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Stable isotopic records from Antarctic Laternula elliptica’s

shell—the history of meltwater in Antarctica—

Tsunehiro Kawar' and Hideki WaDA!

Abstract Stable isotopes of oxygen and carbon are useful tools in understanding the
paleoclimates. The stereome isotopic data of an organism is indicative of the isotopic
composition of the ocean water where the organism lived. In this study we measured
stable carbon and oxygen isotopes of the shell an Antarctic Bivalvia Laternula elliptica.
Samples of fossil Antarctic Bivalvia L. elliptica shell from the Pliestocene (46 ka) and
Holocene (3.5 ka-4ka) were collected from Lutzow Holm Bay and from the Recent L.
elliptica at MucMurdo Sound in Antarctica. The quantity of meltwater from ice sheet
militating the ocean water can be estimated from the 60 of shells of Laternula.
Detailed microsampling within a shell also sheds light on seasonal isotopic variation.

We measured two modern as well as three fossil shells (3.5 ka-4ka) and some 46 ka
shell fragments. The 63C values suggest that in L. elliptica inception of carbon
occurred during the course of growth. The 6¥0 values have a seasonal variation of
about 1%,. The light values are suggestive of addition of meltwater indicating
summer season and the heavy values are likely to winter. This seasonality gives
important information about the life span of a molluscan shell. Using these data the
life span of the Recent L. elliptica might have been for 7 years and that of the fossil
Laternula about 9 years. The 680 fluctuation within Recent shells are in the range of
1%,, and that of the fossil shells in 3%y, which shows that there was a greater variation
of oxygen isotopes during the course of life 3.5ka-4ka than the Recent. The 'O
depleted value suggests that there was mass mixing of meltwater with the sea water at
3.5ka-4ka which decreased toward the Recent. In this study the shell data of the three
periods indicate that the biggest meltwater effect was the highest recorded at 3.5ka-4
ka and the second was around 46 ka.

Key words: oxygen isotope, carbon isotope, Antarctica, Laternula elliptica, melt water
history.
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IKERDREDS, MHOKE LA ->THIZ$DT
HBHCEEBHETH S, BEOKKOBBEDORESE 25
CERBREOBHMOKE LA EZMAHIC BN, HER
BORBEATEE T 5.

FEMROBE L DOSIRZE), Friook#i, BOKEZBIL T,
TAUAREYED bEES, HAREICXBKEKITD
& DD Lo ShTE TS, JTERBSAE 2
b= BEHIOKIK T 7O S E 16 HEDOKIEE
A IE D > TETWS (BARBORA ef al., 1987).

1993 4EM SIS HARFEBBIAIKIC L - T F—4a 7V &
WO HIETTIKR 2 7 I E N, #9356 HEF TH B K
HRESEOR TV A,

KE DT IGEKMRicE TN 2 AL HEICEK S
T. DX HEBEHEY»ECES, KKBZFOAE
FTRTCBEF I LA BT 5. Bk Ross i TITH N
72 CIROS 1 TlE, 40MallFo@Eic#lsR—1) v
ThIThh, T OHERYOERD SIKIKO RO FES A3
FHRo5NTWD (BarerT, 1986, 1988).

KK D@REDRESR A HERIT 2 ETEMEFERIL, HRE
viotEmy, &Fh s EILOEOBRE MK %R
FETLHIETHD, MHEREL TWEEYHAOTEHEED
ERENALL I, ZOEYOEBRL TV AEKDOKEE
FEAAREIC L - THRE B EEZZ 5N 5. KLEn (1997)
2, 7TAUH A LT VvONNY N VvBERICET S
Mutilus trossulus (Gould) Bt oERGHALO
SHEER D S5 Z O E(bOFERIZ, £EEBOMHKIC, /PhE
OO AR > AKM NI KDOEENMb D, M
trossulus P E S LICERBEFABH I T TV L 25
ELTW3, —c, ERo XS BHIRERV 1
KORBIMAIE, SR OEECBOTIZIZIFEETH
2 [ERIAAEHENE 0% %27~ LT\ 5 (CrElG, 1961). FRRD
BEiciz T nicKEDRK/AK (meltwater) OFEEH
bdEEZ oS, BKKOBERBAIELE I —30~—
60% Td 5. K 0°CfHr Dk & EHIET 5 TF 4 b
OBFEEARUEELZ 60 {13 5% (PDB) WwWwbh T3
(BARRERA, 1994). BARrRera (1994) &, FiMuicHEE T 3
HAEO WHL. elliptica ® B2 0BERMAL DM %
WELTWS, 2 OEHEIZIZIE+4.5% (PDB) 2/R7.
Barrera (1994) T{#Hdb i1z Laternula elliptica 13KIR
DEBAZITVWEEREZIC VEBEHIEOHEE» S
HEEIE Nz bDTh B4, Barrera (1994) 132D
05% DTFNOERICEEL TiZ, BEOBoOKEBEDOEWE
HAEBE RKKDREE) oL 3FRMEMBROEWIC
Lo THACHMLI B DL LTS,

Miura (1998) 1F, 35ka~4ka EWHEFEMRE 46ka &
WA 2 oDERAERT L. elliptica ® B3R OZRENE
NMAELDORIEZITY, FRIT K - TREEITE S 85720
o0 +3~+4% ODIEEE. FLT, ZD 1%RikDE
WRIDKK DR L Z Z /-,

PIED & 5T, mEaO@EIcER L TOV 3 EYAELRER
OB LA OBERAMAELZRIT L B S 38KD
MR EILIAME R OREEIZE L, BlVKKDHBK~DIEA D
B LE RB LM TE 3. &5, HRoMER
EHREUC & 2 FH1 & OBRRENAKLD 7 - 513, #ED
HEBOFEEORMKKOBEZRHZFENIL IS,

YT INZDNT

Laternuia elliptica

FAMOERBICEZCER L TWSI2Y, ZEEREAEER
AFFHAFRNCBT 2 T HMETH B, Ann (1994) ick
5, EREEDF VIV s —VETOEERICLDIECLD
Hiz, BOEEAZIF5/KEImM L DEBEVEEOEBEKT
BRSO3 C &L, KE6~Tm H» 5 30m LIBEITH
THEBRLTVWS, @EBEDICEELT, Y171
ARECHL, HAERVAAL AT 5. £ 08
ABEIOcm U LOBESTEFE L TWEEEDNT
W3 (HarDy, 1972) 25, v 7Y 3 — VB TIRHEKNE
PR b REXH, RET AL - TIREIEL #H-
TWnL,

2 TIVOFERH S

AW - 2 Laternula elliptica ', B 2 Bk
G E S : SUM-HM-W0001~2), 1bA DR 6 fll{&
GEIE S : SUM-HM-W0003~4, SUM-CM-W0006~
8) ThHa. BHEDL. elliptica 137 * ) HDA N1 A M
VREN—FE =-S5 H—F VI —DP.N—V =
VIS, e XfET 7/ N @D ieBWT, §4 8-
WX BBAKICK > TEREL -EETH 5.

—7, ALAFEED L. elliptica \CBE L Tl , FEMRO AA
DOIEFIERE  OREBHE XD 57 & T FTHI
IR EE B ER B o 7 MBI SE A SR ASERER U 7o o v
FINTH D, OF T IRFEHBEHIERKIS, /NERERIC
»BBEGBEREYIC IlmXImX1ImD L v F i
b, BEE (X 2) 25 L. elliptica ® B b A AL 7.
(LA RFEERT LS > TV, BRO¥EFIEEDHEES
NTWVWBEEBHE. ZOMLYFHEBICK > TR
Ficld, frIH2 »oBELBFH N, 2EOKXEHEH
FREH B0, KEBOZEIMIC X 5 HFEEL EDRES
EEATVWAI NSt BIELGRINSHIHZ2 -
DBEN SEFEREOR VS DA RA THERRE L
fz. 1B, AP CHER LRI, BRAY (SUM)

o
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Fig. 1 Sampling location of Laternula elliptica in Antarctic
bivalve.
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Fig. 2 Shematic cross-section of the trench wall at
Kominato-Higashi Beach of Lutzow-Holm Bay in
Antarctica (after MIura, 1998).

KEREINTO S,

L. elliptica @ '*C &4t

L. elliptica D HiZ LG 12, 7 v 7 LB ERSHT
FHic & 3 MC ERRIESTTHN 7 (Miura, 1998). #h
KkdE, K2ioRah3 kS RETRD 2 BHEICHY T
%, ERHOKBELIEED 3,500~4,000 fER] (3.5~4ka) &,
46,000 FFHIE (U6ka) 2R7 2 >OERMBE LN, T
0o LA DKM RO CERRES Ric>VW TR
I (1998) THESh TV 5,

L. elliptica DR FKBIZICDWT

FRDIREE S Vv 9 L0 S IS iR B I - TERE
ZREITEHIR, BBEEDLIICEKEL TV %
H>T, TORERELMTICER X300 2MHEL
- ETHEIT BNEND B, L. elliptica DEEOE S 38
H 5k D SUM-HM-W 0001 OBAFAT 08 mm &K
AL, WA ENB L CERNE MBS I

Ko THELLHER ERNIXK3DL > icikokss

growing direction of shell surface

ventral

dorsal

B 3 EEBEE Laternula elliptica D3 OWEK. BTRLUEEH
EFE— v — X VICERE L 72853,
Fig. 3 Cross section of Antarctic Laternula elliptica. Shell
growing within a season is shown in dotted area.

M cEnTtEs, CoEAMERIZ, b s doh0E
SiCh ZHEZERT MmAERL TED, b5
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elliptica 13, ZDHEEHLSHA 2 >DRE 3[EA3EB/S
5 ENTE, AMUDEIIHD ISEETRD 1S 0 BERI S
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B, 75T+ 1 b DFEESHV LY Y FOEERTEAE
RIcE D BEENBEINBESEEEAE-TVW3, 20
feHABIOER, BIKICHE BST T BT 5,

ChoSDOBEDOKEARIZN 3 ORAID X 5 iz, HE
DODHRfIDE & AR O R ESS TRES-Tw5, B
FRFATDRENTIA » TEEHREL L TWIFITEBR O
o ol toZ LA ESE L CTRIETE 3. 61T,
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?_5&_ MWTEhE, HROKE L T/ RISiEE (f)
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L. elliptica @ XRD 4t

L. elliptica DEHEOHZR L bAGOHEED, #0FhE
DRI ENAIOEOHEEE > 2YHEDEEHIC-WVT
OBRER X #ET (XRD 547 %iT-7. hso
E— 755K on 25EREEROREL SBA, A
EbHBRERABLOARDOREE S, FTT75TF4 b
DE—I7PERDON, AROOE—7 ZEZD SIS -
7.
1, v ZRETERE X OCEREE FEEBEEC
LB3EEN»S, HEBIPEAOoHZROWNAIOBIZA S
N3753F4 P OERESEI» B -2 LHEERTE, (b
AHBRPEBRAZ T FIFREEINTVhWE T E DI %
WRTT 53+ 4 MIAEAICHTESF ﬁﬁﬁmﬁ
<, Kl fzo itV Afga IciERENELL, o
%%%®ﬁ@?é%mﬁ&%®§@ﬁﬁ%5ﬂ%ﬁﬁ%
5. Lo L, 2O L elliptica {tADEBEE X, BED
REZLZH 5 1o ORINARIEICHIEE W & 2R L
TW5.,

L. elliptica DEFRDixF « BRRBAIIALL D AIE

[FENARIE 13, B HESHIREI EHEOE RS
#rat MAT 250 2 L 7. HIEakHE CaCOs & L T,
Sug U EOFEREBESHETH S FiHIEH, 1982, 1984
a, 1984b, 1996 75 &), B EEVA v y—F A4 7DF
SETHRERR» SBEBEXIY, BohiMBo 753+ 4
Mid, HZhT60.00°COEY vERERIGESETCO A
2L THIEERT- 12,

B L. elliptica ® Hik & bG O LK BiF 1 ERE
PR oo T E N 35ka~4ka OERERT HE
IZ2WT, UTO& D ic HOoRE I S BEE(L & B
FALZH Tz,

IB&ED L. elliptica ® BAEDECER

AR D RMET 5/ NE TR 2R 2
HAEOHBROZNEFNLERERY, T Fh SUM-
HM-W 0001, SUM-HM-W 0002 & L. & o4z
BEUE 2 4 TR,

=, FAEHICRELZEZEZ SN OAMIICH S
AR 1 AD S HBROBITKH - T, BEtEID 1o 1em
TEITH Y ¥ —TEEH -7, 2OEREZX5 IR,
Rl 3RRTED &, BOBAICH - EXEZ I U A -



32 &R - AL

1 EBoR#ET I/ NETEIRENLEHAE D Laternula
elliptica (SUM-HM-W0001, X 4) DR - BBRRN{&
hoikR, HZRmoRAELOFHENZNE L 1L
BiiX4ic A,B,C,DTC/RLTH 3.

Table 1 Carbon and oxygen isotopic results of modern
Laternula elliptica (SUM-HM-WO0001) collected
from Terra Nova Bay, Ross Sea, Antarctica.
Carbon and oxygen isotopic results of the
seasonal change of shell surface denoted by A, B,
C, D are shown in Fig. 4.

Distance from 31C (%) 310 (%)
umbo(mm) v. PDB v. PDB Seasonal change of shell surface
23 0.53 3.99 Analyzed cycle  §13C (%) 5180 (%)
33 043 4.43 A 1 2.11 433
43 0.52 4.58 2 231 4.75
51 0.60 4.70 3 2.70 4.62
58 0.93 4.64 4 2.54 4.61
65 0.99 4.78 5 2.48 474
75 1.33 4.7 6 273 459
86 159 4.77 7 2.83 4.92
95 1.55 4.70 B 1 293 513
104 1.23 4.40 2 2.40 451
117 112 472 3 274 471
129 0.78 4.62 4 212 4.02
142 153 4.72 S 2.10 430
155 1.16 4.54 6 275 4.69
168 0.78 4.49 7 259 4.71
181 044 402 C 7 224 499
192 -0.16 3.68 8 2.09 439
203 027 381 9 1.46 4.13
214 0.45 4.18 10 1.77 422
11 177 383
Shell surface 12 203 420
o patiern D 1 238 468
Anterior 13 251 4.84
1 2.56 5.02 14 239 4.80
2 2.66 421 15 2.06 4.61
3 221 448 16 1.77 425
4 2.06 455 17 2.15 446
5 115 420 18 2.34 4.93
6 116 4.80
Posterior
1 2.61 4.65
2 240 451
3 246 474
4 220 4.83
5 2.12 5.02
6 1.95 4.76

TEoTh3B B0 IKH>VWTIE, BEHD S DIEEE 65
mm 5 142mm (HRROHPRE) ihiF T 1 AERV
T, BIF—EDHEERLTVWS, K4TEO15ELD
12, BRETEICIE OWEASHIMAED» ORRERS PN ER > TV 5
728, EEHHORE TR ORBSESEN TV 3 aJfErDs
H5b.

i HBRERAOBRES K - HFERE2Rd. BRE
HRLEFNcH <, A D58 W ELL PR O BREX 5358
Bohb, KELHUT, A lcn 550 #EIc k-
TT25DH A4 7 VicFFons, XoichEE—HHAad
20, BIEET, BT 5605280, T~8 KD
EBBEHONE. 194271005 EDEDRSDOKES
2, 34KV EEEDICLEbDE LY v FNELTERE
T 6 B EHRI L 72, Z0RAX 6 I10RT. DK
» 5 BRAIEEATE D & BRIk i< 0 i T, 6%°C OfE
MRBIIBEL B> TOWLKERNBH B E8bh 3,

KicK4Tc7Tay 27 A, B, C, DERENFEBALOIE
RAESTFIC O WTEHIAT 3. HRERER O & OO
SHE1ITayw b, 70w 2B SNS3EAEDE
B (6~84) 1A 1ANSH v ¥ —DHEHOEIRIC
By, FNEEZAELLZLDOMBKT Th 5. [FH

anterior

115 ventral

B 4 FRT S5/ NETERIE 0B O Laternula elliptica
(SUM-HM-W0001) HkinoaUeHRIoh S, Has
BWED 19 FkHiE, RIE» SEFHeE 0 IcEREL, K 7icd
Sbh L. EBEHELEMLDOEMIF, A BCDEE
Mo FRIE A R DRI RN EREL L fo.

Fig. 4 Sampling locality of Modern Laternula elliptica
(SUM-HM-W0001) at Terra Nove Bay, Ross Sea, in
Antarctica. The 19 samples from the marginal
layer were collected along the clockwise direction
from the umbo (see Fig. 5). Samples from Zones A,
B, C and D were collected for clarifying the seasonal
change of shell growing (see Fig. 7).
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Fig. 5 The variation of "0 and 6'°C values of marginal

layer of the recent Laternula elliptica (SUM-HM-W
0001), at Terra Nova Bay, Ross Sea, Antarctica.
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B, 7aw 7 DTRTAOEERESEZL SN 7ic
Hohd X5 HER»S SBO@IBELTL 7y s T
Lz, HEBESEBHOS 2 EBED LIS,

1LBD L. elliptica ® B3 DR

{LADY v 7uid, FEMmIEFIEHLE  OFEAHEE TR
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Fig. 6 The variation of 80 and §3C values of surface
layer along the growing direction of the recent
Laternula elliptica (SUM-HM-W0001), at Terra Nova
Bay, Ross Sea, Antarctica. Analytical sites were
indicated by solid circles in Fig. 4.
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Fig.7 The variation of %0 and 6“C values of the
seasonal cyclic layers of the recent Laternula
elliptica (SUM-HM-W0001), at Terra Nova Bay, Ross
Sea, Antarctica. The localities of blocks A, B, C
and D are shown in Fig. 4.

%k 2 FRERERE TR ENT, {LESE Laternula elliptica
(SUM-HM-W0003, [X/8) DR¥% - BEFREAIALLOREER.
HBR A DRI AL OFHE(LZAE L 2618138 i
A,BTRLTH 5,

Table 2 Carbon and oxygen isotopic results of fossil
Laternula eilipiica (sample No. SUM-HM-W0003,
Fig. 8) collected from Soya Coast, Antarctica.
Carbon and oxygen isotopic results of the
seasonal change of shell surface denoted by A, B
are shown in Fig. 8.
N”"’,':r of s () 8¥0 (%)  Seasonal change of shell surface

i

1 3.52 0.11 Number of rib S1C (%) 5180 (%)

1 2.95 1.66 5-1 1.74 1.74

2 3.13 0.55 5-2 2.25 1.4

2 3.43 -0.46 53 2.00 1.25

3 2.94 0.32 5-4 2.19 0.95

3 2.81 039 5-5 FRE] 1.29

4 2.35 0.22 6-1 2.10 1.64

4 2.56 -0.09 6-2 2.21 1.08

5 2.07 0.92 6-3 2.04 1.60

5 2.01 0.99 6-4 2.14 179

6 2.61 0.88

6 2.19 1.19

6 2.20 1.32

7 1.52 1.68

7 1.96 2.01

8 1.65 2.25

8 1.60 227

9 1.38 2.58

9 1.10 1.57

dorsal

14y
\;Q growing direction

of shell surface

ventral

5 8 mMERAEE TRINE N bA D Laternula elliptica
(SUM-HM-W0003) Higzin o BN ERIE H R EHE T
M BgERmoEcM I oA F5R3hodS. #@H
YR, osh o T1ET, BHE(ERH BB
AR L 788 (K9 IRENTWVWD) TH 5.

Fig. 8 Sampling locality for stable isotopes of fossil
Laternula elliptica (SUM-HM-W0003) at Soya Coast,
in Antarctica. The numbers indicate rib part on
the surface ornamentation of the shell. Samples
from zones (shaded area) were collected from rib
number from 5th to 7th for clarifying the seasonal
change of shell growing (see Fig. 9).

3.5ka~4dka DERERT L. eliptica D BEALH
ZOERERTENCE N HE LG (SUM-HM-W
0003) & 2 o/h& 73 By (SUM-HM-W0003~4)
DHEHEIE L, Z ORNARIE AT - 72. SUM-HM-
W0003 O Hik O RHREUSE 2K 8 1584, < o Hikid,
BRI %E > THEHREIT X 5. 2 0¥ icginig
ROKHDOMEHICL->TI 7oy Zichiy, 2otho
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Fig. 9 The variation of %0 and 6"C values of shell
surface along the growing direction of a fossil
Laternula elliptica, (sample No. SUM-HM-W0003) at
Soya Coast, Antarctica.

x 3 EEGEAEE TR E N, Laternula elliptica {LABEH
2 fE{f& (SUM-HM-W0003~5) @ H#RmORE - BHK
[FINIAARLE DFE R,

Table 3 Carbon and oxygen isotopic results of fossil

fragments (SUM-HM-W 0003~5) of Laternula el-
_liptica collected from Soya Coast, Antarctica.

Shell surface of

SUM-CM-W0004 SBC (%) 3180 (%)
w0004-1 2.92 2.62
wO0004-2 2.84 2.65
w0004-3 2.87 2.62
w0004-4 2.83 3.00
w0004-5 2.76 2.20
w0004-6 2.61 2.04
w0004-6 3.06 2.31
w0004-6 2.79 2.81

Bulk of SUM-CM-w

0004
W0004-2 b-1 2.39 2.76
w0004-2 b-2 1.69 2.96
Shell surface of

SUM-CM-WO0005
w0005 -1 3.26 0.92
w0005-2 2.74 0.64
w0005-3 3.11 -0.20

oD 1 BORERZEA T 2~3 EHird >l bR
e L, CoHBRFEDOMKERIIKI cRd, HRkEKm
D SBCEHIRBIAED L. elliptica LR U & 51T +3.5%~
+1% DEZEEY, BREHENCH > TEBL B >TWV 5,
SBO IR, HREZEmIBAED & D (+4~5%)
b, PIEDBWMETH B 0~+2.5% DEIFHDE % BT
DIEMLEL > TO BN D 5.
BHEREEFEFEDO I > T oy s NOEALETEND 12
BDOREHRAUL, 2250 T vy Zichtz->TiT»7. &
4525070y JHTIROKERIEHZ Sl

£ 4 HBESBETRINE N, Laternula elliptica (SUM-
CM-W0006~8) {bfABFA @ B R DKR - BFEEA{K
o,
Table 4 Carbon and oxygen isotopic results of fossil
fragments (SUM-CM-W0006~8) of Laternula
eliipiica collected from Soya Coast, Antarctica.

Shell surface of SUM-

CM-W0006 85C (%) 550 (%)
0.37 2.60
0.57 2.61
1.10 3.41
0.63 2.71
Bulk of shell of SUM-
CM-W0008
0.79 3.58
0.14 3.47
1.56 3.42
0.19 2.97
-0.33 3.34
0.34 2.93
1.31 3.60
A 3 ® surface rib & 180
zone A §'°C o zone A 8180
4  zoneB &§'3C ® 0neB 5180
6.0 T T T T L
~~ o -
] SOF 3
N ]
o 3.0 E‘ B
ﬁ - -
© 20F Apba ;\‘/A’/‘ ® 3
3 F
1.0F o ® o 3
2 ] ¢ E
© 00F e 3
| 1 1 1 1 ]
1.0 4 5 6 7 8

Number of cyclic pattern of shell surface
growing direction ————>»

10 et CRIE N b3 Laternula elliptica,
(sample No. SUM-HM-W0003) o Hik&kimoEHEL
%R g REOKR - BERENALOL L. FRERINGRE
B8 I RENhTW A,
Fig. 10 The seasonality of 60 and 6®C values of rib
number from 5 to 7 of Laternula elliptica, (sample
No. SUM-HM-W0003) at at Soya Coast, Antarctica.
The 60 value of the rib parts on the surface are

plotted on this diagram.

», BEOHBEEHABECRBOACOFEERE (X10) b
i3 RO I L T, FERT.

46 ka %<7 L. elliptica D BZILEG

46 ka #7/~d L. elliptica D H#{b A (SUM-CM-W
0006~8) 3, HUEH» SHRET BKed TS LRI
WoTWi-DT, oD A2 FEEIEY, SUM-
HM-W0004~5 ® H#H A & [R5 TRRHRER L,
ZhoEBIE LA, B4 48, HNBESE V2%
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7THERHRELL, FoHERENILIRENTW S,
HEOBRLEER

G ICRE L7 5 I+ 4 F 0% - REREMEH
Ic>WT

K5 TR&E N kEIc, BlAo® SUM-HM-W 0001 (2>
WT, EICERSNIBEREEE 2575344
F OBEEMAR IR BIE—EDEERT.

Hxh I o kAR OB A 2 RIE T 0T, B
B OBRFELMALEREZS R ZENTE S, REM
fLfAtbic oW TR, BEEMAHIC TR REEH K
XL,

BROMEICHED BRI E)

H#BFEE OIS0V TD %0 i & 65C EDrkE
IRk S B2k, BAO® L. elliptica (SUM-HM-W
0001) ic>WTIEH6, {bLAD 35 ka-4 ka%=mR9d L.
elliptica (SUM-HM-W 0003) ic>\W\WTliE, B9iczh
FURINTWVS,

RERMMAEOZT (Lo WT, BELSOE, HEBX
CIEAREL S EOBRET B ->T, 2~3% DEHT
SBCEMBDOLTVWARZEEAS. B LTWLERH
13, L. elliptica DSEKET BIC LS - TR DO HIZ L
BoTHEBLTWAZ LICEH#ELTVWA LD EEDN
3. BEOE#YEEUHEREYH ORBE/KDOBEFRED
R L I3 KRR (0%0) DIRFEMBETH 543, L
B L - CHREBBEIT NN F U TR EDEHICE-T
HEk s h 3 EBYEREOKRE (CO 25mb 5, HEY D
KEICb X208, @EEM XREORIBEKEZ D Z VTR
KPDREA A v ORFERIMAL E 2B B WEA I
BFATL B (FH - A, 1996). Zh#% L. elliptica H3
FApEK D—E A B L S SKELTWE, RET
BIHEVWELEED 120, KEPSJRAIN DB OVKKE
btk E 5 CO, DBOEAHIHEZ T 32 LI 5,
ZOHR, CTOLIBELERLTVEEHEINS.

RE (S L. elliptica ~DIKERDEEIKIK D B2 LE
IR~ 05, Mo BRFRIEN L FEH: 14 1A
OHBRERHOZ AR L TV 3aREEAF V. K9
TR X i, BERMAELLOKE IS E(LIZ
SUM-HM-W 0003 @ L. elliptica DL, 680 HOFER
BITHA B E A~ FHD DT, 0% b 5 3% OEIFH
THMLTWS, ZoEOIBEAOFR (X6) itiohn
75 < T, SUM-HM-W0003 DA IcH o5h 3 &5 HEh
5, TOLADEBOBERENS & X, BFHMYEERES
DEADH > =D TIEHEOMLEEZ ONDE, TOLAEHE
ELASTSRR X 17z 35 ka~4 ka DR D 94ERID 5 B 4~5
FEHICHT T, BERNMNELPEEFICELS E> T o1
ZEERLTOVES,
KEKBANY T & (T7TF4 b)) EDOEOBKE
RS RIREB D IBEARTEHE 3/KED 4°C PRI 3E7 5
TF A OERFBIGKL R 1% /h& 125 GEH - M
A, 1996). T OBFEENALLOBEINAS/KE I D A ickeH
T5EL5, 3% OEEMcHYT & LTI DR
i 12COKBOTHESEH -2 &2t 5, LhL, B
ETHEIC1~2C LHrEH S TIZIFKEOC %
BoTWBDT, Bl ZDLSHAEREE FFIZ,
BHromfmsREEIcs W Tidd gV, 35ka~4
kKalicBWTbES5Th-LEEZILNS.

—, KEDREDKKBIRICEBEWEART &, &
CHISBNTWA, ZOKEKEORUK/KAHEAKICIBA L &
ZZ23E, ZORBICE-TREIICE SN S 3% OMEE
FIAMABEOEFH IS IcEZ SN D, KEKEDAEIKKD
SO % —30% LIRFEL T, BMKKDOEENEL TN
#BKD 680 & (0% SMOW) & 0°C L TRN A D
bETHERINBEZTSITFA D 580 EH % 5%
(BARRERA, 1994) & 753 2 &b 5, 0°C FHETO /K & Gl
KKDBABEGET A ENTES,

X 2HKISH T 2EKKDOBADCEISG T 5. 2&KD
MHKOBA 1 &35 RO KD BFERIEK IO,

(1-X) X 5(%0) +X X (—30(%0))=#E/KD 6'°0 &

X9 o tAHikoBREBMMAL I 0~ +3% &Vl
BOT, TORKYTRDTEETSZ L, TOHBROE
BRIl I ok kA 15 /v —+ v FRRIBAL TV,
BEd3EEbiICFORBIBOLTOE, BRIk
IS5 N—k VMBI - EWS T &I B,

EH(C & B EIETE DR

HA: SUM-HM-W0001 OfjE# 1441427 0D T oy
IPHNOEALTHB Ty 27 A, B, C, DOER (X7
EATCHABE, BRTuy s l&icid-2 & L-FHH
BB EHRIDB,

BIRD & 5T, HkOBREMALOZIIZEEZEA
PO TIIBMATE S, L elliptica WL AL EBIROFE
LK OBZRNMNIBHBEHEE LD TH B, OF
D, KEMFEEST BRI IR DEEKICIEARS, &
WEEERMALLER L, Bioi o KK Rk /K Hs#gkic
BAT 3 EBOBERMELOEENEHL L5,

TDEIIC1H>DOMEBBEFENERTOT, L.
elliptica DEBZREHOW LEBOKIZOHZRMSERL T
WHEMAERT C Eicis b, BED SUM-HM-W 0001
DOEEOHIITH>TH--0T, TOHIIZTEEER
LTWwWiEWnz 3, R7EEFOHD3I>DEEOHER
72h, —oOFICHOVWTIFA JTow s, B7oyw &1
SO 7oy VHNORESRICOX 2 »IrT BRI L T
H5, 2LoFNSEE B EIEWE, FHERIER ICHERE
ThH 5.

—F, BCELBELEMOBAIEE b2 LS iIcRA
%. TurnEeR (1982) 37 5 T4 4 b BEEAICD < D
LR Es i Exi3, BLERKRSNE ZIERTEY
OBCHERT, A RTWVW3, HoliZ BRI EE
BEWEEZ SN, JEEGEESKE VEORMIIMHEMHIC
BEWEEZRL, EREESEICHENT/NS DREIEEWE
ERTRODHLEHNEY, BRICOIOURIEIH 20D
N OH, hoBERSKEVWEEZELSNS.

{t5GTdH 2 SUM-HM-W 0003 Az, FEEEOEZ
BEO OB SEIEMEBE L TWZ EIKES, K10
13, SUM-HM-W 0003 ®25®D 7@ v 7 icD\WTDHE
(b OFERTH B, 7oy s ROBERNMEHOZEAL
3, HEO D EUT, 1o 7oy 2 &I, BREICE
WOLTFH- TERLKESEPLHIEAB®EASR S
5. [(ESSEV RO AR L, MERSTHIE WV 60 fH
R4 DR, HAEDLDLE UHEEBIC X2 FHEHICL
525D THAD. SUM-HM-W 0003 OEE L TW/ 9
EROBERNMAZEHIIREL, TOBRELERLE
D55 HHARIC 1% REOEHALBEHN TS T E &R
L7,
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1M1 mElRo 275/ NBTERRENALBET, BXOERE
B TR {bAD Laternula elliptica BEK 04
RBID BRI &L DZEAL.
The variation of 60 values against the radio
carbon dating of the Laternula elliptica. Modern
shell samples are collected from the Terra Nova
Bay, Ross, Sea, and the fossil shells are from Soya
Coast, Antarctica.

Fig. 11

IR & 3.5ka~4ka & 46ka DIKERDRIEE(CDWT

%I, To35ka~4ka DRKKDEEAERE L
T, KFETRIE L7 =2 DR - 1-FERD L. elliptica
DOREZFRINALORER» SHEES NS, KEKRMEDKES
oW~ 3, K11 i3, RROHER T E ofEREL&
HozZftexZ Ll boTh s, HEREC> VTR, [
DKL DZEBIFEIRA TH 3 O THRARDAEHE 7o v
7 A, B, C DE&LTHIEENFEREBRVTHS. B
EoxRXE it W T 2lHlAD BRI >W\WT, 35~4ka
% RTICAGHREIC > W T3 SUM-HM-W0003 & SUM-
HM~W0004 @ 2 fi{%, 46ka %7~ SUM-CM-W0006
~8IZHOWTIIR OFEREH W,

KllicRrEhsd &, BEDOHRRIZIFZEAE+H4~
+5% ZRLTWT, 46ka DAk IEAL S 1% 13
FEWERERL, 35ka~4ka OD{LAEEHT 0~ +3%
EWVS R SILVEP T OB bRV EERT.

NS OBERMELOEA BB R TE 21
—DOEBIIKEKORIKKOEETH A5, KIETHD,
KIKDBRZFEL TV TH A 46 ka DILAAB OFER
&, OB THKIKORIKKDH -/ E&2/RL T
%, ZL7T35ka~dka DfbanstEE L Tuwicklfico
WTIRF D 2~4 fEDRIKIKDIBANRD -2 %KL
TW3, ZORHORKKDEENKE I -1 2 13X
9 D HRRHEOBEFRNMNALOFKEL SR THHLLT
H5.

LD L. elliptica HSERENE L7k iz, BICOKKD
5 5km RN - T H B (Miura, 1998). EIRI{EDEE
BhroHEsn 3, aivkikic &k b #EKOBEEREIRAFHE
PRELEMLIZEVWHIEDSE LWL EFT I, KA
D46kaizdbbAHA, 35ka~dka bIKEKIIBHELD b
XoICFFELTED, 3hka~4dka OFHIC T oHbEIC
BEORNEBREDKOEENRN B KA L ITHELEL
TVWhIEARTOTIRBVELSI S, 2 b, kK
BhED» -1 35~4ka OB D 5 H3 46 ka DREFEI L b
LRIKKSZ L - 1-DTHAS.

xLH

FERRE R D 518 SNtz L. elliptica ® LA &,
PR Ross # Terra Nova Bay »ofBon7-HAED L.
elliptica D HFROBREZERAMEHEOFERP LI TD T &
BT,

- PR AR IRFOKIIT O 46 ka & BHOKBILIFEO
3.5ka-4ka iz, K[h 5 DKEDEDUKKSHEAKICIEA L
7. T L TCZNIFEEKIALIFED 35 ka-4 ka D 5 H3
- L. elliptica DEKEAR & & OFH S BRF R BN A LD
B, BEOBHICXOKIICERTIOEZEDOKEKDR
KokDiFetEd 2 & W FEIIC & ZRKKDEED KX &
DEVEHTEEZHESHICL, FORKKOEBD B
b brlfieLd 5.

&

AR R SR IR R P B RE 0, e B RS
TICREEEYE CERER Y, HEE L & BEEKR
IBE—E Lo 3EEE R L T Wi, BT
FEHO=WERBELE, TX U DAL FMILKRFP.
BERKMAN I IZEEHREE L T,

X, K OM, Dr. S-KuMmAR, TERIER, P
NRICIIBTEEMRSE, XBREILOFERICHHEVWLE
Wiz, IS LET.
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