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Formation mechanism and stability analysis of a landslide in altered ophiolite in the upper reaches of

Jinsha River: A case study of the Duirongtong landslide

Abstract: [Objective] The tectonic suture zone of the Qinghai-Tibet Plateau has a complex rock mass structure and
special lithology combination and is thus prone for large landslides. However, many factors influence the formation and
evolution of landslides in altered ophiolite. Their formation mechanism is not clear at present, which restricts an effective
identification and disaster risk prevention. [Methods] Taking the Duirongtong (DRT) landslide in the Jinsha River tectonic
suture zone as an example, field investigations, UAV mapping, geochronological analysis, ring-shear testing, and numerical
simulation were performed to analyze the formation mechanisms of the landslide and evaluate the stability of the landslide
deposits. [Results] The results show that: (1) The DRT landslide is a giant landslide formed in the late Pleistocene. The
slope is mainly composed of basic-ultrabasic rocks, and several clay-altered ophiolitic bands are developed, forming a
sliding-prone geo-structure. (2) The clay-altered ophiolite has low shear strength under natural conditions, and its shear
strength drops sharply when exposed to water. The natural values of ¢ and ¢ are 67.0 kPa and 20.3°, and the water-saturated
values of cohesion(c) and angle of internal friction(¢) are 39.8 kPa and 13.83°. The DRT landslide is currently stable as a
whole, but the leading edge of the landslide may experience movement under heavy rainfall. Based on numerical
simulation, some preventive recommendations are proposed. [Conclusion] The study suggests that the formation and
evolution of the DRT landslide are controlled by the combination of geological structure and clay-altered rock.
[Significance] These findings have important implications for the slope stability analysis and disaster prevention in the
tectonic suture zone of the Qinghai-Tibet Plateau.

Keywords: tectonic suture zone; landslip; ophiolites; clay-altered rock; sliding-prone geo-structure; stability analysis
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Fig. 1 Geological background map of disaster-prone areas around the Duirongtong landslide

(a) Distribution map of large-scale landslides in the tectonic suture zone; (b) Geological sketch of the Duirongtong landslide and its surrounding
1—Lower Devonian Gerong Formation limestone with sandstone and volcanic rocks; 2—Middle Devonian Qiongcuo Formation limestone
cleats; 3—Permian Gajinxueshan Group quartz schist; 4—Altered basalt of the Permian Gajinxueshan Group; 5S—Lower Triassic Cigang Group
slate; 6—Intermediate volcanic rocks (greenschist) in the Lower and Middle Triassic Zhongxinrong Group; 7—Conglomerate and sandstone of

the Upper Triassic Jiapila Formation; 8—Early Pleistocene red clay layer, mud gravel layer; 9—Ultramafic rock; 10—Monzonitic granite;

11—Quartz diorite; 12—Fault; 13—River
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Fig. 2 Development characteristics of the Duirongtong landslide

(a) Landslide panorama (negative from google earth); (b) Strip of clay-altered rock in the middle of the landslide; (c) Strip of clay-altered rock on

the road to the left of the landslide; (d) Characteristics of rock accumulation in the middle of landslide; (e) Alluvial terrace developed at the

landslide front and sampling location of OSL dating; (f) Clay-altered rock slip zone developed in the ophiolite to the right side of the landslide
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Fig. 3 Plane zonation of the Duirongtong landslide
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Fig. 4 A-A'prof ile of the Duirongtong landslide

1—Conglomerate; 2—Basalt; 3—Sandstone; 4—Greenschist; 5—Quartz schist; 6—OSL dating sampling point of the DRT landslide;
7—Quaternary residual slope deposits; 8—Altered ophiolite bands; 9—Joint fissure; 10—Fault; 11—Potential slip surface; 12—Lower—Middle

Triassic Zhongxinrong Group; 13—Permian Gajinxueshan Group; 14—Upper Triassic Jiapila Formation
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Table 1 Results of OSL age determination
L0k % /m U/x10°¢ Th/x10° K/% ARG De(Gy) A Gy/ka K% RS
DRT-01 0.5 1.58 6.69 2.40 254.04+8.03 3.45£0.16 75 73.7+4.2
DRT-02 0.5 1.05 9.95 1.55 281.41%1.31 2.75+0.12 75 102.4+4.6
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Fig. 5 X-ray diffraction identification and fractional curve of altered rock slip zone soil
(a) XRD quantitative test results of clay particles in altered rock slip zone soil; (b) Fractional curve of altered rock slip zone soil
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Table 2 Material composition of clay-altered rock and particle size analysis of slip zone soil
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Fig. 6 Shear stress-displacement relationship curve and strength envelope of clay-altered rock

(a) 15% moisture content stress-displacement curve; (b) 40% moisture content stress-displacement curve; (c) 15% moisture content shear

strength envelope; (d) 40% moisture content shear strength envelope
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Fig. 7 Generalized geological model of the Duirongtong landslide

Table 3 Values of physical and mechanical parameters of rock and soil mass

F1/kPa Eff1/(°)
A T FCAbi it/ MPa HEL/N A = ng 2 e = ;ﬂgﬁﬁ] W KIRFE/(g + em™)
HEES AL 800 0.21 60.00 45.00 35.00 28.00 2.20
HEIZN 2810 0.20 460.00 400.00 40.00 30.00 2.50
AR A 310 0.24 67.03 4324 20.29 13.79 1.85

41 XAIATEEREME

TERRTHT, AR IE X FZAE P ZES I (K] 8a),
e KIE A 5 29 0.03 m, 3#WE I 5 T8 A8 KT 14,
26 I (18] 9a) , B 7 722 3 i 25 &1 (18T 8c) 3R B i
RS FRA B v T S A o T iR R AT ORI K
SRTU R Et 2B FOS=1.29, FWIAE KRR T F
%) HE 230 W R IR AR TR 3/, R MR BT
42 BERIATEHKBEEMH

i B 2 B (1] 8b) v] I, B B WY T 00 T e K AR
TE A AR T AE 2405 DU SO AL o AR s T HE R
W (2, 38) 8B K, WD AR 1478 T8 A X B/
(K1 9b), W 3 e KIEAZ 5 2978 0.15 m, 29 KR T
LT B S A% . B AR = R (] 8b) Bk s [ 3

Ab 1) b B N AR B G O, AR AT L — A5 R
LU . % T T RUE M RO FOS=1.03,
F W AE DR B R 00 T S B A G AR B K, AT AT
A JE B 538 1 1 Al O A 1 B

5 i
4 45 0 VRV 43 1K 8 BE R4 R

JRHLE I, A T H AR TS W2 B . A
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Fig. 8 Displacement cloud images and shear strain increment cloud images for different working conditions

(a) Displacement cloud image for natural condition; (b) Displacement cloud image for heavy rainfall condition; (c) Shear strain increment cloud

image for natural condition; (d) Shear strain increment cloud image for heavy rainfall condition
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(a) Displacement curve of monitoring points under natural condition; (b) Displacement curve of monitoring point under heavy rainfall condition
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