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Do ZAVRERAREE B TSI < THER X OE G BARRNTE Y | RKE O WIEAKD M~ &
EEIND7-0THd, ZOWEBEXOEGRANDNRDIEEEK T — IRV ICES BRI L, KF
B D ~L — P TIRIHE FA DG 72 D 72 D RE O W 72 W K O 522 TRIRAME T LR o KIiR
NENAKEL 2D, ZHITBE K PEEER O mE oM EREAREZ b K& T 52 Licoknn,
FORFREGME LB D, ZTOEDT7 4 — Ry JHEBEREEICRLTWAREILZT - =
—= v REE LIRS, WIZKIBARS/NSNE ZITIFEIGR LI, WEIROBEK T — VTR
SNELSJEBNY X — W TIEBEAOIEHRHEDL, ZOREBIZZ L =—=aRETH D & EIT
D, ZOR D ITEE R DOWE O KR SMIT R[OOI & EERBERICH Y . RERFEO
REEB~HREREENZFO, Lo o TOKM-FOKBNICE T 2K EEBH 225 L TH 2
DB KIS O F B /KIR (SST; Sea surface Temperature) °¥E4y. EA-FROME 7R & OWELE
BRENRABDLZLIIRERETH D, LER > THEIT AHEY AT LA OB EHEET 720,
AeFBIZLVBERENEZRL2ENRO, BE2 FEMOY » TEHKAEHCONT, BESREY
HraiTv., MFEREETZB IR o7,
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34°

3z

3o’

28

26"

24

Yonaguni
Depression
| | 1 |

118" 120" 122" 124" 128" 128" 1307

2 BBk (Chang et al 2009)

1) o IBKICk D HREET

TEREY o T OFRIL, REEH LT T LD aragonite HEND R, B L AW TEKEE
HWENRRDEOICEBEEZICE > TERNAEL 5, Z OF i % (F 2 BRI 8 PO B8R 5 1E &)
R D720, U AFRNPOBEORRBEEREZRV T Z N TE S,
RFFROZHIIZ, N~ TBEH W, ~N~HrITo X R K ToRITE, K
HECOEDERE n TR 2ERBILROBERICHKET 200052700, HERENEHRE
EHlichblzoTKML TS, Thwwzx, VY IaAEFRIIEREZETT S LT, EFITHED
ThHhdEWVZD,

DLFIZ, o aBBog e oEIZHONTRT,

OREIE ANz

Yo B T OB SR RN S0, 1, FRIE D WEAKIR (SST) & MEAK 0 Wk 3% R (A 5100, @
& fidk L T 5 (Gagan et al., 199872 &), ZAUE TOMIE T, BRI & EEEDOWEK
I (SST) & B4k th O We F R AR LS00, & bl 972 2 & 1T K- T, FRBRAY 20 4 5 508 &g il &
LlZRDBENTWD,
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SST(° C) = 2.84-4.79(8"0, - &'%0,) (1)

Z 2 T8"%0,, 8'%0,, |ZIEMEYEPDBIC X D g A LK DOEEFEFAMAKL OE A RS,

80, 1%, MEAK DK, TRDOBAR « FEAKRKDNT A KON, 7kr“ga>ﬂﬁ§b7iﬁ

WIREL TV D, AT TIEBWORELE L, WARPITITEN ONZEIND, ﬂﬁ‘
K FNAKIEP0IZZ LT ll, BARREZ L 25 £8°0, 3/ EL kb, 2019, [5¢7J< z

SIRTOEAE, 880 TN FIICy 7 &8, RBICLDHE SO LRI 61805‘V%Eu\jﬁ

mA~ETT7 FERD, 51T, §B0 JJIKKEDOEERNIZL KESEFIND N, RIFIEOXT S
R CH 2 S R f Tk, MEKEENBIE L IFIEA U T (Yokoyama et al., 1996),
KEBIX—ERE 1B ZBND DT, 800, X EITH Y DA %ﬁwkﬁbﬂ\é&%zé
LR TE D,

ot F

T AEICEENIMEGR I CE LAV HREE CORIEIX, Y IRREL TE
%%%mbfw<%m\%%%%%#5773%4b&%ﬁﬁ@ﬁwva%%@#é%

LMD 2 OB A AU B EE ORI LR VIAENRD Z &I /o R/ A= S
IRV IAEN DO A A 0%, 8 @@*@@f%@*ﬁ@AEmﬁ®%f@&
Bex RBREEBICL > THIRIND, EZC VU IBEROMESB CREAELRE L.
F MK EOEARCEMALERE RDZLIck o T, BRERLYEDENERELHET S
ZEBTE D,

P IEKPICRVIAENDEBRILED I L, AW TIL, Mg, Sr,Ba, UIZ DWW TOHE
BTz, TNENOEFEILEN, EO LI RBEIZL > TEZOMIENHIRIND 0L
WH Il BEL<#ERIN TS, UTFICZ0MEERT,

Sr/Ca

MEERITHED S LEMNICHEEL L THWDLNZOMRSr/Calk T, BEICIVIAENDSr

BRI PIBE DRI FET HZ D, Sr/CatbiZilE/KIBEDEIEL 2D Z E N RENT-
(Smith et al., 1979), 7=, MFEHR OSr & CaD FH) R FERNIXI04EFEE L BV iz, lioT
FORBEKFOREIZT-HTHY, D72 & biREBEICFEMICO o THKFRENS —ER
o7 B X HILD (Beck et al., 1992), 2wz, SEF MO T HHE DOSr/CatbiTIFIT A4
BAKBIZE-THRESR TS EBXTEN

B H DO Sr/Caltb X KIR & LW ORMRIZH Y (Beck et al., 1992) , —fXAYIZ, Sr/Ca
b & KA (SST) OBBRRIFLL T Lo IckRb I D,

Sr/Ca (mmol/mol) =a + b x SST (° C) (9)

L2aL, a, bl Voo flidZ DMRSLEEIC L - TH LT SR D720, BT Lok
YV 7= a2 T 08N HD,



RF-081-7

DX IITEMKOSr/Catb N ERFAKIR (SST) Z KMT 5 Z &b, B OBER RN D
HSr/Catb /B3RO B D XK (SST) DEBE LA LG 2 & T, WKOERRE RN KL L
(H45y) #ETTHZ ENTE D728 (McCulloch et al., 1994) . Sr/Calb & B #& O fgFE[FE
PR Z VDT, JKIR (SST) LA A2 B2 ICE LT 2 L WO MIRNR LT TWD, KB
ZBTHIDOHIEIZLY, KiREEZETT D,

Mg/Calt

BT T, Mg/Calb & Sr/Calt & [FAARICHERKIBRDIE L b 2 ERAEINTWVD
(Mitsuguchi et al.,1996) ., Mg/CaltixSr/CatbiT t~EFEIC L 2 ZEE S K& W B, fi{F
72 ICP-AES (FFEAESR 7 7 A~ H N oiTlE) CTRIETE 226, WKIREELE LT
SN W), WEOKREBEHT EBRIZK o T, Mg/CatbiZ/KiE L vie L AEHEEIC X
D EEENTWAAEBEMENE W (Inoue et al., 2007) tWHEALIEHINTWS,

U/Calt

P AFROU/Catbiz OV TH, Sr/Cal AARICHAKIROIEIE L 02 Z EREHI T
% (Min et al.,1995) . U7 ICE7 7354 M OCak BT D2l DA A2 & LT
V0,2 23& 0 | WK T TIZU0 & BEEA A4 2 (C0,%) DEEIRTEH 5U0,(C0.) 5 & LTEL FEET
%, ZDU0,(CO,) " 13K DpHD ZEARIT X Y U0, (C0,) .2 3 L OU0,00,i12284b4 5, Z D & o
O, P IEETOU/CablIW KT OpHE L OV R EICERICEEBIND Z L bEfHS
WTUWAB Min et al., 1995),

Ba/Ca

Ba/Calb Ty /KR & WiHHEI L (Shen et al., 1992) . HE/KDE MO WREIT 720 bE AR
DM ZRTIEE L 25 Wbt TV 5 (Shen et al., 1987), F£7-. BalXifJII/KDHEAN%
RTEETHIAREELER I TWS,

2)  BBHORILEL & AR O Rl
B L 3BHE, 29 TORKREMICZ > TES Tm 1EEDAT 7280 H L7,

ZOBE, REBGEN SO T AN EY D H LR ST T, R FBENEER - BHRX
MEPTHORELE Lz, 10 HL72AT 713K THoICBERER L T, 40°CIZB W Tz
BT,

ZHLTHELNTEREEZ TS, BRIERT = v 7 ORI ER XBRET 21T -5 72,

P IAOERKIL, TERERIXREE I VY 7 AOD aragonite & (77 UA) 720, BEIEK
B ORAFRBEIC X » TIIRARIEMR 2521 T, calcite i (HMA) ~LZ{LLTLES Z &
Wb, ZHEHEEEOBENIEIZLDOT, ZFRIBOHMADOTFBREREOT 7 VA
TV b REREDICEZ D, HEZADEZRLTOH RV E | BEEEARRIEOEEER Kb
D120, PrIaNmRIEREZZIT TR E I NERRDIENLEIZRD,

BRRIERZZ T TV a7t mWTWOBRASERBEOHEN LT EELS S, 21
IR OFE TR Z 21+ O MR OB fEe (MCHRREL TWARW) FFLoRH|TH
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D, "CEEIVZSEATOVDLEHESINDG O TH D,

By R X # 4 (X—ray Diffraction:XRD) &, BEtOMRIZX#BE Y L, £ 0 X0 E <
B = h T 52 Il THBOREMEEZ SN TL2FIETHD, BERHBEDORRD
aragonite & calcite [ZEIPFT/RF — MBER L7720 KRB SN XBIIR2 2 AE
THEPFT S, HEHEINZEIFTXBOE—7 OLELBELY R 5 Z £12X - T, aragonite &
calcite NEDLHLVDHTHEENTVNENE NS ZLEZRETED (K 3),

2000
1500
1000

500

4 25 26 27 28 20 30 31 32

1500 K|K25|i

—RERY

calcite

B HrX#R54 EE (cps)

1000

500

1y e M. A st |
24 25 26 27 28 29 30 31 32

26 (°)

B 3 ¥R X#EHOH
3) HRWE

Z B O BB P IR FHERIL, R KT X 7 A gEfiat (Micro Analysis Laboratory, Tandem
Accelerater;MALT) O MEAFE &4 M5t (Tandem Accelerater Mass Spectrometry;TAMS) Z A
THIE LT,

BIALER I Yokoyama et al. (2007) [CH-3%x, @I -ERMERAORE % 12 ng
BREMFEL, RmOBEBUHEZITo-, XD, I REIIHHEL TV D RHY % E
MULHFTZENTEL, MATTITNER, BEEWY i%‘%f%%'@‘%ﬁj\élﬁiﬁééﬂ‘f:o L7 g SR &
HwszZ LT, kh¢@*@m%%&@ﬁﬁ%ﬁ<:&ﬁf%60&Kﬁﬁﬁ%ﬁﬁ o PA
%, VrBENmzx 52 & TR ZEZERICEN L _BIERFLRAESED, DT, Zhre
TATA IO ST, RIATAAZE ) = ARREEHRTZ ) —LVOHBHANT v 7 TK
KRR EORMMZIR Y R\, 25 L TR ZBbRFEL, +o&Ex Logkk Lok
RAALLBITEOCTETHZETELL, MR RFELGLL, CORFLDEOHRL & B
T VAT HZ LT, MEGREESITFTO CELREE D,

A B MALT THWE I IEX L hr v 50D % 7 AME#GRTH D,
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4) PSR RN L E

IR W72 30EHT Suzuki et al. (2003) D HIEICESE, ~A 7 uaHh TV 7 %iT-
o (M4), P IRXT7 7 OmEICKEMAELENICEEND X SICEEL, 2O
Zbm s TE25 2.5 mm T OHIVIAAT, EX 2 mm OMEED, HODAB e 1ANE
~A 7 mf‘/j’u VT EATD . ZOMTAXTE RS 0 Bie 55y DR A & MR SR, Bk
EWCIR o 1o a2 27V v 7357008 ETHY, AEOBmEEIEA 2 mm
X 2 mm }:/J\é K7poTWb. SV 7y hofIHNEZEY, BEREAMIZ 400 um fF
WY TEREEIVEE LT RBHEIV 7By PO FICEWEERAKTRZIT S.

0.4 mm i

4 Y2 T EROB/NRBHRITE.

W RIAAR ORI EIC X, BN OPTIMA 3 L O ISOPRIME (Micromass 1) 2 v 7=,
~A sV T ITHELNZRENS 90~120ug EHEL, RBEICED, ZhE
OPTIMA (228 S 4L C U B fr R FH B AL BE %4 & MULTIPREP ISOPRIME (Micromass £h)iZt& v h9°
HE, REHZY U EMA T BILIRFET A ZFRAEIEDLE VI FIEABBINICITDNLS,
ZLTHESNICE > THBARMAKLEZR{L LN TE D,

BRIy HTEE OPTIMA O3 A% O M8 B s RF 12 35 13 2 ) 7E ME R BUBR 23 | Bk B8 A YE ) B NBS—-19

DY IR LBPEIC L - TIToiv, £ OEMERZETERFNAKELIZ DWW T 0.04%(1o) TH Y |
ISOPRIME {Z- 2T % 0.04%0 (1 0) & RZEDOHTEENRHF LN TV D,

BEIZTEST 4 F VT EICHREL T, REPRIBBERN AR OB Z ] ~7-% T, E
P2 D < B D72 DIZ & BT < (B X BEFE D23 T 357 E)HIE LT,

5) WEREITHENE

Calf i L B4Rt #ESr, Mg, Ba, UDREEIXICP-MS GEEHER 7 7 A~ - B/ dstewlett
Packard HP-4500) TRIFHIZHIE L=, 732 TI990FEMHI D IZ 3\ TKIEIE 7T D 72 D Sr/Cakl
EOBIIZIRE BT & e (TIMS) AAWVWSLN TV, HEENA S TIMSO I &8 21T KR
{2 L T=*0.05C (Beck et al., 1992) THAKEDOETICFORKEE TH 72, —FICP-MS72 &%
BERENMET A0S TWARho =, BIEOHHEMEEZE 2 5 & ICP-MSTOHEIEIX
TIMS Xk v LS TdH > 7=, % Z TLecornec and Correge (1997) TILICP-MSTHITEHEE &2 L1
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DN AT VR W BICEE Lic, MERBHINIEEME A M2 2 2 LIk EHERN&EDOE
R 7T I7 A~ HROEBHICERT 52T W EMEL., I DICKRAMREBEOBEITIODORER
AMORERER R 2 A CHETHZ L THMO RU 7 FhE2/MELE, ZOMEE, WEBRELZKE
IZLTCOCUTICETUET DI LITHII LIz, AFIETHZOWNEREILIZEVREEIT- 72
(Tnoue et al., 2007),

4. FER - B

A — sy MZ LTV DRIV T, iBET, 0004FEH 2 xR b a ¥ v TR O A 1T
272, 7,000-1, 0004EFTTAL - ER DO KGNS O HF EOFE A NN F — U BBIEL B> THY |
HEE- REECOEORBSCKBEHNS SR SN TWEZERTFHEINIEHTHD, T
oo RERFOCEBILRFBERE L, EEXEMUAOMEIZIERLCTH D &L BT, RERMRTEKE
LbRILTH-oTEtEND20, BREFHOA L - TRBEVAT LN ED XS ITEHT L0 % K
THZEDOTEa=— REHTH D,

FRiZ 4 ENE B K23, 0004E, 4, 2004F, 4,4004E% L T4, 6004ERTO Y > T IV 2D LTz, £ DOfk
R, LRI D9 54, 600FERTZRVWT, BEE AL HITHRATT CU EAKIEMED - 72 2 & 234
L7, RERMELAMRAGDELE OB THERIT, ELALBICHAELV b EWVWES TH -
2 ENbhroT,

SERTIE & I 52510, 0004E[# X, R EOE(1S ., PEBE TIIBEAELY bKEN SV
ZERTFHSHR TV, EBICHEEOT =X ENLIEENEEANRERN/HTWDN, 4H
DOFERITATHRICE > TROLN TR EITRRY, ZRHOREVWKEZRLE, B85
KBEORHEY AT LOHFTIE, K- WBHEORKEMENIRO CTEEREMBERIZR>TNDL Z &
MWREIND, 2E0, \WHREWEERTIZ, —RICIEEWRBEKERS TR SNLN, T EiFZ
L2y, BOBMERMIZL > THESIER L SN ARENIE SN D,

FEOMERIE, 74V OF v TEEOIT»O 557z (Yokoyama et al., 2010) , ©F
V. Y- R TICE N T, YREOWAKOBERAMARLITHRE L EXTHEEICELS ., BE
T CORBARKEZOIRTNEZ o722 ERRINT,

BRI OBV KTPFEICB T A2 KRR EWBHEOHAEERZE T L, 2N XELE & OME%
ZHOLNCTDHZ L, HEROKMEY AT LOBEBOT-DICEHETHLMN, LV LITHEHNLM
HEIC T COWIRIZ BT ABRELZB OZEMIZ OV TIZ ARS8 0, 20054E10-11H . A TE
Y4 B 518 (TODP) O FExp. 310 Tl, FKEFEX B FICB W CEHELRMH 2 7RG Sz, A6
72 CIE, FOWHl 2 7B R DN~ T8 (Porites spp.) DBk Z F Tl f @K 3 o i PR BR
BEEETL Lz, ETHRXMBMEFIOTICE VLA EEREORKOEBORELRF L, £
D%, HERFBIEZLZVFEREZWE LIz, HBONADOHZN LK D KREE Y > A 308EHT D
WT15 ka? 59 kall T TOFERELIHE O, Thid, dEERICB W THRBIRRE Th > 72~
— U7« 7L b— K#(15.4-12.9ka, LLTFB-A) 06, EWM Thole v H—+ RT747 2H
(12.9-11.6ka, YD) B L OZDHDOIRBEHIZINT 2, T oiba ¥ o TRAR O L B O R
HREZETLT 20D, TRNENINLESITHZ 2B EHIL. WEL Lz vz EHZ -
W, Sr/Calk, U/Calt, Mg/Calk, Ba/Calt, EEFERINLAIL, CAEEZWE L, 11-10 kadD ¥
A TIXBH OFEE L ST HBa/Cakb0Cd/Cak MBI K E W & D, BH O RTREMEN R
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I, T, Y TEKOBEFRFA L & Sr/Catk 2 BIOKIR R &2 B L THEE S D 2 I
DWEKDE R BBAEL D b RENSTZZEHEANTH D, UK, ¥ b FEILOIEERE B
IO BEWEZAITMEL, UK FESBMAELIV L T =—= v WREICO-To BRI,

5. AHFZEIZE VLN RE

(1) BH¥ER
INFETORMEETNRRMBEEBOETTAEEL TIT, KIBO THNTE U CIX B & o fi i 7o 18

LM TETWER, AL X, b THEZRTh o7, SRIOY > ITOHRTNE, 4y

BN HEET o o 7 KR E OB ONT, MESBREZIHAT 2L T, EBIVOLDKIR
TN ENIZOWTHRFT 22 EMNARE L 22 o7z,

(2) HERERBEBUR ~0 H#k

ZOEEENEMENL TV DL EREECEE FRES I 2 b —va VERBICIT) ZLICE -
T, WEIOIPCCHEEZE~MARL Z ENTELIFINEREARTLHZENTE DL, £, HED
IGBPZE T MPAGES (Past Global Changes) IZBIL TH. T E TT — & D7 o 78 KPR O
KB T — X 2 MG T2 L THMT D2 ZENTE S, IPCCOARATIE, KIBRD THIKEE DT
TAMOE L EIF/hEL, HBWBEOSW TR AZITZ 5 2 ENEM I, KIERO TH
WZOWTiX, ETAVEOIEL &N KE, Lo LEBICAMIESHICKE RS KITT HRIA
B1x, BMAKBOEILTHD, LER-T, BEOKFEROEEMNREFHETO FL—PF—L LT
DOBFFNAELETHOBECEET VTR D TPRBITZADE2ICRD 2 1E, BRESHK LT
HIERER B RIS T 2B L W) A THLREREMRE 0D,
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Yamaguchi, Y. T., Y. Yokoyama, H. Miyahara and T. Nakatsuka, Fluctuations in Tree Ring
Cellulose d180 during the Little Ice Age Correlate with Solar Activity, American Geophysical Union,
Fall Meeting (San Francisco, USA, 2008.12).

Kubota, Y., K. Kimoto, R. Tada, H. Oda and Y. Yokovama, Variations of East Asian Summer
Monsoon Deduced from the Results of Mg/Ca and Oxygen Isotope of Planktic Foraminifera in the
East China Sea Since the Last Deglaciation, American Geophysical Union, Fall Meeting (San
Francisco, USA, 2008.12).

Inoue, M., M. Harada, A. Suzuki, M. Tanimizu and Y. Yokoyama, Variations of chemical
components in fossil corals collected from Tahiti by IODP Expedition 310, American Geophysical
Union, Fall Meeting (San Francisco, USA, 2008.12).
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Millennial-scale Variability of East Asian Summer Monsoon Back to 650 ka and Beyond, American
Geophysical Union, Fall Meeting (San Francisco, USA, 2008.12).

Yokoyama, Y., H. Suga, T. Naruse, N. O. Ogawa, H. Kitazato, A. Abe-Ouchi and N. Ohkouchi,
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Science Symposium (Irvine, CA, USA, 2008.12) Invited.

Miyahara H., Y. Yokoyama, Y. T. Yamaguchi, H. Matsuzaki, K. Masuda, K. Nagaya, T. Nakamura,
T. Nakatsuka and Y. Muraki, Variations of solar and climate proxies during the last 1200 years,
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ice core, Antarctica, The 11th International Conference on Accelerator Mass Spectrometry (Rome,

Italy, 2008.9).



19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

RF-081-17
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Schwabe/Hale solar cycles on climate change, XXVII General Assembly of International
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Scientists drill coral in climate
change study

ANDREW STRUTTON

February 12th, 2010

FOSSILISED coral will be used to reconstruct the
geological impacts of seasonal and millennial climate
change on the Great Barrier Reef.

An international team of researchers left Townsville
yesterday on a $14 million six-week voyage to the Barrier
Reef's outer edge to discover how the national icon has
overcome climate variability in the past 20,000 years.

The 24 scientists - from seven nations - will use a GPS-guided
geotechnical vessel with attached drilling rig to bore into the
fossilised remains of corals up to 160m below sea level
offshore of Mackay, Cairns and Cooktown.

In the futuristic operation, coral core samples collected will
undergo rudimentary examination in laboratories aboard the
93.6m long Greatship Maya, before being flown to a core
repository in Germany.

Exhibition co-chief scientist Dr Yusuke Yokoyama, from the
Ocean Research Institute at the University of Tokyo, said
the study would determine the biologic and geologic response
of the reef to previous sudden sea-level and climate changes.

The study was a world first for the Great Barrier Reef, he said.
"Corals are the perfect test subject,” Dr Yokoyama said.

"Because they live very close to sea level and have yearly
growth bands, they are a very good indicator of water depth
and provide very accurate timelines.

"So through chemical analysis of a fossilised specimen, we
can obtain sea surface temperature, ocean pH and salinity
from thousands of years ago, potentially on a weekly or
bi-weekly scale.”

The findings could offer a template for improved ecosystem
response predictions to future climate change, Dr Yokoyama
said.

"At the moment we have very sophisticated computer models
to predict future changes,” he said.

"But the predictions still have a large degree of uncertainty,
partly because we don't know how the Earth has become
cooler in the past.

"We are focusing on this 20,000 to 10,000 (years ago) period
because it was the time of the Earth's last deglaciation.

"It was a time the Earth was very cold, extremely cold,
compared to the present day and, comparatively, not that long
ago.

"All the information deduced from the (fossilised coral's)
chemical information is very precise and will provide a clear
relationship between climate change and sea levels."

Fellow co-chief scientist Dr Jody Webster, from the University
of Sydney, said the Great Barrier Reef was unique for the
purposes of the study due to its polar isolation.

"As the ice sheets have waxed and waned throughout time,
they have caused the Earth's crust to move, quite substantially
in some cases," Dr Webster said.

"Many other areas also have active (plate) tectonics, where
earthquakes and the like can see rapid decreases in sea-level.
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SETTING SAIL ... Dr Yusuke Yokoyama and Dr Jody
Webster
Photo: SCOTT RADFORD-CHISHOLM
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