44 %8 & 2020F ¥£65% £ 15H): 1496 ~ 1505 ¢ OPERRE Y Zekidt
SCIENCE CHINA PRESS
CrossMark

& click for updates

VSRR Ms6. 995 Mt jee A 5o e ML & 12 L 4l

et R, xa g, ke, R g

1. Rl B i AT T, R A B KB i 5 e R T 86 %, db st 100101;
2. HEBEEE R, LR 100049

* X ZA A, E-mail: hbliu@itpcas.ac.cn

2019-09-29 W, 2020-02-13 f&[1], 2020-02-14 $35%, 2020-05-13 MLERR &

[E K E ST A TTRI(2016YFC0600301) 1 [EI Rl 22 B A2 g 14 56 S RHE B W (XDA20070302) 5K A SRR # I 4: (41776201, 41974109), H [
LA BB AR H (YIKY YQ20190075)HIF FERLF Bt i 4R A £ £:(2018097) ¥ Bl

A% LB E201745 11 A 18 HO6H 344, T9 7 H 16 KARE Wk B & £ T Ms6. 9OFHE. HIEMAEES, ER
Bl 22 PR % T 28 T HUE & 3E K T 180 dWLIl 2k 3. F| A hypoDD W 2 i & & fiL % FALOTOS-12 8 3% 3t & &
EWHAREEM. LEFERW, ABEUEE NP ONW-SER EFK450km. 7 430 km, RIEAE AN EFAEIEL
Gyt s m AR — Bl A B A R R R R R R E S TR 2 A LOTOS-124 3 B i 3k 13 3 % %
BEA20 kmiEE UL FHPRASHHEER I A HER. EEATHREFGRFFREY, FEEE L EAHERPHAS
WEENRER, RBEERXHERE, AL FEFNER. BELE, UEnERENR, PRASHAZKE b8
B, MR R R AR LTS N R R B A R, TR R e B R R A
XEBRRE ELE A AR RAHT S R k. Bhsh, W4T R e BT T AL M X RO R R LA T B S i X

THTET E BH K.

b
&=
b=t
%
=
&
h
Tk
I
o
R
B
=
i

3
&&=
i
Al
F
R
P

P [E = A B UG (CENCYIE, 6 ETifa]2017
4E11H 18 H 061 3443(GMT: 2017-11-17 22:34), P45 [
16 XS T KRB & 2 Ms6.99% 3R ZU ML FE (LA T fi Aok
MRHLTZ), 4k 19504E8E [ Ms8 .65 KR I, B D
MEARFY TG S5 1 X & A s F bR . [ R 5 )
LDIERTRAIE: 29.75°N, 95.024°E, ZIHHEE10 km.
o ] I 7 TR 7 SR S T 1 8 2 N P £ A
BRI E E 7 29.87°+0.01°N, 95.02°+0.01°E,
TR 10 k2 km. [ RS Ry b AT 5% i =5 A5 46

NP E A 4E T 29.87°N, 95.05°F, IR 12 km. &
b T O AR AR BRI 1P, e R

ZURE ] R K b A SR U VI, I RRZ9310 km.
R T Y e R I T ) S R TR AR RE 7000 mf L i

S

i, A

(LT, AR E P 420 (7294 m) FI R 0 1 L
(7782 m), FHEGG-HEAT VLAE P LL e |] 9 PG o) AR 2F 5, oK
JIT A SR, HERE ™, BRI
MR, H DA NRGS N GPSFIEAM %Y
(http://www.eq-igl.ac.cn/contents/43/29092 . html) FIXI] =
A2 NI InSAR AR AL USSR BoR: K=
WrJZNER: A SWEL NI, [7] A W2 il i sh 5 # 4
e, HEI 32528 T ph A AR . MR A R R T
[FINW. (B NERGRE 5, il 5 72 s pL i i et
PR AT E TS AR ETR T, A R ERTZE L
R FE A EAT e AR,

KM b % 52 v 7 T R L BL AR AN R AR AL i %,
PURLHLIRT 24 (XXL)PU R, JRhid &7 T 5 2R L

S mak, BRI, XIZTLE, 45, PHMOKMRMs6. 9J b R AN R e (At 7 T J2 MUE 28 4. L2430 4R, 2020, 65: 1496-1505
YeJ, Zhao J M, Liu H B, et al. Aftershocks localization and shallow crustal velocity structure following the A56.9 Mainling earthquake in Tibet, China (in
Chinese). Chin Sci Bull, 2020, 65: 1496-1505, doi: 10.1360/TB-2019-0545

© 2020 (PIERE) A=tk

www.scichina.com  csb.scichina.com


https://doi.org/10.1360/TB-2019-0545
http://《中国科学》杂志社
http://www.scichina.com
http://csb.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/TB-2019-0545&amp;domain=pdf&amp;date_stamp=2020-04-02

(E) 96°00°

94°24' 94°48' 95°12' 95°36'

30°30" =130°30'
(N) (N)
30°15' 30°15'
30°00' 30°00
29°45' 29°45'
29°30" ‘ 29°30’

29°15' ' @255 - - o 1 L 29°15'
» L m |

o

—

(E) 96°00"

94°24' 94°48' 95°12' 95°36'

Bl 1 ORMIBRER PR R BRG] B EILWIRIM 7R 3 DMF, R, XXL, PEX4hili%e,; ISF, 5 3UK5L MAF, &
Jid-Ba JE T W Y; PPF, 38 JB-25=F W%, LMLF, MIVRISIEIEL,; NBS, pil L FOAiE 45, B L AR AR i el (93 5k B MR ER T, 206
B SRR ARE S PE, W00 = A 00T 5 3. R 5 =0 R L F 2206, 1166 = A B FOUE. DB P YD REERAC R A AR LR . e B
WL AT BIRFECENC. 3 A RIS 4 NP Kb 2 (75 . A A4 P s € HE A R BF 9T I . P53 43 5 | 1 Ding % A1
XA

Figure 1 Distribution of aftershocks and major faults surrounding the epicenter of the Mainling earthquake. The black solid line is the fault
distribution: DMF, Dongjiu-Mainling fault; XXL, Xixingla fault; JSF, Jiali fault; MAF, Motuo-Aniqiao fault; PPF, Polong-Pangxin fault; LMLF,
Lamaling fault; NBS, Namche Barwa syntaxis. The black dotted line is the three main fault locations estimated based on the aftershock distribution, the
red dot represents the aftershock event, the blue triangle is the observation station, the gray triangle is the Galabaire Peak, and the white triangle is the
Namcha Barwa Peak. Black and white beach ball represents the focal mechanism solution of the main shock'. The purple, black, and blue triangles
represent the results of Milin main shock location from CENC, Bai et al.™, and Wei et al.”’. The blue box in the upper right illustration represents the
study area. The faults distribution are derived from Ding et al.™ and Deng et all”
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Figure 2 The travel-time curve of Pg wave and Sg wave after selected
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Figure 3

P-wave and S-wave velocity perturbation and wave velocity ratio (Vp/Vs) at different depths. The yellow star represents the epicenter

position of Mainling earthquake, the white triangle represents the position of the Namche Barwa Peak; the black solid line represents the main faults in
the study area, and the black dotted line represents the speculated three secondary faults; F1, F2 and F3 mark three secondary faults in the epicenter.
Black straight lines in the depth of 20 km of the P-wave and S-wave velocity perturbation indicate the positions of profile 1-1" and 2—2' in Figure 4
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Aftershocks localization and shallow crustal velocity structure
following the Ms6.9 Mainling earthquake in Tibet, China

Jin Ye'?, Junmeng Zhao', Hongbing Liu", Heng Zhangl, Qiang Xu' & Shuze Chen'”
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* Corresponding author, E-mail: hbliu@itpcas.ac.cn

At 06:34 CST on November 18, 2017, an Ms6.9 earthquake struck Mainling prefecture, Nyingchi City, Tibet. The
earthquake occurred at the frontier zone of collision and subduction in the eastern Himalayan syntaxis, a region of
persistently strong compression between India and Eurasia. To monitor aftershock activity, the Institute of Tibetan Plateau
Research, Chinese Academy of Sciences, installed 28 broadband seismic stations around the epicentral area and obtained
180 days of seismic observation data. The average spacing between stations was approximately 5 km, which yielded good
coverage of the source area and enriched the seismic data for the Eastern Himalayan syntaxis. In this paper, the hypodense
events are refined by the hypoDD double-difference seismic location method and the local tomography software (LOTOS-
12), an algorithm for seismic location and velocity structure imaging joint inversion. The hypoDD seismic localization
method uses waveform cross-correlation technology to achieve positioning using the minimum residuals of the actual and
theoretical travel times of two earthquakes. It is widely used for close-range earthquakes and is suitable for regional
earthquake research; the LOTOS algorithm is more appropriate for velocity structure inversion in regions with significant
differences in physical properties. The results show that the aftershock zone is approximately 50 km long and 30 km wide
and trends NW-SE. According to the aftershock distribution, three active faults are basically consistent with the strike of
the Xixingla fault zone. These active fractures are similar in shape and have a NE dip direction, and the dip angles of the
active faults gradually become steeper from NW to SE. Under the continuous NE thrusting action of the Namche Barwa
syntaxis, the three secondary fractures have undergone bending deformation. This deformation is associated with the
adjustment mode of the eastern Himalayan syntaxis where the Indian plate continues to push Eurasia northward. At the
same time, combining these results with those of the LOTOS-12 algorithm, the distribution of the Pg wave and Sg wave
velocity disturbance in the shallow crust (20 km) and the wave speed ratio (Vp/Vs) are obtained. The main shock was
located in an abnormal transition zone of body wave velocity, and the aftershocks mostly occurred in the negative anomaly
zone for P wave and S wave velocities, which reflects the characteristics of stratigraphic fractures and faults in the area with
concentrated earthquakes. We suggest that this area should be avoided in the future when construction of engineering
facilities is required north of Namche Barwa Peak. Overall, with Namche Barwa Peak as the boundary, the P wave and the
S wave are generally characterized by high-speed anomalies in the north and low-speed anomalies in the south. This
phenomenon may be related to the geological structure and petrophysical properties in this area, as the lithologies of the
Lhasa terrane are old and cold; meanwhile, the metamorphic body in the south and the Namche Barwa syntaxis are
relatively broken, the ages of rock formation are relatively young, and the lithologies are relatively hot and soft. In addition,
high-speed P wave anomalies in the northwestern part of Namche Barwa Peak may be related to enrichment in garnet
minerals in this area. The higher wave velocity ratio on the southwest side of the epicentral area, the lower P wave velocity
on the right side of profile 1-1" and the P wave on the left side of profile 2-2" may be related to the fragmentation of the
terrain in this area and the development of valley glaciers. The area where the wave velocity ratio is relatively large may
also be related to the upwelling of asthenospheric and lithospheric material in the deep mantle.

Mainling earthquake, eastern Himalayan syntaxis, earthquake location, seismogenic structure, velocity structure
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