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Abstract: Different contents of water in the mantle have significant effects on the formation of oceanic crust. However, how the
homogeneous and local hydrous mantle with different water contents will affect the thickness of oceanic crust are also not clear.
Thus we conduct numerical simulations to represent the process of formation. Results show that, in the homogeneous hydrous
models, the higher the water content in the upper mantle is, the smaller the maximum melt fraction, the deeper the initiation

melting and the bigger melting area will be, finally leading to larger melt volume and the thicker oceanic crust. And in the local
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hydrous models, the melt of local hydrous mantle can also increase the thickness of oceanic crust, however, the initial time of the

effect will depend on its water content. Combining with the characteristics of oceanic crust of the South China Sea, we suggest

that the water content in the mantle source during the opening of South China Sea is heterogeneous. The oceanic crustal

thickness in eastern sub-basin is 1 km thicker than that of the southwestern sub-basin, possibly because the overall water

content of the former is higher than the latter (about 50X 10°, according to our model). And carbonated silicate melts in the

basalt of South China Sea may be carried out from deep by the melt which the local hydrous mantle produce in the deep.

Moreover, the oceanic crustal thickness does not change greatly with time, which may be due to the volume of the local

hydrous mantle is small or the volume is large but its water content is not significantly higher than that in the background.

Key words: water content in the upper mantle; oceanic crustal thickness; seafloor spreading; South China Sea; numerical

modelling; marine geology.
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Fig.7 Oceanic crustal thickness varies with time predicted by

the local hydrous models
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water contents at 9.8 Ma

P a~d R T2 0) A B T AU B 35 SCUL I 25 B e~h A3 e d 0 7 B A B0 B A1 L G Sk S ) T 2 37 D T, A ] B30 R il 20K

0 ) 0.10 )

0.09 | o =---=-8=--0~-0

0.08] fjﬁﬁiiii&tm%’—‘-"‘
]
0.07} Zhi” 1

201

40}

Vs
v 1
E f; o !
2 % 0.06 I
£ 60 o & T e
bt L 1 K wa 0.05F gyt b 3 8 K
&% 0 : 5 ] ! -B8-0
=80 100x10° 004} g om 100x10°
200x10° B ! / 20010
——300x10* 0.03} ! /I - = =300x10°
——400%10" ! - = —400x10"
100 ———500%10° 0.02} ,z{ ) ,' — — —500%10°
———600%10° 47 11 - = =600x10"
4 b1 10 1 ! s
———700x10 0.01F 27,7 1 l = = =700x10
120 ——3800x10° AZZ, 000 / - A - 3800x10°

‘ ‘ ‘ ‘ ‘ ‘ 0.008 =g —a——a —
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 4 5 6 7 8 9 10 11 12 13

145 i 2> 2 K [Fl(Ma)
P10 ASTR] 5 K B Y 24 59 5 R BT 10.9 Ma I i b 48 i 23 BB R 152 04 23 (), B M il 20 501 i) 35 £ 14728 TR R E ()
Fig.10 The features of melt fraction distribution with depth at spreading ridge at 10.9 Ma (a), maximum melt fraction with time,

under the homogeneous hydrous models with different water content (b)

T U #5 ml f B E) 43 900 A 11,5 Ma . 10 Ma A9 Ma L JF b 52 w7 76 2 5 1 B 8], 4 55 F 0 B R )
(£ 2) iz B R b e a0 B BRI 3 O O 300 km AR EL i AR RS £ 1B A R G T
11.78 Ma 76 £7 , M T & 7K My i JT 4 J5 @i 6y I ] W % I BB IE R JREBE R ST (I 7).

PRI 2% 20 A TR S o el 28 I ] gl o Ry R UK HT T 7E 1 A TP I 2 b 2 o B B9, o A



%34

B b A I e o VL E 1« (A 435

T T
t=32.83 Ma

T T
200x10° 300 km

y(km)

T T T T
400x10° 300 km t=30.71 Ma

T T T T
600x10° 300 km 1=28.47 Ma

800 900 1000 1100
x(km)

1200

EE 4 T

0 0.02 0.04 0.06 0.08 0.10
3 $

P11 WIAR R E A 300 kAN [ B 7k 18 Jmy 38 2 AR B 14 9y S5 2 4 R il 4 30 A 25 2R
Fig.11 The evolution results of the local hydrous upper mantle under the different water content at different depth

Bl a b cfRRMBTALIr s I d e OO 25 18] a b e AOJER Rl 23 B003 A 5 11 R S AR M) B 3 37 05 1) B R/ AN T 70 68 A R 3 04 il 205

R2 FERE KB TFIA LS B K IF 4R 5 00 ¥ K B B B9 B A
Table 2 The initial time of local hydrous mantle melting and

affecting the oceanic crustal thickness

IR IR B EK TEUR A AT ) T G 5 i v e TS B
(km) (10°) (Ma) P[] (Ma)
200 200 11.5 11.78
200 400 10.0 11.78
200 600 9.0 11.78
300 200 31.9 32.80
300 400 29.4 30.40
300 600 27.5 28.40

WS A9 5K I )3 L7 5K s AR (1 em/a) AT LA
PG BB P T R 5 P Ak I ] 4 5% AR 18 5 1K A
5523 6] A5G Z L DRI, A Jay 3 5 K i AR Y v
R T Rl g 5 SRy S K i ) A0 B A
TR BE Ok B R i 5 J5 R R AL T IR B9 ) O R R
TR 5T R RS B R
44 NEBYKPAMESKENETR

TR U DRI A il BB — R KR R P
B g T 38 58, 2 VUK iR R Gl 2
Rl 10 5 Wil — 2 B R B9 IR A R R TR YO AR
AL it f = AR A F B B2 B KA
T B 5 T R b X IOR  AE ad AfF eb (Li and L,

2007) , H H ¥ sk 9 &l b w9 AR Ao B (Hall,
2002 ) =% [a] B} 1] 6 A ) R A A X ] R o (Wuand
Suppe, 2018) , ffif #h (¥ 77 7 7T fig 23 5% W i X 30 Y
MW S K i TR e VT K A R v b YR K
FRAERE T AR Hi T ZRA SRS,
L v 3 5 5 OR R A 2 R A R B8 Ok R i
HHFEHRK TR EE(Wang er al., 2019) ,
WM X T R e b R B KR A R E

TN X g VA T A R o A 5T R BE Y U A
AR, B AR U RV R UK A AR T R
FE FJRAEAE 22 55 00 AN, X T 4R B U 4L, Ding et
al. (2018) I\ by 32 5 v il (1) V¥ 52 )2 B2 R 6~7 km, 5K
F%5(2013) Fl He et al. (2016 )3 52 %t 2 42 0L
0 L 2 ) VE ST IR A A T a0 AR B
TEFE IR 29 R A~6 km. X T 78 B K 7L, [ 2F RS
(2011) AR 3L B 4 I VE ST IR O 5~6 km ,
W 3IT 0 9 72 JE BE R 3~4 km, Yu et al. (2017) ik
kP TS Y R K 208 5.33 km, [H R R B AR
YR I 30 A0 P 576 J5 B B DG P ORI 25 1 k.

Pl T R b I RN IR A 43 mT R 2y B i AT
JEERE HIR T Zhou et al. (2020)ik K4 5K H R 7E 2~
19 em/a B P 52 J5 B 5 47 ok o 0 5 5 A 17 A DG OC
RIM , KREZBFHF NN Y REBAER T 2 cm/a i



836 HBERBL2%  http://www.earth-science.net

TR 595K 3 3 0 5 (Chen, 1992; White ez al.,
2001 ; Christeson ez al.,2019). 5 i & SR i 5 49
5K B AT 2~8 em/a, P R R AL A F- 9 5k R
Hdem/a, R T 2 cem/a(Lieral.,2014). B I Sk
R UL, A U A0 T R B 25 e 5 AN [ Y
Prok A TC O BR Tk HUR A, 0 M R
ST AR R W ST — A R R e S M
8 A 6 B A O (H T 5T E W W 4SS R T 0 4R
Pk By B A % B RS 8 A 09 52 i (Yu and
Liu, 2020) , B b R 35 R0 PG b vk I 40 i 2% 4 1) 3 5
WA 2 B e Hb R R 52 L AT 2, OBS2001
OBS2006-2 I 18 35 . 7~ B 1 b 35 i 2 B 19 7 52
(6~8 km) L I 74§ K ¥ #2519 )2 (Wang et al.,
2006 5 HE A L 2012) , PRI b 8 3 BE AS 2 5 ) R I
FEFRIEE AR LA EERNE . S — Rl g
i) P 7 J5E R A TR 2% i 0 YR A 43, T A VR 43
P B 45 Bk 1Y 2 7K (Ohtani, 2020) . 45 & A ST 5] &
JKASE TR 25 B M g K R VR 5T TR R OR, AR R
W ZL PR eV 8 )R 1 km, T RE 2 T
PR A V8 35 10) (1 b 0 VR 5 K B A AE 25 5 i, AR
B AL 25 Bk B A H A S O 25 20 501070,

— MBI R VT 2 p TR E T AF R A T Y e
VR IE B, 10 B R b A Tk R R A IR Bl 12 o R &
e Ar 7 F KT 80 km B9 ¥ & , 1H Zhang et al.
(2017) 76 P ¥ R IFE B R U431 B L Z R 5 b & B
T TR b Ak 2 R A AR I AR A L X B R TR )
Jo 2F 2k T H S HE N T PR ST . AR SR 1 K i A
RUM 25 SR B, 7K K 0 b b mT D7 55 R A 0 il
CEEL 6 RN 11) , H ™= AR i d oA mT L 485 iy R0 1Y) el i
5B BB R, MY At T E A&, H
I T VA 5 1R R A ek TR R 0 A TT RE R P R K
T M A R R A A AR BE A R Y . Wang
et al. (2019) 38 3 H7 7 ik MW SE T 1 i X i FE
ai K S B ARRAE R B ik X A B
KA X AW AR T8 R KR (E12).

Jea 5 7KL A e B SR B K b A IR 2
Bl KV 5T R B R, N TR T A 0 T 5T R
MRAER 7R B B A AR 50 R 0
FEAEAE X A] RS H T R 3 1 K M e A ARUR X
ANSH AR B AR K I A W T s T s
Tk e B AR K ) TR A B8 I ] B2 4t A A g
Z (IR AR B 5 | AR e JRE B K e R AR Ak

L LT IR EE VT Ok ) L e U 5K R B

1107 =i
20°N

16°

14° Sl

12° 4%

B e R Bl )
P12 p i 20 R o S 2 b R g B0 4% o7
Fig.12 Location of basalt samples and some seismic lines of
the South China Sea
PRl i i 21 €8 T e i 3R 7 R IR R Eh kA 1R R 1R 1 U 1431 4 AL
{7 B, HH A A B & K B 8K (Zhang e al., 2017 ; Wang et al. ,
2019) . J sl 22 18 3 3R 4 BN £, G b £k a Dy OBS2006-2,
kAR AF (2012) 5 M 2 by £ 0 Wb R W kL, >k I Ding et al.
(2018) ;1M £k ¢ & OBS2001, % [ Wang ez al. (2006) ;M £k d % A
KA AFE (2013) \He et al. (2016) 5 Mk e 3k A B I4E(2011)
SRS (2011) A1 Yu ez al (2017) s NWSB AR 2 746 2 i 4, ESB
AR A TR AL, SWSB AR 2 V8 /g I 7L

AE By BT Pk AR R U R T O L 7 Y KT AR
1 km, o] BE 2 X i 2 08 U5 K BB AR TS
# (A BRI B 75 29 50 10°°) . g 13 & ik o P BR R
R R A 45 1A B A A, AT BE RS Fh R T K
W 7E TR A A ) R A AT bk Y . R A
R JBE A I T8] 1 95 A R B8 A2 Ak, l BB TN g Jey 3 e
7K A Y R FRUR X A58 /) B R R O R 5 K
A T R K

5 45

A SR 3l 07 27 BOE A A 09 J 125, %k | i 3
AT 7K Jag 5 K T A BT VE e 1Y AR B A R
TR, FEES TR LA

(D) AR 5] E oK g2 5 b, 5 7K & 0% 39 i 72 98 /)y
by 88 A KA Rl S R R, 5 38 K] R 44l R R R
J75 il T AR R T R S L e R A I e R 4
B b B KRR R RS S TR ST R R OR
100X 1070, P52 JE BE R 238 i 2 km.



%34

S AESE b D K XIS T R AR i e SR B4 5 ) (B A 837

(2) 75 &y ¥ & K 52 56 b, 5 0K 55 900 0 4 il
TR BB X I OG5 ¥ A0 A OB LA — 2
05 Z A [6] B9 2, 48 J5 8 & 7K b s T 46 4 il Y
R a] 0 T ml m BT A Rl AR SR (R] U Ry
JK MW A AR 2x B O ST R L, BT IR R I i T
JRE A ) (R Rl 2% B L 0T ) 5 K B G
K R, T iR R WA TR 5T )R R R ] R
BV A Bl VR 0 3 e il R A

(3) 4545 B g P e e AR B — 20 p Mk ol -
iy 9 5 300 TA) G 0 U S K B B AR B I E R
YR A0 R S LE P R T FE )R 1 km, Al RE 2
PRl Sy T e R K R R IR R TR A (A A
N2 50X 10 °) . B i A PRk R £k Ak ik
PR A B A A, FTRE 2 R R R K B
TE TR ¥ A Rl 7 A B AR A AT ORI R R
JEE B A B TR) B B AT R R B A Ak, AT RE i O R
NS N R RN AR EPO I S N R N AS = W N 21
FoE oK B W T R K

B BT B R0 R BT e Ao A B, BGRL
1% RIFH ARG B RS RE L)

References

Ao, W., Zhao, M. H., Qiu, X. L., et al., 2012. Crustal
Structure of the Northwest Sub-Basin of the South Chi-
na Sea and Its Tectonic Implication. Earth Science, 37
(4):779—790 (in Chinese with English abstract).

Asimow, P. D., Langmuir, C. H., 2003. The Importance of
Water to Oceanic Mantle Melting Regimes. Nature, 421
(6925): 815—820. https://doi.org/10.1038/nature01429

Bell, D. R.,Rossman, G. R., 1992. Water in Earth's Mantle:
The Role of Nominally Anhydrous Minerals. Science,
255(5050): 1391—1397. https://doi. org/10.1126/sci-
ence.255.5050.1391

Brunelli, D., Cipriani, A., Bonatti, E., 2018. Thermal Ef-
fects of Pyroxenites on Mantle Melting below Mid -
Ocean Ridges. Nature Geoscience, 11(7): 520—525.
https://doi.org/10.1038/s41561-018-0139-z

Chen, Y. J., 1992. Oceanic Crustal Thickness Versus
Spreading Rate. Geophysical Research Letters, 19(8):
753—756. https://doi.org/10.1029/92g100161

Christeson, G. L., Goff, J. A.,Reece, R. S., 2019. Synthe-
sis of Oceanic Crustal Structure from Two-Dimensional
Seismic Profiles. Reviews of Geophysics, 57(2): 504—
529. https://doi.org/10.1029/2019rg00064 1

Ding, W. W., Sun, Z., Dadd, K., et al., 2018. Structures

within the Oceanic Crust of the Central South China Sea

Basin and Their Implications for Oceanic Accretionary
Processes. Earth and Planetary Science Letters, 488:
115—125. https://doi.org/10.1016/j.epsl.2018.02.011

Gerya, T., 2019. Design of 2D Numerical Geodynamic Mod-
els. Introduction to Numerical Geodynamic Modelling.
Cambridge University Press, Cambridge. https://doi.
org/10.1017/cb09780511809101.018

Grove, T. L., Till, C. B.,Krawczynski, M. J., 2012.
The Role of H,O in Subduction Zone Magmatism.
Annual Review of Earth and Planetary Sciences,
40(1): 413—439. https://doi. org/10.1146/annurev -
earth-042711-105310

Hall, R., 2002. Cenozoic Geological and Plate Tectonic Evo-
lution of SE Asia and the SW Pacific: Computer-Based
Reconstructions, Model and Animations. Journal of
Asian Earth Sciences, 20(4): 353—431. https://doi.org/
10.1016/s1367-9120(01)00069-4

He, E. Y., Zhao, M. H., Qiu, X. L., et al., 2016. Crustal
Structure across the Post-Spreading Magmatic Ridge of
the East Sub-Basin in the South China Sea: Tectonic
Significance. Jowrnal of Asian FEarth Sciences, 121:
139—152. https://doi.org/10.1016/].jseaes.2016.03.003

Hirschmann, M. M., Tenner, T., Aubaud, C., et al., 2009.
Dehydration Melting of Nominally Anhydrous Mantle:
The Primacy of Partitioning. Physics of the Earth and
Planetary Interiors, 176(1—2): 54— 68. https://doi.org/
10.1016/j.pepi.2009.04.001

Hirth, G.,Kohlstedt, D. L., 1996. Water in the Oceanic Up-
per Mantle: Implications for Rheology, Melt Extraction
and the Evolution of the Lithosphere. Earth and Plane-
tary Science Letters, 144(1—2): 93—108. https://doi.
org/10.1016/0012-821x(96)00154-9

Katz, R. F., Spiegelman, M., Langmuir, C. H., 2003. A
New Parameterization of Hydrous Mantle Melting. Geo-
chemistry, Geophysics, Geosystems, 4(9): 1073. https://
doi.org/10.1029/2002gc000433

Li, C. F., Xu, X.,Lin, J., etal., 2014. Ages and Magnetic
Structures of the South China Sea Constrained by Deep
Tow Magnetic Surveys and IODP Expedition 349. Geo-
chemistry, Geophysics, Geosystems, 15(12): 4958 —4983.
https://doi.org/10.1002/2014gc005567

Li, F. C., Sun, Z., Pang, X., et al., 2019. Low-Viscosi-
ty Crustal Layer Controls the Crustal Architecture
and Thermal Distribution at Hyperextended Margins:
Modeling Insight and Application to the Northern
South China Sea Margin. Geochemistry, Geophysics,
Geosystems,  20(7):  3248—3267. https://doi. org/

10.1029/2019gc008200



838 HIERRL2E  http://www.earth-science.net

46 %

Li, Z. H.,Xu, Z. Q., 2015.Dynamics of Along-Strike
Transition between Oceanic Subduction and Conti-
nental Collision: Effects of Fluid - Melt Activity.
Acta Petrologica Sinica, 31(12):3524—3530 (in Chi-
nese with English abstract).

Li, Z. X.,Li, X. H., 2007. Formation of the 1 300-km-Wide
Intracontinental Orogen and Postorogenic Magmatic
Province in Mesozoic South China: A Flat-Slab Subduc-
tion Model. Geology, 35(2): 179. https://doi. org/
10.1130/g23193a.1

Liao, J., Wang, Q., Gerya, T., et al., 2017. Modeling
Craton Destruction by Hydration - Induced Weakening
of the Upper Mantle. Journal of Geophysical Re-
search: Solid Earth, 122(9): 7449—7466. https://doi.
org/10.1002/2017jb014157

Li, C. C., Hao, T. Y., Qiu, X. L., et al., 2011. A Study
on the Deep Structure of the Northern Part of Southwest
Sub-Basin from Ocean Bottom Seismic Data, South Chi-
na Sea. Chinese Journal of Geophysics, 54(12): 3129—
3138 (in Chinese with English abstract).

Morgan, J. P.,Chen, Y. J., 1993. The Genesis of Ocean-
ic Crust: Magma Injection, Hydrothermal Circula-
tion, and Crustal Flow. Journal of Geophysical Re-
search: Solid Earth, 98(B4): 6283—6297. https://doi.
org/10.1029/92jb02650

Nichols, A. R. L., Carroll, M. R., Hoskuldsson, 2002.
Is the Iceland Hot Spot also Wet? Evidence from
the Water Contents of Undegassed Submarine and
Subglacial Pillow Basalts. Farth and Planetary Sci-
ence  Letters, 202(1): 77—87. https://doi. org/
10.1016/s0012-821x(02)00758-6

Nikolaeva, K., Gerya, T. V.,Connolly, J. A. D., 2008. Nu-
merical Modelling of Crustal Growth in Intraoceanic Vol-
canic Arcs. Physics of the Earth and Planetary Interi-
ors, 171(1—4): 336—356. https://doi. org/10.1016/].
pepi.2008.06.026

Niu, Y. L., Bideau, D., Hékinian, R., et al., 2001. Mantle
Compositional Control on the Extent of Mantle Melting,
Crust Production, Gravity Anomaly, Ridge Morpholo-
gy, and Ridge Segmentation: A Case Study at the Mid-
Atlantic Ridge 33— 35°N. Earth and Planetary Science
Letters, 186(3—4): 383—399. https://doi.org/10.1016/
s0012-821x(01)00255-2

Niu, Y., 1997. Mantle Melting and Melt Extraction Process-
es Beneath Ocean Ridges: Evidence from Abyssal Peri-
dotites. Journal of Petrology, 38(8): 1047—1074.
https://doi.org/10.1093/petroj/38.8.1047

Ohtani, E., 2020. The Role of Water in Earth's Mantle. Na-

tional Science Review, 7(1): 224—232. https://doi.org/
10.1093/nsr/nwz071

Qiu, X. L., Zhao, M. H., Ao, W., et al., 2011. OBS
Survey and Crustal Structure of the SW Sub-Basin
and Nansha Block, South China Sea. Chinese Jour-
nal of Geophysics, 54(12): 3117—3128 (in Chinese
with English abstract).

Vera, E. E.,Diebold, J. B., 1994. Seismic Imaging of Ocean-
ic Layer 2A between 9°30'N and 10°N on the East Pacif-
ic Rise from Two-Ship Wide-Aperture Profiles. Journal
of Geophysical Research: Solid Earth, 99(B2): 3031—
3041. https://doi.org/10.1029/93jb02107

Wallace, P.J., 2002. Volatiles in Submarine Basaltic Glasses
from the Northern Kerguelen Plateau (ODP Site 1140):
Implications for Source Region Compositions, Magmat-
ic Processes, and Plateau Subsidence. Jowrnal of Petrol-
ogy, 43(7): 1311—1326. https://doi. org/10.1093/pe-
trology/43.7.1311

Wang, T. K., Chen, M. K., Lee, C. S., et al., 2006. Seis~
mic Imaging of the Transitional Crust across the North-
eastern Margin of the South China Sea. Tectonophysics,
412(3—4): 237—254. https://doi. org/10.1016/j. tec-
10.2005.10.039

Wang, W., Chu, F. Y., Wu, X.C., etal., 2019. Constrain-
ing Mantle Heterogeneity Beneath the South China Sea:
A New Perspective on Magma Water Content. Miner-
als, 9(7):410. https://doi.org/10.3390/min9070410

White, R. S., Minshull, T. A., Bickle, M. J., et al., 2001.
Melt Generation at very Slow -Spreading Oceanic Ridg-
es: Constraints from Geochemical and Geophysical Data.
Journal of Petrology, 42(6): 1171—1196. https://doi.
org/10.1093/petrology/42.6.1171

Williams, Q., Hemley, R. J., 2001. Hydrogen in the Deep

Earth. Annual Review of Earth and Planetary Scienc-

es, 29(1): 365—418. https://doi. org/10.1146/annurev.

earth.29.1.365

J., Suppe, J., 2018. Proto-South China Sea Plate Tec-

tonics Using Subducted Slab Constraints from Tomogra-

phy. Journal of Earth Science, 29(6): 1304—1318.

https://doi.org/10.1007/s12583-017-0813-x

Yu, X., Liu, Z. F., 2020. Non - Mantle - Plume Process
Caused the Initial Spreading of the South China Sea. Sci-
entific Reports, 10: 8500. https://doi. org/10.1038/
s41598-020-65174-y

Yu, Z. T., Li, J. B., Ding, W. W., et al., 2017. Crustal
Structure of the Southwest Subbasin, South China Sea,

z

from Wide-Angle Seismic Tomography and Seismic Re-

flection Imaging. Marine Geophysical Research, 38(1—



%34

S AESE b D K XIS T R AR i e SR B4 5 ) (B A 3839

2): 85—104. https://doi.org/10.1007/s11001-016-9284-1

Zhang, G. L., Chen, L. H., Jackson, M. G., et al., 2017.
Evolution of Carbonated Melt to Alkali Basalt in the
South China Sea. Nature Geoscience, 10(3): 229—235.
https://doi.org/10.1038/nge02877

Zhang, L., Zhao, M.H., Wang, J., 2013. Correction of OBS
Position and Recent Advances of 3D Seismic Explora-
tion in the Central Sub-Basin of South China Sea. Earth
Science,38(1):33—42 (in Chinese with English abstract).

Zhou, D., Li, C. F., Zlotnik, S., et al., 2020. Correlations
between Oceanic Crustal Thickness, Melt Volume, and
Spreading Rate from Global Gravity Observation. Ma-
rine Geophysical Research, 41(3): 1—16. https://doi.
org/10.1007/s11001-020-09413-x

B 32 B % STk

FOEL, B WIRE, Feop bk, % 2012, T DY AL YOI 75 AR X
Hh S5 A I 3 B S HuBRBL 2R, 37(4): 779—790.

7R S I AR BE 2015, R HE IR i R K Ji G 8 VY S 1 A 2 6
BN 1 2 RO A — MR IE sh AR R L A A AR, 31(12):
3524—3530.

BN, RS, 2k, 5, 2011, w6 7Y B v s 7 db 2 3
JE b 7% ST £ VR S b 5 45 F BIF 9T . M BR ) B 2R 4R, 54
(12): 3129—3138.

Trs b B IR BB, 45, 2011, 1 I VY R YR 4 R D M
Py OBS 45 I A1 i 7¢ 85 K5 . 3t 2Rk 1 21 4% 4, 54(12):
3117—3128.

TRFT, BRI, L, 45 2013, B T O O 4 OBS o B
e IE B = 4k b = 000 0k Ji . M3k R 2%, 38(1): 33—42.



