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Abstract The Lower Cambrian Qiongzhusi Formation in the Deyang-Anyue rift trough, Sichuan
Basin serves as a core exploration interval for deep shale gas in China. However, the mechanisms
governing shale lithofacies differentiation and the main controlling factors of reservoir quality remain
unclear, which restricts the accurate prediction of sweet spots. To address this issue, this study focuses on
the Qiongzhusi Formation in the southern segment of the rift trough, and systematically reveals the spatial
distribution pattern of lithofacies and the sedimentation-diagenesis controls on reservoir formation through
core observation, mineral composition analysis, organic geochemical testing, quantitative pore characteri-
zation, and sedimentodynamic analysis. The results show that: (1) Four main types of lithofacies are
developed in the study area, namely clay-bearing siliceous shale facies (S—4), mixed siliceous shale
facies (S—2), siliceous shale facies (S—1), and clay/silicon mixed shale facies (M—-4). Vertically,
they exhibit an evolutionary sequence of “decreasing siliceous content and increasing clay content” , while
their lateral differentiation is controlled by the palaeogeomorphic zoning of “rift center—trough margin
slope—extra-trough high area” : siliceous lithofacies (S—1, S-2) dominate within the rift trough, the
trough margin slope transitions to a combination of S—2 and S—4, and the extra-trough high area is
dominated by S=4 and M-4; (2) The siliceous shale facies (S—1) is characterized by high brittle
mineral content (>90% ), well-preserved primary pores, and developed microfractures. All its reservoir
parameters are significantly superior to those of other lithofacies, and its gas-bearing property is notably
higher than that of the clay-involved S—4 and M -4 facies, making it the core lithofacies type for high-
quality reservoirs of the Qiongzhusi Formation shale; (3) Palaecogeomorphology dominates the types of
sedimentary processes and differences in diagenetic pathways by regulating hydrodynamic intensity and
material supply: in the rift trough center, low-energy suspension sedimentation promotes the accumulation
of siliceous organisms and the transformation of biogenic silica to microquartz, forming anti-compaction
reservoirs; in the trough margin slope, bottom current sedimentation introduces terrigenous clay, trig-
gering montmorillonite-to-illite transformation ( S-1 reaction) and leading to pore degradation; in the
extra-trough high area, high-energy sedimentation driven by storms and gravity flows inhibits organic
matter preservation, and the superposition of calcareous pressure dissolution-recementation further results
in severe reservoir deterioration. This study clarifies the constraint laws of sedimentary palaeogeo-
morphology, sedimentodynamics, and diagenesis on shale reservoir quality, and provides a “palaeogeo-

morphology-sedimentation-diagenesis-reservoir”  synergistic evaluation framework for deep shale gas
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exploration.
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Fig. 1 Planar distribution of sedimentary facies of the depositional period of Qiongzhusi Formation of Early Cambrian in

the Upper Yangtze Region (a; after Zhao et al., 2019),

and comprehensive columnar section of Well Z1 (b)
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Fig. 2 Triangular diagram of shale lithofacies for the Qiongzhusi
Formation in southern Deyang-Anyue rift trough ( Base map after

Wu et al., 2016)
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Fig. 3 Core circumferential scanning characteristics of main shale lithofacies of the Qiongzhusi Formation in southern

Deyang-Anyue rift trough
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Fig.4 Microscopic characteristics of main shale lithofacies of the Qiongzhusi Formation in southern Deyang-Anyue rift trough
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Fig. 5 Comprehensive lithofacies column of the Qiongzhusi Formation in Well Z1 in southern Deyang-Anyue rift trough
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Fig. 9 Reservoir spaces of different shale lithofacies in the Qiongzhusi Formation in southern Deyang-Anyue rift trough
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Fig. 10 Core and microscopic characteristics of suspended sediments in the Qiongzhusi Formation in southern Deyang-Anyue rift trough
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Fig. 11 Core and microscopic characteristics of bottom-current deposits in the Qiongzhusi Formation in southern Deyang-Anyue rift trough
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Fig. 12 Core and microscopic characteristics of tempestites in the Qiongzhusi Formation in southern Deyang-Anyue rift trough
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Fig. 13 Core and microscopic characteristics of gravity flow deposits in the Qiongzhusi Formation in southern Deyang-Anyue rift trough
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Fig. 16 Diagenesis—controlled reservoir models for different lithofacies types of the Qiongzhusi Formation

in southern Deyang-Anyue rift trough
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