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Abstract. To elucidate the “Quaternary” history of climate and ocean variability necessitates the use of
paleoclimate proxy records from the tropical/subtropical regions that extend far beyond instrumental data
currently obtainable. Fossil corals are one of the best archives for reconstructing thermal and hydrologic
changes at the sea surface from the past. Massive Porites corals, forming annually-banded aragonite
skeletons and growing rapidly, provide chronological control and allow high-resolution sampling. In
particular, coupled determinations of coral Sr/Ca ratio and oxygen isotope can yield independent time-
series of sea surface temperature and salinity, showing seasonal-to-decadal climatic variability such as
El Nifio/Southern Oscillation.

This paper is a review of previous studies on paleoenvironmental analyses using fossil corals and
suggests what needs to be addressed to develop coral paleoclimatology. Some previous studies indicated
that estimates of sea surface temperature and salinity from coral Sr/Ca ratio and oxygen isotope records
were biased to some degree due to seawater-temperature calibrations, changes in chemical composition
of “Quaternary” seawater, diagenetic alteration, and/or vital effects. Further accurate evaluations
of potential influences affecting coral geochemistry will enable more robust and high-fidelity

reconstruction of tropical/subtropical sea surface conditions from the past.
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Fig. 1. Soft X-radiography image of a core sample of massive
Porites coral skeleton. Modified from Asami et al. (2004).
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1992,1994), Z A E ThkA 724 v IHEHEE A & Sr/Ca D
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BRI 2 K L TR Y (] 21X, McConnaughey,
1989; Carriquiry et al., 1994), HE/KIE D H72 & T K& —
HRIEENT VALBAMDORE, KAOBEH LI X 54
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W5 ZERTED (Bl 21E, Gagan et al., 1994; Tudhope
et al., 1995; Quinn ef al., 1998; Asami et al., 2004, 2005).
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Fig. 2. Map of the tropical/subtropical Pacific Ocean showing the locations of fossil corals, of which Sr/Ca ratio and oxygen isotope records
have been published. The grey part shows area with sea surface water of >28 ‘C (data from the Integrated Global Ocean Services System
(IGOSS); March, 1989), corresponding to the WWP (Western Water Pool). Approximate distributions of the ITCZ (Intertropical
Convergence Zone) and the SPCZ (South Pacific Convergence Zone) are also shown.
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O Sr/Ca btk & D B A &, B O /KR X BUE L [F]
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DOIEREY > IE (BREHE VX Porites J& X D b /s <,
B X% 2~5mmlyear) 76 HEEM D Sr/Ca bt & R
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HEE L 72 fER, oI bE o Sr/Catbicii=r=—=3
ZFE S WEAKIRIRZDFEER STV D Z ¥R S e, &
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Gagan et al. (1998, 2000) X, A—A 7 U 7T HED
Great Barrier Reef (GBR ; ¥ 2) ® % ¥ F{b4 @ Sr/Ca
I & EERIENLIRLE Z2 28T U, #9 5.4 ka X EAE X 0 MEKIE
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D Sr/Cath & ZWR A & v BESHTH#E (Secondary Ion
Mass Spectrometry: SIMS) % W CTHE MG E THT L
Te. ZFORER, ~—=V 77 L L—F (Bolling-Allered:
B-A) H o[RS i o WikiE & 0.5 ~ 1.5 T <, %
OEHICITRELRBETH D 2 &R L2, 0K
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etal. (2006) 1%, B4 3 A SE 7 85 20 5 0 Henderson &
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FEFIE (X2) TY, ¥ afbn z vz REE T
DFFE B T T & 72, Suzukieral. (2001) 1%, BiEks
BoOHIES DY T H ORERMARL D S, Bk
HNCHY 5 12T ka ORI 2 HEE L 2. #6103,
RFNLR O ZEEEL OIREBBUE & XK EWNW D & &R
L, ZHuddblsko AREOFEHELOZN x4 &
L7z, $7c, BREFMELOMEITEAY IO E A
THI L1 %o N Z 205, MUEFOFRERFS TR D HHERE
BESE, VEARKEMERL TWeZ blamz, &EELLL
XEREE T 7 v 7 2O X > THIZK OEER RN R
DL Tz Z & AR S 4Lz, Mitsuguchi efal. (1998)
VX, R BRSO SEETE oY S  Sr/Ca e b,
7.2ka & 6.7 ka OWFKIRITFAE L IZIFEL W EHTEL 2.
Morimoto et al. (2007) 1%, ¥ > 2 HEH ALK © LR 12 U0
WERBOHAER L OMEH DY v 20D Sr/Ca b & FEFEF
LR D FEER A &, SERTI I D MKIR & 15 D 2k &
FART. T OREFE, K T7.0ka T, BEF - LF L L ICHE
ABIFHE L R EZNZN08C, 0.6 CIKL, KO
FRAMEL () EEmvwz & (2 +0.3%, +0.6: 4
7= 1 40.8 %0, +1.9), #J6.2ka OYFKEIIHELFL TH
D, Wk OEEFRFEMEL GES) FEE-LFLLICHE
W (HZE 405 %0, +1.15 A2 1 +0.2%, +0.6) T & AR
Ihic. ZofERIE, REoEFithH~%oEkoy
v ABE D B O N EESRFENAR L OFEER (Abram et al.,
2001) LA TH D, D OEEIE, dLFEAEED
I~ AR BRI D> B WA S AU R & AT A Y
SEFHHHNCIIRT VT OESE - AFE LV A— VDR E S
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Tudhope et al., 2001), Vanuatu (Beck ef al., 1997; Gagan et dal.,
2000; Correge et al., 2000, 2004), Great Barrier Reef (Gagan
et al., 1998), Indonesia (Gagan ef al., 2004), Tahiti (Cohen
and Hart, 2004), Okinawa (Mitsuguchi et al., 1998; Morimoto
etal., 2007) 2 DWE S NIEEH W, BWRIEHEREY 2 7 0 f
FLH D Mg/Ca kb (ref. 1: Lea et al., 2000, ODP Hole 806B on the
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Fig. 3. Reconstructed sea surface temperature relative to modern

for the last 20,000 years based on Sr/Ca ratios and oxygen
isotopes of fossil corals from Barbados (Guilderson et al., 1994)
in the Atlantic and Papua New Guinea (McCulloch et al., 1996;
Tudhope et al., 2001), Vanuatu (Beck et al., 1997; Gagan et al.,
2000; Correge et al., 2000, 2004), Great Barrier Reef (Gagan et al.,
1998), Indonesia (Gagan et al., 2004), Tahiti (Cohen and Hart,
2004), and Okinawa (Mitsuguchi et al., 1998; Morimoto et al.,
2007) in the Pacific. Reconstructed sea surface temperature based
on foraminiferal Mg/Ca from ODP Hole 806B on the Ontong
Java Plateau near the center of the WWP (ref. 1: Lea et al., 2000)
and alkenone from Corel7694 (ref. 2) and 17940 (ref. 3) in the
southern South China Sea (Pelejero ef al., 1999) are also shown.
Last Glacial Maximum, Belling-Allered, Younger Dryas, and
Holocene Climatic Optimum are maked LGM, B-A, YD, and
HCO.

HRREETOSEEIZAEITT

ARETIE, v b o EKReR» bET E iz dok
- WS OMEICRREEZATHERICONWTE LD, LVH#
EORBWEELITY 59 2 TR T XEA2EMTsL L
bIZ, SHOEREERITCOWEDBFTOI LR DIERD D
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BAKGREIER

WEOBEEEREED OITIE, FECREBRE 7 a
XV EOERMBEREZEAT I FENPAVLND. KimT
b, HAEDOY IO Sr/Ca bb & KR T — 2 OBEGRA (F
JFR) 2 D Sr/Ca Hlc XY TIED TH/KIR 2 HEE
L7eFEDEZL BN L. ZHVE T, Sr/Ca tb—E/KiE
ERRPEZ CHEENLTVWED, 260z (K1o
a) YR 1ob) BEcTHD (M4)., ZoiEso
ZOHERE L TE, BUFROBEHICHW SRR T —
& OFERE, WFFeHEEE o B O (LZESHE O KB & iR,
VI OEEE (EYFaER), it KR O

HROBMM L) mEREZLNDS. TNHDOEREZE
BHCEHME T2 Z L IFTE L Wb 0D, ThE TICHES

U7z Porites J&3 > =D Sr/Ca bt — HE/KIEFIF R OME = (Vi
HKIEEIEM) D% < X, B X % 0.05~ 0.07 mmol/mol/C
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Fig. 4. Relationships of seawater temperature vs. Sr/Ca ratios (A) and that vs. oxygen isotopes (B) of modern Porites spp. corals. Water-
temperature calibrations and data of aragonite and calcite are shown. Data are available from Asami et al. (2004, Table 3), Correg (2006,
Table 1), and Shimamura et al. (2005, Table 1). The bold line represents the average calibration of Sr/Ca ratio derived from 30 previously

published calibrations.
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DHEHFICH Y, Z DR 72 EIFR O £ 1 -0.0607 =
0.0057 mmol/mol/C (1o, n=30) TH>D (X4).

P v I O BERMAEL - KRR, ZhE T
B Ik 5% < HIE SN TE Y, Shimamura et al.
(2005) =° Grottoli and Eakin (2007) ZZ 415 D —#Hs
FEOLINTWD (M4). ¥ 3 OEEFRNMMALL DMK
BT (HE) RCEFEROUFICHIELDEBED L,
FOFERE LT, WKET—% OfEE EYENEHEIC
X 2 EMEIEE o 2R GEL <I3%RE “EmErR”
TR %), HEE (ARFHEROZRSE R L) 72

300

5. iEK 13 J7 M O WK HELE) & HEE SN 5 ifEK D Sr/Ca
I & BRFEAA L O L. B oT KT 1ZEEHEFRA
WA TF—v &3, Wik O Sr/Ca bt & BESRFIALEL O 7 —
% 1%, ref. 1: Fairbanks and Matthews (1978), ref. 2:
Fairbanks (1989), ref. 3 : Schrag ef al. (2002), ref. 4 :
Stoll and Schrag (1998), ref.5: Stolleral. (1999), ref.6:
Martin et al. (1999) 12#-5<.

Fig. 5. Relative sea level changes for the last 130,000 years,
derived from the SPECMAP records of variations in global
oxygen isotope (thick line; Imbrie et al., 1984) and variations
in reconstructed oxygen isotope of seawater (dotted line;
Shackleton, 2000), and consequent variations in seawater
Sr/Ca ratio and oxygen isotope. The numbers of marine
isotope stage are also labeled. The records of seawater Sr/Ca
ratio and oxygen isotope were derived from Fairbanks and
Matthews (1978; ref. 1), Fairbanks (1989; ref. 2), Schrag et al.
(2002; ref. 3), Stoll and Schrag (1998; ref. 4), Stoll et al. (1999;
ref. 5), and Martin et al. (1999; ref. 6).

EMEZILND. TNETONERERICLDE, oo
Fife S5 RIS FE 0D YB/KIBARTFIE 13 -0.13 ~ -0.22 %0 /C & 7R T
D, ZDZ% 1% -0.16 ~ -0.20 %o //COFHITH 5.

B oEBROEE DXL DEL, Sr/Ca lbicBIL T
1349 0.3°C, BEFERIMAIZE L CTIEK 0.5 Co#EKIRIC
YT 5. WILCL Th, HAKERERS i) i
FUHHRICBWTRELSERL D (K4), BEDOL
A, HrafbaoFiERER bl KR - RS 2B T
LRI, bEEE S Rk OBAEY v I bEH
EFREERTS 2 2SN D, F/, RO



Yo T O Sr/Ca b L BRFR RN b 2 T BREEAFAT T

2009 4% 10 A

D

100pm =

6. B4E (A,B,D,E,H) BIWMbA (C,F,G) O Porites &V > I OEFHFMEEE. BEIX, HRiEHZHE>Thiny = (A
Kilbourne et al., 2004; B: Asami et al., 2004; C: Allison et al., 2007), 7 7 2+ A b A | (D, E WA, 2004) & HHA bEA VK,
G: Allison et al., 2007) 23558 H L5 W > =, IRfR %% T =¥ > =2 (H: Hendy e al., 2007) 7> L S 4172, Centers of Calcification (COC),
Secondary Aragonite (SA), Secondary Calcite (SC), fasciculi (F) ZHHF IR

Fig. 6. Scanning electron microscope images of modern (A, B, D, E, H) and fossil (C, F, G) Porites spp. corals. Well-preserved pristine
skeletons (A: Kilbourne et al., 2004; B: Asami et al., 2004; C: Allison et al., 2007), aragonite cement (SA: secondary aragonite) (D, E: Asami
et al., 2004) and calcite cement (SC: secondary calcite) (F, G: Allison et al., 2007), and dissolution around fasciculi (F) bundles and within
aragonite fibers (H: Hendy et al., 2007) are observed. Centres of calcification are marked COC.

DY > TITESWBERABE L AL, EfRE GE
U <UFRHT “AYriRi” TibN%) SHUEMEIC L 513
LOZT TS I LRTE, XYHEEOEWEREE T
DAL RDTHA .

BIKDILEHARK

FEHTHA~ T O KR EE 13OKH — DK o 1 7 1
TRELBMTHZEPMOLNTRY, Thick->T,
o7 —rv T v RIKRSBMOKR 12585 & Rlfig 2 f 0
B TE. KROFKELHEPMZE-T, 120m LLEICS
T SUEKHED EF AR T AR K S 41, ZAUCfl > THik
OALERRII B L L e e B2 BNnD (K5). Lo,
WEEA ) D 7550 B DAL ALK D FEfk 2 v Tl O I
KB AT T D RICIE, BIFE & SO MK DL
FROZEA GEE) ZBEICANRTIIER B0

X VWK 2 b oAk, KBTI 1T B RIS R O
FEEENT X o THRIBUTRIE S 40, RPKENIC I3OKER o Rl 12
X o TR S SN D, Z ORIV TR
FRINAREL 12 Kk & < &9 5. Fairbanks and Matthews
(1978) & Fairbanks (1989) 1%, K7&#¥ @ Barbados @
v 2 bm O FRKRERIC K SV T, LGM K h b BEIC
220F T, 120 m @ ¥EZKYE BA T HE o T K O BESRFRIALA
HPFI13%ET Lz L 2@WmE L TnWD (K5). Eiz,
Schrag et al. (2002) 1%, KTEEE O GEUEHEREY) F O FERK
OFEFFNRIE DD, LGM LA 0 2R O ik O 5%
R AR 1.0 £ 0.1 % TH D & RS -7 (K5).
ZHD O, K& DK T ok OEESR RN AL D7

BB ARICHREL TS ~8CICb YT L2 L 2R
W9 5. —F, KD Sr/Ca lbDOZE{LIL, HAKHEDEEIC
PE O IR OHERRY) (el v THEHEREY) D - B -
it lickoThlE I Eh2 B2 D (B
%1%, Stoll and Schrag, 1998). & D2 ki, ##EHOF
LB DOAEFHARRERCE T VAHREIC L > TREL N T
BY, K —FPKEIY A 7 v ic 1T 5 KD Sr/Ca btk D
ZALIFHI 1~ 5%, LGM 2 bEIEIC 2T TOZEALIFHT 0.5
~3% LHEEINTWD (Stoll and Schrag, 1998; Martin
etal., 1999; Stoll et al., 1999; X 5). #F/k @ Sr/Ca ft 0.5 ~
3% DEFIT, BUEDY » THEROUEK D Sr/Ca % 8.54
mmol/mol (de Villiers ez al., 1994) & € L 7= BA, B
EZ1~4CTH 0WKEOELIZHYE T L. 5%, HK
B2 XD EEEICEITT 272X, KO EEFH RO
T2 ERICEEL D Z ENEENS (Kilbourne et al.,
2004).

fERLAE R

WS TOBKIET T I A P XV RY, oS
SHERVEZZEL TWD 2D ([K6), BhAER O
RSOV EERNICIE, T, TIIFA ALY
OB AP A A MO, BHEOEMRRERD T
L (H6), WTIVOIER b EEAY DR T D KEE 7 v
U LD E OFHEDOF RO R ES D L
BASINTRY, Yo a0 O(LEMALE W e
REETOWRICBNWTRERIFELZRoTNDS, £z,
T IOEE, FRIER ORI AT D s & FEAE DY
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VARBHIBWTH RO LD 2 ERD Y, FolcEEE
HhOVERDD.

T T AFA AL MK D b BRI 221 RIE R
T T2 720, T zEatey v 35K Sr/Ca
b & BBERFAARL IAROBE LY bEWEZ TR T (B2
1%, Enmar ef al., 2000; Miller et al., 2001; Asami et al.,
2005; Quinn and Taylor, 2006; Hendy et al., 2007). % ®
B, Huusn5lKREOMEIE IV ESARELOND Z
Licky, 77 A MEAVNOMMOBREICS XD
D, RRTECONAL TR (Th) ZEL2LeEZEx2LN
5. —F, At A NEAY NBAINLTZY > D Sr/Ca
b & FERFINRI I, BRIV IRWEZRL, T
L7z i7KIROMEZ @ DI/ S 2 2 & L7 D (McGregor
and Gagan, 2003; Allison ez al., 2007). > =B ¥# A3 HEK
FCHEMTDE, Sr LV b CaDFREH LT WD,
ZDORFHEZZIT oY 2O Sr/Ca HITAR L Y B i &
AL, BRI, #Eisn2WKRITKRSEEL NS
(Schroeder, 1969; Hendy et al., 2007). —J7, #/KE DK
TREBOMEREIC Lo T RICER L 23 v AR
KIZE > THSIERA 245 L, Ca XV St dFPEHL
RFT Wi, ZFOREZT Y v IO Sr/Ca bhiTASEK
L VMRWEZRL, RN, xS dlKiREs <A
b 5415 (Fairchild and Killawee, 1995).

INHDOI LG, VoA OLEEHEAD & RS
WEHDLHE, BAEH ORI ZEEITTO Z L I1FWAT
D, ANTA MRV NOBFREOFMNZ, BE X BRE
PRTIC L2 OREIC LIV AIRETHD. —FH, 774
FA bt AL b OB OO TR R X HE
P CREBMN T E e ied, OB T BEMEER & TF
G 2B L, RPREORWERADY v TFHK & I
RETT 2 HERH L. D OFYFERN R FIEIC X DR
AL, ZRREH LT E2BEST L2000, ¥ I{E >
RIFIRIED B WEML 2R ET 2 HAHEETH D, L,
BRAIEROFREZHETE Db 00, ZOEMADEGN
eI R EERET D2 LI3HEL <, RFERINF
KABALIZ T 258 LT £ ERINE X v N 2T 252 ITbRE
T 5 Z LIEARARIGEY. ZhiE, Y I oS 1
MTHY, FHANCHT DT A MOV 2 =R
TR ET D Z LB TEHL Wb Th D (6).

I, AT OREIC LT, S/ A= ToH
2 fRHE DAL 23 FIEE IC 72> T W 5. Cohen and
Hart (2004) =° Allison et al. (2007) 1%, SIMS % f \»
THrIAEDT TIAFA A FOSMBHRLN
VNVERSERAL 2 BIRAYIZ 94T L, Sr/Ca b0 B/Ca b7 & @
SRICHRBEL OB L TWD. LAL, ZoOF
BT, RIPREE O BV ERTBAL 2 508 S 512 i3
&S BWHIRM 2k i 1B 35 T L I3RS TR,
Ele, HAKROELETD9Z2T, L—HYF—T7T7L— 3
VRTWRA F RO E ST ORSENL, IEEE 2 W
BESTOEND IR D L+45 Ty, Lieho

T, o afbaok I ) 4 —F =D s bR IcE
T LR OBERINT — & 28T 5 2oL, HkiEmA
EWHoTWRWRBZHAWS ZEREETHS. IbHIT,
T U 72 L5/ O B R 51 7 — X I\ BEE N E £ b 5>
GBHNE, FRIEROFEDHIEICENTHA S .

EYFEHHR (vital effect)

EMEY o T OERPITIEA T 28 REE, JeERBERCR
HEM & LB L TEM O KREIRRR Y FR 2R (vital
effect) A, iz, ¥ ITZO L OOEIEN R
b FOFICEE T 5. v EHKF OCFEHAIC A
F R ERPERT L 2 MR AL STR Y (F
z 1%, McConnaughey, 1989; Cohen and McConnaughey,
2003), iT4F, FHAERRSCHMOBEERMTR EICEST, %
DRAR 2 EREIICTHI T 23 ED STV 2.

CNETOZL S DWEICIHWT, B 2D Sr/Ca bl
KBOFRRIEEL 72D Z RSN TRY, EE, TF
O FEERIC X 2 FHlHFZEIZ X > T Sr/Ca b O HEKIRK
MR S, B OMRE L OHBEARRNT L 23R
SN TW2% (Inoueetal.,2007). %4, 3 =D Mg/Ca
HZ Sr/Ca bt X U bR WRERF R H D & L THER S
#7=A (Mitsuguchi et al., 1996), T4, Mg/Ca Wi B
DOREEEICKEEFET DL ERERINTEY, Wk
BOEEE L 3R I Tws (] 21X Quinn and
Sampson, 2002; Fallon et al., 2003; Mitsuguchi et al., 2003;
Inoue et al., 2007).

—%, ¥ v T O BBERMAKL T EER ICATE L 2
R O 2z e K& <RV (M4), WK O EBEER
fifklb LI CTH D Z e nm b T D (Bl 2 13,
McConnaughey, 1989). % ® RINLARIEE#E O A W ITIE
F—ETHY, BRENDT v TFKOBEFRAAEL DR
ERFHEIRF SN TN EZ2 6N TE D (M4),
<A EKIEFE L TEASKHWOATE . L2L, &
BEC0E, [FRLARIEAE O AW Y v T 0 plRE BE IR
T35 Z EBERENLTWS (B %21E, McConnaughey,
1989; Allison et al., 1996; Felis et al., 2003; Maier et al., 2004;
Suzuki et al., 2005). McConnaughey (1989) &, > =
DEHEMEREPKEWVIE ERRFMAELITE2Y, 20
[RIALARIE S 0 BEG U O ZB B I R & MERIKT 5 mm/year
EFTEARIVWbOD, ZNRLL RIS L BERFMEL D
BIRIEIE—E LD Z L %E/R LT, Felisetal. (2003) b
INTAZ OENCHREBIF TIPS N S BERZ AHL (K7),
McConnaughey (1989) D fER 2 XFFL TW 5. —F,
P B OERE & BEFRAELICHA N D A DM
BIEAfRIE, — A Tiland Z EnH 5 (Allison et al.,
1996; Maier et al., 2004). RE # —E a2 Fh r—L L
TRBEERERIC KL DV v T OBERMKL & BHREER &
DEREROFEIC BN TS, EMRFWRBERATRENTEY
(Suzuki et al., 2005; K 7), 4%, WEIHRA D EEIZON
THRETOULERSHA .
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Fig. 7. Relationships between skeletal extension rates and oxygen isotopes of Porites spp. corals collected from the Red Sea (A: Felis et al.,
2003) and those cultured in temperature-controlled tanks at 21 °C , 25 °C , and 29 ‘C (B: Suzuki et al., 2005). Modified from Felis et al., (2003)

and Suzuki et al., (2005).

b9 — DO mFEHE L L Tk, linter-colony
variation ], Wb 2 AKZEDOMERZE T 6 5. EF,
FH > IR TAEEL, 2OREOY I THDITHH
b, Kx O (Sr/Ca bl, EERFRINIKL 2 L)
DOFFITITIEL OEBROLNE T ERHEEINL TN D
(Bl 21X, Felis et al., 2004; Linsley et al., 2006). Z DX 5
DXL, WKIRICHRE T 5 L £ 0.7~0.9C (Rarotonga:
Linsley et al., 2006), * 1.3°C (Fiji: Linsley ez al., 2006 ),
+ 1.7°C (Red Sea: Felisetal., 2004) L ExTH 5. —
7, New Caledonia ® #5264 Tix, % o #E# 1T +0.1°C
(Stephans et al., 2004), = 0.3°C (DelLong et al., 2007 )
ENEL, DITRREUTICRED 5N TW5S. 2O inter-
colony variation D2 D E W Z AL HERE I WEZICH
Do TELY, 4k, T IAOERRESCAM R ER
TG TRETT 20BN H 5.

I r I OEYFNRER LB OBESCHERR ED
B cEAbT 52 L83 TE, Zhb & Sr/Ca b OlE%R
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KB OMEICFEE DB WIIENFTRE & 72 5. %oy 2F
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BRSNS,

AEDEXSDE

FHGERRERIC I 1 D4 TR O —EH O FE GUk
DY T HIEACFRATLE LR ) OEV, B
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5. i, Sr/CalbODHHEDIZSS &L, RalOEE
WM 2 MED D 5. EEFRFRAAREICE L TiE, EE
BEHEYETHDHNBS-19 L DF vy ) T L—raic Lo
THIREROBHEOENINENWEEZLRD L DD,
Sr/Ca B U CIXERRAIC 78 S LT B B 03 72 7z
W, BIFFEED SHEOME Z2FHE L 25T VWRILIC D 5.
HFLED Mg/Ca T HKIEDIHEE L L TLSHWHRT
WD A3, ITAE, BFFEHERE O ] T O T E O FH B E O A
M INTWD (Greaves etal., 2008). 514, PEXEBRE
WGERT D 7 N — T RE Y A TS IR vy a b
75 & OFEHEREE (JCp-1° JCt-1) D EBGRE AT 721
D #L 7~ (Okai et al., 2002; Inoue et al., 2004) ~D SN0,
IREEYE AW 2 3 ATt 4 & 9 2 WRSEHERE o ] T D 4347 fiE
MEREZIT) VAT LAEBRTILERD A 9.
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i 58 A 71 # (Integrated Ocean Drilling Program: IODP)
IZ X 5% SEREREY O = THREIE, 2005 412 Tahiti &
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JL— kY 7Y —7 (Webster et al., 2009) <Kk % 7o
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