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Tracing study on the activity of mega-pockmarks in southwestern Xisha Uplift,
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Abstract: Pockmarks are widespread on the seabed offshore southwestern Xisha Uplift, South China Sea. Some of
them are so enormous that they are rare worldwide, but their activities were previously poorly known. We
collected two gravity-piston cores from this pockmark field, one (C9) from outside a giant pockmark and the other
(C14) from inside a giant pockmarks. The geochemistry of the pore waters, including SO, , K*, Ca**, Mg?, Sr**,
and dissolved inorganic carbon (DIC) was analyzed to elucidate the biogeochemical processes associated with
sulfate consumption and to evaluate the current pockmark activity. The sulfate concentration-depth profile of C9 is
predominantly in response to organoclastic sulfate reduction (OSR), whereas the sulfate concentrations of C14
exhibit three zones of different concentration gradients resulting from varying proportions of contributions from
OSR and anaerobic oxidation of methane (AOM). Based on the sulfate concentration gradient of C14 below 3.7 m,
the depth of the sulfate-methane interface (SMI) and the methane diffusive flux in C14 are calculated to be ~14.3 m
and ~0.0144 mol/(m?.a), respectively. The pore-water Mg/Ca and Sr/Ca weight ratios suggest that high Mg-calcite
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is in equilibrium with respect to pore water or has recently precipitated from pore water in C14. The integrated
analysis of pore water geochemistry of the two cores implies that this pockmark field is currently not so active and
the pockmark from which C14 was obtained may currently be sluggish in activity with methane-bearing fluid
weakly seeping from subsurface sediments.

Key words: seabed pockmarks, current activity, pore water geochemistry, Xisha Uplift, northern South China Sea

,  OSR
0 ., AOM
1 - (SMI)
: SMI
’ ( 0), SMI
’ [16] SMI ( 50 m (
[1-2] ( ) ) ))
(a7 OSR AOM
' - , (DIC) ,
[3-4] [14,18,19] ’
' [20-23]
180 kg™,
[24-29] ’
[6] , , ,
0.4~1 km™, 1000~
, 2500 m , 60~140 m , ,
[7-9]’ [30]
l [24]
[10] , _ ,
[’l]
[25] ,
( ), :
( )
), y
[11]
1

(OSR) (2CH,0+S0% — 2HCO; +H,S),
2] 1.1

(AOM) (CH,4+S0% — HCO, +HS™+
HZO)[13-15] 2 , ,

GUAN Yong-xian et al.: Tracing study on activity of mega-pockmarks in southwestern Xisha Uplift



630 o ® 2014 &
1
Fig.1 Locations of sediment cores
1.2
- - , S0 K' Mg* ca*
[31-33]
( 1.2 mm/a) (39~41 "C/km) 500 200
. , Dionex 1CS-900
, , S0% K" Mg* Ca®
[’31] 4.5 mmol/L Na,CO,/0.8 mmol/L
! 251 ! NaHCO; , 25 mmol/L H,SO, , 50 pL
, 1 mL/min ; 11 mmol/L
) H,SO, , . 50 uL
r 0125 , 1 mL/min
’ e 2% Sr**
7.6 m, 15°41.032'N, 110° 57.246'E,
829 m), Cl4 6.7 m. Bruker M90 ICP- MS
(15°54.507'N, 110°38.607'E, 840 my( 1) 1mL S Rh
, 5% DIC
PVC | , | IsoPrime 100 - (CF-IRMS)
PVC 0.85 mmol/L  2.07 mmol/L  3.93 mmol/L
6ecm Rhizon DIC “co, DIC
, 20 mL , , DIC , 2%
2~4 h, 15~20 mL
, 10 pL 2 2
10 mL ) \P!

Geochimica | Vol. 43 | No.6 || pp. 628~639 | Nov., 2014



%64 Xk BE: BEELEEERRAFENERERR 631
so , C9 Cl4 ADIC + ACa*" + AMg®
_ 2— _
So; ASO; , SO} :
,  0~1m SO% , 28 mmol/L 3 ( 4), 0~0.66m (ADIC +
24 mmol/L , 1m ACa® + AMg®")/A SO~ 2 1 ,
S02" , 21 mmol/L So;” OSR . 0.66~3.7m
Cl14 SO;” : (ADIC+ACa*"+AMg*")/A SO%
28.7 mmol/L 13.4 mmol/L 2 16 1 , 60%
K* . sor OSR  ,40% SO
Mg?* Ca* 0~1m AOM 3.7 m (ADIC+ ACa®'+
. o1m ,Cl4a  AM@™)/A SO} 11 ,
g2 2 1) S0; AOM
: DIC 3.2 SMI
(3 2 SMI
[16, 37]
3 , sMI -, SMI
3.1 , 0 mol/L SMI
OSR AOM C9 S0;”
AOM
[17]
1 1,
) , [16]
[34] 2-
: C9 so? , AOM
0~1m S ,AOM  OSR
f , 1m [35]
2—
so? , SMI :
OSR AOM so
SMI : AOM Co
51 OSR , SMI
2 OSR AOM , OSR cl14
1 mol SO; 2mol HCO;, AOM 37m AOM . Cl4 37m
1 mol SO; 1 mol HCO;
, bIC HCO; : SMI 143 m ( 5),
so* (ASO%) DIC
(ADIC) OSR AOM SO;” SMI [38-40]
[36] Cca®* Mgz+
2+ 2+
DIC, DIC Ca Mg J= -0 Ds (dC/dX)[41]
DIC (ADIC + ACa*" + AMg™) 4 : Ds = Do/(L - In ¢?).J (mol/(m2a)); ¢
C9 ADIC + ACa*" + AMg®* ASO% - Dy
2 1 , C9 (m?/s); Ds (m?ls); ¢
OSR so¥ , (mmol/L); x
AOM (m) 75%"%

GUAN Yong-xian et al.: Tracing study on activity of mega-pockmarks in southwestern Xisha Uplift



632 o ® 2014 &

Geochimica | Vol. 43 | No.6 || pp. 628~639 | Nov., 2014



RkBEZE: BEAMBERERRNENMERIRHAR 633

F1 COMCLAFBRKEEMDKE
Table 1 Concentrations of major pore water species in C9 and C14

(m) S02™ - (mmol/L) K* (mmol/L) Ca?* (mmol/L) Mg?* (mmol/L) Sr?* (umol/L) DIC (mmol/L)

co

0.06 28.2 8.9 10.3 53.5 - 2.7
0.24 28.4 - - - - -
0.42 27.0 8.3 7.6 51.3 - -
0.48 26.3 - 7.7) (51.6) - 3.4
0.66 25.8 8.5 7.3 51.5 - -
0.84 24.8 - - - - -
0.90 24.6 7.7 6.8 50.4 - -
0.96 245 - (6.9) (50.6) - 4.6
1.14 24.5 7.7 6.7 51.2 - -
1.20 24.8 - (6.6) (50.4) - 4.6
1.38 24.3 8.2 6.9 51.9 - -
1.56 25.1 - - - - -
1.62 24.4 8.5 6.9 52.8 - -
1.80 245 - (6.9) (53.9) - 6.1
1.92 24.3 - - - - -
2.10 23.9 8.5 6.5 51.7 - -
2.28 24.4 - - - - -
2.40 23.7 - (6.8) (53.9) . 6.8
2.52 23.7 - - - - -
2.70 24.7 9.8 6.5 53.4 - -
2.88 23.4 - - . B .
3.00 24.1 - (6.8) (52.4) - 5.6
3.18 23.3 8.8 6.2 50.7 - -
3.48 224 - - - - -
3.54 22.6 9.0 6.0 51.2 - -
3.60 21.9 - (6.0) (51.3) - 8.3
3.72 23.3 - - - - -
3.78 25.2 10.1 6.3 50.8 - 4.6
3.96 22.3 - - - - -
4.14 224 9.3 6.3 51.6 . -
4.32 22.7 - - - - -
4.50 22.7 8.6 6.0 50.5 - 6.9
4.68 22.4 - - - - -
4.86 22.6 8.5 5.8 49.0 - -
5.04 22.9 - - - - -
5.22 226 8.8 5.9 50.0 - -
5.40 23.0 - - - - -
5.46 22.9 8.4 5.8 51.6 - 7.7
5.64 22.9 - - - - -
5.82 21.9 9.0 5.9 49.5 - -
6.00 22.1 - - - - -
6.18 22.9 9.4 5.9 50.2 - -
6.36 22.2 - - - - -
6.48 22.6 - (5.7) (48.8) - 7.9
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( 1)
(m) SOZ - (mmol/L) K* (mmol/L) Ca®* (mmol/L) Mg?®* (mmol/L) Sr?* (umol/L) DIC (mmol/L)

c9

6.66 22.0 8.8 5.8 50.1 - -
6.84 20.9 - - - - -
7.02 20.9 9.0 5.8 49.7 . .
7.08 20.3 . . . . -
7.14 19.8 9.1 5.9 50.9 - 11.8
7.32 21.3 - - - - -
7.50 21.8 9.2 5.9 50.2 - -
7.56 21.1 - (5.9) (50.2) - 10.0
Cl4 - - - - -
0.06 28.9 9.5 9.5 53.2 89.3 2.1
0.24 27.7 - (8.6) (51.6) 89.8 3.7
0.42 25.9 8.9 7.9 53.0 88.8 5.3
0.60 25.0 - - - 89.9 -
0.66 24.7 8.8 7.7 52.4 89.3 5.7
0.84 24.9 - - - - -
0.90 24.9 9.0 7.2 52.8 88.6 4.9
1.08 24.6 - - - - -
1.26 24.2 8.7 7.0 52.6 88.0 5.2
1.44 24.1 - - - - -
1.62 23.9 9.5 7.1 54.3 88.8 5.6
1.80 23.9 . . . . -
1.98 23.4 8.9 6.7 53.2 . .
2.04 235 - - - - -
2.10 23.3 8.8 6.5 52.2 87.4 5.8
2.28 22.8 - - - - -
2.46 22.6 8.6 6.3 51.7 - -
2.64 224 - - - - -
2.82 222 8.8 6.0 52.9 . -
3.00 21.9 - - - - -
3.06 21.3 8.3 6.1 51.1 - -
3.12 21.0 - (6.2) (51.6) 86.5 8.3
3.24 20.9 - - - - -
3.42 20.5 8.5 6.3 52.3 87.5 -
3.48 20.2 - (6.3) (52.4) - 10.2
3.60 19.9 - (6.3) (52.6) 87.2 10.7
3.72 19.1 - - - - -
3.90 18.3 8.3 6.1 51.7 - -
4.08 18.1 - - - 86.4 -
4.26 17.5 9.0 6.4 53.8 . -
4.44 16.9 - - - - -
4.62 16.7 8.8 6.3 53.5 85.8 9.0
4.80 16.0 - - - - -
4.98 15.6 8.6 6.2 52.4 - -
5.16 16.0 - - - - -
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1
(m) SOZ (mmol/L) K* (mmol/L) ca®* (mmol/L) Mg?* (mmol/L) Sr?* (umol/L) DIC (mmol/L)
C14 -
5.34 15.4 8.7 6.6 51.8 - -
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The two bold lines representing the changes in the Mg/Ca to Sr/Ca
relationship in the pore fluid with respect to the composition of
seawater that occur during precipitation of either high Mg-calcite or
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[10] SMI
SMI ,
[54]
C9 :
DIC
Cl4 SO¥ DIC :
0.0144 mol/(m?.a),
Cil4 Sr/Ca
Mg/Ca SMI
, SMI (~14.3 m),
4
C9 OSR ,
C14 OSR AOM
C14 SMI 14.3 m,

0.0144 mol/(m?-a)
, Cl4
Cl4

MR BILR KGR ERFE T BHF RGO HE
BERITCER 1 5SS R AR R A%
BRRELFRERFOH G, LR KEZEZNfES
T Fo DIC JRE KA E) F B A5 B2 M b zkAb 5 57
TP T A 2 )T 69 Bh A= 48 5, SIPT IR E MR AT 3]
B A% PR AL F AR R PT R AR R 69 B, sk
— It R TR

£ 2% Xk (References):

[1] Judd A G, Hovland M. Seabed Fluid Flow: The Impact of
Geology, Biology and the Marine Environment [M].
Cambridge: Cambridge Univ Press, 2007: 492p.

[2] : : : [31.

, 2012, 28(5): 33-42.
Luo Min, Wu Lu-shan, Chen Duo-fu. Research status and
progress of seabed pockmarks [J]. Mar Geol Front, 2012,
28(5): 33-42 (in Chinese with English abstract).

[3] Heggland R. Gas seepage as an indicator of deeper
prospective reservoirs: A study based on exploration 3D
seismic data [J]. Mar Pet Geol, 1998, 15(1): 1-9.

[4] Hovland M, Svensen H. Submarine pingoes: Indicators of
shallow gas hydrates in a pockmark at Nyegga, Norwegian
Sea [J]. Mar Geol, 2006, 228(1): 15-23.

[5] Salmi M S, Johnson H P, Leifer I, Keister J E. Behavior of
methane seep bubbles over a pockmark on the Cascadia
continental margin [J]. Geosphere, 2011, 7(6): 1273-1283.

[6] Judd A G, Hovland M, Dimitrov L I, Gil S G, Jukes V. The
geological methane budget at continental margins and its
influence on climate change [J]. Geofluids, 2002, 2(2):
109-126.

[7] Ondréas H, Olu K, Fouquet Y, Charlou J L, Gay A, Dennielou
B, Donval J P, Fifis A, Nadalig T, Cochonat P, Cauquil E,
Bourillet J F, Moigne M L, Sibuet M. ROV study of a giant
pockmark on the Gabon continental margin [J]. Geo-Mar Lett,
2005, 25(5): 281-292.

[8] Gay A, Lopez M, Ondreas H, Charlou J L, Sermondadaz G,
Cochonat P. Seafloor facies related to upward methane flux
within a Giant Pockmark of the Lower Congo Basin [J]. Mar
Geol, 2006, 226(1): 81-95.

[9] Hovland M, Svensen H, Forsberg C F, Johansen H, Fichler C,
Fossa J H, Jonsson R, Rueslatten H. Complex pockmarks with
carbonate-ridges off mid-Norway: Products of sediment
degassing [J]. Mar Geol, 2005, 218(1): 191-206.

[10] Hovland M, Gardner J V, Judd A G. The significance of
pockmarks to understanding fluid flow processes and

GUAN Yong-xian et al.: Tracing study on activity of mega-pockmarks in southwestern Xisha Uplift



638

Wik g

2014 &

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

geohazards [J]. Geofluids, 2002, 2(2): 127-136.
Gieskes J M. Chemistry of interstitial waters of marine
sediments [J]. Ann Rev Earth Planet Sci, 1975, 3(3): 433-453.
Brener R A. Early Diagenesis: A Theoretical Approach [M].
Princeton: Princeton University Press, 1980: 1-256.
Hoehler T M, Alperin M J, Albert D B, Martens C S. Field and
laboratory studies of methane oxidation in an anoxic marine
sediment: Evidence for a methanogen-sulfate reducer
consortium [J]. Global Biogeochem Cycl, 1994, 8(4): 451
463.
Boetius A, Ravenschlag K, Schubert C J, Rickert D, Widdel F,
Gieseke A, Amann R, Jorgensen B B, Witte U, Pfannkuche O.
A marine microbial consortium apparently mediating anaer-
obic oxidation of methane [J]. Nature, 2000, 407(6804):
623-626.
Reeburgh W S. Methane consumption in Cariaco Trench
waters and sediments [J]. Earth Planet Sci Lett, 1976, 28(3):
337-344.
Borowski W S, Paull C K, Ussler W. Marine pore-water
sulfate profiles indicate in situ methane flux from underlying
gas hydrate [J]. Geology, 1996, 24(7): 655-658.
Borowski W S, Paull C K, Ussler W. Global and local
variations of interstitial sulfate gradients in deep-water,
continental margin sediments: Sensitivity to underlying
methane and gas hydrates [J]. Mar Geol, 1999, 159(1):
131-154.
Peckmann J, Reimer A, Luth U, Luth C, Hansen B T, Heinicke
C, Hoefs J, Reitner J. Methane-derived carbonates and
authigenic pyrite from the northwestern Black Sea [J]. Mar
Geol, 2001, 177(1): 129-150.
Peckmann J. Carbon cycling at ancient methane-seeps [J].
Chem Geol, 2004, 205(3): 443-467.
Paull C K, Ussler W, Borowski W S, Spiess F N. Methane-
rich plumes on the Carolina continental rise: Associations
with gas hydrates [J]. Geology, 1995, 23(1): 89-92.
[J1. , 2012, 31(5):
45-56.
Tong Hong-peng, Feng Dong, Chen Duo-fu. Petrology,
mineralogy and geochemistry of cold seep carbinates in the
northern South China Sea: Progress [J]. J Trop Oceanogr,
2012, 31(5): 45-56 (in Chinese with English abstract).
, . Green Canyon 140
1 :
2013, 42(3): 212-220.
Bian You-yan, Chen Duo-fu. Cold seep activities recorded by
geochemical characteristics of authigenic carbonates from
Green Canyon 140, Gulf of Mexico [J]. Geochimica, 2013,
42(3): 212-220 (in Chinese with English abstract).
[31. , 2002, 20(1): 34-40.
Chen Duo-fu, Chen Xian-pei, Chen Guang-gian. Geology and

geochemistry of cold seepage and venting-related carbonates [J].

Acta Sedimentol Sin, 2002, 20(1): 34-40 (in Chinese with

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

(35]

[36]

English abstract).
Sun Q L, Wu S G, Hovland M, Luo P, Lu Y T, Qu T L. The
morphologies and genesis of mega-pockmarks near the Xisha
Uplift, South China Sea [J]. Mar Pet Geol, 2011, 28(6):
1146-1156.
Sun Q, Wu S, Cartwright J, Lidmann T, Yao G. Focused fluid
flow systems of the Zhongjiannan Basin and Guangle Uplift,
South China Sea [J]. Basin Res, 2012, 33: 1-15.
Wang X, Wu S, Yuan S, Wang D, Ma Y, Yao G, Gong Y, Zhang
G. Geophysical signatures associated with fluid flow and gas
hydrate occurrence in a tectonically quiescent sequence,
Qiongdongnan Basin, South China Sea [J]. Geofluids, 2010,
10(3): 351-368.
Sun Q, Wu S, Cartwright J, Dong D. Shallow gas and focused
fluid flow systems in the Pearl River Mouth Basin, northern
South China Sea [J]. Mar Geol, 2012, 315(1): 1-14.
Chow J, Lee J S, Sun R, Liu C S, Lundberg N. Characteristics
of the bottom simulating reflectors near mud diapirs: Offshore
southwestern Taiwan [J]. Geo-Mar Lett, 2000, 20(1): 3-9.
[31.

, 2012, 31(5): 26-36.
Di Peng-fei, Huang Hua-gu, Huang Bao-jia, He Jia-xiong,
Chen Duo-fu. Seabed pockmarks formation associated with
the mud diapir development and fluid activities of the
Yinggehai Basin, South China Sea [J]. J Trop Oceanogr,
2012, 31(5): 26-36 (in Chinese with English abstract).
Pilcher R, Argent J. Mega-pockmarks and linear pockmark
trains on the West African continental margin [J]. Mar Geol,
2007, 244(1): 15-32.
Huang B J, Xiao X M, Li X X. Geochemistry and origins of
natural gases in the Yinggehai and Qiongdongnan basins,
offshore South China Sea [J]. Org Geochem, 2003, 34(7):
1009-1025.
Xie X, Muller R D, Li S, Gong Z, Steinberger B. Origin of
anomalous subsidence along the Northern South China Sea
margin and its relationship to dynamic topography [J]. Mar
Pet Geol, 2006, 23(7): 745-65.
Zhu W, Huang B, Mi L, Wilkins R W T, Fu N, Xiao X.
Geochemistry, origin, and deep-water exploration potential of
natural gases in the Pearl River Mouth and Qiongdongnan
basins, South China Sea [J]. AAPG Bulletin, 2009, 93(6):
741-761.
Jorgensen B B, Weber A, Zopfi J. Sulfate reduction and
anaerobic methane oxidation in Black Sea sediments [J]. Deep
Sea Res I, 2001, 48(9): 2097-2120.
Malinverno A, Pohlman J W. Modeling sulfate reduction in met-
hane hydrate-bearing continental margin sediments: Does a sulfate-
methane transition require anaerobic oxidation of methane? [J].
Geochem Geophys Geosyst, 2011, 12(7): 132- 143.
Masuzawa T, Handa N, Kitagawa H, Kusakabe M. Sulfate
reduction using methane in sediments beneath a bathyal cold
seep giant clam community off Hatsushima-Island, Sagami
Bay, Japan [J]. Earth Planet Sci Lett, 1992, 110(1): 39-50.

Geochimica | Vol. 43 | No.6 || pp. 628~639 | Nov., 2014



FBARRERKER RGN ETRERR

639

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Dickens G R. Sulfate profiles and barium fronts in sediment
on the Blake Ridge: Present and past methane fluxes through a
large gas hydrate reservoir [J]. Geochim Cosmochim Acta,
2001, 65(4): 529-543.

’ ’ ’ ’ ’ ’ ’

HQ-48PC

[ , 2010, 24(3): 534-544.
Wu Lu-shan, Yang Sheng-xiong, Liang Jin-giang, Su Xin,
Yang Tao, Zhang Xin, Cheng Si-hai, Lu Hong-feng.

Geochemical characteristics of sediments at Site HQ-48PC in
Qiongdongnan Area, the north of the South China Sea, and

their implication for gas hydrates [J]. Geoscience, 2010, 24(3):

534-544 (in Chinese with English abstract).
Wu N, Zhang H, Yang S, Zhang G, Liang J. Gas hydrate
system of Shenhu Area, northern South China Sea:
Geochemical results [J]. J Geophys Res, 2011, 11: 1-10.

) . XS-01

[].

, 2006, 26(3): 442-448.
Yang Tao, Jiang Shao-yong, Ge Lu, Yang Jing-hong, Ling
Hong-fei, Wu Neng-you, Zhang Guang-xue, Liu Jian, Chen
Dao-hua. Geochemical characteristics of sediment pore water
from Site XS-01 in the Xisha Trough of South China Sea and
their significance for gas hydrate occurrence [J]. Quatern Sci,
2006, 26(3): 442-448 (in Chinese with English abstract).
Schulz H D. Quantificantion of early diagenesis: Dissolved
constituents in pore water and signals in the solid phase [M]//
Schulz H D, Zabel M. Marine Geochemistry. Berlin: Springer-
Verlag, 2006: 593p.
Wang P, Prell W L, Blum P. Proceedings of the Ocean Drilling
Program, Initial Reports, 183 [C]. College Station, TX, 2000:
1-77.
Jin C S, Wang J Y. A preliminary study of the gas hydrate,
stability zone in the South China Sea [J]. Acta Geol Sin
(English Ed), 2002, 76(4): 423-428.
Borowski W S. A review of methane and gas hydrates in the
dynamic, stratified system of the Blake Ridge region, offshore
southeastern North America [J]. Chem Geol, 2004, 205(3):
311- 346.
Wu Lushan, Yang Shengxiong, Liang Jingiang, Su Xin, Fu
Shaoying, Sha Zhibin, Yang Tao. Variations of pore water
sulfate gradients in sediments as indicator for underlying gas
hydrate in Shenhu Area, the South China Sea [J]. Sci Chin
Earth Sci, 2013, 56(4): 530-540.

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

SMI [J1. ,
2013, 38(6): 1309-1320.

Wu Dai-dai, Wu Neng-you, Zhang Mei, Guan Hong-xiang, Fu
Shao-ying, Yang Rui. Relationship of sulfate-methane
interface (SMI), methane flux and the underlying gas hydrate
in Dongsha Area, northern South China Sea [J]. Earth Sci,
2013, 38(6): 1309-1320 (in Chinese with English abstract).
Coffin R, Hamdan L, Plummer R, Smith J, Gardner J, Hagen
R, Wood W. Analysis of methane and sulfate flux in
methane-charged sediments from the Mississippi Canyon,
Gulf of Mexico [J]. Mar Pet Geol, 2008, 25(9): 977-987.
Chen Y, Ussler W 111, Haflidason H, Lepland A, Rise L,
Hovland M, Hjelstuen B O. Sources of methane inferred from
pore-water delta C-13 of dissolved inorganic carbon in
Pockmark G11, offshore Mid-Norway [J]. Chem Geol, 2010,
275(3): 127-138.

Luff R, Wallmann K. Fluid flow, methane fluxes, carbonate
precipitation and biogeochemical gas
hydrate-bearing sediments at Hydrate Ridge, Cascadia Margin:
Numerical modeling and mass balances [J]. Geochim
Cosmochim Acta, 2003, 67(18): 3403-3421.

Snyder G T, Hiruta A, Matsurnoto R, Dickens G R, Tomaru H,
Takeuchi R, Komatsubara J, Ishida Y, Yu H. Pore water profiles

turnover in

and authigenic mineralization in shallow marine sediments
above the methane-charged system on Umitaka Spur, Japan Sea
[J]. Deep Sea Res I, 2007, 54(11): 1216- 1239.

Noethen K, Kasten S. Reconstructing changes in seep activity
by means of pore water and solid phase Sr/Ca and Mg/Ca
ratios in pockmark sediments of the Northern Congo Fan [J].
Mar Geol, 2011, 287(1): 1-13.

Gieskes J, Mahn C, Day S, Martin J B, Greinert J, Rathburn T,
McAdoo B. A study of the chemistry of pore fluids and
authigenic carbonates in methane seep environments: Kodiak
Trench, Hydrate Ridge, Monterey Bay, and Eel River Basin
[J]. Chem Geol, 2005, 220(3): 329-345.

Mazzini A, Svensen H, Hovland M, Planke S. Comparison and
implications from strikingly different authigenic carbonates in
a Nyegga complex pockmark, G11, Norwegian Sea [J].
Marine Geology, 2006, 231(1-4): 89-102.

Paull C K, Ussler W, 111, Holbrook W S, Hill T M, Keaten R,
Mienert J, Haflidason H, Johnson J E, Winters W J, Lorenson
T D. Origin of pockmarks and chimney structures on the
flanks of the Storegga Slide, offshore Norway [J]. Geo-Marine
Letters, 2008, 28(1): 43-51.

GUAN Yong-xian et al.: Tracing study on activity of mega-pockmarks in southwestern Xisha Uplift



