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Abstract: Paleo-production is of great importance for global CO2-variance and greenhouse effect investigation. The
South China Sea has the combined characteristics of open sea and marginal sea, and the evolution of its
paleo-production is important for regional and global climate change. In this paper, the species of major metal elements
including Fe, Ba and Al in two sediment cores from South China Sea were measured after sequential extraction, and
the relationships between the organic matter phase of Fe and Al/Ti, TOC, biogenic Ba were analyzed. The results
indicated that the first speciation of metal elements in sediments was residua, and there was a positive relationship
between the organic matter phase of Fe and paleo-productivity. The different relationships between the organic matter
phase of Fe and paleo-productivity in two studied sediment cores indicated that paleo-productivity might be
iron-limited in the studied zones in the South China Sea.
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Fig. 1 Location of sampling stations in Nansha Islands sea area
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Tab. 1 Sequential extraction procedure of metals in the sediment with the modified BCR method
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Fig.2 Vertical distribution of different phases of iron in the sediments of two stations
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Fig. 3 Correlation between the organic matter phase iron and Al/Ti content in sediments
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B XU A PAY i Y XA s 52 IR SR 1 v e

3 VIR NLA Fe (Feps) 5 Fe [RHEIHT

Fe5N. P, Si3 KRAWHER L, IR HEY
(A K R T AR, S B R AR
ML BRI e aER L PRIRAE T
T EHFelf1Z Y, FeltdRMLRRMAEY G . XC
N RS 5 [FAGAE F DA S 35 40 i 9 A2 Ak 20k Lt %
(RIAZAY, P [ RN T BBk, Bt Fediulh 23 MR I
A K A F O YN Fe e e A AR K
(8 7 I BRI DR AR A 7 20 T2 30 s
A$EH, B #Martin®>'7E 90 4EACHE H Fe R I 12
Ji s FelR il i) i — I e R e 2 I O
T I UFFe i, WA FAE M IS R mrE IR
K283 (HNLC) X2y AT T Bl3% InFed 77
SR B R ks, IR T I AU

HE

AR TE AR R L 2, 32K KR
S, BRI (REENOSHREE =), Z—A
LR (B S R ARV IX, X R I ) 7% 2k IR AT
TR, NIE R B FR R BRI 1, P
W2 o ARDHT 2 E N B AT AEFe FRA o 1K JE R Ay,
A — AN G 2 TR, AR B AR

F S 5= I

e TG EE 58 77, s A AT it b 341 1l =4
O3 Feff ki tbi e /2, 1 LS A G A
AT FeBRBI L. (HUE R R UK A 45008,
AV 1 2425 XU Sk 55 %), I SR A 45 B 475 XU
N Z| G Fe i FE K. SainoMIHattori®  BIFFTiIE 52,
P AT R ) [ B EH, FEHERA A [ 2 E 2
FFe I PR A . WubEUOMERIF 5T B i A1 [ 2 A P At
AR AT RE R FePR I 1 [ &4 H

P AR & — AN B TR R R, (HE
FEFFHALZEN 3 A ETHFE X b A S s,
NSO1 3 HINSO2 2l Wi 3 73 7 T8 g f A0 A A il
2 ETRR R ZERG R TR IR s gR SR
MK 2 B2, et TR AR K. B
(AR, IS DX (A 26 7 B 8 v Y,
{HAR WA R I 4RIE . 1X 0] e A I Fe s SR
i, BRI T BRI — P kR, tPTREREN, PAFE
FEER IO RIS B AR K. BF R, fEr
W 2 (g A B A R AU &
(FERNEE), MFeIt 3 & PRI R E B b A A
FHFAEACH AR ) OB R, DR R 8 B AT B )
Fe G # B U RE 77 HAK W Fe & & bb Ho g v s M 4 22
2W, H AN, (1 1 7T LU 40 e %) Fe



308 b

i

Eie 30 &

TR B 100 fir2 2%, T BTk R
B Ik KK R e A IRIY, SRR
A" Ty bR 32 BIFe IR . BEARS DL R, BEAY
HUBR TR I Fe i 3t o 55 3ty A2 7 D7 19 K/ HL B0
Vo

4 4w

(1) R 5 0 3 SR UL e i BT R A 16
AERTTREAT 00T, KIL Fes Al & JE0HE
F A TrRm AT . Bk (Fer) YWER/MNEHA
Wesh, UHIEIZUTRIN Fe [MJ5UA ML LIRS
5 o

(2) FgiE NS02-21 H1 NS02-1 FiATHLA Fe
L5 AVTi LAE TOC 2577 JJHRARA7AE I IEAH DG
AT HE S T BT OISR K i e W) A= 2 8 T Fe
BR o MU HLAS Fe 55236 Ba B H SAAH D,
NS02-21 Sz A5 Ba Al REFFAGE T 2B/ 0
A, T NS02-1 347 1] B8 T 7E B TR
P A PR oy 28 77 ) e RE A — AN R E 1K, B8R
HAREEYR Ba HASKIE & AP AL S BT B

Bigt: RastP AR T M MR AR R P R E
FRFARFNFELTREXNALIFEAT S
7 @meT o .

S 3

(1] BREDy, Zdss, S, & mis Tl s Adeba st
[J]. #FEE2ARESY, 2010, 28(1): 1-10.

[2] FOLLMI K B. 160 m.y. record of Marine Sedimentary Phosphorus
Burial - Coupling of Climate and Continental Weathering under
Greenhouse and Icehouse Conditions [J]. Geology, 1995, 23(9):
859-862.

[3] FRANCOIS R, HONJO S, MANGANINI S J, et al. Biogenic
Barium Fluxes to the Deep-Sea - Implications for Paleoproductivity
Reconstruction [J]. Global Biogeochem Cy, 1995, 9(2): 289-303.

[4] PFEIFER K, KASTEN S, HENSEN C, et al. Reconstruction of
primary productivity from the barium contents in surface sediments
of the South Atlantic Ocean [J]. Marine Geology, 2001, 177(1-2):
13-24.

[5] SCHENAU S J, PRINS M A, DE LANGE G J, et al. Barium
accumulation in the Arabian Sea: Controls on barite preservation in
marine sediments [J]. Geochim Cosmochim Ac, 2001, 65(10):
1545-1556.

[6] AERFE, TRE, XK. LU AUTI HOAR A M ER AL 27 R i 0] S v i
PN A LR (0] HUERRFEEERE, 2005, 20(12): 1314
-1320.

(7]

(8]

(]

[10]

(1]

[12]

[13]

[14]

[15]

[1e]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

MARTIN J H, FITZWATER S E. Iron-Deficiency Limits
Phytoplankton Growth in the Northeast Pacific Subarctic [J]. Nature,
1988, 331(6154): 341-343.

WU J F, BOYLE E, SUNDA W, et al. Soluble and colloidal iron in
the olgotrophic North Atlantic and North Pacific [J]. Science, 2001,
293(5 531): 847-849.

RAURET G, LOPEZ-SANCHEZ J F, SAHUQUILLO A, et al.
Improvement of the BCR three step sequential extraction procedure
prior to the certification of new sediment and soil reference
materials [J]. J Environ Monitor, 1999, 1(1): 57-61.

ARAMBARRI I, GARCIA R, MILLAN E. Optimisation of tin
determination in aqua regia-HF extracts from sediments by
electrothermal atomic absorption spectrometry using experimental
design [J]. Analyst, 2000, 125(11): 2084-2088.

RABENHORST M C. Determination of Organic and Carbonate
Carbon in Calcareous Soils Using Dry Combustion [J]. Soil Sci Soc
Am J, 1988, 52(4): 965-969.

CHIRINOS L, ROSE N L, URRUTIA R, et al. Environmental
evidence of fossil fuel pollution in Laguna Chica de San Pedro lake
sediments (Central Chile) [J]. Environ Pollut, 2006, 141(2):
247-256.

AR E, BRI, SO, S5 MU X R E ORI Bk AL 22
fE [J]. AT S S U0, 2001, 21( 2): 43-47.

WOLFRAM O, KRUPP R E. Hydrothermal solubility of
rhodochrosite, Mn(II) speciation, and equilibrium constants [J].
Geochim Cosmochim Ac, 1996, 60(21): 3 983-3 994.

TRIGK, SR, P AL R SRR DR L SO IR A I e
AR [I). AR (R CRR), 2005, 27(1): 93-100.

TR, HRA. W R R UK LR AR TR s s B 38
B[], WM TS S DY A0 5T, 2003, 23(2): 73-78.

JEAL S, VRN, MREDT, . L LR K R B S A
TRAE R AR AT IR LRI ST [0, PR 23R (TP 3CRR), 2003,
27(6): 40-47.

HIIERE, JeR I, WREATE. malel A= o ir et g (J]. devest
2¢,2004, 28(8): 65-71.

MURRAY R W, LEINEN M. Scavenged excess aluminum and its
relationship to bulk titanium in biogenic sediment from the central
equatorial Pacific Ocean [J]. Geochim Cosmochim Ac, 1996, 60(20):
3 869-3 878.

PATTAN J N, SHANE P. Excess aluminum in deep sea sediments of
the Central Indian Basin [J]. Marine Geology, 1999, 161(2-4):
247-255.

DYMOND J, COLLIER R, MCMANUS J, et al. Can the aluminum
and titanium contents of ocean sediments be used to determine the
paleoproductivity of the oceans? [J]. Paleoceanography, 1997, 12(4):
586-593.

ORIANS K J, BRULAND K W. The biogeochemistry of aluminum
in the Pacific Ocean [J]. Earth Planet Sc Lett, 1986, 78(4): 397-410.

BANAKAR V K, PARTHIBAN G, PATTAN J N, et al. Chemistry of
surface sediment along a north-south transect across the equator in

the Central Indian Basin: an assessment of biogenic and detrital



3

AR S MU HLES Fe 55 Fe BRI 20HT 309

[24]

(23]

[26]

[27]

(28]

[29]

(30]

[31]

(32]

[33]

[34]

[35]

influences on elemental burial on the seafloor [J]. Chem Geol, 1998,

147(3-4): 217-232.

TN, X, Ehkte, S BRI PR R R RS R (9]

WA Bk AL 224, 2003, 22(1): 23-25.

PIHEA, 2P, HRT, 5. Wilgm#tey 30ka UUBHTHLGT
AL (7). R S B DU, 2001, 21(1): 7-11.
WD, 3 TR D AU IR Ay AL
W2EREST [D]. ] s ERRES T N R 2 BFFU, 2001
WK, ERGE, Ease WA DIRbROT SR (7],
ST, 2005, 12(2): 163-170.

RS, BIRSR, PRy, 55 MR BV AEDbRED 5
ARRGAE Fe i A2 B R L [J]. G 2E R, 2009, 28(3):
45-53.

DEHAIRS F, FAGEL N, ANTIA AN, et al. Export production in the
Bay of Biscay as estimated from barium - barite in settling material:
a comparison with new production [J]. Deep-Sea Res Pt I, 2000,
47(4): 583-601.

VREAATE, HOERE, JRZR, 5. vvbRE S ik LU $R PR 10 7 AR
PRI [T, AR (R SRR, 2005, 27(4): 53-58.

FRIME, 2k, g, 4. did i) Ba/Ca LLEMZ14L
A B R X [J]. Hhak{b, 2000, 29(1): 67-72.

fadty, W Wl, @A, &5, MR Z VIR AL o) A
FRHE R L 5W AT TR R [I]. HiBRk1L2E, 2006, 35(6):
615-622.

NURNBERG C C, BOHRMANN G, SCHLUTER M, et al. Barium
accumulation in the Atlantic sector of the Southern Ocean: Results
from 190,000-year records [J]. Paleoceanography, 1997, 12(4):
594-603.

CARDENAS J, LOSADA M, PANEQUE A, et al. Effect of Iron
Supply on Activities of Nitrate-Reducing System from Chlorella [J].
Arch Mikrobiol, 1972, 81(3): 260-263.

MARTIN J M, GORDON R M, FITZWATER S E. The case for iron

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[M]. Waco, TX, ETATS-UNIS: American Society of Limnology and
Oceanography, 1991.

WANG P X, WANG L J, BIAN Y H, et al. Late Quaternary
Paleoceanography of the South-China-Sea - Surface Circulation and
Carbonate Cycles [J]. Marine Geology, 1995, 127(1-4): 145-165.
WANG L, SARNTHEIN M, ERLENKEUSER H, et al. East Asian
monsoon climate during the Late Pleistocene: high-resolution
sediment records from the south China Sea [J]. Marine Geology,
1999, 156(1-4): 245-284.

H50, FHHL, KIENAST M. RgIR SE DY AR ok 7B ) 2R W
FRAT [J]. HIILHIR, 1999, 1: 32-40.

SAINO T, HATTORI A. Geographical Variation of the Water
Column Distribution of Suspended Particulate Organic Nitrogen
and Its N-15 Natural Abundance in the Pacific and Its Marginal Seas
[J]. Deep-Sea Res, 1987, 34(5-6): 807-827.

WU J F, CHUNG S W, WEN L S, et al. Dissolved inorganic
phosphorus, dissolved iron, and Trichodesmium in the oligotrophic
South China Sea [M]. Washington, DC, ETATS-UNIS: American
Geophysical Union, 2003.

NING X, CHAI F, XUE H, et al. Physical-biological oceanographic
coupling influencing phytoplankton and primary production in the
South China Sea [J]. J Geophys Res-Oceans, 2004, 109(C10005).
TR, B AR R AR i S LN A 5 A (D).
T RS, 2000.

ORCUTT K M, LIPSCHULTZ F, GUNDERSEN K, et al. A
seasonal study of the significance of N2 fixation by Trichodesmium
spp. at the Bermuda Atlantic Time-series Study (BATS) site [J].
Deep Sea Research Part II: Topical Studies in Oceanography, 2001,
48(8-9): 1 583-1 608.

RAVEN J A. Predictions of Mn and Fe Use Efficiencies of
Phototrophic Growth as a Function of Light Availability for Growth
and of C Assimilation Pathway [J]. New Phytol, 1990, 116(1): 1-18.



