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Abstract

The Ningxia region and its surrounding areas are characterized by complex tectonic activity and
are prone to frequent earthquakes. GNSS (Global Navigation Satellite System) data can play a signif-
icant role in seismic hazard analysis. This study utilizes GNSS observations to derive velocity fields,
strain rate fields, fault locking, and cross-fault velocity profiles to assess seismic hazards in the
Ningxia region. The results indicate that locked segments exist at the southern end of the San-
guankou Fault, the northern and southern ends of the Luoshan Fault, the northern end of the Yan-
tongshan Fault, the central-northern section of the Yellow River Fault, the western piedmont fault of
the Helan Mountains, and the northern end of the Liupanshan Fault, suggesting a medium- to long-
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term seismic potential. The recent strain rate field shows no significant deviation from the long-
term strain rate pattern, implying a relatively low probability of major earthquakes occurring in
Ningxia and adjacent areas within the next 1 - 3 years.
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Figure 1. Velocity field of the northern section of the north-south seismic belt (Figures (a) and (b) show the velocity field of
the Eurasian frame from 1998 to 2018 and the comparative velocity field of the Eurasian frame in three periods from 1998 to
2007, 2009 to 2013, and 2015 to 2020 respectively; the black, blue and red arrows in Figure (b) represent the comparative
velocity fields of the three periods from 1998 to 2007, 2009 to 2013 and 2015 to 2020 respectively)
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Figure 2. Velocity fields of Ningxia and its adjacent areas relative to the Ordos block ((a) (b) and (c) represent the velocity
fields from 1998 to 2007, 2009 to 2013, and 2015 to 2020, respectively)
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Figure 3. Long-term strain rate fields of the north-south seismic belt from 1998 to 2018 ((a) (b) and (c) represent the principal
strain rate field, the maximum shear strain rate field, and the volumetric strain rate field, respectively)
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Figure 4. Phased strain rate field of the northern section of the north-south seismic belt
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Figure 5. Distribution of fault locking and sliding deficit in northern ningxia fault zone
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Figure 6. Distribution of fault locking and sliding deficit in the southern ningxia fault zone
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Figure 7. Distribution map of fault locking and slip deficit in
Ningxia and its adjacent areas (Figure A and Figure B show the
distribution of fault locking and fault slip deficit respectively)
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Figure 8. Results of cross-fault velocity profiles of major active faults
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