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Abstract: The Carboniferous strata in the northwestern margin of the Junggar Basin represent an important tar-

get for deep hydrocarbon exploration, with the characteristics and formation background of source rocks attract-
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ing significant attention. This study focuses on the dark mudstones of the Carboniferous strata in Well MHS5S5,
utilizing systematic sampling and organic-inorganic geochemical analyses to investigate their hydrocarbon po-
tential, paleo-depositional environment, and organic matter enrichment mechanisms. The results reveal that the
organic matter content in the dark mudstones of Well MH55 is moderate, dominated by Type Il kerogen. The
source rocks exhibit a high degree of thermal maturity with significant fluctuations, likely influenced by friction-
al heating associated with fault activity, and are overall classified as poor-to-moderate source rocks. The mud-
stones were deposited in a brackish-to-saline transitional environment characterized by dysoxic water conditions
and oscillating climatic shifts between warm-humid and cold-arid periods. Organic matter enrichment was pri-
marily controlled by terrigenous input and dysoxic conditions. Terrigenous input provided the primary source of
organic matter, while dysoxic conditions effectively reduced organic matter oxidation and decomposition rates.
In contrast, the contribution of paleo-productivity was relatively limited, which may be attributed to insufficient
nutrient availability in the water column and dilution effects from terrigenous material input during deposition.

Keywords: Carboniferous; hydrocarbon generation potential; paleoenvironmental condition; organic mat-

ter accumulation; Junggar Basin
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Fig. 2 Carboniferous-Permian stratigraphy and dark mudstone lithology in Well MH55
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Tab. 1 Results of total organic carbon, total sulfur, rock-eval pyrolysis, and vitrinite reflectance of
Carboniferous dark mudstones from Well MH55
HEM4sS TOC (%) TS(%) Tmax(C) S, (mgg) S,(mgg) S;(mg/g) S+S,(mg/g) PI  HI(mg/g) OI(mg/g) Ro
MHS55-1 0.57 0.00 519 0.03 0.11 0.00 0.14 0.21 22.00 0.00 1.89
MHS55-2 0.63 0.12 520 0.04 0.11 0.13 0.15 0.27 20.00 23.64 1.87
MHS55-3 0.64 0.10 521 0.04 0.11 0.10 0.15 0.27 19.30 17.54 1.95
MHS55-4 0.33 0.07 512 0.03 0.04 0.06 0.07 0.43 12.50 18.75 1.96
MHS55-5 0.30 0.24 510 0.04 0.04 0.05 0.08 0.50 12.90 16.13 1.95
MHS55-6 0.30 0.03 514 0.03 0.05 0.03 0.08 0.38 15.63 9.38 1.72
MHS55-7 0.49 0.03 504 0.06 0.09 0.03 0.15 0.40 19.15 6.38 1.75
MHS55-8 0.25 0.45 463 0.05 0.06 0.04 0.11 0.45 21.43 14.29 1.95
MHS55-9 0.39 0.01 506 0.05 0.09 0.06 0.14 0.36 24.32 16.22 1.97
MHS55-10 0.37 0.04 514 0.03 0.06 0.08 0.09 0.33 15.79 21.05 1.90
MHS55-11 0.60 0.05 513 0.03 0.12 0.05 0.15 0.20 21.43 8.93 1.90
MHS55-12 0.66 0.09 512 0.03 0.16 0.07 0.19 0.16 27.12 11.86 1.74
MHS55-13 0.59 0.14 512 0.03 0.11 0.05 0.14 0.21 20.00 9.09 1.79
MHS55-14 0.67 0.25 503 0.04 0.18 0.05 0.22 0.18 30.00 8.33 1.77
MHS55-15 0.88 0.19 512 0.06 0.21 0.07 0.27 0.22 24.71 8.24 2.07
MHS55-16 0.95 0.13 519 0.05 0.20 0.03 0.25 0.20 23.81 3.57 1.98
MHS55-17 1.03 0.08 519 0.05 0.26 0.05 0.31 0.16 29.55 5.68 1.99
MHS55-18 0.72 0.17 512 0.09 0.21 0.08 0.30 0.30 31.34 11.94 1.90
MHS55-19 0.65 0.16 512 0.09 0.26 0.05 0.35 0.26 41.94 8.06 1.85
MHS55-20 1.26 0.94 479 0.09 0.42 0.06 0.51 0.18 40.78 5.83 1.49
x2 HESHARRBARSE THRREMASMIRER
Tab.2 Composition of kerogen in Carboniferous dark mudstones from Well MH55
FE Ji5 e 41 e (%) 5% 5 20 (%) 15 B4 (%) FA
i (%) IRV RN ik ek it 1E B8 1A 22 A ESIUE L FH
MHS55-1 0 0 0 35 35 54 11 ~34.00 m
MHS55-2 0 0 0 34 34 55 11 —35.25 i
MHS55-3 0 0 0 34 34 52 14 -36.00 |
MH55-4 0 0 0 50 50 35 15 -16.25 I
MHS55-5 0 0 0 55 55 30 15 -10.00 m
MHS55-6 0 0 0 34 34 55 11 —35.25 i
MHS55-7 0 0 0 16 16 57 27 -61.75 |
MHS5-8 0 0 0 20 20 53 27 -56.75 |
MH55-9 0 0 0 59 59 28 13 —4.50 m
MHS55-10 0 0 0 57 57 29 14 =7.25 i
MHS55-11 0 0 0 20 20 51 29 =57.25 |
MHS55-12 0 0 0 58 58 28 14 -6.00 I
MHS55-13 0 0 0 57 57 29 14 -7.25 m
MHS55-14 0 0 0 75 75 18 7 17.00 2
MHS55-15 0 0 0 34 34 55 11 —35.25 |
MHS55-16 0 0 0 24 24 58 18 -49.50 |
MHS55-17 0 0 0 27 27 53 20 ~46.25 m
MHS55-18 0 0 0 65 65 25 10 3.75 2
MHS55-19 0 0 0 20 20 58 22 =55.50 |
MHS55-20 0 1 1 68 70 21 9 10.25 n2
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(a) Spider diagram of sediments upper continental crust normalized trace element abundances, and (b) chondrite-normalized

rare earth element patterns of Carboniferous dark mudstones from Well MH55
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Fig.4 Hydrocarbon generation potential evaluation of Carboniferous dark mudstones in Well MHS55
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Fig. 5 Paleo-water environment and salinity discrimination plots for Carboniferous dark mudstones in Well MHS55
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Fig. 6 Diagrams showing paleo-climatic conditions of the Carboniferous dark mudstones from Well MH55
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Fig. 7 Discrimination diagrams of paleo-redox conditions for Carboniferous dark mudstones from Well MH55
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Fig. 8 Correlation analysis of TOC content with terrigenous input, redox conditions, and paleoproductivity indicators in
the Carboniferous dark mudstones of Well MH55
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