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Sr/Ca and Mg/Ca ratio measurements of coral skeletons:
Evaluation of analytical methods

Shiho ObA”, Hajime KAYANNE™", Kotaro SHIRAI",
Naoto TAKAHATA" and Yuji SANO"

U Ocean Research Institute, The University of Tokyo,
1-15-1 Minamidai, Nakanoku, Tokyo 164-8639, Japan

U5 Department of Earth and Planetary Sciecne, The University of Tokyo,
7-3-1 Hongo, Bunkyoku, Tokyo 113-0033, Japan

Sr/Ca and Mg/Ca ratios of coral skeletons have been used as proxies for past changes in sea
surface temperature of tropical and subtropical oceans. Microanalytical methods such as elec-
tron probe micro-analyzer (EPMA) and secondary ion mass spectrometry (SIMS) may provide
chemical heterogeneities for Sr/Ca and Mg/Ca ratios, which cannot be explained by the tem-
perature variations. In order to validate these heterogeneities, it is necessary to evaluate the
microanalytical methods by comparing data with a conventional method using chemical dissolu-
tion and inductively coupled plasma atomic emission spectrometry (ICP-AES). We have meas-
ured Sr/Ca and Mg/Ca ratios of coral skeleton collected in Ishigaki island, southwestern Japan
by EPMA, SIMS and ICP-AES methods. All data are consistent with each other within experi-
mental errors, showing that there is a significant seasonal variation. EPMA and SIMS methods
are probably useful in a paleoceanographic study. We have also determined Ba/Ca and U/Ca ra-
tios by SIMS. U/Ca ratio shows a positive correlation with Sr/Ca ratio. Among these analytical
methods, SIMS may be superior when its accuracy is improved, since the lateral resolution and
sensitivity of minor and trace elements are the highest.

Key words: coral skeletons, minor/trace element, micro analyses, Secondary lon Mass Spec-
trometry, paleothermometer

gooooao

uobooooooOoooOobooooboooooooo
cobooooooOoocoobooooooooooooo

P goU00ooOO0o0oOoo0OOooDOooOoOooOoooOoo
oom+1n ooooooooosd4y

"i0o0000o0oO00oooOOoO0oooooOn
ooo+H1n oooooooooad

cooboocooboooobooooOooObooooono
cooboocooboooooooOooOobcOoOoobooon
cooboboooboOoOOoobooobobooooboooo
coobobooobo0ooOoooobobooooooo
coobooooboooooOoooOooOobcOoOoobooOon
coobooooooocOooboooooooooonn
coboooobooobObodOemOO0OOCOOO0O0O
cooboocoobooooooooOooOobocOoOooboOon



232 cooooooooocoooo

O00oo00ooooo0oooooooooonoom
Oo0odooooooooDooooooooooon
Ooooooooooooooooooooooon
Ooooooooooooooooooooooon
Ooooooooooooooooooooooon
Ooooooooooooooooooooooon
ooDo0omoooOnoooooooooooo
Ooo0oooooooooooooooooooon
00000000000 O0OO0OOOOOOOs™oMm
Sr/lCall0Mg/CallOB/CaDOU/Cal DO O OO
0Om™POoOO0O0O0OOOD OO Weber and Woodhead,
1972; Smith et al., 1979; Beck et al., 1992;
McCulloch et al., 1994; Min et al., 1995; Mitsuguchi
et al., 1996; Sinclair et al., 199811
oooooooooooooooooooooog
Ooooooooooooooooooooooon
Ooooooooooooooooooooooon
O000D0Do0oo0O0oDooooDooOoO0nooom
OCOmmOO0O00O000OD0OO0OOOOOcmOO
OCOo0mooOmmOO0OO00000D00C0DOOOOOO0O
OO0O0DCOOO0DOOO0DOO0OOSecondary lon
Mass Spectrometry: SIMSO OO0y mO 0000
Ooooooooooooooooooooooon
Ooooooooooooooooooooooon
ooooooooooopoooooosMsSOOoono
O00oooooDoooMoMmuymOOoOooooon
000000000000 D0O0OO0O0O0Hart and
Cohen, 1996; Cohen et al., 2001; 20020 00000
OCO000OemOOO0OM0DMupmOOODOOOOO0O
oooooooooooooog
OO0O00O0O000O000DOElectron Probe Micro
Analyzer: EPMAO 0000000000 0O00OO0O
O0000oo0oDOoooOooooo Xoooooo
OooooooooooooomOoooooooog
Oo0o0DoDo0oooooooDoooOumOODOnO
Ooooooooooooooooooooooon
OO00D0DOoOpmODOO00O0OO00ODOOOOOOOO
oosmMSOOOOODOoOOoOoOooooooooooo
Ooooooooooooooooooooooon
ooo
oooooooooooooooooooooog
oo0oo0ooooooooooooooooooo
Ooooooooooooooooooooooon
0000000000 000000iInductively-

Coupled Plasma Atomic Emission Spectrometry;
ICP-AESO 0000000000 0ooooooo
O000opooouoOoEPMAOO SIMSOOOOOO
O0Doo0ooUooooooooUooooooooog
OoooosiMSOOODODOOOOOOBa/Cad UlCa
gooooooooo

oog 0

0000000000000 oooo
gooooOoO0OoOO0oO0OOU0ObDbOoUoUoUooooog
O Porites sp.0 0 OO0 emO0 OO0 emDO0 OO0 emO
00000000 UOemOUOOoOoOoOoOoOoUOOOO
O000C00O00oooemiOooOoOOOOOOO
O000DoooMemOCOOmmOOOO0OOCOOO
go0oCoOoOoOoOoOoOoUoOoooooo

0000000 O00O0@Mooooooooooo

oooooooo

0000000000 0@opo@oooooo

0o0ooooouoooooooooog

00000000 omuomuoooooo

0o0ooooooooooooooogogg
00ooooUooOoooUoooooUoooooo
000 XOUODpDoOooooooooooooooo
g000O0O0OO0O0O00OO0ODOOOOOOOoOo mm
0000000 o@oooooooooo
oooooooo

gogo 0O 0o

U 0o0oooooooooooooOoogice-
AES OO

coooooooOoocoobooooooboOooooo
oooooooooOommOOOO0OOoOoOOOOO
cobOO0oooooOooooobObOoOoOoOboomoao
oo oOmooocoooocooboooooood
OO0O0OO0COCOODDOOMitsuguchi et alld 20010 O O
coooocoobooooooooooobooooo
coboooOooooOooooDmmuomoooono
O0M@™mol/IDO0 0 O0O000O0O0O0MOOOODOO
coooocooboooobooooooocooobooono
coboobooobocoobOOoooooboOoobonoono
oo0O00o0ooOo0oooooOoboboboOoboOoOooOca
Co0b0M@ppmObO0O00O0O0O0O0OO
coobooooboocoobooooOooboOooooo
cOoooooooobOOoobOOoobOoooooono



oooOoOoOoo sr/iCa,Mg/iCaD OO

OJCpH OO0 OONIINOO Call OO O ppm
oooooooooog
ooooooooDoooooooooooog
ICP-AES[O Jarrell Ash O 0O IRIS-Advantagel O O
000000000000 cadnm nmXISrOOmm
nmMOM@IOOM nmOO 0000000000 Cald
OCO0MppmOOO0OO0OOMgOSrO0ODOO0OOOOOO
Ooooooooooooooooooooooon
Oo0oJCp0 0000 DOO0ODDOOODSr/Ca
OOMg/CaD OO DOMOOOc OOODOOO
O CooOopooooooosiMsSOO
ICP-AESOO00D0O0DOOD0OOOD0O0ODODO
O000O0Ocmx OD0@Memx O O0@emO OO0 Q00O
O00ooO0O0emOO0O0DDOODOOOODOOOO
Ooooooooooooooooooooooon
O00ooo00ooooooooommooooog
OCOLASOOOODO0OOODODOOOODOoDm
pmO0D0OO00000000000DODOO00OoOO0
Ooooooooooooooooooog
0000000000000 00000 Cameca
OO0 Nano-SIMSNSOO OO OooooOOooooOaO
Ooooooooooooooooooooooon
Ooooooooooooooooooooooon
0000000000000 O0oOooooooo™od
Ooooooooooooooooooooooon
Ouymd0O0O0O0O0O0O0O0O00O0OnAODOOOOOO
OO0opymOOO00000OO0O0D00O0DOOOOOO0
000000000 Mgo"cad™srd™Bad™ U0,
000000000 O00IOUi0omoO Ooo®™MmgO
TSro®Cc.O0"cad’o. 0 00 00000 D00O™Bal
TCa’Mg"O,0 000000000 DODOOOOOOO
0 00 0 Sano et al., 200511

0 *"Ba/"Call.[1] *"Bal*Calls[1] “"Mgl"Callyx DI

OOO0O0O corr O obs” OOOODOOOOODOOO
cobooooooo LASsoooooobooocoooo
OO00Ssr/Call OOMEO OO0o I Mg/Ca OO0 OO
00oc MBa/Cal OMO00oc MU/Cal OMO0O0c O
OOOOCOOO0OO0OO0OO000 sano et al. 02005000
coooooo

U 0cOoOOOoOoO0oOCcOO0ODOOEPMACO

siIMSOOOO0OO0O0O00O00O0O00O0000c0o0a
cboooooooooboOoooobOOooooooo
COO0oOoOoD0OO0O0O0EPMAOOOOODODO IXA-

233

OO RrROODOOODOCOOOOOOOOOOumOMm
nADOD000C0O0MkvOOOODOODOOOOO
cooboocOomuymOOOOOOoOO0ODOOOO0D0OO0O
XO00O KeOOOOOOOOOODODOOOOOODO
coooooooo

goooogo

U 0o0oooooooooooooOoogice-
AES OO
FigtD O Mg/Call 0 Sr/Cal0DO00O0O0O0ODOO
cooooooboooobooooooocooooono
0000 Mitsuguchietall 1996000000000
coooooooo

IFx Mg/Cal0IDOOMT t
(IFx Sr/CalMIDOOMITT t

000 toDO0O0coooOoOooOOoUOoooDOoOO
0000000 FgMOOOooooooooooog
go0o0oOoO0OoOO0OO0OOU0ObDbOoUoUoOoUgooog
gdoo0ooOoOoOoOoOoOoOOOOUooOoooo
Sr/lCal 0 Mg/lCaD OO UOQOOopoOouooooo
go0o0oOoO0OoOO0OO0OOU0ObDbOoUoUoOoUgooog
O0oooooooOoOoOoOoOoOoboooooo
gOoO0OO0O0OO0sr/CaODOC0OOODOUODOUOOMg
/CallDD0OC0OOOOOOOUOOOSr/CadOd Mg/Ca
0000000000000 OFigM@ooooog
Sr/Cal0 Mg/CaDOOOUODOUODOOOOOODO
O000DOo0oU0ooooUoooooooosricad
O™ mmol/mol 0 00 0O Mg/Cal O d mmol/mol
000Mooooooooudsr/Ccal DO @Oo M
Mg/Ca 0 ODMM°CO0c 00 00O O O O Mitsuguchi et
ald199600 O 0 O O O O O O Sr/Cal OOmeC
0000 mmol/mol0 0 Mg/Ca O DOM°COOMITI mmol
/molDO00D0O0ODOODODOOOODOOOUODODODODRODOUO
gooooooooooo
g0ooo0o0oOoOooooUoLoooooooogo
O 0000 sr/Cal O OOIO mmol/mol00@NO I
Mg/Ca U O OOIO mmol/mol0I0 00 O0O0ODODOO
Mitsuguchi et ald 19960 0 0 0000000000
00O mmol/mol0 OO OO OO0 mmol/molDO O
goooOoOoOoOoOoOOoUOOOUO0OOUOUDUOUOOooo
O00O0OFgMOOOOOSr/Cad O OO Mg/Cal
goooOoOoOoOoOoOOOOOUOUOOUOUDOUOOoOod
g0oopQorocoorbccoopooooooonoOoog



234 oooooooooocoooo

Oct-98 Jun-99 Feb-00 Sep-00 Aug-01 Aug-02

(D,) armesadwa,

Mg/Ca(mmol/mol)

2.5 1 ! 1 1 1 10
0 10 20 30 40 50
8.4

U T T T T T I 1
==={J--- Temperature

Sr/Ca (mmol/mol)
(D,) 2rmjeradwa ],

0 10 20 30 40 50
Distance from bottom (mm)

Variations in Mg/Ca and Sr/Ca ratios (e )
along skeletal growth axis of Porites coral
collected from Ishigaki island, southwest-
ern Japan together with seawater tempera-
ture records (O ). The ratios in the coral
were measured by ICP-AES using a con-
ventional chemical method. Error assigned
to the symbol shows 2 sigma values. Note
that vertical axis of Sr/Ca ratio is upside
down.
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Variations in Mg/Ca and Sr/Ca ratios
measured by SIMS (o ). Five points run-
ning averages are given by solid squares
(m ). Error assigned to the symbol shows 2
sigma values. Note that vertical axis of Sr/
Ca ratio is upside down.
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ured by SIMS (o ). Five points running av-
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values. Note that Ba/Ca and U/Ca ratios
are upside down.
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FiglD Variations in Mg/Ca and Sr/Ca ratios

measured by EPMA. Ten points averages
are plotted by solid circles (e ). Note that
Sr/Ca ratio is upside down.
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