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Fig. 1 Sampling locations of the surface seawater samples

3 4iR5ihe

3 XFEFREBBEERME

TRV SR B 3l 7 3 ZE A7 T 109~ 20°N A9 H K 45
BE I 2)0 20 A3l 057 9 43 BT 25 R R WY, 3R 2 K 1A fie
Tk R £R 19 8%°Si fE 7E 0.45%0 ~2.91%0 2 ], “F- 21 Ky
(1.5240.59) %o, 1= {H X, 3 B 53 #ii 7£ 20°N, 167°E BT,
B AL X 00 1 R 7 B 3 A G LA S e DA AR A AR X
(FE3) SRR R IX 32 2 /K A v ik iR 3k 119 75 12t 410
AR, AELIE g B T PR 5 2 T I o AR 1 7k ) 47 2R 201
AP 2, & 3), 3 R 4R A0 ek [ 137 28 20 R ke PR 6
A RO R B .

TR RSP P 18 X6 23 K (R 7% i ek 192 46 11 87°Si
9T E A AE AR KT, HAEE R 1.23%0~2.36%o,
S R (2.18£0.73) %ol 1720 A SCHIF 43 Hr (1) 45 SR s
X O RE A B, BT FRATTAY 43 B B0 A A
F ALOHA ¥ ity K B HEAT FL X, 3 B 1 24 S 1 st A1 ]
AR S0 5 [R] 19 43 A 158 25 21, 1A SR SR AR X A [

O I AR EERI LR AR TE R M. BTN A ARTTIRARAE I PERT 50T

T AR, LA Y SR R T 2B Y . FTE A A
FZAKARE 8°Si A7 7E A PG AL ) AR pE 3G i ks 2 (141 4),
b -3 v 26l IXORN e RSP P 5 T T 56 TNV 38
Ff 3T 1Y 30 % = {E, 5 Holzer £ Brzezinski®? %5 (B £5 1)
(R 45 SR A0 M AL . 2R S22 /K R v 5 fie ek R R 1 8%°Si 43
Ay FE B 52 3R 2 KM b R A A T A W B IR DA
K FA AN TR ik [ 67 2% 20 18 i 7K T BT AR T B 52,
A W R T AR FH RS W A8 /N RN 21, Brzezinski 55 P 7E
B3R ALOHA K 31 U000 sk 1) B[] J 50 k5 v 2 30,
X T B SR X SO A X KA e i T R R 1 R
Wi BN F REAR R EK A Z S g iZmEm ., &f
F I 9 A 2 B, VR b U i ik R 1Y 8%°Si 43 AT AT B
B2 U, JU IR 2 ) B I R S, 2R B LR ST
FRAT SRy 724 KA X A 29 X b ST 45 1) B
[ AIEZE , ST 6 1) 2 i PB4 ol B 2%, e b KO 7
0°~ 30°N £7 7F — A 5t Y @I B0 20 00 P, R s 1X
BAE 175°E~ 100°W, 1E 15°~25°N X [i] F¥L, FULHY
MK FE R RIZ M AR TE o AR SCREE M KT HE R 2K



28 TR SRR MR ARE RO 3K 8 S0 AR R B e (R 3R

40°

20°

20°

FZERR &R/ (pmol L)

B2 KRR AR U o0 A
Fig. 2 Sampling stations in the Pacific Ocean
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The background map shows annual average dissolved silicate content in the surface water (data from WOA13, plot is generated using Ocean Data View 4.3)
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Fig. 3 &°Si dstribution of dissolved silicate in the surface seawater of the Pacific Ocean
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Fig. 4 §Si distribution of dissolved silicate in the surface seawater of the Pacific Ocean
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Data of eastern Pacific Ocean from references [4, 17-20], data of western Pacific Ocean from this study, surface currents from reference [27]
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The background map shows annual average dissolved silicate content in
the surface water (data from WOA13, plot is generated using Ocean Data

View 4.3)
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Fig. 6 §°Si distribution of dissolved silicate in the surface seawater of the Indian Ocean

RZEWWB] A SCHK [27]

Surface currents from reference [27]

22 MEKR S S/ %0

FERERREL & B/ (umol L)

Pl 7 RV ) o 38 SR il o
Fig. 7 Sampling stations in the Atlantic Ocean
JR PR Oy 3 J2 ik W R 5 ik A 45 - 2P T 43 A (Bdls ok B WOAT3, R
FH Ocean Data View 4.3 231 )

The background map shows annual average dissolved silicate content in
the surface water (data from WOA13, plot is generated using Ocean Data

View 4.3)

RV BT U S80S (H B R, AR R P I 6°Si fE
AR (B 8)e RGP IR 45 B 1) 218 T & 2%,
A8 B ST AY b 2R T 3 (NECC) [8) 4538 31, 1 2R 3 13
¥t (SECC) 1] P4 iz gh JE W — A A1 A [l 5 . 76 B 76 Ui
B, B IR TE U S U B B A, 3 oA ey b iz g i A
VT i [ R A B A EL PRV R . I TR SR N AR R

BB AR v 22 FE N, M A R E, TERTHE Y
5 PR R AR 2SI, IR g Riz 3l . a8 Bk
YN Bt 14 g i B, o ) — 58 Vg il AL TR A R
A6 74 2w db i, B Sk AR A% F7 JE i (Benguela Current
System, BCS), 5 1L A ]/ 2~k i (SEC) 2, 25
RV I BT BRI 0 5 e, R VAR 870 (E T /K TR
AFNF R PGPEARFR, LA AR L€ i m JL i 6 JE U R
P Rz g, SR R VR AR AR R 2 K 1Y 8°Si
{HZAR T VG . 78 AR T X 38k, Jb AP 2 A Ik A1) 9% i
W A U V4 & 1) 25 12 By, AE FE N IR B 0 V6 iz 3,
XA T BT AR AR IE P AR XY S (H 2R T
R R PP R, 7E PSR, t T R K PU VR
L A3 ORI AR T AR 2008 XA, B0 T 79 it 3 B O
(9 8 SifH T+ o H T 2 1l B I W AR AE , B K VE v
A HS U KOS W B [ b iz gl A A AR 4 R X B
SVSIMHE = T £h B IX Bk, R RGN T2 0 A
KPR B % RER R 10 AATW/SAMW [ 5% i), {5 /g
R VE P Tl it 14 8°%°Si {5 (14D 8).

4 g

- LB RE R RN RV T 2R 2 U K U A i TR AR
&S W ARG M B, REFEFRIZ WK B 6°Si e K
B4 2.91%0, F-341E H7 (1.52+0.59) %o; EJ JE VE R 21



6 B 36
60° 40° 20° WO0°E 20°
2.50
CC: iigh biting
NEC: JbafRitii
NECC: Jbafkis 1% i
SEC: Mz if
GC: JLR T
EUC: s i 2.25
NBC: Jb EL P g
BC: ELFG#FA
SAC: BIRPETETER
BCS: AH§ Rt
SECC: il
2.00
=3
K
175 mi
:t:;)
%0
KvA
fcy
1.50 1k
#®
1.25
1.00
0.75

B8 KGR ZEMEK 8°°Si {4 14 °F i 4347
Fig. 8 &°°Si distribution of dissolved silicate in the surface seawater of the Atlantic Ocean
RG] A SCHK [27]

Surface currents from reference [27]

JK Y 8°Si fi KA 2.30%0, FBIE M (1.5240.36) %o;
VG P 22 KA 5°Si {8 e KR 2.23 %0, HoF- 2 {H
H(1.5540.35) %o FEIRINE B AERS KIFREE, FERM
HH 5 DR 32 2 B IR R 22 [ B B A A S, 40 A1 R AIE
Z R KRR 4 A 3% 3 DA R Z T 2 3 T B
IR K A 2Z 1) (TR A i 5 M, ELYR & 1 FH AT BB X6 I il
KIERIZKRN 5°Si o0 BAA B M5 . BT
Ao M T 32 KR 5 fift ik R R 19 8%°Si 43, Ji5 B2

SE K

FE A X BE— 2 R TR AT

Bifg: RMeRE—F7BEANTTIHE AR
BRUKEENENG A EES R ERTATHD
By A | RAE B K TEIR B AT P B AR
SR 7INE R Y R S Sl
BRI G A % 8= B & P4 7 0 & 207 1K
By FF

(1]

Nelson D M, Tréguer P, Brzezinski M A, et al. Production and dissolution of biogenic silica in the ocean: revised global estimates, com-
parison with regional data and relationship to biogenic sedimentation[J]. Global Biogeochemical Cycles, 1995, 9(3): 359-372.

Tréguer P J, De La Rocha C L. The world ocean silica cycle[J]. Annual Review of Marine Science, 2013, 5: 477-501.

Brzezinski M A, Krause J] W, Church M J, et al. The annual silica cycle of the North Pacific subtropical gyre[J]. Deep Sea Research Part
Grasse P, Ehlert C, Frank M. The influence of water mass mixing on the dissolved Si isotope composition in the Eastern Equatorial Pa-
De La Rocha C L, Brzezinski M A, DeNiro M J. Fractionation of silicon isotopes by marine diatoms during biogenic silica formation[J].

Wetzel F, De Souza G F, Reynolds B C. What controls silicon isotope fractionation during dissolution of diatom opal?[J]. Geochimica et

De Souza G F, Slater R D, Dunne J P, et al. Deconvolving the controls on the deep ocean’s silicon stable isotope distribution[J]. Earth and

(2]
(3]

I: Oceanographic Research Papers, 2011, 58(10): 988—1001.
(4]

cific[J]. Earth and Planetary Science Letters, 2013, 380: 60—71.
(5]

Geochimica et Cosmochimica Acta, 1997, 61(23): 5051-5056.
(6]

Cosmochimica Acta, 2014, 131: 128-137.
(7]

Planetary Science Letters, 2014, 398: 66—76.
(8]

Cardinal D, Alleman L Y, Dehairs F, et al. Relevance of silicon isotopes to Si-nutrient utilization and Si-source assessment in Antarctic


http://dx.doi.org/10.1029/95GB01070
http://dx.doi.org/10.1146/annurev&#8722;marine&#8722;121211&#8722;172346
http://dx.doi.org/10.1016/j.dsr.2011.08.001
http://dx.doi.org/10.1016/j.dsr.2011.08.001
http://dx.doi.org/10.1016/j.epsl.2013.07.033
http://dx.doi.org/10.1016/S0016&#8722;7037(97)00300&#8722;1
http://dx.doi.org/10.1016/j.gca.2014.01.028
http://dx.doi.org/10.1016/j.gca.2014.01.028
http://dx.doi.org/10.1016/j.epsl.2014.04.040
http://dx.doi.org/10.1016/j.epsl.2014.04.040

28 TR SRR MR ARE RO 3K 8 S0 AR R B e (R 3R 7

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

23]

[24]

[25]

[26]

271

(28]

[29]

[30]

waters[J]. Global Biogeochemical Cycles, 2005, 19(2): GB2007.

De Brauwere A, Fripiat F, Cardinal D, et al. Isotopic model of oceanic silicon cycling: the Kerguelen Plateau case study[J]. Deep Sea Re-
search Part I: Oceanographic Research Papers, 2012, 70: 42—59.

De Souza G F, Reynolds B C, Johnson G C, et al. Silicon stable isotope distribution traces Southern Ocean export of Si to the eastern
South Pacific thermocline[J]. Biogeosciences, 2012, 9(11): 4199—4213.

Coffineau N, Pondaven P. Exploring interacting influences on the silicon isotopic composition of the surface ocean: a case study from the
Kerguelen Plateau[J]. Biogeosciences, 2014, 11(5): 1371-1391.

Annett A L, Henley S F, Venables H J, et al. Silica cycling and isotopic composition in northern Marguerite Bay on the rapidly-warming
western Antarctic Peninsula[J]. Deep Sea Research Part II: Topical Studies in Oceanography, 2017, 139: 132—142.

Cassarino L, Hendry K R, Meredith M P, et al. Silicon isotope and silicic acid uptake in surface waters of Marguerite Bay, West Antarc-
tic Peninsula[J]. Deep Sea Research Part II: Topical Studies in Oceanography, 2017, 139: 143—150.

Cao Zhimian, Frank M, Dai Minhan, et al. Silicon isotope constraints on sources and utilization of silicic acid in the northern South China
Sea[J]. Geochimica et Cosmochimica Acta, 2012, 97: 88—104.

Cao Zhimian, Frank M, Dai Minhan. Dissolved silicon isotopic compositions in the East China Sea: Water mass mixing vs. biological
fractionation[J]. Limnology and Oceanography, 2015, 60(5): 1619—1633.

Zhang A Y, Zhang J, Hu J, et al. Silicon isotopic chemistry in the Changjiang Estuary and coastal regions: impacts of physical and
biogeochemical processes on the transport of riverine dissolved silica[J]. Journal of Geophysical Research: Oceans, 2015, 120(10):
6943—6957.

Beucher C P, Brzezinski M A, Jones J L. Sources and biological fractionation of Silicon isotopes in the Eastern Equatorial Pacific[J].
Geochimica et Cosmochimica Acta, 2008, 72(13): 3063—-3073.

Beucher C P, Brzezinski M A, Jones J L. Mechanisms controlling silicon isotope distribution in the Eastern Equatorial Pacific[J].
Geochimica et Cosmochimica Acta, 2011, 75(15): 4286—4294.

De La Rocha C L, Brzezinski M A, DeNiro M J. A first look at the distribution of the stable isotopes of silicon in natural waters[J].
Geochimica et Cosmochimica Acta, 2000, 64(14): 2467—2477.

Reynolds B C, Frank M, Halliday A N. Silicon isotope fractionation during nutrient utilization in the North Pacific[J]. Earth and Planet-
ary Science Letters, 2006, 244(1/2): 431-443.

Grasse P, Brzezinski M A, Cardinal D, et al. GEOTRACES inter-calibration of the stable silicon isotope composition of dissolved silicic
acid in seawater[J]. Journal of Analytical Atomic Spectrometry, 2017, 32(3): 562—578.

Holzer M, Brzezinski M A. Controls on the silicon isotope distribution in the ocean: new diagnostics from a data-constrained model[J].
Global Biogeochemical Cycles, 2015, 29(3): 267-287.

Brzezinski M A, Jones J L. Coupling of the distribution of silicon isotopes to the meridional overturning circulation of the North Atlantic
Ocean[J]. Deep Sea Research Part II: Topical Studies in Oceanography, 2015, 116: 79—88.

De Souza G F, Reynolds B C, Rickli J, et al. Southern Ocean control of silicon stable isotope distribution in the deep Atlantic Ocean[J].
Global Biogeochemical Cycles, 2012, 26(2): GB2035.

XUPEFR. AT 22 ) AL PR I S5 A RHIE 5 /2 SRS S (D). 35 5 vh Rl Be e m e, 2013.

Liu Hongwei. Study on the structure property and variation mechanism of the North Pacific meridional overturning circulation[D]. Qing-
dao: Institution of Oceanology, Chinese Academy of Sciences, 2013.

X, RAM, mAee, 55, B2 Y PR ARG RS2 S )], HhEREl2E R, 2015, 30(8): 904-914.

Liu Wei, Song Jinming, Yuan Huamao, et al. Pathway and flux of inputting chemical substances from the Kuroshio to the East China
Sea[J]. Advances in Earth Science, 2015, 30(8): 904-914.

Talley L D, Pickard G E, Emery W J, et al. Descriptive Physical Oceanography: An Introduction[M]. 6th ed. Burlingham, MA: Elsevier,
2011: 560.

De La Rocha C L, Bescont P, Croguennoc A, et al. The silicon isotopic composition of surface waters in the Atlantic and Indian sectors
of the Southern Ocean[J]. Geochimica et Cosmochimica Acta, 2011, 75(18): 5283—-5295.

A s, XIZE R, R, JLEN BB AR 2 ] BAL PR I AR BRAE AR D], PN 22 244R, 2005, 35(5): 697-702.

Hu Ruijin, Liu Qinyu, Wu Shu. Study on the Interannual variability of the cross equatorial meridional overturning circulation in the north
Indian Ocean[J]. Periodical of Ocean University of China, 2005, 35(5): 697—702.

Griffiths J D, Barker S, Hendry K R, et al. Evidence of silicic acid leakage to the tropical Atlantic via Antarctic Intermediate Water dur-
ing Marine Isotope Stage 4[J]. Paleoceanography and Paleoclimatology, 2013, 28(2): 307-318.


http://dx.doi.org/10.1016/j.dsr.2012.08.004
http://dx.doi.org/10.1016/j.dsr.2012.08.004
http://dx.doi.org/10.1016/j.dsr.2012.08.004
http://dx.doi.org/10.5194/bg&#8722;9&#8722;4199&#8722;2012
http://dx.doi.org/10.5194/bg&#8722;11&#8722;1371&#8722;2014
http://dx.doi.org/10.1016/j.dsr2.2016.09.006
http://dx.doi.org/10.1016/j.dsr2.2016.11.002
http://dx.doi.org/10.1016/j.gca.2012.08.039
http://dx.doi.org/10.1002/lno.10124
http://dx.doi.org/10.1002/2015JC011050
http://dx.doi.org/10.1016/j.gca.2008.04.021
http://dx.doi.org/10.1016/j.gca.2011.05.024
http://dx.doi.org/10.1016/S0016&#8722;7037(00)00373&#8722;2
http://dx.doi.org/10.1039/C6JA00302H
http://dx.doi.org/10.1002/2014GB004967
http://dx.doi.org/10.1016/j.dsr2.2014.11.015
http://dx.doi.org/10.11867/j.issn.1001&#8722;8166.2015.08.0904
http://dx.doi.org/10.11867/j.issn.1001&#8722;8166.2015.08.0904
http://dx.doi.org/10.11867/j.issn.1001&#8722;8166.2015.08.0904
http://dx.doi.org/10.1016/j.gca.2011.06.028

8 MHEEdy 4345

Distributions of silicon isotopes of dissolved silicate
in the surface seawater from global oceans

NiJianyu', FuFeng', Wang Yuan', Yao Xuying'

(1. Key Laboratory of Submarine Geosciences, Second Institute of Oceanography, Ministry of Natural Resources, Hangzhou 310012, China)

Abstract: We analyzed 6°°Si of dissolved silicate of surface seawater from the Pacific Ocean, Indian Ocean and
Atlantic Ocean. The results showed that the 8*°Si of the Pacific Ocean surface seawater was 0.45%0—2.91 %o, with
an average value of (1.5240.59)%o; the 6°*°Si of the Indian Ocean surface seawater was 0.98%0—2.30%o, with an aver-
age value of (1.52+0.36)%o; the 5°°Si value of the Atlantic Ocean surface seawater was 0.90%0—2.23 %o, the average
value was (1.55+£0.35)%o. The silicon isotope in the ocean surface layer mainly shows the correlation with the ocean
surface circulation and meridional overturning current, and its distribution characteristics are mainly affected by the
biological activities in the surface water and the mixing between different water masses caused by the movement of
the surface ocean currents. The mixing effect perhaps has a significant effect on the distribution of 8°°Si in the sur-

face water of the open oceans.

Key words: 6°°Si; surface seawater; dissolved silicate; global oceans



