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Physical simulation experiment on vertical growth process of strike-slip faults in
ultra-deep strata of the Tarim Basin, NW China
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Abstract: In the ultra-deep strata of the Tarim Basin, the vertical growth process of strike-slip faults remains unclear, and the vertical
distribution of fractured-cavity carbonate reservoirs is complex. This paper investigates the vertical growth process of strike-slip faults
through field outcrop observations in the Keping area, interpretation of seismic data from the Fuman oilfield, and physical simulation
experiments. The result are obtained mainly in four aspects. First, field outcrops and ultra-deep seismic profiles indicate a three-layer
structure within the strike-slip fault, consisting of fault core, fracture zone, and primary rock. The fault core can be classified into three
parts vertically: fracture-cavity unit, fault clay, and breccia zone. The distribution of fracture-cavity units demonstrates a distinct pattern
of vertical stratification, owing to the structural characteristics and growth process of the slip-strike fault. Second, the ultra-deep seismic
profiles show multiple fracture-vuy units in the strike-slip fault zone. These units can be classified into four types: top fractured, middle
connected, deep terminated, and intra-layer fractured. Third, physical simulation experiments and ultra-deep seismic data interpretation
reveal that the strike-slip faults have evolved vertically in three stages: segmental rupture, vertical growth, and connection and extension.
The particle image velocimetry (PIV) detection demonstrates that the initial fracture of the fault zone occurred at the top or bottom and
then evolved into cavities gradually along with the fault growth, accompanied by the emergence of new fractures in the middle part of the
strata, which subsequently connected with the deep and shallow cavities to form a complete fault zone. Fourth, the ultra-deep carbonate
strata primarily develop three types of fractured-cavity reservoirs: large and deep fault, flower-shaped fracture, and staggered overlap.
The first two types are larger in size with better reservoir conditions, suggesting a significant exploration potential.

Key words: strike-slip fault; vertical growth; evolution process; physical simulation experiment; fractured-cavity carbonate reservoir;
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