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Abstract: The Jinchuan mining district has undergone a complex tectonic evolution history, and detailed analysis of the
post-mineralization deformation characteristics and stress field evolution stages needs to be completed. This paper employs
structural analysis methods to stage and correlate the faults in the bedrock of the Jinchuan mining district, determining the
structural deformation sequence. It identifies four significant fault combinations in the region, including NE-trending thrust
faults and NW-trending strike-slip faults, NE-trending strike-slip faults and NW-trending thrust faults, NW-trending normal
faults, and NEE-trending strike-slip faults. The paleo-tectonic stress field of fault is reconstructed by using the lower
hemisphere stereographic projection method on the base of studying faults and striations. Combining the paleo-tectonic
stress field results with the regional tectonic evolution history, the study accurately defines the stress field evolution stages
in the Jinchuan mining district after the mineralization period, which is crucial for understanding regional tectonic
evolution and the development of new prospective areas. The results indicate that the Jinchuan mining district experienced
four phases of paleo-tectonic stress field after the mineralization period, characterized by multi-stage compression or
extension in different directions. These phases responds to a series of regional tectonic thermal events since the Mesozoic
respectively: Phase I exhibits a NW—-SE compression stress field during the early to middle Jurassic (J,.,); Phase II shows a
NE-SW compression stress field during the late Jurassic (J;); Phase III reflects a NE-SW extensional stress field during the
Early Cretaceous (K,); Phase IV represents a NE-SW compression stress field since the Late Cretaceous (K,).

Keywords: Jinchuan mining district; faults; striation; reconstruction of paleo-stress field; tectonic evolution
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Fig. 1 Geological map and tectonic setting of the study area

(a) Map of the tectonic setting in the study area (modified after Wan et al., 2009); (b) Geological map of the study area (modified after Tang and

Li, 1995)
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Fig.2 Features of paleo-tectonic stress at different points

01, 0, and o; represent the maximum, intermediate and minimum principal stress axes respectively, the number represents inclination and dip
angle of the stress axis; P represents striation, L represents fault plane, N represents statistical quantity; The red arrows represent the direction of

compression, and the orange arrows represent the direction of extension.
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Table 1 Geometry, kinematics and stress features of faults on structural points with superimposition deformation in the Jinchuan mining district
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Fig. 3 The characteristics of fault intersection and superimposed striation

(a) LS10 shows the fault dip to the NW developed in metamorphosed ultramafic rocks; the early striation indicates sinistral strike-slip motion
associated with normal faulting, and the late striation indicated sinistral strike-slip motion; (b) LS12 shows three groups of faults developed in
marble; the first group of faults with near E-W orientation shows dextral strike-slip motion, the second group of faults with NW orientation
indicated dextral strike-slip motion, and the third stage is normal faults on NE orientation; (c) LS13 shows the fault dip to the SW developed in
marble; the early striation indicated the top-to-the-SW downslide of the hanging wall, and the late striation show the dextral strike-slip motion;
(d) LS21 shows two groups of faults with traction folds developed in mica-quartz schist; the early fault indicated the top-to-the NW thrust of the
hanging wall, while the late fault indicated the top-to-the NEE downslide of the hanging wall; (e) LS28 shows three groups of striation developed
on the fault dip to the SW with mineral represented by calcite in marble; The striation of the first stage indicated dextral strike-slip motion, the
striation of the second stage indicated sinistral strike-slip motion, and the striation of the third stage indicated the top-to-the-NE thrust; (f) LS46
shows the NE trending fault developed in mica-quartz schist, early striation indicated the top-to-the NE downslide of the hanging wall, late
striation indicate the top-to-the S thrust of the hanging wall.

The long arrow represents the direction of striation and the motion of fault wall; Number (D, @ and 3 represent the stages of faults or striation
in corresponding photo; In the stereographic projection, the red arrow represents the direction of compression while the orange arrow represents

the direction of extension.
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Fig. 4 Typical deformation features under the NW—SE compression

(a) LS17 shows the NW-trending dextral strike-slip fault developed in granitic gneiss with fault polish and low-angle striation; (b) LS18 shows
the conjugated fault consists of the NS-trending sinistral strike-slip fault and the EW-trending dextral strike-slip fault developed in granitic
gneiss; (c) LS20 shows the conjugated fault consists of the NW-trending dextral strike-slip fault and the EW-trending sinistral strike-slip fault
developed in marble; (d) LS25 shows the asymmetric lens developed in marble indicated the top-to-the SE thrust of the hanging wall.

The long arrow represents the direction of striation and the motion of fault wall; Number (D and (D’ represent the striation of the conjugated fault; In

the stereographic projection, the red arrow represents the direction of compression while the orange arrow represents the direction of extension.
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Fig. 5 Typical deformation features under the NE-SW compression (early stage)

(a) LS16-2 shows the sinistral strike-slip fault developed in granitic gneiss with fault step and low-angle striation on the fault plane; (b) LS27

shows the NE-trending sinistral strike-slip fault developed in marble with domino structures and low-angle striation; (c) LS22 shows the NW-

trending thrust fault developed in marble with fracture zone and fault gouge; (d) LS11 shows the fold with axis dip to SE developed in gneiss

with marble.

The long arrow represents the direction of striation and the motion of fault wall; In the stereographic projection, the red arrow represents the

direction of compression while the orange arrow represents the direction of extension.
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Fig. 6 Typical deformation features under the NE-SW extension

(a) LS24 shows the NW-trending normal fault developed in marble with fault polish; (b) LS13 shows the NW-trending normal fault developed in
marble with new-born minerals of calcite and asbestos; (c) LS30 shows the NWN-trending normal fault developed in marble with new-born
mineral of calcite, the positive fault step indicated the top-to-the NE downslide of the hanging wall; (d) LS35 shows the NWW-trending normal
fault developed in marble with new-born minerals of asbestos, sericite and calcite.

The long arrow represents the direction of striation and the motion of fault wall; The orange arrow represents the direction of extension in the

stereographic projection.
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Fig. 7 Typical deformation features under the NE-SW compression (late stage)

(a) LS16-1 shows the thrust of the granitic gneiss as the hanging wall to the marbles as the footwall, the main fault plane dips to the SW; (b)
LS24 shows the NW-trending sinistral strike-slip fault developed in granite with oblique striation; (c) LS37 shows the WNW-trending sinistral
strike-slip fault and gentle striation developed in marble with new-born calcite and carbon; (d) LS29 shows the superimposition of two groups of
striation on the NWW-trending fault plane, the early striation indicated the sinistral strike-slip faulting and the later one indicated the top-to-the
NE thrust which showed the existence of two stages of NE-SW compression.

The long arrow represents the direction of striation and the motion of fault wall; In the stereographic projection, the red arrow represents the

direction of compression while the orange arrow represents the direction of extension.
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Fig. 8 Tectonic evolution model of Jinchuan mining district since the mineralization

(a2) Phase | showed a NW-SE compression during the Early to Middle Jurassic, and the mining district mainly formed the NW-trending strike-

slip faults and NE-trending thrust faults; (b) Phase Il showed a NE-SW compression during the Late Jurassic; the NE-trending strike-slip faults

were formed and the NW-trending thrust faults were activated in the mining district; (c) Phase Ill showed a NE-SW extension during the Early

Cretaceous, the mining district formed the NW-trending normal faults and kinematics of some early faults reversed; (d) Phase IV showed a

NE-SW compression since the Late Cretaceous; the mining district formed a series of NEE-trending strike-slip faults, and the NW-trending

thrust faults were activated and the strata were intensely shortened along the NE-SW direction.
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