, &S 4cem b
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Loc. 1

Loc. 2 Lower Loc. 2 Upper

50 mm

Loc. 4

50 mm

Loc. 5 Middle

50 mm 50 mm

7. ALAEERID DERE S T B, BRI O E LRSI S 5.

Fig. 7. Molluscan fossils collected from the upper part of Nakatsu Group. 1: Lucinoma sp., NMNS PM 27974. 2: Conchocele sp., NMNS PM
27975. 3: Lucinoma spectabile (Yokoyama), NMNS PM 27976. 4: Conchocele sp., NMNS PM 27977. 5: Lucinoma sp., NMNS PM 27978. 6:
Lucinoma sp., NMNS PM 27979. 7: Lucinoma sp., NMNS PM 27980. 8: Conchocele sp., NMNS PM 27981. 9: Lucinoma spectabile (Yokoyama),
NMNS PM 27982. 10: Lucinoma yoshidai Habe, NMNS PM 27983. 11: Acharax johnsoni (Dall), NMNS PM 27984. 12: Ginebis argenteonitens
(Lischke), NMNS PM 27985. 13: Fusitriton cf. oregonensis (Redfield), NMNS PM 27986. 14: Neptunea kuroshio Oyama, NMNS PM 27987.
15: Neilonella coix Habe, NMNS PM 27988. 16: Macoma sp., NMNS PM 27989. 17: close-up of the cardinal teeth of Macoma sp., NMNS
PM 27989.18: Conchocele sp., NMNS PM 27990. 19: Lucinoma sp., NMNS PM 27991. 20: close-up of the anterior adductor muscle scar of
Lucinoma sp., NMNS PM 27991. NMNS PM = National Museum of Nature and Science, Paleontology, Mollusca.
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51lem T, —¥#IFEHEE G ANMEL Twiz (K4.2b).
FEHIS FERCIIHARIIEIIMER TS o Tz, FEHISH
TRA GERELL 7 BAE R ERIE (Cb12) 1ZmMgh vy A b+
LRu~<A FHEEL, @EICYT2ERLITZEAER
1.7wt% & 4.7wt% TH o 72,

ZbEEMOBERBIERS

HACHEMO B 4L RBEEIHA (Cbl4, 6-8, 12) @
WHBIE 277, 8B DIZIZ T4 VEE»IL L
D, BEORBESERIWR S LroT. 12, HR
BT o T R_RTCOREIT, AT B2 T4 F
HEEHRCHILE L EMILAE OO NERICHER S Ltz b
FRNEBIZFET 2 H DI 1 um L TORS S DA T4
MR DES LTZER20um LT OEERD 7 7 v R4
BNVA T4 FTHolz. 7T7VRA XNV, T4 MiF,
A X BIKHRED B ARG T 2 S BB IS S hTwn
% (Judd and Hovland, 2007 7z &).

BAERBRIEDORE LBRRORERMIAL

B A BRI 0 B 35 & BR 3R D ZE [FIALAR L D B E % LA
TIZHER T 2.

RERERMEL

R EREFRAMAARL I, Cb528—22.60%, Cb9 s
—30.66 %o, Cb10A3—31.20%, Cbll23—33.31% Td» o
72 (3R3). HAROWEESBACEREE LT 2 BERR
WO REZLEFRMAREIT — 60 %> 5 —20 %0 DE % 7~ L
(Majima et al., 2005), EEHIS TFEED BARBIE D REL
ERMAIE, Zo®HIcEENS.

S O B AR RIEE O B ERARIE, HFRK
DVETF IR IR T O RBLERMAEL KT 5. BF
EE IR F O REBLEFMMAIL, BEY OMEYHiE
(=110 %o~ —50 %o : Whiticar, 1999) < #\i# (—50 %o
~ —20 % : Whiticar, 1999) #JRD X & v ORR{LEE, B
e MRS (SE¥E— 25 %, : Hoefs, 2004), KR (1
0%o - Hoefs, 2004), X & > Ff#< CO, =TT DR DR H
3 (5 %0~ 24 %o : Campbell, 2006) @ FRER{LFFEDIES 1T
XoTHBISnG, WEL4AFARD I B, —30% L TFD
3K R FEEERMAR I I3 BT O KRR O R ELEF
PR LG D> & BN D A S R B RFIR D X & v D
Bt DB L LR CH 5. —TH, —22.60 %
D RFBLE RN 2R TN, BEYREROWE
FEMRELZ D CHMMTE 225, HBKIT—ERLED
KRR OWBEFEERE (W0%) T EDRAETEZN
W, AXVBLOFETCB LI E LTOFHEIT T,

BERERAIFL
g ERA AL, Cb5232.57 %, Cbh9 532.15 %,

20194E9 A

Cb10 232.38 %, Cbl1232.36% TdH o7z (£3). FEHIS
TERHERE I DK %, TEIFSK D ER R E RN EL % 0 %o
(SMOW) EL{RZEL, EMgh ¥4 F131T 5% 5 Cbll
L Ru=A FEF»5 %5 Chs DRBELERMAEL D 5
FHE L. FHEICEMToREA W, 48, aldfmR
WRARSETE L MUK ORRELE RS BIRE, T3
KEE (Kelvin), MIZE Mgy v A4 +Hd MgCO; D
mol% %R .

E Mg v Ak (Friedman and O’Neil, 1977)

1000210t cajeite—warer (3 1°0O vs SMOW) =2.78 X 10%/T*
—2.89+0.06 M

Fu=< A + (Vasconcelos et al., 2005)

100010t gojomite-water (8 2O vs SMOW) =2.73 X 10%/ T*
+0.26

T 7z, BHEREMEOMRBRERMAKLOZEHAIILI T %
iz (1%, 2008).

8'%0 vs PDB=(8""0 vs SMOW —30.86)/1.03086

FHREORER, HERERO KR, BMghvdA N
575 Cbl1438.8°C, Fu=<A FZIT25 7% 2% Chs At
15.8°C & L5 7z,

HRRE

BitAD> D DiEE

FEMLS TERD BAUE  GHERREE ZHEE L7e. EE LT
“HECAIE, BERAFICEENIZELR L (5.1b),
mWEFER (885%) TRl (R2), AIMROESH LE
BRI O 73 A 13 60.4°~85.4° GAIEMAEE60) <, 4
REEQOLEBITEWVRETRES NI LEZ LN, ROE
RO LORHLS TV b, 0o 0 LA EE
Bzl Aot wEHiT L. RECTS AL
1% Ginebis argenteonitens, Neptunea kuroshio, Acharax
Johnsoni, Neilonella coix, Lucinoma spectabile, L. yoshidai
ThH 5.

WERRE W EEL LT LA D S b, BHAEMICFES L
TREOERRE OBEBHIH» OHEE LTz, BHAMOAE
BREL IR - OBk (1965), BHEIE A (1971), B
(1977), HBt% - B (1993), HA&I1F2 (1995), Higo et
al. (1999), Hasegawa (2001), BEA& T2 (2000) &
CBAIZH (2017) OERE T —X 2R L. ZFEOE
BHER, Tho O TR OB VERE &K IRV
EofE LT (3£2).

BEHI L 7o BUAERE X, 100m MAEICA B T % Acharax
Johnsoni PSEE D EIRT, 522mPRIZAER T % Ginebis
argenteonitens DYEE D TR E 2 D, Z OREHFA T, E
WL 2EOERRENEE LI Z L5, EHS T
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DHBJE 1T KZE100m 2> 5 522 m DR DEEE CTHERE L 72 &
HEECT& 5. —7, Utsunomiya et al. (2015) 1%, =3
FEIOMFHLOFHH L VENT 2 Y X A D
D WIENT VU A D EB T DA RACE R 13KE
300m & D IRWHERRE 2R SHIED LEEHIL, &4 b
AN ) R T LA A B 1T K400 m
X OFECHERRE 2RI HIE L SEN T 5 2 L R LT,
RECTHEMT DL D17, EHSTEIX, YXTAFHEN
F Y HAFEHPERT 2 E AR A OREL & BA
RIRIE O R FBHERMAELL D b A RCERESE &R
T& 5. Yy omEs T oME X, Eld2HEtA
25300m & DL, 100m & D HIFEWEE THER LT &
Ezobhbd.

BARKBRIBEOBRREERAMELL, > DHERE

Cb5 & Cbll DFRFELERAMALL A & FHE S LTz KiR
X, FNEFNI15.8°CLB88°CTHoTz. ZDKIEZHD
5 LKEOHH T, FHEHOIEDONE D &b ILHE
DHHE T & 2 B OBIE ORE KBS T 5, M
DZFERLHEROSIIE £ 1FIEF U EARE L THEE 234 72,
BB DR T — £1%, HAWET — X & & — (2018)
DAHE35 FE 004> 2 & AL#E 35 B 204> &, HURE 139 FE 004>
D5 HURE 139 40 0 D 51 % #f A 72 #iPH 631 M D 7K O m
25 350m @ 20004F 7> & 2013 4F 1ZHIE & ALz &/KiR %
MES L7z, 2 OHmAIIHEEE ORE» BRI E T
BT EENICEATYWS, T, AREET—Z €y
£ — (2018) DHKEFT—£I1TIF, Fizk o TRHEED A

Water temperature (°C)
10 15 20

N =%

504

100

%
3

2004

Depth (m)

250+

300

350

85°C 15.8°C
(Cbl11) (Cbs)

8. BUEDHBIL D O0m 2> 5 350m D/KiR. RERIEHECb11 &
Cb5 DRESRLEFNIR 2> BRI & L rokiilE, £h 2 8.8°C
L158°CTH 3.

Fig. 8. Water temperatures in water depths of 0-350 m observed in
Sagami Bay. The water temperatures estimated from the stable
oxygen isotope ratios of authigenic carbonates Cb11 and Cb5 are
calculated to be 8.8°C and 15.8°C, respectively.

TP ORI - FUSHE— - EDHE— « AR T

BHLH, ABOT =2 BOBNTH1T39HH 5 2 £
LEMIZE MO T W EHB Lz, KBIZEEOm v
5350m DI DEKET — X ZR LTz,

8 bR F L E RN L 2 b HEE S T2 /KR 8.8°C
W, RS T/AEZBR EKFE230m»56240m & D H
BWKEDOKIBTH 2 Z E030 D, F1z, 7kiE15.8°C
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