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WFFER RO R (330) : Lake Baikal is the only fresh-water lake in the world where gas
hydrates were discovered in the bottom sediments. Twenty-six areas were found for
shallow gas hydrate formations near the lake bottom until now. Fifteen of them were
found during the field operations of this study. A wide range of characteristic features on
GH composition, gas origin, crystal structure and others have been revealed by this
investigation. Shallow gas hydrates were retrieved from 18 mud volcano areas, one
pockmark area and 7 methane seep areas.

AN IR TE R
(ERHAL - 1)
[ERESEH LIEESES ¢ & @t
200 99 14, 400, 000 4, 320, 000 18, 720, 000
201 0%%E 7, 300, 000 2, 190, 000 9, 490, 000
201 19% 7, 300, 000 2, 190, 000 9, 490, 000
201 29% 7, 300, 000 2, 190, 000 9, 490, 000
I
o Ef 36, 300, 000 10, 890, 000 47, 190, 000

WFZE R« T2

B OSF - M - =R LF—22

F—U— N [EEEFIEE AL,

AR w7 « LF— NAT, AZ A RL— |k,

AR =T ISR, AT A IR LS

1. AFZEBRAE 4 FI D 5

XA JVIEEI 2 =7+ (BDP) M
BRIG SN 5 LE <IZ BSR (HEHE LS S 1F)
DM & du. 1997 4E121% BDP-97 @ =2 7R H
BRI T 121m 2 ON 161m DIES B A H v
NA RFL— REIRENT, Zhaedge L

T, AN TIMNCERT DT ANA KL— M
FERBAGE ST, B LWAERSRIIE S 2%
RENDZ L1372 <, 2009 4EDAFFERR 1A Y
. A ANHTRELINI A RL— ME
BRI I -2 9@ ChH o7z, L L,
HAFBIRRNA R L— G LS &% o %45



PEIZOWTIE, Fex 2 EDl-u v T & OEEE
HLEFFEIZ LY, BEICERER S s T T,

2. WO HB

INA TIVIIIERENNA RL— ME, A H
VEPRSORE A E S NG AT Lo TRk&E L
AL L, B SAREE R Z E BB S
Tz, ZORET, KT OT AR &
BHIR I T & 2 I IS 8 5 ORI K73 5
B, ZNOOERIIARED S O TIEAR <
1 (B 2 I XHEESR) B LOEMN (Bl X
KAGAEE)) IRERER LI L D B AR D L
EZ N, AOFZEOERIR (4 FRE) (1<
B 240 BE L, 9 LIRSz X
LS NDEEH ANA K L— hDERL - 43 fif
FEHESHBE=FZ— LTV EDICnER
HARAERT D LT oT-, A IV
DA R A Rl— NMIHOWT, FONAhE
HE. B ZHRE L O A BRI DWW TR~
v T EAERR L CTAERA I = XL E2H 5N
L. BFROBREE=X#1 7 & AHEIZTHZ
LR EELL,

3. WFED kL

INA TN BIT B 7 4 — v RBFSEIE,
AA, v 7, ~LX—o 3 7 [EHEELLFE
el LCiThi, v 7idARA MEE LT
TAEME A CHEREY o T BREWEX 2 G
VAT 4w 7 AEHY L, W5t CIIHERY
27 DR, TRAENT 3 KON B KAE
TS AN LT, VX — i, B
WREIC L DKM (Je k%) T,
HAFEH (A X o —7) R 24 LT,
HA (OR52) 1%, AHFFECTE L7z A FlL—
NREVEREAT . T ARREAT . HEREW ) R AT
B LOMBRA LT E LY Lic, &5
HiIaA b7 &2EARE L CEENRSMH
T EIIMLER S ERDLEY ., Hoh
TRTCOTF—FZBLOERa T IZHOWTIT
HHZFAIE L,

4. WFZERE
(1) #fE

A4 7 4 —L RiliEIC XL, A
JVIHACI A, PRIa, A A X
—TBLOERBAZ A FL— FDAERL
S5 (K D) EZBH B2 L, 15 EaTicBn i

BricipnA Fo— MESER R LIz, £,

BRI U 72 156 = 7 DB L OSRINARET (N
£ R L— R ECBHIRITES X O 2 AT, RIRK
ST, HERMRAT) (21 0. ~A FL— a3t
BHEHE. 7 235 X OB, e )5
B 2B 50 L, RS, A FL— |
B A ADMR - RIRARIHTS L 05 ~ 25

It NMR TSN D, A F RO & i
X7 T U TR BBV R IR & TR IA
SHAMLTWDHZ EEHLMNI L, 5561
TR EIE, BRSBTS T30 it
DFEJE A X A RL— MNMERSGAR] L LT,
Sk OMEMEHBELINE=FY 7%
DEDOFEBE L THOYLND,

(2) 2009 4EFF : v o T HEMARL S v —F
FEHAWT2009449 H 3 H~19 HIZ A T
VIR B KO M A lc B W T T 0 —
IV RHBEEIT-oT-, ZNETICB LT
BE (A FRAFZ Yy YT —E, < /LFE
— AT Ty AT —PRE, MERES) T—
2B LoD, FEEELZFEM LN D,
BESNEREB AL R L — b AR
SRCENaT7T 7= X5l 2170, AFH
48m D EHERE I 2 7 AR LT, Bl
Tid, a 7RG E LI 7 BN BE S,
Ny RANR—=RIEZ L TAY TR, A
70— =B X OE LB E VTR
BR/KH > 7V STz, SRAES ISR L
T AT a~ N7 5 7% W8T
HliE, AZ A Fb— NMIAH AR LOHE
FEW I BRI IEAT AT A DR NH S 28272 0 |
S BIZEARDOWE = 7N B 11X, KR E
ESORIFET ARET 0 7 7 A BN E BT,
(3) 2010 4EFF : v o 7TAEMARL T vy —F
F& W T 2010 45 9 A 14 H~27 BT A
B R Rs KO AT T «
— )L K& E1To72, ZHETICELNES
WHRE (VA FAXTy o VF—E, v LT
E—A7 a7y A7 —RE, MERES) 7
— X 2R LoD, BEREELEM LN,
BESNEREB AL R L — b AR
RCENaT7T 7= X2l 2170, AFH
158m DO EHEFEM LG =27 #8IL, 5 >
OF LY A B HANA RL— k%A
L7z, BIGTHE, arE&EbicaTE
MEPBE ST, ~y RAR—RIKIZL D TR
TR, AT T 4 — = L OB
AR AW THBRAY  FANINE SN,
BEMICHA LT A7~ N7 5 7% AN
TR N DIX, A XA RL— A
H A L OHEFEY BB AKIRAEH A DAL
B ONZRY . S BITHAROIMIE = 7 fi#fir H»
DI, WMIEREHLOBGEHT ARET a7 7 A
IVINEGE BT,

(4) 2011 4EFF : v o 7TEMARL S vy —F
FEHAWT20114E6 19 H~7 H 3 BTN
A ViR L O E IV T T
4=V FREZIT- T, TNETILELNE
TS (A RAxvy o —EE, <L
Fe—LrT 0T 7 AT —E, MEREES)
TR ESR LoD, HEREEZE LN
5. BESINTREANA R L— kDA
A TE)aT T —ICLDWHIZITV., &FF



194 m OWEHEREM KRG 27 28 L, 5
ODF LW A I EHT AN, RL— %
R LT, AREFORRaTDH B, TR
A Rb—bhEEaTix, A 11 ATH
ST, BIGTIE, a7BREBELIZa T B
DEIEIN, ~y RAR—=ZIEIT LD A
VTN, AT T 4 —H = L O LB
Z W TRIBRAKY > 7V BNIE S t-, A
MICIEA L= A7 e~ NS 7% V-
BT B1X, A XA, RL—NEAHY
2 ¥ L OHERE W BB K VST 1 A DRERL )Y B
HNIRY . S BICEAROWIE 2 T T D
X, WIEREHOWEF T ARE T 7 7 A1
N5 LT,

(5) 2012 4R : m U TR L Uy —F
BFaHAWT 201247 A 14 H~28 HIZ/NA
T VAL A, PO AR L ORI B W
T7 4=/ FifEEIT-T2, TNETITED
N EWEE (A RAx ¥ o Y — A,
VAT E—LT T AT PR HERAE
2 F— R AR LoD, FEEA R L
RBL, BEINTZERKEANA FL— MDA
RS TR T 79—, R hRaT T
—, I TR DR AR T o T2, ARt
#) 158 m EOWEHEREFE 2 7 ZERELL |
5 ODF LW A RInBHANAL RL— %
BN L7, AFEFORRZTDEH, HA
A RL—braE&aTii, At 17T ATH
ST, BGTIE, a7 EREBELICa T BN
DEIEIN, ~y RAR—=ZIEIT LD A
N NN Ay A G A SRR T A ey - (o
Z W TRIBRAK Y 7L I Sz, i
MICHEEA L= A7 e~ N5 7% AV

Sublacustrine
Hydrothermal spring

Lake Bai kal Frolikha

Hot spring
Kotelnikovsky

Ludar

Kukuy Pockmark

M My mv /My mv
Kukuy Kukuy Kukuy Kukuy Kukuy

P20__K-15 K-9  K-3 K-4 ,K-2

Kukuy K-12
MV = Hot spring
Kukuy K-0 Zmeinaya

Kukuy Kukuy Kukuy
K-7 K-13 K-14

104°E

A
Hot spring
Goryachinsk

MV Novosibirsk
Seep St.Petersburg

108°E

PosolBank | Goliy

MV |
Peschanka p-2 Buguldevka

MV Malenky
MV Malyutka

MV Stary 50km
MV Bolshoy —
BDP-97 borehole 106°E

suulh%rn Basin

M1 NADANCIIT DAL
v—7 (Fkd) LEREAALR
L — b GR I AE R A

HIBEN D H1X, A XA FL— NaFH
A F KX OHERE W [ B K VS AT 77 A D FERL S B
HNZ7 Y | LA OW IR A D b IETT
HARENG ST,

5. BRI L
(WFFEAREE . Wty 8 K O EENF7EE |2
T

CdERERm S0 (R 18 14)

@O Kida, Masato; Sakagami, Hirotoshi;
Takahashi, Nobuo; Nagao, Jiro (2013):
Chemical Shift Changes and Line
Narrowing in *C NMR Spectra of
Hydrocarbon Clathrate Hydrates, J. Phys. A,
J. Phys. Chem. A, 117 (20), 4108-4114,
DOI: 10.1021/jp312130c, #Aach

@ 0. Khlystov, M. De Batist, H. Shoji, A.
Hachikubo, S. Nishio, L. Naudts, J. Poort, A.
Khabuev, O. Belousov, A. Manakov, G
Kalmychkov (2013) : Gas hydrate of Lake
Baikal: Discovery and varieties. Journal of
Asian Earth Sciences, 62, 162-166.
doi.org/10.1016/j.jseaes, 2wt

@ WF B OHE mE. NALREIL, M
W, AR I E2 ] R
W, EiE (ER. B - (2012) ¢ R
I AN L NRAFHFE - B Hy
D B ERE U 72 HERR oo BB R — ]
BRKESAF AT A2 DI I 5 HERE Lo
PUBHELALREA — . MUl T2 v —F L
Vol.7, No.4, 503-516, i

@ Sakagami, H., N. Takahashi, A. Hachikubo,
H. Minami, S. Yamashita, H. Shoji, O.
Khlystov, G. Kalmychkov, M. Grachev, M.
De Batist(2012): Molecular and isotopic
composition of hydrate-bound and dissolved
gases in the southern basin of Lake Baikal,
based on an improved headspace gas

method, Geo-Marine Letters, 32(5-6),
465-472, doi:10.1007/s00367-012-0294-y,
i

® Hachikubo, A., O. Khlystov, M. Kida, H.
Sakagami, H. Minami, S. Yamashita, N.
Takahashi, H. Shoji, G. Kalmychkov, J.
Poort(2012): Raman spectroscopic and
calorimetric observations on natural gas
hydrates obtained from southern and central
Lake Baikal, Geo-Marine Letters, 32(5-6),
419-426, doi: 10.1007/s00367-012-0285-z,
A

® Poort, J., O. M. Khlystov, L. Naudts, A. D.
Duchkov, H. Shoji, S. Nishio, M. De Batist,
A. Hachikubo, M. Kida, H. Minami, A. Y.
Manakov, M. V. Kulikova, A. A.
Krylov(2012): Low thermal anomalies
associated with double structure gas
hydrates in K-2 mud volcano, Lake Baikal,
Geo-Marine Letters, 32(5-6), 407-417,




doi:10.1007/s00367-012-0292-0, #HiH
Masato Kida, Akira Hori, Hirotoshi
Sakagami, Satoshi Takeya, Yasushi Kamata,
Nobuo Takahashi, Takao Ebinuma, and
Hideo Narita (2011): **C Chemical Shifts of
Propane Molecules Encaged in Structure |1
Clathrate Hydrate, J. Phys. Chem. A, 115(5),
pp. 643-647, DOI: 10.1021/jp106115d, Z#t&
B

M. Kida, Y. Jin, N. Takahashi, J. Nagao, and
H. Narita (2010): Dissociation Behavior of
Methane-Ethane Mixed Gas Hydrate

Coexisting Structures | and 11, J. Phys. Chem.

A, 114(35), pp. 9456-9461, DOI:
10.1021/jp1055667, Ar#i A

Hachikubo, A., O. Khlystov, A. Krylov, H..
Sakagami, H. Minami, Y. Nunokawa, S.
Yamashita, N. Takahashi, H. Shoji, S.
Nishio, M. Kida, T. Ebinuma, G,
Kalmychkov and J. Poort (2010): Molecular
and isotopic characteristics of gas
hydrate-bound hydrocarbons in southern and
central Lake Baikal. Geo-Marine Letters,
DOI 10.1007/s00367-010-0203-1, #r#if
Krylov, A. A, O. M. Khlystov, A.
Hachikubo, H. Minami, Y. Nunokawa, H.
Shoji, T. I. Zemskaya, L. Naudts, T. V.
Pogodaeva, M. Kida, G. V. Kalmychkov and
J. Poort (2010):Isotopic composition of
dissolved inorganic carbon in the subsurface
sediments of gas hydrate-bearing mud
volcanoes, Lake Baikal: Implications for
methane and carbonate origin. Geo-Marine

Letters, DOI: 10.1007/s00367-010-0190-2,
ot

AH EBEA, Il B SE EL.
gem . KL 2. IR . W
W RS, BKH  ZER (2009): A X
VEEGDERAET AN, RL—FDHF R

Ny D — 2 HA M L T AR O B
&, Zok. T1(5). 329-339, HiiH
AR EEL, RH BEA, BHE 7, K
R ET 1 (2009) AKX e

UM E IR BRE T AL FL— kOfi
BEEN, ok, TIPS, 341—351, At
H

Masato Kida, Kiyofumi Suzuki, Taro
Kawamura, Hiroyuki Oyama, Jiro Nagao,
Takao Ebinuma, Hideo Narita, Hiroyuki
Suzuki, Hirotoshi Sakagami and Nobuo
Takahashi (2009): Characteristics of Natural
Gas Hydrates Occurring in Pore-Spaces of
Marine Sediments Collected from the
Eastern Nankai Trough, off Japan, Energy
Fuels, 23(11), 5580-5586,
DOI:10.1021/ef900612f, #55it

Hachikubo, A., O. Khlystov, A. Manakov, M.

(42

@

®

Kida, A. Krylov, H. Sakagami, H. Minami,
N. Takahashi, H. Shoji, G. Kalmychkov, J.
Poort (2009): Model of formation of double
structure gas hydrates in Lake Baikal based
on isotopic data. Geophysical Research
Letters., 36, L18504,
doi:10.1029/2009GL039805, HFHif
Kida, M., A. Hachikubo, H. Sakagami, H.
Minami, A. Krylov, S. Yamashita, N.
Takahashi, H. Shoji, O. Khlystov, J. Poort
and H. Narita (2009): Natural gas hydrates
with locally different cage occupancies and
hydration numbers in Lake Baikal.
Geochemistry Geophysics Geosystems (G3),
10(5), Q05003,
doi:10.1029/2009GC002473.
ISSN:1525-2027, i
INIAR oA, /BB EA, SRR B
i, ILF B, EEE EF .0
Khlystov, J. Poort (2009) : /XA H /L
WARKITANA RL—FDFT A MR
FINL AL, A FIMiER, 31(9), 486-492,
INALRERGL, /NBIESA, FUREAE, Yk
FE, P M. FE7 1=, 0. Khlystov
(2009) : HANA KL — NEREED A
A N HTARRLARSGT B~ 7S A T3 VA DR
SRITANA R L— b Ofl~,  JkihE D
ok, FF28 5, 61-64, Aailk
e A= B i, J\ALREEL (2009)
A B NA Rl— b, TGO RGE—
ALHERE O FOK D S MR DO EFIKE £ T—,
H AR T K S22 JbE 3, 191 — 194,
E:ﬁﬂﬁ

AL

FFR] (G 114F)

INA TNARIRT ANA RL— s DY
A N AD SR, JALRAREL , SRR,
SRR, mE,. LR, EEE K.
JEF{=. 0. Khlystov, G. Kalmychkov.
M. De Batist., FEIKMFFE RS (2011 « &
)  JSSI & JSSE Joint Conference on
Snow and Ice Research — 2011/Nagaoka.
201149 A 19 H~23 H, M, /A
7 Rl

INA T3 VA RE IR A I D RIR AT A
A RL— hokFogr, g+, LA
PRemol, SR, mEEm, LR, &
BER. EF1. 0. Khlystov. M. De
Batist, TOKAFZERZ (2011 - K [)
JSST & JSSE Joint Conference on Snow
and Ice Research — 2011/Nagaoka, 2011
F£9H 19 H~23 H, R, " 7&K
[]

XA F7 VAT - WS 2 D RIR AT A




A R L— b OfREEEL, KATEETR, A
Cremol, Y LREL B, TR,
WBWiER., EF{=. 0. Khlystov. M. De
Batist, ZHKMFFEARE (2011 - K[f)
JSST & JSSE Joint Conference on Snow
and Ice Research — 2011/Nagaoka, 2011
F£9H 19 H~23 A, B, " 7&
fif]

Minami, H., Pogodaeva, T., Sakagami, H.,
Hachikubo, A., Krylov, A., Harada, D.,
Saito C., Tatsumi K., Hyakutake, K.,
Yamashita, S., Nishio, S., Takahashi, N.,
Shoji, H., Khlystov, O., Zemskaya, T.,
Grachev, M, Naudts, L., H., Poort, J. Traces
of original gas hydrate-forming fluid
observed in subsurface gas hydrates
retrieved from Lake Baikal, Russia. 10th
International Conference on Gas in
Marine  Sediments, Limnological
Institute SB RAS, Listvyanka (Lake
Baikal), Russia, 6-12 September, 2010

Sakagami, H., Takahashi, N., Hachikubo, A.,

Minami, H., Yamashita, S., Shoji, H.,
Khlystov, O., Kalmychkov, G., Grachev, M,
De Batist, M. On board measurement of
hydrate-bound and sediment gases at Lake
Baikal. 10th International Conference
on Gas in Marine Sediments,
Limnological Institute SB RAS,
Listvyanka (Lake Baikal), Russia,
6-12 September, 2010

Hachikubo, A., Khlystov, O., Sakagami, H.,
Minami, H., Yamashita, S., Takahashi, N.,
Shoji, H., Kalmychkov, G., Poort, J.
Crystallographic properties of natural gas
hydrate in the southern and central Lake

Baikal. 10tt International Conference
on Gas 1n Marine Sediments,
Limnological Institute SB RAS,

Listvyanka (Lake Baikal),
6-12 September, 2010

FHE T, JRHE K&, sk R
IR SB5A, KB EE B .
IF B, mfE ER. Er {0
Khlystov. M. Grachev : /3o B LIHARG I
HmAZ UNA R — NEA KSR E S
Y =2 7 BRI RL— hAKD
{BZ253 0T, 20104FA b 5 R e s Ak =
i AR R (20104F1 H26-27H |
6K

JUAMREREL, LR HER, JE Fe, Wk
i, o mE, (DT EAELE R,
JE+ {=. Y. K. Jin, A. Obzhirov, O.
Khlystov : A —> 7 Wi « /N A LR
IR ANA R L— F DI AR —

Russia,

P, 2 32 B R KE S IR T A

2009 4 11 H 17 H~18 H, [E 7ARHbF
geiT (L)1)

ISR, ALREREL, BE 75, Kk
A, B wmd. IUE OB EEE R,
FE+ 1{=. Oleg Khlystov : 7~ 43
BICEDRABIOANLT AL R L
— N OFE A EHEE ORI, FKAFFER
£ (2009 + #LWR) . JSSI & JSSE Joint
Conference on Snow and Ice Research —
2009/Sapporo, 2009 4E 9 H 29 H~10
H 3 H., AL, AbiEE Kl A i il
o EAE . A Rdmsh, /B &L, Bk
Ffg. R, (U R EBER.
JE+ 1{=. Oleg Khlystov : 2NA B L3
Goloustnoye Flare M KIKH A ~nA KL
— FOT AT ARNAREL, TOKATFER
2 (2009 -« FLWE) . JSSI & JSSE Joint
Conference on Snow and Ice Research —
2009/Sapporo, 2009 £4£ 9 H 29 H~10
A 3 H., FLIR, ALihE KPP il R i e
RS, JUALRERSL, B 7B, Yk
AL, B mmd. IUE R EEE R,
JEF 1=. Oleg Khlystov : /3A 1L
KIRIT ANA R L— b OFRBERE O fii B
AR DR AL FIOKMFZE R
(2009 - FL W) . JSSI & JSSE Joint
Conference on Snow and Ice Research —
2009/Sapporo, 2009 4£ 9 H 29 H~10
H 3 B, FLIR. AiE K AR RS R

(X&) Gt 4 1)

@

Minami, H., _H. Shoji, O. Khlystov, M.
DeBatist, N. Takahashi and M. Grachev
(2013): Operation Report of Multi-phase
Gas Hydrate Project 2012 (MHP-12), R/V G.
U. Vereshchagin Cruise VER-12-03. New
Energy Resources Research Center, Kitami
Institute of Technology, Kitami, 226p.

Shoji, H., O. Khlystov, M. DeBatist, N.
Takahashi and M. Grachev (2012):
Operation Report of Multi-phase Gas
Hydrate Project 2011 (MHP-11), R/V G. U.
Vereshchagin Cruise VER-11-01.  New
Energy Resources Research Center, Kitami
Institute of Technology, Kitami, 226p.

Shoji, H., O. Khlystov, M. DeBatist, N.
Takahashi and M. Grachev (2011):
Operation Report of Multi-phase Gas
Hydrate Project 2010 (MHP-10), R/V G. U.
Vereshchagin Cruise VER-10-03.  New
Energy Resources Research Center, Kitami
Institute of Technology, Kitami, 50p.

Shoji, H., O. Khlystov, M. DeBatist, N.
Takahashi and M. Grachev (2010):
Operation report of multi-phase gas hydrate




project 2009 (MHP-09), R/V G U.
Vereshchagin ~ cruise.  New  Energy
Resources Research Center, Kitami Institute
of Technology, Kitami, 84p.

6. WFZEHHA

(D) B RS

EfE 183 (TAKAHASHI NOBUO)
LR TR - T30 - Hi%
F9EE % 5 : 20108187

(2) EHEMF TR

JE¥ 1= (SHOJI HITOSHI)
LR TR - T8 - #d%
WF7eE %5 : 50201562

[UF  H& (YAMASHITA SATOSHI)
LR TR - T35 - #dz
W78 %5 - 00174673

B A (MINAMI HIROTSUGU)
LR TR - T35 - %
WFEE & B 40241426

INIAY: dh5L (HACHIKUBO AKIHIRO)
LR TR - T2 - UEHER
WFEE %5 50312450

W EEr (SAKAGAMI HIROTOSHI)
LR TR - T8 - Bh#
WFEE &5 - 10271757



