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Abstract: Tectonic fractures serve as primary reservoir spaces of carbonate rocks, and local stress-induced tectonic
fracturing acts as a prominent factor influencing their development. Simulating tectonic stress fields using the finite
element method has become an important method for tectonic fracture prediction. However, this method faces challenges
such as large discrepancies between model setting and actual geologic condition, low efficiency in obtaining optimal
boundary conditions, and undefined factors governing the development of tectonic fractures. To address these issues, a
method for constructing a heterogeneous rock mechanics model and a self-adaptive boundary constraint algorithm are
introduced to enhance the precision of stress field simulations, and quantitatively characterize fracture development in
reservoirs using parameters such as reservoir rupture rate and fault activity. Then, by quantitatively exploring the
impacts of differences in strike-slip fault deformations and stress perturbations on tectonic fractures, the most significant
factors controlling fracture development are selected to construct a development index for fractured carbonate reservoirs ,
and quantitatively investigate its dominant controlling factors. Lastly, based on reservoir scale prediction, as well as

single-well fracture logs and core interpretations, we build a geologic model of fractured carbonate reservoirs at different
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levels. This method has been applied to the Ordovician carbonate reservoirs in the No. 18 fault zone and adjacent
regions in Shunbei area, Tarim Basin. The application results indicate that the degree of fracture development decreases
in the order of transtensional, translational, and transpressional fault segments of the fault zone and that higher
deformation amplitude of strata is associated with a higher developmental degree of fractures. In addition, the
development index of fractured reservoirs is constructed using the rock mechanical parameters, distances from faults,
horizontal bidirectional stress differences, stress heterogeneity coefficient, and comprehensive rupture rate of reservoirs.
The reservoir classification results based on this index align closely with actual geologic conditions.

Key words: dominant factor controlling fracture development, tectonic stress field simulation, quantitative prediction of

fracture distribution, quantitative assessment of reservoir, carbonate reservoir, Ordovician, Shunbei area, Tarim Basin
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Fig. 1 Workflow for numerical simulation of high-precision tectonic stress fields, multi-parameter prediction of fracture distribution, and

the construction and verification of the development index for fractured carbonate reservoirs of the Ordovician
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Fig. 2 Structural units and stratigraphic framework of the Tarim Basin
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Fig. 5 Calculation results of dynamic rock mechanical parameters and statistical results of parameters denoting fracture intervals for the

Ordovician carbonate reservoirs in wells X8 and X9 in Shunbei area
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Table 1 Rock mechanical parameters of the Ordovician strata in Shunbei area

s S B /m [l /M Pa PURSE/MPa  JARAEE B IREEE/GPa WERSIMPa NEEESIC)
1 X10 7470. 15 ~7470. 21 65 — 0.210 39.88
2 X10 7470. 15 ~7470. 21 75 — 0.260 42.93 — —
3 X10 7470. 15 ~7470. 21 85 — 0.220 37.13
4 X11 7 560. 23 ~ 7 560. 38 65 — 0.230 34.70
5 X11 7 560. 23 ~ 7 560. 38 75 — 0.220 36. 50 38 26.3
6 X11 7 560. 23 ~ 7 560. 38 85 — 0.220 36. 60
7 X12 7652.00~7653.73 0 70. 16 0.204 36. 83
8 X12 7652.00~7653.73 0 75.74 0.226 43.43
9 X12 7 656. 46 ~ 7 656. 57 30 279. 06 0.242 44. 65 — —
10 X12 7 656. 46 ~ 7 656. 57 30 274.83 0.273 46. 24
11 X12 7 656. 46 ~ 7 656. 57 30 249.73 0.235 42.63
12 X12 7 656. 38 ~ 7 656. 46 0 72. 14 0.252 37. 68
13 X12 7 656. 38 ~ 7 656. 46 60 310.22 0.338 60. 89 17.6 41.6
14 X12 7 656.38 ~ 7 656. 46 30 267. 40 0.314 56. 86
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Fig. 6 Planar distributions of the dynamic and static rock mechanical parameters of the Ordovician carbonate rocks in the No. 18 fault zone

and adjacent regions in Shunbei area (see Fig. 2b for the fault location )
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Fig. 7 Analysis of the present-day horizontal principal stress orientation of the Ordovician carbonate reservoirs in Shunbei area
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Table 2 Measured paleomagnetism and acoustic anisotropy of the Ordovician carbonate rock cores from well X4 in Shunbei area

wbgrs WA (C) HAA/mm AE M /s P/ (m/s) WA /(") B NIGE SRS MRAMA/(C) IR EN 5 10
No. 1 150 65.52 11.89 5512 141.5 185 N43. 9
No.2 150 65. 58 11.98 5475 316.9 185 NS8. 1E
No. 3 105 64.78 11.81 5 486 289.3 145 N35.7°E
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Fig. 8 Mathematical model for present-day stress field simulation of the Middle Ordovician Yijianfang Formation in the No. 18 fault zone

and adjacent regions in Shunbei area
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Fig. 9 Sampling and results of acoustic emission tests on the Ordovician carbonate rocks in Shunbei area
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Fig. 10 Boundary condition optimization for present-day stress field simulation using a self-adaptive boundary constraint algorithm
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Fig. 11 Simulation results of the present-day stress field in the Middle Ordovician Yijianfang Formation in the No. 18 fault zone and

adjacent regions in Shunbei area (see Fig. 2b for the fault location )
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Fig. 12 Predicted rupture rates of the Middle Ordovician Yijianfang Formation in the No. 18 fault zone and adjacent regions in Shunbei

area (see Fig. 2b for the fault location)
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Fig. 13 Assessment of the sliding trend coefficients, expansion coefficients, and fracture opening pressures of the major faults in in the

No. 18 fault zone in Shunbei area
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Fig. 15 Correlations between the rupture rates of the Ordovician carbonate reservoirs and vertical deformation intensities of the major faults

in the No. 18 fault zone and adjacent regions in Shunbei area (see Fig. 2b for the fault location )
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Fig. 16 Correlations of the present-day normalized comprehensive rupture rate with the distances from major faults, sliding trend

coefficients, expansion coefficients, and fracture opening pressures on fault planes in the Middle Ordovician Yijianfang Formation in the

No. 18 fault zone and adjacent regions in Shunbei area
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Fig. 17 Correlations between normalized comprehensive rupture rate and stress perturbation in the Middle Ordovician Yijianfang Formation

in the No. 18 fault zone and adjacent regions in Shunbei area
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Fig. 18 Development index of large-scale reservoirs and the geological models of reservoir development in single wells for the Middle

Ordovician Yijianfang Formation in the No. 18 fault zone and adjacent regions in Shunbei area
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Table 3 Criteria for ranking large-scale reservoirs in the

Ordovician carbonate rocks, Shunbei area
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Table 4 Comprehensive assessment of reservoir levels for

different segments of the No. 18 fault zone in Shunbei area
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