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Abstract: On October 28, 2019, a magnitude 5.7 earthquake struck the Xiahe county, Gansu
Province. This event was located between the Lintan-Dangchang fault and West Qinling fault,
where surface faults were poorly mapped and studied, and there was no fault directly related to
the Xiahe MgS5. 7 earthquake. In this paper, through the remote sensing interpretation and field
investigation, the geometric pattern and new activity of geological faults around the Xiahe
earthquake epicenter were studied preliminarily. Combined with the relocated small earth-
quakes and the focal mechanism solutions, the seismotectonic model of the Xiahe earthquake
was built up and comprehensively analyzed. The results are as follows. First, the surrounding
faults of the Xiahe earthquake include two well-known but poorly-studied faults (the West Qin-
ling fault and Lintan-Dangchang fault) and two poorly-known faults (the Xiahe fault and
Damai-Hezuo fault) that were only mapped on the geological map. Second, this work has

acquired more detailed geometric pattern and new activity of the Lintan-Dangchang fault, the
east segment of the Xiahe fault, and the Damai-Hezuo fault, and we have discovered Holocene
activity of the Xiahe fault for the first time, it is of both left-lateral strike-slip and northward
reverse-slip. Third, the seismogenic fault plane (the strike, dip direction and dip angle are
312°, 42° and 48°, respectively) determined by previous studies based on earthquake sequence
relocation is likely to be one hidden fault derived from the east segment of Xiahe fault, the hid-
den fault is at a small angle (22°) to the east segment of Xiahe fault, and merges with Xiahe
fault in the deep earth, slip direction of the hidden fault (rake is 48°) agrees well with the slip
senses (with both left-lateral slip and reverse slip) of the east segment of the Xiahe fault. The
east segment of the Xiahe fault may be structurally part of the west segment of the Lintan-
Dangchang fault and is part of the positive flower structure of the West Qinling fault, and the
Xiahe Mg5.7 earthquake in 2019 represents the tectonic activity of the west segment of the
Lintan-Dangchang fault.

Key words: Gansu Xiahe Mg5.7 earthquake in 2019; causative structures; Xiahe fault;
Lintan-Dangchang fault; West Qinling fault
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Fig. 1 Regional topography, active tectonics and historical earthquakes

F: East Kunlun fault; F,: West Qinling fault; F3: Longmenshan fault; F,: Liupanshan fault; Fs: Tazang fault;
Fg: Bailongjiang fault; F;: Guanggaishan-Dieshan fault; Fg: Lintan-Dangchang fault; Fy: Ha’nan fault;
Fy: Wudu-Kangxian fault; F;: Liangdang-Jiangluo fault; F,: Lixian-Luojiapu fault; F}3: Longriba
fault; F4: Minjiang fault; F\s: Huya fault. The base map is SRTMI (shutter radar topographic
Mission) DEM (resolution is 30 m), and the focal mechanism solutions are from GCMT (2019)
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Fig. 2 Active tectonics around the epicenter of the Xiahe M5. 7 earthquake in 2019

Stratigraphy and bedrock fault data are from 1:200 000 geological map (Hezuo district). The earthquake
intensity field refers to Gansu Earthquake Agency (2019)
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Fig. 3 Fault geometry of the west (a) and east (b) segments of Xiahe fault

The base map is IRS-P5 satellite image from India with the resolution 2.5 m
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Fig. 4 Offset geomorphologies to the south of the Tangnaihe village along the east segment of the Xiahe fault
(a) Remote sensing image of fault trace, where red arrows represent fault trace; (b) Linear fault trace to the south of
the Tangnaihe village, where red arrows represent fault trace, view to E; (c) Left-lateral offset of a small gully and
its terrace, red solid line represents fault, yellow solid lines represent terrace edge, blue solid line and arrow
represent gully and flow direction, view to SES; (d) Offset geomorphologies 200 m east of the gully
in Fig. (¢), where red arrows represent fault trace, yellow dashed lines indicate topographic scarps

on gully terrace, blue solid line and arrow represent gully and flow direction, view to E
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Fig. 7 Seismotectonic model of the Mg5. 7 Xiahe earthquake in 2019
(a) The relocated earthquake sequence, and depth distribution of earthquakes along profiles B4 and DC (after Liu ez al, 2021);
(b) Plane view on the relationship between the Xiahe earthquake and surface faults; (c) Relationship between the Xiahe

earthquake and surrounding faults in deep where the red dashed line is the potential seismogenic fault supported by

seismic sequence relocation and focal mechanism presented by Liu et a/ (2021)
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JUMT R 2RI o0, BT Wi 24 5 2019 4F BT MS. 7 M= ] BEA7 78 2% U1 SR Bk .

XIE 4 45 (2021) 38 i gCAP J5 35 F1 P % A7) 2l oK fige B 7] b 522 09 2 PR AL A (35 1), IR
X2 8 A 7 Tt B M 5B P A EAT T R A AL (I Ta) , N R EWTZ M S EC W
312°, 5 ff 48°, W3 fA 48°, % WM 5 GCMT (2019) Al USGS (2020) By 5 1 1 K4k — 5K
(F D). KEWZICH S MR W RN, A REE — KRR, Wi 258 0] o 3120, 4 °F1f -
5 B KT 4 AR BEGE 1] 110°) 52 /NA (e £ 22°) B 5 & 7 B 2 8 1) L 2R (42°) i B2 o] By 4
{5 15] 200° (SW), - 7EIRFR AT REAH 22 (18 7b, o) 5 K Wi 2 F1 8 3 # 48°5 50T Iy 2L 1435 5
P T (L 390 o 0 2 S ) ARG I . TR DT A T T W Y 2 R i A, S K
0 F  TE h D7 B, I L T T AR B LA KA RS (T T SR BE K 39 km) |, T DL
AR IGE — B 5V R AW R A — 5 = T WAL, X I % 5 . A i s
PR G R (YA 0 o 1 T P L RS S G ST = = i 2 D I N T T P S - R TE
B — 2k Btk 4 2. IR, 2019 4F 2307 M5, 7 b5 ] i I 329 W7 24 AR B IR A= 1 — S B Ak 43 S 7
FEGE R, %y SR ) 3120, {8 420, f6fA 48°, U b5 AT N BE A AS, AR TR A
Pi IR E

Tl ARFBFFEHG K AR 2019 45 5L M5, 7 b i 72 UEAIL ) A
Table 1 Focal mechanism solutions of the 2019 Xiahe Mg5.7 earthquake issued by different institutions

BRIk it it My EORE
e fgifa/ sl e fgifar wahfae km
GFZ (2019) 336 57 84 166 34 99 5.2 10
USGS (2020) 307 37 40 184 66 120 5.3 14
GCMT (2019) 307 48 40 188 62 131 5.3 16.3
XIEHT45(2021) 312 48 48 185 56 127 5.36 5.9
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A SO A W] T SR Ml R R 300 0 R0 LA AR R BRI SR, R BRI I B A
B S Bl 1 S e R e e S R L 255 0 T A5 (2021) ) E Y R W2 40 A B2 L
B KRR AL TNk & R T2 T RE J BT I 2R BUR AR Y — S BR R 4 s (G 1) 3120,
{65 1] 42°, i £ 48°) , 2019 4F H ] Mg5. 7 Hh 52 ] 68 J& B T W 24 7R BEAA 3% 1% 3 1 485

BLIn) W7 24 AR B AW n) RS, T TED T AE AE R # LRI R 0H O B E — 55 B U 24 e e -
(F 7¢) . L, WVE—%5 5 Wi 2405 BBk T g S (ENE JE 1)) At 32 (EW-WNW & [1]) LAk, i
A5, T b 0 Y 9T U AR B I VR — o B D 2R AT B RS L W R R LA,
VOB S5 RB ML, U 2 440 B2, (R BOE A SARBORTE 79 B A bt 1m) e . A 5
B, 7 AR B o A R ) e ) RO
4.3 ARKAKN=ZHENERDSEAHELZEIH

HRSCR % (2013b) 7EBF ST 2013 4F IR EL 7% B M6, 6 HiIFZIEE 1, I — 77 B W 22 i 1%
AUk W R A0 AR AL 3 0 A R 43, HLAE TR I 20 vE e Jb Wi 22 b (7o) . i — B 1E— I
BUR MR T (0SS, 20145 Gaoetal, 2014; Xuetal, 2017) B T R R C—VG & 1%
i XA P, AR R KRG — VU 208 1 X R SRR AR T A B0 K EBCRT L4y B R
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TPEZEW Y X AR 35S . AT AT ST R BT, R AR B W L A Y AR X B 2 R K (van
der Woerd et al, 2002; Kirby et al, 2007; Harkins et al, 2010; 255, 2011; Ren et al, 2013;
WG AE, 2017), db il BV 28 e b % W 28 P A A9 AR R S R O B 384 55, 19945 2604
2007) , By X b i Bt 20 e R 22 S0 AR S BB XN A AR T R, R R R A ERT X
IR G 28 |, AR IE O XA 45 W A R R %

TEXFEM A& R EE T, 530 W 2747 B9 B DX WINW ] W7 224 5 5L 7 e S T 0 3 o i)
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