ISSN 1009-2722
CN37-1475/P

VY ML ST RIT T

Marine Geology Frontiers

9538 B 1
Vol 38 No 1

EIRAR, INAT, B 55, IR A e 5 K L T AR IE BT AR S

TG YRR (1] IR RTYT, 2022, 38C1): 1-13.

YAN Dawei, SUN Zhilei, GENG Wei, et al. Characteristics of submarine hydrate pingos and mud volcanoes and their effects on gas hydrate

accumulation[J]. Marine Geology Frontiers, 2022, 38(1): 1-13.

BIRAKEWES RN LR ELEFIER E X

i:u\ 7J<A%;If§ H,J"T'/ rﬂ
E]k”f%l’u,f}"lwé‘ 23 Hk)igk” g2 %é;“,f’%#f/\“ ER AL 23’ /%2,3,
R &P 3D mak® gz e kMY Ak, 8 &
C1 PR 2RI R B 2424 B, 75 5 2661005
2 HAREIIR IR AW E S Sese 2, v E R A =75 e R BT, 7559 266237;
3 B RlE SR ARK R IR R PR SR AR T R, 51 266237)

 EhBRAKEMELRKLHETRRAMES

X2 AP R AR R 0 R R E R R
"i’fgﬁ?g& ﬁmu%%‘#?fk ﬁl] ﬁ'ﬁ“
EXRA

wAZ,

+ 8. 4

YA RS
HEL IR

RRA 7J</\¢%hgra

BARE,
KR R AR A o oKL KRR A
FESHES:P7444 CRRFRINAD: A

0 3l5

FIREAKAY UL R ik ki) Bt
(IR R 2 R R . 2 — LRSS (R4 T
B SR T TR S, EEAET

Bl b A A R =300 m BV TR
HRAEK A PR SR 1 5 S5 a2, K&

Wis HHER: 2021-07-17

BENE - FR A RBREIE S “Wh AR IR - R G EAE T R
YRR ” (91858208 ) 5 [E 58 H AU A T RIERAR 08 IR RGE IR TR 4k
AR KSR 37 (2018YFCO310003 ) 5+ ) Ml J5 6 A5 J ¥ 2 b o 0 5 —
2435 F (DD20190819, DD20221707)

PEHE: EIRM(1996—), 5B, FERMi-t, B S0P 505 i AR 5T
TAE. E-mail: yandaweiyx@163.com

*BIEE : INATE(1975—), F, Wik, BF9T 0L, IR B I
AN AR A LIRTSE T 4. B-mail: zhileisun@yeah.net

AR E LiE AR E AT T, L

ALK B Rk A 0 s R A AR A R A AL, B BT, AN
R, B T A 2 AP R Y RIS, m xR A
A KA TR Femi i RIS AZ WY B AR R 3y, S AT B JROK A o 5 R K L AR AR %) &)
B ARILA) LR R, S EOE A S R S AR A 6 R AR

R B S A2 BRI AL

6%@R$A%ﬁ%%km%%aﬁﬁmlﬁﬁvaﬁ%%%ﬁ%&%ﬁ%
T A 5 7 @ TR T, Z AT T —H e R R B 5 2 48 % 69

WGP, T 2 ARG RAN SRR, AR T A LM LR E
JRE AR AR 8 HE AR X R AE 04 T RO B R R R B R R A

KRG TR F IR IR

A KA AR AZ; B AL
DOI: 10.16028/j.1009-2722.2021.192

() LI R B4 Y R G RIB IR R 4 2 R
Horh, 5800 RS R E K G YOS %
PEATVR UL, ST | ¥ S M RETE A 1 R R L
Al S WEREKS YR B,
S 25 R 2, W7 VAR R 75 T R/ I Y R LR
H, HER— R F 100~120 m AL H
T, Xt F KA )2 S A AL FHIE A 1 B A
RETR 2 T R25 , [N, 0 PR HCBRHE A R 7 DA B [ 43
A T S5 T B e 2 25 T R A 2
.

Wit 2 % 7K A 400 BT SR R 4% T VR A
RIAT 2 FREGR T 5 IR F 2K S
EXRZEY, B 1R WIRKEY T (submarine
hydrate pingo) , /& 5B . KE WL
LIS SR AR A O ) R M B A R K A
AR R U8 TR K - (pingo) , AR5 “UK R
SR AR TR M X 1 — LA O R M B,


https://doi.org/10.16028/j.1009-2722.2021.192
https://doi.org/10.16028/j.1009-2722.2021.192
mailto:yandaweiyx@163.com
mailto:zhileisun@yeah.net

2 Marine Geology Frontiers ML T

202241 A

AAFAE TP 2 1 (9 - PR, SR /e B 4Rk
) ) — 385 JFE T8 1Pl LR ) T ARV 11 0 I
PR SRR A H, RGO KA B
TR PR . PG A R PR L 4% T AT e 2
A fEUHG 5 KA B A B IG5 AR 2
THSTE

25 2 Fh2 e k1l (mud volcano), ‘B A& T BEHR
TR . T8 TR TR 5 9B ) R, 38 1o
1S RS, B S 2 7 M 2 W L R
0 S 7513 131153 ) a2y o O 4 B 1
JEPE K 1T REWFIE F 245 F 20 42 90 4%
1%, MILKOV'"™ 224 T 4 BRI A i3 IR 6 K 1l 4%
#i &l; KHOLODOV™ %% T R e J L K H
VR LR A 5 % HSE; KOPF'® 2534 T 4
U8 K 1L FIVR R BE (mud diapir) 237 5 % 7 1AL AS
fiE, IE R G MR T HIEAME & . 5 W2 LRI A 40
BT T AR . AR, AR A 1L K
YRR R 1 Hb TR 2 5T IS AR 2, (L7 AP L
i B S PR 2 TR RIS o A — AL
T8 L b T2 TR 5 MR e, E M TR %
I EDR BOK A T2 I 3 0 R R, Bk
(92 2 U TR ALl .l eS| R ) gk
440 T MRFSY T MR A T8 A L /Y R b R
BB IF e s AL s T R T
PRV 1 4304 11 25 106 T8 L1/ TG R 2 A s % 780
TR B 7 ke ™ W T RS SR A
L e A B 2 X 98 A L1112 7 LB o
FEEE RGIT T T E R UEIL IR A 1L/ TR R
TR AL, HE— B T VR LT RE X S,
oK AR5 . bR A B T AR
S W A R R QIR R A1 08 82 ¥ AT Db k7
IR

SH SR A 5 V8 L A 1 T A
BT RIZK AW R R 2 b, #E A VR Ay vk 35
JEAK A R bR AR, 0 R A
FRCTHE LB L B A5 B VA 98 U 5y TG A 30 AT A7
TERIME. 198, B TR A4 w5 T8 A L S
AERR R AR L, 3o 2545 AR B S GBI 3 8 S, (L
5 b, T I SRR DL AT 2 A X
KA B A AR P A PR, PR
TR AT PEANIX 435 F, TiE IRk A9
SR8 AL, 8T T IS T 2 P B — s M
E AR A A “EEE R R K A
R R | ol R 25 A0 A AT AS A, PR R

T3 2 Rl R A R B R Y I
- e O s A, IR KA 5 VR A L
BEAPAE SRR T A R, W5 S PR A — S A Fry e
7 A AR I Y, T EL K A 4 B A 5 R B A
KT PRGN AERIE . IR VR AR
I AR T ik 5~20 Tg! 7507, 4k 4
BRHERCI: 10 2.3%~3.0% >, [HAF RIS K &9 B
FIR L B I | GBS W RER R St A T
A S, I AETE % 2 H X, JF EL7E S (8 2
BIF5 Tt FT REASCH T 5 X0, 45 1 BB
B 1A DGR BRI A B A I, FECRREIE P
AR EROG TEAR IR P B M A 3% FE WY
IR S0 245 1 R T R 5 IR A 5%

EAE SR, 25 T8 B I AN W25 LR AT S
FEHRN, SRR A4 2 55 08 A L (AR SR B
IV L 1 BEAT S S B AR, L 11 5K A R 5
IR 2 LA B A A BRBRAR BRI 055 1k P 1 2 A
WA B IR . A SO T s Lk 2 F
R TR VR BT ST, 3 LR X AT,
T ARIY R TR R K AV B AR 11 7
SCL S 4 BRUG BRI AL (9 50

1 BKAKEYE

1.1 W2 EDTH

YR KA 02— o T R A 1 2 e S A
B KA B SRR R 2 TR I K 2
I I EE R R A, B Ik B vk 2 Ik 4
7 RO ekl K R IR bR A
WOk, H WA MY IR K, R REOkE
B K, B REHOK B 8T, AR 2 4 +
i X R 1 AT Rk A AR
TP 2 LI 308, SR REE 2Bk &%
VB2 I B R TR A, TEMEIE K A IR AE X th &
BT KA B UK 2 R, S
fy UK B 5 sk el 3 A, JE PR, T3
GEH U — S K, PRI, BRI SO “
AW, LUE 5 B A X 53

R, %3 R K A0 o ) LA I T i
X/ ABLE A BRI B A P A R PR, e SR
HRNEEE " b | pediiie | e W
?/@[10]\ EIZ'K;/@[MJ\ 2\2%:}3[12]\ Dg:fjm] w\&a
fo i S R AR A (A 1) .



%3855 1

EIRAE, 45 IR e 598 KL EARARAE B HO RAR UK & PR IR 3

90°N

WK 20 _
o DR () IR
N R L ()

Befimal A"
B 1 BERXEGMEMRNLST

Fig.1 Distribution of submarine hydrate pingos and mud volcanoes
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Fig.2 Seismic reflection profile of Northwest Barents Sea

Bk E X Je Kl B N L EE £ 200 2 8 AN

A1) R A A T, A2 BRI VR 1 1 2B
3 7 000~100 000 FE > [E 4500 45 A fry k25
VUK PRV A TR, TR JES ELSEAFAE I e K B
A BB Z HIAli 1T 324 R 1k, 7E 2 BRAS K
KA MEIRIE AN RE Y AR, X2
I ek B EME TG ER DU BUR & LI, 20T
FWZ A REE B 2 AR HAA A
G TR 1 N 4 1 ) QN e 2 s e
FRREHE R, BIe o | i
#2(Barbados accretionary wedge) ™. JIfHIE (Gulf
of Cadiz) ™ Fl H A< 1§ 1 H (Nankai Trough) '
AN, B A AR5 IR B e s v, 5
) R4 8 J2 260 (Tyrrhenian Sea) ™

2.2 SEW4EE

22,1 WA

R THEIRE A A0 ., U6 1 PR A
o, B T R A R U8 Ll — i
LA 5 PRIV IS (09 LE MBS AE , TR o - T 2510
BILEH (F 3) ™, Feming DL 1, YR, w8,
HR B s s e S A
7 3 AT ELA B SLARRAE L U8 s A R Y

[14]

U0 /S HI N SN R 1 L 2 b YA [ P N i
CULIE H ) S o B AR X G R JB 2 ARG, 3K
L S R QPO N eI DY ¥ &= pu

iy

kil
FLH

500 m 1290 m
—_— L

K%/m 1149 m
 ——

B1 T e B TR b, H SCHR [48] 182
H3 RALMEHE
Fig.3 Mud volcano topographic map
MAEFRT, A [FHL X E)Je Kol BARE S L M
B2 EOR, (HHIAR S HA MR Z 4. HETE
KIRBTVE KRB INA —, BAR IR K i IR BCT
K, T/ MK L PR S BOk Y, T L B
PEALI B AR B9 2D, 522 /N 2 R e K s
BRI — =, Je K IS5 £ 25 NN
e S AN AR 2 W0y (1 4)



R B

EIRAE, 45 IR e 598 KL EARARAE B HO RAR UK & PR IR 5

Ve T2 WA TR P v 3 5 HE £, 245 30 o e
AT A S e M= A — ZR 2538 . ol i
S 1, (0] 352 38 T 1, P 1
THEIEBURET ™ W80 AR A A AR,
VTR (R4 TR 3R R B LA I 3 i
RAESME L AEVR LT #, T Je e 13 sk
9E, BRI . 5 M U8 LA L, R TR K
11 32 AR FH A3 (A P S A/, 7
DHC % 77 o o AR 2 FURUIR S e S
VI AN, BRI A O i IR VR L L
PEAA 1 AEBRIREE . Y SRR R A Y

w0
A B
LYK IIBE 1

B4 SRALEREY"
Fig.4 Basic structure of mud volcano'"
EIRG WA e K 1L PR B SCOR M ARy
FIAFFEAR R, — BRI R A ST 3R . 78
MHTC 2 L AT RV K LR, ol R R AL T
[ S M 1 I B » B 357 L 92 K 1l (HMMV) 2%
HMMV J&— N EA2Z) 1500 m, =524 10 m B iR
FTE, (3 T PH R U SRkt L, AKIRZ 1270 m™
RS H b SEZS, K HMMV M N 25015
Ve, I ERAY | AR (B 5)3 Ao Y
VeI IE e K LLss FS A3, HB AR, & HMMV
TS U FHE S U8 K B G BRI o My s o B R
i H SR E A T LTT, HA  R ERRE R R
fE HAR A 244E, i S0 9 ) B 4 A Ak 2%
JKIE AL T HMMV (930 2 Hi iy, #3345 (% . HM-
MV B R RS AT FRAE 140 W1 5, B S5 K59
HITRAF R 25 DT AH DG
222 MIRYIEAFIE
TR L Bk BRASAE B B, 78 ZFP

7]

0 250 m
[=———

- skt b: st e Ve
E5 HMMV HEHEESE
Fig.5 Simplified morphological zoning of HMMV

B AT B0 S o . DUB AL 5
FERGH M TR, H 2 D A T PRI U]
b, T FF 2030 SRR A5 AR 2 5 LB 0T LA 3R o
() i 3 55 0 2 QU S 1 R
LA IR | U 0 M ER B B F A 35 A TS 14
bR £, 7 M T 6B BT O RIR, I
L RREELE | SRR 23 11 R S s 2R 5 (1] 6),
5 P A SR A B AN S R AE T D T
Ve I 1L K DR BT R TR A T, T UGS
SRR B R R 2 T, B DM 7 PR L N
R 5 T TR AE s @Y LB R
W FEARRAY, FIL, MRS AREN, 70
Hi 20 R P S R 2 L AU B A
I AR G ET,

[54]

1350 grosmsng o l02
=== = ' T

RURE S S5t 1] /ms
= =
g 8

1500

T o EFi=

B 6 iRALMER S

. I : s s [6]
Fig.6 Seismic reflection characteristics of mud volcano

3 AL

3.1 BIRKEVME

H T A AR5, TR K G 1) e A e A
XIRRE BRI 5 2l . — s MU A IE A2l aE | ARG



6 Marine Geology Frontiers ML T

202241 A

T IR 725 9 i 1 AR T (K A s R AR
B WK ELB 12 B K B 5 . e i
T A L BEE LA 8 9 P 10 b 2 T
SERIE 45" 3 2 36 4 SR VR IS /K A 400 F O F
FEN A, VARGE it . BS FIRE B AL TE R K &

W) e B A . T B KR A3 e A e p 2
TEEEEOEM. BIRAKS YRR AN
HOERYI AR, 75— PR AR T KW a A
SOV IS 40 ) B AR [T B, P 32 5 R i
W, TS 3 ANEE (7).

(a) Bi#%; (b) Bk ()T
7 sEASYERELHE"

Fig.7 Evolution stages of submarine hydrate pingo[1

(1) BEH#E

T IS 1 32 2 T 1 00 B2 Ok K A 4 B T
PR, S 3 R VR K 4 RS LR P Y
5 PR vk BE LAREL 1R K A 9 4 i ik &
) - J B A AR W A S SR 25 30, R
A R 3 200 (45 ST, H AT A SRR
FB ARSI IR A S VRS B TG IROK A 1
K, G A R B 2 B0, 76 T
R S T R 7 3 A ™

(2) BARHE

I 25 7K B WA 5 3 2 B i 1 2 FL VT2 N
1%, TS U2 FIVUASH 2 1 726 3 ok B A S 808
JRC itk F KA IS LR R A, BT R KA R R
Tl S B U B WS T I Ak, 4k 5% i R
T O FER A, FER — R B i BSR 4SAE

(3) HTH#&

2 2 G5 v ply T U AR B R IR R A
AR AR, M DL 4R B A UK SR, e S8
TR KA e 5, T IR 1] LR A 1k
i TS K A1) 75 BSR ELAT S5 MG, 3l
FHHE . S RYIM S e R & T,
CLAAH T KA WIS RAE, PRI, FFAE B K
Y G R A, AR R K A R T S B
F) T JEG B H ot R B BB S i ) 75 5 T

3.2 Rk

TCVE A T 1 I 2 il i, Y8 Kl B s A
YRR A o B X AN [ X0 K L R TR AL
REWFEE TR T AR RS &5, B kil
A — AR A AR IR Z (S A RS &

2]

TR 8 R TR S 9B P I T ) 5 FOUR, 75 A4 3 o 1)
32 B 3 (7 A 3 VR R ) T,
PR, U A LR U IR 52 % B R IE i
SR RRS ), R b TR AR 3 ) i T
A URE 7, BRI F7 7T A R AR TR A
BT o I R A T e A
03 T R 3 B ph F s 1R IR 30 0 T e A, A
NS0 2R BE T, 7 2 o R, T R
WK1 B, f TR KL ETEAR . K
IR R k2 5, F AT B — Rl
(A T LR S5 A TR T A D8 L R

Ve LI F s P 2 34 h LR IL2: DR
I AR, o T LA R 25 R e 2,
ST R ORISR, bR i
L 722 L B 00 1 5% T s Bk AL 15
FH AR A B B KRR ™ @
B ERUANE I, TP 2 E S, R RS 5 ke
SRR AR A L T AL S SR ], S
AR R LR 2 FIE AL Db T 3 3Rk %
()98 2 111, 2 P50 B 0 i S R 1 3 2 A
P FH, AT S0 IS 3 0 PR SR LR R A B L)
AT KA, 3 1o W 295 B A BB G
I, 24K T A8 15 Qb Tk 3h i 11 2k 1 U 2k
L1, SZEREE T AR 5, (5L Pl ok e R R SR I
VOB g D R, SRR AR R, 4k 2
TENE S A, B i i RS R g

(LS SR HMMV By 98 3h A Bt 2 8 1L
(g BT AP, L5 7K 0 0 2 DI G, oA
SRR AT 43 I R R S R SR 3 B
Bt 8)",



FI8EH 1 E KA, & RK AW 5 V8 K LA AL RRAE B T AR SR B W R 2 7
551 BB 552 Bt N 3 BB .
- — —r - —
e e —
| P s || e TR
RE 2% i J: — J:
e M JIR T Fﬁ, N e %é 75, %
= 3 s = == i ——
= QG) = )= -—"__ - = J= _—-_;:a_"_ = = —_-‘{:.:;L_ ———
WY, ¢x ;

B8 HMMYV EL R as

Fig.8 Conceptual model of HMMV evolution'®

(1) B H B

FEZ B, R vk AR vh 7 2 R, B %
FE SIS S EO 2 % A TR, S BOR A e 1]
A RIE AL 3 km BSEE, P R % A S 5
IEURE A HE AR VR M 2SR M T R 4 R
HEFR L TR IR, e M R A T 1 M 55 1
P LA

(2) REEHAHE

JELHE Ve I L U AR A, sk i v 1 e
FEOURE ] T BRI JC Ll 11, 2SI 7
— ANV, L MR T R A BRRRE L LS,
eI L AR

(3) BEHLHE

TEZMTBE, T BT AR ISR, B AR T
Ve TR B, (I S KR
] 1085 88 0 2 A 92 S, R S 30 HMMV 9 37
S L R, PR ) SRS I R v B A
(9 13, VB % 5 v PR I B R T PR R, 7
() Y8 T AHHR TR DR LA T B e Kl 1

MR B, T kL T8 AL B
TR ZE M RT 22 W R RE)) | e s 3
L5 0 25 b 2 1O W8 2 90 L B2 U5 50 1 ST 30 s 3
S ORBR I S SR AR

4 RIRUKEYIRRE il

41 BRKEME
WK A W) e % 3R 2 K G W HAE iYW A7 2

6]

1, R KA YRR I E TRk . B
SEFEW, IR /KA ) 9 R ) T 25 R b Bk Ay BB AE
A I Wt v 8 J2 7K 2 400 10 3h 25 T i A g ot
(4 7), I, e R B T KA AR
BB, QTR A4S R (ED K &4 ) | Bt
(BRI K 28 H RS ) M LA St (B e A
K& A e B #5353 AR R IRl
(YT JEE 7K A 90 T B ok o 25 S [ LB 1 7K 4 0
R b R K A ) PR TR AR RN L
JELHb o =, AR B 3B A JE e R A
AR IR /K A 0 B B /1N, TR A
52 AL, FFHORE I KA Feh i S AR AR
L%k 3 THRGRIUR B IR AN, KA P
TEF k2 ORI 2 h, 8 % HB K, 1
PR T AT R K AR . ik
TR AR N, SRR K A R AR LR N S
ik, =2 SUUBIA L, KA YA i RS
WK A3 %t R SO A RS AR
T, BT % B R (K A k. R,
VR IR KA A7 AE S T K38 P K 4 0 T B
AR A, TR RI2E 20 | R [ B B IR K A 40 1
I T KA YRR R B AR, KA i
(B VP B TR T 4555

4.2 A

U8 A L (35 A K A 400 8 1 3 3 LA
ORI, BREE E5eH GINSBURG 4
P e i s T e
I A1) I 0 S e s 1 1 e 3 ot i



8 Marine Geology Frontiers ML T

202241 A

XBARLEIESE . BAELE SO HMMV o fil ™Y, 5
2K A B2 s T A ) F BT
A 4 308 e IR EEE, HoK A W R 2808 K 1 11 52 30 (00 )
OB ORI (1] 9) o ELAR, ZE V8 K 1115
TEBRY XA a ok R IK A, %X 5 B
My IR B, TR B R s L 7R X b o,
ATETURR Y N LA B/ NTURE R K A 4 L S 1, AR
DL B A ., X 7 K L P 2 3 - e
. KAPTEZIX R R IR B M IS, TR
(205 5, T T Bk A A 7 X o, R
SR A A R KA K, 7K A i R
Fernik 25%. WU IR IR TP, B
AR MR R 5 DI, KB o ELAT 7K & 0 B
TR T IR d HP A 7K A A L R 166, JLT-
B KAWL, M B d X I B e 2
AR FEME LA K A TR S TR

72°00.5"
N

71°59.8'

14°42.0 14°45.0'E

HMMV JURW) TR 1K G4 & 1 DX, a DR e IR R BUK G,
b X2 d KOKEHI it 0~25% 145
B9 HMMV fk&mss ™

Fig.9 Hydrate Distribution of HMMYV mud volcano

AALAIE, ST I F 0, WA R H
BALEE ) T AR G KA TR 5 TR 1 45 T g 5,
TE R R R B, vh S I, B T RS
VRS ; e 2 Iy B, 4% i (DT IR R 4T,
1 FITFAK A 00 BURIRS 2 SR 5 W 0 AL I e,
Ve 1L S 2 i T A 2 1 o B R AL ROk & R
SEWICR, SO R IR TS YR e T
(1 LB (1 10), AT B K A T G, 5
SR K A R S SR
AR A UL SP-0 , 5 H  TT R  FE OO BT
(KA. ARSI, 2V L R S i
PRSP 465 Xk P, 3 o 708 3 5 41 SR B B 0 B A
eI B RE ST, 5 TORA W AR, PRI, i
TEAE R 202K A 2 (PR 38R T R0 v ) 7 2 [

[54]

ARE I ot F W T A A 1
WL DRI, VR LR R AR B B 22 5, S 80K
BT R — kR — TR (0 Bh 2 RO
i,

RO RS /m
500 0 500

1000 L=

E 10 HMMYV BEZFSXASKEMRES
(GHSZ ) X&REFIEE
Fig.10 A cross-sectional view of the relationship between
the HMMYV temperature field and the gas
hydrate stability zone (GHSZ) B4

5 Wi

51 BRKEMESIRALBIBEE

MR KA R R R RS YR
SR TR A 2 AN MR, RS L A,
T LIS A 7 Joi 70 1 4% 4 TV ok 2 0 0 B 9K 454
W, ELA e s (AR UL, % 7E TR ST T IR
o, LV ), 300t T A ST M R U
LB 0 IR BB HE M 11 o P e 1, Rk,
ZHO H AL 55 2 S T A (32 1)

S T 3, R 2 A A T D
SRR A TS AL, B LA FAR PR A, B
Fifi YO, 2%t B AR L . 8 P LT
R AT QWi M X A A,
AIPE ] — X e ™, B R L, #T
BSR 2 [f] B0, 50T 7E 7K &4 (0 A b s, e
BT (7K A OS5 18, FCIT A2 (K & W 22
[ 245 B AR K 4 4 s @R AL At 3 2 b
b A I S 1A O 1 K ) P B 1 R
120 H A o o 3 B 2 1 R 1
FBTAR 1 SN IE RS, R A1 L AR 0L (A i 2 A
T R V3 SR 2R 0 (0 VR R B, 76 R BR BB A 3R
RIS H S B O BF5E h ol s | Ak H

52 BRKEYMESRALNAEES KRR
ORI ARG W) LA SOl Z [ AR % 22 4



5538 % 4 1 1)

EIRAE, 45 IR e 598 KL EARARAE B HO RAR UK & PR IR 9

®1 BRAEYWESRNLSFEITLL

Table 1 Comparison of characteristics between submarine

hydrate pingo and mud volcano

PES R K S T Je kil
HUAE (v I EER
i FEXS JRy PR FAXST 2
3 E1- 2 SESITEZ7 RES HEREB TTER, A eh L mi
BSRAFIE AL T RS 52 AT AT H PR AR 2 B g
RZVR) HA AR A HARBIIL. ERZ
LS W)= LA Kyt A < M R4
AR ST FREEHAL BRI
IREVIRAF BEAIR ik

L2 Ak, (BT BHLER | 8 fhad 72 DL 5K G R
K FR EHA AT XA, J& T AR A
F18 b B

(1) =&y B AR

TR G ) e F- BB N, TR — S 2
AR, Y BERU N, RIZVURRP AR ESR, HICH B
W% 1 SR IR Tt . A Hb R ) T v 22 2 B 55 AR 1
FRAE, 3 F IO adiE, BSR A T HERR ., H 512
SEAT s UG AL - B RUBE A, T AR 22 e tR ik 5
TRCIR, B e AR A AR, 32 A R Y o i R, HL
A Ve s Ve I B P RRAE . AE MR L, ok

T TERCN W, BRI B AIRRIR, B RAAE

W S ARIR A BN e S e A LR
BSR i FHMH AR R Rtk

(2) ZFH W IES) /) R E

E AT, WIS S R 1 2
BRI B TR L R T
T 2O KA Y R R
BARA IR . MK A YITE TR N B 7 7
WK ARG, KA R 8 o (% ik 1 A
G2 2 10 V7 7 2 S0 5 e R L
T2, V8 2L T U 2 VB R P A s ek
VURRWE FHT, 2 70 AR B, T 5 I, 9K 3
fA i) IR, 15— E B R S F R 1) 1 28 2
AR B R RN A R AR TR,
TEA BRI I 43 A5 S22 A BRI, 8 Ll
{4 i) 43 e S L X B, TRV
KAy R 1 T BT 94 A 355 995 B L1 oL
BERE AR i s 2 B X

(3) = Z 0B BATRE

RS K A 00 IR A ot R T 4k R L R
WT 3 AB B A IE MR AT, TR E

BRRRORINTETE, KA WG T %2 U, 1t
JE B KA AR S IR AR, VR 1 (R F 1)
LB, RWHE R K S R, B h T
I PRI 55 2% A 2 P RS, 7K 400 43 e T 7 4 D)
T U i S AR U8 Al Al AR
S22 M 0 VR IR RE BN BE L WER BN B, TR Y
B G PR 1 T T 3 B R A 0 AR 2
T A S, BT TR LI % R
it PR 5E T U8 S 1y B b PR HR 00 5 g 12014
B (45 F HL SR AE

(4) ZFrRGHREITEGYATRE

VIR KA ) R A 02 K A I SR T, 78
AL T3], e FE b L T BE K, MR
BE e kA2 i BE BRIk, T 5 Ol
B I KA A3 A ELAT W S B R R AT, 7
JALEE X TEAK A, B K A AR g — A
R TRIRNL T B PR A L KR,
TR AW 5 H BSR A & B AT )E R H—
fig i F BSR WoR 9 iE o7 >, i kol i BSR
SR A TR E HAA g ix
SR A IAEH AR R 3 (30 B BT 4 0 s, 4
JEAEVTAR 3 VR TR I X S0 7

(5) =0 RARHEEFAT A R R

TR SRt TR AT, 2 b R A 1 BT D 97 VA HE
Bt B AR 22 5. TSR A A R R A AT 1)
AW I B K A, b TR B, — ELAN
(9 FRHE S AF 2 B A, Tk B W SRR T 25
5 KA AR ORI KA 1 S R
SR, W RN B . BRI K & 4 AT X
U L1 2L AN, F % TN S o i A
AL R B R . — BERES R A I 5, KRk
43 IR IR K A0 2 DR 2 4 P TR T R



10 Marine Geology Frontiers ML T

202241 A

AR AR, AT “He e,
L T PR B T ) B B 050N R 2 /N
T8 S L) 2 B2 NS PR PR, X LB B3 2
TARR IR, Xk S HE e ) 5 ik S0k 4 109
(TR B B 1, A L KRR TR v, G
X 52, ELAR /32 b FR Bl s i T4

FRXE T 2 R TR 0 36 T 5 H (R, A fA
K, TR IR K A FEads 2 U8 1y 25 T
FEAPAEAEA S, AHE HAT 10 00 e R B A 25 5 VRS
T A A T P 1 K
BRHERCAE 1. DI, oA T 5 830 1o B 22 1 44 R
B K JBL {7 LI A A b TR A B TR
DAE— 25 3RS BRI B, A — 254 250
SIBILAR, FERSC SBRA0 FEl Py 2 b SR A RS
PRI T, S0 5 2 AR MK A Y B R A,
VR B3 K A 0 SR AL LRI 5T I P B O
PSR T T B

(DIEFIRAKEY e —Fh SRR Z R BTN,
KAV R A T BUR R Z DU IO AL T e
JIG B F R ST s T 90 K Lo T TR T Y
o Ve DT A SR ORI 5 R B R R
TR FAR M TT A . BSR —FIE SR, (H R
WU, ST RS R A LA B AT

(2) ¥ /K& 1 e B AT FHE o n] SR AT 1
IKEER, e AR FIAA R T i iz SR i K
Ha R0, JKE YL sk gt 7k Bts | a2
BRERGEWFRMN. ZHHEREAEIRERZ
o ML B TR B W R A A 2, R T2
AOBTIRALIN o BeAh, L nl B8 A i K45 W) 23 fige i
EV-ai0E PSRN ADRS (/1B BT 8

(3) ¥ /K& 1 e O3 AR BT 3 g PR
RS | T T3 AR BE e K L B A U m] ) 73
“JERRE L W SRR 3 AN B, A A KO, W
ATRERL, bl R AR IS /K 5 ) e A e K L A
BB, XS R R Z K W) R A S A R
SRS

(4) S5 K P AR RGP B 3245 T Hop
P T R S U A B AR, ELOK S R
A oA 5 e A LIS e J S RAT g R R O 5 R 5
FRECTI K 1L, BRI /K G 1) B BT Ak B BRI B i
AR SE T HAF Al WA SRS AR A, (BAE

PSRN A 25T, TSR 5 W) A ) — Y T
e 22 UK 8 SR 5 23 M o

(5) A, & T IR iRk 59 [ATe
AN FEATS AN, JEHIE T B AT AR HE
TR T HR LB Ao 4 R A 2 A1 g Wi oy 25 Ao 1) AL
e B — R o B PR A ROR B AR 2 DA K
HRBFTERIFFEERA, HIE R K G 58 A il
(R B HE o A AN W OAT, R T PR B AT 2 R 42 Bk
PRFE PR BLAR TTRIORE 2315 2 SEMVERR BT A

SE 3k

[1] BOSWELL R, COLLETT T S. Current perspectives on gas hy-
drate resources[J]. Energy and Environmental Science, 2011,
4(4): 1206-1215.

[2] MILKOV A V. Global estimates of hydrate-bound gas in marine
sediments: how much is really out there?[J]. Earth-Science Re-
views, 2004, 66(3): 183-197.

[3] TREHU A M. Gas hydrates in marine sediments: lessons from
scientific ocean drilling [J]. Oceanography, 2006, 19: 124-142.

(4] RABA, TRIERL W MEME, 55, R OISR K& W kL
RGERRT]. RIKAR T, 2007, 167(9): 1-6.

[5] SNYDER G T, SANO Y, TAKAHATA N, et al. Magmatic fluids
play a role in the development of active gas chimneys and
massive gas hydrates in the Japan Sea[J]. Chemical Geology,
2020, 535: 119462.

l6] gk, SLRBAC, FIAERT, 4. MEH R 2 KR SUKA W UR R
R LI, WML TT AT, 2020, 36(9): 73-78.

[7]  CUNNINGHAM R, LINDHOLM R M. Seismic evidence for
widespread gas hydrate formation, offshore West AfricalJ]. Pet-
roleum Systems of South Atlantic Margins, 2000, 73(1): 93-106.

[8] HOVLAND M, SVENSEN H. Submarine pingoes: indicators of
shallow gas hydrates in a pockmark at Nyegga, Norwegian
Sea[J]. Marine Geology, 2005, 228(1): 15-23.

[9] PAULL C K, USSLER W, DALLIMORE S R, et al. Origin of
pingo - like features on the Beaufort Sea shelf and their possible
relationship to decomposing methane gas hydrates[J]. Geophys-
ical Research Letters, 2007, 34(1): 223-234.

[10] PAULL C K, NORMARK W R, IIl W U, et al. Association
among active seafloor deformation, mound formation, and gas
hydrate growth and accumulation within the seafloor of the
Santa Monica Basin, offshore California[J]. Marine Geology,
2008, 250(3): 258-275.

[11]  FREIRE A, MATSUMOTO R, SANTOS L A. Structural-strati-
graphic control on the umitaka spur gas hydrates of Joetsu Basin
in the eastern margin of Japan Sea[J]. Marine & Petroleum
Geology, 2011, 28(10): 1967-1978.

[12]  SERIE C, HUUSE M, SCHODT N H. Gas hydrate pingoes:
deep seafloor evidence of focused fluid flow on continental mar-
gins[J]. Geology, 2012, 40(3): 207-210.

[13]  SEROV P, PORTNOV A, MIENERT I, et al. Methane release


https://doi.org/10.5670/oceanog.2006.11
https://doi.org/10.3321/j.issn:1000-0976.2007.09.001
https://doi.org/10.1016/j.chemgeo.2020.119462
https://doi.org/10.1130/G32690.1
https://doi.org/10.5670/oceanog.2006.11
https://doi.org/10.3321/j.issn:1000-0976.2007.09.001
https://doi.org/10.1016/j.chemgeo.2020.119462
https://doi.org/10.1130/G32690.1

EIRAE, 45 IR e 598 KL EARARAE B HO RAR UK & PR IR 11

(14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

from pingo - like features across the South Kara Sea shelf, an
area of Thawing offshore permafrost[J]. Journal of Geophysic-
al Research Earth Surface, 2015, 120(8): 1515-1529.

WAAGE M, PORTNOV A, SEROV P, et al. Geological con-
trols on fluid flow and gas hydrate pingo development on the
Barents Sea margin [J]. Geochemistry, Geophysics, Geosystems,
2019, 20(2): 630-650.

MILKOV A V. Worldwide distribution of submarine mud vol-
canoes and associated gas hydrates[J]. Marine Geology, 2000,
167(1): 29-42.

KOPF A. Significance of mud volcanism [J]. Reviews of Geo-
physics, 2002, 40: 1-2.

DIMITROV L I. Mud volcanoes: the most important pathway
for degassing deeply buried sediments[J]. Earth-science Re-
views, 2002, 59(1): 49-76.

KHOLODOV V N. Mud volcanoes, their distribution regularit-
ies and genesis: communication 1. mud volcanic provinces and
morphology of mud volcanoes[J]. Lithology and Mineral Re-
sources, 2002, 37(3): 197-209.

fifk ) A, 2RI, SRR, S5 I TS R A A
RG] [T]. P ERRz: HERRE, 1999, 29(3): 247-
256.

G, BUA T, THSCR, 55, Kl Pk L/PRIERE K% <K
B 502 ROE & (1] LT, 2010, 37(6): 1720-1732.
AT, R, FWRIE, 5. BRYL I 250 1 2 MR JICREAS 1
SRB ORI (7] kA2, 2009, 34(5): 778-784.

Taest, BhIE RS, J7 0. YEIRRE/Ue K 1L A AR T K H X R
SRAUKE WIRAT 5 [T). A M TR AT, 2018, 34(7): 15-
23.

TG0, 5, BREHL, 5. BURR AR SR 22 53 R B IR &%
HORTR R T]. MR BTRG T, 2021, 37(7): 1-10.

A 5, T3 50, AT, 4. R AL AR e A LR R REIE L 1k
SR BOREYIIRM]. L BlaE dit, 2019: 1-11.
TINIVELLA U, GIUSTINIANI M. An overview of mud volca-
noes associated to gas hydrate system[J]. Updates in Volcano-
logy: new Advances in Understanding Volcanic Systems, 2012:
225-267.

SAUTER E J, MUYAKSHIN S I, CHARLOU J L, et al. Meth-
ane discharge from a deep-sea submarine mud volcano into the
upper water column by gas hydrate-coated methane bubbles[J].
Earth and Planetary Science Letters, 2006, 243(3): 354-365.
KOPF A J, KLAESCHEN D, MASCLE J. Extreme efficiency
of mud volcanism in dewatering accretionary prisms[J]. Earth
and Planetary Science Letters, 2001, 189(3): 295-313.

ETIOPE G, MILKOV A V. A new estimate of global methane
flux from onshore and shallow submarine mud volcanoes to the
atmosphere[J]. Environmental Geology, 2004, 46(8): 997-1002.
JUDD A G, HOVLAND M, DIMITROV L I, et al. The geolo-
gical methane budget at continental margins and its influence on
climate change [J]. Geofluids, 2002, 2(2): 109-126.

MILKOV A V, SASSEN R, APANASOVICH T V, et al. Glob-

al gas flux from mud volcanoes: a significant source of fossil

(31]

[32]

[33]

[34]

[35]

(36]

[37]

[38]

(39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

methane in the atmosphere and the ocean[J]. Geophysical Re-
search Letters, 2003, 30(2): 91-94.

JUDD A. Mud volcanoes, geodynamics and seismicity[M].
Springer, 2005: 147-157.

R, BRI, 2RV, R FRIZVE AL ELRIR SRS W
JUARL [T]. VI BRI, 2020, 36(9): 94-100.

MAZZINI A, ETIOPE G. Mud volcanism: an updated
review [J]. Earth-Science Reviews, 2017, 168: 81-112.

AR, INAH, REEA, . WIRIEKOLB H BT R 551
B P PERI A R 200 (1] Y P 3 5 55 U 20 4B R, 2020,
40(6): 1-13.

CIAIS P, CHRIS S, GOVINDASAMY B, et al. Carbon and
Other Biogeochemical Cycles[M]//Climate Change 2013: the
Physical Science Basis. 2013: 465-570.

sKAEE, B AR, N 7S, SF IR K A WK B R RRAE R B ST
TS S 85 TN A2 LT, 2017, 37(1): 117-124.

MACKAY J. Pingo growth and collapse, Tuktoyaktuk Penin-
sula area, western Arctic coast, Canada: a long-term field
study [J]. Géographie Physique Et Quaternaire, 1998, 52(3): 271-
323.

YOSHIKAWA K, SHARKHUU N, SHARKHUU A. Ground-
water hydrology and stable isotope analysis of an open - sys-
tem pingo in northwestern Mongolia[J]. John Wiley & Sons,
Ltd, 2013, 24(3): 175-183.

ANDREASSEN K, HUBBARD A, WINSBORROW W, et al.
Massive blow-out craters formed by hydrate-controlled meth-
ane expulsion from the Arctic seafloor[J]. Science, 2017,
356(6341): 948-953.

KIOKA A. Geological occurrence and morphological feature of
submarine mud volcanoes: a brief review [J]. The Journal of the
Geological Society of Japan, 2019, 126(1): 17-28.

CHEN S C, HSU S K, WANG Y, et al. Distribution and charac-
ters of the mud diapirs and mud volcanoes off southwest
Taiwan[J]. Journal of Asian Earth Sciences, 2013, 92(5): 201-
214.

CIFCI G, LIMONOV A, DIMITROV L, et al. Mud volcanoes
and dome: like structures at the eastern Mediterranean Ridge[J].
Marine Geophysical Researches, 1997, 19(5): 421-438.
SUMNER R H, WESTBROOK G K. Mud diapirism in front of
the barbados accretionary wedge: the influence of fracture zones
and North America—South America Plate Motions[J]. Marine
and Petroleum Geology, 2001, 18(5): 591-613.

LEON R, SOMOZA L, MEDIALDEA T, et al. Sea-floor fea-
tures related to hydrocarbon seeps in deepwater carbonate-mud
mounds of the Gulf of Cadiz: from mud flows to carbonate pre-
cipitates [J]. Geo-marine Letters, 2007, 27(2): 237-247.

NISHIO Y, IJIRT A, TOKI T, et al. Origins of lithium in sub-
marine mud volcano fluid in the Nankai accretionary wedge[J].
Earth and Planetary Science Letters, 2015, 414: 144-155.
KRASTEL S, SPIESS V, IVANOV M, et al. Acoustic investig-
ations of mud volcanoes in the Sorokin Trough, Black Seal[J].

Geo-marine Letters, 2003, 23(3): 230-238.


https://doi.org/10.1002/2015JF003467
https://doi.org/10.1002/2015JF003467
https://doi.org/10.1002/2015JF003467
https://doi.org/10.3969/j.issn.1000-3657.2010.06.018
https://doi.org/10.1007/s00254-004-1085-1
https://doi.org/10.1046/j.1468-8123.2002.00027.x
https://doi.org/10.1016/j.earscirev.2017.03.001
https://doi.org/10.1126/science.aal4500
https://doi.org/10.1023/A:1004319226273
https://doi.org/10.1016/S0264-8172(01)00010-1
https://doi.org/10.1016/S0264-8172(01)00010-1
https://doi.org/10.1002/2015JF003467
https://doi.org/10.1002/2015JF003467
https://doi.org/10.1002/2015JF003467
https://doi.org/10.3969/j.issn.1000-3657.2010.06.018
https://doi.org/10.1007/s00254-004-1085-1
https://doi.org/10.1046/j.1468-8123.2002.00027.x
https://doi.org/10.1016/j.earscirev.2017.03.001
https://doi.org/10.1126/science.aal4500
https://doi.org/10.1023/A:1004319226273
https://doi.org/10.1016/S0264-8172(01)00010-1
https://doi.org/10.1016/S0264-8172(01)00010-1

12 Marine Geology Frontiers ML T 202241 A

[47]  ROVERE M, GAMBERI F, MERCORELLA A, et al. Venting [60] LUHL,YUS,LEE]J, etal. Complex gas hydrate from the cas-

and seepage systems associated with mud volcanoes and mud cadia margin[J]. Nature: International Weekly Journal of Sci-

diapirs in the southern Tyrrhenian Sea[J]. Marine Geology, ence, 2007, 445(7125): 303-306.

2014, 347: 153-171. l61] Al i, Bhling, Bk U, 45, B H R R SOK & B 2k
[48] DUPRE S, BUFFET G, MASCLE J, et al. High-resolution map- SR STt e S R (0], M PR AT, 2020, 36(12): 3-

ping of large gas emitting mud volcanoes on the Egyptian con- 16.

tinental margin (nile deep sea fan) by Auv surveys[J]. Marine [62] HUGUEN C, MASCLE J, CHAUMILLON E, et al. Structural

Geophysical Researches, 2008, 29(4): 189-196. setting and tectonic control of mud volcanoes from the central
[49] DIMITROV L, WOODSIDE J. Deep sea pockmark environ- Mediterranean Ridge (eastern Mediterranean) [J]. Marine Geo-

ments in the eastern Mediterranean [J]. Marine Geology, 2003, logy, 2004, 209(1): 245-263.

195(1): 263-276. [63]  TINIVELLA U, GIUSTINIANI M. An Overview of Mud Vol-
[50] HOVLAND M, JENSEN S. The Nyegga seeps revisited - hy- canoes Associated to Gas Hydrate System[M], 2012: 226-252.

drates, pipes, carbonates, pingoes, exotic fauna, and complex l64]  faI M, WA HE, $156F, 2. miALRh S IR ie e . Jé:k

pockmarks[C]//Eage workshop on shallow anomalies. Indica- LLARRAE B S B X [T]. BlA#, 2012, 64(2): 15-18.

tions of Prospective Petroleum Systems, 2014. [65] HENSEN C, NUZZO M, HORNIBROOK E, et al. Sources of
[51] NIEMANN H, DUARTE J, HENSEN C, et al. Microbial meth- mud volcano fluids in the gulf of Cadiz: indications for hydro-

ane turnover at mud volcanoes of the Gulf of Cadiz[J]. thermal imprint[J]. Geochimica Et Cosmochimica Acta, 2007,

Geochimica Et Cosmochimica Acta, 2006, 70(21): 5336-5355. 71(5): 1232-1248.
[52]  VOGT P R, CHERKASHEV G, GINSBURG G, et al. Hakon [66] PEREZ C, FESEKER T, MIENERT J, et al. The Hakon Mosby

mosby mud volcano provides unusual example of venting[J]. mud volcano: 330 000 years of focused fluid flow activity at the

John Wiley and Sons, Ltd, 1997, 78(48): 549-557. Sw Barents Sea slope[J]. Marine Geology, 2009, 262(1): 105-
[53]  GINSBURG G, MILKOV A V, SOLOVIEV V, etal. Gas hy- 115.

drate accumulation at the Hakon Mosby mud volcano[J]. Geo- [67]  ELGER J, BERNDT C, RUPKE L, et al. Submarine slope fail-

Marine Letters, 1999, 19(1): 57-67. ures due to pipe structure formation.[J]. Nature Communica-
[54] MILKOV A V, VOGT P R, CRANE K, et al. Geological, geo- tions, 2018, 9(1): 715.

chemical, and microbial processes at the hydrate-bearing Héakon [68] BOHRMANN G, IVANOV M, FOUCHER J, et al. Mud volca-

Mosby mud volcano: a review[J]. Chemical Geology, 2004, noes and gas hydrates in the Black Sea: new data from Dv-

205(3): 347-366. urechenskii and Odessa mud volcanoes [J]. Geo-marine Letters,
[55] R, RETHEL % 79, 5. RIS RISREME A XA RARS 2003, 23(3): 239-249.

KEPIRIERI]. BACHLITT, 2006, 20(1): 115-122. [69]  ALOISI G, PIERRE C, ROUCHY J M, et al. Methane-related
[56]  TrERE, skill4E, s e, 55, R U K L ER P FRARAE (T]. ¥ authigenic carbonates of eastern Mediterranean Sea mud volca-

PEHUTTRITY, 2012, 28(12): 6-9. noes and their possible relation to gas hydrate destabilisation [J].
[57]  [AFE, FEEAR, FRLLYE, 55, AR UDHE S 78 R 1 DU L i H Bk Earth and Planetary Science Letters, 2000, 184(1): 321-338.

WYBERAE (7], W22 (PR, 2014, 36(7): 142-148. [70] MAZURENKO L L, SOLOVIEV V A, BELENKAYA T, et al.
[58] EGOROV A V, CRANE K, VOGT P R, et al. Gas hydrates that Mud Volcano gas hydrates in the gulf of Cadiz[J]. Terra Nova,

outcrop on the sea floor: stability models[J]. Geo-marine Let- 2002, 14(5): 321-329.

ters, 1999, 19(1): 68-75. [71]  FRIEDRICHS M, KRASTEL S, SPIESS V, et al. Three-dimen-
[59] XU WY, CAROLYN R. Predicting the occurrence, distribution, sional seismic investigations of the Sevastopol mud volcano in

and evolution of methane gas hydrate in porous marine sedi-
ments[J]. John Wiley and Sons, Ltd, 1999, 104(B3): 5081-
5095.

correlation to gas/fluid migration pathways and indications for
gas hydrate occurrences in the Sorokin Trough (Black Sea) [J].
Geochemistry Geophysics Geosystems, 2013, 9(5): 1-22.


https://doi.org/10.1016/j.margeo.2013.11.013
https://doi.org/10.1016/j.gca.2006.08.010
https://doi.org/10.3969/j.issn.1000-8527.2006.01.014
https://doi.org/10.3969/j.issn.0253-4193.2014.07.016
https://doi.org/10.1016/j.gca.2006.11.022
https://doi.org/10.1038/s41467-018-03176-1
https://doi.org/10.1038/s41467-018-03176-1
https://doi.org/10.1038/s41467-018-03176-1
https://doi.org/10.1046/j.1365-3121.2002.00428.x
https://doi.org/10.1016/j.margeo.2013.11.013
https://doi.org/10.1016/j.gca.2006.08.010
https://doi.org/10.3969/j.issn.1000-8527.2006.01.014
https://doi.org/10.3969/j.issn.0253-4193.2014.07.016
https://doi.org/10.1016/j.gca.2006.11.022
https://doi.org/10.1038/s41467-018-03176-1
https://doi.org/10.1038/s41467-018-03176-1
https://doi.org/10.1038/s41467-018-03176-1
https://doi.org/10.1046/j.1365-3121.2002.00428.x
https://doi.org/10.1016/j.margeo.2013.11.013
https://doi.org/10.1016/j.gca.2006.08.010
https://doi.org/10.3969/j.issn.1000-8527.2006.01.014
https://doi.org/10.3969/j.issn.0253-4193.2014.07.016
https://doi.org/10.1016/j.gca.2006.11.022
https://doi.org/10.1038/s41467-018-03176-1
https://doi.org/10.1038/s41467-018-03176-1
https://doi.org/10.1038/s41467-018-03176-1
https://doi.org/10.1046/j.1365-3121.2002.00428.x
https://doi.org/10.1016/j.margeo.2013.11.013
https://doi.org/10.1016/j.gca.2006.08.010
https://doi.org/10.3969/j.issn.1000-8527.2006.01.014
https://doi.org/10.3969/j.issn.0253-4193.2014.07.016
https://doi.org/10.1016/j.gca.2006.11.022
https://doi.org/10.1038/s41467-018-03176-1
https://doi.org/10.1038/s41467-018-03176-1
https://doi.org/10.1038/s41467-018-03176-1
https://doi.org/10.1046/j.1365-3121.2002.00428.x

38 1 EIRAE, 45 IR e 598 KL EARARAE B HO RAR UK & PR IR 13

Characteristics of submarine hydrate pingos and mud volcanoes and
their effects on gas hydrate accumulation

YAN Dawei'™, SUN Zhilei””, GENG Wei™’, LI Ang™’, CAO Hong™’, XU Cuiling™’, ZHANG Xilin™,
ZHAI Bin™, ZHANG Xianrong™’, LI Qing™*, WU Nengyou™’, CAI Feng™’, LUO Di"’, SUN Yunbao ",
ZAHNG Dongz’S, ZHOU Yuchengz’S, LV Taihengz’3
(1 College of Marine Geosciences, Ocean University of China, Qingdao 266100, China; 2 Key Laboratory of Gas Hydrate of Ministry of Natural

Resources, Qingdao Institute of Marine Geology, China Geological Survey, Qingdao 266237, China; 3 Laboratory for Marine Mineral Resources,
Qingdao National Laboratory for Marine Science and Technology, Qingdao 266237, China)

Abstract: Submarine hydrate pingos and mud volcanos are both the products of upward migration and discharge
of fluids in different phases to the surface. The shallow gas hydrate reservoirs related to these two special geolo-
gical bodies have unique formation process and occurrence, and at the same time, they are also an important way
of carbon-rich fluid emission. However, due to the lack of systematic investigation and research about these two
geological bodies, and the lack of attention to shallow gas hydrate resources and carbon leakage, there are still
obstacles in fine characterization and accurate discrimination of submarine hydrate pingos and mud volcanoes.
This makes it difficult to scientifically evaluate the accumulation process and environmental effects of their asso-
ciated gas hydrate resources. In this study, by summarizing the existing researches on the submarine hydrate pin-
gos and mud volcanos, the two special geological bodies are compared from the aspects of geomorphic character-
istics, internal structure and formation mechanism. The evolution the process of the two geological bodies and
their influence on the related gas hydrate accumulation process are systematically analyzed, and the essential dif-
ferences and relations between the two geological bodies are discussed. We hope this study might provide an im-
portant reference for the research on submarine carbon leakage and its contribution to the carbon cycle, as well as
the evaluation of global shallow gas hydrate resources.

Key words: submarine gas hydrate pingo; mud volcano; gas hydrate; accumulation process; carbon emission
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