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Abstract: In recent years, the gas hydrate investigation in the permafrost region of China shows that the gas source condition is the
key factor for controlling the breakthrough of gas hydrate exploration in the Qiangtang Basin. In order to further clarify the poten-

tial of gas hydrate accumulation in the Duck Lake area, the authors systematically analyzed such geological factors as permafrost, gas
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source, reservoir and structure based on the drilling results in recent years. The results show that there are good conditions of per-
mafrost, geothermal gradient, gas source, reservoir, structure and water source in some areas, indicating that Duck Lake area has a
certain gas hydrate accumulation potential. Finding sufficient hydrocarbon gas sources will be the main direction of the next gas hy-
drate investigation. In addition, the thickness of the gas hydrate stability zone (GHSZ) and the depth of bottom of GHSZ in the
Duck Lake area were predicted by the data of the geothermal gradient and the gas composition obtained from the drilling and
AMT results. Predictive results show that, when the methane is 85%, ethane is 9% and propane is 6%, the thickness distribution of
GHSZ is basically the same as that of the permafrost. The thickness of GHSZ is between 400m and 630m, and the depth of the
bottom of GHSZ is between 400m and 680m. Where methane is 98% and ethane is 2%, the thickness of GHSZ is sharply thinned,
only 0~30m in most areas and only 150m thick in certain areas, and the depth of the deepest bottom of GHSZ is only 240m.
Based on the results of gas logging, it is concluded that the Oligocene Suonahu Formation has more potential gas hydrate accumula-
tion potential than the Upper Triassic Tumengela Formation in Duck Lake area, while Tumengela Formation has strong hydrocar-
bon generation and expulsion capability, which thus can be regarded as an important horizon for exploration of conventional oil
and gas or shale gas.

Key words: gas hydrate; accumulation condition; Duck Lake area; Qiangtang Basin
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Fig. 1 Division of tectonic units in the Qiangtang Basin and location of the Duck Lake area
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Fig. 4 Status of seasonal frost heave hill in Duck Lake area

AR AR FH B SR € T AN 0 TH S SR i A 7
TR, MR T o, 2D T s P e A AR
B BEVRBE G I, 7F QR—6 IR fE
A IGE B, A Al RS ARG I A O
FEAE 58 18 W B 1) Pl BR AR (BT 5) e Sl A IR
220.13~246.40m [ U R PTRMW) v &k S5 2R 2R
RS RS ARSI A S S N W7, R (LEL ) 28

P34 4 F e Tk BE A T 4680 % 107°~5960 X 107° 22
] QKR—7 ML R IR, 7 192~640m 24~
HIZBRRR AN S E RS E R B R E
ik 135m, MMM AL 408 15 f fie = o 4010107, BE
Fr RN 1409x107°, £ TR 208 & B i N
4544x10°, B & B f s i 3309x 107, %3 T
PSSR (F 6) , BRI HLZ , ek BEAE X

K5 QKR—6 k=M i IR A
Fig. 5 High pressure hydrocarbon gases intersected by

QK—6 in the shallow formation
a1 DSBS H 5 b— b R R A AR 2 UM



36 4 5 4 1) TV A PR IGYH SIS 5 b (X AR SO A W O S 1 607

B T Plate 1

2.QK—6 FEAETR 4.40m KB JLRIK; b, QR—6 FAEFT 4.50m KB HURIK ; c. QK—6 HAEFFH 6.03m K B FARIK ;
d.QK—6 HFEHTE 7.60m & B ZBIRK e, QR—6 HAEHTE 13.22m L FHARIK £ QRK—6 HAEHTE 14.70m K 7 JZIRUK

A B AR R EHGTEQR-7 I, IE - 18.9837%, w0 THAs S RI A 2R A 73 A
TSP BT R L E IR s T EEE—19.632%0~—18.137%0 , F-X{E K —18.5438% .
H, 2RISR LA MREZHS RN E  PERE RN ARSI E R (7)),
B B DR DTS SRS CRM RN B ah R won AR F B p TR X, Ut
MR EBR, ERST W 2B, QR-7HIRK Tz BN & B2 AR B B O Fe
SR B (AT L —19.676%0~—18.302%0, K FIIRFRAY LI RS PLAL ) & B2 . QR—23F+1]



608 M 4B IR

GEOLOGICAL BULLETIN OF CHINA

2017 4F

QK-63F
CH,/10°
6000

R E/m

QK-73
£J7/10°

QK-23F

CH,/10" CH,/10°

5000 4000 200 ;E N

20

40

60

80
100
120
140
160
180
200
220
240
260
280
300+
320
340
360
380
400
420
440
460
480
500
520
540
5604
580
600
620
6404
6604
680

sF=ea

A4

e

P Y —
F & |
1

b4

Ko WML X RIR K-S WA s X e

Fig. 6 Comparison of gas measurement results from gas hydrate

investigation wells in Duck Lake area
158D ZR  2— T NI 2 5 3— b =& G0 I IS BT s 4—SR U TR 5
S5 6— MR BT s 7— U BT D s s— A s 9— TP

FEPI RN A PN R R, T IR R IR
BLBT B AN &, b — B DA K - Bk &=
MY BT A LA & i GE (TOC A T 0.70%~0.83%
ZIAD) AR R B AT IR RIS (TOC
ik F)5.95%) , AP A FE0 A, HAAGE AL
TREE R (RA T 1.16%~1.19%2 8] ) , 33 A2 —
R BT B, AT REC ST IR TR B e QR—7 214>
A REMINRSE R TR, TOC A T 0.21%~9.58% 2
1], S XME R 1.82% , R4 — IR s A LTS A

DL B RN 3=, $ARIR KT 450°C, A LA — =1 LA
BB mIUL, HR7eRs ) X 2 & B SR T
DIBER AR 3 (A AHERR 2 B AV A T BE. T
H AR I8 52 10 M2 50, AR QR -7 FF7F 635.5m
A5G L) 10em (1945 B Z A Tz X SR 444
AR AR, LA AR AR S0 SR G 53
BRI FEE— R IS .
33 fEEEH

TS 387 by X BRI A 25 R R (R 15 Bl 6) 5 Y



536 4 i 4 ]

TV RREAE « PR 7 S 0 3th X R AR SR A R &5 1 609

10000

1000

I —4%95
I 495V ENS
v I—TE9=
1I, ! 0 —EmEES
I,—w RS
I — B AR S A RS
IIL— B A7 1 S FT B S

I,

% 100+

c,/c,

10—

WV
LR

I,

I, v

1 T | T
-80 -70 -60 -50

-40 -30 -20 -10 0

8"°C,/%.PDB

7 HSIHLIX QK—7 HAEIEAR 8 "Ci—C/Can KA
Fig. 7 Relationship of & "C,—C,/C.:; of hydrocarbon
gases from QK—7 in Duck Lake area

AR T N AR AR Sl = s i s M K- AR TR (B
T RIR KGR (K 2) o BFFEIXEE Y
R ETLMEBOURY R £, BUA VR 22, FLBR % 8
PEGF , AR LAFLBR AL 3, DA sy s 25 U R AR
JERER ORI VR A RAR SRS )2 . Wik
HaPEFEORIES e s b hbs A
a R B R E BCA A B A FE B, WUA R
FH#E 2 I, £l 52 28 0 LUFLBR A0 3, 24 B AR R
PR 77 Sy T Rt < 25 i I o 1A ey i e S
b PR A A b R TR b R e
L CEER R, QR-2 LI IR 2N 2B A
BT BRI p  H 2 DL A R 4Bk 3, e k3
B8 24 Smm, B2 BE R BT I PR 4E RS T
WY, A0S , 55O 22 T 2B i 24 (1A
8)o LI TEPILAP AR SFLIREE B35 FaMA 2

F0 , FLBRE N 1.7%~8.7% , FI4{E 9 5.28%, S5

%K 0.0146 X 107 °~0.78 X 10 >nm?, “F ¥l K
0.115%10° wm?, J& THHMILFL RS Z 58, 5
AR AR BLR + X% RRAOK EW R A O
FLEREE CEI41H Hy 5.08% ) FISK B % R CEX{E R
0.051x10 " wm?) A Eb , FLERBE AH 24, S AR B 385 g
o AN, A A KRNI BT 1) LB RS 175 R
RZE A AR E] , Horh e By mBaE R0 & T KR
T BER, AT RIENENEHE . Hi]
W, £ ISR AL IR AR KR SR G2 it 5k
FHIPLABRAN LB (B A E—
3.4 MBEEHG

LS 3890 b DX A DX b AR A 38 T 1) S A P —
IRInl, Z2 ki vh T2 (1 2) o BRI A 25 SR o
QK2 -1 QR—=7 -5 0o HAEAE ZA W JZ i ey 1
ZZWZEVe, QR—2 H- 1, 7F 54.14~62.14m . 75.85~
76.50m ., 96.95~99.55m Fil 223.20~223.70m & & Wi /2

®2 MMMXRASKEWEERESLKE

Table 2 Types of gas hydrate potential reservoir rocks in Duck Lake area

)R AN BCEAEI Bl fidetk
EHEN()) FATBITR 7% ALER Lis
BT TP (Eas ) Ped A s s s R BE LRSI B

FERGI I (Ta) IS PRV E S R E PR E e 9

B LRI i




610 M S B IR

GEOLOGICAL BULLETIN OF CHINA

2017 4F

K8 QR-2F I AR F 4 20 )2 Bk 1 i BE PR TR I P 2R
Fig. 8 High—angle mud—filling and opening fractures in the Tumengela Formation in QK—2
a—FR 117.95~118.10m;; b— % 185.7~189.35m

MR , B R RE TR 8m, LUK (B2 Ve e A4l fr b
I UL AR AR, HoA OB i, W2 R
BR B 224m DA%, W10 2, 2B F 0.19~
1.8m Z ], S JEBE 0.76m, L 55 [ 45 1 548 {0, K
o IR ATR S A R ERE R Je e R . 1
QK-7 - AR EE 347.95~350.4m FIEE 355.21~
356.75m KB 2 JZ W2 | Jail WL Bkl , Sk
WO IRBRAT , #rOBERE o 7T DL, R X 32 F s A FH i

Wi, BN R G LT AU RS B LRE A
RER A RS2 IA] . AR RR A 45 5 s (&
9), TE R HL AT 5 1, BR XA 2050
W2, Y 2 EURME . QR-6 /I QR-7
TEIR)ZENIE T 5 IR, i — 2D UE S M2 IR
TR R Z e AR T ARG A
3.5 HApthgH

H 2009 4F Collett % P42 H R IR S KA 9035 I

Elo WM IX 2853 QK—6 . QK—7 FIl QK—2 FH 1Y — 4 i1 7% 51 1Ai
Fig. 9 2D seismic section through QK—6, QK—7 and QK—2 in Duck Lake area



536 4 i 4 ]

TV RREAE « PR 7 S 0 3th X R AR SR A R &5 1 611

K & 4 (Gas hydrate petroleum system ) DA%, H Hi
%R G R VAN Bl BT S5 X B AR R IR R
KEW = S . ZRGEIEVEN KRR SKE
W I, R EEOR A3 B I — AR e A (VR
W) R R (& 45 1) AR k1
Ab BRI T K B R E B 2R G E Y ) a]
HEE,

I8 ) 4t Xt ROK R T U S A 220 W Ly
[ (E2), QK—2FQK—6HFE TR , AMUAE
TRJZ 58 5 VKRR 12 B TE TR 2 Bl i 7K
2, Al W N KB A i QK-6 5 AN ]
TREE S VKU AL S UK RlK 9 HL O [N 2R 404,
7~ H R ZR 8 DAEAT T —124%0~108%0 2 [H] , 73
115.8%0; O [Al i K & "O A T —15.1%0~—13.3%0 Z
], P340 —13.94%0, % HEASFIR[RIK AR H L O [7]
LA A B ] LB, vK K A9 HL O [l £
(EFR R ORI T RAES . AL, AR Rl K2
BRERIX B AR KR . KRl K H 3R Ak 2% 53 B 45
R, VKA L R 65.533~752.826mg/L, F-F
A 378.538mg/L, & BLRIRAKFFAE o FF i BH 1
FEH Ca* \Na" Mg FIZb 8 K4k, Hod Ca> e
M 29.480~68.610mg/L, V- ¥ 24 47.722mg/L; Na " i€
J¥ 4 3.290~90.940mg/L , *F-¥] 4 45.240mg/L ; Mg™ ¢
4 6.800~68.170mg/L, F-¥J A 40.082mg/L. FH &
T EEH Cl SO FINO, 4, Hirf CIk AT
10.630~223.400mg/L Z [8] , *F- ¥ 24 117.806mg/L;
SO MR} 5.520~241.200mg/L, 14 96.046mg/L;
NO; ¥ EH 3.820~42.930mg/L, 144 21.620mg/L.
BEAN, BE SRR A B A Sr S AR Y Fe \Li L Ba
Mn %0 EK o I K B R IR TN 16 B2 11 B2, 1Y
91 XK PR AP 25 2 A 20, FLIROKA R T RARAK
YL

PR 5 787 e, X e A 5 3 v Dt 92 I At 1 o o
T AR A 3 G2 Bl | Y I R T i ] A
AR S R TR T TR] A i 0 Bl A Y
Wi % 3R Ge I8 WA ] 9 AH BDCRE ARG R E RS
JE R [ B Em 2, QK—6 Ml QR-7 HHE K2
Bl e TR AR S AR, R IR AR R I A A HE ke - 2R
MR HR RGN s 2Rz, 5
PeE VKR T EEECR R R B R . A DL T
IR A A R s B R R s R R
AR FERE Y . BRSSO U ) & A7

A, (EA% 2R WA A7 AE — 2 IR C &R, X
TRIRUKE I INIREE URAR A o

4 W Ow

JE 15 T8 b DX R SR SR G W U 25 A 1) 53 BT
AL, FE TR A 2545 T, e 18 b DX Ry B R - SRR
I R R AT IR 120m, I HIRZ HKGE L EL R,
X TR AR B R B AR A e R RS
1, 7R )2 DL H TR AR B SR 1.24°C/100m, R )2 L
T Hb IR A EE A T 2.15~3.66°C/100m 2Z 7] , b I A XT
B PE SR AR T, B e BELAE R AR R Y
FEBEAM, LTI AREAS TR, A
HEBR & BB S W P RE, v LA IR S AT 7E 6K
RS I )2 DU R AN TR A SR M d
A VE R 22 WA 2k =2, T AR P & 1
F— s AR R A S T T, DX 3 b R 3 e T 2 RE
RIS SR ) s B4R AL R A8 By i i
Bl A RO AR W2 2R G R TR 2R SR T is
B, SURT AR AL R A (it A 2 ] 5 ZE /K BRI T
IR A AN hy 3 B F RAREOK G VIV I 1E RS0
BRI U B T, BRGS0 R Y U E] 4%
A AR —E RS C R o

R T HE— AR 0 L X R SR SK A R
W77, R QR—=7 HAL R A A5 b iR A B AR
YA ST BHL, 454 AMT 5 I BE IR A i SR, F
JRE R AR SK G e 7 JE B IS R B Tl A
FL SR FH A i Ao B S 0 48 - ok )2 DL
B BE A 1.24°C/100m, % + 2 DL H iR B6 N
3.66°C/100m, TESMRA SRk $E 71 , %5 183 Wi
WA ZE R 1 1A P 2 v B B B o A LU E R AN
], 4R 2 £ b 2 b & BRI R 28 W T BESZ 35 T 2
AARRIWIE R GE . R, 20 591 28 HOms mply 38 25 7 -
I IAS T 2H e e e (R A T 2 L P 5, A<
SEHE SR EWE P, B e v B B R 1409107
B, CBEHR I A 155107, NRE R E A 99x 107, HiAh
2 By AR ARV FE RV FT 2208, AR 43 1H — 1k
J5 , HBE R 85% , ZBE R 9% , e R 6% 5 76 -1 A& L
2H , F e e B d i N 3309 107 I, Z Be i By 72%
107, INBERG IR 2 Ty — SR ARV FE AR A W] 22, <A
Mo H—Ab)E , HEh 98%, LIEh 2%,

KR G A R 5#OKE Tt
AR IR AR AR



612 g E IR GEOLOGICAL BULLETIN OF CHINA 2017 4F
B0 WSIIHLIX 85% HHBEK (A e s I 2
Fig. 10 Thickness of 85% methane hydrate stability zone in Duck Lake area
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Fig. 11 The depth of bottom of the 85% methane hydrate

stability zone in the Duck Lake area
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Fig. 12 Thickness of 98% methane hydrate stability zone in Duck Lake area
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Fig. 13 The depth of the bottom of the 98% methane hydrate stability zone in the Duck Lake area
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