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In-situ stress characteristics and rockburst tendency of surrounding rocks in the Shuiwangzhuang

gold deposit, Zhaoyuan, Shandong province

Abstract: We carried out hydraulic fracturing in-situ stress measurements in an 1881-m deep borehole at the
Shuiwangzhuang gold deposit and obtained the variation law of deep in-situ stress with depth in the mining area. The
measurement results show that the maximum principal stress has an increasing linear trend with depth. The horizontal stress
dominates the in-situ stress state within 800 m, and the vertical stress gradually transitions to the maximum principal stress
with increasing depth. The maximum horizontal principal stress ranges from 11.22 to 45.69 MPa, the minimum horizontal
principal stress from 7.28 to 36.17 MPa, and the vertical principal stress from 8.44 to 48.27 MPa; The direction of the
maximum horizontal principal stress is NWW-trending. We analyzed the characteristics of the deep orebody’s in-situ stress
according to the stress value and the direction of the maximum horizontal principal stress, which reveals that the deep in-
situ stress of the Shuiwangzhuang mining area belongs to the generally low level in the Zhaoyuan—Laizhou area. We
discussed the tendency of rockburst in the underground roadway during deep excavation under a high confining pressure
environment based on rock mechanics parameters of drill cores, engineering rock grading standards, and elastic strain
energy theory of rock bodies. The Shuiwangzhuang gold orebodies generally belong to the rockburst-free strata or strata
with weak rockbursts. However, there is a strong rockburst tendency at depths such as 1102.78 m and 1379.40 m. The gold
ore body is at a depth of 1680.40~1684.90 m, generally in the rockburst-free area. The above research results can provide
an essential scientific basis for deep mine construction and mining design.

Keywords: Shuiwangzhuang gold deposit; hydraulic fracturing in deep borehole; in-situ stress measurement;

characteristics of deep in-situ stress; rockburst tendency
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Fig. 1  Simplified tectonic map around the Shuiwangzhuang gold deposit(Liu et al., 2022)
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Fig. 2 Section of the deep orebody of the Shuiwangzhuang gold deposit
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Fig.3 Typical hydraulic fracturing measurement curves of the borehole 6ZKC1 in the Shuiwangzhuang gold deposit
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Table 1 Results of in-situ stress measurement using hydraulic fracturing
[ S HUMPa ENEF1{E/MPa
DB E 2
B /m , P P, P P s, 5, 5, WERTTL
318.80 10.48 4.36 4.15 3.12 6.12 11.22 7.28 8.44
370.00 8.34 4.66 4.42 3.63 3.68 12.24 8.05 9.79
430.60 8.06 4.83 4.66 422 3.23 13.38 8.88 11.39
470.40 10.06 5.43 5.04 4.61 4.63 14.29 9.65 12.45
528.60 11.27 5.75 5.33 5.18 552 15.43 10.51 13.99
618.60 16.43 10.04 7.48 6.06 6.39 18.47 13.54 16.37
702.50 13.51 6.85 6.29 6.88 6.66 18.91 13.18 18.59
818.40 11.95 7.57 6.92 8.02 4.38 21.22 14.94 21.65 NW66.2°
931.30 15.22 8.43 7.61 9.13 6.79 23.52 16.73 24.64
1045.50 17.90 15.53 11.07 10.25 2.37 27.93 21.32 27.66
1196.00 22.16 16.52 11.92 11.72 5.64 30.95 23.64 31.65
1286.00 29.23 23.11 15.09 12.60 6.12 34.75 27.69 34.03
1379.50 28.76 25.08 16.21 13.52 3.68 37.08 29.73 36.50
1459.00 2531 22.08 15.09 14.30 3.23 37.50 29.39 38.61
1481.00 25.45 20.82 14.59 14.51 4.63 37.47 29.11 39.19
1546.00 26.83 21.31 14.99 15.15 552 38.80 30.14 40.91
1583.20 27.85 21.46 15.15 15.52 6.39 39.51 30.67 41.89
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Fig. 4

Principal stress values with depth in the borehole 6ZKC1 in the Shuiwangzhuang gold deposit
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Fig. 5 Comparison of the principal stress values between the Shuiwangzhuang gold deposit and the Zhaoyuan—Laizhou area (In-situ stress data

of the Zhaoyuan—Laizhou area are cited from Peng and Sun, 2016a, 2016b; Pei, 2020; Sun and Peng, 2021; Hou et al., 2022)
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Table 2 Prediction of rockburst tendency of the Shuiwangzhuang gold deposit based on the engineering rock classification standards
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Table 3 Prediction of rockburst tendency of the Shuiwangzhuang gold deposit based on the theory of elastic strain energy
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Fig. 6 The distribution map of rockburst tendency of the Shuiwangzhuang gold deposit based on the theory of elastic strain energy
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