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Reef coral 6180 thermometer in Hainan island、vaters．
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Ab8tract An 18-yea卜long(1981—1998)8tudy wa8 conducted i11 Hainan Island wa-

ter8(22。20’N，110。39’E)to determine七he relatiDⅡ8bjp bet僻een占180 j丑skeleta】arag．

onite cafboⅡa±e and 8ea 8urface temperature(SST)in pD’·矗e8 l疵ea of reef．buddiⅡ只

corals．6180 value8 iⅡskeletal盯agonite carbonate Were me嬲ured by mean8 of m硇8

BpectroIIletr弘Coral 8砌ples grew at 5m depth at Longwan Ba矿Monthly rrle船ure·
ment8 of the ssT from 1960 to 1998 were taken at QiⅡglan Bay adjacent to the place
0f the colkcted B锄ples．The thermometer 8hows that SST=一4．16 6180PDB+4，9
(r=0．80)and舶180／dT=一o．24 per“m／。c．The 6180 thermometer is stroⅡ—了i矾u_
enced by the rainfaU and runo正U8inE the thermometer，the SST in the p龃t hundred

”ar8 with monthly resolution will be reconstructed and七he clima‰chaIlge in the

northerⅡarea 0f South China Sea wiU be hindc码ted
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l INTRoDUCTIoN

Boreca8tiIlg the 910bal change trend in the 1．uture is a hot point证environmental

stlldy_Devising prediction加【odels need a 10t of data on past envir呲nen“d conditions．
The best way to reconstnlct env迁omental Tecords is to analyze proxy ma七eTi a：b pre．
serving eⅡviroⅢmⅡtal iⅡfomation iⅡⅡatllre(e．g．，ice corel loess aⅡd tree ring，etc．)．
The coral is璐ehl for the proxy materials．The coral$keleton i8 made丘om aragonite

fGaG03)．The elemeⅡts a丑d亡l地ir jsotopes缸∞d jn the sloeletoⅡwoIIld I旧more exchaIlge
with nL0se in the sea water．The system is closed．A lot of pubUshed articks expressed

that∞【ygen isotope coⅡLPositioⅡiⅡcoral skeletaⅡw∞controued by Qxygen isotopic

fractionation coemdeI吐between the sea water and coral skekt锄，and also the oxygen
isotope composition in sea wat盯．【l～4J The 0xygen isotopic fractionation coe伍cient was

s“pponed by NKBRsF Project Fund (G1909043401)， National Natural scieⅡce Fundati。Il

(49776307)，The I丑丑D张tioⅡProject Fund 0f chinese Academy 0f sde皿c船(xzcxl—Y-05)
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ma“y d蚵nated by teznperature in surroun‰g sea water． So when the∞(ygen iso—
topic composition in the sea water w酗relatiVely stable，the oxygeⅡisotope coⅡ【position
in coral skeleton c01lld trace sea sllrface teⅡlperatllre(SST)·It iB possibk to set up the

占180 thermometer when oxygen isotopic composition in the coralis determ血ed by mass

spectrometr*

Reef-bllildiIlg corals are particlllarly weⅡsllitable for lIigh-precision and hjgh-resolution

reconstruction of sea 8urface teInperatllre in tropic。cean because coral skeletal缸agonite

is deposited at rapid but V缸iabk rates(e岳several mimmeters to several centimeters

per year)姐d so its precise 89e c姐be deteⅡnined．【1~5J up to ndw，there are about 70
coral占180 thermometers constructed to study 910bal climatic dl弛ge(e．g．ENsO，ocean

currentt typhoon，etc．)．【l~圳
Wb me硒11red o珂gen isotopic c衄叩ositions缸the ree舳llilding coral pD“tes轧￡∞

coⅡected in Hainan Island，in theⅡ0rthem甜ea of South ChiILa Sea，studjed the rela—

tion8ldD between the SST and 5180 in coral skeleton and created the占180 thermometer

fbr the fⅢther study on hhdcasting the m皿thly SST for the p鹊t 100 years，alId 0n

InoⅡsoon and typhoon．

2 METHoDS

A～2．5 m long and 4．5 cm diameter core w鹤dIiⅡed ne盯ly dawn the Vertical axis of

m釉【i】n11m盯awth of the Po—t∞kte口coral in Aug璐t 1998，near Longwan bay，Qionghai

city，HainalI pravince．The s锄pk coral conected Few at abaut 5m water depth，about
25 ldlometers away盘om the W抽qua丑彤v盯．The sample w私slabbed to a tMckⅡess

of 5 mm．X-ray photo盯aphs of the cord slabs were tal【en with a medjcal x·radjograph
set．The X-ray photoFaphs revealed a越ual density b孤ds【5J．We c越get precise age by
c011IIting the n1坷1b盯of dens“y bands．

We s舢npled the coral slab using a steel saw rasp by h姐d，at a res01ution of

0．5 mm／sample relative to half a month耵owth jncrement．We clIoose one sample fbr

every mm skeletal length to perfbrm the oxygen isotope e)币erimentt because we have

oIlly montllly SST me罄1lremeⅡt records．

Oxygen isotopic aⅡalyses were performed in The Rese村dI Center of Mineral Re-

s011rces Explorati0Ⅱ0f the Chinese Academy 0f ScieⅡces． The testjng method is the

normal phosphoric add method． Pri∞to isotopic强alysis，p们rdered coral缸a90n“e
s锄ples were roa武ed in、隐cu吼fbf 2．5 h01lrs at 3500C to eUminate organization．The
saⅡlpks were reacted With蛆hydralls ph∞phoric acid at 50。c．The C02 produced was

put into a MAT 252 M越s Spectrometer．St孤dard reference C02 gas was produced by
c王Iinese national stand缸d calcite 8ample GBW 04如5(占180PDB=一8．49‰)主n the s珊e
reaction system孤d the s a]∞．e reaction c吼djtion，whjch c01lld e】i血ated the systematic
error．Precision(士盯)was monjtored by dajly analyses 0f a powdered GBw 04405 and

a工nixed coral saI】叩1e made 0f ha】f a”ar亭owth incr锄ent．Values盯e reported in
st孤dard占notation relative to the ClIica邸Pee Dee bekmnite(PDB)stand甜d．

5180=(丑聃mpI。／丑“姐dard一1)×1000
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where丑s啦pl。aIld皿tandard are the ratios of 12C160180 to 12C1602 for the s锄ple aIld
standard reference gas，respectively．

we deteⅢ血ed占180PDB of GBw 04405 sa工11ples，whicll was一8．57‰， with oIIly
0 08‰出毛rence丘。m its quoted value．That means 011r e砷erimen七is credible．

3 RESUIJTS AND DISCUSSIoN

The osciⅡation of 6180PDB vaJlle8 measured in the coral skeleton seemed to be a sine

c11rVe(see Fig．1)．This kind sine oScillation me越8 that the出姐ges 0f占180PDB values
in coral core村e dL缸acteristic of periodicity with the coral窜owth． Oxygen isotopic

、赳ues were coⅡverted丘om the len昏h dom咖to the地ne domain iIL two steps．First，
a caknd缸”缸w硇船signed to eaclI den8ity_band couplet accor血g to the coral x．
ray photoFaphy'and hence to every twdve s锄ples铀suming line缸sub·annual skeletal
extension．Secondly，systematic V甜iations in oxygen isotopic coⅡlposition were correlated

With monthly SST values us血g visual cllrve matchjng betwe∞the m曲j如u加peal【s 0f SST
弧d the max咖试ues of oxygen isotopic composition姐d vice versa． The 1ength of
coral窜owth ea出year can be I皿，dlllated．The SST records measured by迅strllrnents are

from QingIaⅡOcean stationⅡe缸the coⅡectiⅡg location．In studying sea缸ea，the rain』Ⅻ
and runo行occur more oRen iⅡsllmmer than in Winter and so，the oxygen composition
in coral was contributed丘om rain more greatly in吼lI珈吡er than iⅡwiIlter，because

5180sMow iⅡraiⅡis一5‰～一6‰， equal to占180PDB一34．8‰～一35．8‰， [司

more nega土ive than that inⅡ怆an sea water． S证ce the probability of如_ildnmm peaks
of the SST jn January is 70％，it is easier to make c11rve matclIiⅡg usiⅡg the m血jmum

peal【s of SST corresponding to m缸i圳】m占180砌1|es than us堍m缸i珊瑚peaks of SST
corresponding to minj础1m占180 vahles．Fig．1 shaws the c11rve mat出ing，in W】1icll part
of占180 values laclc in the e】cperim钮t were co邛【p∞sated by using liⅡe孤iⅡcreImnt．The

n11l】曲er of c唧ensated values were less th啦3 per”盯．The compensated data were
not peak vaJlles．
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Refer to c0Ⅱesponding relationship be—

tween 5180PDB in the coral skeletal aIld

ssT(see Fig．2a)，1inear co廿elation was ∞『
performed， aⅡd obtained the foⅡowing P 30}
8quatl“· 、25}

s阳=一3·876180PDB+6．4， 窃20}
r=0．70， (1) 15 L一一———————————一

一3 —4 —5 —6 —7

d5180／dT=一0．26‰／。c

The s10pe 0f equation(1)(一3．87。c per
1‰)is consist铂1t with、池at obser、red

血coral studies，va：lues r姐咖g矗om一3．5
to一6．0 are more typical(‰。】．Emp试cal
and 1aboratory e】币eriⅡ坨Ⅱts re缸e the slop
term to be～一4．5，a va】ne that produces
the wideIy recoP皿ized占180．tempera“Ire

ca砧ration of_0．22‰／。C【5]The cor．
relation coe伍cient of equatjon(1)，r=o．7，
is not hjgh．That means that o置ygeⅡiso．

b叩ic composition in coral 5kekton was ef-

fected by other factors and equatioⅡf1)
r肌st be corrected to some extent． III

the studied sea缸ea，the∞【ygen isotopic

composition in sea water v缸ies greatly
in Autunm，becanse raj丑f柚】in Septell山er

maximizes试most of”盯s and runofr in

W强qu眦riv盯a艉cts hystereticall■we
picked out the 6180 values in Septem_

ber，October姐d Nov凹曲er e、嘲叮year

(see Fig．2b)，performed a hne缸coⅡela-

tjon aga血，and 90t the f-o皿oWjng equatjon．

SST=一4．16占180PDB+4．9，

r=o．80， (2)

村180／dT=一0．24‰／。c

The s10pe 0f equation(2)(一4．16。c
per 1‰)is cIose to the lmiv盯s“

vahle(一0．22‰／。C)．Ifwellse onlythe

peak占180 vahMs and peak SST，骶90t
the foⅡo谢ng relation．
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Fig．2 Correlation of the 0xygen isotope and

七he mon七hly SST variatioⅡ8 at LongwaⅡwith

each of the records s锄pled monthly．
fal is the relation between all the coT8l

8keleton 6180 and aU the mon地lv SST；

m)i8 the relation between the coral 8keleton

6180卸d monthly SST except the data iIl

SepteⅡlber，October and Ndvemberf

(c1 k the Telation between the peak coral

Bkeleton 6180 aⅡd the peak rnonthly SST

each vear
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SST=一4．2占180PDB+4．2， r=0．95

甜180／dT=一0．24‰／。C

(3)

The slcpe ofequation(3)(_4．2。c per l‰)is the s锄e as the s10pe of equation(2)
and d占180／dT=_0．24‰／。C is close to the universal value(一o．22‰／。c)too．Due to
the fact that equation(3)re丑ects the relation of the peal【data，the sl叩e of equation(3)
is represeⅡtative．It meaILs∞180／dT=一0．24‰／oc is suitable for this l【ind 0f cord in

198l～1998．

The dj圩醯ences between the peak temperatllre that we calclllate using equation(2)
缸ld the pe a：k SST lneasu工ed per year缸e kss than 0．5。C，which is consist吼t with most

ofpublished resuhs．【3~5J so骶recog出e equation(2)that is s11itable for the hjgh predse
and hjgh resolution占180 thermometer．

4 CoNCLUSIONS

The盯tick set up the占180 the埘∞meter 0f 1981～1998 iⅡthe reef-b11ildjnE coral

加一tes{u把口coⅡected inⅡain姐Island，jn the northem盯ea of South ch血ese Sea．The
absolute dⅡFereⅡces between the pea=k temperature that we calclllated using the占180

thermoII地ter缸d也e peak SST me硝uTed by the eqllipmeⅡt per year are less than O．50C．
n means that the矿80 the皿ometer is renable fbf renectiIIg the change of ancient sea
surfhce t捌：nperatllre．Using the占180 theⅡn0]咀eter，we can reconstruct the past m0IIthly
SST records fbr studying sea area later．It is of special sjP：mcance fbr the area where
there i8 lack of in8tmme“tal SST records aⅡd碍reat interfbfence丘om rainfdU or run雒
(e．g．卫∞nsoon aff毛cted area，typhoon搬bcted area)．
The p瑚ent Iestll招show nlat the no珊al phosphn“c acid method my be used in

a：nalyzing oIlly several mimgr锄c缸boⅡate sa加pks．The slope 0f the ther工noz凹ter is the
8ame as the slope of the equation calclllated u衄g only pea】【占180 va：Iues and peak SST
per ye缸，and their fbr砌a are si玎缸lar．It Ine孤s the n11mber of s锄ples to be aⅡalyzed
may be decreased later if only the peak 6180 v{如es per”ar are obt ajmed．
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