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Fig. 1 The monthly varieties of Sr/Ca and Mg/Ca ratios in seawater
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Tab.1 Comparison of Sr/Ca and Mg/Ca ratios within in seawater worldwide
m(Sr)/m(Ca)(x107) m(Mg)/m(Ca)
8.553(8.493~8.605) 5.178(5.174~5.183) 14 [35-36]
8.527(8.487~8.612) 5.275(5.135~5.417) 10 [35-36]
8.546(8.501~8.597) / 6 [35]
8.464 / 2 [1]
8.613(8.586~8.642) / 3 [2]
8.564 / 2 [2]
8.510 / 5 [2]
( ) 8.546 / 1 [2]
8.512 / 1 [2]
( ) 8.547 / 1 [2]
8.551(8.539~8.572) / 12 [6]
8.539 / 1 [25]
/ 5.234 / [36]
/ 5.119 / [36]
( ) 8.958(8.747~9.174) 5.133(5.012~5.264) 12 [18]
( ) 8.450 5.230 5 [41]
8.897(8.558~9.227) 5.232(4.924~5.403) 38
m(Sr)/m(Ca), m(Mg)/m(Ca) 5/
(23] (el 0.3x107°~0.4x107° L8]
Klein!"
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x 2 RBIRREITE m(Me)/m(Ca)-SST & E TR E

Tab. 2 The calibrations of coral Me/Ca paleo-SST proxy published previously

a b
( ) 10.479 —0.06245  Porites lobata ID-TIMS [1]
( ) 10.956 —0.07952  Porites lobata ID-TIMS [2]
( ) 10.70 —0.0620  Porites sp. ID-TIMS 3]
( ) 10.577 -0.0610  Porites lutea ID-TIMS [4]
( ) 10.55 —0.0514  Porites lutea ICP-AES [34]
( ) 10.48 —0.0615  Porites sp. ID-TIMS [8]
( 2 ) 10.80 —-0.070 Porites mayeri LA-ICP-MS [24]
( ) 10.731 —0.0638  Porites lutea ID-TIMS [50]
( ) 10.40 —0.0575  Porites sp. ID-TIMS [14]
( ) 10.41 —-0.058 Porites sp. LA-ICP-MS [48]
10286 -0.0514 ?Z:ii Z;e:m ID-TIMS [6]
( ) 10.543 —0.06085  Porites lutea ICP-AES [71
( ) 10.76 —-0.063 Porites lobata LA-ICP-MS [45]
9.559 —0.0368 Porites lutea ICP-AES [29]
10.327 —0.0534  Porites sp. ID-TIMS [25]
9.836 -0.0424 Porites sp. ICP-AES [30]
( ) 10.625 —0.0625  Porites lutea ICP-AES [31]
( ) 10.105 —0.04469  Porites sp. ICP-OES [37]
( ) 1.15 0.129 Porites sp. ICP-AES [7]
( 2 ) 0.0(0.3) 0.16 Porites mayeri LA-ICP-MS [24]
( ) 1.38 0.088 Porites lobata LA-ICP-MS [45]
( ) 1.60 0.113 Porites sp. ID-ICP-MS [9]
( ) -3.24 0.28 Montastrea faveolata ICP-AES (5]
( ) 1.54 0.098 Porites sp. LA-ICP-MS [48]
2.62 0.056 Porites lutea ICP-AES [29]
: . m(Sr)/m(Ca)=a+bT,
m(Mg)/m(Ca)= a+bT
m(Sr)/m(Ca) , (7. 461 Mg?*
m(Sr)/m(Ca) s HNO;
23~30C H,0, 0.3%o 7]
Dy 0.94~0.97, Mg [10-11, 441
( 1.06), m(Mg)/m(Ca)
, m(Sr)/m(Ca) m(Mg)/m(Ca) (21, 37]
, m(Sr)/m(Ca) , m(Mg)/m(Ca) [18, 36, 41, 49]
( (6. 291 m(Mg)/m(Ca)
(321 , m(Mg)/m(Ca)-SST ( 5d)
[53]’ [47]’ [7] [451n
( ) 167 m(Mg)/m(Ca) ,
( SST 191
[45, 50] 12, 6] 22, 34]) ’ (
m(Sr)/m(Ca) , W 2), 7 43]
m(Sr)/m(Ca) ( 5 (
m(Mg)/m(Ca) ~ SST )i ( ;
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Fig. 5 Comparison of the coral Me/Ca-SST calibrations in different sites
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m(Mg)/m(Ca)-SST ; [45]

a. the coral Sr/Ca—-SST calibrations from the South China Sea and the East China Sea with Sanya; b. the Sr/Ca —SST calibrations by nor-
malized to the seawater Sr/Ca ratios of Sanya; c. the corresponding D[Sr/Ca]-SST relationships; d. the previously published coral Mg/
Ca—SST calibrations

52

i m(Mg)/m(Ca) .
, m(Mg)/m(Ca) SST m(Mg)/m(Ca) ,
ICP-AES ,
2008 9 ~2009 11 1.2%  m(Sr)/m(Ca)
Sr Mg Ca m(Sr) m(Mg) m(Ca), m(Sr)/m(Ca)-SST +2.7°C  SST ,
m(Sr)/m(Ca) 1.5% m(Mg)/m(Ca) +1.2°C  SST
, , m(Sr)/m(Ca)
m(Mg)/m(Ca) m(Mg)/m(Ca) , SST
m(Sr)/m(Ca) m(Sr)/m(Ca) ,

/2014 / 38 / 3



R kE REPORTS

m(Sr)/m(Ca)

4 SST <27C

m(Sr)/m(Ca) m(Mg)/m(Ca) SST

Bt o B ARSI iR BT LT oy i R R A R
Yo sk 69 AARMEN T AR R E AKX TAE, iR
TR ) R

Beck J W, Edwards R L, Ito E, et al. Sea-surface
temperature from coral skeletal strontium/calcium
ratios[J]. Science, 1992, 257: 644-647.

de Villiers S, Shen G T, Nelson B K. The Sr/Ca-tempe-
rature relationship in coralline aragonite: influence of
variability in (St/Ca)geawater and skeletal growth parame-
ters[J]. Geochim Cosmochim Acta, 1994, 58: 197-208.
McCulloch M T, Gagan M K, Mortimer G E, et al. A
high-resolution Sr/Ca and 6'°0 coral record from the
Great Barrier Reef, Australia, and the 1982-1983 El
Nifio[J]. Geochim Cosmochim Acta, 1994, 58: 2747-2754.
Heiss G A, Camoin G F, Eisenhauer A, et al. Stable isot-
ope and Sr/Ca-signals in corals from the Indian Ocean
[C]//Lessios H A, Macinyre L G. Proceedings of the 8th
International Coral Reef Symposium(2). Panama: Smiths-
onian Tropical Research Institute, 1997: 1713-1718.
Watanabe T, Winter A, Oba T. Seasonal changes in sea
surface temperature and salinity during the Little Ice Age
in the Caribbean Sea deduced from Mg/Ca and '30/'°0
ratios in coral[J]. Marine Geology, 2001, 173: 21-35.

Shen C C, Lee T, Chen C Y, et al. The calibration of
D[Sr/Ca] versus sea surface temperature relationship
for Porites corals[J]. Geochim Cosmochim Acta, 1996,
60: 3849-3858.

Mitsuguchi T, Matsumoto E, Abe O, et al. Mg/Ca
thermometry in coral skeletons[J]. Science, 1996, 274:
961-963.

Alibert C, McCulloch M T. Strontium/calcium ratios in
modern Porites corals from the Great Barrier Reef as a

proxy for sea surface temperature: calibration of the

[10]

[14]

[15]

[17]

(18]

[19]

thermometer and monitoring of ENSO[J]. Paleoceanog-
raphy 1997, 12: 345-363.

Wei G J, Sun M, Li X H, et al. Mg/Ca, Sr/Ca, U/Ca
ratios of a Porites coral from Sanya Bay, Hainan Island,
South China Sea and their relationships to sea surface
temperature[J]. Palacoceanograpgy, 2000, 162: 59-74.
Allison N, Finch A A, Sutton S R, et al. Strontium
heterogeneity and speciation in coral aragonite: implic-
ations for the strontium paleothermometer[J]. Geochim
Cosmochim Acta, 2001, 65: 2669-2676.

Cohen A L, Layne G D, Hart S R. Kinetic control of
skeletal Sr/Ca in a symbiotic coral: implications for the
paleotemperature proxy[J]. Paleoceanography, 2001, 16:
20-26.

Allison N, Finch A A. High temporal resolution Mg/Ca
and Ba/Ca records in modern Porites lobata corals[J].
Geochem Geophys Geosyst , 2007, 8: 1029-1477.
Guilderson T P, Fairbanks R G, Rubenstone J L. Tropical
temperature variations since 20,000 years ago: modulating
interhemispheric climate change[J]. Science, 1994, 263:
663-665.

Marshall J F, McCulloch M T. An assessment of the
Sr/Ca ratio in shallow water hermatypic corals as a
proxy for sea surface temperature[J]. Geochimica et
Cosmochimica Acta, 2002, 66(18): 3263-3280.

Wilson T R S. Salinity and the major elements of sea
water[C]//Rilly J P, Skirrow G. Chemical Oceanography.
New York: Academy Press , 1975: 365-414.

Goldberg E D, Arrhenius G O S. Chemistry of Pacific
pelagic sediments[J]. Geochim Cosmochim Acta,
1973, 13: 153-212.

Swart P K. The strontium, magnesium and sodium
composition of recent scleractinian coral skeletons as
standards for palaeoenvironmental analysis[J]. Palaeo-
geogr Palaeoclimatol Palacoecol, 1981, 34: 115-136.
Klein R T, Lohmann K C, Thayer W C. Sr/Ca and
BC/12C in ratios in skeletal calcite of Mytilus trossulus:
covariation with metabolic rate, salinity, and carbon
isotopic composition of seawater[J]. Geochim Cosmoc-
him Acta , 1996, 60: 4207-4221.

Stoll H M, Schrag D P. Effects of Quaternary sea level

cycles on strontium in seawater[J]. Geochimica et

Marine Sciences / Vol. 38, No. 3 /2014 53



[20]

[22]

[24]

[25]

[26]

(28]

[29]

[30]

HRkE REPORTS

Cosmochimica Acta, 1998, 62: 1107-1118.

Guo L F, Zhu Y Z, Zhao H T. Contents of some
elements in the seawater of the reef zone and adjacent
sea area in Nansha Islands, the South China Sea[C]//
Zhao H T, Song C J, Huang C L. Collection of Resea-
rch Papers on Geophysics and Coral Reef of the Nansha
Islands and their Adjacent Regions. Beijing: Science
Press, 1992: 95-107.

Wei G J, Li X H, Nie B F, et al. High resolution Mg/Ca
thermometer in Porites lutea from north of the South
China Sea[J]. Chinese Science Bulletin, 1998, 15: 1658-1662.
Gagan M K, Ayliffe L K, Beck J W, et al. New views of
tropical paleoclimates from corals[J]. Q Sci Rev,
2000, 19: 45-64.

de Villiers S, Nelson B K, Chivas A R. Biological cont-
rols on coral Sr/Ca and 6'80 reconstructions of sea
surface temperature[J]. Science, 1995, 269: 1247-1249.
Sinclair D J, Kinsley L P J, McCulloch M T. High resolution
analysis of trace elements in corals by laser ablation ICP-
MSIJ]. Geochim Cosmochim Acta, 1998, 62: 1889-1901.
Sun Y, Sun M, Lee T, et al. Influence of seawater Sr
content on coral Sr/Ca and Sr thermometry[J]. Coral
Reefs, 2005, 24: 23-29.

Schifano G. Temperature-magnesium relations in the
shell carbonate of some modern marine gastropods[J].
Chem Geol, 1982, 35: 321-332.

Stoll H M, Schrag D P, Clemens S C. Are seawater Sr/Ca
variations preserved in Quaternary foraminifera?[J]
Geochim Cosmochim Acta, 1999, 63: 3535-3547.

Wang P X. Response of Western Pacific marginal seas
to glacial cycles: paleoceanographic and sedimentolo-
gical feastures[J]. Mar Geol, 1999, 156: 5-39.

Sr/Ca

1.

Mg/Ca SST
, 2004, 24(3): 325-331.
Yu K F, Zhao J X, Wei G J, et al. 6'%0, Sr/Ca and Mg/Ca
records of porites lutea corals from Leizhou Peninsula,
northern South China Sea, and their applicability as
paleoclimatic indicators[J]. Palacogeography Palacoclima-
tology Palaeoecology, 2005, 218(1-2): 57-73.

H 5 >

Sr/Ca [J]. )

/2014

/

[33]

[34]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

38

2006, 26(3): 470-476.

Goldberg E D, Backer M, Fox D L. Microfiltration in

oceanographic research [J]. Mar Res, 1952, 11: 194-204.
ICP  AES

[I1.

Schrag D P. Rapid analysis of high-precision Sr/Ca

s s

,2010, 26(4): 86-88.

ratios in corals and other marine carbonates[J] Paleo-
ceanography, 1999, 14: 97-102.

de Villiers S. Seawater strontium and Sr/Ca variability
in the Atlantic and Pacific oceans[J]. Earth Planet Sci
Lett, 1999, 171: 623-634.

H s >

[M]. , 1999: 45-46.

Mitsuguchi T, Dang P X, Kitagawa H, et al. Coral Sr/Ca
and Mg/Ca records in Con Dao Island off the Mekong
Delta: Assessment of their potential for monitoring
ENSO and East Asian monsoon[J]. Global

Planetary Change, 2008, 63: 341-352.

and

Sun Y, Sun M, Wei G, et al. Strontium contents of a
Porites coral from the Xisha Island, South China Sea: a
proxy for sea surface temperature of the 20th century[J].
Paleoceanography, 2004, 19: 1-10.
, . J1. ,

2003, 22(2): 269-277.

30
[J1.

s s

, 2006,
22(4): 403-407.

Gaetani G A, Cohen A L. Element partitioning during
precipitation of aragonite from seawater: A framework
for understanding paleoproxies[J]. Geochimica et
Cosmochimica Acta, 2006, 70: 4617-4634.

Smith S V, Buddemeier R W, Redalje R C, et al.
Strontium-calcium thermometry in coral skeletons[J].
Science, 1979, 204: 404-407.

Cohen A L, Owens K E, Layne G D, et al. The effect of
algal symbionts on the accuracy of Sr/Ca paleotemper-
atures from coral[J]. Science, 2002, 296: 331-333.
Weber J N. Incorporation of strontium into reef coral
skeletal carbonate[J]. Geochim Cosmochim Acta, 1973,
37:2173-2190.

Fallon S J, McCulloch M T, vanWoesik R, et al. Corals

at their latitudinal limits: laser ablation trace element

/3



[46]

[49]

R kE REPORTS

systematics in Porites from Shirigai Bay, Japan[J].
Earth Planet Sci Lett, 1999, 172: 221-238.

Kinsman D J J, Holland H D. The co-precipitation of
cations with CaCO;-IV. The co-precipitation of Sr**
with aragonite between 16°C and 96°C[J]. Geochimica
et Cosmochimica Acta, 1969, 33: 1-17.

Marshall J F. Decadal-scale, high resolution records of
sea surface temperature in the eastern Indian and
southwestern Pacific oceans from proxy records of the
strontium/calcium ratio of massive Porites corals[D].
Canberra: Research School of Earth Sciences, the
Australian National University, 2000.

Fallon S J, McCulloch M T, Alibert C. Examiningwater
temperature proxies in Porites corals from the Great
Barrier Reef: a cross-shelf comparison[J]. Coral Reefs,
2003, 22: 389-404.

Gagnon A C, Adkins J F, Fernandez D P, et al. Sr/Ca

[50]

and Mg/Ca vital effects correlated with skeletal
architecture in a scleractinian deep-sea coral and the
role of Rayleigh fractionation[J]. Earth and Planetary
Science Letters, 2007, 261: 280-295.

Gagan M K, Ayliffe L K, Hopley D, et al. Temperature and
surface-ocean water balance of the Mid-Holocene tropical
western Pacific[J]. Science, 1998, 279: 1014-1020.
McCulloch M T, Esat T. The coral record of last
interglacial sea levels and sea surface temperatures[J].
Chem Geol, 2000, 169: 107-129.

Sinclair D J. High-spatial resolution analysis of trace
elements in corals using laser ablation ICP-MS[D].
Canberra: Research School of Earth Sciences, the
Australian National University, 1999.

Grottoli A G. Effect of light and brine shrimp on skeletal
5"3C in the Hawaiian coral Porites compressa: a tank exper-

iment[J]. Geochim Cosmochim Acta, 2002, 66: 1955-1967.

Variations of Sr/Ca, Mg/Ca ratios in seawater of the Sanya
Bay and response of coral trace element thermometer
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Abstract: The contents of trace elements (Sr, Mg, Ca) in seawater obtained weekly, 2008 to 2009 from the Sanya
Bay, the South Hainan Island were examined using, inductively coupled plasma atomic emission spectrometry
(ICP-AES). The results showed that the variation range of seawater Sr/Ca, Mg/Ca ratios were 8.558x107°~
9.227x107° , and 4.924~5.403, respectively, which had an obviously high abnormal deviation compared with the
global oceans and the main coral reef. Moreover, during the late spring, early summer and late autumn and early
winter, the fluctuation amplitude of the seawater Sr/Ca ratios was relatively bigger than Mg/Ca ratios, and both
showed some differences. At the same time, influence of variations of Sr/Ca, Mg/Ca ratios on the coral thermometer
calibration, in time and regional space was analyzed. Based on this, the coral Sr/Ca thermometer established in dif-
ferent site was re-corrected and it was also compared with the distribution coefficient method. We believe that all
kinds of factors including the seawater trace element ratio changes could cause interference to the thermometer
calibrations and should be comprehensively considered when reconstructing the SST records by using the Porites

corals Sr/Ca, Mg/Ca ratios, which has great significance for further understanding of the climate changes.
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