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Abstract: Magma plays a key role in the rifting and breakup process of passive continental margin. Up to 10 km thick high velocity
lower crust (HVLC) developed in the northeastern margin. Long term controversy toward its formation mechanism makes the
margin classification difficult. In order to analyze the rifting and breakup mechanism of the SCS conjugate margins, this paper

reviews the recent research progress of global margins, based on which the crustal structure and magmatic activity of the SCS are
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summarized. It is concluded that large amounts of magmatic activity occurred in the SCS with discrepancy between the eastern and

western margins. The HVLC is thicker in the east and thinner or even absent in the west. It is speculated that the HVLC is

of syn-rift underplating. According to the crustal structure and the amount of underplated magma, we suggest that the passive

continental margin can be divided into 5 subclasses. The eastern continental margin of the SCS is of magma-robust type, and

the middle and western margins are of magma-intermediate and magma-deficient types, respectively. In addition to the

stretching rate, plate-edge rifting in the east and plate-interior rifting in the west continental margin may also contribute to the

large difference in the amount of magmatic underplating.

Key words: passive continental margin; rifting - breakup process; magmatism; South China Sea; plate interior and plate edge

breakup; marine geology.
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U (Sun et al., 2009; A BRAE, 20125 4F #20lL 45,
2015) , PR A7 AT A8 3 — 0 AR A A A 5 i A8 ) o
5B (TE S e B8 03, 2019) , 1 o8 [ PR K3
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KL IR A SR S B I 3 BT M 5T IR B AR AE IR

5 MR e R0 HE 1A 2 AT B A 3R AR (White
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G TR A TP AR A 22 — B8 BR 22 Bl 4 (Roberts ez
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1995; Manatschal e al., 1999; Reston, 2009; Whit-
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M B Bl xR L B AT O 8 R B 4 Bk i KER 4 Bl
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=, B = by m T 5, A R BT B Hh 5T
L GURRZ b, At 5 6 1] T 9 K P O 1) 4R AL M
WL e B A 3 e L 0 A B R M 5 4 R SR
Ry B 2= i J il R B R (Yang and Shen,
2005; Jokat and Hagen, 2017; Ryberg et al.,
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Fig.2 Diagram of type I (a) and type II (b) breakup in mag-

ma-poor margin
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Franke ez al., 2014 ; Bai et al.,2015) ; 7§ M fif 2
M7 B, BT M7 JE B T AT Gk 1.5~2.0 (5K T R
85,2019 B fRAE,2020) 5 M 5T iR ol A R B
ol R e, o R A A R i 22 (Qiu et al., 2001
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Fig.5 Magmatic underplating, intruding dikes and sills observed on multi-channel reflection seismic profile
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ik JE A I kAR HE 2R B Bl % £ (Zhang er al.,
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Fig.6  The suggested five types of passive continental margin according to the amount of magmatism involved in rifting and breakup
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Fig.7 The comparison of rifting structure (a—h) and thermal situation (1) between two-layer and three-layer (with weak middle to

lower crust) crust
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Fig.8 The relationship between magmatic production and

rifting period versus stretching factor in SCS.
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Fig.9 The breakup location of SCS and its relationship to Pre-Cenozoic subduction system
i i er al (2020) 24 a. R I 4 i 2 K2 OG5 v A AR L SICRI I 27 4 39 5 2R, vl 7 90 Il 40 e 2R A6 0 242 A A vl AR AR 0 X 7 0 i 2%
T 28 S FEAE KL 2 16 5 b ARG B3 FLASE 0022 T 14 T3 ¥ 2R 0 il 5 7 9ICT 408 A2 A A 2k Ml 2R A8 X, W 3% e 288 A A ol B ) B RN R 0 5 ¢ AR Bl 4
(ELASEFDL 22 i 14y e e G 8 Bl 2 4 LI/ 9 IR) 2 A A T SRS s . A b A AORT B BB B I 9 B 0 RSl A AR W 2 TR R L AN
0 52 A PN B2 T 6 T ) DI DX 8 2R Al i 2

TR 1) i B OG5 TP R B 2 R R N i HE D
AF S 1 Z A0 ol s AR o st R A K 2 R A R A R )
i AT O . TR I 2 3 DU g 9B A S B % 1 ST e R
0 24 7T RE 32 0% b 30 1A 2 i) i 3 O K, IO K R
TR, DA 5 BORE T AR LR B 2% & B R A KR
=, B KJE IS 10 km DL | .

4 ZEie

T 53 M R i i 2 1 S BB ZRBIL R A SCAE
JEWT A A1 BB IF 5 e B S Al L, 2R S8 0 B AR
BT R v R AL 2 Y T S5 A A SR B T O F
X e U Bl 2% 4 43 28 051 JE AN R L BEAT T 0 AP R



782 HERFL=  http://www .earth-science.net

46 %

LB LR R

(1) IR AE 8% 3l K Rl 120 2 %) 5K 224 0 e 24 5 2
b B P PR R LA A R e 2 R 2
FRAERB R AT Pk N N E e s T BUR KR
BA A B2 s B, R IRCA KA & 5 3
A B AR S5 R 55 40, DT A R T A B AE A TR
W5k R 1 R A KA TE .

(2)BEBE R, TN W25, i
5C A M 8 AT R 2 2R 22 S A R ORI R Y T i e
LU 5 B G A, B T N b 5 e S B TR 2% 5 24
IR R A2 5 0 o /A AR | S R O 2 &
23 D) b 08 S i 240 11 AN Oy S 24 L AR A 2l
J7 20 R A, B U B 2k N DA TT AR Rl Y Ok R
U R R N G o O B ]
I T M7 =z 8] R R kAR R AR R R R TR
[vi] Ui AR 45+ 1) P8 J2 =2 ) 7= A A ), AR T A R
K T7 I AR AL, KRR AR

(Mg MEZPREAREN &K
TS, AR E B & T Mot 1Y IR R A, TR] gk
s P ke R A AR AR KB R LR
12 v AR AE AR O B 2 RS, B )R GK 10 km ZE AT,
o = A 5 QN = N o
FOBAE, OB R IR AR DL R R A K
W ah EE A AAERE B — VE A X, 5 A A R S
Ul AR OC 5 45 G o R Ak A R A g AR B i ]
B8 A I VS A R A O ] Bk S

(4) MR e 4541 5K R A K iy &, d il
T2 S s R M R S o S BN 4 BN
AR R E CH R
22 ] LAk AR T PR A i s AR B 1 RN T X B
IR il 2k 45 KRR AE B 45 Y TRE RN i 22, 4
Tt AN ) 28 R Bl 2 ik B 2 R AR A R AR
PR KT 5 AR %N 2 A KA,
] PG 32 ¥ A8 Sk vp o 2R R RN /b A R A

(5) P T R 74 3 Bl 2 IS = 6 1 LK 22 S B
55 i R A O, T RE I 5 AR M BE 2% K A T MR S
24 VG Bl 2% A AT AR PN R G L T T AR S Bl
25 1) oI Jre 5 224 T R A2 IR o 3 4K S o iR R TR
SECA KR, T B i AR AR % R E
KA KRR, B RJE A 10 km P L

M AU L AR A W e, A
Ehbbg iRt HERERLE S
w6 AR T AR

References

Bai, Y. L., Wu, S. G., Liu, Z., et al., 2015. Full-Fit Re-
construction of the South China Sea Conjugate Margins.
Tectonophysics, 661: 121—135. https: //doi. org/
10.1016/j.tecto.2015.08.028

Bayrakei, G., Minshull, T. A., Sawyer, D. S., etal., 2016.
Fault-Controlled Hydration of the Upper Mantle during
Continental Rifting. Nature Geoscience, 9(5): 384—388.
https: //doi.org/10.1038/nge02671

Becker, K., Franke, D., Trumbull, R., et al., 2014.
Asymmetry of High-Velocity Lower Crust on the South
Atlantic Rifted Margins and Implications for the Inter-
play of Magmatism and Tectonics in Continental Break-
up. Solid Earth, 5(2): 1011—1026. https: //doi. org/
10.5194/se-5-1011-2014

Bialas, R. W., Buck, W. R., Qin, R., 2010. How much
Magma is Required to Rift a Continent?. Earth and
Planetary Science Letters, 292(1—2): 68—78. https: //
doi.org/10.1016/j.epsl.2010.01.021

Boillot, G., Beslier, M. O., Girardeau, J., 1995. Nature,
Structure and Evolution of the Ocean-Continent Bound-
ary: The Lesson of the West Galicia Margin (Spain). In:
Banda, E., Torne, M., Talwani, M., eds., Rifted
Ocean-Continent Boundaries.Springer, Dordrecht.

Boillot, G., Grimaud, S., Mauffret, A., etal., 1980. Ocean-
Continent Boundary off the Iberian Margin: A Serpenti-
nite Diapir West of the Galicia Bank. Earth and Plane-
tary Science Letters, 48(1): 23— 34. https: //doi. org/
10.1016/0012-821X(80)90166-1

Bown, J. W., White, R. S., 1995. Effect of Finite Extension
Rate on Melt Generation at Rifted Continental Margins.
Journal of Geophysical Research: Solid Earth, 100(B9):
18011—18029. https: //doi.org/10.1029/94JB01478

Braun, J., Beaumont, C., 1989. A Physical Explanation of
the Relation between Flank Uplifts and the Breakup Un-
conformity at Rifted Continental Margins. Geology, 17
(8): 760—764. https: //doi. org/10.1130/0091 - 7613
(1989)0170760: apeotr=>2.3.co;2

Briais, A., Patriat, P., Tapponnier, P., 1993. Updated Inter-
pretation of Magnetic Anomalies and Seafloor Spreading
Stages in the South China Sea: Implications for the Ter-
tiary Tectonics of Southeast Asia.Journal of Geophysi-
cal Research: Solid FEarth, 98(B4): 6299—6328.
https: //doi.org/10.1029/92JB02280

Bronner, A., Sauter, D., Manatschal, G., et al., 2011.
Magmatic Breakup as an Explanation for Magnetic
Anomalies at Magma-Poor Rifted Margins. Nature Geo-

549—553. https: //doi. org/10.1038/

science, 4(8):



5503 h

B2 g A B K — BB O 783

NGEO1201

Brune, S., Williams, S. E., Butterworth, N. P., et al.,
2016. Abrupt Plate Accelerations Shape Rifted Continen-
tal Margins. Nature, 536(7615): 201—204. https: //doi.
org/10.1038/nature18319

Buck, W. R., 1991. Modes of Continental Lithospheric Ex-
tension. Journal of Geophysical Research: Solid Earth,
96(B12): 20161—20178. https: //doi. org/10.1029/
91;b01485

Buck, W. R., 2006. The Role of Magma in the Development
of the Afro-Arabian Rift System. In: Yirgu, G., Ebin-
ger, C.J., Maguire, P. K. H., eds., The Afar Volcanic
Province within the East African Rift System. Geologi~
cal Society of LLondon, London.

Buck, W.R., 2004. Consequences of Asthenospheric Vari-
ability on Continental Rifting. In: Karner, G. D., Tay-
lor, B., Driscoll, N. W., etal., eds., Rheology and De-
formation of the Lithosphere at Continental Margins. Co-
lumbia University Press, New York.

Calves, G., Schwab, A. M., Huuse, M., et al., 2011. Seis-
mic Volcanostratigraphy of the Western Indian Rifted
Margin: The Pre-Deccan Igneous Province. Journal of
Geophysical Research Atmospheres, 116(B1): BO1101.
https: //doi.org/10.1029/2010jb000862

Cao, J.H., Sun, J.L., Xu, H.L., et al., 2014.Seismological
Features of the Littoral Fault Zone in the Pearl River Es-
tuary. Chinese Journal of Geophysics, 57(2): 498—508
(in Chinese with English abstract).

Clerc, C., de Ringenbach, J. C., Jolivet, L., et al., 2018.
Rifted Margins: Ductile Deformation, Boudinage, Conti-
nentward - Dipping Normal Faults and the Role of the
Weak Lower Crust. Gondwana Research, 53: 20—40.
https: //doi.org/10.1016/j.gr.2017.04.030

Clift, P., Lin, J., Barckhausen, U., 2002. Evidence of Low
Flexural Rigidity and Low Viscosity Lower Continental
Crust during Continental Break-Up in the South China
Sea. Marine and Petroleum Geology, 19(8): 951—970.
https: //doi.org/10.1016/S0264-8172(02)00108-3

Davis, M., Kusznir, N, 2004. Depth-Dependent Lithospher-
ic Stretching at Rifted Continental Margins. In: Karner,
G. D., ed., Proceedings of NSF Rifted Margins Theo-
retical Institute. Columbia University Press, New York.

Davy, R. G., Minshull, T. A., Bayrakeci, G., et al., 2016.
Continental Hyperextension, Mantle Exhumation, and
Thin Oceanic Crust at the Continent-Ocean Transition,
West Iberia: New Insights from Wide - Angle Seismic.
Journal of Geophysical Research: Solid Earth, 121(5):
3177—3199. https: //doi.org/10.1002/2016jb012825

Deng, H. D., Ren, J. Y., Pang, X., etal., 2020. South Chi-
na Sea Documents the Transition from Wide Continental
Rift to Continental Break up. Nature Communications,
11: 4583. https: //doi.org/10.1038/s41467-020-18448-y

Deng, P., Mei, L. F., Liu, J., et al., 2019. Episodic Nor-
mal Faulting and Magmatism during the Syn-Spreading
Stage of the BaiyunSag in Pearl River Mouth Basin: Re-
sponse to the Multi - Phase Seafloor Spreading of the
South China Sea. Marine Geophysical Research, 40(1):
33—50.https: //doi.org/10.1007/s11001-018-9352-9

Ding, W. W., Franke, D., Li, J. B., et al., 2013. Seismic
Stratigraphy and Tectonic Structure from a Composite
Multi-Channel Seismic Profile across the Entire Danger-
ous Grounds, South China Sea. Tectonophysics, 582:
162—176. https: //doi.org/10.1016/j.tecto.2012.09.026

Ding, W. W., Li, J. B., Clift, P. D., et al., 2016. Spread-
ing Dynamics and Sedimentary Process of the Southwest
Sub-Basin, South China Sea: Constraints from Multi-
Channel Seismic Data and IODP Expedition 349. Jour-
nal of Asian Earth Sciences, 115: 97—113. https: //doi.
org/10.1016/].jseaes.2015.09.013

Ding, W. W., Schnabel, M., Franke, D., et al., 2012.
Crustal Structure across the Northwestern Margin of
South China Sea: Evidence for Magma - Poor Rifting
from a Wide-Angle Seismic Profile. ActaGeologicaSini-
ca (English Edition), 86(4): 854—866. https: //doi.org/
10.1111/j.1755-6724.2012.00711.x

Duncan, R. A., Larsen, H. C., Allan, J. F., 1996. Proc.
ODP, Init. Repts., vol. 163. Ocean Drilling Program,
College Station.

Eccles, J. D., White, R. S., Christie, P. A. F., 2011. The
Composition and Structure of Volcanic Rifted Continen-
tal Margins in the North Atlantic: Further Insight from
Shear Waves. Tectonophysics, 508(1—4): 22—33.
https: //doi.org/10.1016/j.tect0.2010.02.001

Eldholm, O., Thiede, J., Taylor, B., 1987. Proc.
ODP, Sci. Results. Ocean Drilling Program, College
Station.

Eldholm, O., Thiede, J., Taylor, E., 1989.Evolution of the
VoringVolcanic Margin. Proceedings of the Ocean Drill-
ing Program, 104 Scientific Results.Ocean Drilling Pro-
gram, College Station.

Fan, C. Y., Xia, S. H., Cao, J. H., et al., 2019. Lateral
Crustal Variation and Post-Rift Magmatism in the North-
eastern South China Sea Determined by Wide - Angle
Seismic Data. Marine Geology, 410: 70—87. htips: //
doi.org/10.1016/j.margeo.2018.12.007

Fan, C. Y., Xia, S. H., Zhao, F., etal., 2017. New Insights



784 HERFL=  http://www .earth-science.net

46 %

into the Magmatism in the Northern Margin of the South
China Sea: Spatial Features and Volume of Intraplate-
Seamounts. Geochemistry, Geophysics, Geosystems, 18(6):
2216—2239. https: //doi.org/10.1002/2016gc006792

Fialko, Y. A., Rubin, A. M., 1999. Thermal and Mechani-
cal Aspects of Magma Emplacement in Giant Dike
Swarms.Journal of Geophysical Research: Solid Earth,
104(B10): 23033—23049. https: //doi. org/10.1029/
1999jb900213

Fountain, D. M., Boundy, T. M., Austrheim, H., et al.,
1994 . Eclogite-FaciesShear Zones—Deep Crustal Reflec-
tors?. Tectonophysics, 232(1—4): 411—424. htips: //
doi.org/10.1016/0040-1951(94)90100-7

Franke, D., 2013. Rifting, Lithosphere Breakup and Volca-
nism: Comparison of Magma-Poor and Volcanic Rifted
Margins. Marine and Petroleum Geology, 43: 63—87.
https: //doi.org/10.1016/j.marpetgeo.2012.11.003

Franke, D., Savva, D., Pubellier, M., et al., 2014.The Fi-
nal Rifting Evolution in the South China Sea. Marine
and Petroleum Geology, 58: 704—720.htips: //doi.org/
10.1016/j.marpetgeo.2013.11.020

Fyfe, W. S., 1992. Magma Underplating of Continental
Crust. Journal of Volcanology and Geothermal Re-
search, 50(1—2): 33—40. https: //doi. org/10.1016/
0377-0273(92)90035-C

Gao, J. W., Bangs, N., Wu, S. G., etal., 2019. Post-Sea-
floor Spreading Magmatism and Associated Magmatic
Hydrothermal Systems in the Xisha Uplift Region,
Northwestern South China Sea. Basin Research, 31(4):
688—708. https: //doi.org/10.1111/bre.12338

Geoffroy, L., Burov, E. B., Werner, P., 2015. Volcanic
Passive Margins: Another Way to Break up Conti-
nents. Scientific Reports, 5: 14828. https: //doi. org/
10.1038/srep14828

Gernigon, L., de Ringenbach, J. C., Planke, S., et al.,
2004. Deep Structures and Breakup along Volcanic Rift-
ed Margins: Insights from Integrated Studies along the
Outer Voring Basin (Norway). Marine and Petroleum
Geology, 21(3): 363—372. https: //doi. org/10.1016/j.
marpetgeo.2004.01.005

Gillard, M., Tugend, J., Mintener, O., et al., 2019. The
Role of Serpentinization and Magmatism in the Forma-
tion of Decoupling Interfaces at Magma - Poor Rifted
Margins. Earth-Science Reviews, 196:102882. https://
doi.org/10.1016/j.earscirev.2019.102882

Hao, T. Y., Xu, Y., Sun, F. L., et al., 2011. Integrated
Geophysical Research on the Tectonic Attribute of Con-

jugate Continental Margin of South China Sea. Chinese

Journal of Geophysics, 54(12): 3098 —3116 (in Chinese
with English abstract).

Hou, W. A., Li, C. F., Wan, X. L., etal., 2019. Crustal S-
Wave Velocity Structure across the Northeastern South
China Sea Continental Margin: Implications for Lithology
and Mantle Exhumation. Earth andPlanetary Physics, 3
(4):314—329. https: //doi.org/10.26464/epp2019033

Huang, X. L., N, Y. L., Xu, Y. G., et al., 2013. Geo-
chronology and Geochemistry of Cenozoic Basalts from
Eastern Guangdong, SE China: Constraints on the
Lithosphere Evolution Beneath the Northern Margin of
the South China Sea. Contributions to Mineralogy and
Petrology, 165(3): 437—455. https://doi.org/10.1007/
s00410-012-0816-7

Huang, H. B., Quu, X. L., Zhang, J. Z., et al., 2019. Low-
Velocity lLayers in the Northwestern Margin of the
South China Sea: Evidence from Receiver Functions of
Ocean - Bottom Seismometer Data. Journal of Asian
Earth Sciences, 186:104090. https://doi.org/10.1016/j.
jseaes.2019.104090

Huismans, R. S., Beaumont, C., 2011. Depth-Dependent
Extension, Two-Stage Breakup and Cratonic Underplat-
ing at Rifted Margins. Nature, 473(7345): 74—78.
https: //doi.org/10.1038/nature09988

Huismans, R. S., Beaumont, C., 2014. Rifted Continental
Margins: The Case for Depth - Dependent Extension.
Earth and Planetary Science Letters, 407: 148—162.
https: //doi.org/10.1016/j.epsl.2014.09.032

Jokat, W., Hagen, C., 2017. Crustal Structure of the Agul-
has Ridge (South Atlantic Ocean): Formation above a
Hotspot?. Tectonophysics, 716: 21—32. https: //doi.
org/10.1016/j.tect0.2016.08.011

Larsen, H. C., Saunders, A. D., 1998.Tectonism and Volca-
nism at the Southeast Greenland Rifted Margin: A Re-
cord of Plume Impact and Later Continental Rupture.
Ocean Drilling Program, College Station.

Larsen, H. C., Saunders, A. D., Clift, P. D., 1994. Proc.
ODP, Init. Repts, vol. 152. Ocean Drilling Program,
College Station.

Lei, C., Alves, T. M., Ren, J. Y., etal., 2019.Deposition-
al Architecture and Structural Evolution of a Region Im-
mediately Inboard of the Locus of Continental Breakup
(Liwan Sub-Basin, South China Sea). GSA Bulletin. 131
(7—8): 1059—1074. https: //doi.org/10.1130/b35001.1

Lei, C., Alves, T. M., Ren, J. Y., etal., 2020. Rift Struc-
ture and Sediment Infill of Hyperextended Continental
Crust: Insights from 3D Seismic and Well Data (Xisha
Trough, South China Sea). Journal of Geophysical Re-



% 310 BN B R K — R 0 2 785

search: Solid Earth, 125(5): e2019JB018610. https: //
doi.org/10.1029/2019JB018610

Lester, R., van Avendonk, H. J. A., McIntosh, K., et al.,
2014.Rifting and Magmatism in the Northeastern South
China Sea from Wide-Angle Tomography and Seismic
Reflection Imaging. Jowrnal of Geophysical Research:
Solid Earth, 119(3): 2305—2323. https: //doi. org/
10.1002/2013jb010639

Li, C. F., Xu, X., Lin, J., et al., 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, C., van der Hilst, R. D., Engdahl, E. R., et al., 2008.
A New Global Model for P Wave Speed Variations in
Earth’ s Mantle. Geochemistry, Geophysics, Geosystems,
9(5): Q05018. https: //doi.org/10.1029/2007GC001806

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: Mod-
eling Insight and Application to the Northern South
China Sea Margin. Geochemistry, Geophysics, Geosys-
tems, 20(7): 3248—3267. https: //doi. org/10.1029/
2019GC008200

Li, F. C., Sun, Z., Yang, H. F., 2018. Possible Spatial
Distribution of the Mesozoic Volcanic Arc in the Pres-
ent-Day South China Sea Continental Margin and Its
Tectonic Implications.Journal of Geophysical Research:
Solid FEarth, 123(8): 6215—6235. https: //doi. org/
10.1029/2017jb014861

Li, F. C., Sun, Z., Yang, H. F., et al., 2020. Continental
Interior and Edge Breakup at Convergent Margins In-
duced by SubductionDirection Reversal: ANumerical
Modeling Study Applied to the South China Sea Margin.
Tectonics, 39(11): €2020TC006409. https: //doi. org/
10.1029/2020TC006409

Li, J. B., 2011. Dynamics of the Continental Margins of
South China Sea: Scientific Experiments and Research
Progresses. Chinese Journal of Geophysics, 54(12):
2993— 3003 (in Chinese with English abstract).

Li, S.Z., Suo, Y. H., Liu, X., etal., 2012. Basic Structur-
al Pattern and Tectonic Models of the South China Sea:
Problems, Advances and Controversies. Marine Geolo-
gv and Quaternary Geology, 32(6):35—53 (in Chinese
with English abstract).

Lin, J., Xu, Y. G., Sun, Z., et al., 2019.Mantle Upwelling
Beneath the South China Sea and Links to Surrounding

Subduction Systems. National Science Review, 6(5):

877—881. https: //doi.org/10.1093/nsr/nwz123

Liu, A., Wu, G. Z., Wu, S. M., 2008. A Discussion on the
Origin of High Velocity Layer in the Lower Crust of
Northeast South China Sea. Geological Review, 54(5):
609—616 (in Chinese with English abstract).

Manatschal, G., Bernoulli, D., 1999. Architecture and Tec-
tonic Evolution of Nonvolcanic Margins: Present - Day
Galicia and Ancient Adria. Tectonics, 18(6): 1099—
1119. https: //doi.org/10.1029/1999TC900041

Mao, Y. H., Zhao, Z. X., Sun, Z., 2020. Extensional Thin-
ning Mechanism of the Western Continental Margin of
the Pearl River Mouth Basin. Earth Science, 45(5):
1622—1635 (in Chinese with English abstract).

McKenzie, D., 1978. Some Remarks on the Development
of Sedimentary Basins. Earth and Planetary Science
Letters, 40(1): 25— 32. https: //doi.org/10.1016/0012-
821X(78)90071-7

Morgan, P. J., Parmentier, E. M., Lin, J., 1987. Mecha-
nisms for the Origin of Mid-Ocean Ridge Axial Topogra-
phy: Implications for the Thermal and Mechanical Struc-
ture of Accreting Plate Boundaries. Journal of Geophysi-
cal Research Atmospheres, 92(B12): 12823. https: //doi.
org/10.1029/jh092ib12p12823

Nissen, S. S., Hayes, D. E., Buhl, P., et al., 1995.Deep
Penetration Seismic Soundings across the Northern Mar-
gin of the South China Sea.Journal of Geophysical Re-
search: Solid Earth, 100(B11):22407—22433. https: //
doi.org/10.1029/95jb01866

Peace, A. L., Welford, J. K., Geng, M. X., et al., 2018.
Rift - Related Magmatism on Magma - Poor Margins:
Structural and Potential-Field Analyses of the Mesozoic
Notre Dame Bay Intrusions, Newfoundland, Canada
and Their Link to North Atlantic Opening. Tectonophys-
ics, 745: 24—45. https: //doi. org/10.1016/j. tec-
10.2018.07.025

Pérez-Gussinyé, M., Morgan, J. P., Reston, T. J., et al.,
2006. The Rift to Drift Transition at Non-Volcanic Mar-
gins: Insights from Numerical Modelling. Farth and
Planetary Science Letters, 244(1—2): 458—473.
https: //doi.org/10.1016/j.epsl.2006.01.059

Pérez-Gussinye, M., Reston, T. J., 2001. Rheological Evo-
lution during Extension at NonvolcanicRifted Margins:
Onset of Serpentinization and Development of Detach-
ments Leading to Continental Breakup. Journal of Geo-
physical Research: Solid Earth, 106(B3): 3961—3975.
https: //doi.org/10.1029/2000jb900325

Pichot, T., Delescluse, M., Chamot - Rooke, N., et al.,
2014. Deep Crustal Structure of the Conjugate Margins



786 i BR B 27

http://www.earth-science.net

46 %

of the SW South China Sea from Wide-Angle Refraction
Seismic Data. Marine and Petroleum Geology, 58:
627—643.  https: //doi.  org/10.1016/j.
£e0.2013.10.008

Planke, S., Rasmussen, T., Rey, S. S., et al., 2005.Seis~

marpet-

mic Characteristics and Distribution of Volcanic Intru-
sions and Hydrothermal Vent Complexes in the Voring
and More Basins.Geological Society,London, Petroleum-
Geology Conference Series, 6(1): 833—844. https: //doi.
org/10.1144/0060833

Planke, S., Symonds, P. A., Alvestad, E., et al., 2000.
Seismic Volcanostratigraphy of Large - Volume Basaltic
Extrusive Complexes on Rifted Margins.Journal of Geo-
physical Research: Solid Earth, 105(B8): 19335—
19351. https: //doi.org/10.1029/1999jb900005

Qin, R., Buck, W. R., 2008. Why Meter - Wide Dikes at
Oceanic Spreading Centers?. FEarth and Planetary-
Science Letters, 265(3—4): 466—474. https: //doi.org/
10.1016/5.epsl.2007.10.044

Qiu, N., Wang, Z. F., Xie, H., etal., 2013.Geophysical In-
vestigations of Crust-Scale Structural Model of the Qion-
gdongnan Basin, Northern South China Sea. Marine
Geophysical Research, 34(3—4): 259—279. https://doi.
org/10.1007/s11001-013-9182-8

Qiu, X. L., Ye, S. Y., Wu, S. M., et al., 2001. Crustal
Structure across the Xisha Trough, Northwestern South
China Sea. Tectonophysics, 341(1—4): 179—193.
https: //doi.org/10.1016/S0040-1951(01)00222-0

Qiu, X. L., Zhao, M. H., Ao, W., etal., 2011.0BS Sur-
vey and Crustal Structure of the Southwest Sub-Basin
and Nansha Block, South China Sea.Chinese Journal of
Geophysics, 54(12): 3117—3128 (in Chinese with Eng-
lish abstract).

Ren, J. B., Wang, L. L., Yan, Q. S., et al., 2013. Geo-
chemical Characteristics and Its Geological Implications
for Basalts in Volcaniclastic Rock from Daimao Sea-
mount. Earth Science, 38(Suppl.1): 10—20 (in Chinese
with English abstract).

Ren, J. Y., Pang, X., Lei, C., etal., 2015. Ocean and Con-
tinent Transition in Passive Continental Margins and
Analysis of Lithospheric Extension and Breakup Pro-
cess: Implication for Research of the Deepwater Basins
in the Continental Margins of South China Sea. Farth
Science Frontiers, 22(1): 102—114 (in Chinese with
English abstract).

Reston, T. J., 2009. The Structure, Evolution and Symmetry
of the Magma-Poor Rifted Margins of the North and Cen-
tral Atlantic: A Synthesis. Tectonophysics, 468(1—4):

6—27. https: //doi.org/10.1016/].tecto.2008.09.002

Reynolds, P., Holford, S., Schofield, N., et al., 2017. The
Shallow Depth Emplacement of Mafic Intrusions on a
Magma - Poor Rifted Margin: An Example from the
Bight Basin, Southern Australia. Marine and Petroleum
Geology, 88: 605—616.https: //doi.org/10.1016/j.mar-
petgeo.2017.09.008

Roberts, D. G., Backman, J., Morton, A. C., et al., 1984.
Evolution of Volcanic Rifted Margins: Synthesis of Leg
81 Results on the West Margin of Rockall Plateau, Ini-
tial Reports of the Deep Sea Drilling Project 81. Ocean
Drilling Program, College Station.

Ros, E., Pérez-Gussinyé, M., Aragjo, M., et al., 2017.
Lower Crustal Strength Controls on Melting and Serpen-
tinization at Magma - Poor Margins: Potential Implica-
tions for the South Atlantic. Geochemistry, Geophysics,
Geosystems, 18(12): 4538—4557. https: //doi. org/
10.1002/2017GC007212

Royden, L., Keen, C. E., 1980. Rifting Process and Ther-
mal Evolution of the Continental Margin of Eastern Can-
ada Determined from Subsidence Curves. Earth and
Planetary Science Letters, 51(2): 343— 361. https: //doi.
org/10.1016/0012-821X(80)90216-2

Ruan, A. G., Niu, X. W., Qiu, X. L., etal., 2011. A Wide
Angle Ocean Bottom Seismometer Profile across Liyue
Bank, the Southern Margin of South China Sea. Chinese
Journal of Geophysics, 54(12): 3139—3149(in Chinese).

Ryberg, T., Geissler, W. H., Jokat, W., et al., 2017. Up-
permost Mantle and Crustal Structure at Tristan da
Cunha Derived from Ambient Seismic Noise. Earth and
Planetary Science Letters, 471: 117—124. https: //doi.
org/10.1016/j.epsl.2017.04.049

Savva, D., Pubellier, M., Franke, D., et al., 2014. Differ-
ent Expressions of Rifting on the South China Sea Mar-
gins. Marine and Petroleum Geology, 58: 579—598.
https: //doi.org/10.1016/j.marpetgeo.2014.05.023

Schmiedel, T., Kjoberg, S., Planke, S., etal., 2017. Mech-
anisms of Overburden Deformation Associated with the
Emplacement of the Tulipan Sill, Mid-Norwegian Mar-
gin. Interpretation, 5(3): SK23—SK38. https: //doi.org/
10.1190/int-2016-0155.1

Song, X. X., Li, C. F., Yao, Y. J., et al., 2017. Magma-
tism in the Evolution of the South China Sea: Geophysi-
cal Characterization. Marine Geology, 394: 4—15.
https: //doi.org/10.1016/j.margeo.2017.07.021

Sotin, C., Parmentier, E. M., 1989. Dynamical Conse-

Thermal  Density

quences of Compositional and

Stratification Beneath Spreading Centers. Geophysical



% 310 BN B R K — R 0 2 787

Research Letters, 16(8): 835—838. https: //doi. org/
10.1029/gl0161008p00835

Sun, Z., Jian, Z., Stock, J. M., et al., 2018. South China
Sea Rifted Margin. Proceedings of the International
Ocean Discovery Program, 367/368. International
Ocean Discovery Program, College Station.

Sun, Z., Lin, J., Qiu, N., et al., 2019a. The Role of Mag~-
matism in the Thinning and Breakup of the South China
Sea Continental Margin. National Science Review, 6(5):
871—876. https: //doi.org/10.1093/nsr/nwz116

Sun, Z., Ding, W. W., Zhao, X. X., etal., 2019b. The Lat-
est Spreading Periods of the South China Sea: New Con-
straints from Macrostructure Analysis of IODP Expedi-
tion 349 Cores and Geophysical Data. Journal of Geo-
physical Research: Solid Earth, 124(10): 9980—9998.
https: //doi.org/10.1029/2019jb017584

Sun, Z., Lin, J., Wang, P. X., et al., 2020. Internation-
al Collaboration of Ocean Exploration in the South
China Sea Enhanced by International Ocean Discovery
Program Expeditions 367/368/368x. Journal of Tropi-
cal Oceanography, 39(6): 18—29 (in Chinese with
English abstract).

Sun, Z., Liu, S. Q., Pang, X., et al., 2016. Recent Re-
search Progress on the Rifting-Breakup Process in Pas-
sive Continental Margins. Journal of Tropical Oceanog-
raphy, 35(1): 1—16 (in Chinese with English abstract).

Sun, Z., Zhao, Z. X., Li, J. B., et al., 2011.Tectonic Anal-
ysis of the Breakup and Bollision Unconformities in the
Nansha Block. Chinese Journal of Geophysics, 54(12):
3196—3209 (in Chinese).

Sun, Z., Zhong, Z. H., Keep, M., et al., 2009. 3D Analogue
Modeling of the South China Sea: A Discussion on Break-
up Pattern. Journal of Asian Earth Sciences, 34(4): 544—
556.https: //doi.org/10.1016/].jseaes.2008.09.002

Sun, Z., Zhong, Z. H., Zhou, D., et al., 2006. Research on
the Dynamics of the South China Sea Opening: Evidence
from Analogue Modeling. Science in China (Series D),
36(9): 797—810 (in Chinese).

Tugend, J., Gillard, M., Manatschal, G., et al., 2018.
Reappraisal of the Magma-Rich VersusMagma - Poor
Rifted Margin Archetypes. Geological Society, Lon-
don, Special Publications, SP476.9. https: //doi. org/
10.1144/sp476.9

vanKeken, P. E., Hacker, B. R., Syracuse, E. M., et al.,
2011. SubductionFactory: 4. Depth-Dependent Flux of
H,O from SubductingSlabs Worldwide. Journalof Geo-
physical  Research Atmospheres, 116(B1): B01401.
https: //doi.org/10.1029/2010jb007922

Wan, K. Y., Xia, S. H., Cao, J. H., et al., 2017. Deep
Seismic Structure of the Northeastern South China Sea:
Origin of a High - Velocity Layer in the Lower Crust.
Journal of Geophysical Research: Solid Earth, 122(4):
2831—2858. https: //doi.org/10.1002/2016jb013481

Wan, L., Zeng, W.J., Wu, N. Y., et al., 2009. Geotrans-
ect from Xisha Trough in the Northern Continental
Slope of the South China Sea to Hengchun Peninsular in
Taiwan. Geology in China, 36(3): 564—572 (in Chinese
with English abstract).

Wang, L. J., Sun, Z., Yang, J. H., et al., 2019a. Seismic
Characteristics and Evolution of Post-Rift Igneous Com~
plexes and Hydrothermal Vents in the LingshuiSag
(QiongdongnanBasin), Northwestern South China Sea.

106043. https: //doi. org/
10.1016/j.margeo.2019.106043

Wang, L.J., Zhu, J. T., Zhuo, H. T., et al., 2020. Seismic

Marine Geology, 418:

Characteristics and Mechanism of Fluid Flow Structures
in the Central Depression of Qiongdongnan Basin,
Northern Margin of South China Sea.International Geol-
ogy Review, 62(7—8): 1108—1130. https: //doi. org/
10.1080/00206814.2019.1695002

Wang, P. X., Huang, C. Y., Lin, J., et al., 2019b. The
South China Sea is not a Mini-Atlantic: Plate-Edge Rift-
ing Vslntra - Plate Rifting. National Science Review, 6
(5): 902—913.https: //doi.org/10.1093/nsr/nwz135

Wang, P. X., Jian, Z. M., 2019. Exploring the Deep South
China Sea: Retrospects and Prospects. Science in China
(Series D),49(10): 1590—1606 (in Chinese).

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/]. tec-
10.2005.10.039

Wang, X. C., Li, Z. X., Li, X. H., et al., 2012. Tem-
perature, Pressure, and Composition of the Mantle
Source Region of Late Cenozoic Basalts in Hainan Is-
land, SE Asia: A Consequence of a Young Thermal
Mantle Plume Close to Subduction Zones?.Journal of
Petrology, 53(1): 177—233. https: //doi.org/10.1093/
petrology/egrO61

Wei, X. D., Ruan, A. G., Zhao, M. H., et al., 2011. A
Wide Angle OBS Profile across Dongsha Uplift and Cha-
oshan Depression in the Mid Northern South China Sea.
Chinese Journal of Geophysics, 54(12): 3325—3335 (in
Chinese with English abstract).

White, R., McKenzie, D., 1989. Magmatism at Rift Zones:

The Generation of Volcanic Continental Margins and



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

46 %

Flood Basalts. Journal of Geophysical Research Atmo-
spheres, 94(B6): 7685—7729. https: //doi.org/10.1029/
jb094ib06p07685

Whitmarsh, R. B., Manatschal, G., Minshull, T. A., 2001.
Evolution of Magma - Poor Continental Margins from
Rifting to Seafloor Spreading. Nature, 413(6852): 150—
154. https: //doi.org/10.1038/35093085

Wu, S. M., Zhou, D., Quu, X. L., 2001. Tectonic Setting
of the Northern Margin of South China Sea. Geological
Journal of China Universities, 7(4): 419—426 (in Chi-
nese with English abstract).

Xia, S. H., Zhao, F., Zhao, D. P., et al., 2018. Crustal
Plumbing System of Post-Rift Magmatism in the North-
ern Margin of South China Sea: New Insights from Inte-
grated Seismology. Tectonophysics, 744: 227—238.
https: //doi.org/10.1016/].tecto.2018.07.002

Xie, Z. Y., Sun, L. T., Pang, X., et al., 2017. Origin of
the Dongsha Event in the South China Sea.Marine Geo-
physical Research, 38(4): 357—371. https://doi. org/
10.1007/s11001-017-9321-8

Xu, Y. G., Wei, J. X., Qu, H. N., et al., 2012. Open-
ing and Evolution of the South China Sea Con-
strained by Studies on Volcanic Rocks: Preliminary
Results and a Research Design. Chinese Science Bulle-
tin, 57(24): 3150—3164. https: //doi. org/10.1007/
s11434-011-4921-1

Yan, P., Liu, H. L., 2002. Analysis on Deep Crust Sound-
ing Results in Northern Margin of South China Sea.
Journal of Tropical Oceanography, 21(2):1—12 (in Chi-
nese with English abstract).

Yan, P., Zhou, D., Liu, Z. S., 2001. A Crustal Structure
Profile across the Northern Continental Margin of the
South China Sea. Tectonophysics, 338(1): 1—21.
https: //doi.org/10.1016/S0040-1951(01)00062-2

Yan, Q. S., Shi, X. F., Castillo, P. R., 2014. The Late Me-
sozoic - Cenozoic Tectonic Evolution of the South China
Sea: A Petrologic Perspective. Journal of Asian Earth
Sciences, 85: 178—201. https: //doi. org/10.1016/j.
jseaes.2014.02.005

Yang, T., Shen, Y., 2005.P-Wave Velocity Structure of the
Crust and Uppermost Mantle Beneath Iceland from Lo-
cal Earthquake Tomography. Earth and Planetary Sci-
ence Letters, 235(3—4): 597—609. https: //doi. org/
10.1016/j.epsl.2005.05.015

Yao, B. C., 1998. Crust Structure of the Northern Margin of
the South China Sea and Its Tectonic Significance. Ma-
rine Geology and Quaternary Geology, 18(2): 1—16 (in
Chinese with English abstract).

Yao, B., Wang, G. Y., 1983. The Crustal Structure of the
South China Sea. Science in China (Series B), 13(2):
177—186 (in Chinese).

Yao, B., Zeng, W., J., Chen, Y. Z., et al., 1994a. The
Crustal Structure in the Eastern Part of the Northern
Margin of the South China Sea.Acta Geophysica Sinica,
37(1): 27— 35 (in Chinese with English abstract).

Yao, B., Zeng, W., J., Chen, Y. Z., et al., 1994b. The
Crustal Structure in the Western Part of the Northern
Margin of the South China Sea.Acta Oceanologica Sini-
ca, 16(3): 86—93 (in Chinese with English abstract).

Yu, M. M., Yan, Y., Huang, C. Y., et al., 2018.Opening
of the South China Sea and Upwelling of the Hainan
Plume. Geophysical Research Letters, 45(6): 2600—
2609. https: //doi.org/10.1002/2017G1.076872

Yu, X., Liu, Z. F., 2020. Non - Mantle - Plume Process
Caused the Initial Spreading of the South China Sea. Sci-
entific Reports, 10(1): 1—10. https: //doi. org/10.1038/
$41598-020-65174-y

Zhang, C. M., Sun, Z., Manatschal, G., et al., 2020a. Syn-
Rift Magmatic Characteristics and Evolution at a Sedi-
ment-Rich Margin: Insights from High-Resolution Seis-
mic Data from the South China Sea. Gondwana Re-
search, 91: 81—96. https: //doi. org/10.1016/].
gr.2020.11.012

Zhang, C., Su, M., Pang, X., et al., 2019. Tectono-Sedi-
mentary Analysis of the Hyperextended Liwan Sag Ba-
sin (Midnorthern Margin of the South China Sea). Tec-
tonics, 38(2): 470—491. https: //doi. org/10.1029/
2018TC005063

Zhang, G. L., Luo, Q., Zhao, J., et al., 2018.Geochemical
Nature of Sub-Ridge Mantle and Opening Dynamics of
the South China Sea. Earth and Planetary Science Let-
ters, 489: 145—155. https://doi. org/10.1016/j.
epsl.2018.02.040

Zhang, Q., Wu, S. G., Dong, D. D., 2016. Cenozoic Mag-
matism in the Northern Continental Margin of the South
China Sea: Evidence from Seismic Profiles. Marine Geo-
physical Research, 37(2): 71—94. https://doi. org/
10.1007/s11001-016-9266-3

Zhang, Y. F., Sun, Z., Pang, X., 2014. The Relationship
between Extension of Lower Crust and Displacement of
the Shelf Break. Science in China (Series D), 44(3):
488—496 (in Chinese).

Zhang, Y. F., Sun, Z., Zhang, J. Y., et al., 2020b. The
Structure, Depositional Style and Accumulation Charac-
teristics of Continental Margin with Diachronous Break-

up in the Northern South China Sea.International Geolo-



% 310 BN B R K — R 0 2 789

gy Review, 62(7—8): 1006—1018. https: //doi. org/
10.1080/00206814.2019.1631219

Zhang, Y. F., Sun, Z., Zhou, D., et al., 2007.The Thin-
ning Feature in Cenozoic and Its Dynamic Significance
of the Northern Continental Margin of the South Chi-
na Sea. Science in China (Series D) 37(12): 1609—
1616 (in Chinese).

Zhang, Y. Z., Qi, J. F., Wu, J. F., 2019. Cenozoic Faults
Systems and Its Geodynamics of the Continental Margin
Basins in the Northern of South China Sea. Farth Sci-
ence, 44(2): 603— 625 (in Chinese with English abstract).

Zhao, M. H., Qiu, X. L., Xia, S. H., et al., 2010. Seismic
Structure in the Northeastern South China Sea: S-Wave
Velocity and V,/V, Ratios Derived from Three-Compo-
nent OBS Data. Tectonophysics, 480(1—4): 183—197.
https: //doi.org/10.1016/j.tecto.2009.10.004

Zhu, W. L., Zhong, K., Li, Y. C., et al., 2012.Charac-
teristics of Hydrocarbon Accumulation and Explora-
tion Potential of the Northern South China Sea Deep-
water Basins. Chinese Science Bulletin, 57(20):1833—
1841 (in Chinese).

Bt A 325 & STk

WO PNA e TR e, A5, 2014, BR YT 1 Vg 38806 V03 T 2405 1)
2 2R R AR . LR B A, 57(2) : 498 —508.

FERBE, 1R, PMER], 25, 2011, 75 240 Kbl 10 Al 1 IR
PR 25 A Bk B BEIF 5T . M Bk B B 2 R, 54(12):
3098—3116.

BRI, 2011. M KK % J1%: Bl LR S5k E
HERY) B 2E 47, 54(12): 2993 —3003.

A2l RME X, S, 2012, B 00 L AS K 1 R AE 5 R
PRASE A0 - [ 50 5 3 Jo B 3 4 . ¥ R M O 5 365 D0 40 b T
32(6): 35—53.

X2, i E R R, 2008 7 I AR AL R e = 2 Y
BT . Wb B IT, 54(5) :609—616.

B, BB Ah 2, 2020, BRIT O 4 Hb P 5 il 2% AR — 0
HEHL . HLERRF2F , 45(5):1622—1635.

Tesbk, B, BOER, S5, 2011, B I DY RS UK T 45 T v M
Yy OBS #2001 Hb 7% 45 k. b Bk P 30 2 4, 54(12):
3117—3128.

FEVT %, T We=s Bl 4o, 45, 2013, 1 1 HC TR 1 2 a3l kil
R 2 1Y) bR Ak 2 R AR B LR S kR 2, 38( 3 T
1):10—20.

AR, Ve, B4, 45, 2015, 8 I 2V i % e A
P i T 1 2 5 B 40 BT B LT 1 T I 2 YA K 4 b R 9 114

Jaus . MiZERTZE, 22(1):102—114.

BEZ [, AR HEAS, FEapbk, 45 2010, 28 MR Vb AL AR W 9 367 IS
Mo R2 A ST M AR R IR . Hb R W B 22 R, 54(12):
3139—3149.

N, MRIAL, T S, %, 20200 E PRk & BRI 1O-
DP367/368/368X it ¥k i 5l i 16 [ bR Ak i 1 BL 5 i
PO IR, 39(6): 18— 29.

N, BT, PElE, %, 2016, F 8l KRl i g0 R — ik 2 i
TN SE R R . O AR, 35(1): 1—16.

NG, BB, 2R, S 2011, B Tb e NIE RN S
filf 48 A A B B 2> M M Bk B B AR R, 54(12):
3196— 3209.

N, BhaE UL R, 45 2006, FE I 9 & B AL BE S —— A
RIEIESE . ERE (D), 36(9):797—810.

T, BYE%E, RAe, &, 2009. g it b 4R K 2 06 v i Al —
B E AR B b2 WE T . P E LB, 36(3): 564 —572.

VE R SE, B, 2019, BRAR R VR ET Ay [l s rhE
B (D#) | 49(10): 1590— 1606.

TUNA BEEE, RO, A 2011 5 2R v A R I 34
W 9 OBS I ff M 5% 30 . i BR 9 8 2% i), 54(12):
3325—3335.

St g, JEAE ARk, 2001, b 8 R 2 0048 1 s 1R 1R
R BT AR, 7(4): 419—426.

] 2, X, 2002. T i b i 2 76 25 K 0 45 SR 43 BT
POr i 4R, 21(2):1—12.

WEAF A0, 1998. B Vi I 36 Il 2 A M 5 405 F T b 3 R SL VR I
b 55 5 DO 20 T, 18(2) 11— 16.

WA, £k, 1983 7 ¥ I 45 10 M52 45 4 . p BBl (B
), 13(2): 177—186.

WA, B YR, R, S, 1994a. BV LR 2 4R Y
HFELER . MR B 2A A 37(1): 27— 35.

WA, WA, BRZP, 4, 1994b. B i LB 2% 7R
eSS R, 16(3): 86— 93.

KWL, PN, ek, 2014, BRVT 1T M 1 = MG R Hb 5T i
5 RS Dk P o o6 & L o 1R 2 (DB, 4403):
488—496.

KWL, N, AR, S, 2007, B b S Rl 2R 2 A0 L 5 e
WERRAE R B 2 S0 k@R 2R (D ), 37(12):
1609—1616.

TRIEPE, AR, S5 R, 2019, FE AL T A AR 7 by Y
ARG LM s S HE L R R 44(2):
603—625.

SAAR, B 2RI, AL 2012, mE AL ER IR K DX SR
S . BB R, 57(20): 1833 —1841.



