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Abstract: Gas composition and carbon isotopes of hydrocarbon gases thermally simulated from cores ( mud-
stone oil shale and coal) were compared with gases from gas hydrate at gas hydrate-bearing intervals in the
drilling of DK2 and DK=3 in Qilian Mountain permafrost. The purpose is to explore possible links between these
gas source rocks and gas sources of gas hydrates. The results indicate that thermally simulated gases are mainly
composed of CO, with a small amount of hydrocarbon gases on the low temperature conditions ( <300 °C); the
yields of hydrocarbon gases from the mudstone oil shale and coal gradually increase displaying differences
between adsorbing gas with different rock. With increasing of thermal simulation temperatures yields of hydro—
carbon gases from the mudstone oil shale and coal obviously increase and reach maximum values at 500 °C;

conversely yields of CO, vary a little. With increasing of thermal simulation temperatures carbon isotope
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values of hydrocarbon gas firstly become lighter and then heavier and are characteristics of normal carbon isotopic
series of 8 C, <8"C, <8"C,. The consequence suggests that hydrocarbon gases from mudstone in the range of
350 °C to 400 “C or from oil shale in the range of 380 °C to 400 °C have similar features of gas composition and
carbon isotope with gas hydrate indicating that the gas source of gas hydrate has geochemically genetic relation
with deep mudstone or oil shale. In contrast the gas composition of hydrocarbon gases from coal and gas
hydrate are similar but their carbon isotope values are incomparable suggesting that the relationship between
coal and gas source of gas hydrate is not closely associated.

Key words: Qilian Mountain permafrost; gas hydrate; thermal simulation; gas component; carbon isotope
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Fig. 1  Schematic map showing geotectonic units in the Qilian Mountain area Qinghai Province >’
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2 m. 367.7 ~396.0 m . 276
2.1 ~476.9 m 145 ~ 447 m
DK=2 DK3 469.8 ~497.1 m
( . M4 M- o
2) . ( : 0S3. 0S4, TOC 2.56% ~8.11%
0S5, 0S6  0S9) ( D C8 C9) | I - ;
( Do DK2 DK3 7 TOC  2.08% ~5.76%
( 2) DK=2 4 I,—IL, - ;
144.4 ~152.0 m. 156.3 ~156.6 m. m,—1I, - 2,
1
Table 1 Basic characteristics of samples
/m TOC / %
M4 276.0
2 DK=2 76,9 2.56 ~8. 11 I—1, -
0S3 145
0S4 238
0S5 DK3 250 - 2.08 ~5.76 nm,—1I, -
0S-6 374
0s9 447
C38 K3 469. 8 B o, ]

C9 497. 1
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( 2 3 )
250 C
CH,. C, H,~ C; Hgv iC, Hy~ nC, H,y+ iCs H,ys
nC;H,, co,
0.57 ml/g; 300 C CH,. C,H.
C,H; 0.02 ml/g. 0.01 ml/g. 0.01
ml/g iC,H,+ nC,H,. iC;H,. nC;H,,
Co, 0.83 ml/g; 350 C
CH,. C,Hs+ CyHg. iC,Hyv nC,H

iC;H,,~ nC,H,, 0.21 ml/g. 0.10 ml/g.
0.06 ml/g. 0.02 ml/g. 0.02 ml/g. 0.01 ml/g. 0.01
ml/g CO, 0.85 ml/g; 380 C

0.74 ml/g. 0.36 ml/g+ 0.23 ml/g. 0.03 ml/g.
0.08 ml/g. 0.01 ml/g. 0.02 ml/g CO,

L14ml/g 400 C 1.61 ml/g-
0.78 ml/g. 0.54 ml/g. 0.07 ml/g. 0.20 ml/g. 0.03
ml/g. 0.05 ml/g CO, 1.69 ml/g; 450 C

3.26 ml/g. 1.22 ml/g. 0.72 ml/g-
0.07 ml/g. 0.03 ml/g. O ml/g. O ml/g CO,

2.59 ml/g; 500 C 4.79 ml/g.
1.39 ml/g. 0.07 ml/g. 0.01 ml/g. O ml/g. O ml/
g+ 0 ml/g CO, 4.94 ml/g.

( 3 3
()) 250 C
CH,. C,H¢. C; Hg+ iC, Hyv nC, H,yv iCsH),
nC;H,, Co,
1.60 ml/g; 300 C CH, -

C,H,+ C,H, 0.02 ml/g. 0.01 ml/g.
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Table 2 Gas composition and carbon isotopes of thermally simulated gases from mudstones
/ C,/ XC s/ XG5/ CO,/ / G/ 8¢,/ 8¢,/ 8¢,/
C (ml/g) (ml/g) (ml/g) (ml/g) % (G +GCy) %o %o %o
250 0.00 0.00 0.01 0.77 53.57 2.21 \ \ \
300 0.02 0.03 0. 05 0.93 48. 15 1. 62 -47.74 -35.69 -28.62
350 0.33 0.38 0.71 0.73 46. 47 1.26 -44.72 -37.26 -35.56
M4 380 1. 11 1.37 2.48 1.08 44.73 1. 09 —-45.04 -37.81 -36. 14
400 2.53 3.10 5.63 1.71 45.00 1. 06 —-47.01 -39.48 -36.87
450 4.94 3.79 8.73 1.82 56.58 1.41 —44.86 -35.28 -28.04
500 7.70 2.74 10. 44 5.14 73.76 2. 86 -39.44 -30.63 —
250 0.00 0.00 0.01 0.36 35.82 2.41 \ \ \
300 0.01 0.01 0.02 0.73 40.20 1.82 -38.37 -29.26 -25.3
350 0.09 0.07 0.15 0.97 56.78 1. 89 -38.12 -29.12 -27.45
M2 380 0.36 0.19 0.56 1.21 65.13 2.26 -36.32 -27.45 -26.76
400 0.69 0.32 1.01 1.67 67.99 2.71 -35.63 -26.55 -26.3
450 1.58 0. 40 1.97 3.36 80. 01 4.25 -30.75 -23.82 —
500 1. 89 0.24 2.12 4.75 88. 83 8. 13 -29.25 -22.3 —
\ _
. P 1 ;n-‘
_ 6
- ;H A 2080
= 4 =
~ kS 04 10
() 4 () 4 0 4 —r—1 —_—
250 300 350 400 450 500 250 300 350 400 450 500 250 300 _i.‘.u_-LL’Jt- 450 500
T/ T/« T/
P AA MIEMRC.EC, ¢ 80 M-2HHC,. LC, o i i #:¢0.08-3F8C,. LC,: v.v.0S48£C,. £C,:

e OS-SFEMMC A EC, o XX 0568 MC,.2C, im0 0S-7THHC,.EC

o B CSHERC . EC -+ .COEMC, . EC

3 ()~

()

Fig. 3 Yields of methane and heavy hydrocarbon gases from mudstone ( left)

ying with thermal simulation temperature

(

0.01 ml/g iC,H,,- nC,H,,~ iC;H,, nC;H,
CO, 1.79 ml/g; 350 C
0.34 ml/g. 0.15 ml/g. 0.09
ml/g. 0.02 ml/g. 0.03 ml/g. 0.01 ml/g. 0.01
ml/g CO, 2.88 ml/g; 380 C
1.13 ml/g. 0.54 ml/g. 0.34 ml/g. 0.05
ml/g. 0.11 ml/g. 0.03 ml/g. 0.03 ml/g CO,
3.47 ml/g; 400 C 1.17
ml/g. 0.86 ml/g. 0.58 ml/g. 0.09 ml/g. 0.22
ml/g. 0.05 ml/g. 0.07 ml/g CO, 3.49

)

oil shale ( middle) and coal ( right) var—

450 C 4.77 ml/g. 1.69

ml/g. 0.98 ml/g. 0.13 ml/g. 0.08 ml/g. O ml/g.

0 ml/g CO, 4.39 ml/g; 500 C
6.99 ml/g. 1.99 ml/g. 0.40 ml/g.

0.03 ml/g. O ml/g. O ml/g. O ml/g CO,

8.04 ml/g.

ml/g;

3 )
250 C CH,. C,H-
C,Hy. iC,H,,+ nC,H,. iC;H,, nC,H,
0.04 ml/g. 0.11 ml/g. 0.04 ml/g. 0.04 ml/g.
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3
Table 3 Gas composition and carbon isotopes of thermally simulated gases from oil shales
/ C,/ XC s/ XG5/ CO,/ / G/ 8¢,/ 8¢,/ 8¢,/
C (ml/g) (ml/g) (ml/g) (ml/g) % (G +Gy) %o %o %o
250 0.00 0.00 0.00 2.24 51. 16 2.05 \ \ \
300 0.01 0.02 0.03 2.92 41.13 1.63 \ \ \
350 0.14 0.18 0.32 7.30 43.91 1.29 —44.06 -35.17 -32.95
0S3 380 0.50 0.47 0.97 8.45 51.31 1.46 —-42.43 -33.60 -32.27
400 0.74 0.57 1.32 7.90 56. 50 1.73 —-42.46 -32.95 -30.56
450 1.98 0.84 2.82 7.54 70.29 2. 66 -37.42 -30.74 -27.24
500 2. 60 0. 66 3.26 8.34 79. 62 4.06 -34.76 -29.52 —
250 0.00 0.00 0.01 1.46 55.56 2. 86 -37.78 -36.35 -35.74
300 0.03 0.03 0. 06 1.94 47.70 1.78 —44.22 -38. 64 -37.90
350 0.35 0.44 0.79 1.57 43.97 1.20 -47.91 -39.79 -38.19
0S4 380 1.33 1.95 3.28 1.95 40. 55 0.97 —-49. 40 -40.43 -38.31
400 2.79 4.33 7.12 2.85 39. 19 0.90 —-48. 41 -40. 06 -36.79
450 6. 15 5.24 11.39 1.67 54.02 1.32 -47. 66 -36.62 -31.31
500 9.52 4.48 14. 00 6.58 68. 00 2.21 -41. 14 -34.06 —
250 0.01 0. 00 0.01 1.71 63.75 3.33 \ \ \
300 0.03 0.03 0.07 1. 67 49.55 1. 84 -43.22 -33.45 -25.88
350 0.54 0.59 1.12 1.51 47. 86 1.32 —-46.36 -38.30 -36. 84
0S5 380 1.62 2.07 3.69 1.93 44.02 1. 06 -47.20 -39.14 -38.01
400 2.23 3.13 5.37 1.57 41.57 0.97 —48.27 -40. 50 -37.40
450 7.78 6.39 14. 17 1.59 54.88 1.35 —-45.37 -35.92 -31.22
500 11. 88 5.30 17.17 5.54 69. 12 2.31 —42.48 -34.38 —
250 0.00 0.00 0.01 0.92 62.07 3.69 \ \ \
300 0.03 0.03 0. 06 1.13 55.05 2.18 —-37.08 -31.05 -28.06
350 0.43 0.31 0.74 1.32 58.51 1. 81 -37.39 -29. 66 -28.51
0S-6 380 1.32 0. 81 2.13 1.46 61.94 1.98 -36.12 -28.33 -27.46
400 2.04 1. 06 3.10 1.34 65.78 2.28 -34.95 -28.30 -27.34
450 4.57 1.34 5.91 2.59 77.33 3.57 -29.38 -25.93 —
500 6.34 1.04 7.39 3.91 85. 86 6.16 -27.09 -24.74 —
250 0.00 0.00 0.00 1.67 57.45 3.33 \ \ \
300 0.02 0.02 0.04 1.31 53.19 1.99 -37.10 -30.79 -30.35
350 0.26 0.20 0. 46 2. 68 57.03 1.76 -37.93 -29.72 -28.73
0S4 380 0. 89 0.55 1. 44 3.58 61.74 1.96 -37.82 -28.98 -27.28
400 0.96 0.55 1.51 3.77 63. 62 2.12 -36.55 -27.17 -28.61
450 3.35 0.99 4.34 8.59 77.10 3.61 -32.42 -26.03 -23.18
500 4.60 0. 82 5.42 15. 81 84.83 5.71 —-29.87 -24.80 —
\ o— o
0.01 ml/g. O ml/g. O ml/g CO, 16.56 ml/g+ 5.31 ml/g+ 2.99 ml/g.
0.63 ml/g; 300 C 0.89 ml/g. 0.40 ml/g. 0.76 ml/g. 0.18 ml/g. 0.18 ml/g
0.37 ml/g. 0.21 ml/g. 0.08 ml/g. 0.04 ml/g. CO, 4.14 ml/g; 400 °C
0.04 ml/g. 0.01 ml/g CO, 1.78 ml/g; 1.61 ml/g. 7.86 ml/g. 4.26 ml/g. 0.55 ml/g.
350 C 6.67 ml/g. 2.34 ml/g. 1.16 ml/g. 0.20 ml/g. 0.28 ml/g CO,
0.31 ml/g. 0.21 ml/g. 0.29 ml/g. 0.08 ml/g. 5 14 ml/g; 450 °C 59.43 ml/g.

0.06 ml/g CO, 3.21 ml/g; 380 C 12.76 ml/g. 5.26 ml/g. 0.54 ml/g. 0.15 ml/g.
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Table 4 Gas composition and carbon isotopes of thermally simulated gases from coals
/ c,/ >C s/ XC, s/ €O,/ / Cy/ 8¢,/ 8¢,/ 8¢,/
< (ml/g) (ml/g) (ml/g) (ml/g) % (Cy +C3) %o %o %o
250 0.01 0.02 0.03 0.37 29.77 0. 46 -31.39 -21.13
300 0.51 0.39 0.90 2.13 56.91 1.57 -34.32 —-24.66 -24.64
350 6.45 3.83 10. 29 3.50 62.73 1.97 -36.83 -27.15 -25.67
C8 380 15. 84 9.11 24.95 4.42 63.48 2. 06 -39.22 -28.34 -26.61
400 24.63 10. 69 35.32 5.33 69. 74 2.73 -36.33  -27.10  -25.34
450 58. 61 18.59 77.20 7.26 75.92 3.30 -34.11 -24.17 —
500 101. 59 8.47 110. 05 11.20 92.30 12.03 -28.93 — \
250 0. 06 0.40 0.46 0. 89 13.55 0.23 \ \ \
300 1.26 1.12 2.38 1.42 53.03 1.54 -33.71 -26.58  -18.36
350 6. 88 4.88 11.76 2.91 58.51 1.71 -36.85 -27.33 -24. 14
c9 380 17.28 10. 65 27.93 3.87 61.86 1.94 -37.84  -27.30  -24.34
400 33.32 18.01 51.33 4.94 64.91 2.19 -35.15 -26.41 -24.31
450 60. 25 19. 10 79.35 6.49 75.93 3.30 -33.41 -23.11 —
500 118.48 11.70 130. 18 12.23 91.02 10. 17 -29.29 \ \
o\ —
0.02 ml/g. 0 ml/g CO, 6. 87 ml/g; \
500 C CH,. C,H,. C;H; 300 C 350 ~ 450 C
110. 03 ml/g+ 9.99 ml/g. 0.05 ml/g iC, Hyp~ ; 450 C
nC,H,. iC;H,, nC;H,, Co,
11.71 ml/g. o
( 2 4. 3): 3.2
CO, (N
: 4): 300 °C
Co, ; 87C,. 87C,. 8"C, —43. 06%o+
95% —-32.48%0~ —26.96%o; 350 C
o —41. 22%0~ —33.19%0~ —31.51%o; 380 °C
300 C N —40. 68%0 —32.63%0~ —31.45%o;
400 C - 41.32%0 - 33. 02%o-
(0.03 ml/g) < —31. 59%o; 450 C —37. 81%o0-
(0.04 ml/g) < (1.63 ml/g)  —=29.55%c —28.04%0; 500 C 8°C,
8"¢C, -34.35%0+ —26.47%o0.
39 - 40 : . ( 3.
500 °C 4): 250 C
10.44 ml/g. 17.17 ml/g. 130.18 ml/g; 8" C,. 8¢, 8¢,
N —37.78%0~ —36.35%0 - 35.74%o, 300 C
450 C —40. 41%0~ —33.48%c0~ —30. 55%o,
450 C 350 C —42.73%0+ —35.53%o-
o —33. 04%eo; 380 C - 42.59%o-
-34.10%0~ — 32. 67%o; 400 C
aes —42.13%0 —33.80%0~ — 32.14%o; 450 C
I —1I m . —38.45%0~ —31.05%0~ —28.24%o;
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o 92.33% ( 62.33%) . 7.61% ~58.10% (
e _49.'40%” 00 22.55%) . 0.027% ~ 17.69% (
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8°Cn 587G, 8¢, -39.77%0~ C,H,~ C,Hy~ iC,H,o~ nC,H,~ iCsH,,» nC,H,,
=31.22%0+ = 29.91%o 63.65% ~76.78% ( 70.96%) .
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Fig.5 Comparing gas component of hydrocarbon gases from gas hydrates with those from samples

. ( 6) 250 ~ 500 °C
350 ~500 °C 8°C,. 8°¢C,. 8"C,
CH,. C, H,. C, Hg. iC, Hy+ nC, H,yv iCq H,< —43.06%0 ~ — 34.35%o( -39. 77%0) .
nC,H,, 54.79% ~ 81.51% . —33.19%0 ~ — 26.47%o ( ~31.22%0) .
17.38% ~21.03% - 1.06% ~13.10% + 0.06% ~ —31.59%0 ~ —26.96%o( ~29.91%0)
3.75% 0~4.80% 0 ~1.13%. 0 ~1.19% 250 ~ 500 °C - 42.73%o0
250 °C 380 ~500 C ~ = 35.07%0( ~39. 88%0) . - 36.35%0 ~
54.20% ~77.74% « 14.07% ~22.51% . —29. 5%o ( -33.26%c) . - 35.74%0 ~
3.59% ~ 13.78% -+ 0.31% ~2.91% . 0.02% ~  —28.24%q( —32. 06%o) 250 ~ 500 °C
4.68% 0~2.90%. 0 ~1.40% 350 ~ 450 ~38.53%0 ~ —29. 11%o(
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76.04% « 16.32% ~21.25%+ 6.73% ~11.94% . —25.37%c) . —25.48%0 ~ - 21.50%o (
0.69% ~ 1.92% . 0.19% ~ 2.88% . 0.03% ~ —24.18%o)
0.75% -+ 0 ~0.68% ~45%0\  —34.25%0« —31.35%0 "
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