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destructive earthquakes, which makes it a natural laboratory to study lateral extrusion mechanism
of Tibetan Plateau and deep seismogenic environment. In order to understand the role of the
Longmenshan subblock and its western boundary, the Longriba fault zone (LRBF), in the uplift
of eastern Tibetan Plateau, we use double-difference tomography to reveal the crustal velocity
structure beneath the Sichuan Basin and eastern Tibetan Plateau based on the event waveforms
with magnitude —>3. 0 recorded by 64 broadband seismic stations between Jan. 2008 and Dec.
2015. The results show that the Longmenshan subblock, sandwiched between the Longmenshan
fault zone (LMSF) and the LRBF, has obvious low crustal velocity characteristics compared with
the LMSF itself and the Sichuan Basin to the east. Considering the low-resistance and low-density
structure, as well as lack of seismicity within this block, especially in the LRBF, we speculate
that this block is “relatively soft” to hardly produce brittle earthquake. During the strong
interaction between the eastern edge of the Tibetan Plateau and the western edge of the Yangtze
Block, this block absorbs the accumulated strain energy caused by plate extrusion mainly through
crustal shortening and thickening and surface uplift. According to the velocity contour changes,
we infer that the LRBF steeply dips southeastward in the deep and cuts into the basement, which
probably releases its strain energy mainly by strike-slip movement. In contrast, the LMSF has a lower
inclination angle leading to crustal shortening mainly by thrusting. In addition, according to the
joint constraints of multiple velocity structures in this study, electrical and gravity anomalies
revealed by other studies, we speculate that the Xianshuihe and Anninghe fault zones are also

inclined to the southeast with a relatively large inclination angle, both of which extend at least

67 &

into the middle-lower crust.
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Fig. 1 Schematic illustration of tectonics in the study region

Red dots indicate 2008 Wenchuan, 2013/2022 Lushan, 2017 Jiuzhaigou, 2020 Chengdu Qingbaijiang, 2021 Luxian, 2022

Hanyuan/Maerkang/Luding earthquakes; Blue dots indicate historical earthquakes with magnitude 6. 5 and above (Lei et al. .

2022); Cyan dots indicate earthquakes with magnitude —=3. 0 used in this study (Source:China Earthquake Networks Center) ; The

peacock blue triangles indicate broad-band seismic stations; The dark blue thick lines represent block boundaries (Deng et al. . 2002).

5E 8 9 45 Wi (Burchfiel et al., 1995; i i 3 4.
2007). TEVRFREE 4 b, s BR Py BRI K PR 5 2 T IR
JELE T T I W 2447 (Zhang et al. , 2009) . K BH—4>
T — 5T W7 8 0 35 A A 22 S (R JA A5 55, 202D
HT I AT DL 55 80 o DR 4 S A I T R AR 48 R H L
P 3 v R o e T A% 25 5 5 0 32 DX IR T
TR AR T B 1 36 2 ) 2 ok A A i S AR .
Nk — 2L R T PR i RO S
P L 52 O A T R T PR B L DA M A A e H 3L Y
A E DA B S DB 2R A% 8 45 A4 R AL o 3 AT A O 1]
B 64 4> TEAUH LR G 7E 2008 4F 1 H 2 2015 4F 12

HACsk R 9 =3, 0 F A PIE $di Fl PhaseNet 53k
(Zhu and Beroza, 2019) 3815 & 45 B P 2B Hok,
i} VELEST (Kissling et al. , 1994) 2 )3 £ X} Hi
TR HEAT 4 6T 5 57 R R B 5 DX — A R R
SR )G 2K Zhang Fl Thurber(2003) #2 H i 3 22 )2
B AR 7 3 B T8 D )1 4 b B2 4B X (100°E—106°E,
26°N-—33"N) #h 5¢ P ¢ 3 FF 25 4 5 d Ja o AR 4l AR S
S 25 S AR T Ml TR XS T R M ER B R
I 250 AT 25 5 A s IR T T R A R M T
B it — 2 AR B R R A ) 4t B 2 VR
LR ST



874 H Bk ¥ B % R (Chinese J. Geophys. ) 67 4

PR T IR G A 1 B AR R e 1L R gk

1 WHESEE AR o M40 14 DU 1] 5 A g B A B 2 B TZ X
I T S T A L AR e RV R o e

BO1 R T RS0 IX B BT AR BT IR K2 i — AR g ] R L i — 4

98°E 100°E 102°E 104°E 106°E
340N rem— = — = . - =

— R TS (2014) I R S ) T
e XIBRI(2019) HL P S5 T
EAT(2019) HLEHTHT
o iz %(2017) H Mk T
o XMHIZ(2015)E Iy

106°E
B 2 AHIF 5 B ) T DA B 1% IX 8 O A b 3R 4 B 0 ) T 7
AA'—HH' B2 % 13 A BF 5 P HCR  J3 30000 5 5 HH T & 1 55 28 O S0 6 45 (2014) St A9 A T U5 PR 40 7% 2 56 350 17 5 L3 A LA 7 (50 2k
5390 S B B (2019) GEAAT (2019 4 R b L 8 #0153 € 1R A 7R 9 L1 R L2 2 Zhao 55 (2012) St fry K by el 2 351 10, 24 €8 ] 0 28R 1Y
L5 S ZARATISF (2015) ) T g #1 1f7 » 23 €0 ] o5 R 7% 1) L6 Ay 38 A 45 (201 7) 1) K b fl, 35 18 5 200 €5 0 £ A2 3 30 R 2008 4 1T (Ms8. 0)
2022 4E P 5E (Ms6. 8) FI 2018 4R P4 & (Ms5. DHuRE. OJg B BT R (LRBF) s @ Je 7 1 i 244 (LMSF) 5 @ i 7K 7 W 244 (XSF) 3 @ 4%
AT L CANE) 5 © W) A 0] e 22 45 (ZMF) 5 © ok 35 1 e 224 45 (DLSE) 5 @ Ik 31— 4 FH W7 2430 (EBF) s ® 7% 45— i1 — 45 e by 2L
(MBF) ; @3 I W7 2441 (LFF) ; Q04 %2 1L Wi 244 (HYSF) s @ Jg 53¢ 11 W 2447 (LQSFE) s @ URVE W 2447 (MIF) ; @ J2 28 i 4 4 (HYF) ; O 3
W 2 (LTEF) ; © # Bt LU Wi 4 (JPSF) 5 /&3 — Wi VLW 2455 (XTH-LJF) : @ 4 10— 35 Wi 2447 (JJF) s @43 J1 8 87 247 (DLPF) ; ©
3 — 5 fu) I 2L (ZLF).
Fig. 2 The velocity profiles in this study and the profiles already conducted by others in this region

26°N

The solid black lines AA'—HH’ correspond to the velocity profile obtained in this study; The solid purple line overlapping on the HH'
is the active source seismic deep reflection profile implemented by Guo et al. (2014). L3 and L4 shown with cyan solid lines represent
two magnetotelluric (MT) profiles respectively deployed by Liu (2019) and Zhao (2019), L1 and L2 shown with cyan dots are the MT
profiles deployed by Zhao et al. (2012), L5 shown as yellow dots is the gravity survey profile from Xuan et al. (2015), L6 shown as
green dots is the MT profile from Cheng et al. (2017); The red stars indicate 2008 Wenchuan (Ms8. 0), 2022 Luding (Ms6. 8), and
2018 Xichang (Ms5. 1) earthquakes. (D Longriba fault zone (LRBF); @ Longmenshan fault zone (LMSF); @ Xianshuihe fault zone
(XSF); @ Anninghe fault zone (ANF); ® Zemuhe fault zone (ZMF) ; Daliangshan fault zone (DLSF); (D) Ebian-Jinyang fault zone
(EBF); Yingjing-Mabian-Yanjin fault zone (MBF); @ Lianfeng fault zone (LFF); Huayingshan fault zone (HYSF); @
Longquanshan fault zone (LQSF); @ Minjiang fault zone (MJF); @ Huya fault zone (HYF); @ Litang fault zone (LTF); ©®
Jinpingshan fault zone (JPSF); @ Xiaojinhe-Lijiang fault zone (XJH-LJF); @ Jinhe-Jinghe fault zone (JJF); @ Delipu fault zone (DLPF) ;
@ Zhaotong-Ludian fault zone (ZLF).
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Fig. 3

(a) Travel time-epicentral distance curve of the P wave; (b) and (c) respectively show the waveforms and

phase picking of two Ms3. 1 events in different epicentral distances
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Fig.4 (a) and (b) show the equalization curves respectively corresponding to damp and smooth factors. (¢) shows the

travel-time residual before and after the inversion. The damp factor and smooth factor are respectively set to be 150 and

15 in the inversion
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Fig. 6

Horizontal slices of P-wave velocity image at different depths

(a) The red and blue dots represent earthquakes, referring to Fig. 2; The off-white circles in (a)—(f) represent relocated earthquakes
within +5 km vertically around that depth. SPGZ: Songpan-Garzé Block; CDB: Chuandian Block; SCB: Sichuan Basin; DLSB: Daliangshan
subblock; SC: South China Block.
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Fig. 7 (a)— () plots respectively show the P wave velocity structure below the AA'—FF' profiles in Fig. 2 obtained in
this study; (g) shows the resistivity structure from Liu (2019), corresponding to profile Fig.2-1.3; (h) and (i)
respectively show the resistivity structure from Zhao (2019), and the gravity anomaly gradient structure from Xuan et
al. (2015), corresponding to profiles Fig. 2-1.4, 1.5; (j) shows the resistivity structure from Cheng et al. (2017), corresponding
to profile Fig. 2-1.6

The white crosses in (a)—(f) represent Moho structure (referring to SWChinaCVM-2. 0), gray dots represent projected seismic events
within 20 km distance along the transverse direction for each profile; The red star in (b) indicates 2008 Wenchuan earthquake, and two
stars in () respectively indicate 2018 Xichang (left) and 2022 Luding (right) earthquakes.
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Fig. 8

(a) and (d) show the P wave velocity structures respectively under HH' and GG’ profiles in Fig. 2,

(b) and (c¢) show the resistivity structures obtained by Zhao et al. (2012), the profile locations are Figs. 2-1.2, L1
The red star in (¢) and (d) represents 2008 Wenchuan earthquake. LRBF: Longriba fault zone;

LMSF: Longmenshan fault zone; LQSF: Longquanshan fault zone.
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Fig. 9 (a) The GPS horizontal velocity measured during 1999—2013 has noticeably decreased within the Longmenshan

subblock to the east of Longriba fault zone (Liang et al. , 2013); (b) The residual gravity anomaly in Sichuan-Yunnan
region (Jiang et al. , 2015); (c¢) The earthquake activity distribution in the conjunction zone between the western margin
of the Yangtze Block and the eastern margin of the Tibetan Plateau (Magnitude==3. 0; Source: United States Geological
Survey); (d) The hypocenter depth beneath the AB profile in panel (¢) (He et al. , 2016); (e) The sketch of doubly-

vergent wedge structure of the eastern Tibetan Plateau derived from low-temperature thermochronology data (Li et al. , 2023)
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