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Abstract

The seismic activity in Baiyin City, Gansu Province, exhibits significant spatial differentiation: the
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Baiyin District, characterized by concentrated mineral resource extraction, shows pronounced min-
ing-induced earthquake activity, whereas the Pingchuan District, located far from mining areas with
an independent tectonic setting, is dominated by natural tectonic earthquakes. To accurately identify
the typical characteristics of mining-induced earthquakes, this study utilizes data from the regional
seismic network. Employing spatial comparative analysis and waveform inversion methods, it sys-
tematically compares the waveform differences between mining-induced earthquakes in the Baiyin
District and natural earthquakes in the Pingchuan District under similar magnitudes, and inverts the
focal mechanism solutions of mining-induced earthquakes in the Baiyin District. Furthermore, com-
bined with self-developed analytical programs (including spatial distribution visualization, waveform
time-frequency analysis, magnitude-time series analysis, and b5 -value calculation), a multi-dimen-
sional quantitative comparison is achieved across spatial distribution, temporal sequence, and wave-
form spectrum. The results indicate that compared to natural earthquakes, mining-induced earth-
quakes exhibit shorter duration and faster attenuation in the time domain, and are characterized by
higher dominant frequencies and a wider frequency band in the frequency domain. Focal mechanism
solutions reveal that the rupture mechanisms of mining-induced earthquakes in the Baiyin District
are complex, primarily dominated by strike-slip, normal faulting, and collapse types accompanied by
significant non-double-couple (volume contraction) components. Their spatial distribution is closely
related to goaf areas and mining activities. b -value analysis shows that the 5 -value for mining-in-
duced earthquakes (average 1.2) is significantly lower than that for natural earthquakes (average 1.8),
reflecting a characteristic of relatively more large-magnitude events in mining-induced seismic activ-
ity. The multi-dimensional characteristics mentioned above constitute a reliable chain of evidence for
identifying mining-induced earthquakes and hold significant application value for mine disaster pre-
vention and control.
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Figure 1. Spatial distribution of earthquakes in Baiyin District and Pingchuan District
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Figure 2. Comparison of waveform time-frequency characteristics
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Figure 3. Time-series activity and b-value statistics
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Table 1. Seismic event parameters used for P/S ratio analysis

* 1. BT PSSR EHSH

H HRRA ErhEkm) P WEARIE(um) S SEARIE (um) P/S It log,, P/S
2009-10-20 KR 42.60 0.06 0.11 0.5455 -0.263
2011-05-22 R 39.80 0.03 0.03 1.0000 0.000
2011-06-13 R 52.30 0.04 0.07 0.5714 -0.243
2014-06-07 R 72.50 0.03 0.07 0.4286 -0.368
2014-09-29 R 42.70 0.60 0.10 6.0000 0.778
2019-05-01 R 54.50 0.05 0.10 0.5000 -0.301
2024-02-05 KR 66.60 0.02 0.06 0.3333 —-0.477
2024-05-28 KR 77.70 0.46 0.82 0.5610 -0.251
2024-06-13 KR 75.48 0.10 0.12 0.8333 -0.079
2026-02-28 R 43.29 1.54 1.63 0.9448 -0.025
2010-10-20 wE 39.60 9.08 17.10 0.5310 -0.275
2010-10-22 WE 42.30 9.32 10.05 0.9274 -0.033
2010-11-24 e 44.50 5.99 6.09 0.9836 -0.007
2011-04-25 W 51.50 36.03 41.64 0.8653 -0.063
2011-07-17 W 53.60 1.96 18.57 0.1055 -0.977
2012-08-30 WE 49.60 2.70 4.20 0.6429 -0.192
2013-03-29 W 56.80 13.55 16.78 0.8075 -0.093
2013-04-25 W 61.30 8.82 10.16 0.8681 -0.061
2013-06-20 W 48.70 8.50 12.40 0.6855 -0.164
2013-11-22 E 65.90 7.13 13.01 0.5480 -0.261
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Figure 4. Scatter plot and linear regression results of logio(P/S) as a function of epicentral distance for natural earthquakes and
mine-induced earthquakes
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