ACTA SEISMOLOGICA SINICA
ISSN 02533782 CN11-2021P

20134F % B 5 My6. 61 FRET KK X 1R 6 HUBRYIBLS WA 5 53
WFRF 2R RN E BWE ZRT I
Analysis of geophysical field observation anomalies at seismic stations in Tianshui area before 2013

Minxian-Zhangxian M6.6 earthquake

Yao Saisai, Liu Xingwang, Su Xiaoyun, Chen Lijun, An Zhenning, Sun Changqing

FIAASC:

WRFRTE, XDGHE, J5/Ns, BRENH, AR T, FIVRTE. 2025. 201 34F IR 5L M 6. 63172 A KK 3 X 7% £ M Bk
YrE LN S AT, HbRZ2EART], 47(5): 632-648. DOIL: 10.11939/jass.20240032

Yao S S, Liu X W, SuX Y, Chen L J, An Z N, Sun C Q. 2025. Analysis of geophysical field observation anomalies at
seismic stations in Tianshui area before 2013 Minxian—Zhangxian M¢6.6 earthquake. Acta Seismologica SinicalJ],

47(5): 632—-648. DOI: 10.11939/jass.20240032

TEZRIR]IE View online: https://doi.org/10.11939/jass.20240032

BT RS R A HAB S EE

Articles you may be interested in

20134FUREL I EL M 6. 6L FRFN20174F JLEE A M7 O R AR T HB IR W) BRI S 3 22 (1) 23 Afs HILER 347

Mechanism analysis of spatial distribution of the geophysical observation anomalies before the 2013 Minxian—Zhangxian
Mg6.6 earthquake and the 2017 Jiuzhaigou Mc7.0 earthquake

HiFZ44R. 2024, 46(2): 307-326  htips://doi.org/10.11939/jass.20230118
WS e (S A 248 /R (19 20224F 1 8 H VT TR M6, 9 M = i Yy i HELH R A2 £l

Variations of apparent resistivity before the 2022 M¢6.9 Menyuan earthquake in Qinghai Province revealed by the virtual
fault dislocation model '

HBFR2A . 2024, 46(2): 292-306  https://doi.org/10.11939/jass.20230027
201 74K ] M6.GHRE (1 W2 S RO 2

Fault parameters and rupture process of the Jinghe Mc6.6 earthquake in 2017
HuFR2EHR. 2021, 43(2): 137-151  https://doi.org/10.11939/jass.20200057
BRI H SRR Y 1 (o7 R 336 B Ho R

Seismic dislocation theory of spherical Earth model and its application
HiFZ44R. 2022, 44(4): 711-731  htips://doi.org/10.11939/jass.20210134

20134F3 73 H THU5 M5 .5 Hb i i RG4S E 7

Geomagnetic transform function anomaly before the M(5.5 Eryuan earthquake on March 3, 2013
HIFZ2EHR. 2021, 43(2): 215-226  hitps://doi.org/10.11939/jass.20200047

202 VAR IEFS 22 M7 AMLR TR 5 Hu b A 345 (50 A SRR AT

Characteristics of the dominant azimuth anomalies of geoelectric field at Dawu station before M¢7.4 Maduo, Qinghai
earthquake in 2021


https://www.dzxb.org
https://www.dzxb.org
https://doi.org/10.11939/jass.20240032
http://www.dzxb.org/article/doi/10.11939/jass.20240032
http://www.dzxb.org/article/doi/10.11939/jass.20230118
http://www.dzxb.org/article/doi/10.11939/jass.20230118
http://www.dzxb.org/article/doi/10.11939/jass.20230118
http://www.dzxb.org/article/doi/10.11939/jass.20230027
http://www.dzxb.org/article/doi/10.11939/jass.20230027
http://www.dzxb.org/article/doi/10.11939/jass.20200057
http://www.dzxb.org/article/doi/10.11939/jass.20200057
http://www.dzxb.org/article/doi/10.11939/jass.20210134
http://www.dzxb.org/article/doi/10.11939/jass.20200047
http://www.dzxb.org/article/doi/10.11939/jass.20200047
http://www.dzxb.org/article/doi/10.11939/jass.20210162
http://www.dzxb.org/article/doi/10.11939/jass.20210162

HiRZ 244, 2023, 45(1): 76-83  https://doi.org/10.11939/jass.20210162



Ha41% WS o B i Vol. 47, No. 5
20254 9 A (632-648) ACTA SEISMOLOGICA SINICA Sept., 2025

BEFEFE, XML, Fh/NZE, BREAE, LHRT, IVE . 2025. 2013 4F I -1 B Ms6.6 Hiu R 1T K K Hh X M RE & k9
37 W SR AT, ML EE IR, 47(5) : 632-648. doi: 10.11939/jass. 20240032,

YaoS S, LiuXW, SuXY, ChenLJ, AnZN, Sun C Q. 2025. Analysis of geophysical field observation anomalies at seis-
mic stations in Tianshui area before 2013 Minxian-Zhangxian Ms6.6 earthquake. Acta Seismologica Sinica, 47(5): 632—648.
doi: 10. 11939/jass. 20240032.

2013 FIRB-EHE Ms6.6 Hi ERIR/Ki# X
HE S Ik IEIGMNEE S

BERT AXEY FAE WA
1) 1)
ZHRT" WEF
1) B 220 730000 H FE M SR 22 JH MR B 5 BT
2) HE 22 730000 2= JH b Bk 4 B E 5K HY SR 2 I AF 5

FEE T 2013 4R KK X Y b 65 1 St R 37 BB, 6 b R4 B0 a5 UL 1y A £ 3l (R K
g 5 BB ) AP CRK R B A | 3l 15 SRR A Rl G 22 S KA R R & B E
BB FLIBURE) 75 2013 4FUR E - EL Mo6. 6 MR R 1 B 5 W AR HEAT 20 B, IR — f i
5 MR BRI R TR Tk 43 ) SR TRCT v LA ’r‘i}lﬂ(ﬂ BALA AR AR R B - B R TS
F S AR, SR B R R S L A T Bk R W SR B R R X R E R L SRR
B FEIRE PR BT, KK & DU GRS S M AT IR S, BT W O B I S AL R AE, BB
% L2l W DX IR R A B AR AL, X — 8 fl ) B TR A5 DX R 3 I T 37 7 2 7 B B v D 2
UFEEAL R

KA 2013 FFIRE-FEE M6.6 MR MIERYHIG R ML A5 R
doi: 10.11939/jass. 20240032 hmES%KE: P315.7272 XHEFRIRAG: A

Analysis of geophysical field observation anomalies
at seismic stations in Tianshui area before 2013
Minxian-Zhangxian Mg6. 6 earthquake

Yao Saisai"?"*

Liu Xingwang"”  Su Xiaoyun"” Chen Lijun"
An Zhenning”  Sun Changqing"

1) Lanzhou Institute of Seismology, China Earthquake Administration, Lanzhou 730000, China
2) Lanzhou Geophysics National Observation and Research Station, Lanzhou 730000, China

Abstract: On June 17, 2013, the Tianshui central seismic station submitted an earthquake pre-
diction report based on observed anomalies in downhole georesistivity, groundwater radon con-
centrations from Wushan Well No.22 and Wushan Spring No. 1, and borehole tilt measure-
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ments from the Wushan vertical pendulum. On July 22 of the same year, an earthquake with
Ms6. 6 struck the border region between Minxian and Zhangxian counties in Gansu Province.
This event confirmed that the four sets of geophysical field observations from the Tianshui sta-
tion had effectively captured pre-seismic changes within the regional subsurface medium. In this
study, we analyze anomalies from these four datasets using the normalized rate method, subor-
dinate function method, and tidal factor method, respectively. We systematically summarize
the anomalous characteristics of each observation item and examine their correlation with the
Minxian-Zhangxian earthquake. Finally, incorporating the focal mechanism solution, we in-
vestigate the spatio-temporal characteristics of the geophysical anomalies based on a fault virtu-
al dislocation model.

The Tianshui georesistivity observation station is located in Yawan Village, Mapaoquan
Town, Maiji District. The current downhole observation system, implemented as part of a
post-disaster reconstruction project, commenced formal operation in January 2012, with elec-
trodes installed at a depth of 100 m. From April 9 to May 9, 2013, the hourly georesistivity
values along the NS, EW, and N45°W directions at the Tianshui station exhibited synchronous
high-frequency disturbances, with maximum variation amplitudes of 1.83%, 1.00%, and
4.28%, respectively. The Lushan Mg7. 0 earthquake in Sichuan Province on April 20, 2013 oc-
curred during this anomalous interval. A second episode of synchronous high-frequency disturb-
ances was recorded between June 12 and August 8, 2013, with peak amplitudes of 1.41%,
0.85%, and 0.94%, respectively, during which the Minxian-Zhangxian Mg6. 6 earthquake on
July 22, 2013, took place. Notably, the disturbance amplitudes were more pronounced prior to
the Lushan event, which may be attributed to differences in deep geological structure and seis-
mogenic environment between the two earthquake sequences. Furthermore, the daily variation
pattern of georesistivity at Tianshui aligns broadly with the source region resistivity changes de-
scribed by the DD (dilatancy-diffusion) mode, in which pore fluids play a critical role.

Wushan Spring No. 1, Well No.22, and the vertical pendulum borehole tiltmeter are all
situated at the Wushan seismic station in Wenquan Town, Wushan County. The spring is natur-
ally exposed, while the well is fully confined; the two are spaced approximately 100 meters
apart. Their background radon concentrations are 240 Bq/L and 470 Bq/L, respectively. Radon
variations in both the well and the spring were largely synchronous. Starting in April 2012,
concentrations generally followed a “low—high—low” pattern, with the elevated phase lasting
about one year. A short-term pre-seismic anomaly began on June 25, 2013, exhibiting a
“rise—earthquake—decline” sequence. The maximum pre-seismic variations reached 6.36% in
Well No. 22 and 9.59% in Spring No. 1. Following the earthquake, radon levels decreased but
did not fully return to pre-anomaly background values. In contrast, the NS and EW compon-
ents of the borehole tiltmeter recorded opposing trends: the NS component decreased while the
EW component increased. The tilt rate accelerated from 3. 11X 107/d during July 2012-Febru-
ary 2013 to 5.66 X 107/d from February to June 2013. Post-seismic deformation was marked by
a clear co-seismic strain step.

Prior to the Minxian-Zhangxian Mg6. 6 earthquake, the normalized rate values for all three
georesistivity components exhibited synchronous increasing anomalies, with a predefined
threshold of 0.8. The monthly average radon concentration at Wushan Well No. 22 increased
from March to August 2012, reaching a maximum variation of 13. 6%, while its 13-point mov-
ing average rose from February to September 2012, with a peak variation of 8.7%. The subor-
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dinate function u for this well exceeded the threshold three times before the earthquake, starting
14 months prior to the event. Similarly, the monthly average radon concentration at Wushan
Spring No. 1 began to increase from March 2012, with a maximum variation of 15.7%, and its
13-point moving average rose from February to November 2012. The u value for the spring also
surpassed the threshold three times, commencing 14 months before the earthquake. Following
both the Lushan Mg7.0 and Minxian-Zhangxian Mg6. 6 earthquakes, the x4 values began to re-
cover in August 2013. Significant changes in the tidal factor were also observed before the
Minxian-Zhangxian earthquake. The tidal factor y values for the NS and EW components
showed a marked step-like decrease from April 2012 to January 2013, indicating a medium- to
long-term trend change. The earthquake occurred approximately six months after the y values
began to rebound.

The following conclusions can be drawn: (D All four observation items are situated within
a region characterized by compressive stress enhancement; (2 The geophysical field anomalies
recorded at the Tianshui station were mainly distributed within 200 km of the epicenter. Their
evolution and amplitude exhibited clear “long-term—intermediate-term—short-term—imminent-
term” staging characteristics relative to the epicentral distance, demonstrating notable spatio-
temporal correspondence with the Minxian-Zhangxian earthquake; (3) The seismogenic process
is reflected in the geophysical field through long-term background trends, intermediate-term
anomalies, and short-term/imminent changes. After the occurrence of regional earthquakes, it
is necessary to systematically analyze observation items with anomalous data, accurately identi-
fy precursory signals based on their spatio-temporal distribution, intensity, and waveform mor-
phology, and build a representative database of typical regional earthquake cases.

Key words: Minxian-Zhangxian Mg6. 6 earthquake in 2013; geophysical anomaly; fault virtual
dislocation model
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