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Abstract: Deep to ultra-deep reservoirs are becoming increasingly important for hydrocarbon reserve growth and
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production increase. However, these reservoirs are characterized by great burial depths, complex diagenesis, and
variable pore-fracture networks and in-situ stress conditions, resulting in significant inter-well productivity differences.
It is therefore urgent to identify the key geological factors controlling these productivity variations. Focusing on the
Cretaceous Bashijiqike and Baxigai formations in the Bozi-Dabei area of the Kuqa Depression, this study systematically
analyzed the main geological controls on single-well productivity differences based on integrated core and cast thin-
section observation, conventional and image logging, as well as production performance data. The analysis was built on
reservoir characterization. As indicated by the research results, the reservoirs in the study area are typical deep to ultra-
deep fractured clastic reservoirs featuring low porosity and low permeability. The reservoir space is dominated by
primary intergranular pores, supplemented by intergranular dissolution pores, intragranular dissolution pores, and
microfractures. Natural fractures are widely developed, primarily as moderate- to high-angle tectonic fractures, while
microfractures include transgranular, grain-boundary, and intragranular fractures. Productivity differences are jointly
controlled by sedimentary microfacies, diagenesis, present-day in-situ stress, fluid overpressure, and fracture
development and effectiveness, with fracture development and effectiveness being the key controls. Fracture seepage
capacity is the most important factor for high productivity. Based on these findings, a fracture effectiveness evaluation
index (FRA) was constructed, which integrates fracture permeability, fracture length, the present-day horizontal
differential stress, and the friction coefficient of fracture surfaces. This index serves to effectively characterize fracture
conductivity and its control on productivity. Combined with the FRA-permeability and FRA- productivity relationships,
we classified the fractures into Type I (FRA >0.43), Type Il (0.25 < FRA <0.43), and Type ll (FRA <0.25),
which can directly reflect productivity variations under different fracture effectiveness conditions. Deposition and
diagenesis jointly determine the matrix reservoir properties. Medium- to fine-grained sandstones of subaqueous
distributary channels and mouth bars are favorable facies for high-quality reservoir development. Carbonate cementation
reduces the effectiveness of both pores and fractures, whereas late-stage dissolution can locally improve reservoir space
and seepage capacity. Formation overpressure facilitates primary pore preservation and fracture opening by reducing
effective stress and mitigating mechanical compaction. Present-day in-situ stress conditions exert a significant control on
fracture opening and reservoir effectiveness, with a smaller differential horizontal stress more conducive to keeping
fractures open and forming effective seepage pathways. In summary, productivity differences in deep to ultra-deep
clastic reservoirs in the study area are jointly controlled by pore-fracture-pressure-stress conditions. High-quality sand
bodies, constructive diagenetic modification, effective fracture development, overpressure, and a weakly compressive
stress regime are the keys to the formation of high-productivity wells. The research results can provide a geological basis
for selecting deep to ultra-deep natural gas exploration and development targets, and offer theoretical reference for
energy development at depths exceeding 10 000 m.

Key words: productivity characteristics, main geological controlling factors, fracture effectiveness, natural fracture,

reservoir characteristics, deep to ultra-deep formation, Kuga Depression, Tarim Basin
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Fig. 1 Regional location and stratigraphic column of the Bozi-Dabei area, Kuqa Depression, Tarim Basin (modified after
references [15] and [64])
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Fig. 2 Reservoir space characteristics of the Bashijiqike and Baxigai formations in the Bozi-Dabei area, Kuqga Depression, Tarim Basin
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Fig. 11 Fracture effectiveness evaluation in the Bashijigike and Baxigai formations, Bozi-Dabei area, Kuqa Depression, Tarim Basin
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