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Abstract: In recent years, a typical type of catastrophic ridge— top (or high— position) rockslide often occur in the strong
earthquakes such as the Wenchuan earthquake. It exits out from the upper part of the steep slope and forms a volley fall with impact
and crushing effect and dynamic erosion effect, causing the slide body to disintegrate and fragment , which transforms into rapid and
long run—out avalanche debris or debris flow, and entraining the lower part of rock and soil mass, so that the volume increased
significantly. The Xinmo landslide is this typical, it occurred at Maoxian County, Sichuan Province on June 24, 2017. The elevation
of the crown of the Xinmo landslide was about 3450 m and the front edge was about 2250m. The height difference of landslide was
1200m, and the horizontal distance was about 2800 m. Its volume was up to 16.37 million m’. The landslide buried the Xinmo
Village, leading to the death of 83 people. The Xinmo landslide was located on the western wing of the Jiaochang arc— shaped
tectonics. Its parent rocks were the medium to thick layered metamorphic sandstone intercalated with slate in the Middle Triassic.
The region was not only the epicenter area of the Diexi earthquake with magnitude 7.5 in 1933 (the intensity of the earthquake was
X) but also the strong earthquake—affected area of the Wenchuan Ms8.0 earthquake in 2008 (the intensity was IX). The mountains,
especially the ridge— top rockmass, were fractured/cracked due to the strong earthquakes. There were multiple groups of
discontinuous structural planes in the sliding source zone, and hence the thick blocky rock mass was cracked into fragmented blocks,
and the bugling area was formed at the elevation varying from 3150 to 3450 meter. In particular, there were two sets of anti—dip
large joints in the sliding source area, indicating a typical failure mechanism “locked—section”. Rockslide with a volume of 3.9
million m® exited and continuously accumulated at the back of previous residual landslide. The “overload effect” triggered the slope
instability under the exit and transferred into long runout channeled avalanche debris. Because the terrain was wide and the slope
angle gradually decreased, avalanche debris converted to diffused one and then to scattered accumulation. The Xinmo landslide
presents a typical disaster mode of the rapid and long runout initialed due to rockslide at ridge—top in strong earthquake area. A new
method should be established to recognize this type of landslides. Wherever there are large— scale rockslides in steep ridge— top
region, the “dynamic erosion effect” and the “overloading effect” on the previous accumulation and the talus of slope due to impact
processes should be considered. Especially in the place where there is abundant groundwater along the gully, the possibility of a
rapid and long runout rockslide—avalanche debris will increase. Therefore, in conducting the investigation of geological disaster, the
town, village or other populated areas should be zoned as risk area on the previous landslide accumulation of slope below the exit of
the rockslide at the ridge—top. The authors emphasize that, in the strong earthquake mountainous regions, the static balance method
for the landslide stability should be considered, and the dynamic research on the landslide runout processes and the disaster mode

should be strengthened.
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Fig.1 Location of the Xinmo landslide in Maoxian County, Sichuan
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Fig.2 Characteristic zoning and comparison of the multi-temporal remote sensing images of the Xinmo landslide
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T J i HE BRI 610 m, B 95 320 m, 34 JE i 24
11 m, ARFA 1952x10°m*, 8 JE B 3 M 45],
— 2K 0.5~1.5 m K Ik, FE P RERA
YDA A SR fi o A A RN B 5 1 I Bl sl
JERL (K 10¢,d) o
333AFHAFAKER (M3 LR )

5P X IARL, 0 J8 i LAY WO e SO
AR I o W8 IHE BRI 600 m, £ 5% 290 m,
SR 9 m, ARRLIA 156.6x10' m*, Bgr K/hA
B, — R i 0.5~1.5 m K K (IR 24 A i
KRFISmE R A, BoRi% X8 i 5 R
fEEL P 2%
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34 BRESREX(VEK)

FEA TP R R o T — 1 I e 3 )
TR ETSIE R T AR S I e
ARG o WU AR R BE R F 100 m, 5 BOR R 3]
Ko ZXHERPIAFALZ) 1.0x10" m®,

35 AREMEX(VE)

F 188 AR AT A BRI VR A Y P A AR A2
25| PERARTEAR , 25 Z R 2 A B 1 ik HE
FRIRM R, 1) R A1k 40 m, AR E RIS 20 8
AL 3150 m, M58k 35 m (Whi 2448 . ARRUE
ARk T A A A B IR 4, Hoh L R IR AR T A
(V1) RIZEE , RFLZ) 400 10° m? ; {if A8 4K
(V2), 2HIE K21 150%10° m’,

4 EHRPIR T

T 5L B 1 3 0 S ], K e R Ak B L
P BRI LI B FH PR T InSAR fF R
(1 11) . InSAR f# PR H] T BX %5 Jaj Y Sentinel %1
P, WHE H 2017463 H 15 HE6 A 19 H k20
Yok S AT, B3N A9, RN 15
m. SPHTFE T, 76 3150~3450 m A N 7 A
JEIX, 1524 300 m, %% 300 m, 1754 )7 17 195°, %
KIEAR ik 5.4 em. MR IX A LA HER
PRIFATE AP 280

8 758 B B U e % AR T 36 h BT AR A IR A
7 (PR 12), ¥ 9 X 26 i 28 i i 19 R 24 8 ik 1X
Sy AL S InSAR [ R4 SR A0 — B0, 7 IR IX
TR R 3150 m AN R R 3350 m —HF IR A T2
255 E MPEA T BY H K AR Y KR 150~
200 m, [RIAS, 7 WU X PGS, BT 3 SR ) )
5k G Ik 24 |, KA 200~300 m, X EE K 8 B A A
Sy EIL T ARG e 25 R S e
5 B EEFE) IR E ST

T R AR 1 2 LR R I A X A T
T B S 38 Bl R Bl ) S RRE R i SR 21
J5 A T XY M B 2 5T 1) A4S (Hungr et al.
2009; Sassa et al. 2014; Zhang et al. 2017) . A& 3K
XoF T S Vi M 14038 B TR R sl ) BRI T T o
5.1 BKEzhEREMIT

Hr, X PR E 7 2 T 0 S oKk g

103°38'30"E 103"39'0"E 103"39'30°E 103°40'0"E 103°40'30"E

P11 S EL BT P B T InSAR figt i34
Fig.11 The InSAR interpretation of the Xinmo landslide
before sliding

e

(01746 22 H 16:22)

12 BB RV I A W 37 /NS R R X B i S IR
Fig.12 Photo showing the bulging cracks of the sliding source
zone which were taken 37 hours before the Xinmo landslide

3k Vi B B B RN A2 B B A A TR 2 R S AR
R, BONTRIERTTRA 2N (Scheidegger 1973):

V= [2g(H-fxL)

Hop, V10 g U, g— T S, H— T
Jo Gk 0 R T RN AU 1R 22, L M5 K 0
AR AR ST PO BE B I IR 2 T A
BB BRI S IR B R, ISR R A

FRAE 132 2, ST 1B S U 38 1 00 s B
1o 25 5 U B Z R L 56 R (K 13a) o i
U, AT TR TR Sl A B 0k M e — I R A B
TR R ) Sl ():
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Fig.13 Geometric section and calculation curve of the runout velocity of the Xinmo landslide

V= [2g(H~fXL) =
(2% 9.8% (1125 - 1g(23%) % 2650) =5.24(m/s)

FRAE B 13 B LA 2R, T 30— I O ) A5 Ak e
MR 230, FHREHL, AT AT H U 3 )42 Bl
FE, Ho RS H AR (5 A, BEEE 3K 57.53 m/s; 7R T
i L ESHEBUA (FI A HE) AL (S5 B) , ST 72.81 m/s;
TE W PHERUA FE8EE) , T HIE AR BE , He A
72, o IR B e KA, 35 78.96 m/s 5 )3k 2 T i HE AR
G SR, T TR A Re i (L shag  #esh T
LW A AT B, RS TR A R T
6] 57 & wiiz B A FEVA R I, 802 s it B35 200 m.
F T R 7 96 B 8 BELRY , T 3 A R ARG R M e a2

o), IR 5.24 m/s, IF5 | R IESIR(E 13b).

{E 7545 1 A9 J2 , Scheidegger(1973) /A K % &
W E g A RS I R L)
Az I 2 sh AR AR
5.2 iBEsh I RREE S

i =] R A I O B RO 5 B R AR 1) AR
Bhic 5%, AT LASE TR B v st B DT T = AN B
(K14),

5.2.1 L3RBRIF LRI

IZAE R L 56 s. TENGIE AT, WR AR D
B 22 2 240 53 8 S Ik R s R (T 12) i HL 3l
1o W B — R AL R R A SR I TE ML S M B
P07, FEHERR Y B35 Ao A A R & i B

5h38ms8s 5h39ms4s Shd0m16s 5hd0ms39s
SRR AR R BRI RCEHER
lasting 56s lasting 22s lasting 43s
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Hef 1] (4 )

I | |
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Fig.14 Seismic record caused by the Xinmo landslide
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KA (1 10d) , 15a B U XA A 1 o sl B Rk
TR RRIE , I LAEL A HE T MR T BT O R
(B2 3000~3150 m) , X FE, XF FEBARME 117 1933 4F
VB SR AT B A1 AT IS 2R N 2
5.2.2 FEREIA B RN

A FRRESE 2 22 5o 1 F LRI VR DX AR
(4 i % o 2B, AR T Rk b i) e AR AR
W R KA B, R e . AR
13b S A S E S E AR 25 R, RS IE S 270, 1
J& i 5K B 249 1500 m, PRI, S 7 14038 24 O 66
m/s. R FH AR 15 A B i AT 2 R 24 68
m/s, ~HIEESEAE R, HA ] ek
5.2.3 TG RY L

IS RRAFEE L 41 s, WY E s ohiE 2
850 m, S5 B IR , PR A 27 m/s. BEBY
B fARw 2%, Frab BN 1933 4E 52 1 B 1)
HERRIX, % B & A8 F- 2%, 33—k 5°, i - e
GEIRAT VT T A S T A ) R S804 i
TR I 2 B (R A R —ais , B s oF
HERS 1 W HERLAR , BT WA L AT ) b 2
B IF R ETHERS 100~200 m,

6 1 &

7 BT W A AR LB R IAR L R SR )
FMEZ R T ENAN Z K, b b iz X e T
ZOUR BT N 2 CHEA AR R A, o o TAERR
S HUE R Y, X U FR AR B I BRS  RIEA
F-BCE R BESE AT N 50 A2 L1 X4 i o ¢ B R A T A
ZR(Yinetal. 2011) o ARSCH =TS :
6.1 B RIANE

L2 2548 T T S T S T I X LR 4 it
] 254, 5 2 A JEHOCRRE . 7 — B S
T ARMEIE B SRR IR PR AR R A
W2 A T 1) ) SABAC TR B | g PR 2R A
B PR AL T MEPE RS T o BT 3B VR DX )
Fay v TN Fa HLBE 15 1989 4F & A A DU 1| A 22 1117 1
T 1990 4F- %2 A 1Y) 2 T IR 3 45 T 3 R 2R A0
BHBR Z Ry B [ B 28 e Wa e SRR B R4 3%
L 500 (Huang et al. 2011) . VFSREEH T8 By
PR DX LR TE 1933 4F 51 178 v i R 24 = A hr ik
8% Z JGE 2R HE KIHE DL R ERIERT,

ISR R FAEIR (Xu et al. 2017) . 57 S5t d
T IR TR A B BB K R 386 i fisk S S S
e AL AR (Su et al. 2017) . ZEFWRIH T B8
I B Ak IR I e s R AR PR BB AR, &)
ZEE m ALY, AR R R A P AR b 1 XL
A k1 (Yin, 2017) .
6.2 BIRIEBNILTE

B i 3 0T LA SR S AN B BE s (1) w6 1 3 B
th, (2) 30 7 v P RN 2R SoR e % B A R
PRIC TR B, (3) 7R V5 A 0 80 v S AR o [ 4
T HERRUA 3R 3, (4) T BUHE ZE MR BE JERN T
(5)HTZIE e np o e R s = . X — e
RS SE RAEH & 2 . AR A %5 (2017) XX —ad
FEVEAT Tigad , 2 1 T MR 7K B4 FE X v s A
ez, AN i FRb e 1933 4 7 v B 1Y)
B BE HE R ST T T ARk AR IR X R 2
SCPETIE AR W 3l o XK (2017 ) AR F8 47 s i
Ik b UL 5 35 A AR A SR, A H 24 HIB RS 1
38 m55.6 s T 3 fih Ml , B 45 S /N A 5 WO 2 LA
Y A E e ] 249 3.5 s IS IS — N
W SRy s 0l T R T I RREERT R 2 S s, h
O DX REAT 1555 5 PG AT P L) [H] 29 30 s Y /NI
WY R —ROK, HUER RN R A — IR
FUK AL W B, LRt B] 60 A3FD , S0 vk i 3 1Y)
FARFIGIT AR VSR U 3 /NS 5 355 )
TG B KRGS B BB LA AU i AR FH Y
120 s, HoA WA 60 s, 8 ShIE 29 2.6 km, fip Kiz
SR FE IR 74.6 m/s, Ja T LR R T B — RS
(55 ,2017) . B SR 100, IR IX A kg £
YNSRI TTYIE] Y S AR Ay | = A SR i
PERY LS Bl HR, B TR IR X R S TR
X i ARk 5 B TR BB g v FE SRk
A e T AR R O 5 =, N R NI TR IX
FIHEE B DX, B RE 530484k ol 27 ©; X da 1§
T, VEAAABEA Y — 45T NEE—SWW [ Wradar 2,
B AL AR 2 (R 3150 m) , BT IS, W
PR X S U AR “ 225 | 8RS I R &R
6.3 FIRFHRIRA

MFE K, K H InSAR R 2 07 1, vl LU
T i BRI Ao A 75 e 30 1 3 7 18 R AR I A i IR A
o VOE MG SR T U W LA A o B R
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58 R A AR A% B0 A TR A HE A RN BRI B T
B, CARMEX % BB AT U SR A & B,
OHURSSAE S 1 A R oG B b UL A, Xof o [ 7
A L DX AR B P 57 AR 1 ¢ 3 ) R4 T HE 5 A 3 B
Bii7E (Fan et al. 2017) . ZEH U0, BIR A et 47
ARTF-BLEE T ARFRAR, A a] 7 Bl i BES 7 ik
Xof 3 A e A7 o 1L AR ) S o B A R A R L AT
SRIE BT IR DL, D RSB 7 3 0 W, s
VS TR U DX A R R A R AR Bl R LU HE Y
TEAHER T 59 1R SRRy b, BRI A — A
35° ~ 40°, %124 2000 m 22 378 A AR} EAS 237 ok B X
) 9 M (R BE 82 £ 241 0 25°) , AR ME S IR 1 4 % 2B
HOE R 8. Pk, R BRI | 24 Bl R
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