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Co-seismic surface ruptures of the 1738 AD Ms 7.6 Dangjiang earthquake In the northwest continuation of the Xianshuihe fault zone
In Central Tibetan Plateau, and i1ts implications for the seismic hazard assessment

ZhongyuanYu? P, Peng Xiao??, Jun Shen&?, Xuankai Jiao®, Na Yin®¢
a College of Earth Sciences, Institute of Disaster Prevention, Yanjiao Development Zone, Sanhe 065201, China
b Hebei Key Laboratory of Earthquake Dynamics, Sanhe 065201, China
¢ College of Ecology and Environment, Institute of Disaster Prevention,Yanjiao Development Zone, Sanhe 065201, China

The role of regional intracontinental strike-slip faults at high-altitude area in absorbing strain resulting from the Plates convergence has yet to be scientific
understood. The Dang Jiang Fault (DJF), as the northwestern continuation of the Xianshuihe Fault Zone (XFZ) In central Qinghai-Tibetan Plateau, may provide
an excellent testing ground for this question given Iits relatively high slip rate, absence of dense vegetative cover, minimal cultural modification, and possible
relationship with 1738 AD Dangjiang destructive earthquake, while the seismotectonics and the co-seismic surface ruptures of which still remains obscure.
Thus, field investigations are conducted bearing on the fault-rupture characteristics during this research. The new synthesized data from geologic observations,
historical literature reviews, geomorphic mapping, trench logging and the dating of samples indicates that the 1738 AD Dangjiang earthquake produced ~100
km-long surface rupture zone that constitutes of diagrammatic features of recent displacement such as systematically offset or deflected gullies, linear scarps
and troughs, sag ponds, en echelon fractures and pressure ridges. The magnitude of the 1738 AD Dangjiang earthquake Is estimated as Ms 7.6 with an average
and the maximum strike-slip displacement ~2.1=0.1 m and ~3.3=x=0.1 m, respectively. The DJF has undergone strong tectonic deformation in Late Quaternary
with an estimated average slip rate of ~6-9 mm/yr. The recurrence probability of a strong earthquake along the Dangjiang segment cannot be underestimated.
The research also hints that the repeated left-lateral strike-slip seismic slip of the DJF and other sections of the XFZ along the southern boundary of the Bayan
Har Block have been releasing the strain generated by the continuous northward impingement of the Indian Plate into the Eurasian Plate.
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R&D Objectives and Subjects Source Models of the Mainshock

. . . . Our waveform data of the M 6.0 mainshock consist of 12 broadband records
The 2019 My, 5.7 Changning Earthquake, Sichuan Basin, China: A at epicentral distances ~120-210 km (Fig. 4c). Several velocity models were

Shallow Doublet With Different Faulting Styles tested, providing qualitatively the same results. The waveform modeling is
performed with established methodsl3! and recently developed uncertainty

assessments. We perform single point source and multi point source mversion

Junqing Liu!™, Jifi Zahradnik?
1. Jilin Earthquake Agency, China Earthquake Administration,

: , , respectively.
Changchun, China. 2.Faculty of Mathematics and Physics, Charles
University, Prague, Czech Republic PSR —
[ e%e 7t © s ®)
Abstract The My, 5.7 earthquake on June 17, 2019, 1s the largest event ever ) S o
reported there. Moment tensor of the mainshock was remarkably dominated by a SEEERERSEI NN ; SRS
compensated linear vector dipole. It was a doublet, allowing approximation by a : - o @B
thrust (TF)- and strike- slip (SS) subevent. The mainshock nucleated as thrust : . = il S e " " e "
faulting, can be linked with previous reverse faults, oriented to regional stress n Hﬁ ﬂ hﬂh o ﬂ hﬁ» |
field. Contrarily, the strike- slip one less favorably oriented. The strike- slip Lo " " T aew” © % % ww® ") F1g. 3 depth variation of the single-point Full MT
fault, not yet mapped 1n the region, 1s a new feature, important for future hazard Fig. 2, Fig. 3 Single- pointsource o . w . o . . .
assessment. analysis of the mainshock WW%WK o B
(0.03-0.06 Hz). The models  #E—dbwv——fv—i] JE——Fw—jn——e
: - - : e | & P~
Intruduction On June 17, 2019, an My, 5.7 (M 6.0) earthquake occurred in p01n.ted to a hlghly non- DC v%ﬁx = —
Changning county, which belongs to a salt- producing areas. Increased solution. In this depth range, the i~~~ —— G~ ~
seismicity has been recognized in the last ~10 years, likely related to the DC part of t.he fl}ll MT 1s low & =""—=—:— m e =
long- lasting water injection in the Changning salt mines!!! (~10%), and 1t varies from TF to s ns—— sEf——Ca
. . . . . . ; | % EAl— A
The contemporary evidence that injection can cause earthquakes is undoubted SS faulting (Fig. 2,F1g. .3)- The mX$ T e [
[2],very little 1s known about relatively large earthquakes occurring in regions formally best- fit solution 1s found $ v A P A
previously activated by injection activities and thus far experiencing only smaller at the depth of 4 km, consisting of =~ ™¢ ™o ™ (ika: *,ﬁ\,tw@;v
. . . . . — 0 — 0 ,_;4: 3
events. How is their rupture nucleating, propagating, and eventually causing DC=20%, CLVD=-68%, and o | R S v B
aftershocks? Therefore, we focus on the source process of the 2019 Changning [ISO==12%. The waveform fit B IO sywy W PO P
My, 5.0 event and its M 5+ aftershocks. We resolve spatiotemporal complexity ofour model 1s very good (Fig. 4). | B e et
ofthe mainshock and causative faults. Finally, we demonstrate that the SS N W‘J(\)f\
segment of the mainshock 1s suboptimally oriented to the regional stress field, () ns‘fj‘fm (b)
indicating possible pore pressure effects. we| B, e %%%ff Fig. 4 Waveform inversion of the
e L o 2 3 4{;}6”;“1’3.2 |1 2 3 4 5 6:»5‘4’3. P malnShOCk
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Extending the frequency range of the waveform inversion, the source
appears to be composed of several subevents. We present multiple- point
source models for a horizontal line grid at a depth of 4 km. We choose azimuth
of 120° , close to the aftershock alignment. Using iterative deconvolution, the
model suggests two subevents (Fig. 3): a dominant SS, slightly NW shifted
relative to the epicenter, and a weaker thrust fault, shifted to SE.

; = T Conclusions The My, 5.7 mainshock nucleated as a thrust fault, well oriented to
- e 3 U R e . . R I:;:‘”*_ L TP :‘*—’ X . . . » » .
M EE oA AT E 1048 E  1009E  1080F  1051E Full MT+DC the regional stress field. Then, within a few seconds and a few kllometers, it
progressed toward the northwest as an SS rupture. The SS faulting, less
Fig. 1 The 2019 Changning earthquake sequence. The MW 5.7 mainshock favorably oriented to regional stress than TF, was probably facilitated by the
was followed by an aftershock sequence (Pink point cloud, Fig. 1b), including elevated pore pressure due to previous water injections.
four M 5+ events, forming a clear line structure, ~20 km long. This trend o
coincides with the major tectonic element of the area, the Changning anticline. References
: R ¥ _ O 1. Sun, X, Yang, P.,, & Zhang, Z. (2017). A study of earthquakes induced by water injection in the
The event is noteworthy for a very large compensated- linear- vector- dipole ~ Changning salt mine area, SW China. Journal of Asian Earth Sciences, 136, 102-109.
(CLVD) component of 1ts single- point source model. This significant 2. Ellsworth, W. L. (2013). Injection- induced earthquakes. Science, 341, 1225942.
_ _ _ . 3 Sokos, E., Kiratzi, A., Gallovic, F., Zahradnik, J., Serpetsidaki, A., Plicka, V., ... & Tselentis, G. A. (2015).
non- double COupl.e (IlO.Il DC) character of the event may egplam. great - Rupture process of the 2014 Cephalonia, Greece, earthquake doublet (Mw6) as inferred from regional
scatter between the strike/dip/rake angles reported by several agencies (Fig. 1a). ~ and local seismic data. Tectonophysics, 656, 131-141.

It also explains why first- motion polarities do not fit with the full MT (F1g. 1¢)
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Converging frontier technologies of continental earthquake science. Developing full-chain systematic studies towards strong earthquake risk

Guoliang Lin!s 2| Jian Wang!
1.Institute of Geophysics, China Earthquake Administration
2. Yunnan Earthquake Agency

Abstract We take the epicenter at a given grid point P and choose equation (3) as the
From 2000 to 2018, there are 25 instrumentally recorded earthquakes with M| attenuation equation. Then we choose n surveyed intensity points, which have

5.0 to 6.6 in Yunnan. Based on those earthquake parameters and valuable intensity epicentral distances A; (1 = 1,2,3,-, 1), and calculate the intensity magnitude A,

data, a new intensity attenuation equation has been established. The result shows the M, = mean(M;) (i = 1,2,3,,n) where M= (I;—a—c+A;—d *lgA)/b  (4)

optimal intensity magnitude M; can be calculated from the mean of M; = (I — rms(M; — M;) = \/Z?“(Z;‘M”z (5)

2.1113 + 0.04124; + 1.37171gA;)/1.1641, in which 4; 1s the distance between The intensity points with different epicentral distance affect the magnitude and

the epicenter and the surveyed seismic point. By adapting the method proposed by location estimation differently in that the theoretical intensity points near the assumed

Bakun and Wentworh (1997) for determining earthquake source parameters directly epicenter are more sensitive to the estimation. In order to estimate the epicentral region

from historical intensity data, we have tested retrospectively the new attenuation on most effectively, equation (5) can be slightly modified by applying cosine weighting

the 25 instrumentally recorded earthquakes. Then this attenuation has been applied function W; as introduced by Bakun and Wentworth (1997).

to deal with the parameters of two historical earthquakes, the 26 February 1713 o {a + cos[2x1] a<h

Xundian earthquake and the 11 May 1909 Huaning earthquake. Our results reduced - la A>b

the uncertainty of previously estimated parameters which were large. The amended Where a 1s a constant and 4 1s a distance factor. Then equation (5) can be modified as:

parameters will be valuable for seismic hazard analysis and earthquake disaster rms(M,; — M,) = JZ?—l “gif%—”’ﬂz 7
reduction. Estimating the parameters of historical earthquake
Datasets We apply the newly established intensity attenuation equation to determine the
In Yunnan province, total of 25 earthquakes with that occurred from 2000 to magnitudes and epicentral regions of two historical earthquakes 1n Yunnan, for which
2018, for which seismic intensity data were also available, were selected for the previous estimates are associated with large uncertainty.

analysis. Table 1 shows a list of these earthquakes including information on their
time of occurrence, epicentral coordinates, depth and instrumental magnitude Ms,
as provided by the China Earthquake Network Center. The number of locations of ..
surveyed intensity that were used to develop the intensity attenuation equation 1s
listed 1n Table 2. Figure 1 shows the epicenters and the surveyed intensity points of

these events.
e * *
* "
L
R, B o
‘* o 8 s ' : A Estimatefl Epic.enter
: Kunmin g ® Intensity point
% * © 50% confidence level . / 50% confidence level
5 o ” O
. & « 103.0°F 1040°F 103.0°F ~ /103.5!'E
4 %lgu_re 2. Coritou:_r c;glaps 02 maf;nitude:[s aIlld loca_tions Ef twt;)l historicﬂa{l earthtquakes: (a) the 316 Fibr;lélor/y 187(']103 macf;;ist;de 61’?qundilan u&iartglqlf.akeg_(b) the 11 1\/.‘[;1}' l1 9(]1?hnlagfllif'tﬁdg 61[/2 Hu_anintf1 earthquak_e. The sgismtic iIErtensit‘illes él;_"f denotertz.h Withkblaci( f'llled dlf)}‘[ls.
* o ..*. ‘. : * redetrlli'l;;egl;l'l';lsoss 1’,1(1;1‘; defériilm e()cl].'ll(e)lt;l':&(l)jn:00?E:ig)gthe(;:\?wnirtgzsgnléluggtnrOnu::[;ZIireSpOIl mg 1o . o, 0 dll J7o conliaence 1evels 10r locations, respecuvely. € Ie lea stars give € ImMacroselsmic epicenter 1roi e 1mese ea quake catalogue. e
‘ % Epicenter
| Conclusion
- v We apply the newly established intensity attenuation equation to determine the
| | | | . magnitudes and epicentral regions of two historical earthquakes 1n Yunnan, for which
Figure 1. Epicenters (red stars) of the 25 earthquakes and corresponding surveyed intemsity points (colored dofs) the previous estimates are associated with large uncertainty, The magnitude and
Attenuation models epicentral regions of the 25 instrumentally recorded earthquakes are estimated. The
A suitable intensity attenuation model can be used to estimate accurately the rms[M, — M;] =0.292, compared to 0.13 for M>5.5 and 0.29 for M<5.5 derived for
epicentral region and the magnitude of historical earthquakes. Bakun and California by Bakun and Wentworth (1997). We believe that the value is slightly higher
Wentworth (1997) introduced a method to determine historical earthquake because we do not consider site correction. Most of the epicenters are within 50%
magnitude and epicenter directly from the intensity data points, skipping the step  confidence level, some are outside but within 80% confidence level. We also use this
of drawing 1soseismal lines. This method has been used in California, the method to revise the earthquake parameters for two historical earthquakes. The

Pacific Northwest of the U.S, central Europe and South America (Parsons et al.,  epicenter for the 1713 Xundian earthquake is about 20 km SW of the 4th Chinese
2000; Bakun et al., 2002, 2003; Hinzen and Oemisch, 2001; Lucio et al., 2019). Earthquake Catalogue, and the intensity magnitude 1s 7.0. A new epicenter and

We tried Bakun and Wentworth equation models for Yunnan as the above magnitude are also determined for the 1909 Huaning earthquake.
researcher used.And the least-squares fitting method is applied for regression Referemces .
analysis using the intensity data of 25 earthquakes. The intensity attenuation 1. Bakun, W.H, Wentworth, C.M.(1997). Estimating carthquake location and magnitude from seismic intensity data. Bull Seism

5 Soc Am, 86(6):1502-1521.
2. Bakun, W.H, Haugerud, M.G, Hopper, M.G.(2002).The December 1872 Washington state earthquake. Bull Seism Soc
. Am,92(8),3239-3238.

equations 1n Yunnan province can be described as follows:

I =0.8051 4 1.2226 + M — 0.0756 * A,,odian 1 i : . L. : : :
I = 3.6724 + 1.0525 + M — 2.8034 * Ig Anc’fedian ((2)) 3. Lucio, Quadros, Marcelo Assumpcao, Ana Paula Trindade de quza. (2919). Se¥smlc intensity attenuation for intraplate
[ =211134 11641 * M — 0.0412 * A, piian — 1.3717 * LA, ogian (3) i carthquakes in Brazil with the re-evaluation of Historical Seismicity. Seismological Research Letters, 90(6),2217-2226.

4. Wang, J.(2004). Historical Earthquake Investigation and Research in China. ANNALS OF GEOPHYSICS. 47(2/3), 831-838.
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Seismic anisotropy beneath the eastern margin of the Tibetan
Plateau from SKS splitting observations

Jing Liug, Jianping Wua*, Weilai Wang?, Lihua Fang?, Kai1 Chang®
a[nstitute of Geophysics, China Earthquake Administration, Beijing 100081, China
bLaboratory of Seismology and Physics of Earth’s Interior, School of Earth and Space
Sciences, University of Science and Technology of China, Hetfe1 230026, China

1. Introduction

The eastern margin of the Tibetan Plateau, bordering the Yangtze Platform to
the east (F1g. 1a), 1s a zone of transition of tectonic stress direction, Bouguer
gravity anomaly, Moho depth, and topography. Many different models of the
evolution of the Tibetan Plateau have been proposed. Global Positioning System
velocity measurements indicate that the Tibetan Plateau 1s moving laterally at a
rate of approximately 15-20 mm/a relative to the Sichuan Basin (SCB) (Zhao et
al., 2015). The velocity field not only reveals the characteristics of the differential
tectonic motion between the Tibetan Plateau and the surrounding regions, but also
provides important constraints on lithospheric deformation. However, the
descriptions of the pattern and mechanism of deformation 1n this region remain
controversial.
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Fig. 2. Azimuthal distribution of teleseismic
events used 1n this study.

2. Data and Method

The data were obtained from an approximately uniformly distributed seismic
array of 512 seismic stations that comprises four subarrays (color-coded in Fig.
1b). Among them, 249 stations constitute the Chuanxi Array deployed from
October 2006 to July 2009 (L1u et al., 2014), 99 comprise the permanent China
National-backbone stations that collected data during 2013-2017, 168 are the
ChinArray deployed during 2013-2016, and 25 constitute a mobile broadband
seismic array deployed in the SCB during 2014-2016 by our research group. To
calculate the shear wave splitting measurements at all selected stations, we
selected ~200 teleseismic events that occurred in either of two periods
(2006-2009 and 2011-2017), had epicenter distances of 80° —120° , and
magnitudes >5.5 (Fig. 2). We adopted the grid-searching method of minimum
tangential energy to obtain the shear wave splitting measurements 1n terms of fast
wave polarization direction (FPD) and travel time delay.

Fig. 1. Distributions of faults and
stations 1n the study area.
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3. Results and Discussion

The results of the anisotropy parameters for the 512 stations are plotted in Figs.4
and 5. In the central SCB, the average delay time 1s approximately only 0.35 s,
which 1s related to the fact that the stable SCB has a relatively thick lithosphere
that 1s not prone to deformation. In the northeastern SCB, the FPD 1s distinctly
different from the surrounding area. We speculate that eastward escape of Tibetan
Plateau mantle material produces compressive stress in approximately the E-W
direction, and that the relatively soft lithosphere in the northeastern SCB might be
deformed strongly along the right-lateral maximum shear direction. In addition, the
southwestern SCB with strong anisotropy of SKS 1s also a region with high
seismicity. Hence, we consider that the anisotropy in the southwestern SCB might
be related to the lithosphere deformation.

In the southwest of the study area, the FPD of SKS at several stations 1s
approximately in the E-W direction, and the FPDs are almost perpendicular to the
anisotropy direction of the northern and southern regions 1in the Chuandian
diamond Block. This phenomenon might be related to compressive stress and
lithospheric detachment leading to upwelling and partial melting of mantle material.

The delay time 1n the south of the Songpan-Ganzi Block region is notably
smaller than that in the north, and the FPDs are not predominantly in the NW-SE
direction. In recognition of the existence of a region with low-velocity anomalies
extending from the crust to the upper mantle, we speculate that the complex
tectonic stress and upwelling of hot materials 1n the upper mantle makes it difficult
for anisotropic minerals in the upper mantle to become aligned 1n a dominant
direction.

1. Zhao, B., Huang, Y., Zhang, C., Wang, W., Tan, K., Du, R., 2015. Crustal deformation on the Chinese mainland during 1998-2014 based on GPS data. Geod. Geodyn. 6, 7—135. https://do1.org/10.1016/j.geog.2014.12.006
2. Liu, Q.Y., Van Der Hilst, R.D., Li, Y., Yao, H.J., Chen, J.H., Guo, B., Qi, S.H., Wang, J., Huang, H., Li, S.C., 2014. Eastward expansion of the Tibetan Plateau by crustal flow and strain partitioning across faults. Nat. Geosci. 7, 361-365



Composition and Thermal Structure of the Upper Mantle beneath South China from Multi-observable Probabilistic Inversion
Xiaoyu Yang!-*3, Yonghua Li'>", Juan Carlos Afonso?>", Yingjie Yang?, and Anqi Zhang?
! Institute of Geophysics, China Earthquake Administration, Beijing, China.
2 ARC Centre of Excellence for Core to Crust Fluid Systems, Department of Earth and Planetary Sciences, Macquarie University, Sydney, NSW, Australia.
3 Key Laboratory of Earthquake Source Physics, China Earthquake Administration, Beijing, China.

INTRODUCTION

The South China Block experienced a complicated tectonic history, and
information on the structure of the subcontinental lithospheric mantle (SCLM)
are helpful for the understanding of its tectonic process. We present an upper
mantle model of seismic velocities, temperature, density, and bulk composition
for the South China Block (SCB) and adjacent areas by jointly inverting
Rayleigh wave phase and group dispersion data, absolute elevation, geoid height,
and surface heat flow using a probabilistic inversion method of Afonso et al.

(2013a, 2013b and 2016).
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CONCLUSION

» The lithospheric structure of this region i1s dominated by a thick root (200-
240 km) under the western Yangtze and thinner lithosphere (70-120 km)
under the eastern SCB, 1n agreement with independent xenolith data.

» We reveal for the first time the extent of metasomatism/refertilization in the
lithospheric mantle beneath the Yangtze Craton. Our results show pervasive
refertilization of the lithospheric mantle associated with the basaltic lavas of
the Emeishan large 1igneous province.

» The eastern South China Block lithosphere is characterized by an alternating
pattern of fast/slow seismic and depleted/fertile anomalies, supporting the
hypothesis that the lithospheric mantle has been partly replaced/modified by
deep mantle processes during the Phanerozoic.

Fig.8 Comparison of temperatures
between us and Sun et al. (2013).
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Fig.4 Depth to the thermal LAB.
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A total of 21,711 earthquakes are relocated after joint inversion using the
TomoDDMC method. Most earthquakes within the Changning salt mining area
are located 1n a slant zone that gradually deepens from the Shuanghe anticline on
the east to the Yutan anticline on the west with the maximum depth from 5 to 10
km. They are also associated with obvious high-V¢ and low-1V}/ Vg features.

The earthquakes in the shale gas operation area are distributed 1n clusters that

Conclusion

Earthquakes 1n the Changning area are concentrated in the core of an anticline
with high Vg and low Vy/Vg. The rupture process of the My 6.0 Changning
earthquake was affected by pre-existing small-scale faults. The seismicity in the
Jianwu syncline area 1s related to the activation of faults caused by hydraulic

are mainly located at the edge of low-velocity anomalies and are associated with fracturing.
low-Vp/Vy areas. Corpbmed with geological tectonic settings .and previous References i
research results, we infer that the frequent seismic activities in the Jianwu 1. Lei, X., Wang, Z. and Su J., 2019. Possible link between long-term and short-term water injections and earthquakes in

1 . ; _ o1 i salt mine and shale gas site in Changning, south Sichuan basin, China, Earth Planet. Phys. 3, no. 6, 510-525.
SynChne ated may be related to the activation ot pre-existing faults or fractures 2. Guo, H., Zhang, H. and Froment B., 2018. Structural control on earthquake behaviors revealed by high- resolutlon

caused by the hydraulic-fracturing Proccss. Vp/ Vg imaging along the Gofar transform fault, East Pacific Rise, Earth Planet. Sci.Lett. 499, 243-255.
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