BRFLCEFIEITZINVT /7 v HKEDEE

MR 5K A AR KA EE- AT e AL HESR -
hR RK . R EE - E BIE

"HRIE KRR T164 AP EXEE1-15-1
P e E R ARIRE e T 060 AL TIL X Jk19%PE8T H
PR R B ER R R E DT SER T 060 AL AL X AB105PE5T H
‘EHERFERWERARE L 7 — T464-01 £ B TREXAZT

1. ICHIC

ARG KRFEE, 4V FE RAEOZEREEDUEN > TWNBIZIFTHL, 1D
NDI=_— 7 HEHEERF-> TS, FIZIE, BREISHREE —K4EERE (high-
nutrient, low chlorophyll: HNLC) D —>Tdh 5 & & Hi1Z (HlZ X, Martin, 1990,
Coale et al., 1996) , FIHRARERE A IZRLOMHRICETBREENFEL, /o, EERHPEK
(AAIW) - FREE/K (AABW) OEKE T H 5. BEHRMICK T 2HERED
ZEKBEHEZEILT S &, ThomEaiE#EEOmIty 7 M lickREINS
BEDWHREOEMNMELNSDREY R T LNFEL CAHET 2 L TERICER
TH5. 18MFERITIICLIMAPT Y = 7 ML - T, HE L OFEBEHERYEZHE - T,
ZTNOITEEN B FHEEMBILAD SIBOKIIRE (LGM) EREEKE (Eemian)
D7 a—N)VILERBEKENEITC X172 (CLIMAP Project Members, 1981, 1984) . £
S DFERIE, F - ARBEREDOROKIHOREKIBIIBREELLENTIEEAEEMNALT
WS- 7cZ EemUic. &7, JEEALRPEAECILE KFEHER EO—H A% ERE
BEIZE TS, k- KO KBREBIZZNIFERECEAL T eI TRE
L. X 51Z, CLIMAP Project Members (1984) (3B ki EfE/KIE S £, BIE
EREALRBETHEHERLTNS. LHL, BAEDOEBKEDEITIZONT
&, FIARRESEBEHBYNIE SN TN &P, ZROoDHHENAL v REEDPKTERE
R -> TNl EREDNS, ZLOMEEEFTATNWSEEEZEZ ONS.

UK37'E N A U Ty 7 RTEINBETIVY ) VikiBEHE, HAEONT FED
H4A4RKT 5 (Marlow et al.,, 1990) E8 74 ) v (C37) I2E 3L DT, ZDA v
Ty 7 RETWNT ) VHEERKEOEBOKEEEDHBE DI ENFMSN TS
(Prahl and Wakeham, 1987) . F 7z, Z OUK37TIZ B ESDPHRE B OBEKIEMIC L -
TEALLNWI EDERIICHERAIN TS (Prahl et al, 1989,1993) . Z D L H 7%
BHEEEI L, BETRSEEN SHBONIHEZ L OEBHEBEYE AT, AEOX
BKEBEOEILNITHON TS (#]Z1F, Prahl et al., 1989; Ohkouchi et al., 199475 &) .
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AWFETIE, MARED ST ONICHEEHEBYIZOWT, B% 2 RO KD S BRI~
DOBITH OKKBMEE) ([THEAZRY, BRARFMALIITRIT IV ) 2 3ieiTu,
FRFRIC T BOKE « KO XREKEEBICONWTELE L.

2. EMEAHE

ARUFFIC A O BERHE, R FEWEPEITFEAT O A RALIC & 5 KH94-4 IR g 1l 45 W
T, MK IR VEEENSEMINIZEX M a7 (TSP-2PC ; 48°08'S, 146°53'
E, JKZE2321m) &< IVF FIa7 (TSP-2MC ; 48°08'S, 146°54'E, 7k #£2283m) TH 3 (
Tkehara et al., 1996 ; B 1) . £ a7V Ih bl SKER - KIKBEET HH A
B—F 2 JLAKRETHD, TDIFEAERRBAIN T LEOEYBEN S S.
e R AR LA i1, kY A XAHN250-300um T & 5 iF# P FL H Globigerina bulloides
(d'Orbigny) 2 7. £ o DA ARZEEBZE T TO0°C D100%) ¥R & RIS H,
et U7 CO2 R %458 U 7%, Finnigan MAT 251V & 43 #r 3t TRALAR L2 HIE U e,
a7 DERIT, BoNBERMIKL Y — 7 2 A IR FE R ALK L (SPECMAP)
#7— 7 (Imbrie et al., 1984) &Exflhd 22 itk THE L. T/, 3BE I
THE U AMS-14CHER 2 S B TH W . “"CHEMRNE A EHTIXG. bulloides D &
ZRV, KkFEBRLHE (Kitagawaetal, 1993) 12k D 57— v P EEKRL, BHEBKXF
FERUWEREFTEE > 7 —DIEZERSWETZHOTHE L. B oo "CHEMAR
RV R R RALAD B R T8 ) ' — /N —5h 5 (4004 ; Bard, 1988) DHIIEAAT - 7.

URTMEIZLL F O FEE2 A WTR. £9, difa7E 2 2emETai L, &
B S F20e DB FEHEEI AWM LI, T o DHFEYN oA Y ) =)/ 7an ity
v (3:1), YrzmpuoAy /Ay ) —)b (10:1) ZHWTIEE A BEEY %833 B
MU, MIE&EEITAMALUICE, Y7oty ohFH U 2H0T, BFHkT &
BRI EE L. FHERSICOWTIE, ISICATLZaT N5 T74—I10&-
TAWEMICHEEL, BEETNVY ) V2ELEMIIONT, AR7u< b7 77 (
Carlo Erba 5160) Z HWTILEMORE, EEAfT-72. F+v EZ VU =74 F LITHP-S

(30 m x 0.32 mm i.d.; 0.25 um) A1 L7,
Uk37' {13 L F o=, (Prahl et al., 1988) 2 & b k¥ 7-.

UK37' = [C37:2] / ([C37:2] + [C37:3])

A—&E 42 E 0T, SHEHH Ui RE S5 72 UK37 D4 Hri%321%+0.001 (ie. =0.03
°C> T"%') fC.

=87 =



3. BRLEE

3. 1. ZERMEMDOT NI/ vEHEKEB

EEHERY (TSP-2MC, 0-lcm) A 40H7 U7ckE R, REFEHIT-3I00EHT IV J vy
BEH XN, FOUKSTEIL0448TH - 7-. ZOUKTHEAE > T, 3 DDEILBKEHR
aXhoBoNENFNOKIEE, T T7EHRIU SMAEICET 28ED A FHEEK
7B (Levitus, 1982) LA HE U7z (K2) . ZD455E, Prahletal (1988) [T &k - THRE
ENTKBBRERICIZEHKENEDORBKIBIIZIZHEYE T ENHON LT -
2. - T, BEDORBKEZEIILT HHICL T O%E M.

T (°C) = (Uk37' - 0.039) / 0.034
3. 2. kB-MKkBo7IVr) vERBKEODED

Rk BILIK (0-30ka) D UK37'130.281~0.465D R TZEALL, 1 DRiDKHE] - [
JKEFY A 7 )V (110-145ka) Tl UK37'120.385~0.563TdH % (Ikehara et al., in press) .
B 3127V ) vl KR EBBRAAKLO SR ZRT. KEKHD & EHEAND
FZEKIEZENAIZEITHS125CT (K3 b)), MERMEIT—Y (MIS) 606
MIS-5eD /KR A A 1Z102CH 5154 CTH 5 (K3 ¢) . K - FIKEHDIKIEZ B
[XATEN44CT, BENS2CTHS. 5T, MRKAE: FAT VBEBBICEIT 5K
- BOKBIOXRBKELEB I A ~5CTh-cLHEHINS. ZhoDHERE,
CLIMAPIZ & » THE XN RAMEHIC BT 5 /KkIEZL E I (CLIMAP Project Members,
1981) OB Kz 2451227 5. KM - BOKMOKREBNIHIET A DK ERER
IKIBZEENE, FREEA ~ FEEED S OoN I EEHBEY OERBERITMN SHEIN
T35 7Ki{EZ5 B iE (Pichon et al., 1992) L |FiF¥—%(3 5. Pichonetal. (1992) |, i
- MUK TS-6'COKBEFNE LU T EERLTVS. ZD LD HKBORK
FEICH KRR T I, PARFEICBHZFICREL TO B AT EE D K « KO S%
EENIPE ST, WEREBZONTELY EICHILICKEXSBE L T cafetkZ2 "R L
T 5. TSP-2PCEREUML AL AE D H 2V IR (STC) L EARARRETA#R (APF) O [H
IALEL TS (K1) . REKBOZE ZRBIL TS EBZ SN BFIFHER AR
ORFEMAIE, K - BOKIAZ @ LU CTHEFENEEL, [UREBRINICENT S HEE
HREITIIEAEER UL, - T, MBI T 5EH 1 & U4 K B & B8 11
bWTd, a7HMEFTHIFLTWEh >N, X-T, K- Bk
IKIBEEIAPFOREILBENC R SZH XN TWS EH XN b. - T, BEOEE
KBOREILAEICE T &, KT EBITRENS-6° BEILLEL T EHES
n5.
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3. 3. EemianDKEZE®

Eemian & ) BRAQIS I DK EIICAH Y 9 50, CoEiIcB i Ak EmW0T IV
vkig (154°C) X12F2TFFERHICAE U TS, LML, Eemiand 8 (125 4ERT)
IKIRIEEBITET LTS (K3 c) . HBEYWOREDPHKIZIZZ OMKXITEAL
DADOSNITNT ENS, THhODEBRICBWTHRE o 2R KRE B UE &
ZZIZ . 22T, EemianD B OHEREE A —FE ERET S &, KENISCTL L%
7~ 9 EBemian®D BB HAI3H9 3 TAEB Ut L Tk &9, 12 EFNICABUIZ/KEBNE
TUREHREINS. &&EEKY (Eemian) OKMEIIBHFMOLME EIFITR/FET, &
ELTWcEEZ o T&7 (H1Z1X, CLIMAP Project Members, 1984) . U L75HY
S, AW/ TIVY ) EKEBOT— 413, BARPEDEEKIE D Eemiand [ %18 U
TRELTWAEDIFTIREL, PHLR2AEFNIZABBKEBEB/INE LTV EE2RL
T3,

FiH A A ROBERNMALEE ) —713E LU TKKEDEE, 2%, Jo—
INIVIEKER « BIKIAY A 7 V2 R LU Tvd. EiROEemianil 1) 5 & 875 K IBIET
i, BERMAAKEOZMEEIFAALTE ST, MEOMICIZHABK Y 1 L5 7T NEE
95 (K3c). ZNODRHERIZ, MAREDOKEBEKTNT o— )VITEEIAERTIK
REOHERKTAKALD 2-3 FEMEFTLTEIEERBLTWS. 2F ), K
PEDFEBDN 7 o — NIV ES/ CKDBE D) 25 UMY A—LEHE-T
Wicr[REE 2R A 2 &N T 5.

4. F&LH

FIKEE « 7 ZA< ViEED ORI U EEESEEY AT, #®E 2 BOXKEN S H
IKIINDOBAITI] OKKE) 1ZH1) 5 RKEKBEETTBIDICEE TNV ) VD
S ZEIT -1, TOER, UTOZ ENHOMNE STz,

(1) RHE - F R VIERICE T 5k - BOKIICE ) 2 REKBOEKENINZ4~5
CTHY, ThoDKEEZBHFIZCLIMAP OV 7 Mok > THE XN /KELH
DHI2HETH 5.

(2) FREETIEEemian® iz I3 H30004E ) LRkt 37, € D% (FI2H4EF1I2)
SHUSKBRETOHEL TS, COKBETIX, 70— NV kEEE 2R BL T
LIKIKRENEM UGS 2R XL OB THERBETL TS, #->T, EMRHEDKEBIKT
N7 a—=NIVIERBED G ZF I EZRI U MY A — &7 > TWCHREHENH 5.

W&

H R SALKHY4-42R i g D i W98 B O NI 5L — 28 (R KR FFFENTFERT) 20
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DREMFEEZEDH 2, FHEDH 2 IZERABOERIUCH I LT W ziZhie., RPFFRIC
B E R FNEBEMBIS (WFBITIE B8R #2057) O—HAFA L. WU THE
xRLUET.
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Figure 1. Location map of the deep sea cores TSP-2PC and TSP-2MC collected

from the Tasman Plateau in the Southern Ocean and hydrographic conditions.

STC : Subtropical Convergence zone, APF : Antarctic Polar Front zone, AD :
Antarctic Divergence zone. Subantarctic Water properties between STC and APF

are characterized by relatively warm and saline waters. In contrast, Antarctic

Surface Water between APF and AD are characterized by cool and less saline waters.
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2. TSP-2PCETSP-2MC I 7 #REUth A8 (48°S, 147°E) 2B 2 A EHERBKIROZEL
(Levitus,1982) . 3 DORAZKEHERZANT, KEHER (TSP-2MC, 0-lem)N5EF 51
TV ) CEBKBEROERNIC SOy FL7z. (a) Sikes and Volkman (1993) 2K 2mKHE
DT 4 —IVEF—ZITHEDKIRBER (UK37' = 0.0414T - 0.156) . (b) Brassell (1993) IZK
BEWBEDT 4 =V RF—9ZHIC L= KBHBER (UK37 = 0.037T - 0.083) . (c) Prahl et al.
(1988) 12 & B Emiliania huxleyi DIEEERITHED <KRMERX  (UK37' =0.034T +0.039) .

Figure 2. Annual surface temperature cycle of a location (48°S, 147°E) close to TSP-2PC and TSP-2MC
[Levitus,1982]. Alkenone SST for the surface sediments (TSP-2MC, 0-lcm) calculated by three
calibrations are shown, as follows; (a) the linear field data calibration of Sikes and Volkman [1993] in the
Southern Ocean (Uk37' = 0.0414T - 0.156), (b) the calibration of Brassell [1993] based on global
combined field data (Uk37' = 0.037T - 0.083), and (c) the calibration of Prahl et al. [1988] based on
cultures of Emiliania huxlevi (Uk37" = 0.034T + 0.039).
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DHIOKE « KIS A 7))L (MIS-6/ 5MIS-5d : 110-145ka) BT 5 S180EEIE
KIBDOEH).

Figure 3. (a) Changes of the planktonic foraminiferal §!80 in the sediment core (TSP-2PC)
collected from the Tasman Plateau in the Southern Ocean. Odd numbers mean interglacial
periods and shaded even numbers indicate glacial periods. AMS-14C age levels are shown by
bold marks on the top of the figure. (b) Changes in the planktonic foraminiferal 180 and sea
surface temperature (SST) reconstructed from the Uk37' index during the last deglaciation
(MIS-3 to Holocene ; 0-30 ka). (¢c) Same as (b) but for penultimate deglaciation (MIS-6 to
MIS 5d; 110-145 ka).
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Alkenone sea surface temperatures in the Southern Ocean

M. Ikehara!, K. Kawamura?, N. Ohkouchi?, K. Kimoto?,
M. Murayama®, T. Nakamura*, T. Oba®, and A. Tairal

! Ocean Research Institute, University of Tokyo

2 Institute of Low Temperature Science, Hokkaido University
3 Graduate School of Environmental Earth Science, Hokkaido University

# Dating and Material Research Institute, Nagoya University

Abstract. A piston core taken from the Tasman Plateau in the Southern Ocean has been studied
for organic compounds to reconstruct the late Pleistocene marine environments. Here we report paleo
sea surface temperature (SST) for the last two deglaciations using the unsaturation degree of
alkenones (UX37') preserved in the marine sediments. The U¥37' record indicates that the SST was at

least 4 °C lower than the present SST at the last glacial maximum (LGM), and the amplitude of paleo-
SST is at most 5.2 °C from the penultimate glacial (MIS-6) to the last interglacial warm period (the

Eemian). These results indicate that the amplitude of Southern Ocean SST fluctuation was twice
greater than that reported by the CLIMAP projects. This larger amplitude of glacial/interglacial SST
change agrees with the SST changes reconstructed from diatom assemblages in the sediments from
the Indian sector Southern Ocean, which showed 5-6 °C difference for the glacial/interglacial periods
[Pichon et al., 1992]. The SST decrease in the glacial Southern Ocean may be caused by northward
shift of the Antarctic Polar Front (APF) at that time.

Our results also demonstrate that the Eemian warm period in the Southern Ocean lasted only
3,000 years followed by a sharp cooling at around 120 kyr BP. The sharp cooling in the Southemn
Ocean seemed to occur a few millennia (2-3 kyrs) before the beginning of continental ice-sheet

growth.
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