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Abstract: In this study, we used the EH4 audio-magnetotelluric sounding, combining with the drilling data, to
detect and define the spatial electrical properties and structural characteristics of the Qiaojia paleo-landslide. Based
on the detection results, the average depth of the main sliding surface is considered to be 250 m and six faults (F, -
F,) were identified, among which the Xiaojiang fault zone (F,) is the main active fault. Meanwhile, it is inferred
from the sounding results and drill date that the terrace along the Jinsha River fall into four layers from the surface
(Qh) to the deep, namely the sandy clay layer, gravel layer, broken limestone layer, and complete limestone
bedrock. The broken limestone layer and the complete limestone bedrock are in the bedrock outcrop area from the
surface to the deep. The comprehensive analysis shows that the paleo-landslide is temporarily stable at present, but
along with large earthquake activity in the north section of Xiaojiang fault zone in the future, whether the paleo-
landslide is likely to revive or similar paleo-landslides will reoccur in this region needs further study. Our study
proved the effectiveness of the EH4 audio-magnetotelluric method in detecting gigantic paleo-landslide.

Key words: Xiaojiang fault zone; gigantic paleo-landslide; EH4 audio-magnetotelluric method; sliding

surface; Qiaojia
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bk FaE AR p/ (& m)

A AL T H
i+ Q 30 138~256 147
WEH+  Q 30 55~121 71
Wiz Q 45 392~712 1162
WA Py, Dyg, S,s 112 840~ 9743 3686
AW Dyps 12 1429 ~2582 2030
KR Pe 64 116 ~650 310
HZ= %5 D,q, S,s 22 2805 ~ 8321 4663

A BT A D R B3 1 WA, BRI
A1 LB R EE R BRI b B 28 > K > A 5
WAESTHRZ>ZTRASK >R+, Hf, A
7 LB ROE B (E N 4663 Q - m, JK A HL B R34
503686 Q -m, ¥ ihsE 4 (D,q) M FE)E b
o (S,s) HBHBAL (P,y), 5 H )28 A PEAE
FEMT R M 22 . IR JE 1L X iR B R (E R

310 Q -m, 5SEAHB A (Py) KAMFEWEHE
PEZES, BUR (Q) HFHRDMAMX /N, =K
HUHAAERARREER, FIED M+ 50
BRZHEEE R IR, Wik, R E R H &
SR EH4 5 500K e 0 R I e ()
XA
3 HUEH 10 & mALE M ERESE

REME

WY 10 e AR B W R, TR
BHEWA, BEWMA 1 km, HESVIITH, K
WP WAL, W AP, VIBAAL T 144 ~ 348
SR, AT 90°; FRELALF 348 ~ 556 5
), AR 54° (B 1),
3.1 T REE

FH B A A R R R, Y E AR )R
FERNEWRL2HE (Q), F-Sguk)E 1L LK
HH (Pe) MITZ&SGMHBFA (Py), 2HG
(Q) HEE&WIHEMH EEENMEtoh BUZ, Ak
R, B WG R - SR L AR A
BOMEWRZ, AEFENE L, El EEE



o521 ZE

R, A R EH A b R TR (R 35 52 580 B L 11

KA A RZE, XREH (Pe) £
BRI LR AMETEREN AR, BH4
(Pyy) AMHNIKE . EFRWAERMASE.
3.2 EH4 MRFNERELERSHEREER

MR AL B R T B - (BT 4) nIUL, EH4
DRI ZE 8 6 45, /MNLEWr A (F) . £
Wrgd (F,) . IR AW (F,) ., &k-Di
BIEiZ (F,), EE-FHFER (F,) M5 H5-
BRE TR (Fy) o BREZHEAR A 0 5L,
FEORETH B 7Y 1) AR A 5 v I BH— 5 BH— IR BH— 15
BH— PR L PR AR . 25 B PE (ldE) IE
Br, BURLSHSE (Q) W FK LRV E N
71 Q -m AR HBHAPE R 147 Q - m W0 0R)Z AL
FFEBIE R 1162 Q - m W JEH 1L B f A E N
310 Q -m, KA HLBHACP I 3686 O -m,

eI PGB, RI7E &V & W8 U R &0
g 0(Q) MiBr (252 5N UIVEMEL), VRIZ
PR ARBH R AE o 0 A 2 P 381G ) 2 o B
FRAE 5 DA 1 3 380 T8 35 40 O 4 W7 Sy 120 RS 42 R —10
BRIZ—¥m (W) KAJZ—m 8BS (KE)
JEWE, e A &L A B L R, B AL
LA 300 m, RUWEFS (EX, 2016), L
Wi 0 R 48 gE (Q) Wb BUKE - 2 — i8R )2 M 2 I
AL 500 m 247, 7E 252 S LTI HIEE, WEIE
F T 29 200 m AEAEARRE)Z , 200 RS - 51 A%
BH, BPRKG + 2 FIRE 200 m &£ 47, WIRA N
260 m; HTWERZFHIEEL 150 m, &JEik
220 m, 7E 200 55 LLVY b BRI, AF AE 17 VG 2% 1
AR BELHT | I Ay — A 1] PO 00K 2 1 B T, IR i
R EAPBORG A R (58), MK, N
M2 ARBH . 7E 152 5 i A BRI A7 8 3 8L 37 ) IR BHL
W, R REBEM BRI (F,) g, i
B SR (5%) . 1E 224 ~240 5 ] b B
FAOTRAR , A7 AE T A 3 ALK P 52K bR e A 4 I BE
T, HEWTZ A (A AT A R
FERAAE ), $L24R UK I 2 KR

TEH VB (252~320 544, 2R
B ZR U 1L 2 A R BH OB A A, A 4R b 2
REVNRRHGE (Q), <A SR b J2 34 J2& BH #7241
TR o 2% DX BB B S22 Bl RORT A ok R A 1
BEARSL, A Rk 2 2P KB, A 248 ~ 272
5 RURNEAE — A T B R H B B R A R
Jr A AR B AR 2 BB AR 2 < RE AR A i 3 Bl

SRR, HEWTSZ ANTEWI R (F,) R 9 b
(Fy) 52, #43% iz 3 55 ) J /N T 2400 1 38 iz
B, TR BUK WA AR . Lk, /N 3
(F) REELZRARKOB LT, Xka#id
NI (F)) WA R B R, IFERAKE
th, EH TR R A 5 R A WA, B DR
BEL . Jmy 08 v BELAAS 1z Ay BH 3 20 K o

R B (320~520 5 45), WZHME &
E RS E ) = el 1 i 1 S A S 7 N R N
O3 RS AR B il (R ) R R R IR
FHoERE LS (K ) J2o WA 1m) P 6 A {1 BEL 75
VilbSL A

FERIMAREB (520 S8 AR), HZHE_&
FOHB AL o BB 224 SR e A 0% = BH AR S
HA R PR, 520 5 S MR Z Wi (F,) m,
MR E, MR AR R AT, T A B A R R
o DBy G B Rk (R K
2, i B Ry 85 58 B IR G TR AR BEL A 1 Dy 0k
JE W=, RO ETH AR o s 2R 200 m A2 4G, T
WREMZR A HE, PR ELR A S K
EIL P

4 EWEMHES N

R4 A0 Fi B %6 iz i 245 SR I 3 b TR TR 28 R AiE
WA (B 4) 5 50 W 3 N 4 Vb T 28 00 T B
K259 km, HUFEM (B KAZESEEES
(KA JZR R St W e ny W himm W e T
fLF 540 5 S BT, WK 3000 m; VMR R %
(BE) 0T 536 S, FoRARBE, T EH L, £l
WER /NS W E 2R TR KRR H & R
RS, TEPIE BB HE (520~536 5T ). IR
S EW S K 6 km, 54 FHHEE 280 m
Ati, WBBUE % (BE) 25/ A& B )
WRERRE, 7F250 m 24 ; WERBHNEGH 2
T UH 2% )R B B MBS O, M 300 m T 2 R
550 m, WIRAEEERKE, REBAXRAE, 1§
e b AR B0 1 S E IR BE D 100 m A2 A B IR T
B, Y DY R T, R f R
M5 E/, mim AR RNEWILhal, B
FADX S, WdkaTm (S ILil) 7oA — SR
SUE | TE SV R SR L S

HR A IR A R M BT | & Rk M R M A R



2021

& http: //journal. geomech. ac. cn

R hFF

322

uonoas pardyul -[earsAydood pue -1eo130[033 ay) Suimoys weidel (9) adeys opIjspue| pue S}NsaI UOISIIAUI UOI)OIS 9y} SuImoys werdel( (q) -opIjspue]
odred onue3I3 ay) uo UONIAS Y JO YI3ays uonedo] (e) -adeys apijspue ayp Jo weiderp onewayds pue ()| aul jo 3unodadsord [eorsAydoad jo uoneroadiour sarsuayardwo) 314
BEYHRRAW QUBH S LR %01 VB
(52 A R 3 0 B RO A B o R T A B R [ LT R e H R I e

wooy

00¢

Ak 4 00T
g Tk e

P g = ! 206
b ST USTIRE
e
i
g ”vn
: R
I B0 R |
ST ARELNY [ ] BUICHERHM |
T /¢ 11 1713 s N2 v4 - 230" vy
TEMGNET 4 o
S R 24 TEMORBI R S awwm < ez e
B TR HAEEIN S (R MR\ wids o]




o521 ZE

R, A R EH A b R TR (R 35 52 580 B L 33

BHAR, IR EEWFHIE S MG ER, 5
)50 km®, T 10 L7 T Ytk bl &, BF
LY By 1A XA TR, R AN T R W BT B IR
250 m, RFZHN 125%10° m®, J& T B &,

5 Hi

(1) A BH A0 0 T T 1 R M XA 2
A REA B R EUE R B MK K B = A >
TR > A TR A SRR ZE > Z B A > K SH R £,
BXRA LR EE TR,

(2) FIH EH4 550 K G IR TF R T IR
T T R, R 6 45T B b % Bl I
(F,—Fy), Ho/NLww (F) HEHH, IF
BlsE T 2 A2 & BTG X, JEARA ] T 15
Fbr MO 2 ) PEARAE, EMSEIR KW, &0
VLI 25 M A5 10 2 T2 45 P Nt 3 3] % 3 A0 WK A 10
Ki LR —0 R 2 () Roa—x %A S
(A 22, WX BT R (W) K
HERIKEPE

(3) W T 15 5 00 W Bk 0 45 A RRAE T Bk
I8 R WU A R il (e ) KA 25 58 & 5k
HOKE) JZRFE O W s, W OF R
250 m, fHEATLZ 125x10° m®, J& T E & i 4k,

(4) BFXT T 52 i i B 04 25 ) el 5 4 4 R AE
PE A 0 45 SR UL, EHA T8 K b H W% I I s
XTI TR B 0 2 L A AU b R A BT

References

CHEN Y S, 2015. Development characteristics of geological disasters and
engineering geological zoning for Qiaojia County and Back
MoutainSlope [J]. Journal of Chengdu University ( Natural Science
Edition), 34 (2): 196-199, 208. (in Chinese with English
abstract )

FENG Z, WU Z H, CAO ] W, et al. , 2019. Engineering geological
characteristics of gigantic pre-historic landslide along Qiaojia section
of the Xiaojiangfault [J]. Acta Geoscientica Sinica, 40 (4): 629-
636. (in Chinese with English abstract)

DU R G, HU B, 2006. Application of continuous imaging system of
EH4 conductance in geological exploration in Yinchangpo [ J].
Mineral Resources and Geology, 20 (4-5): 534-537. (in Chinese)

GUO Q Q, GUO C B, SHEN W, et al., 2017. Geophysical
exploration and sliding surface discriminant analysis of large-giant
ancient landslides in Minjiang river valley, Western Sichuan [ J].
Journal of Geomechanics, 23 (5): 788-797.

GUO X J, JIAY G, HUANG X Y, et al. , 2004. Application of multi-

electrodes electrical method to detection of slide-faceposition [ J].
Chinese Journal of Rock Mechanics and Engineering, 23 (10):
1662-1669. (in Chinese with English abstract)

HAN P, 2020. Forward Modeling and Inversion of the High-Desity
Resistivity Method in Detecting Karst of Different Filling Types [J].
Geology and Exploration, 56 (6): 1219-1225. (in Chinese with
English abstract)

JAVED I, XINBIN T, LING X. 2017. Landslide hazards in reservoir
areas; case study of xiangjiaba reservoir, Southwest China [ J].
Natural Hazards Review, 18 (4): 162-174.

JIANG X, HUANG XX, 2011. Application of EH4 system for
prospecting concealed ore deposit in the overburden area [ J].
Mineral Exploration, 2 (6): 784-788. (in Chinese with English
abstract)

LI L X, 2009. Application of geophysicalprospecting to multiple and
super landslide investigation [ J]. Chinese Journal of Engineering
Geophysics, 6 (5): 575-579. (in Chinese with English abstract)

LIS W, HAO, X, JINKK, LIUF C, etal., 2000. Morphological
interpretation of induced polarization anomaliesand its application
[J]. Geology and prospecting, 36 (1): 48-50. (in Chinese)

LIJ X, WU Y L, HANC, et al., 2013. Prediction of dumpl and
slideusing resistivity imaging survey [ J]. Journal of Liaoning
Technical University ( Natural Science), 32 (1) 33-38. (in
Chinese with English abstract)

LIU J X, JIANG L X, YAN J B, et al. , 2008. Application of EH4
electromagnetic image system in survey of tunnels engineering for
expressways [ J].

(6): 652-656. (in Chinese with English abstract)

Chinese Journal of Engineering Geophysics, 5

LIU G D, 2007. The new progress of electrognetic method and
Beijing: EarthquakePress: 1-5 (in Chinese).
LU Q F, BU S M, WANG S X, et al., 2015. Application of

instruments [ M].

comprehensive geophysical prospecting method instability evaluation
of land slide [ J]. ChineseJournalofGeotechnicalEngineering, 37
(S1): 142-147. (in Chinese with English abstract)

MAO Y, LIUZF, YEJ Q, etal., 2016. Analysis on strong earthquake
risk of Xiaojiang fault zone [J]. Journal of Seismological Research,
39 (2):213-217. (in Chinese with English abstract)

OU Y N, 2009. Analysis of anomalies of No2, 3, 4 low resistance on
EH-4 high frequency magnetotelluric depth in deep prospecting

Resources Environment &
Engineering, 3 (4): 500-503. (in Chinese)

TANHY, LVJC, LIUGX, MASM, etal , 2011. Application of

inTongshankou ore district [ J ].

the Audio-Frequency Magnetotelluric Method to Search for Concealed
Ore bodies in Southeastern Hubei Province [ J].
Exploration, 47 (6) . 1132-1141.

WANG L, LIXB, SUZD, etal., 2019. Application of high-density

Geology and

electrical method in loess-mudsione interface landslide investgation
[J]. JournalofGeomechanics, 25 (4): 536-543. (in Chinese with
English abstract)

WANG S, 2016. Study on slope dynamic stability Baihetan Reservoir
QiaojiaCounty [D]. Chengdu;: Chengdu University of Technology.

(in Chinese with English abstract)



324 WR /155 http: //journal. geomech. ac. cn 2021

WANG W R , 2020. Study on the development characteristics and
genetic mechanism of loess landslides on the Zhonglan Railway [J].
Railway Investigation and Surveying, 46 (4): 64-69. (in Chinese
with English abstract)

WANG Z H, 1996. Remote sensing investigation for a huge landslide:
Qiaojia County landslide [J]. Remote Sensing of Environment, 11
(4): 280-284. (in Chinese with English abstract)

WU X X, DENG M. 2010. Formation Mechanism of Ala Landslide and
Analysis on Blocking River [ J]. Journal of China Three Gorges
University ( Natural Sciences), 32 (3): 48-51 (in Chinese with
English abstract)

XIE M, 2020. Remote Sensing Interpretation of Engineering Geology and
Route Selection for Yining-Akesu Railway Based on Multisource Data
[J]. Railway Investigation and Surveying, 46 (5): 40-46. (in
Chinese with English abstract)

XIONG J, WANG J S, LIAO X P, et al., 2013. Application of
multi-electrodes electrical method to landslide in vestigation in
mountain area highway [J]. Railway Engineering, (8): 97-100.
(in Chinese)

XU XQ, SULJ, LIANG S Q, 2015. Areview of geophysical detection
methods of land slide structurechar acteristics [ J]. Progressin
Geophysics, 30 (3). 1449-1458. ( in Chinese with English
abstract )

YIN Y, HUANG B, WANG S, LI J. 2015. Potential for a Ganhaizi
landslide-generated surge in Xiluodu Reservoir, Jinsha River, China
[J]. Environmental Earth Sciences, 73 (7): 3187-3196.

ZHANG G, HU W J, LI Q, et al., 2017. Groundwater chemical
characteristics of the Qiaojia district in Jinshajiang river valley,
Yunnan, China [J]. Carsologica Sinica, 36 (3): 339-345.

ZHANGG B, 2012. Exploration an deffectiveness analysis of high-
density resistivity methodon Chujiaying giantl and slidesite [ J].
Progressin Geophysics, 27 (6): 2716-2721. (in Chinese with
English abstract)

ZHANG J C, WANG T, 2015. Application of EH4 conductivity imaging
system in exploration of deep buried landslide deformation [ J].
Geotechnical Investigation & Surveying, 43 (2). 94-98. (in
Chinese with English abstract)

ZHANG X, WANG Y S, 2017. Activities of Xiaojiang fault zone in
Baihetan hydropower station reservoir [ J]. Journal of Engineering
Geology, 25 (2): 531-540. (in Chinese with English abstract)

ZHANG Y S, GUO C B, YAO X, et al., 2016. Research on the
Geohazard effect of active fault on the eastern margin of the Tibetan
Plateau [J]. Acta Geoscientica Sinica, 37 (3): 277-286. (in
Chinese with English abstract)

ZHANG D, WUZ H, LI J C, et al., 2013. An overview on
earthquake-induced  landslide

Geomechanics, 19 (3): 225-241. ( in Chinese with English

research [ J ]. Journal of
abstract)

ZHENG J H, HUANG B L, ZHANGQ, et al., 2020. Study on the
surge in duced by the collapse of dangerous rock mass in Longmen

Journal  of

Village in Three Gorges reservoir area [ J ].

Geomechanics, 25 (4). 533-543. ( in Chinese with English

abstract)

Bt Fp 32 5 2 STk

BiAc Az, 2015, T5 58 B3 K Lk i 5 ¢ 5 R AR 5 TR M R
grIX LIl AR FER (AARF M), 34 (2): 19-
199, 208.

AR, Shi, EESC, 4, 2019. /NS 15 5 B A 1
FH TR [J]. HER2EHR, 40 (4) . 629-636.

oo, ik, 2006. EH4 M5 R %S R R GETEAL) Bl i 1Y 4
R [J]. 05 HB, 20 (4-5): 534-537

SOMRAR, SR, B4, 45, 2017, )| VG R YT 48 LR R OR E R A
WA E MR (1], T S22, 23 (5) . 788-797.

WFEAE, BUKRI, BEEEN, 4, 2004, R A A A BH 3R R A T
Wmarsy [J]. HA %5 TR, 23 (10): 1662-1669.

EEMS, 2020. 5% B H BH 2% 3 26 SR AN [ 421 78 28 P Y O
WrgE [1]. MRS58, 56 (6): 1219-1225.

Y&, BUNE, 2011, EH4 B 5 X S BR T R g R (],
B, 2 (6) . 784-788.

ZORE, 2009. WHRTEZWIKE MBS g A (1], TR
R IR, 6 (5): 575-579.

oA, RS, P, S5, 2013, SRR R R NG HE R
Mg ()], T TREREARKREER (AAREM), 32 (1)
33-38.

ZERESC, FRH, AR, 4, 2000. RS RIS MR T B b
NHBESE [J]. HBTSHAR, 36 (1) 48-50.

MidH, HEE, mgoi, %, 2008. EH4 RS R G TR A
BRI TR SRR (1], TRMERY IR, 5 (6): 652-
656.

XN MR, 2007, RE I RTHL RE R AN AR BT R (M.
fAt 1-5.

B, NERL, FAEB, %, 2015 LA YR E W YRR AE T
MR RS [1]. A B TSR, 37 (S1): 142-147.

EalE, XUAM, MK, %, 2016. /)T AL R R G S P 2 A
[J]. HBREWESE, 39 (2). 213-217

WK EARE , 2009. 41l 08" X 07 EHA = 450 K H e @ 00 R A BHL
2, 3, 4SRN (1], WEAKES TR, 3 (4): 500-503.

WM, BIRM, XA, &, 2011. EH4 3 40k b w0 Oy
BERRE X FHRERTEWEAE [1]. #iSHE, 47
(6): 1132-1141.

FE, Y, FEK, &, 2019, mEEREET - A %M
BRI [J]. MR 2R, 25 (4) . 536-543.
TR, 2016, FAEGMEE XI5 K B R Y sh iR e g [D]. &

H . RARE T oK

FOCHT, 2020, SRR W Bk R BRRIE SR R PLEE O SE ()]
BRIEHIEE, 46 (4): 64-69.

FIRAE, 1996. FE R Poim R A . IR EWIEY (1], BB
TERE, 11 (4): 280-284.

SO, AL 2010, BURLHE P AL I (1], Sk
FEEM (ASREBIFIR) , 32 (3): 48-51.

WS, 2020. BT 2 YR ECHE Y O BBk I TR b R S R A R e e R
[J]. ®RiE#I%EE, 46 (5) . 40-46.

REW, FEMS, BUNE, %, 2013 55 %R e 1L X 2 B
WP R (1], BRIEHS, (8): 97-100.

et R

o



%2 B, % R EHA A M R VR DURRIN IS 52 R bR R T A G 395

WDE, TRALH, UK, 2015, Hb IR 4 B 5 R 3 Bl A 2 4
TERFSE AR ZEAR (1], HWERPZEHE R 30 (3) . 1449-1458.
OB, 2012, ¥ 5 E E ORI B0 R I g% AR A

[J]. HuER$yBR2EGERE, 27 (6) . 2716-2721.
B, WISCH, 2, %, 2017, SVBVTIA TR BOH R KAk o 4
fiE [J]. HEEE, 36 (3): 339-345
gk, T, 2015. EH4 HLREL R 7R DR B AR T R 600 Hh i) iz
[J]. TR, 43 (2) . 94-98.

FrfE (RERS) RI2E (0SID) .
AT P T A TR, U AT AT A 3 A 2 Y
VA 28 T 50 A VIR

SRRk, EidA, 2017, [ RE K 6 X /N VI W 2 T 2 O
[J]. TR, 25 (2): 531-540.

TR, BB, Bk, S5 2016, TR IR AR 400 0 W S0 T ok
RUNEATGE [J]. HLER“EHM, 37 (3): 277-286.

e, P, ZERAE, 4 2013, [N Sh LR T YR BT 5T 45k
[J]. Wi 24%, 19 (3): 225-241.

Hamsr, Wuork, R4, S, 20200 ZWRE X ORGSR IR




