e 5t = 430 5

Caj-cdiET2ZHETI
HYDROGEOLOGY & ENGINEERING GEOLOGY

19654F 2 PR MK ATIR . RBULARE 3 X5 IR ALAFAE

LEHF, T AL

Precursors and Motion Characteristics of the 1965 Lannigou Rockslides and the Subsequent Evolution
WEN Baoping and WANG Fan

TEZL L View online: https://doi.org/10.16030/j.cnki.issn.1000-3665.202108065

LT RO H A R

Articles you may be interested in

F TR RIS T A M R A G A AL BRI

Evolution law of strain field and precursor identification of flawed sandstone based on Digital Image Correlation method
SRRl 28 K SCHLT TRR LS. 2021, 48(3): 150-156

T8 A1z sh Py B R AR BRI ST

A study of the similar material characteristics of fragmenting rock mass physical model

T i, SRS, MROHESC, RS, X038, XBELAE, 520, TR /K OSCHB S TREHJT. 2021, 48(2): 132-142
I “12.207 & L R i i 3% 8 i R b

Dynamics process simulation of long run—out catastrophic landfill flowslide on December 20 th, 2015 in Shenzhen, China

b, DR, 2R, B, X, E2A R KOOSR TREHR. 2019, 46(1): 129-129
SR T AR AR R SR U A AL

Hydrogeochemical characteristics and evolution mechanism of karst groundwater in the catchment area of the Sangu Spring

TR, R, A, TR, HEE, 2T 0E JKOSCH BT TR LT, 2021, 48(3): 62-71

PO = XA YA U e T A I 2 A AT

Spatio —temporal evolution characteristics of landslides in debris flow catchment in Beichuan County in the Wenchuan earthquake zone

20 B, B, RO, R K SCH T T AR 2020, 47(3): 182-190
A I N 1 W &k 70 e k08 A L ES

An analysis of the evolution trend and influencing factors of the groundwater flow field in the Sanjiang Plain

XIAEIA, A2 R RE, IR, Py, 25R4T /KOSCH R TR 2021, 48(1): 10-17

KEMIE AT, PFAHEZTER


http://www.zgdzzhyfzxb.com//article/doi/10.16030/j.cnki.issn.1000-3665.202108065
http://www.zgdzzhyfzxb.com//article/doi/10.16030/j.cnki.issn.1000-3665.202004020
http://www.zgdzzhyfzxb.com//article/doi/10.16030/j.cnki.issn.1000-3665.202002024
http://www.zgdzzhyfzxb.com//article/doi/10.16030/j.cnki.issn.1000-3665.2019.01.18
http://www.zgdzzhyfzxb.com//article/doi/10.16030/j.cnki.issn.1000-3665.202004059
http://www.zgdzzhyfzxb.com//article/doi/10.16030/j.cnki.issn.1000-3665.201909006
http://www.zgdzzhyfzxb.com//article/doi/10.16030/j.cnki.issn.1000-3665.202008044

Vol. 48 No. 6 FRK o TR %48 4% 5 6 1
Nov., 2021 HYDROGEOLOGY & ENGINEERING GEOLOGY 2021 4F 11 A

DOI: 10.16030/j.cnki.issn.1000-3665.202108065

1965 F£ =ik 85BNk . FRIZEIZEE TN K
IS ERE L FFAE

xxE®, T Y
(L. PERFARSF (F) KFREZREFER, LT 100083;
2. PEARRAEHBET SRR ASFS, BE B 710100 )

THE: LREEHEERERE S OE RSB BRI — . 1965 472 U8 18 35 16 3h v 83 B AR SR a5 ™ B A S0 T 3 R
Fo MJE, 1991 4FH 2007 4T AT 2 REKMABLIE ) o SR, XF T 1965 472 U6 14 18 I i JE R0 2 AN 5 3K 0 Bl B AR G
F S W BEE SRR, M T I T I ARE M AR . AU T 2 . 2R TR AR SR A TE AL 4 R
L A B, % PR R EEEAT T AT, SRR R, 1965 AE T AT, T IR DA L AR SR T SR 5 1965 4E 11 22 AL 23 A
2. wE P Mztﬁﬁllfﬁaﬂ,ﬁﬁiiaé%m A0 A Ly A M ) 38 S 25 440 T g 45 B £ v 3 o 1) e A0 1L 38, 32 s,
L AR B ﬁﬁﬁiﬂz% R T AL R R L, BB — R N B RIS KT AR R IR e I Bl Y 43 T S R i A A I

DA Ll e IR A LA e R A, S O R A8 B F A R v S AR AT 3V AL TR AR 2.8 kmy 1991 AF T B R X
£ 1965%%@!2%%%%%@@@&. B, RS I 2 0k TV T TP B 2007 AF 3 IR DXL T 1991 A R X, W
B A2 S B m /N T 1991 W3 B i . B AT, W IR X P00 . VO R 00 L3 L b S A e, PG 3 b o — SR ak
YRR 16,7 m/a, PRG0N 1L3E 2455 Y IR SR IR . PR, PRGN L3 Som TRk i sh 22 3, s R e .

KB ORI BB AR BIIK; U DGR TR BIARE; KRG

FEDES: P642.22 XHEIARERD: A YEHS: 1000-3665(2021)06-0072-09

Precursors and Motion Characteristics of the 1965 Lannigou
Rockslides and the Subsequent Evolution

WEN Baoping', WANG Fan"’
(1. School of Water Resources and Environment, China University of Geosciences (Beijing), Beijing 100083,
China; 2. Xi’an Center of Mineral Resources Investigation of China Geological Survey,
Xi’an, Shaanxi 710100, China)

Abstract: The Lannigou rockslide is one of the most well-known giant and rapid rockslides with long runout in
China. The 1965 Lannigou rockslides caused the most catastrophic consequence in China since 1920’s, and were
followed by two more rockslides in 1991 and 2007, respectively. However, it remains unclear that how precursors
of the 1965 rockslides were and relationship between the two movement sequences was, so did the following
activities in 1991 and 2007. Those unclear questions were explored in this paper based on 23 remote sensing
satellite images taken during the period between 1965 and 2020 and the UAV image taken in 2019 as well as field
survey then. It is found that: 1) tension cracks could be seen on the northern slope of the source area before the
1965 rockslides, evidencing the precursors there, 2) the 1965 rockslide first occurred on the northern slope, and

subsequently induced the rockslide on the southern slope next day resulted from its strong impact, 3) rapid
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granular flows of the two rockslides jumped and flew over the northern slope of the transition zone, and scrapped,
entrained surficial layer there, 4) the granular flow did not reach the Jingsha River, but ended ca. 2.8 km east of the
intersection between the Lannigou and the Pufu river; 5) the source area of the 1991 rockslide just neighbored the
northwestern boundary of the 1965 rockslide on the northern slope, while the 2007 rockslide neighbored the upper
boundary of the 1991 rockslide, and 6) the detached volumes and runouts of the 1965, 1991 and 2007 rockslides
showed a decrease order. Recently, tension cracks can be clearly seen on both the northwestern and southwestern
slopes. One of tension cracks on the northwestern slope is extending with a rate of 16.7 m/a, while those on the
southwestern slope has shown no sign of extension since 2014, indicating that the northwestern slope may fail
again. It is thus that an attention should be paid to the northwestern slope via monitoring its deformation and

keeping local people away from the area likely affected.
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Fig.1 Simplified plan of the Lannigou rockslides
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Fig. 2 The source area of the Lannigou rockslides

and its components
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Fig. 3 The image covering the Lannigou before the 1965 sliding taken on Nov. 7, 1965 and clos-up views at different sections
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Fig. 4 The image covering the Lannigou after the 1965 sliding taken on Dec. 25, 1965 and clos-up views at different sections
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Fig. 5 Close-up views of the source area, transition/deposit zone on the images before and after the 1991 sliding
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Fig. 6 Close-up views of the possible tension cracks in the source area on the images before and after the 2007 sliding
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Fig. 7 Close-up views of the source area, transition/deposit zone on the images before and after the 2007 sliding
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Fig. 8 Close-up views of the tension cracks on the northern slope of the source area on the images from 2014 to 2020
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Fig. 9 Close-up view of a tension crack zone on the northern

slope of the source area on the UAV image in 2019
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Fig. 10 Close-up views of the tension cracks on the southwestern slope of the source area on the images from 2014 to 2017
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Fig. 11 The source areas, transition/deposit zones of the

Lannigou rockslides since 1965 and locations of
present tension cracks

1—1965 4F 11 A 22 HMFX;2—1965 4F 11 A 23 HHRIX; 3—iHshiE
[X;4—1991 4F 9 A 17 H¥FPEIX; 5—2007 4E 7 A 30 H X ; 6—Z4887,;
7—1965 4-REJE iz sh-+HE R L, 8—1991 4R iz sh+HERGL
9—2007 4EH ) fiiiz 3+ HE L

5 Fit5EW

(1) 1965 4F- 4= U ¥4 4 39k Jal o s, A6 ol 44 A B ik
AL RTIE, W AT 15 K5 Pk 244% v oA 5135 1965 41
11 422 H. 23 H 2R 3NF R BRI b
B et g, m O LR 32 vhedy, YROH Bl d
T s S B AT BB RER . el L BT RRAE, T
TEJE AR S &I

(2) 1991 4F 18 35 Y5 DX X4 1965 A1 At A ¥ 3 v AL
T R i O S ZE YA A, £k T P B

(3)2007 4F- 5 3 I X X408 1991 4F 1 3 b 5%, T 3
FHAEE S L 308 0 3 AR XY /N T 1991 AR 3

(4) HRT, 2007 4F ¥ 35 U5 DX A 0 434 355 A 3% 1 E
VG D e 000 A 35 A e, 3 448 oy A, AEL S 35 T W] )
R, B R R 16.7 m/a, FIFTE R BCA BRI B
Al RE

(5) RV REUR 78 W B IR X K v 112G A 3%, 3 1
M A B B AT AT B B A R DR b R R
MRCRAEZGM o DB 8K AR BE, S T R 1R
‘wﬁ*‘/ﬁl: %i&ﬁtﬁ?aﬂi*ﬁ%%ﬂa‘ﬁfﬁwﬁiﬁgﬁﬂﬁ

S W, Ko R

B ,uxﬁmﬁlﬂ B BT 1L 1l K 5 IR BRI Y
TR B T B A e X TE A ML AR . I b ot K2
(A0 B FIRES I oh 4

2 E#k ( References ) :

(1] AR, IR, i, 4. SR Ak 3 B3 de A2 e A

ijUaH -9*”{%iﬁﬂﬁﬁﬁf[cwﬁ)ﬁ%@ﬁﬁ%ﬁiﬁiﬁ@?
FARZVOE . B = RHAHOR A, 1993:

188—194. [ SHI Yafeng, TANG Bangxing, XU Bing, et al.
Survey of the Lannigou rock avalanche of the Pufu river,
Luquan County of Yunnan province[C]// Proceedings of
first symposium on landslides and debris flows. Kunming:
Scientific and Technology Press of Yunnan, 1993: 188—194.
(in Chinese) ]

[2] Sk, Pifedx, FF kiR, . s & ) B8 i P
A KRS B R ], 07 5 5, 2015,
29(3): 395 — 401. [ CHENG Xianfeng, ZHU Chuanbing,
QI Wufu, et al. Formation conditions, development
tendency and preventive measures of Pufu landslide in
Luquan of Yunnan[J]. Mineral Resources and Geology,
2015, 29(3): 395 — 401. ( in Chinese with English
abstract) |

(3] RIE. = gk 3l B2 e v v 3 [Cy/ b ) e 280 90l
W Y. db 5T BE 2 i AL, 2008. [ XU Zemin. The
Lannigou landslide in Luquan of Yunnan [C]//Catastrophic
Landslides in China. Beijing: Science Press, 2008. (in
Chinese) |

[4] BRUCKL E, BRUNNER F K, KRAUS K. Kinematics of a
deep-seated landslide derived from photogrammetric, GPS
and geophysical data[J]. Engineering Geology, 2006,
88(3/4): 149 — 159.

[5] DELACOURT C, ALLEMAND P, CASSON B, et al.
Velocity field of the "La Clapiere" landslide measured by
the correlation of aerial and QuickBird satellite images [J].
Geophysical Research Letters, 2004, 31(15): L15619.

(6] %W SCENE, BEE, AR BTL Sk T s R

AiE 53 BT (3], 7K S 5T T 72 3 S5, 2016, 43(2): 69 — 74.

[ JJANG Shu, WEN Baoping, LI Zhiheng, et al. An

analysis of the activity features of the Suoertou landslide in

Zhouqu County of Gansu[J]. Hydrogeology & Engineering

Geology, 2016, 43(2): 69 — 74. (in Chinese with English
abstract) |

[7] JIANG S, WEN B P, ZHAO C, et al. Kinematics of a giant
slow-moving landslide in Northwest China: Constraints
from high resolution remote sensing imagery and GPS
monitoring[J]. Journal of Asian Earth Sciences, 2016,
123: 34 — 46.

[8] STROM A, LI L, LAN H. Rock avalanche mobility:
optimal characterization and the effects of confinement[J].
Landslides, 2019, 16(8): 1437 — 1452.

dig: R E


https://doi.org/10.3969/j.issn.1001-5663.2015.03.021
https://doi.org/10.3969/j.issn.1001-5663.2015.03.021
https://doi.org/10.1029/2004GL020193
https://doi.org/10.1016/j.jseaes.2016.03.019
https://doi.org/10.1007/s10346-019-01181-z
https://doi.org/10.3969/j.issn.1001-5663.2015.03.021
https://doi.org/10.3969/j.issn.1001-5663.2015.03.021
https://doi.org/10.1029/2004GL020193
https://doi.org/10.1016/j.jseaes.2016.03.019
https://doi.org/10.1007/s10346-019-01181-z
https://doi.org/10.3969/j.issn.1001-5663.2015.03.021
https://doi.org/10.3969/j.issn.1001-5663.2015.03.021
https://doi.org/10.1029/2004GL020193
https://doi.org/10.1016/j.jseaes.2016.03.019
https://doi.org/10.1007/s10346-019-01181-z
https://doi.org/10.3969/j.issn.1001-5663.2015.03.021
https://doi.org/10.3969/j.issn.1001-5663.2015.03.021
https://doi.org/10.1029/2004GL020193
https://doi.org/10.1016/j.jseaes.2016.03.019
https://doi.org/10.1007/s10346-019-01181-z

