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(State Key Laboratory of Geohazard Prevention and Geo-environment Protection (Chengdu University of
Technology), Chengdu, Sichuan 610059, China)

Abstract: The water-rock/soil interaction of a landslide is a complex physical and chemical synthesis, which
seriously affects the stability of the slope. Research on the water-rock/soil interaction of a landslide on the
occurrence of geological disasters is relatively weak. This article takes the Jichang landslide as the research object,
analyzes the characteristics of the mineral composition and chemical composition of the rock and soil in the

landslide area, combines the compositional changes of bedrock fissure water and atmospheric precipitation in the
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area, and uses the principal component analysis method to study the water-rock of the Jichang landslide The
process of action and the influence of water and rock evolution on the stability of landslides are analyzed. The
results show that: (1) The weathering process of basalt in the sliding body is a water-rock interaction coupled by
mechanical crushing-mineral alteration, occurring on “micro-micro-macro” three scales. (2) The first three factors,
accounting for 49.365%, 27.135%, and 15.092% of the total variance, respectively, are selected to analyze the
chemical characteristics of groundwater. The main factor Z, reflects the control effect of the dissolution of basalt
primary minerals on the chemical composition of the groundwater, the main factor Z, reflects the evaporation of
groundwater and the precipitation of minerals in which the solubility of SiO, changes with pH, and the main factor
Z, reflects the ion exchange between groundwater and rock (soil) with the main participating ions being Mg*" and
K". (3) The products of water-rock interaction are mainly clay minerals such as illite, smectite and chlorite, which
increase the content of clay minerals in the structural plane of the rock mass, deteriorate and damage the rock
mass, significantly influcing the formation of slip zones and the disintegration of landslides. The results of
principal component analysis of groundwater can reflect the main process of interaction between landslide
groundwater and rock/soil.

Keywords: Jichang landslide; water-rock/soil interaction; groundwater; chemical characteristics; principal

components analysis method (PCA); mineral composition
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Fig.1 Geological map of the investigated area showing the

outline of Jichang landslide
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Fig.2 Plan and section diagram of Jichang landslide
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Fig.3 Structural characteristics of basalt in Jichang landslide
area under macroscopic, microscopic and microscopic scales
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Fig. 4 3D full-view image of the Jichang landslide and the location of the sampling point
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Table 1 Analysis results of X-mineral diffraction of rock and soil
mass in Jichang landslide

x2 BHBENELBETESWER
Table 2 Analysis results of rock and soil elements
in Jichang landslide

FEf R, R, R, R, R, FEA R, R, R, R, R,
WA 1% 9.6 20.3 10.4 — 31.2 Na,0/% 0.16 277 0.89 — 1.17
A% 9.3 2.6 32 16.7 34 MgO/% 3.23 4.47 3.25 1.90 3.67
A% 2.7 2.6 34 1.8 2.5 ALO:/% 14.71 13.58 15.19 17.79 13.68
RHCA 1% 16.2 472 41.0 8.8 31.8 Si0,/% 43.79 44.46 47.87 36.89 44.96
WK A 1% 1.8 2.4 22 3.0 2.0 P,04/% 0.75 1.00 0.92 1.22 0.82
BRERT"/% 3.6 33 4.1 5.0 32 SO4/% 1.63 1.45 1.17 0.37 1.66
WESH /% 5.7 1.1 6.2 13 — K,0/% 3.66 0.73 4.85 2.08 2.07
W' /% 3.5 2.5 1.3 10.7 9.1 Ca0/% 3.37 5.92 3.1 0.54 8.03
PRI % 9.5 0.9 12.7 32 0.8 TiO,/% 2.15 2.11 2.44 3.62 251
SERAT/% 32.3 2.7 13.5 33.7 42 V,04/% 0.09 0.09 0.06 0.13 0.09
LRI /% 5.7 14.3 2.0 15.8 11.8 Cr,0,/% 0.01 0.02 — 0.01 0.04
e SR FR A7 b SRR TS . RIS RE LA 2R MnO/% 0.26 0.24 0.08 0.24 0.30
KL E b s R 2 4, RARFRBLBUK L B AN BEEUR A IR L, RAR FeO/% 5.55 10.99 451 371 12.41
T B R R 1) PR R AT LA O IR e R AR A XA, RAR
MR R A i e 1 G (SN RUL 553, R AR 358 KT Fe0/%  13.88 849 1083 22.00 5.88
oo LOV% 6.74 3.69 4.86 9.49 271
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Table 3 Major ions of groundwater in the Jichang landslide

SRR/ (mg- L")

FE S S pH
Sio, Mg* Ca” Na’ K Cl Non HCO3 TDS

Fi7K1 1.01 0.78 2.86 0.10 0.16 1.34 — 10.08 10.31 6.0
mik2 1.28 2.70 0.10 1.11 0.68 — 10.08 10.44 49
A3 33.53 0.96 2.70 1.06 1.23 0.23 0.85 16.37 15.21 6.9
A4 22.53 1.59 6.61 1.28 0.24 0.4 1.12 27.71 25.73 6.8
kS 17.53 127 5.16 1.69 0.15 0.23 5.11 21.41 26.04 6.6
i FE6 18.53 1.36 6.35 1.44 — 0.13 3.57 25.19 27.77 7.1
EE7 19.87 1.24 5.87 0.58 0.50 0.38 487 25.19 22.51 6.4
A 21.20 1.18 6.35 0.96 0.18 0.36 5.56 25.19 29.08 6.8
k9 18.87 1.26 6.03 0.96 0.27 0.42 6.35 25.19 28.39 6.6
{FE10 3.28 — 7.94 1.64 0.14 0.24 6.79 31.49 31.92 6.9
L] 10.88 1.55 15.87 3.85 0.38 0.83 8.21 62.97 63.91 7.1

T (1)K G FR7K 238 H 3 HAE 1 S B i H2 b 7K, AR IURE A A L3 28K s (2) e VR vh S SRR BORE I 12 8 H 4 L, JBURE s n &1 3 v
Fi7R o

R4 BHBEM T KU FER ST B RIIE X R EFERE

Table 4 Correlation matrices of the major ions of groundwater in the Jichang landslide

H¥ Sio, Mg Ca* Na“ K cr Nen HCO3
Sio, 1 0.624 ~0.083 0.086 0.181 -0.613 0.019 0.024
Mg 1 0.390 0.419 ~0.356 ~0.126 0.255 0.429
Ca* 1 0.915 ~0.347 0.037 0.759 0.992
Na' 1 ~0.244 ~0.116 0.683 0.933
K 1 0.017 ~0.465 ~0.282
cr 1 ~0.288 ~0.027
S0z~ 1 0.756
HCO; 1
HARF 70% H TR K TS, ARTT 3 Ak 7 ES BARBETALZADERIDHER
Mo S B 2N N nEE Table 5 Results of the principal component analysis
2 2o 4 ﬁz LR L‘l }i@ Hj 9‘2% ARSI ofgroundwater in the Touzhai landslide
P48 X 37 T 3 T 7K B Ak 2 i A 3 B S B 45 R F— p . .
F 5 PR XFTHER 3 A F S, 4 3537 X I 50, e o o
KA () A EAE R Mg 0.561 0.514 ~0.422
411 EHTFZ Ca” 0.947 ~0.241 0.145
£ FE ¥ Z, H Na™ Ca, Mg*, HCO; & SO h F Na' 0.920 ~0.059 0.245
K* ~0.472 0.169 0.799
ST, AR BT 22 TTER R R L 49.365% . W T M 2 cor o7l 0743 0167
SCEL5) S DX a5 R 0 UG A T S, 7R 2646 1Y Nere 0.842 ~0.057 0.030
14 A REA TR e BT D Sk A D A 4 A S R 3, U 1) HCO, 0.955 ~0.144 0-202
B RHK T | W7 AT AR o B EE 1 52 00 0 1L, LA O oSS
A EEA T RHE A0 (2 80% ) A 58 5% W A AL ol 5 i gfufﬁk}:/cy 19,356 76,500 91592
griefl; £ 1P nl F R, RN AL R BE 4
1% (3 43 W T K A T D 7 DAL A R B e 7 (L) WA (1 Ve
SIS, RIS S U8 A B R U S 8 CaMgS1,0, + CaFeS1,0, + CaALSIO, +H' =
PG 5 S S A 2 M FOK o o, Mg 9 Ca™ +Fe™ +Mg™ + Al + Si0,
L FEER BTGB LSRG M6 5 K (2) A1 (e £ A
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