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2016. Its epicenter is located near the Lenglongling section of the Qilian-Haiyuan fault zone in the
Qilian orogenic belt, northeastern margin of the Tibetan Plateau. The depth of the source is
about 11.4 km, The focal mechanism solutions show that this event is a pure thrusting. Before
this quake, we carried out an MT surveys along two profiles across the Qilian orogenic belt
during July to August,of which one t the epicenter of the 2016 Menyuan event(DKLB-M)and the
other crosses the Gulang area (HYFP). The remote reference, “robust”, and phase tensor
decomposition techniques were used to process the acquired MT data, and the NLCG two-
dimensional inversion was made to image the deep electrical structure. In combination with the
GPS velocity field from 2009 to 2015 of the northeastern margin of the Tibetan Plateau with
respect to stable Eurasia, distributions of main shock and aftershocks of the Menyuan earthquake
and relevant geological and geophysical data available, we explored the seismogenic tectonics of
the 2016 Menyuan earthquake, including its location and extension of the causative fault, regional
tectonic environment and deep structure of the Qilian orogenic belt. The results show that there
is a wide SW-dipping low-resistivity body under the epicenter of the Menyuan earthquake,
representing a mechanically weak zone below the Lenglongling fault. Its existence might be
associated with preparation, slip and occurrence of the Menyuan event. A fault north of Lenglongling
might have controlled its main shock and aftershocks, which is an associated fracture of the
Lenglongling fault generated during the northward expansion of the Tibetan Plateau, showing an
obvious thrusting characteristic. The present day crustal vertical movement, gravity field variations,
GPS velocity field and MT surveys all suggest that Lenglongling section of the Qilian-Haiyuan
fault is one of the most significant boundary features in the northeastern margin of the Tibetan
Plateau. Affected by the Tibetan Plateau’s northeastward expansion and compression from the
Alax block, the area around the Lenglongling fault currently is situated in the area with most
intense northeastern expansion and tectonic transformation of the plateau margin. Such a dynamic
environment may be the main reason for the occurrence of the 2016 Menyuan Mg6. 4 earthquake,
like the 1927 Gulang Ms8. 0 and 1954 Mingin Ms7. 0 earthquakes.

Keywords Menyuan Ms6. 4 earthquake in 2016; Magnetotelluric; Lenglongling fault; Northern

Lenglongling fault; Seismogenic environment
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Fig.1 Maps showing tectonics of study area and magnetotelluric survey profiles

(major faults cited from Deng et al. ,2003;Guo et al. ,2017;Xu et al. ,2017)
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Fig. 2 Apparent resistivity and impedance phase curves of 10 typical measuring sites in profile DKLLB-M
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Fig. 4 Rose diagrams of the geoelectric strikes along the profile from phase tensor decomposition

NW35°
SE55°, - .
NW35°. 35
. TE
™ ( ,1990).
2.3
“MTDATABASE”
( ,2005) NLCG (Rodi and
Mackie, 2001) 100 Om
« ” . (
;2010; Cherevatova et al. , 2015) 5 DKLB-M
’ ’ Fig.5 Curve of Rms and roughness for profile DKLB-M
¥ ’ from inversion using varied regularization factors
™ 5%
. TE ,
10% 5% . L ) Rms  3.13.
Tau 3
( 5 ). 6 3
(
“M, al.a2 T™ 7a DKLB-M
;a3.ad TE , 7b HYFP
:b1.b2 ™ ( ,2018). .
;b3 . b4 TE  ( .2013; ,2017; ,2017)
6 2-D TE TM

Fig. 6 Comparison of TE and TM apparent resistivity and impedance phase along

the profile from measurement and calculation on a 2-D theoretical model



2094 (Chinese J. Geophys. ) 62

7 DKLB-M  HYFP
Fig. 7 Deep electric structure on profiles DKLLB-M and HYFP, surface faults,

and main shock and aftershocks of the 2016 Menyuan event

) : 3.1
. . . ,DKLB-M  HYFP
) SW
( ,2008) , s ,
(FD), (F1-1), — 60 km , ,
(F3). (F4). — . DKLB-M
(F5). (F6) (FD, 50 51 51 ,5 km
(F8) (  T7a,b). , SW )
7a.b Shen  (2017) , 2016 1
(Moho) 21 M;6. 4 ( 7a
. 2016 MS6. 4 1927 ),
M;8. 0 ( ,2008) ,1954 Ms7.0 ,
( ,2014; ,2018) , ,
., Tc , (Shen et al,

Ms6. 4 2017) s



6 : 2016 1 21 M;s6. 4 2095

. DKLB-M HYFP . )
, “ ¢
) , ,2008).
(2008) “ 7 , — .
20 km “ 7o ) )
7 , 1927 8.0
. (2009,2013) s
HYFP “ ”,
(2000) s s
1954 M7.0
(2014) .
) (
s ,2004; ,2005; ,2010),
) 20 km,
, (Jones,1992).
, , 4 M;6. 4
) 20 km,
. 4.1 M;6. 4
) 2016 M;s6. 4
) ( Jhttp: / www. eq
, — igl. ac. cn; ,2017).
, — s (2017)
M;6. 4
( ,2015). (2009)
3.2
(2018) Zheng  (2013) . s SW
,50.,51.52 SW
— , DKLB-M  HYFP ,
s Tc
— M;6. 4 \
, N N N s ( ,2016; ,
) , 2017)
— . 7c , N
) ) NW , NW35°,

s 60 km . SW ) ’



2096

(Chinese J. Geophys.) 62
NE , , 5 km SW
, s , M6. 4
( ,2013) )
M6. 4 \
, 4.2 Ms6. 4
s 8a 2016 Ms6. 4
, , 2011—2014
s 4
, ( ,2016) ,
(10 km ) ;  8b
, (Hao et al. ,2014),
s (10 km
) “ ” , , 5mm-=*a
, ) 0~
1 mme=+a! ; 9a 2016 M6, 4
s 2009—2015
) GPS (
;sMa  (1996) ), GPS
20 .
80 220 km, 430 km
(Electromagnetic GPS —
Research Group for the Active Fault,1982), s ¢ 9b,NE20% —
(  9¢,NE110°)( GPS
), 9b , GPS
, 10 mm e« a ! —
(Unsworth et al. ,1997; Becken Smmea ! R
et al. .2011). N , 1~2 mm=« a!
( ,1995; ,2009; Bai . 9¢ , —
et al. ,2010; Zhao et al. ,2012; ,2013; GPS 10~15 mm « a ! R
,2017) .GPS
5mm-*a’ .
, . 5mmea '
2016 M;6. 4 N .GPS
SW . Shen (2017) ,
. (2017)
M;6. 4 4~14 km , — NE



2016

1

21

Ms6. 4 2097
8 2011—2014 (a)( 107 mes™?) (b)
Fig. 8 Gravity changes from 2011 to 2014 (a) (ontours represent,unit: 10 *m + s~ %) and
vertical deformation rates (b) in northeastern margin of Tibetan plateau
9 2009—2015 GPS (a) GPS (b) ()
Fig. 9 GPS velocity field in northeastern margin of Tibetan Plateau (a), GPS component perpendicular
to Lenglongling fault (b), and GPS component parallel to Lenglongling fault (¢)
, M;6. 4 , 1927
M8, 0 ( , 2008) 1954
, Ms6. 4 Ms7.0 ( , 2018) , 2016
5254 m , Ms6. 4
NE



2098

(Chinese J. Geophys. ) 62

2009—2015

GPS »1 21 Ms6. 4

(1)2016
SW ,

. 2016 M;s6. 4

M;6. 4

(2) N .GPS

, M;6. 4
s 1927 M;8. 0 1954

Ms7.0 ,2016 Ms6. 4

GPS ,

References

Bai D H, Unsworth M J, Meju M A, et al. 2010. Crustal deformation
of the eastern Tibetan plateau revealed by magnetotelluric

imaging. Nature Geoscience, 3 (5): 358-362, doi: 10. 1038/

NGEO830.

Beck en M, Ritter O, Bedrosian P A, et al. 2011. Correlation
between deep fluids, tremor and creep along the central San
Andreas fault. Nature, 480(7375): 87-90.

Bibby H M, Caldwell T G, Brown C. 2005. Determinable and non-
determinable parameters of galvanic distortion in magnetotellurics.
Geophysical Journal International , 163(3): 915-930.

Booker J R. 2014. The magnetotelluric phase tensor: A critical
review. Surveys in Geophysics, 35(1): 7-40.

Cai ] T, Chen X B. 2010. Refined techniques for data processing
and 2-dimensional inversion in magnetotelluric [[ : Which data
polarization mode should be used in 2D inversion. Chinese
Journal of Geophysics (in Chinese), 53(11): 2703-2714, doi:
10. 3969/j. issn. 0001-5733. 2010. 11. 018.

Cai J] T, Chen X B, Xu X W, et al. 2017. Rupture mechanism and
seismotectonics of the Ms6. 5 Ludian earthquake inferred from
three-dimensional magnetotelluric imaging. Geophysical Research
Letters, 44(3): 1275-1285.

Cai J T, Chen X B, Zhao G Z. 2010. Refined techniques for data
processing and two-dimensional inversion in magnetotelluric
| : Tensor decomposition and dimensionality analysis. Chinese
Journal of Geophysics (in Chinese), 53(10): 2516-2526, doi:
10. 3969/j. issn. 0001-5733. 2010. 10. 025.

Caldwell T G, Bibby H M, Brown C. 2004. The magnetotelluric
phase tensor. Geophysical Journal international, 158 (2) .
457-469.

Chave A D, Thomson D J, Ander M E. 1987. On the robust
estimation of power spectra, coherences, and transfer functions.
Jowrnal o f Geophysical Research : Solid Earth , 92(B1) . 633-648.

Chen L S, Wang G E. 1990. Magnetotelluric Sounding Method (in
Chinese). Beijing: Geological Publishing House, 10-15.

Chen X B, Zhao G Z, Zhan Y. 2004. A visual intergrated windows
system for MT data process and interpretation. il Geophysical
Prospecting (in Chinese) , 39(S1): 11-16.

Cherevatova M, Smirnov M Y, Jones A G, et al. 2015. Magnetotelluric
array data analysis from north-west Fennoscandia. Tectonophysics ,
653: 1-19.

Deng Q D, Zhang P Z, Ran Y K, et al. 2003. Active tectonics and
earthquake activities in China. FEarth Science Frontiers (in
Chinese) , 10(S1): 66-73.

Egbert G D, Booker J R. 1986. Robust estimation of geomagnetic
transfer functions. Geophysical Journal of the Royal Astronomical
Society, 87(1): 173-194.

Electromagnetic Research Group for the Active Fault. 1982. Low
electrical resistivity along an active fault, the Yamasaki Fault.
Journal o f Geomagnetism and Geoelectricity » 34(2); 103-127.

Guo P. 2016. Holocene slip rate and seismogenic capacity of the
Lenglongling fault, Northeastern Margin of the Tibetan Plateau
[Ph. D. thesis] (in Chinese). Beijing: Beijing Institute of Geology,
China Earthquake Administration, 59-71.

Guo P, Han ZJ, An Y F, et al. 2017. Activity of the Lenglongling

fault system and seismotectonics of the 2016 Ms6. 4 Menyuan



6 : 2016 1

21

Ms6. 4 2099

earthquake. Science China Earth Sciences, 60(5): 929-942.

HanZJ. Lu F S, Ji F G, et al. 2012. Seismotectonics of the 26
November 2005 Jiujiang-Ruichang, Jiangxi, Ms5.7 FEarthquake.
Acta Geologica Sinica » 86(2) : 497-509.

Hao M, Wang Q L, Shen Z K, et al. 2014. Present day crustal
vertical movement inferred from precise leveling data in eastern
margin of Tibetan Plateau. Tectonophysics, 632 281-292.

Heise W, Caldwell T G, Bibby H M, et al. 2008. Three-dimensional
modelling of magnetotelluric data from the Rotokawa geothermal
field. Taupo Volcanic Zone, New Zealand. Geophysical Jowrnal
International » 173(2) : 740-750.

Hu CZ, Yang P X, LiZ M, et al. 2016. Seismogenic mechanism of
the 21 January 2016 Menyuan, Qinghai Ms6.4 earthquake.
Chinese Journal of Geophysics (in Chinese), 59 (5): 1637~
1646, doi: 10.6038/cjg20160509.

Hu XY, BiBT, Liu G X, et al. 2017. The lithospheric electrical
structure of Ji'an-Fuzhou profile in the east part of South
China. Chinese Journal of Geophysics (in Chinese). 60(7)
2756-2766, doi: 10.6038/cjg20170721.

Jones A G.
crust. //Fountain D M, Arculus R, Kay R W eds. Continental

1992. Electrical conductivity of the continental lower

Lower Crust. Amsterdam: Elsevier, 81-143.

Liang S S, Lei J S, Xu Z G, et al. 2017. Relocation of the aftershock
sequence and focal mechanism solutions of the 21 January 2016
Menyuan, Qinghai, Ms6. 4 earthquake. Chinese Journal of
Geophysics (in Chinese), 60(6): 2091-2103, doi: 10. 6038/
¢jg20170606.

Liu BY, Zeng W H, Yuan D Y, et al. 2014. Fault parameters and
slip properties of the 1954 Northern Tengger Desert M?7.0
earthquake. China Earthquake Engineering Journal (in Chinese) ,
36(3): 622-627.

Liu HC, Dai HG, Li L H, et al. 2000. A preliminary study on the
1954 Mingin Ms7. 0 Earthquake in Gansu Province. Northwestern
Seismological Journal (in Chinese), 22(3): 232-235.

Ma J, Ma S L., Liu L Q. et al. 1996. Geometrical textures of
faults, evolution of physical field and instability characteristics.
Acta Seismologica Sinica, 9(2): 261-269.

Rodi W, Mackie R L. 2001. Nonlinear conjugate gradients algorithm for
2-D magnetotelluric inversion. Geophysics, 66(1): 174-187.

Shen X Z, Kim Y H, Gan W J. 2017. Lithospheric velocity
structure of the northeast margin of the Tibetan Plateau:
Relevance to continental geodynamics and seismicity. Tectonophysic »
712-713; 482-493.

Unsworth M J, Malin P, Egbert G D, et al. 1997. Internal structure of
the San Andreas fault at Parkfield, California. Geology, 25
(4): 359-362.

Wang X, Zhan Y, Zhao G Z. et al. 2010. Deep electric structure
beneath the northern section of the western margin of the
Ordos basin. Chinese Journal of Geophysics (in Chinese) . 50
(3): 595-604, doi: 10.3969/j. issn. 0001-5733. 2010. 03. 013.

Wang X B, Zhu Y T, Zhao X K., et al. 2009. Deep conductivity

characteristics of the Longmen Shan, Eastern Qinghai-Tibet

Plateau. Chinese Journal of Geophysics (in Chinese), 52(2):
564-571.

Xiao Q B. 2005. A visualization scheme of MT data processing
based on database platform. Geophysical and Geochemical
Exploration (in Chinese), 29(3): 269-272.

XuX W, Wen X Z, Han Z J, et al. 2013. Lushan Ms7. 0 earthquake:
A blind reserve-fault event. Chinese Science Bulletin, 58(28-29) .
3437-3443.

XuX W, WuXY, YuG H, et al. 2017. Seismo-geological signatures
for identifying M=7. 0 earthquake risk areas and their premilimary
application in mainland China.

Chinese) , 39(2): 219-275.

Seismology and Geology (in

Xu Y, Wang KY. 1995. Crustal conductivity layer in Tianshan area
and hypocenter environment. Inland Earthquake (in Chinese) ,
9(2): 112-117.

Zhan Y, Zhao G Z, Unsworth M, et al. 2013. Deep structure
beneath the southwestern section of the Longmenshan fault
zone and seimogenetic context of the 4. 20 Ms7. 0 earthquake.
Chinese Science Bulletin, 58(28-29): 3467-3474.

Zhan Y, Zhao G Z, Wang J J, et al. 2005. Crustal electric structure
of Haiyuan arcuate tectonic region in the northeastern margin
of Qinghai-Xizang plateau, China. Acta Seismologica Sinica
(in Chinese) , 27(4) . 431-440.

Zhan Y, Zhao G Z, Wang J J, et al. 2008. Deep electric structure
beneath the epicentre of the 1927 Gulang M8 earthquake and its
adjacent areas from magnetotelluric sounding. Chinese Journal
of Geophys (in Chinese), 51(2): 511-520.

Zhang P Z, Wang Q, Ma Z ]J. 2002. GPS velocity field and active
crustal deformation in and around the Qinghai-Tibet Plateau.
Earth Science Frontiers (in Chinese), 9(2): 442-450.

Zhang S, Xu Y X, LiJ, et al. 2017. Electrical structures in the
northwest margin of the Junggar basin: Implications for its late
Paleozoic geodynamics. Tectonophysics, 717 473-483.

Zhao G Z, Tang J, Zhan Y, et al. 2005. Relation between electricity
structure of the crust and deformation of crustal blocks on the
northeastern margin of Qinghai-Tibet plateau. Science in China
(Series D : Earth Sciences) s 48(10): 1613-1626.

Zhao G Z, Unsworth M J, Zhan Y. et al. 2012. Crustal structure
and rheology of the Longmenshan and Wenchuan Myw?7.9
earthquake epicentral area from magnetotelluric data. Geology,
40(12) . 1139-1142.

Zhao L Q, Zhan Y, Chen X B, et al. 2015. Deep electrical structure
of the central west Qinling orogenic belt and blocks on its either
side. Chinese Journal of Geophysics (in Chinese), 58 (7):
2460-2472, doi: 10. 6038/cjg20150722.

Zhao L. Q, Zhan Y, Wang Q L, et al. 2018. Deep electrical
structure beneath the 1954 Ms7. 0 Minqin, Gansu earthquake
and its seismotectonic environment. Seismology and Geology
(in Chinese) , 40(3): 552-565.

Zheng W J, Zhang P Z, Ge W P, et al. 2013. Late Quaternary slip
rate of the South Heli Shan Fault (northern Hexi Corridor,

NW China) and its implications for northeastward growth of



2100 (Chinese J. Geophys. ) 62
the Tibetan Plateau. Tectonics, 32(2) . 271-293. , s . 2014, 1954 7
Zheng W J, Zhang P Z, Yuan D Y, et al. 2009. Deformation on the , 36(3): 622-627.
northern of the Tibetan plateau from GPS measurement and , , . 2000, 1954 7
geologic rates of Late Quaternary along the major fault. , 22(3): 232-235.
Chinese Journal of Geophysics (in Chinese). 52(10): 2491 . . . 2009,

2508, doi: 10.3969/j. issn. 0001-5733. 2009. 10. 008.

Zheng W J, Zhang Z Q, Zhang P Z, et al. 2013. Seismogenic
structure and mechanism of the 1954 Ms7;,, Shandan Earthquake,
Gansu Province, Western China. Chinese Journal of Geophysics
(in Chinese) , 56(3): 916-928, doi: 10. 6038/cjg20130320.

ZhuY Q, Li T M, Hao M, et al. 2013. Gravity changes before the
Menyuan, Qinghai Ms6. 4 earthquake of 2016. Chinese Journal of
Geophysics (in Chinese), 59 (10): 3744-3752, doi: 10. 6038/

jg20161019.
, 2010.
« H— ) L 53(11);
2703-2714, doi: 10.3969/j. issn. 0001-5733. 2010. 11. 018,
, . . 2010.

C ) —
, 53(10): 2516-2526, doi: 10. 3969/j. issn. 0001-5733.
2010. 10. 025.
, . 1990. . : , 10-15.
, . 2004. MT Windows
» 39(S1): 11-16.

. . . 2003.
. 10(S1); 66-73.
. 2016. [ ik
. 59-71.
. . . 2017. 2016
6.4 . : L 47(5); 617-630.
. . . 2016, 2016 1 21 6.4

, 59(5); 1637-1646.,
doi: 10. 6038/cjg20160509.
. . . 2017,
L 60(7): 2756-2766, doi: 10.
6038/cjg20170721.
, . . 2017. 2016 1 21 Ms6. 4
. 60(6);
2091-2103, doi: 10. 6038/cjg20170606.

s 52(2): 564-571.
, , . 2010.
, 50(3): 595-604, doi: 10. 3969/j.
issn. 0001-5733. 2010. 03. 013.

. 2005. MT
, 29(3): 269-272.
. . . 2013. 7.0
, 58(20): 1887-1893.
, , . 2017,
, 39(2) . 219-275.
. . 1995. . , 9
(2). 112-117.
, , Unsworth M . 2013. 4. 20
7.0 . ,» 58(20):

1917-1924.
s s . 2005.

» 27(4): 431-440.

s s . 2008. 1927 8
» 51(2): 511-520.
s s . 2002. GPS
, 2002, 9(2): 442-450.
s , . 2004.
D . 34(10): 908-918.
s , . 2015. ( )

, 58(7): 2460-2472, doi:
10. 6038/cjg20150722.
, s . 2018. 1954 7
,» 40(3): 552-565.

s s . 2009. GPS
, 52(10):
2491-2508, doi: 10.3969/j. issn. 0001-5733. 2009. 10. 008.
s s . 2013. 1954 T1/4

. 56(3): 916-928, doi:
10. 6038/¢jg20130320.
. . . 2016. 2016 Ms6. 4
. 59(10); 3744-3752, doi: 10. 6038/
jg20161019.



