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Geochemical characteristics of Permian coal-measure source rocks and their
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Abstract: By comprehensively applying TOC determination, rock pyrolysis, kerogen carbon isotope determination,
saturated hydrocarbon chromatography-mass spectrometry analysis and fluid inclusion analysis, this study
investigated the geochemical characteristics of the Permian coal-measure source rocks in the northern Shenmu
area of the Ordos Basin and their contribution to the natural gas accumulation of He 8 member. The analysis
results show that the source rocks of both Shan 2 member and Taiyuan Formation in the northern Shenmu area
belong to coal-measure source rocks, primarily classified as type I, ~ lll. The maturity exhibits zoning
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characteristics with Shan 2, submember in the mature stage, the Shan 2, submember and Taiyuan Formation in
the mature to over-mature stage, and the Shan 2, submember in the over-mature stage. The Pr/Ph value and
gammacerane index indicate that the coal-measure source rocks of Shan 2 member and Taiyuan Formation were
deposited in a weakly oxidizing to weakly reducing environment in a freshwater to brackish water system.
Biomarker, microscopic component and kerogen carbon isotope analyses show that the parent materials of Shan 2
member and Taiyuan Formation source rocks are mainly higher plants. The carbon isotope characteristics of
natural gas indicate that the natural gas in He 8 member, Shanxi Formation and Taiyuan Formation is mainly
coal-type gas, and that the natural gas in Shanxi Formation and Taiyuan Formation mainly originates from its
own source rocks, while the natural gas in He 8 member is mainly generated by both of the source rocks. Based
on gas component and carbon isotope, a natural gas mixing ratio chart for the study area was established, and it
was calculated that the natural gas in He 8 member mainly originated from the Shanxi Formation coal-measure
source rocks, with a contribution ratio of 43% to 97% (average 72%). The liquid inclusions and single-well
burial history analysis suggest that Taiyuan Formation experienced two periods of oil and gas charging: the
early Cretaceous (134 to 128 Ma) dominated by oil charging and the late early Cretaceous (122 to 105 Ma)
dominated by gas charging, and that He 8 member also experienced two periods of charging: the middle
Cretaceous (129 to 122 Ma) dominated by oil charging and the late early Cretaceous (122 to 100 Ma) dominated
by gas charging.

Key words: coal-measure source rock; geochemical characteristics;fluid inclusion; contribution to natural gas ac-

cumulation; oil and gas accumulation periods
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Fig. 1 Geological structural map of the study area
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Table 1  Organic matter abundance and kerogen carbon isotope values of source rocks at different levels in the study area

% B (S, +8,)/(mg/g) TOC/ % HI/(mg/g) 8" Crprogen/ %0 A BT
82-21 4. 22 3.85 90 —24.12 I,
93-21 i 2, 159. 63 36. 25 415 —23. 64 I
PLG-06 60. 59 18.12 330 —24. 41 I,
22-22 133.79 27.26 448 —24.23 I,
35-22 2.77 3.66 67 —23. 44 I
38-22 0.97 2.29 38 —24.23 1,
40-22 1.07 1.48 59 —22.96 I
64-22 i 2, 29. 36 10.13 276 —22.95 I
74-22 98. 88 34.58 263 —22.66 I
97-22 28.17 8.18 318 —24.11 I,
147-22 69. 90 31. 74 214 —23.33 I
150-22 148. 68 35.22 409 —23.91 I
39-23 6.11 4.67 109 —23.54 I
98-23 11.25 4,37 236 —23.23 I
127-23 12, 69.92 30. 83 214 —24. 50 I,
128-23 185.13 38.35 471 —22.65 I
150-23 68.59 27.68 239 —23.60 I
39-KJi 2.96 2.66 88 —23.38 il
T4-K 1.96 3.31 45 —23.87 I
83- K Ji 3. 42 3.32 85 —23.77 I
93-K J5t 18. 06 13. 64 120 —23.03 I
127-K s 129. 75 38.50 321 —24.06 I,
KA
142-K 5 121. 66 36. 28 311 —23.38 |
HZM-01 7.18 11. 24 63 —23.81 I
LIQ01 26. 33 21.56 113 —23.84 I
PLG-04 5.83 5.26 104 —24.49 I,
QT-002 3.97 1.79 214 —24.46 1,
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Fig. 2 Characteristics of organic matter in high-maturity coal-measure source rocks in the study area
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Fig. 3 Microscopic component characteristics of source rocks in the study area
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Table 2 Microcomponent composition and vitrinite reflectance of different stratigraphic horizons in the study area

ETRes ik KRR FH R,/ %
ZE A JEVed/ % SR/ BRH/ % TERA/ %
82-21 — 30 60 10 —40.0 I 0. 65
93-21 i 2, — 30 30 40 —47.5 I 0.70
PLG-06 — 10 85 5 —63.8 I 0. 89
22-22 — 10 60 30 —70.0 I 0.73
35-22 10 — 70 20 —62.5 I 0.98
38-22 10 — 90 — —57.5 I 0.71
40-22 10 — 80 10 —60.0 I 0.88
64-22 12, 10 — 20 70 —75.0 I 1.16
74-22 5 — 75 20 —71.3 Il 0.87
97-22 — — 80 20 —80.0 I 0.85
147-22 — — 90 10 —77.5 I 1.41
150-22 — 10 65 25 —68.8 I 0.87
39-23 — 30 40 30 —45.0 Il 0.78
98-23 10 10 60 20 —50.0 Il 1.82
127-23 i 2, — 5 35 60 —83.8 I 2.27
128-23 — 5 90 5 —70.0 I 2.45
150-23 — 5 15 70 —68.8 I 2.45
39- K i — 10 50 40 —72.5 I 0. 89
74- KR 5 — 15 80 —86.3 I 0.87
83- K Ji — — 90 10 —77.5 | 0. 90
93-K i 10 — 60 30 —65.0 Il 0. 89
127- K5 — — 70 30 —82.5 Il 0.79
KIg
142-KJH 5 — 85 10 —68.8 I 0.96
HZMo1 — 20 60 20 —55.0 I 0. 86
LJQO1 — 10 70 20 —67.5 I 0.89
PLG-04 — 20 30 50 —62.5 I 1. 86
QT-002 — 35 40 25 —37.5 I 1.72

W J5E (pristane , Pr) 548 % (phytane, Ph) 1) & & 52 3] & AL 18 IR 35 10 52 Wi, 1 A1 L (Pr/Ph) AT 38 7R
4 (R 3. 4) . Pr/Ph<C0. 5 #5878 330 JE IR B, 0. 5<<Pr/Ph<C1. 0 875 18 5L FR 4% , 1. 0<<Pr/Ph<(2. 0 1§
IR EAL-59 30 R BE L Pr/Ph=>2. 0 MR AL IR B MRS IX I 2, 01 2,01l 2, WL Pr/Ph N
0.61~2. 233K 3) ., F¥{E /3 %14 1. 35.1. 18.,0. 75, %%ED%UJ 2 BOR R g AR RS, HE A R

S JEUE 2 T 55 B B s KB4 Pr/Ph (BN 1. 17~1. 59,1 1. 34, 55 EAL-55 38 JFUFR B

A 0 e 4 A G2 R0 43 DORR K A4 5k BE 1) B BEAR R 0. 08<<GI<C0. 30 $8 /R IR AK-TUB /K 31 5%, 0. 30<<
GI<20. 82 # /R /K FR 8, 0. 82<<GI<C1. 45 HH/R JBUK FREE . BFoe X1l 2 Be R R R4 A GT {3 51K
M 0.02~0.36(F 3 Hil 2, .1 2, (1l 2, WEE GIFE{E 5514 0. 11.,0. 10,0. 08, KJF 4 G1 FIH{EH N
0. 14, F W #1225 3408 1 T IR K -T8U80K IR 45

= I 45 (tricycelic terpane, TT) FI U 3 i BE (tetracyclic terpane, TET) &2 3] 5l £ i o IR 19 L 4= ¥
PR Gy HA TR B R AR A h 22 R B E . FEREMATARP,Cy 0 TT/C TT 5 C,, TET/
Cos TT(C;y TT Coy TT.Cyy TT Co, TT Coy TTCoy, TTCos TT,Cos TT g XF 1 55 B AHY = 3105 %8 . C,, TET Ny
B 24 9 DU R e ) A (L A 7 L DU Bl VR A R 2 g X B R (0 PRI (R 5) o 1 2, 01l 2, B K
JRAHR C TT ¥ &l (8 5(a).5(b).5(d)) s Cry oy TT/Co, TT il 1. 11~6.75,C,, TET/Cys TT K
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Table 3 Characteristics of biomarkers in the study area

i E A Pr/Ph Crot 20 TT/Cyy TT Cy, TET/C, TT GI Cyr FRI 5 %52 /Cpy RO 5 2
44-21 i 2, 2.23 3.26 1.33 0.18 0.58
64-21 i 2, 0. 87 — 2.97 0.07 0.51
93-21 i 2, 0. 94 — 1.66 0.09 0.23
40-22 i 2, 1.73 — 2.13 0.06 0.65
64-22 i 2, 0.82 1.11 1.51 0.02 1. 60
74-22 i 2, 1.00 5.49 2.09 0.21 0.22
98-23 i 2, 0.65 0.59 0.65 0.05 1.27
127-23 i 2, 0.61 0.48 0. 44 0. 10 1.30
128-23 12, 1. 00 0.13 0.51 0.09 1. 81
72- K K 1.30 6.75 14. 30 0. 04 0.24
93- K Jit K 1.17 — 8. 24 0.13 0.26
127- K& K 1.59 4.83 1.25 0.10 0.99
128-KJi PN 1.23 — — 0.05 1.78
142- KR K 1.39 3. 14 0.97 0.36 0. 60

Pr/nC,,

(a) Pr/nC175Ph/nC1832IC A (b) C27-C28-C2941 ] 5 4 =1 (&

B4 At XA YRR EHHRE

Fig. 4 ldentification diagram of organic matter source in the northern Shenmu area
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Mass chromatograms of biomarkers in source rocks from the study area
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Table 4 Component and carbon isotope values of typical natural gas in the study area

Yot/ % 8 C/ %
it =2 a

CH, C,H, C,Hy iC,H, aC,H, iC;H, nC;H, C/C-C; N, C, C, C,
82-%1 8 &8  86.58  6.18 1.72 0.33 0.43 0. 20 0.14 90. 58 3.92 —35.38 —24.00 —26.16
179-88 &8 87.25  5.50 2.28 0. 47 0.72 0.34 0.26 90. 12 2.40  —36.83 —27.83 —28.01
53-4 8 &8 7844 4,22 0. 62 0. 04 0.02 0 0 94,12 16.50 —38.01 —26.05 —25.97
44-1174 1PE  68.67  3.56 1.13 0 0 0 0 93.61  25.89 —38.38 —26.80 —26.13
71-1L 78 IvE  84.14  1.31 0.32 0 0 0 0 98.10  13.64  —39.42 —27.12 —
131-1h#§  tiP§ 51.50  3.68 3. 88 0 0 0 0 87.20  41.68  —38.58 —26.03 —24.20
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Table 5 Composition and carbon isotope characteristics of end-member gases
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Fig. 8 Fluorescent petrographic characteristics of liquid Hydrocarbon inclusions
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Fig. 9 Frequency distribution histograms of homogenization temperature and salinity of fluid inclusions
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Fig. 10 Single-well burial history map of the study area
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