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Abstract

On January 2, 2025, two earthquakes of magnitudes 4.8 and 4.6 occurred successively in Yinchuan.
Within a 150-kilometer radius of the epicenter, there were three geoelectric resistivity observation
stations. Among them, the NS direction of the Hongsibao geoelectric resistivity station, approximately
122 km from the epicenter, began to show an abnormal annual variation distortion 16 months before
the earthquake. Through qualitative and quantitative analysis of the relationship between this change
and the soil moisture and groundwater level in the survey area, it was found that there was no corre-
lation between the anomaly and the two. By using quantitative fitting and adaptive amplitude varia-
tion methods to calculate the change amplitude of the NS direction of the Hongsibao geoelectric resis-
tivity, the results showed that the data of this measurement channel significantly exceeded the thresh-
old line before the Yinchuan earthquake, presenting a high-threshold anomaly feature. Based on the
research of the fault virtual dislocation model, the Hongshibao station was located in the expansion
zone of the regional stress and strain before the earthquake. Combined with the results of rock exper-
iments, it was believed that the upward change of the annual variation distortion in the NS direction
was consistent with the upward change observed in the stress loading experiments of water-bearing
rocks. Therefore, the abnormal annual variation distortion of the NS direction of the Hongsibao ge-
oelectric resistivity was very likely an objective reflection of the regional stress changes before the
Yinchuan earthquake.
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Figure 1. Distribution map of Yinchuan earthquake and geoelectric resistivity stations near the epicenter
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Table 1. Information of geoelectric resistivity observation stations within 150 km from the epicenter of Yinchuan earthquake
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Table 2. Annual variation range of geoelectric resistivity in Hongsibao
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Figure 2. Daily average value curve of geoelectric resistivity in Hongsibao from January 2014 to December 2024
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Figure 3. Measured values and theoretical values of the NS-directional electrical sounding of geoelectric resistivity in Hongsibao
(left) and influence coefficients of each layer (right) (solid lines represent positive values, dashed lines represent negative values)
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Table 3. Correlation coefficients between the NS-directional geoelectric resistivity in Hongsibao and soil moisture and soil
temperature in different layers
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Figure 4. Soil moisture and NS-directional geoelectric resistivity in Hongsibao
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Table 4. Correlation coefficients between different components and soil moisture, soil temperature, and groundwater level in
Hongsibao
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Figure 5. Wavelet transform and detrending results of the N'S-directional geoelectric resistivity in Hongsibao
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Figure 6. Fitting of detrended annual variations and residuals in the NS direction of Hongsibao
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Figure 7. Adaptive variation amplitude curve of Hongsibao geoelectric resistivity
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Figure 8. Volume strain before the Yinchuan earthquake calculated based on the fault virtual dislocation model
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