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Abstract The Permian strata represent the primary hydrocarbon exploration target in eastern Junggar
Basin. A diverse array of oil and gas reservoirs—occurring below, within, and above the source rocks of
the Lucaogou Formation—demonstrates the basin’s substantial potential for a fully integrated petroleum
system. Drawing upon comprehensive datasets derived from drilling operations, field outcrop observations,
well-log interpretations, and seismic surveys, this study systematically characterizes Permian reservoir
properties and identifies the principal geological controls governing reservoir effectiveness. Key findings are
as follows; (1) Three favorable sedimentary facies belts developed during the Permian in the eastern
Junggar region; (i) the fan-delta front, (ii) the braided-river delta front, and (iii) the saline shallow-
lacustrine facies. Regional caprocks are provided by the saline lacustrine mudstones and shales of the
Lucaogou Formation and the flooding mudstone at the top of the Wutonggou Formation. These caprocks, in
conjunction with underlying reservoir units, define three major reservoir-caprock assemblages centered on
the third member of the Jingjingzigou Formation, the first member of the Lucaogou Formation, and the
first member of the Wutonggou Formation. (2) Permian reservoirs comprise three lithological types:
clastic, carbonate, and fine-grained mixed rocks. Collectively, these exhibit medium-to-low porosity and
low-to-ultra-low permeability. Pore systems in clastic reservoirs are predominantly composed of residual
intergranular pores, intragranular dissolved pores, and interstitial dissolved pores. Carbonate reservoirs
feature residual framework pores (including bird’s-eye pores) , intergranular dissolved pores, and inter-
crystalline pores. Fine-grained mixed reservoirs host intergranular dissolved pores, intercrystalline micro-
pores, and microfractures as the dominant pore types. (3) Subaqueous distributary channels within fan-
delta fronts, together with lime-dolomite flats and beach-bar deposits in shallow-lacustrine settings,
constitute the most prospective facies for high-quality reservoir development. In clastic reservoirs, organic
acid dissolution and chlorite grain-coating during burial diagenesis significantly improve reservoir quality.
For carbonate reservoirs, syndepositional meteoric water leaching and dolomitization are critical processes
in generating high-permeability pore networks. In fine-grained mixed reservoirs, multi-stage hydraulic
fracturing substantially enhances storage capacity and flow performance. (4) Integrated geological analysis
indicates that the eastern segment of the Fukang Fault Zone, the northern part of the Jimsar Sag, and the
eastern flank of the Fukang Sag represent priority areas for near-term reserve growth. Meanwhile, the
central-western segment of the Fukang Fault Zone and the southern flank of the Shishugou Sag are iden-
tified as promising frontier targets for future exploration.
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Fig. 1 Tectonic location and stratigraphic column of eastern Junggar Basin
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Fig. 2 Schematic diagram of whole petroleum system of the Permian in Jimsar sag

(modified from Zhi et al., 2023, see profile location in Fig. 1)
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Fig. 5 Sedimentary facies map of main target layer of the Middle—Upper Permian in eastern Junggar Basin
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Fig. 6 Sedimentary characteristics of the Middle—=Upper Permian outcrops in eastern Junggar Basin
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Fig. 7 Main pore types of the Middle-=Upper Permian reservoirs in eastern Junggar Basin
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Fig. 8 Characteristics of pore development in different types of reservoirs of the Middle-=Upper Permian in eastern Junggar Basin
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Fig. 10 Microscopic images of the Middle-=Upper Permian reservoirs in eastern Junggar Basin
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