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Fig.1 Schematic diagrams of cone-shaped (a, b). pie-shaped (¢) and collapsed (d) mud volcanoes

(modified from reference [27])

1.2 RALBERYRRERFHE

TR I8 LT H ) — Bk A 2~ 15 km
LN R U E P R TN (RSN 4 N T |
PRANA AR OK VR 26 fram W be . — Sk 45D 41
. WE B A B CHLL CO, N, CoH,

Cy Hy B HARS TS A& W B AL 4 4 -
e I ) A1 S ik 5 T P P TR Ui — TR DL
RBEA WE 25 ARV mE Y8035 %
JE L 2H A AR A B T HR W RT AR 8 E L AR
JERLK D JE ) e A L R IR B U8 = [ AR
(A



%314 8 XA R Y KON R E B 5 R AR K& W T % & 55

e K e Wy DL b Gl 7 L 5 AT 55D 2R
OSBRI ER A B AR e DR
e RN CIE: Vi o N N G R QU N b2 7 A
JE 53 A5 AN [ 5 25 VG 55 5 3 X908 2K L s & ) b 98 o
TR 50~80040" 5 5V Ml X U8 K L0 43 BT 3R
AR LY 0 5k 30~ 60961, g ok Ll & g v
A DL AT A5 R B ER A — S R R S
WKL 8 A A R o 08 8 (B 5 22 o /s LRI I 114
fiE . Y& ms W E UL AL A i R B A
M 1) 8 PR A2 i A TR i A R B T TR A
JZ AR H B R R R 8 K L R R e A
A Ay g U B 30 S T 1 R A 5 TR A B
YrAR A B o O A B 0 A R R R e
AAERPIR A S . R KRBT /NI R
RKEEYAE I ARG L F . LIEE
sl AT AR 04 91 7 DA R L A DL IR B A BT
A IR D b A R R R 4 7 X SR Bk TR £
558 H BUE LT B BEIRAT R

WS ) v A T R T 4 R R R A B R A
6] 235 52 i ) 815 J5i 81 o [ 245 5 WOk ) B % S A o
FIAARAG AT A AR [ 3 T8 K Ll iy st 1 4
A Z IR R . A RN A L 3L A el
T U8 K LI B A TR M R 1 DT R BRI
%,

1.3 BRALAGHREEREMEZ

LI N | 17 N RN < TN
VR CRFIT IR AR IO AR Ak L R M DX A 5
FEH U8 AR Sy — b AR BIOR R 5 |k 2%
M2 ISR XS IR I X E A R 5 Y
PR AR TE Bl AT AE A 150~200 mW/m” , i i 3K
2 20 C, Pk LA ER IR BEE AR Ve K Ll e B B
R E R KA 225 S O BRI L B 2 TR B R 2k b
P T B B Aty 0. 5~1. 5 km, PR
Ko Deville %5 X 557 37 J& 35 $ir &5 U k1l 1 J 19
T ST A3 AT IS A A s U L P S IR I R T
SRR 5 Z R0 R R A G, a0 b T IR AR i 3
JoT AR YR T A U Ll P R IR A A
N E L5k 3 AN IR sh iy h s —
TR AT

R QUPEES 31 Y= B e s a6 i QN I
FUH) BRGAR E5 R Y  HROR AL S, IO R

FEIE AR SRR H WA U A A
Th W AR ) s R B i AR I
e K Ll B2 T AR b 2 1 e B B BT (A S 3R
R T DS A N QI 3N F2% s NI}
S e K L SR B A A RRAE . — o IR R
NFEMT a A B RER IO T 5 A o0
SERG T AR B A B R AR TR, B
BRI AL A A T R B ] B 22 5.
WL E AR BUE T R B R o B
PAL 3 RBOAXBAK . ETEARERT R
BARK R L9 A S R T s . 5
TR — DRI LA L, U8 KL AR W 3 e A i
VoI SS9 i DO =T S O S =R R
A3k 1L 1~1.2 W/m/K, 1 J& B L Y 4 0. 7~
1.0 W/m/K ZE 4772700

—J7 TR K 1L J % B 37 1 B Bl 23 5 i 7K
B Y HIE AR E | o5 — I K & WIE 18— 53
0 TGN AL 2 — R B b 3 8 L 2 1 A S
B o XA LS e AT DL A U8 il oK G
25 [H) 43 A FFAE A5 2 50 31F . Ginsburg 2 BT T
B F 0 1 250 ~1 260 m /K %4k i) Hékon
Mosby Je K Ll 5K &9 0 i ¢ &, % e k1
BEARL 200 m, ¢ A IR B U8 ok A
07 1 b S22 45 Vi 2 B B 8 K Ll ply P ) AR PR R
I, BN BN AR B W 0 A FRAE 5 IR B 37 03 A —
B, B EE FRHSIR 2040 B P IS RE PO AR KA
Yy, 1 U R — 7 B R A A R Gk B e R 2 1)
SR EBEARSKGY(E 2,

[Fi] B YA JFG i1 T2 194 728 A %o iy 350 1) BRI A4 X 3t
1% T A S ) AT VSRR M A A 4
SLREEG ML, Grevemeyer X Cos-
ta Rica #i[X. ) Mound Culebra & £ [t 3 69 #4 i
(BRI 3 T A JBE 53 A1 R AT 230 A TN R R Y 8 Ak 2
5 | A R A U1 AL V) 0 T e Y SR B O, 7 e it
00 v b 3 M AB /N o 90 3R WY AR A AT B
B EBYIE R » Mound Culebra ¢ #t #4 i 1 # &
Ve Ji R T Y FAIAL e » e HE B AT i R AR T e HE R
Peray 134 R 3, AR 1K B a5 K AR Ve 4t
THUFR B (T B 30 2 T v SIS SRR . &80
W BF IE 5. IO A S B 0 A — B
Mound Culebra Jg #7536 # 4 34 mW/m’* % i
FRHE K FH) 58 mW/m?,



56 Marine Geology Frontiers 1 ¥ Hb 5 By U

2015 4 8 A

i L AOFFEE/m
1 = 0
72°00.5'N- F .
| d L
i w . L :
72°00.0'N L & {4 4 s
] 00m| N :
71°58. 8" N—— 2% 1000 80 S0
14°42.0'F 14°45.0'B
a KEWIREF TR a eHEREIERED: bEBAE; c:110%~20%; d:0~10%
b KILFIEEES (C) S5KEWMHH

B 2 Hakon Mosby iR X LR EHESKEWH X R (Exxw14])
Fig. 2 Proposed distribution of gas hydrate and temperature in the HMMV (from reference [147])
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Fig. 3 Schematic diagram of the formation of mud volcanoes
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SUBMARINE MUD VOLCANO AND ITS RELATIONSHIP
WITH GAS HYDRATE

LIU Jie', SUN Meijing’, SU Ming'?, YANG Rui'”
(1 Key Laboratory of Gas Hydrate, Guangzhou Institute of Energy Conversion, Chinese Academy of Sciences, Guangzhou
510640, China; 2 Guangzhou Center for Gas Hydrate Research, Chinese Academy of Sciences, Guangzhou 510640, China;
3 Key laboratory of Marine Mineral Resources, Ministry of Land and Resources, Guangzhou Marine Geological Survey,

Guangzhou 510750, China)

Abstract: The coexistence of submarine mud volcanoes and their periphery gas hydrates illustrates the
close relationship between them. Submarine mud volcanoes have been regarded as important explora-
tion targets for deep-water natural gas hydrate in recent years. This paper deals with deep-water mud
volcanoes from three aspects including morphology and internal structure, petrology characteristics of
eruptions and ambient thermal anomaly. The mud volcanoes may vary in shape, and three kinds can
be classified according to the shape of mud volcano crest: cone type, pie type and collapse type. Pe-
trology of mud volcanic eruptions, of which composition is complex due to diverse sources, is signifi-
cantly different to the abyssal sedimentary environment. The distribution of mud volcanoes, as a fluid
dissipation structure, is commonly associated with faults, diapirs (mud diapirs or salt diapirs). The
mud volcanoes often cause geothermal anomaly, which would affect the formation and occurrence of
gas hydrate. The formation process of mud volcano related to a mud diaper could be divided into four
stages: turtle back, pierce, eruption and collapse. Based upon the discussion above, the relationship
between mud volcano and natural gas hydrate is analyzed. The results of the study suggest that the
controlling effect of mud volcano over gas hydrate heterogeneity distribution, gas hydrate dynamic ac-
cumulation and its relationship with mud volcanoes, the coexistence of gas hydrate and conventional
hydrocarbon controlled by mud volcanoes will become the main directions in future natural gas hydrate
research.

Key words: mud volcano; petrology characteristics; forming mechanism; gas hydrates; forming rela-

tionship



