ISSN 1009-2722
CN37-1475/P

VY ML ST RIT T

Marine Geology Frontiers

541 55 5 W
Vol 41 No 5

XIFHE, IMAE, SRISR, 55, L RIRAUKEG R Ao R 08 8 % 1],

HEVEHLTRTIY, 2025, 41(5); 1-13.

LIU Ziqi, SUN Zhilei, ZHANG Xianrong, et al. Overview and consideration on the progress of natural gas hydrate investigation in the United

States[J]. Marine Geology Frontiers, 2025, 41(5): 1-13.

EERAS

M F I, I E, AR RER,
- AL 100037: 2 A ARG R AR UK G Y AL S, B 5 75 B M v T B T T, 75 B 266237
SRR IR TR ST B R IR

(1 P E BT B

i E:X

g 22 54

ﬁ/’i7ﬁ{3\#5]4/}5/7"ﬁg]x§(/ﬂ PER: DR

SIKEMEAEMRHERREE

JIMEED EEET, B AT, Bk

H 1 266237)

ﬁ,ﬁ?\jﬁ;ﬁ@r, f‘}ﬁ’f%:ﬁ/a j]k,va-ﬁék
M Fe T 20y Bk & S, MR AR Z B RSB XE, FRLZFEAZEIBAREAKEY
AR ERZ —, LR ARRTTET BFERRA

KAMREA, @ BRI AT

e AR Fo A AMDUA 18] 69 35 MUH) So4F , £ B 2 T RMAR R AT 7 TUR B 9-4E  TFR IR

3 7 & AT

T2 F#E, ALZENRANTERRARRAA

IKA-H B T A2 AT

XA, FmENT 2B R BTE KRS DA T A b 3 AN Ay A KR 6 R A

ARG E TR AR LRE, A P B RAA

AARAEM; 0 K BARTT A A B £
DOI: 10.16028/j.1009-2722.2023.253

KR R R A
FE 42 E:P618.13; P736 THkARIRAD: A
0 55

FIREKREY (TR KEW ), FERIRFAIK
FEARIR . o A A R IR i —Fh S 2R vICIR TR
SRR “ATIRVKT . HLAE 1778 4E, B ERHE R
PRIESTLEYJ 3t & ¥l T A ALBKS 9, (5 241k
—IE 5 1810 4F, ¥ E #} 2% % HUMPHREYD
TESZER SRR E T Ak e AL
Jei , XK A W0 BB S P IT e , IF-0 Blh T 7 g
g
H A, I8 A A& 4Bk B n R AR AR K A Y
HiIX 223k 230 4b (& 1), (B EAR A AR, T3 1
JFAR s ], 29 99% A 145 K EERE G b IX, A

Wis HEA: 2023-11-02

BWENE . EEK A RBFEEES U el X8 SR R i I FEFSE
K R A Y I LI S (42176057), “V8 A 137 [ 5 1 490 I
IR B s A 4 U7 (92358301)5 LA LSRRI M4 “Pham il
IR -FATR I A B A 8N, B3 R RRAE PR Y 32 8” (ZR2021MD049) 5
[ BT AR5 H “CSHC bR E X b BT A7 (DD20230402)
B—1E&: XIFHL(2002—), L, TEELA, EE NS R 07 1
FOAF5E TAE. E-mail: 1272516538@qq.com
*BINAEE : KPR (1986—), &, T, AU
I HIBFFE TAE. E-mail: sdzxr@126.com

FEb, EENFMEFHLERAL

ARG A R AR

A S AR E R R X R RIS, 4 kok
A IR 2R 2 JT AL ), AU A
YT AR ORI PR (B IR AR RS
9 2 45| BT WA BRI TR, B A
TR, (A BR ORISR ) i T K A eh R
SR AT AT IAE] 1 800x10° ¢ Ak (24 2 400%10° t
se) “ =z ok &AL S
K VE B, BOA KR 21 R AL
AR
T RAR SR AR R B, A2

KRS B, B T Rk S 3 H¢Iﬁ
I, FE | BRI IR R IR SR A RS, —
Sk R E AN E | RS R IR SR B I
RIEAGET, Y24 Rk, ERT A T 100 T
LT T RRSK G DT, 4 30 24
] 5% LM IX 7 AT TSR K A0 OB 5 5 78 45 380
¥, B S0 B IF FEFF R K A A ST S i X
B3 BRI O (1) o, R
5 E R I K S 4 T A ST B R R
FLAE 1970 47, il o R A 11X DSDP 10 Ak
A ETG R RIS KRk s, 25
B SR AR M A 3 S H PSR (ODP)
PRI KA 4 ODP., BEPG R TAVEE A5 H . 74


https://doi.org/10.16028/j.1009-2722.2023.253
https://doi.org/10.16028/j.1009-2722.2023.253
https://doi.org/10.16028/j.1009-2722.2023.253
mailto:1272516538@qq.com
mailto:sdzxr@126.com

2 Marine Geology Frontiers ML T 202545 A
150°W  120° 90 60 30 0° 30° 60° 90° 120° 150°E
900 1 1 1 1 1 1 1 1 1 1 1
N Jevk g-o o - Aokt
e o o on * o
60° = s
Tox * of
* : Ry 3 3 it
e » £5. € i o
& ? ° ®. .Cé
30° * w *
° O% (03
= ] 1P ﬁ_ -*d1> N
KT € Ax o KW A % T* g K
0° - * 3 . - €
* o
¥ M o -
300 ] @ BHARAUK A A 3 BRCHE K
(CUIBURE AR LI ) = 2
MR Uy s g ° 7|
(LT BSRAH AR EHEN) - TR
60° HEM 09 RAR KA 8 *
S (1033 BSRAT R HEM) S

1 £RXASKEWHEH"
Fig.1 Global distribution of natural gas hydrate[ﬂ

g 1 KA SUKE WER& KRR R I (10DP) L&
BTz ST ALK &Y IR I H o 3L HAFER
IKE TR AT AN S, 854 5 [ 7 Bk B A
FE . GERIR S AL | PR S5 Ty
ASCRGEVAN S RS T3 s i | kA i)
e itt I, S K 0 B BIESE Bl Al d s S 2
PEAE .

1 SEEUKSYITIED i A

TEH TR R AR SR EYZ G, 1974 4F
5 ] 38 2o VR VB R AL TR AE A 3 58 5 AR AR 1V
RIREKAYIRES,, IFUESEH A A 5 “L RS S S
J2 (Bottom Simulating Reflector, BSR)” fy & ",
1981 4F, £ HIIT T H e K A4 10 -0 5811 K1,
1982—1992 4, 32 [H eI (DOE) # A T it 800
T3 2 0N KR P e 7K A5 W R o0 A7 A B /4k
FVE T A AR DAL, F 20 8 1) S OB 0 A =
AU . A A% G5 RE IR A R AR R R AR JR Y
TRELE, %I H B B k. Bk, %50 H
XF K KA N Bl Bl 2 F 50 5 A SRy S A B TR
i H DL HEST KA ) R — A R R AEAR R
j([IS]O

1995 45, £ [E i By ODP 1% 75 H 2% 3 15 3 A
SR I T — RV R, X R R R
KGR GER 53 AR K T FE A R A A T K E
B, 1998 4E 5 A, EE S RENZE B a—5
Wi T 1418 SR “KRSKE MG 5 I8

BRI, B KRB GENRAE y 1E FE R e 11 1
W REVR S A TR, IR RIR K G
RS TIT RAEFEA 23 2 000 J7 30, EoR BEVRER
T TE— R LA, A2 E P RMIT B A T I
Eﬂ:%[mo

M 2000 AFE, 3 S 2l [ 9% Bk & P
R, b 35 E BRI ER AR L A4, EEBIRHLI . =
SRR ER LY TR EPRS 55 3R 5
i A 2001—2010 4F 10 4R, %3l B A
#1500 J7 360, 5 EAE BRI bk A B P ER S
R G TTJEHF 5 M BR Y B A | R AN DL KA
s,

2019 4, S E W B K & W% 22 512 (MHAC)
MARAE T (S K RIS AK AW &I 2020
—2035 AF I E s (1 2), f8 TR EAKE Y
HIF A3 A A S E S B 5 AT, I ROR BRI AR e
B 0% 4 SRR 55 B FE R BR R AR SOK B Wik &
SR e

5 H E R RIRFKE W LT 20202035
SRR eI A A 6 - 0 P e Je AR T A7
P, AP BE SRR AT AT AL, S RV R
SRR G )2 T VTN, DA 6 AR R ERRAR R
IKA PIE ARSI 07 AR RE . DRI, 56 R O
KEYERE RN FILI TAENEELE
B2 OFE BT H7 A6 3 SR | 4T 4 AR =t
ZJE, T BB A 2 0 N S 55 Qi R

O DA b 3R 3L e 4 T Box 85 G B it
TESEA TG AN FAE 5 T J 55 1 37 Vg /K Suk (B3 58 74 6



FNEHESH

XT3, 25 56 [ RN KRG WA T T i e 82

Bk

20204 K & WU K 5 4
20054F S [E REIRECR A ZEX R G I R 1T

20224F A b

SEIBT R NAE R 2 1o T

2 GEFEER T TIE

BT
it
%
il

o

BT AR S AT

B4 USUGHIBOEM

ENEEZKEY ; e
H 2L R
Y 5 E B R
el D AR T Hm)
[ ) HRPh ik .iiﬁ: UT-A-GOM2- i /)

P * fﬂﬁ)ﬁiﬂﬂﬁtﬁ%ﬂc
R FEPBUHEA 745
B JOGMEC =7l TR
e M A AP A Y] SN S5

S YA
IR
BRI TR
AR R A RS Sl R AR R |
o - KT
20354F Az

SRR IR S
2, ZPFIATRY R
EAHE K S YIT
KA T A

ZA BRI R A PIOE:
UT-A-GOM2-2fjii 1k

E2 %E 20192035 ERASKSMHBEEE "
Fig.2 Gas hydrate roadmap of U.S. during 2019-2035 0

VA R BTN = A0 B K A e R R PR
(H 5 3% B SR TEAR ., KA W9 I M SR T I
FAR | AR 85 55 22 7 G (e S kg

2 SEEDKEYRIITIE R

2.1 ERIEISHR

1934 4F, SE[ERIHZR e & LR R U U
(3 SE A R S B R R K B4 s 1971
AR, W MR B A AR T MR L R
BSR 1% [ S5 545 of 00 7K 4 90 4 A (0 3 7
TUCHOLK ™' 4 Hi /K45 12 a4 (Hydrate Sta-
bility Zone) ML, 7K G oI E S T H
JFAk4i; KVENVOLDEN ™ it 4Mi s, 195 1 m’
() R e K A e 250 T AT RERC 29 164 m 1 FR A
F10.8m’ 17K . FtL, BULE T RARSKBWIE X,
B 2 o4 = 1 TR A SR AR 43 T8 W0 6 2 T 3
A, AR FIF IR M Bk A7 i,
AR, 2 ETEK A YIERBLE TSy K 5
3ot S A7, SRR CIE SCEORTE 2010 4E % T [
s, (AR | BRI T | M Bk b2 25 SR )
SSRFSE LA RS0 9 5 T AT LA AR A

22 HEETE

1995 4, & [l £ 0 H ] 1 i 3 K b 6 Bl 4l 22 4F

VR 7t RIS R A 2R B, S5 1 K A X R AR S
298 9 060 T2 m’, EEMKEGW T IXA
5 A, 23 Bk TR S v AROPEE L BT RN K
PO BTRiiTmpk (& 3), Hofg i ik 52.6%.
19.1%. 11.9%. 16.2%. 0.2%. Ffi#& MR K A 3
AREYHEA, GEIE R IT A AT R Ak, 2012 4F, 3&
ISR AN KBl AR R AR SOK A P 2 A 2
1450 JifZ m® BIRIR, Horp, S0 R0 4 462
H T AT 1) 5 B A K A R R AR R B
190 JiAZ m o YR 4 R, 35 R A3 B o i) e o K 4K
SOKE YIRS T T AR, JU LSS VYRR Ry
Wrimded e TAER I RS, Bilhn, FAE 20 tH22 80
AR, KRASON 25 P S i e A RH i K B 35 T
BEVG B L PEER K A P SR B R O 0.2~ 255
JifZ. m’; KLAUDA Hl SANDLER ™ 243 1 i 48
B, 25 BAE AR AR b, D SRS RS S
TR 7K A3y 3 R U TT 3K 120 J74Z m’; 2008 4E,
S [ VERE IR TR (BOEM) T & T K& R 581 T
PR, Je 5 R RIS S A S B VG AR LR R
o 315~975 Ji{2 m’ ®"; 2018 4F, MAJUMDAR
1 COOK ™ F Fi] 800 A3 b A7 i Tl - Ak il
R, SR MRS AL IE A 5 1 Ak 53 A VG R LK
AW H TR R 37~78 JTAZ m’s % BRI
JE B BRI R IR S KA Y, 2008 4E 11 A USGS % #i
(BRI s, 2% X AR I AR S A TR Ay
B 0.7~4.5 T m’, FRIYE IR R 2.4 AL m’,



4 Marine Geology Frontiers ML T

202545 A

IR X e (914)

H 4 X H(2074

B R F F [X

(208)

AR b K P ¥ X H(856)
AREE KV X H(611)

S 75 EF S X (1 082)

55 VBB AR AL, B4 TTAZ m
B3 XEXRKAUHESE"
Fig.3 Distribution of methane hydrate in the U.S. e

2.3 ENRAX%R

23.1 HIRH&

20 22 60 4FAX, 32 [ 7F S5 V0 B M AR A 3k
VI S I M TR BRI, S BT B R S
JZ(BSR) . 1970 4, 7EA7 3 5 ifg 15 5505 T DSDP 4
R, BUES R o R LU S A e R B B A
FA, B R B IR B s S ks BE 1974 4R,
STOLL %" 3 ;1 DSDP Mtk &5 ¥R AR A58, IF-FK
2N FIREOKEY , BILTFR T H S 9
PEARA IR, K0 R T I EE R AR
IRA YRGS 40 5 5 00 E 5 1979 4F, & E7E 28
PGS 524 DSDP AT, IS Tk A s
1995 4F-, 7¥ 3 [ 4 i o S 1 A7 3K ve ik 5 ODP164
SCURER, B AT TGS T KRR AR Y
2002 4F 1 74 1 52 520t 10 7K & 93 ODP 204 fifi Ik
S, BIIRAS T SCPRE S B 5 2005 48, 3
] 28 P A7 R AR S OK BB A Tl 3 H (Joint In-
dustry Project, JIP)7ES& U B SHE 745 1 Mok
2009 4, 5Lt JIP 56 2 AR, B8R T 7 BIE, LU
S B PRV R A2 1K A e s 1 Y 2018
A, TFIR T TP eV IR AR 36055 H (MATRIX),
I 2 000 2T K 1 2 38 Mo F e, LAVA 25 40 29 M)
AL 2 Sfe 4 I 22 18] 9 K VG 2 10 R 1 K B 9 R
S ARHEE

TE Rl S i X, S5 [ KK A T
EEPRETS . 2007 4%, ZE TR HT indk 3% Mount El-
bert [X 2 TRPFEHRRIE F =508, 35678 Tk &
A ) M R 2 o R AT, RS B IR YERE L K
427 fit (9 F K A IR Z A, L B 2

SRR, FEK AP AR RO A HL A OCH T K E
IR T KEMIY . 55 Mount Elbert i3
S5 5 XA AR IR, 3 HiACh,
PBU L-Pad #i1[X. 1Y Ignik Sikumi 4 J54E/K & H175<
TR Y e b AT
232 FAHBR

23 T IIL AR BIR, Bl K0 E TR EK A
YT %K 0978 FIIX, FEF 2011 45 E47 B Rt fin Ignik
Sikumi BRI R EER, IEX &K G2 Btk AT
T I . 2012 4 AE BT R B Ignik Sikumi
#1 I, 32 | CO,-CH, B ¥k T M58 i T /K &9
s 1At FEIEA 5 950 m” 1 N,/CO, 2R,
Pk R I L2 77K 37 d, PR L E] 5000 mYd.,
T AR HEI [R], 41 A 26K )2 1 N, #1045 2]
T, 249 1360 m’ (297 A B 19 50% ) CO, Hi
HFAE 2 AR T K G, FBIAIA N,/CO,-CH,
B PR G IR R A AT

2015 4, 3¢ [F 5 IR 4 J5) (USGS) SCAE BT
TNBEAT T RIRAKE PR, 58 ki G e 5 . H iR Fl
AR ; 2018 4FFFJ T 8N 4R LAtk A T 12 003K L
SE KRR R AT AT DY 2019 4F 1, DOE, H 4
A RS &80 Y R P (JOGMEC) 5
USGS M EAAE, MIBiE T 2 B0 &K
EIEIZ, O AR B 7 F AR X

24 B

e [E A A, 2 2R K AP R B
V2 BF S T8 0 T A B AR RS, P IR
AN [958 RRE . % T R AR SR A Rk, 35
AR SE K 7 — AR T 50, O B KAk



FNEHESH

XT3, 25 56 [ RN KRG WA T T i e 82 5

KA W) I R 85 BIF 5 K ST RN R Al B B R 7
T X ARAS T B AR . X RERIEKEY R
SR AL . AR i A U E I R REAIE L TR ML T
PE | IKEW R GRS I SRR [l Y
WF5E 7 T UG B S, anS& R4 %K PAULL
4 1983 4R K B T HE IR 5K A A 8 R
6 3N ARG A R IE , D S DL e | Bifb &=
SR M) 0 B R RN A T A YRR A S
T3k, S EBR A R E MR MR IR K EY
RYZ MR, DOE T J& B K GETR B AR 5L 5
% (NETL) FESHUA K FETE 21 2w SRk &)
N B A ERBRAT P of 7 LA 5 DL P A4~ 7]
8, DOE/NETL it %% Bl T & 7€ I 2 Vg v Fl 22 4
KA W ER B R R X — R B B T A4 BT
=Ty 1lob: AP S 5 N RS SN N e | B J R B

74°20' 74°15' W

()

37°35" A

37°30" A

(©)

10 cm

f@%’i[mo

S [E R 225 MACDONALD %™ % 31 T ¥ i
BB IRAF I R 2K A, IF 3 Hah 2575 1k B hE
9 £ A7 TR DCHOBRST . SUESS 48 i L
VR JES WL 199, SKARKE 25" 1] FHI Bl /R 3¢ (Alvin) 2
SEHEVEES, X TR S S S A LR KA
(9 A AL B T HUS T — R BB IR, FFH61 T K&
) PS5 A0 A T AT A B 3 R T . 2017 48, 26 [
USGS 1% VIR K BT 4 1, Kook &
YIF X SR R G A TR, S EAR 2 k&
WA R M1 R b 2 A A B S fy s T
Fik, % 6125 G PG L 7 A 25330 3k 22 0 O F 4
PEAE R PR R B A R e e 1 (] 4),
S 36 B K A e g P R T L 3 ik LA B R B 1

e [46]

7=

(a. b) eI ol (2060 FURRBT (@), Hop B b sPafELR R 20 1400 m Ab/K A H PR AT AL RE A5, B (i Skt /R B Fr A
(c. d) BEAETHAB I IE I
4 EEPREFLZZANPRMRRIERSERR
Fig.4 Methane seep sites (red dots) and pits (white dots) at seafloor (a, b), showing bubble plumes (b)
along the U.S. Mid-Atlantic margin and the photos (c, d)



Marine Geology Frontiers

TR RV 2025 4E5

3 EEAAXOKEYIHIT Aot R

31

e
m

i
E_,

[ih=
=1V

FR VY B TS 4 b DA R RS R AR AR AR DT AR S
F M R, R AUKEY X Z—, B

AR ALK S X UK A Wit B SR A RAE T R
T—EERG AT (FR 1), SBPURHERIKEA S50
ZAERAR T KGR, KB FEKER 440~2 400 m
AYMEJRS, — = TR 2 m DL UL Z (Bl
L2234 BT, g Bush Hil™ ™ #k HAf,
PG RS SR 2B T, 1A H BUKEY % & B —
HX .

*1 zEFEHRASWISE""

[51]

Table 1 Characteristics of gas hydrate of the study areas in the U.S.
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Overview and consideration on the progress of natural gas hydrate investigation in
the United States

LIU Zigi"**, SUN Zhilei”’, ZHANG Xianrong™, ZHANG Xilin™, LI Shixing™’,
SUN Yunbao™, LI Xinhai”’, LYU Taiheng™’, ZHOU Yucheng™’

(1 Chinese Academy of Geological Sciences, Beijing 100037, 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 Marine Science and Technology Center, Qingdao 266237, China)

Abstract: Natural gas hydrate, a kind of efficient and clean new energy, is widely distributed and has large re-
serves, great economic value, and important strategic significance. It has attracted more and more attention in the
world. Among them, the United States is the country with the most systematic investigation and research on natur-
al gas hydrates, and is one of the first countries to establish a national hydrate research and development plan.
Through inter-institutional collaboration among government agencies, research institutions, and private sectors,
the United States has made a series of remarkable progress in the resource exploration, basic theoretical research,
resource assessment, exploitation, and environmental assessment. In this paper, we systematically summarized the
history, research and development plan, and progress of national gas hydrate research in the United States, ana-
lyzed the progress of gas hydrate exploration and development in the three most typical areas of the United States’
Gulf of Mexico, the Hydrate Ridge, and North Slope of Alaska in detail, and considered the reasons behind the
success of the United States in this field. This paper is expected to provide useful references for the industrializa-
tion of natural gas hydrate in China.

Key words: gas hydrate; historical evolution; exploration and development; industrialization; revelation; the
United States
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