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PIQS

@*: Recent loose alluvium in the river channels

Q° 1 Seree , rock falls , talus fans

Q' : Sinter depaosits : mainly porous travertine

Qf : Fill valley deposits including : Youne & old alluvial fans and terraces
L, colluvium . residual soils . temporary lake sediments

Q : Young alluvial fans and terraces

Q! : Old alluvial fans and terraces

C s . " .. 5 . .
Q" : Cultivated areas including : Old & young proluvial and fluvial fans & terraces . alluvial flood plains . older shore lines deposits|

M3 ; Conglomerate , silty marl , sandstone , siltstone

OYFA (S 3 deils Jdom ) g8 SB VN v eevs 8 5la 8 ) aadllae 3550 03 5dome e 428 ¥ IS



VPN O oplad V8 o Ol 6550 55 alona

e 5 bl

SrdiceT & a5 by o35 alp ol ol g by
— o ol dtels 1 tdu 4SS il s aikate 5L
25 als 6,85 Lol er Jolo ol sl o 53
ST (ST Lsg) o)l Jhale b g alisy, HLS

Sl o3l ol 8l als

oudoolawl g, ¥
S ol ity s S B s )
5 (PBB) hes SKSE Sk spp 5 >
S Sl g Sl glels s (B Sl
L Ghas o) (YorF oSy col ag 0T s,
by Ko 5 s b i 55 55 Ol e
5,5 o p o dBCs p glaesls (giludde 15 5 Laesl
035 asii and (H S 405 (V447 S L 5 S )
Gesls 1 eslaal L cb.., S5 Sola o
S Sl ey @ly 53 S seg el oS e 5l
ss oy ) Sl &K olas 5 28 0T L Ols o
sl ol 387 e L Olan s (S S 0L >
4 (S 0l 03t (G S BLS go 5 al o
ol Ol & om0 Gl 68 05 5 e 093
sbia SNl Sy ey Ypeme &
g5 > 4 SN SIS g sl glacsls
Sl ils 5 5l sh 0 4SS (Gdadan 5 (Gdaigd
o3lital i elle (o3bal 5l Jds 4 dags
S Sladss ol e 53 (sdmaw Gl 5 g 54
LYoy oS4 wls

4 oS ol 3ldde s ol 53 So5 e dl e
o0 il (05005) wsSas 5 (5 ) aliens o5 50 5
e bl 5 05057 Gl s (Siledis 3 E
b sgdome el g, Sl esliiul b (gdmgs s sla
s ol 02 adsl de 2 dy 0 D) g 3 5kome JSWS

wps 5 S 4 ars by Sl glade giledus

axflloo 890 adlio wlbilipmo) Y
Liw | £33 ankss MV e kST 5 andllae 5 46 adbeie
Sadsb o 5 o8 ob — 8036 a3l 3 Wy Ledesl
Gl s e 5 S,5 0T 0V OF 5 OY0 OV A" Lol a
Ol 5 Jloi ¥ Y YF 5 150 14 PN Lol e
OO FRRCI = S RS P T RN R
5 il @J;-)),@rjl:e\/huu el e ) 4L
o J&S Jols andllas 5550 035d5es (NYFA (Gl
el Knldw 5 Kwanls sl 0L
é\) DU alrsgy s e agkle sl
o LAl 5 LSSl g e ol S ol
Ccds Ol 5 s Gllisg, 5 slalesy,
3 Fumd e b gbeig (BT Sk
ol B35y e ol e s liiCden gla s T
S et ¥ 1 aals o ¢ 23 n g8 Joue o
S 53 8 el 0kl gy anle b ol pen s ey b
OF 235 Ay oVt 3l S 4 0T Calbed blad
Caand 33 03l 315 13 (6 s Sl b oy 4
altsgy oylS G:éﬁT S G e 3 Glodese
Of Sl gl 0T 5L GUls 5 55 odd Sl
S 3 g s o Bon sl g5 3l ge b o e
005 o 4 b5 Do 5 1,5 35 4 4y,
j:l:él ooy 3 ey el GV s S S
S IS S sshe ks g (Slump) e
ol (2B Dygoa SA amio 5 3)ls iS o
(v )

oSS 5 o 3l b B e 68l ol
— A e ol e pll el OT Caws ol 5 aals
ol g8 (YW () i oo sueil b sl
@3l Sl (6yls pe g 3l day dle iz 5o A e
Sl s 5 s e s 1 S

Gyl ame) @S glaole Job s was Sl



YYa (O ! e Il 8731 5) flusler aibaie )3 (sibass3 (ERT) (S S 31,5 505 55y S5l oslisal b 33307 e Jomiley anlliae

Lol

W = @y _jipi)/ o5 A=Y=y ()

p; pi

Al B i OIS el sl e el
o Sl esliel b LSS el (HY) gl e S5
Sl eyl Ol sl Sls o Pi oSl Ji o ST15 o Sl
e DAL alos s 4 IS sbas (Y00 F S
D50 b amlie 53 et s QLSS a3 e ST
23 Sl oglbe 5 Sl G Sm e By s ~ 5
S ) 35 eslizal o giacd ) 3l e cg5leOs)ls
AYeo¥
Woold Culilo g o Gldos O

Sy s iludde gl ! Ooda L bils
chie 1l 8 plail 35 e (55, 4S5 S
GG Shels g s or il 4 LB
Dslen Cgr Aol a7 candllas ol 5 dl sl
o) Cae oy By - s o] S SIS
S WSS cbalT e 4 e )T
PB bbb 00sS p pain 53 0T oL oSS
gl ) (Ko b 5 (o) S el
535 e (1) oK 5 cdals) el (258 e
(05 e ki wl)T aw o 1 das e 0LE (Yoo Y) 0, Sen
53 (ldas—hiss wlT (py s ey - s
ol e S gy L bt
5o lasy S 3 8 15 Tl s Sl o 5 glde
oy b &S s S Sler g el sl 6
33 ks m gy alT 5o Lk caad e
Slan s s S aloba S CAeen sa bl
4 Jeily 5 0L Sl slasy S alols s
Co,b 93 53 0L hias L Ldly obsgs Aol
C) O slasg S ¢ ol oo Sldas 53 .ol l)T
L (P2 s P1) el slany oSII 5 e ol (Co

Sl o) 03 bl o 3 a5 i)l
Sbsy 2 Fesr s 528 s S S
o3 e (pits (3lud e OV (nl (S5 55
03 395 03]y ode T ewdas (laosls i eslizul b
Sl adsl (o3 Je 5w 1l 3 0015 Giled e
gl Je 30 (6l (Y00 F S ) sl 5L giled e
G333 P S Olage a8 Jgeme iy 3 )
2 g g oo\l o e

o9y 93«3,y !, Res2Dinv )I)éir,' )
WS G e S Sl Dl S Jsams
g8 4 (1888 (SHL 5 &S5 isdad o (Yoo
25 el Sl adsl Jie s 5gr 1 P — S rss 03
Db oo eolanal

J'J+aDAq =]"g ")
g iy Caslie 028 fels Jie (5 5k s g o
055 aslie olie 02 )8 Jols Juls ASUS i
Sl i AG (Gl 5 0dis Sl 2l
S5 e AT egl e e A Sy e Sl T o Joe
S5 oAl gl 5 g s s P Sliia
Al (S By 03 el G Sl
ol Joo opl 2ph alome LU IS 8 55 ST
Sahen Goludds OUS 50k 5 Dlawlone Ol ol 31
0)lsd dmls Sl Fadad lats, (YeoF S
Sy ey &S S esliml b a5 e Sle
e LSS Gl e opl S e ool
oS5 e le B1AS o U5 S5 e 5l
Sl bl > g0 S5 sl 53 adsl doe 1
Geed dibe S esliad b (s sba LiS e S
53t ) Jie O s
oslizal 5 okl Sluysnn dolae 51 isdad g,
S

i1 = Ji Fwip] )



VPN O oplad V8 o Ol 6550 55 alona

e 5 bl

YY.

SCHE S 1 SN S [P R R NV P
ST 53 1k Ledslsb) @by ldie S olal> 5o
Oy oo il clie Jigy 5 Sldas Ol clasy Sl
ooy >SSt ka1 bas il
OLKan 5 oddss Olg) s Eals  awwlaslis
oo (K35 53 (S5 Sdls  ailn YAV
sholoT ils (SO S 51 g b Tzl cdsl opaTel
3kl (Sl lspas s b OT I ey 3550 plon]
ol wesle (ST g L w sla i)
(el o7 @5 Bl B S g LBl g s s
pr o ke 4 b B sl by e ST Js
(258 o e ol iy 3l Al 5 Sl 5L @5 sl
Slasin 5 (S Cuylan) ST i 4 akols oy
AT L Ol o ) el e 1300 (S b
e b G e s Sl s — el g
Jio 0L 53 AB el Zils 53 ol ply €357 e
0 5 bl Sl Cabay bl (el
o A ool Ol @5 555 5 SSTUT (ola oo

RO NG T (al..\ﬁl
b S anslie B g0 5 sloosls G oyl )
<.ils , GF Instrument &S % —slu ARES o&ews
Ol 5 3L) CadS 5 S35 L laosls Al o . LUS
b Lss Sl @ S el L e o oS sl
SIS L L o (ol 2L e g (5o s
L e T Y/ b ST 0L Jleyl SUls 5 S 8

sl OWT OT &g Jom 5 5 05 Sl ¥ee 015 L

@l oy gem 7

bl (wyp gl V-7

(o8 = (kB 5 GhBgs — s 4l)T I andles ol o
o2lil W gon (515 05 e sk 45T I 5 ablan 51,

Res2dinv )Ué‘r)} 300y Cwglde glaosls .l ol

Lo Ll S 55 Ku 4 s @) b ol
Caslie mxa ojlbl & Jowily glass S slrals
Oy bty Ao 53 s S 63l 0
las S ol ¢ aie abais o 2T & fewily las g 2SI
Ol 4 03b558 01l 4 Ol 2 (glasy 2SI plaler L
IS dsl S wlis i o3y mbg oS IS
LAB alaie (S5 80055 Cuoslie (slacibls 558 o0
e 5 200 5V @ 935S Jolh g ) e b
SY AN D (635 S feol s 5 2a V0 Jsb LCD
s 5 plowl had 55 = had 5> 41T 5l eslizal b e YO
w3l 1B P BN mes Cpde S, ol 5o
sl

s = oad w1)T 1 dasgs - bades 4l,T e sde
ol o3 elizal alade Sy sl Sl s g
IS s (@) by sy S S 4T
33 Jlas) Culg o dheols 53 (P) fewily (slas g 2SI
o313 LI (P15 Ci glasy S 51 (00 ey aboll
Sl 5 ob5 358 Ges s 4 wlT ol sd
ST bl s (s - iss 4T 4 i s
R S N K TR Pty
Sl s edails da\.?u s o &l
Alods (¢ 5lwd e Res2Dinv J‘J’é‘ff; b (gdns 9o
b Ol Cou o ke Cole I (S iy
AU S glass g e S S 55 sla i,
et o SoASNES Gty S8 55 gl
G i ey el
e basi i ol Ly bl U 5 oS S 28
G Gl (e bty opl slice Lyls JSaline
e90 JUEt bl (o) Joily 5555 Jemdly e
Tl T Gy Sl e alely sl
358 cld ) bbs ¢Sl wlole (6K 5l g Sl

S ean 53 Bl pblines S Gla0L 5 i



AR (01 e Il 058731 3u) Flsler ailain 53 gnps (ERT) (S, 2SI B s ey 3 ealimal b 55 ) il andllas

odd 03,51\ dsr 53 Wil 5 ablie U
Gl 35ee g 53 6355800 a8 Ll
ssba Ol B leas Dl Gl SIS a5
S35 o) 0903 4 S s SU 050 5 2K
caiate (e 5 Condgo 4 4 5 b g goma 53 LS

b 8 iys Sl ol plake 4

Elevation (m)

Elevation (m)

Ive e Model Resis ivity Section .
[N N N N N (RN (N NN (N ) (R N N .
24 2 836 158 299

345 653 123

Resistivity in ohm.m

A T

Elevation (m)

Tnve rse Madel Resistivity Sectan

AB profile

Sl 0l 03l (general array) s see 41,1 &) s
S JFe S a2 S e Slatke sy ol o
2> ) T gy 5l s e il 5 5 sd
(inverse modeling) 0,15 silwdds 4 ¢ gl e I8
sle aiie 5l 3 wulg 53 (1898 S ) 5505 e
chlie Jsb 53 (V JS8) Glbsw s 5 sbie
ow,fp,sﬁeusuwuﬁ

M () [

Uit electrude spacing $.00 m.

B
@ ]

(N N G () (O (N (O () (N () -
F2E] 195 7 162 294

4.1 834 151
Resistivity in shmm

Unit electrode spacing 5.0 m.

CewdYL 5 anls s CEUEF&@?.A(J\) el o U] e B ol e Dlay e o 2eS S3le0 )l s 4 0 dd 3055l claw ¥ JSJ:

Az e 0L ) pldl e @\JCJMQJ Ky ool Cewz ol 5o Sl AB dais (£) o3lx 52 15 CD wais (2) o3l

(el 435 5 50 GPS 5l slial | (6 5o LalaS 5 L3Ity cablin sl i latin N J g

b X(UTM) Y(UTM)
A YaS -£EVINY/ FoYYYY/
B YaS -SEVIFA/- f.YYAYF/
C YaS -FEVYY. /- FYYMV/-
D TS -£EVYVY/ £.YYYYY/-
E YaS -£EVY-V/- £-YYAYO/-
F TS -£EVYYY/ F-YYAYY/-
J1 vaS -£EVSO/ FoYYYE/
12 YaS -£EVIVY/- PRTEETR
J3 YaS -£EVIRO/. FoYY-1q/-
14 raS .£EVIAY). FLYYASA/-
R1 YaS -£EVIFY/- £-YYAOV/-
R2 TS -FEVIFY/ FoYYAVY/
R3 YaS -£EVIYY/- PR
BH-1 TS -FEVYYY/ FYYVO-/
BH-2 YaS -£EVIAD/- F-YYATY/-
BH-3 TS -FEVIVA/. £-YYVAY/
BH-4 YaS -£EVIAL/- FoYYVEN/-
BH-5 YaS £V F-YYATY/-




VPN O oplad V8 o Ol 6550 55 alona

e 5 bl

YYY

SoeS o o dE S ile 5 ) gl o
& e S (3 g g dalph 4 4 5 bl 25
€313 15 edilium aule 5 Ly 5l Sl 5L Jla!
3ol pesls cpbaie J b 035 oS s 4 5 !
s gl s 5 Ll 0355 (Sen 05 Blas
Jeloi 5 (T4 513 02 J1) e b gz 53 (S S
besls Gl 5 IPI2win i3s3 Sl eslisal L OT
o Gor 235 w5 U5 o0 posme 41T D0
NG U NERCW ) 5 SN I

Ll OT S 0 5 a8 phaie 5 b 55 5
OOt b sl Gl 53 AB L aae s e -
Ve b a aTely ) okS 5o 5 V0 LB Gas
S ysbolen . (F JSK8) i Sl s 510 g a0l janis
ba\jTJ,mg;mup;:mg—a,C—?gqu:jl
059 Conslie b aaie )3 aToly Jy 55 015 o (2554
CD ghis mls olol ol adeis 5b5 (S S
3 Bl s Slus! o s oS CL.,.»\ oo 4 el
wlsl YO U 5 ¢y ,4 aab,-cla»g,u\“ 34l Ges
gars &TQ\JCB‘SPA 354>~ ;| AB dﬁlﬂ)}‘.})‘}
(S0 Yo B0 Ges 5o oyl aslsl 0T g2 Yo b
S 2,05 sy jaeal V00 3L ehs Cuslis b glaY
4 g bl o bl dew awls 5wy 393 5 odiadLis
(ol 5y 03l pebans 31 20 10 55 ailate ol 48!

)13 Gl en CD da.ln LAB da.ln ]

S0y SlNigm S (s 7Y

BE) ‘LSJJTC:" )‘ o Uﬁj‘-\;y SleMb|
5 s LT Sosew Res2diny gla,lsle s
Sihass> pblie &0 OT s 5 3515 IPZWIN
g S eimmad Sl 0l 03l OLES O J.i.: 33
S b S L San KK L pblie anlis s
AL T (S b 5Ll (sl e o 5

Loodd Cils p eslr CawsYL 5 auls s EF CL_E.A -
YO Ger 5 o WY Jb 4 phis (S 20y 4 e
sl -F S8 i sl b - b Sy L e
odalie (62 0 U F Gae )3 A mhaw S5,
e oS (SO S 05y Cuglis b ok o5 .l
5SS ehy Caslie il Gl LSl eud
Gee b T K, L oS bl caiata > (g li (slaosls
oM:QWcMubJﬁéljﬁ&iU:jz«‘?U\‘:)b
O 51 Fomly s pLal aule Loolon ls ) o
3y farh OB L elas Dlsaule ) Jold olaeY
Faeal 00 B Y spie (SO Sl ny Caslis b &S

RO PRV- SS9
52 0 YA S48 Gas by 2o 100 Jsb 4 CD el -
6.]&):—@]45}:Jjjgdaiad\.@\éljasbjtf
23 5k Sl p OT b 5 0] e ghd Sk Sl
general ) i ses 41,1 Oy guods bosls Guils b o ulg
Wlcwse S ohs Caglis chde (array
CD phoie Sl 4 4 5 L (10 5 o -F sy JS2)
awle 9 b e V0 B0 sl ol Sy ool 4L
345 Conl o oslial (g 5lueslr Olhas Cg  sws
Aoy Sl et gaeal Vo j!,;;ﬁ@)aal{gda.&a
o5y Caglio b lsanle )y Jola 538 Y Y ol
> &Y OT 51 g 5 ol 48 8 513 zagal Voo B ¥
05y Cwglie S L G, ST &Ky @) gl
Sl Jous) alaie 55 0 53 45 558 0 50 (S S
33,8 o ) F G YO LY Ges 3 (Sl lgs
Conslie b ST 51 gLl ls ey &Y (phis o e
oy Swslie 8 g0 edalin oS (S ok
355 o0l Wl e saeal O 51 by (S S
5 Gl 4 e g L il OT Sl Ll jlsanle )
-0 JSK) CD e 55 (posme wlT 1 ol phie

Ol e (62 YO LY Ges sl dle 4 ()



Yy (Ol ) ot 0531 5) £luslor atlate 53 (sebns53 (ERT) (S S 315 0050 gy S5l oalisl b 5307 3 ol aolllas

€D profils.general array
5o s whast o

Linverse Medel Resistivity Section
[ N N N T (N ) (O ..
514 913 162 288 511 505 161 287
Resistivity in shm.n Unit electrode spacing 200 m.
(ol el s i o Slas! dau AB prefile-general array
i A B ()
e 10 190 300 | ©)
Bl
H
E
£
£
=}
Tnve rse Madel Resistivity Section.
[ N N (T D O (..
318 710 160 361 [ 184 415 935
Resistiviry in akmn Unitelectrode spacing 2.00 m.

(&) o3l 555 CD sais () - oo 4T IG5 gmr 5 e (slaesls Gkl b Sl o 208 (5lelsls (hs5 4 lis3lulnls oblis O S

..u;d.ou:;\,wam\fg&',.wnwtw)lw,_(.:uwum@.ut}.WJngBéaz,

A0, mi Railway-section

Qm]
46.4

359

Hm . Resistivity cross-section

i 5100 15

AO,m Road-section

65 - 129

774

= 464
— 278

Hm Resistivity cross-section

i

(Lr::’li) u}i‘,c,.ﬁju.ﬁ_g(YLg) u)wdabw UZ:J.H(CD &i‘)ﬂll}f&m“&b.v J.Q'

10 20 30 40 50 60




VPN O oplad V8 o Ol 6550 55 alona

e 5 bl

Yye

(LS| GLalS gyl I eslimal b odeTowsa
Sty el 20 VY (BT Sl Sl Sl
s e 5 Kanle laay (2T Sbism,
(7 Jg.'lr) 3}.&‘54 °"\i" ol
(sl ol K5 510 g gz 51 45 00l oo 5o
el il s Kmanle g5 oS Ko
C...flt):‘\.;\: ty )‘ ny G”J"T QL‘}.«:) .19.»:}2.& Sl
j._”JLE.ﬁ chjAUé a}:) C»njl.iﬁ}dw\}:ﬁ“‘ 3 gl (Llud

AV JSK8) 5,15 faaal W B O o (5 slize

GrSamas ¥
23 @1y b~k by olr 1 ed o 51 g
SN S 5 s (Jld oSl Lty
25 oAl Joe e 5 Jleit A (peo L
gl 1wl diad 8,50 Lebil —ide Jy o3l
oY sl 3l 6,2 FY BY oo Sl el Lasein CD
—oaia a5 o g0 o edalin OT I pLdl o)
S38LE Sl ede T s SVl b 31 5 go g5 )3 ol
o) el adbie ) s)ls Cailae dibate s
Izl 4y 58 558 515 5 n o S5 )15 S5
dibain il ey Condy 4 03,55 s 51 GB6 S
Ok e b Sl S ol Jil Sl b s
sa 5 o mte iy s o g il I oty OT
A g o3l (VU asls 3 el el o 05 5l
o)lgs 3 e oalin 620 O U F Ges 3 So S
sl e L35k 5o ea 5 Sleylsale gl 5o ea A
Sl (S 5 o 3 550 ol 3 s 0 03 (b s
ool O 5 e Cends 4 bl 5 sl el
cbdl{dbgﬁjzchb):uiﬂ‘}:“}t%ulujlx
305 549 05l cle.»j\ S YO LYY Gae s G454

IS s Ll i 2 DL pead S, ke

S gl s tiasOlis o5 ja 45 3 4d e ol
ol (6 Hlwd e dalj.ﬁ 5 slaw el sl e r_f
.(OJQJ"«) @ldaﬁ.ajac@}wquQJyg

23 ekl (S S Il g 4 gezes
i IPRWIN i3l 51 eslizel L ¥ ailae
hlie Comise (V5 7 S JS8) i ag S S5
el o onls Olas (V K2) loylgale g s
Lol ags LY Culnd () S 5250 sblie
lagoli= 5 aidate 53 smse disn Al
«BH-5 3 BH-4 BH-3 BH-2 BH-1) 555
5 Ky 5 Kawnle g5 51 IS sbay (S K
OBl ad 53 el edds B Bl se s )3
Mgdalf}c:ﬁYQM):chbdMadnow
AF gsesn ol bl s ol oy 55 g2 ¥
Ll B35, s Dyl 5 o0ys )3 adkie B 8
Sl mlidipe) Sl adhe 035 Jlb roes
Wl o LT 3die 2l g aY ie Sads =
S K IS el ok Eel Lyl s
T s Ol s el S S Sl
5 5 o5 S 5 bl

b U3 pon Aol 48 3505 51 s s aTol ) plade
Ao X s Oda (i) Bl 4 ey
wqu\vfjwujluuywlé.@\au&:g
Ll e YO gy Gee cablie s Cusgie
GIPAIL date ol 55 ety 5 ol o5 Cunglie
el @l il S Sl 5 alS (Ges
FYEY - I PSP P VIV IEK GURPL SN | S
23S B S Hpe b IS K 03 Jiubinne
&S b azbie s Lasc.i:ﬁ-)wj Cfb 03 gl>wa
U1 el SIS 305 &l o5l (slae )5 L el
Cool ok Csl Lula ol a8 o sya, [
Glaslsle Gas 5 el 53 aaTisn slags lin o



Yyo (01 e Il 058731 3u) Flsler ailain 53 gnps (ERT) (S, 2SI B s ey 3 ealimal b 55 ) il andllas

YA OOV ldb 5 cpn s S 50 Al 1
(ewlbaa Ol pl Wl pwy AYAD “g 03l S 945
S el S5l s a8l 5 58 85 S5 S5
— o) aha YR “¢ TR PRGN O E g R
Sl eh (B VN &y Ol el

Akpan, A. E., Ilori, A. O., and Essien, N. U.,
2015, Geophysical investigation of Obot Ekpo
landslide site, Cross River state, Nigeria:
Journal of African Earth Sciences, 109, 154—
167.

Braga, A. C., Malagutti, F. W., Dourado, J. C.,
and Chang, H. K., 1999, Correlation of
electrical resistivity and induced polarization
data with geotechnical survey standard
penetration test measurements: Journal of
Environmental and Engineering Geophysics,
4, 123-130.

Capizzi, P., and Martorana, R., 2014, Integration
of constrained electrical and seismic
tomographies to study the landslide affecting
the cathedral of Agrigento: Journal of
Geophysics and Engineering, 11(4), 045009.

Carlini, M., Chelli, A., Francese, R., Giacomelli,
S., Giorgi, M., Quagliarini, A., Carpena, A.,
and Tellini, C., 2018, Landslides types
controlled by tectonics-induced evolution of
valley slopes (northern Apennines, Italy):
Landslides, 15(2), 283-296.

Choobbasti, A. J., Rezaei, S., and Farrokhzad, F.,
2013, Evaluation of site  response
characteristics using microtremors:
Gradevinar, 65, 731-741.

Dahlin, T., and Bing, Z., 2001, A numerical
comparison of 2D resistivity imaging with
eight electrode arrays: Department of
Geotechnology, Lund University, Box.118, S-
221 00, Lund, Sweden.

Dai, Z., Wang, F., Cheng, Q., Wang, Y., Yang,
H., Lin, Q., Kongming, Y., Feicheng, L., and
Li, K., 2019, A giant historical landslide on
the eastern margin of the Tibetan plateau:
Bulletin of Engineering Geology and the
Environment, 78(3), 2055-2068,
https://doi.org/ 10.1007/s10064-017-1226-x.

De Bari, C., Lapenna, V., Perrone, A., Puglisi, C.,
and Sdao, F., 2011, Digital photogrammetric
analysis and electrical resistivity tomography
for investigating the Picerno landslide
(Basilicata region, southern Italy):
Geomorphology, 133, 34-46.

b il L e T s e IS
oy 3l Cand ol 53 wkige Glrosle gl 25
G N S sl g 355 Mgy Ll (55 0
o3l 3l Cwnd ol 55 el Sl 5 sl 5 o5l
OT L ,m @lp Sles Glaojle Slusl (alf;.a 55
WY 250 G g e YO (S Gas 5 (BH el
Ao g s Janml 5 sshas 8 Jaiys plal o)

53 Bl sl b s

LSRR )
My le3T 51 ils o p5Y 5 lie ) OB,

5 S 0buldT lokul S S 5
o3y Cils y Cg (jy s, ool Ok
i 5S> QBT Ol Sl e ST S5 5 8
Sl slealy Sl 0, oty K 56 55 s 3o bl

EPe L;)\J'i.»Lra o3y Lls 5y Ol

é.!b-o

OYM G5 (S G oy ol 05 @y QLSS o]
Sl s by 53 owdige wlbome) 3,8
S oo OBn 3

Jlo Dl G g & B OV e by
sl OV ae same 1T (U810 5 £ 585
Shlast 2ol Glas sl gy panais o8,
FAR-YED ()5S 55 i o

1B AYAY L0 OUILS el eosl3T e g s Ol
Slaesls (Sl s) gdy 0, 5 ok p Sl
s 035 ST RalS 55 0T 58 WS iS55
NOYY ((FIVE (L 5 e S 5

OYAL ol (Gl g a3l o (ol e o Jai
oot olitens Jussl ilo 63,5 B oo

5 G S S S ses iy Lol el



VPN O oplad V8 o Ol 6550 55 alona

e 5 bl

Yvya

International Journal of Geotechnology and
Engineering, 12(1), 13—19.

Kramer, S. L., 1996, Geotechnical Earthquake
Engineering: Prentice Hall, Upper Saddle
River.

Ling, C., Xu, Q., Zhang, Q., Ran, J., and Lv, H.,
2016, Application of -electrical resistivity
tomography for investigating the internal
structure of a translational landslide and
characterizing its groundwater circulation
(Kualiangzi landslide, Southwest China):
Journal of Applied Geophysics, 131, 154-162.

Loke, M. H., 2001, Electrical Imaging Surveys
for Environmental and Engineering Studies, A
Practical Guide to 2-D and 3-D Surveys:
RES2DINV  Manual: IRIS Instruments,
WWW.iris instrument.com.

Loke, M. H., 2004, 2-D and 3-D Electrical
Imaging Surveys, www.Geoelectrical.com.
Loke, M.H., 1999, Rapid 2-D resistivity and IP
inversion using the least squares method,

Software manual, http://www.abem.se.

Loke, M. H., and Barker, R. D., 1996, Rapid least
squares inversion of apparent resistivity
pseudosections by a quasi-Newton method:
Geophysical Prospecting, 44(1), 131-152.

Loke, M. H., Chambers, J. E., Rucker, D. F.,
Kuras, O., and Wilkinson, P. B., 2013, Recent
developments in the direct-current
geoelectrical imaging method: Journal of
Applied Geophysics, 95, 135-156.

Merritt, A. J., Chambers, J. E., Murphy, W., et al.,
2014, 3D ground model development for an
active landslide in Lias mudrocks using
geophysical, remote sensing and geotechnical
methods: Landslides, 11, 537-550.

Oh, S., and Sun, C. G., 2008, Combined analysis
of electrical resistivity and geotechnical SPT
blow counts for the safety assessment of fill
dam: Environmental Geology, 54, 31-42.

Perrone, A., Lapenna, V., and Piscitelli, S., 2014,
Electrical resistivity tomography technique for
landslide investigation: a review: Earth-
Science Reviews, 135, 65-82.

Rezaei, S., and Choobbasti, A. J., 2017,
Application of the microtremor measurements
to a site effect study: Earthquake Science,
30(3), 157-164,  https://doi.org/10.1007/
s11589-017-0187-2.

Rezaei, S., Choobbasti, A. J., Soleimani, S., and
Kutanaei, S., 2015, Site effect assessment
using microtremor measurement, equivalent
linear method and artificial neural network
(case study: Babol, Iran): Arabian Journal of
Geosciences, 8, 1453-1466.

Devi, A., Israil, M., Anbalagan, R., and Gupta, P.
K., 2017, Subsurface soil character ization
using  geoelectrical and  geotechnical
investigations at a bridge site in Uttarakhand
Himalayan region: Journal of Applied
Geophysics, 144, 78-85.

Dobrin, B. M., and Savit, C. H., 1988,
Introduction to geophysical prospecting, 4th
Edition: McGrow-Hill.

Drahor, M. G., 2006, Application of electrical
resistivity  tomography technique for
investigation of landslides: a case from
Turkey: Journal of Environmental Geology,
50(2), 147-155.

Fressard, M., Maquaire, O., Thiery, Y., Davidson,
R., and Lissak, C., 2016, Multimethod
characterisation of an active landslide: case
study in the pays d'Auge plateau (Normandy,
France): Geomorphology, 270, 22-39.

Friedel, S., Thielen, A., and Springman, S. M.,
2006, Investigation of a slope endangered by
rainfall-induced landslides using 3D resistivity
tomography and geotechnical testing: Journal
of Applied Geophysics, 60, 100—114.

Grandjean, G., Gourry, J. C., Sanchez, O., Bitri,
A., and Garambois, S., 2011, Structural study
of the Ballandaz landslide (French Alps) using
geophysical imagery: Journal of Applied
Geophysics, 75(3), 531-542.

Guerriero, L., Bertello, L., Cardozo, N., Berti, M.,
Grelle, G., and Revellino, P., 2017, Unsteady
sediment discharge in earth flows: a case
study from the mount Pizzuto earth flow,
southern Italy: Geomorphology, 295, 260-
284.

Guerriero, L., Revellino, P., Luongo, A,
Focareta, M., Grelle, G., and Guadagno, F.
M., 2016, The Mount Pizzuto earth flow:
deformational pattern and recent thrusting
evolution: Journal of Maps, 12(5), 1187-
1194.

Hibert, C., Grandjean, G., Bitri, A., Travelletti, J.,
and Malet, J. P., 2012, Characterizing
landslides through geophysical data fusion:
example of the La Valette landslide (France):
Engineering Geology, 128, 23-29.

Hu, J., Li, S., Li, L., Shi, S., Zhou, Z., Liu, H.,
and He, P., 2018, Field, experimental, and
numerical investigation of a rockfall above a
tunnel portal in southwestern China: Bulletin
of Engineering Geology and Environment, 4,
https://doi.org/10.1007/ s10064-017-1152-y.

Kolay, P. K., Burra, S. G., and Kumar, S., 2018,
Effect of salt and NAPL on electrical
resistivity of fine-grained soil-sand mixtures:



YyYv (01 e Il 058731 3u) Flsler ailain 53 gnps (ERT) (S, 2SI B s ey 3 ealimal b 55 ) il andllas

Topsakal, E., and Topal, T., 2015, Slope stability
assessment of a re-activated landslide on the
Artvin-Savsat junction of a provincial road in
Meydancik, Turkey: Arabian Journal of
Geosciences, 8, 1769-1786.

Uhlemann, S., Wilkinson, P. B., Maurer, H.,
Wagner, F. M., Johnson, T. C., and Chambers,
J. E., 2018, Optimized survey design for
electrical resistivity tomography: combined
optimization of measurement configuration
and electrode placement: Geophysical Journal
International, 214(1), 108-121,
https://doi.org/10.1093/gji/ggy128.

Watlet, A., Kaufmann, O., Triantafyllou, A., et
al., 2018, Imaging groundwater infiltration
dynamics in the karst vadose zone with long-
term ERT monitoring: Hydrology and Earth
System Sciences, 22(2), 1563-1592.

Yang, C. H., 2004, Landslide investigation in the
Li-Shan area using resistivity image profiling
method: SEG Technical Program Expanded
Abstracts, 1417-1420.

Yannah, M., Martens, K., Van Camp, M., and
Walraevens, K., 2017, Geophysical
exploration of an old dumpsite in the
perspective of enhanced landfill mining in
Kermt area, Belgium: Bulletin of Engineering
Geology and Environment, https:/
doi.org/10.1007/s10064-017-1169-2.

Yilmaz, S., and Narman, C., 2015, 2-D electrical
resistivity imaging for investigating an active
landslide along a ridgeway in Burdur region,
southern Turkey: Arabian Journal of
Geosciences, 8, 3343-3349.

Zhou, W., Beck, B. F., and Adams, L., 2002,
Effective electrode array in mapping karst
hazards in electrical resistivity tomography:
Environmental ~ Geology, 42, 922-928.

Rezaei, S., Shooshpasha, 1., and Rezaei, H., 2020,
Evaluation of landslides using ambient noise
measurements  (case  study: Nargeschal
landslide): International Journal of
Geotechnical Engineering, 14(4), 409-419,
https://doi.org/10.1080/19386362.2018.14313
54.

Renning, J. S., Ganered, G. V., Dalsegg, E., and
Reiser, F., 2014, Resistivity mapping as a tool
for identification and characterisation of
weakness zones in crystalline bedrock:
definition and testing of an interpretational
model: Bulletin of Engineering Geology and
Environment, 73, 1225-1244.

Sass, O., Bell, R., and Glade, T., 2008,
Comparison of GPR, 2D-resistivity and
traditional techniques for the subsurface
exploration of the Oschingen landslide,
Swabian Alb (Germany): Geomorphology,
93(1), 89-103.

Soto, J., Galve, J. P., Palenzuela, J. A., Azafion, J.
M., Tamay, J., and Irigaray, C., 2017, A multi-
method approach for the characterization of
landslides in an intramontane basin in the
Andes (Loja, Ecuador): Landslides, 14(6),
1929-1947,  https://doi.org/10.1007/s10346-
017-0830-y.

Suryo, E. A., 2013, Real-time prediction of
rainfall induced instability of residual soil
slopes associated with deep cracks: Doctoral
dissertation, Queensland  University of
Technology.

Szokoli, K., Szarka, L., Metwaly, M., Kalmar, J.,
Pracser, E., and Szalai, S., 2017,
Characterization of a landslide by its fracture
system using electric resistivity tomography
and pressure probe methods: Acta Geodetica
et Geophysica,
https://doi.org/10.1007/s40328-017-0199-3.



Iranian Journal of Geophysics, Vol 16, No 3, 2022, P. 13

Study of landslide potential in Chaybagh region with 2D electrical resistivity
tomography method

Reza Emami !, Mehdi Rezapour * and Mohammad Faraji 3

!'Ph.D. in Seismology, Department of Seismology, Institute of Geophysics, University of Tehran, Tehran, Iran
2 Professor of Seismology, Department of Seismology, Institute of Geophysics, University of Tehran, Tehran, Iran,
3 M.Sc. in Engineering Geology, Expert of Technical & Soil Mechanics Lab.co., Tabriz, Iran

(Received: 10 February 2022, Accepted: 11 July 2023)

Summary

Landslides are natural hazards that cause severe fatalities and financial losses. Various methods
are used to analyze landslides. Among those, geotechnical and geophysical methods are used
due to their accuracy and low cost, respectively. In geophysical methods, electrical resistivity
tomography (ERT) is widely used for near-surface exploration of landslide areas characterized
by a complex geological environment. In this study, two-dimensional electrical resistivity
tomography (ERT) studies have been used to define the subsurface structure and landslide
geometry of Chaybagh. Over the past decade, technological advances in field data acquisition
systems and the development of new algorithms for tomographic inversion have made this
technique more suitable for studying landslide areas. In order to reduce the possible damages in
the preliminary studies of construction projects, especially linear structures, it is very important
to study the areas with slip potential.

Following the widening the road in a part of Sari-Shirgah road in the Chaybagh area of
North Savadkuh County, which overturned a freight train downstream due to bending of
railway tracks, a large gap was created. In order to determine the cause of this accident and the
possibility of landslides in the area, 2D geoelectric tomography was performed and necessary
considerations were taken into account for reconstruction of the new road to prevent further
damages.According to the geological map of Ghaemshahr 1/100000, the study area includes
conglomerate, silty marl, sandstone and siltstone. At the bottom of the landslide area is the
Talar River bed, which includes alluvial fans, floodplains, old and young rivers and streams,
alluvial floodplains, older coastline deposits, and non-hardened alluvium of the present age in
the bed of rivers. In this study, the data obtained from the profiles with Dipole-Dipole and
Pole-Pole arrays and geoelectric sounding were interpreted by two-dimensional inversion
method in Res2dinv software.

The results of the study show that on the upper slope of the road, a small landslide surface is
observed at a depth of 4 to 5 meters. This landslide occurred at a small level and has nothing to
do with landslides and road gaps, but there is a large-scale landslide potential in the area with
landslides at a depth of 30 to 35 meters above the road surface in the future so that groundwater
flux accumulation can trigger landslides. Therefore, designing of drainage for engineering
structures in this part of the road is essential to prevent road collapse, accidents and possible
losses. Moreover, the possibility of landslides in the designs should be considered

Keywords: landslide potential, Electrical Resistivity Tomography (ERT), inversion, least squares method,
landslide surface, Chaybagh
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