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Abstract

Based on the spectral shift characteristics of small earthquakes before strong seismic events, this
paper systematically investigates the spectral features of small earthquakes in the Wuzhong-Lingwu
area and the Haiyuan-Liupanshan Fault Zone in Ningxia since 2009. It focuses on analyzing the spec-
tral characteristics of small earthquakes near the epicentral areas before the 2025 Yinchuan M4.8
earthquake swarm and the 2023 Pingchuan M4.9 earthquake. The results indicate that significant
spectral shifts of small earthquakes are observed prior to notable seismic events in the Wuzhong-
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Lingwu area, consistent with the prominent foreshock characteristics of this region. In contrast,
such spectral shifts are not significant before notable earthquakes in the Haiyuan-Liupanshan Fault
Zone, aligning with the predominance of isolated seismic events in this area. These findings provide
a reference for summarizing earthquake cases and short-term seismic tracking in the Ningxia re-
gion.
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Figure 1. Seismic distribution of ML > 3.0 in the study area since 2009 (a), waveform preprocessing results (b)
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Figure 2. Comparison of the fast Fourier transform results based on Mapsis and Matlab
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Figure 3. Example: waveform frequency domain spectrum of the M14.0 seismic in Qingtongxia on June 12, 2020 and seismic
spectral background level of JYU Station
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Figure 4. Spectral distribution of stations with ML > 4.0 seismic in Wuzhong-Lingwu (e.g. SZS, YCI, NSS stations)
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Figure 5. Spectral distribution of stations with M13.5~3.9 seismic in Wuzhong-Lingwu (e.g. LWU, TXN, ZHW stations)
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Figure 6. Spectral distribution of minor earthquakes in the Haiyuan-Panshan Fault Zone (e.g. SZS, YCI, TSH, ZHW, LWU, JTA stations)
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Table 1. Statistical table of seismic spectral characteristics of ML > 3.0 in Wuzhong-Lingwu

F 1. RERERMX ML > 3.0 HESIEHHER TR

FB R ML > 4.0 HIRAUERMEST T

HWR/E¥ BYTDSMGYUHNTHXTHYU INTJTA JYU LOX LWUMIQNSS PLT SGS SZS TLE TSH TXN WUH XJI XSH YCH YCI ZHC ZHW f&#5itL
2009-11-21M;4.7
2010-06-22M;4.9
2012-11-20M;4.9
2015-02-05M4.0
2020-06-12M;4.0
2021-11-18M 4.5 N N
2023-11-24M14.5 v v oy VoA R N VoA 3%

2024-09-25M;4.0

FEREHIX M3.5~3.9 RIS RAE S TR

HifE/&%5  BYTDSM GYUHNT HXT HYU INT JTA JYU LOX LWU MIQNSS PLT SGS SZS TLE TSH TXN WUH XJI XSH YCH YCI ZHC ZHW {&45itt

2010-08-12M;3.7 - - - - N - - oA - oA 21%
2012-04-15M36 N - 8%
2012-08-05M;3.5 \ NooW \ - - v 21%
2012-12-04M; 3.5 - - - A 4%
2017-11-14M;3.5 \ NN 12%

2018-02-08M;3.5

2019-05-18M;3.5 N 4%
2019-07-08M.3.5 J J 8%
2020-04-05M13.8 J N NN A V NN W 46%
2021-07-20M; 3.6 - - Noo-N - - - v - - - 18%

2009-04-07M 3.0 \ - - - N - - - N - - - 17%
2009-06-26M13.4 - - - NN - - - - N - v oA - AN 4%
2010-08-21M;3.2 - - - - N - - 5%
2011-08-23M;3.1 - - - - - A N 9%
2012-01-03M;3.4 \ \ v - N 17%
2012-09-12M,3.0 \ - 4%
2012-11-20M;3.1 \ - - 4%
2013-03-13M1.3.2 vy A NN A - N J 36%
2014-01-23M;3.1 v R 12%
2014-04-28M,3.1 V J 8%
2014-10-20M; 3.4 NN \ J 15%
2015-03-01M,3.2 J J V \ 15%

DOI: 10.12677/ag.2026.162009 94 HOBREL2E AT


https://doi.org/10.12677/ag.2026.162009

PHEZ, RN

2017-05-11M,3.3
2018-02-09M;3.2
2020-03-24M3.0
2020-05-08M3.2
2020-06-12M; 3.4
2020-11-11M13.4
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2024-10-01M3.2

2024-10-20M;3.3

12%

17%

\ 38%
8%
4%

12%

16%
\ 12%

12%

4%
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Figure 7. Variations of seismic apparent stress in the Yinchaun basin and Haiyuan-Liupanshan fault zone
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