BRKEICETIBAZINT ) vEHEKEDEE

M e WA AR REAN EET- AT - Al HESR
A BRKRT - R EBE R

PR KFHEPILRT T 164 B X B H1-15-1
P Ae¥EE R RRFEVIEAT T060 ALBR AL IX L1995 E8 T H
PALEE K FE R FBEHERR SR AR T 060 ALBR T B X AE10% a5 T H
‘HEEBRFERUERBE L vy —  T464-01 £ BT TR XA EHRT

1. @FLCHIC

FIREIRFE, A0 N, REHEDOERELDUEN > TNBIZF TS, WD
DDI_— 7 IREEMEFF->TW5. AL, MAFEREXREE —KRAEEE (high
nutrient, low chlorophyll: HNLC) Mg D —>Th 5 & & H 12 (HlZ X, Martin, 1990,
Coale et al., 1996) , Rtk KREJEIZEOARICHTREENTFEL, T/, mEPEK
(AATW) - FHRZEE /K (AABW) OEKE TS H 5. BPEHRICEIT 2MAED
KEKBEBEAE LT HZ L, ThoBEaiREEDOEILY 7 M EitREXINS
BEDOBHERBEOENMETNSDKME Y AT LNKEEILEAHET H ETIERICEE
TH5H. 1980FUTIICLIMAPY 0V 2 7 ML - T, HEL ODFEBHEBYEHE - T,
ZROICE TN B IRHEMCE D S REOKMIRIER (LGM) & R MK (Eemian)
D7 a—/N)VILRBKENEIGCX N 72 (CLIMAP Project Members, 1981, 1984) . #H
S DFERIE, F - BEEEEORBKHOEEKBIIBEAEENTIIEAEEMLLT
WIS 72 &R U, F£7, dREAERPEERILE RFHESE EO—8A2 R RRE
I WTS, K - BOKEIOKIBEZEEIIZNIFERECEML T b TS
L\, X 5}Z, CLIMAP Project Members (1984) |3 R kIO EE/KE S F 72, HIE
EFEAERBETHEHERLTWLS., LHL, BAEDOXRBKBEDOEIITIZIOWNT
X, FBERELERHBYNRE SN TN I &P, TNoSDHENA » NEPKE
IR > TN Z &7 EM S, ZADORMEREFATWSEZEZ ONS.

UK37T'E WD A VT w 7 ATEINSTIVA ) VibkigiE, HEED/ T FEN
HA&KT 5 (Marlow et al., 1990) E{7 IV /v (C37) 12k 3 DT, ZDA v
Ty 7 RFTNT ) VEAEKEBEORBEOKEEEOMBE DI ENMSN TS
(Prahl and Wakeham, 1987) . F 7z, Z OUKI7T' XA EPEDPHBHROFEKIEMIZ L >
TEALENWI ENERMICHERZXIN TS (Prahletal, 1989,1993) . Z D Xk 9H &
B AiaEdH L, BETRSESENSHBONIHEE { OBEEHAEBYEH LT, L%
E/KIBOEILOKITHON TS (213, Prahl et al., 1989; Ohkouchi et al., 199475 &) .
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AR TIE, MRED S/ SN BERERMICIONT, BE 2 BIOKHD S BIKEI~
DOBIATH OKKBMBE) (THRLERY, BREFMKLEITRIT IV ) e iTe,
RIS Bk - BUKIIO RIB/KRAEBNIIOWTEL L.

2. HH&EAE

APFFRITH NI ERHT, R KRR AEPIEA O A BIIZ K 5 KH4-4 IRl E b
T, MRKE- X2 @EELMOERINIEX M2 a7 (TSP-2PC; 48°08'S, 146°53'
E, /K#%2321m) &< IILFFI)La7 (TSP-2MC ; 48°08'S, 146°S4'E, 7k #2283m) TdH 3 (
Ikehara et al., 1996 ; K1) . K7W ThbHBIrSHKER - KIKBEETHH
H—F U EARIETH Y, TDIREAEERBAIN YT LBEOEMEEN 6125,
MR R FALAK I3 FT i, kB A XA3250-300um T & 5 % i P 45 L 1 Globigerina bulloides
(d'Orbigny) 2l 7. TN S DOHFARBZAEEZEFTO0'C D100%Y > B & KX H,
FeH U7CO2/ R %458 U 7%, Finnigan MAT 2518 & 53 #fr it T RALIARH %2 BIE U 7.
7 DERIR, BoONICBERNMKL A — 7 2 EUERN IR E RA7{A . (SPECMAP)
77— 7 (Imbrie et al., 1984) &3 52 i k->-THELK. T, 3EEIZLEW
THIE Uz AMS-14CHERZ G TH . “CHEAHNE & EHT TG bulloides D &
AV, KFERuH: (Kitagawaetal, 1993) (2L D 7 —4w FAEEKRL, BHEBEKRF
FERBEAEHATEE 7 —DOMERE RSN EZAOTHE L. 1§ o CHEMR
3R TR RIAAR S 5 R TV ) — N — 2 5 (4004 ; Bard, 1988) DHHIEA 1T - 7c.

URTHEIZ LA T D kxR WTHRI. £9, dika 7 L 2emfEToE L, &R
B0 o K120 DB BHEEH A 2 L. T o DM Ay /—I)V/D 7oty
v (3D, Yrapa Ay /Ay =)LV (10:1) AHWTIRE B EALESY A 83 ik fl
HUZ. #EBKRETAMLLE, Y7oty vn"FH 0280 T, THERS &
BRIERRIC o BEL 72, PRSI OWTIE, XS AhATLZae T T7 4 —1l4&-
TABESIZHBEL, EHTIVY /) VEFEEPIZIONWT, H#R7a< b7 57 (
Carlo Erba 5160) % H I TILEWORIE, E&A21T-7. ¥+ EZ ) —7H F LIIHP-S

(30 mx 0.32 mm id.; 0.25 um) Z{FH L 7.
UK37' (3L F D= (Prahl et al., 1988) (2 kO KD 7c.

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

Al —a ke T, 3 aflit U7cER1F S i 72 UK3T E D 43 #7 iR 2213 +0.001 (fe. 0.03
C) TH-Ik.
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3. BRLEE
3. 1. EREMYBO7TNVT /v HKER

KEHERY (TSP-2MC, 0-1lcm) 24387 UIcHER, KFBEHITIOEHT VY /U0
BE X, FOUKSTHIZ0448TH -72. T DOUKITMEA M > T, 3 DDREI LKA
BRhoBoNIZN TN DOKE E, I THRIMASMEICE T 2HED B FHEBK
/8 (Levitus, 1982) A KB L7 (K2) . ZD4EHE, Prahletal. (1988) 12 & - TIRE
XN /oKkBBRERICLABEHKENEOXREKBICIZIIHET LI ENHONEL 5
2. W-T, BMEORBEKEBEZEITTHICDICUTORER .

T (°C) = (UK37' - 0.039) / 0.034
3. 2. XkB-—-MKBMoO7ZIy ) v EBKBOED

ORI LI (0-30ka) D UK37'# (30.281~0.465D B TZAL L, 1 DFiDOKHET - [

JKEEH A1 7 )L (110-145ka) T3 Uk37'4H(30.385~0.563 T3 % (lkehara et al., in press) .
B 3TV ) VKR EBRFRFBMAKL DS RERT. REOKAD S TEHE~D
FEIKIBZEAIZBICHS125CT (K3 b)), BMERMNMEKIT— (MIS) 616
MIS-5eD 7K R Z2(L13102CH 5154°CTH B (K3 ¢ ) . KA - BIKEHD/KIBEEIE
IZRIENA4CT, BEMNS2CTHS. W->T, AR F AT UVEEBIZEIT 5K
- BOKEIO X B/KBEEBHIINA ~5CTH-EHHMEINSE. ZhoDERIT,
CLIMAPIZ X » T#HE IO FEEHICH IS 2 KIELZETE (CLIMAP Project Members,
1981) O KT 24512 T 5. KM - MKHOKREFIIHIETEI DL TKRELR
KIBEENE, MRKEAS > FEEEI SE SN ERHBYOERREMITONSHEIN
TWAKEZ BTG (Pichon et al.,, 1992) X |FiF—3%d 5. Pichonetal. (1992) (I, sk#f
- BOKEHRIT5-6°COKIBEBMNE U T EERLTVS. 2L KO K
FEICBU BKIBAR T, BRAEICEEEICREL TS RIEMEEIOKE - Bk oK%
EEICES T, WREBZONTELYUEICHILIZKESBE L TV criEEE RS L
TU5. TSP2PCEREUHL SIS B AAED MBI KA (STC) & mtRktRAiHE (APF) O fH
ICAIEL TS (K1) . RE/KBOEEBAKRKKRL TS EEZ ohbFHFHAALR
OBFEMBIL, K - FOKHAB LU THEFENEE L, [UREEIICE LT HE 2
HREIKIIEAEER UEWL. /- T, MBI L 5eH & U R [ K i B8R 1511
BFWWTd, a7#HEFTH FLTWEIM - MM 3. k-T, K- Bk
IKIBZBIAPFOBEILBENIE XMIANT WS LI 5. - T, BEOEE
KIBOREISMIZHK D &, KIITITHEMmATRNS-6" BELEL T EHEEX
n5.
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3. 3. Eemian®OXKEZE®

Eemian & U9 BRI RAMBEDKIIICH YT 50, ZoMBEICE I EdRbEWT IV
kiR (15.4°C) X122 FERIICAE LTS, UL, Eemiand H i (#1205 457])
WICKBESBIET LTS (K3 c) . HEPORERPHKIZIZZ OBKELEL
MNADSNILNT ENS, THO6DHRICENWTHRB I o XANKRE LA /LL &Ik
EZIZW., £2T, EcmianDHOHMEE A ~E EIRET S &, KENISTLU LA
~Rg EemianD B HH 1349 3 FHEB UL Fki L TH 69, HI2ZAEFNICABIZKEI K
FULZEHRIINS. EDKEE (Eemian) ORMERTEHHOLM EIZIZEBET, &
ELTWEEZ SN TEK (H1ZiE, CLIMAP Project Members, 1984) . U L7840
S, AN ITIVY ) VHKBOT— 7%, BMAREDEEKIEHD Eemiand ] 218 U
TRELTWBSEDIFTIEEL, FHIR2FENMSHEUVSKBEMANE LTI E2RL
TW5.

FEEA A ROMERNARLLEEB - T EELELUTKKEOEXE), 2FH, Fo—
INJUIEOKER « BIOKBAY 1 7 VA2 KB L TW5%. iR DEemian|Z 351F % 2875 /KIGETF
&, BERFNAELOZAEZIHAL TE ST, MEFOHICIIHBEL Y A LS TNEE
35 (K3c). ZTHoDERIZE BREDOKEBERTFTN a— LR EEERTIK
KEBOBMAKT ALY 2-3 FEMEFTLTEIEARBLTWS. DF D, MK
PEDFEGAD 7 a— VIS L OKEIDIEFE D) 25 I LMY A—ER ST
WicrREE AR T A ENNTE 5.

4. £L&OH

BMRKE - AT VA SR UCEEESREY A2 AT, BE 2 B OKEN S M
IKIANDBATI OKKME) 1ICB I A ERBKEBEAE LT HCDIZE#HTIVY ) VD
ST AT 7. TORRE, UTOZ ENHOMEM 7.

(1) PR Z X< UlEICEIT Ak - BKklick i 2XBKEDEKENT4~5
CTHy, INSOKEZEFFEIZCLIMAPY 0 Y + 7 Mok > THEI NI KELH
D¥I21ETH 5.

(2) MRHETIdEemian® fxBE B HI30004E [ UovFigiE 3", £ 0% (BI2J74ERTID)
SWOSKBIRTOAE LTS, ZOKEBIETFIR, 7o— UG @EEEH A KR L T
LIKKRENE MUY 2R XL D BT HEREIT LTS, 5T, BAEDOKRIET
N7 a—/N VIO RS AF X L b H— & > T a[fEtEd H 5.

B

HRALKH4-4R Mg D EREWTFEE DN 5L B4R (R KFEBETILR) =130
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DRERMPTTEEDS 2, FMB O 2 ITIEEBOEIUH I LT 7o/, RpFRIC
S XERER AU IR BEMB S (RO E R E2057) O —HEaEH L. R UTHE
FERLUET.
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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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X 2. TSP-2PCETSP-2MC2a 7RIS FHE  (48°S, 147°E) 1ZH T2 AFHRBEKIBROEL
(Levitus,1982) . 3DORAZKEBEHRERXEZHNWT, REHERY (TSP-2MC, 0-Iem)h 5/ 61
7N CERBKRKBEROEMIZ SOy b L7, (a) Sikes and Volkman (1993) I X2BKFE
DT A —IVRETF—=2ICE T KBBRERX (UK37 = 0.0414T - 0.156) . (b) Brassell (1993) IZX
LEWEDT 4 — IV RTF—FEFHIC L2 KBBEKX (UK37 = 0.037T - 0.083) . (c) Prahl et al.
(1988) 12 & % Emiliania huxlevi DIEHEERICE D S KIBHRERXL  (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
[Levirus,1982). Alkenone SST for the surface sediments (TSP-2MC, O-icm) 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).

~ 87 —



KH94-4 ]’SP-Z PC

@, a4, _

& |

£ 21 -

£ ]

03_- o

e ] E :

“ Izl s T4 5 [ 1 6 7
B e h
-0 .50 100 *, 150 ... 200

. Age (ka).‘

(b) 1 ‘Holocenel Trans. | LGM |3 (0)1 sd | Eemian [ Trans. ] ,ws-6-'

- 16

o g
e %
7)) w
® Q
c [ g
o o
c c
a Q
x X
< ] <
7 N — 6
110 120 130 140

Age (ka)

K3. @FKE - YA CBENSERENATSP-2PCaOTICBT 23 REERILE
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Figure 3. (a) Changes of the planktonic foraminiferal 3180 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 §!80 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. Taira!

! Ocean Research Institute, University of Tokyo
2 Institute of Low Temperature Science, Hokkaido University
3 Graduate School of Environmental Earth Science, Hokkaido University

4 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 (U¥37") 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 Southern
Ocean seemed to occur a few millennia (2-3 kyrs) before the beginning of continental ice-sheet

growth.
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