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Fig.1 Simplified tectonic map and location of the test wells for

the gas hydrates in the Qiangtang Basin

2011 ~2013
o 5
° QK4 .QK2.0K3.0K4 QK5 . QK4 QK3
QK2
pr QK4 QK5
( Do 5
° (Tst) (Jig) -
5 (sz) . (sz) N (Jzé) N
(J,b) . (E,k) .
° (Eps (QC 2).
1 (1)
N 155.0m; ( 2) -
) 300km
640km 4500m
18.5 x 10*km’. 1 (3) Ro

1820

S N



2015 (1)

59

50 =

150 —n

200

N

250

I

AN

300

N

350

400

NNNNN

NNNNN

NMNN

450

I FE(m)
o

350

N

600

630

700

750

8OO

B50

HHHHHHHHHHHHH

900

Fig.2  Lithologic column

Qiangtang Basin

2

and basal boundary of the permafrost layers

3

Fig.3 Main types of the permafrost structures in the Qiangtang Basin

= — — VRt RES

Lis
T

m
=

I

UL LN NN

of individual test wells for the gas hydrates in the



60 (1
2 (310,
(
2.1 o
0 0C < o
; 0C 0<C “ 7 N
2%
0C
o 30cm
2m
27
5
~11
3 3) . QK=2 7 (12cm
) 6.6 ~20.1C,
( 3I) .
2 QK4 .QK=2. o
K3 K4 1.0 ~2.40m
Q Q
° ( 1) o
( 31); o
1

Table 1 Parameters for the permafrost structures in the Qiangtang Basin based on the test well data for the gas hydrates in

the Qiangtang Basin

(m) | (| (| (m| (m| (| m| (m| (| (m] (m| (m
QK- 0 2.30 2.30 2.30 8.20 5.90 - - 0 8.20 58.00 49.80
QK2 0 2.40 2.40 2.40 7.37 4.97 - - 0 7.37 38.00 30.63
QK3 0 1.00 1.00 1.00 4.35 3.35 - - 0 4.35 23.60 19.25
QK4 0 1.70 1.70 1.70 132.95 131.25 - - 0 132.95 150.00 17.05
QK-5 0 1.02 1.02 1.02 3.08 2.06 3.08 4.00 0.92 4.00 155.00 151.00

. N . QK4.QK2.0K3 QK5

( 4. 2.06 ~5.90m

. . QK4 131.25m.
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Fig.4 Characteristics of the ice-bearing sediments permafrost layers from the QK4 well in the Qiangtang Basin

QK4.Q0K2.0K3 QK4
17.05 ~49.80m QK-S

151. Om.
2.2
o QK4 7
2,
5 QK5 .
Fig.5 Visible ice filled in the fractures of the silty mudstones sD 422. 0% ~d14. 0% 1419. 7%
in the cores from the QK-5 well in the Qiangtang Basin 5% 0 15. 0%0 ~43. T%e
H14.6% N
0°C  0%C n .
. (6 .



62 (1)

2 QK4
Table 2 Geochemical analyses of the water from the melted ice-bearing sediments samples from the QK-4 well in the

Qiangtang Basin

QK44-01 QK44-02 QK44-03 QK4-1-04 QK44-05 QK44-06 QK44-07
(m) 9.8 12.1 25.3 61.0 64.0 65.2 86.3
3D( %o) 122.0 120.0 122.0 4120.0 119.0 121.0 114.0
3" 0( %o) 15.0 14.5 15.0 14.7 14.5 14.7 13.7
( mg/L) 741.700 787. 600 1598. 000 787.300 816.200 391.700 1330. 000
( mg/L) 561.100 580. 900 1149. 000 606. 600 608. 300 330. 000 988.700
K* 4.030 10.950 6.670 3.550 3.640 1.940 4.410
Na* 54.310 109. 300 147.000 141.500 144. 600 50. 090 208.700
Ca’* 113. 600 83.170 186. 600 61.790 65.210 40.740 126. 900
Mg?* 50.500 56.220 142.900 53.940 59.150 28.450 65.340
Cu <0.01 <0.01 <0.01 0.023 0.016 <0.01 <0.01
Fe 0.107 0.082 0.061 0.173 0.120 <0.01 0.155
Mn 0.003 0.003 0.074 0.004 0.131 0.002 0. 004
Li 0.057 0.126 0.136 0.099 0.103 0.049 0.386
Sr 3.920 2.405 5.852 1.780 1.757 0.966 5.574
Ba 0.029 0.063 0.025 0.110 0.084 0.108 0.027
Mo <0. 006 <0.006 <0.006 0.015 0.010 0.007 0.010
v <0. 006 0.036 <0.006 <0.006 <0.006 <0.006 <0.006
HCO,_ 85.420 109. 800 73.220 164. 800 134.200 122. 000 134.200
50,2~ 288.000 125. 400 409. 000 88.990 111.300 41.860 705.200
NO; - 34.460 12.150 68.260 39. 620 53.650 27.870 62. 680
al- 153.200 333.200 598. 400 312.700 308. 500 137.900 86.230
Br~ <0.10 0.100 0.130 0.220 0.260 0.200 0.160
1" <0.020 0.240 0.100 0.270 0.300 0.180 0. 140
SD 8180 28 . . 7
. Na®.Ca’* Mg*"
o > K* Na* 50. 09 ~208. 7mg/L
122.214mg/L; Ca’" 40.74 ~ 186. 6mg/
° L 96. 859mg/L; Mg** 28.45 ~
S50 8D 142. 9mg/L 65.214mg/ Lo (01BN
S0, \HCO,” NO,~ Br I
’ clr 86.23 ~ 598.4mg/L
. 12 1m N 275.733mg/L; SO,* 41.86 ~ 705. 2mg/L
5D 252. 821; HCO,~ 73.22 ~164. 8mg/L
%0 8D 117. 663mg/L; NO;~ 12.15 ~ 68.26mg/L
. 42.67mg/L. Sr
330 ~ 1149mg/L Fe.Ba.Li  Mn ( 2). QK4
689. 229mg /L QK44-03 N

o

( 7 ( 7,
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Fig.7 Plots showing the variations in mineralization degrees and anions and cations concentrations as a function of depths for the water

from the melted ice-bearing sediments samples from the QK-4 well in the Qiangtang Basin
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Table 3 Determinations of the methane permeability in the

sediments with different ice saturation . DK40 3.
(10 pum?) 9m 3 ~4m
! 0 2.7000 4800m’ /d.
2 0.09 1.5000 P
3 0.17 0.9430
4 0.36 0.5350
5 0.47 0.4000
6 0.48 0.3980
7 0.59 0.0259 °
8 0.61 0.0267 °
9 0.71 0.0255
10 0.72 0.0259 o
11 0.81 0.0000213 4
12 0.88 0
13 0.91 0 ( 1)
3
(2)
9
Fig. 9  Curve showing the variations in the methane permeability
as a function of ice saturation °
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Permafrost structures and their effects on the accumulation of the natural
gas hydrates in the Qiangtang Basin northern Xizang

WANG Pingkang' ZHU You-hai' ZHANG Xu-hui’ ZHANG Shuai' PANG Shoui' XIAO
Rui’ LI Bing'

(1. Oil and Gas Survey China Geological Survey Beijing 100029 China; 2. Institute of Mechanics Chinese
Academy of Sciences Beijing 100190  China; 3. Institute of Mineral Resources Chinese Academy of Geological

Sciences  Beijing 100037  China; 4. College of Construction Engineering Jilin University ~Changchun 130021
Jilin  China)

Abstract: The permafrost regions constitute much of the Qiangtang Basin on the Qinghai—Xizang Plateau and are
considered to be favourable areas for the accumulation of the natural gas hydrates with a great potential. Based on
the data from the test drillings three structural types are recognized for the permafrost regions of which the most
common one is the structural type composed of the active layers ice-bearing sediments permafrost layer ice—
bearing basement permafrost layer and ice-Hree basement permafrost layer. While in the case of the icefree
basement permafrost layer the pore fluid pressures in the underlying iceree permafrost layers tend to be closely
related to the structures of the micropores or microfractures in the overlying the ice-bearing permafrost layers which
may facilitate the sealing of the near-surface hydrocarbon gas and accumulation of gas hydrates. The geochemical
signatures of ice in the ice-bearing permafrost layers have reflected that the water from the melted atmospheric
snowfall directly percolates into the soil and rock layers and results in the gradually freezing of the strata from
shallower to deeper depths due to the decrease of temperatures. Meanwhile the mineralization degrees and antion
and cation concentrations in water may give a reference for the assessment of physical and chemical properties of the
sediments. As indicated by the experimental simulation the methane permeability tends to decrease with the
increase of ice saturation in the ice-bearing permafrost layers and may go into icedree permafrost layers as the ice
saturation exceeds 80% . Influenced by the climatic changes the permafrost layers may exercise a major control not
only on the accommodation spaces of the gas hydrates but also on the migration of the near-surface hydrocarbon
gases. It follows that within the permafrost regions in the Qiangtang Basin on the Qinghai—Xizang Plateau there may
be the petroleum systems composed of the fault-controlled deep-seated hydrocarbon reservoirs medium-deep gas
hydrate reservoirs and shallow-seated gas reservoirs.

Key words: Qiangtang Basin; permafrost structure; ice saturation; gas hydrates



