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Abstract: The Middle Permian saline lacustrine shales are identified as the most significant source rocks in the eastern
Junggar Basin. Investigating their gas-generating potential and contribution to gas accumulation holds great significance for
hydrocarbon exploration. Based on logs of wells newly drilled in recent years, as well as data from petrology, organic
geochemistry, semi-open pyrolysis simulation experiments, and natural gas geochemical analysis, we systematically
evaluate the gas-generating potential of the Middle Permian saline lacustrine source rocks, clarify the origin of natural gas
from within, and delineate favorable targets for natural gas exploration. The results indicate that in the Dongdaohaizi Sag,
the thickness of the Middle Permian saline lacustrine source rocks increases gradually from its margin to center, generally
exceeding 350 m and reaching a maximum of 600 m at the center. In the Fukang Sag, two zones of thick Middle Permian
saline lacustrine source rocks are determined, namely the northeastern margin and the south-central portion, where the
source rock thicknesses primarily range from 200 to 250 m and exceed 400 m, respectively. The Middle Permian saline
lacustrine source rocks in both sags principally exhibit medium to excellent quality, with oil-prone kerogen widely

developed which is characterized by considerable thicknesses, high contents of retained hydrocarbons, and generally
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entering the gas window stage. All these suggest the potential for large-scale gas generation. The petroliferous gas
generated by the Middle Permian saline lacustrine source rocks has been discovered in the eastern Junggar Basin,
distributed primarily in the Fukang Sag, Dongdaohaizi Sag, and the Fukang fault zone. Besides, the petroliferous gas
generated from the Middle Permian source rocks is also found mixed with the coal-derived gas in the Kelameili gas field and
the Cainan oil and gas field. The ultra-deep reservoirs in the Fukang and Dongdaohaizi sags in the eastern Junggar Basin
are favorable for the exploration of petroliferous gas, which can be divided into three favorable gas exploration zones:
conventional gas outside source rocks, tight gas inside source rocks, and shale gas inside source rocks.

Key words: source rock, gas-generating potential, petroliferous gas, shale, Middle Permian, saline lacustrine basin,

Junggar Basin
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Fig. 1 Maps showing the tectonic location of the eastern Junggar Basin (a) and the regional geology of the study area (b) and composite

stratigraphic column of the study area (c)
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Fig. 2 Petrological characteristics of the Middle Permian saline lacustrine source rocks in the eastern Junggar Basin under microscope

(photomicrographs of the Jimusar Sag from references [25-26])
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Middle Permian saline lacustrine source rocks in the eastern

Junggar Basin (data on the Jimusar Sag from references [23-257)
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Fig. 4 Isopach map of the Middle Permian source rocks in the eastern Junggar Basin
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Fig. 5 Assessment results of the abundance and types of organic matter in the Middle Permian source rocks in the eastern Junggar Basin
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Fig. 6 Characteristics of organic macerals in the Middle Permian saline lacustrine source rocks in the eastern Junggar Basin

(photomicrographs of the Jimusar Sag from reference [27])
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Fig. 7 Profiles showing the maturity evolution of the Middle Permian source rocks in the eastern Junggar Basin
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Table 2 Hydrocarbon gas yield in the semi-open pyrolysis simulation experiment for the Middle Permian saline lacustrine source

rocks in the eastern Junggar Basin

PR IR B AL TS TR A
BEIC R /% LAPS e 3 WA=/ SIS ot 77 2/ Y] AR
(mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g)
250 0.56 4.75 11. 44 16. 20 6.58 8.35 14.93
300 0.67 3.33 15.53 18. 87 10. 55 14.73 25.29
325 0.79 5.10 19.73 24.82 12.05 19. 68 31.73
350 1.01 9.19 33.07 42.26 16.28 35.93 52.20
375 1.31 17.73 58.73 76. 46 26.93 78. 12 105. 05
400 1.59 40. 97 159. 68 200. 65 35.48 107.22 142.70
425 1.97 54.99 185.25 240. 25 41.21 111.25 152. 46
450 2.64 92.96 223.56 316.52 47.19 112. 63 159. 82
500 3.15 164. 68 138.01 302. 69 56.22 113. 81 170. 03
M i 01y 1 SO0 iz 20°Ch ek 2°C/h
R ——iS, —— "%, 20 °C/h - "<, 2 °C/h
400 - Y 400 - fERA 400} RS, 20°Ch - J3HF, 2 °C/h
&) c c)
2 300t 23001 23001
%200} %200} ﬁf 200
r r I
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0 : : : : ) 0 : : : : ) 0 T
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Fig. 9 Curves showing the hydrocarbon gas yields under different simulation experiments for the Middle Permian saline lacustrine source

rocks in the eastern Junggar Basin (data from references [29-30])
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Table 3 Carbon isotopic composition of gas generated from the semi-open pyrolysis simulation experiment for the Middle

Permian saline lacustrine shales in the eastern Junggar Basin

N TR AL S PR A
RIEC R/%
33C /%o 3°C, /%o 83C,/%o 3°C, /%o 3°C, /%o 33C, /%o 8"7C,/%o 83C,/%o
250 0.56 -31.7 — — — —41.6 -29.6 -27.8 -31.5
300 0.67 -37.4 -34.0 -33.3 — —41.4 -31.2 -29.2 -32.0
325 0.79 -44. 1 -37.2 -35.9 -34.9 -44.6 -35.6 -35.6 -36.5
350 1.01 -47.5 -38.6 -37.6 -36.5 -46. 5 -38.7 -38.2 -37.3
375 1.31 -48.2 -38.9 -38.0 -36.4 -48.9 -38.6 -37.8 -36.4
400 1.59 -48. 1 -39.5 -37.3 -35.7 —43.7 -36.7 -35.4 -34.2
425 1.97 -45.9 =-37.1 -34.6 =31.7 -36.3 -29.4 -30.3 —
450 2.64 -44. 6 -36.6 -31.7 -24.6 -29.6 — — —
500 3.15 -41.0 -30.0 -26.5 -31.5 -27.6 — — —
TR
x4 EBRIEMWFDBHRELIRASHES £
Table 4 Genetic classification of natural gas discovered in the eastern Junggar Basin
el Fbe 2 /% 3¢, /%o 3C,/%o 3"3C/%o THEREL B Yol A
71.27 ~96. 21 -35.90 ~ -27. 40 -27.68 ~-22.20 -26.90 ~ -17.20 0.75~0.99
2% RIS PR/ ER
(87.48)/124 (-31.16)/125 (-26.07)/125 (-24.57)1117 (0.92)/124
67.27 ~94.74 -39.97 ~ -36. 04 -27.80 ~ -22.55 -26.10~-17.10 0.70 ~0.98 - )
I,z SIS, R %
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Fig. 10 Discrimination diagrams of the genetic types of natural gas and the distributions of the petroliferous gas in the eastern Junggar

Basin (discriminant diagrams after references [43-44])
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Fig. 11

Discrimination diagrams of pyrolysis gas of natural gas and from thermal simulation in the eastern Junggar Basin

(after references [45-46])
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Fig. 12 Maps showing the gas-oil ratios (GOR) of the eastern Junggar Basin
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