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Investigation of the Subsurface Structure by Using Electrical
Resistivity Tomography and Laboratory Resistivity Test — A Case of

Chusiang Fault, Central Taiwan

Abstract

The Chusiang fault in central Taiwan is located between the Chelongpu fault and
the Shuangdong fault. It extends northeastwards to the Shuangdong fault and merges
into the Chelongpu fault to the southwest. The Chushiang fault is difficult to trace
because it’s mostly covered by vegetation, except the Zhuoshui riverbank and
Dongpuri riverbank. Several versions of fault traces proposed by previous studies are
noticeably different. In this study, Electrical Resistivity Tomography (ERT) was used
with an electrode spacing of 8 meters, and the non-traditional CPP array electrode
configuration was used to increase the number of discharge electrodes to make the
measuring process faster. The survey line trending NW to SE was up as 812 meters
long in order to cover all the probable extent that the fault trace may pass through.

The data will be adapted to perform the inversion of the electrical resistivity
profile with the EarthImager 2D software in order to decipher the distribution of the
underground resistivity.

According to the inversion results, the resistivity ranges from 10 to 100 Q-m over
the whole section, and it exhibits relatively high values (about 90-100 Q-m) in the
sector near the ground surface. Beneath this sector, there is an abnormally high
resistivity of about 60-100 Q-m appearing in an extent of about 60 meters wide in the
distance of one-third of the section from the northwest end. Two sectors with low
resistivity of about 10-25 Q-m, are adjacent to this high-resistivity extent, 30 meters
wide to the NW and 130 meters to the SE, respectively. The resistivity of the remaining
sectors 1s relatively uniform without much variation. Therefore, besides the resistivity
discontinuity beneath the high-resistivity sector sub-parallel to the ground, four
resistivity discontinuities can also be laterally distinguished.

Two boreholes on the survey line and laboratory resistivity tests were conducted

to decipher the variations in the resistivity profile. Integrating the logging of two



boreholes and the ERT, it is shown that the resistivity change in the profile is roughly
close to the lithological boundary, and the sector with high resistivity near the ground
surface is correlated to the unsaturated colluvium or weathered soil which could be
confirmed by the outcrops on the ground surface. The laboratory resistivity test results
show that the main significant factor affecting resistivity variation is water content,
followed by rock properties. Comparing the result from the ERT with the one from the
laboratory resistivity test, we believe that there are a lot of fractures existing within the
strata in those regions, including the sector of abnormally high resistivity and its two
adjacent low-resistivity sectors. However, the high-resistivity area likely means that
the fractures contain no water and vice versa. The strata in the remaining areas without
much variation in resistivity should be relatively intact and have no significant
difference in water content.

The region with high resistivity variation bounded by electrical discontinuities
may be the Chusiang fault zone inferred from the dense fracture distribution and highly
localized deformation in the rock cores. The northwestern edge of the fault zone is
about 130 meters away from the northwest endpoint of the survey line, the horizontal
width is about 370 meters, and the fault zone dips to the southeast at the angle of 55°.
Comparing with the outcrops data, it is found that the dip angles of strata on the west
side of borehole CS-1A are 70° to 76°, higher than the dip angle at the shallow part
which is about 50°. This indicates the electrical discontinuity showed on the
westernmost side of the profile may be the position where the Chusiang main fault
passes. The remaining electrical discontinuities may be the branch faults based on the
evidence that the electrical discontinuities which the borehole penetrated correlate with

shear zones appearing in the rock cores.

Keywords: Chusiang fault, Electrical Resistivity Tomography, Laboratory resistivity

test
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AREEIEHBEA MU TR RELAAM L TR LA A BA

WP AR AAMA T 2 B R 2T AR 2Py TRKRITL AR

311 A SRETR E A TF A & g nde s
AT R A A A BB ERIFA LA RN 2~3 DB e e 4 EY
RESAFPE T Db S 3 L E N B HPETE SR L Y 1S
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# 3 F A Y ¥t A 0 Simoesetal.  (2007) 1345 L i M EFF B T
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B 3-1-3 iRk 2 B T4 (6 @) s w%m#%(ﬁuﬁﬂivﬁi’
2019) - %7 o RINFEEK I REK F A SFERI ZRFHE - BK R A
IR E RIS EE LRI EE SRR LG

312 ¥ ZAMEY

W LARRER 2P D AR (FP AR G T2 7 5 2013) 47 FRETE L
Foat 2 A N RGEM ALK 3 2L g RN o I T RTR 3R
BF o M oRiERISARAE R e FAL (Wang et al,, 2002) BT 0 47 #R¥7E  (Wang et
al., 2002 ; 14 Tachienshan fault 2. ) =3 H R0 (<522 ) #1745 45°~60
T K OPEAL TR AR IT S A ARR(R] 3-1-4) B H P L ARAER G P P 2013
Ep TS (B 3-1-5) Bar o TRFOROVPER 26 (B 3-1-
5¢ AR ) BEERF LRER (B 3-1-5¢ B ¥ ) 2 A G R -
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Chelungpu Tachienshan Shuangtung
Fault %xul\‘ g]

Fault

E
£
: B
S 8
R0 S =
25003 A \ o TL
R
Chelungpu Tachienshan Shuargtuag
Fanlt Fault Fault
oisT: 30 : ) 20 15 10 5 {km)
T
£
=
[
L
[=}

B 3-1-4 - kiEi-smz 2R w (51 p Wangetal., 2002 )o2|m ® 1 Tachienshan
Fault § 5 AF7 % e~ 5RE7 K o

Elevation 97R1

Model resistivity with topography
50.9, Iteration 18 RMS error = 7.6 Alﬁﬁ%

0.0 80.0 160

-50.04
~100
=156

-2004

~250

-300

amuEnt

~3504

N N N . N T D O . O ) N O .
3. 7. .6

-400- 75 65 15 31.9 65.0 133 271 552

Resistivity in ohn.m

Unit Electrode Spacing = 5.00 m.
Horizontal scale is 4.84 pixels per unit spacing

Vertical exaggeration in model section display = 1.00
First electrode is located at 0.8 n.
Last electrode is located at 975.0 nm.

B 3-1-5 B B aie Ska i seck (A SR ) s Tredle (5lp &P A
REREF 128 5 2013) ¢
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%Pl (Electrical Resistivity Tomography, ERT ) & & st 2k
PFOIRERIBAL - 0 B AR AE R R D R T BB A F AT
Ak (B8 ?Eﬁ » 20006 ) °

PR NTRFER B RnZ L BRNE 2T REG Mo Bl kR
AR BTG M- e ko B EAER L SRR S e AR A ET
i T ARG BT - B B enET AR RIT Rk kY R -
£ g% {Lm@ﬁw4%,
LRI e Kk R w0 BT L3 g+ (exchangeable ions) f 5
i PR kP2 R ehz RARR R R 2 A 'Fi’%%"
bR R P S E4oB 3-2-1 (Loke, 2004 ) o

Resistivity in ohm.m
6 7

001 01 10 10 100 1000 10? 105 10 10
Wet Dry

10° 107 106° 10° 10" 10 10® 10°
Granite
Diorite
Andesite
Basalt
Gabbro
Hornfels
Schists
Marble
Quartzite
Slate
Conglomerates
Sandstone
Shale
Limestone
Dolomite

Marls
Clay
Alluvium
Oil Sands

Fresh Groundwater
Sea Water |

95% Pyrrhotite 1
Near Massive Galena 1
95% Pyrite
Hematite ore
Magnetite ore
Graphitic slate
Anthracite

Lignite

0.01 Molar KCI !

0.01 Molar NaCl I
0.01 Acetic acid 1
Iron [

.6 . 3
o 10 * 10t 10°

B 3-2-1 3 ?H#mf

001 01 10 10 100 1000 10° 10° 10° 107

%ﬁ % (Loke, 2004 ) -

8 9

10 10
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Petersson (1906) Zzh i 1% @ H a2k & >t 2 H 22 ik M 72 ¥4 6

F}t

Fimen™ ;N E R e o Bergstrom (1913) B = 5V L Hoh > #2k3d 2 Feang
BIK % o Schlumberger (1912) % p e #r&RP R G ETH 20 8 0 BR4c®
AP A o Wenner (1912) fbe - P82 BT da ke B RIRY HE -
b A F A ARG LR L ek LR LT R A2 N A fE )2
83 4 AR 2@ * (Dahlin etal., 2001) -

Ko geZzp D228 BRI R 2 HmA RGN FEE e ¥

BAT L A3 o

322 & RILE ST R

PREEAIN G FERE B PR R L Bhr PR RS R
FBoUTR T RATUEETIVEALE AR G o Ao w2 B RFF
B~ T E A (3.%*%’2006)\%#&R‘&%§;k7}%;%§2 - A AR 8 o
T (Pw i >2004) #3% 3 % (van Schoor » 2002) %

WER B RREEGI R F RGN R FRBF BT D LR = 3

B TRk Beenk B TS g R g S RS RIEEAR X DRI RS P

1 AR A& vou e TR B w2 (2D Electrical Resistivity Tomography,

2D ERT) : 2 ; 8228 2D ERT @ B 2R * 1 #24 Bl o2 dmild » geF

e FREFRIFI A FRB TIEFI G G DRt A1 Ak F

RO IEHRBEROERER E TR A S R A
E IR R o

323 B* & T IEIFRS B UTE
LSRR S B i%(mM)@?%?m FrIb R 0 R
BTHE I R BN A T TR B 22 2 R RART S E h

AR R e a2 B T UAERP T ETE DA B =R o e L (1999)
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1 2t e 4&iE (Gene-ralized Array ) 5o PR3 35+ 2 4] 0 B HUF R s

TH PRI E LETR pIRR I ETA X IR S ETA o i 2R (2001) & H
RIP 3 A ATHS ST A “T i f > T k3 B T A 17U A 46 1 T i DR o
2T (2003) 41 A LRI R E T ES AR ERT F RERGI R ZFRT
s

[
R
‘-\\1-

TRETE iR o FIEE (2009) 1R ETA BRIARE (o 0L E BT R ILE A

el e SR I ATIS TR Lk P TR PR L MR ke TR
%?Fﬁﬁf"’%’,;ﬁ&%l’@*’?%%ﬁfﬁd’ PR I E M ’P’%}é]%?a-ﬁﬁ\i 2Ly
PP Ty (2013) BEATHEA DA EFTLKEZED LS K6 NEKE
B 2 2287 e TR TR e FRRT - e TG 7
47 i 4 s .

FIgb o R G RIRG ek b F e A TR JE e SRR 22 4 TR
F2 o FFRE S e R A FREE HABEE T RIS R TR SR
t2 A7 e
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FIZF FPLZERE

® ;%[22 (Direct Current Resistivity Method ) % 1% 3 £ T 2 3 T2 §
2 P2 BRI 1A S @ T HRR TR 2 F P IR 2 o YRR
B2 AAP IR EE RS TR RS

TF 2 A S T A AP LS
BEFAA B RIEFEZ A o d R T RN

fes A R R
SH AT ABRATES S0

23y FAFY (R a3 TEIAR PERIAET L )

BRI R » R A T2 R (Bl 4-1-1) e R 2 =- 2 “rRIE I ®
[l
V==L (F4)
BonwILE 2 %R BB 412 47w BlY 2d FARIR N R LT
e B RMRS XL EROAB S RECMN G T EEETERLAE LR
W FAT TR S [ R BT 4L S AV (B 4-1-3)0 T @M

E

AV =2(5-5) - (5 -5)| (42

AM BM

p=K¥(ﬁ4@

1 1 1\171
— 1) (LA _ L X
2“[( BM) (Zﬁ Eﬁ)] (5 44)
Y K5 BwpEs| T+ (Geometric Factor) H Ed T 1&F 2 fp iz § 41
AT AR T RREINZKEE 42 s R mPEr2EFHRP o
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g5 (43) WL TS pi BRYF THELZHBTER L ATIF
FRIERLAEI E e AT &wfES 43 P REFLTREF AT IS

v

( Apparent Resistivity p, ) 2 FFE4& 7T 5 1 pg = K¥ (;44.5)

i \

YA S

R

\ \

+

-1-1

] Q”J-F'BP\%&%])\R,/H“Ibé.iiﬁ,j%_—rIB@OIF)‘V/{L—RFE ‘e pZ
f—:’% m"'l‘?; %‘rﬂ v d g\!:'ﬁ,/”“/}%“a’ 7‘53)§ﬂ~ I mﬁ,/u ’ lﬂ:-ﬁEﬁﬁ-R —‘,L'
pl
R, Y —
s Vv 21'[R
Current Meter

Ii—1
Volt Meter

Surface

L1 T L LAY

RS

FRRMET IO REELETIN e 2R
1 2R =R AB 5 781 MN 2 & 4% (Clark and Page, 2011 ) -

/77777 ;7SS

Bl 4-1-3 = R IR RIZT E E
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412 ¥ T IEavrE Pl E T

PR3 IF b R * 2 RN E R Rl 2 RN FHZ 5T
i TS ST

Jet
B

5 #7538 (Szalai and Szarka, 2008 ) >

r:Fz

-
*}E#E / =B ’}’}E“ﬁ.;l ’
FIRTF EHp B MEFE® o UT

* B AL s o 2 fé 1:}_;;“,@.;1 F Pz M B

;’Z“?ﬁ,ﬂg l@ ¢L;K-€-]|J #E’”Jﬁo,@_/z ’ |»! X d\ﬁﬁm MTI% # 7 /vb ﬁu"ﬁ:;ll o

4121 T P72
W st 7
BRI RIE LY o Jhd g
BEOER W ARIEA ARt R R aRIEERAN LTS KT

8 %2 # 5] (Wenner Array > B 4-2-1)~ 5 fF “ = # 7

AFF2Z TP FEER
( Schlumberger Array > 8 4-2-2) ~ &+ 7| (Pole-pole Array » B) 4-2-3) 11 % ¢

BEHAEF T P F] S N R R i

CEETREY

% 4%t 7| (Dipole-dipole Array » B 4-2-4) % o

Current Potential Potential 3 7|

AT R OrER * 2818 5 51| 57 Current Potential Potential 2 71
TRFE L BT RS R R Y

| ;2 (CPP Array ) |

(248 >2015) > pEFL T T
=k @ * — 97 ik (Current electrode ) 27 % 3 7

L L ®,

RETEFRIDETHEY - T i N&(E &Py )%

PoP,) & * [r— 3 N &pF > ¥4 T &Rl 7 EF DT L 4pR > 7 B3]
XREine&EYRL

> #& ( Potential electrode )
LR (PP~

¥oob—
L%&ﬁa’ﬁﬂYﬁ*wﬁ*+éﬁmwwi R
MAREEATS SeatRaALE S ed it RNUE DACE S ATE RN RS A S
BEMLCEXCYE o p B F| PR £7 U e g7 5 g aipl £ o Apft

BARBERIE 2 RE G ET N Y PR
ZoREREFTRY Y e 73 B0 BRTRELI] Nl v T E L

e o
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A 4 A 4

77777 ;7SS

A M N B

S & S & S
7 €K 7 €K Cd

da a a
B 4-2-1 8 2#75] (WennerArray) 7 % B - 3 ® F|F @ ;8 5  K=2ma -

A 4 A 4

7/ /7SS

A, M N B

S & S & S
7 € 7 € rd

na a na
B 4-2-2 *5f " % #5] (Schlumberger Array ) = 2. Bl » S F]F & ;4 5 ¢

K=nn(n+1)a °

S,

/77777 /777

AooMaNooB

B 4-2-3 ikt 7] (Pole-pole Array ) 7 & Bl o S @ 7]+ i ;8 5 1 K=2nn(n+1)a-
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/77777 ——
A, M N B
) a “ T na " a ?

B 4-2-4 g &7 (Dipole-dipole Array ) = R Bl o S fe F]F i ;4 5 ¢
K=nn(n+1)(nt+2)a -

th % E BRI SLg s R E
6 |l
. 0@ |
QL QO CEABKERMAMAREXBUTH
mﬁwé\mggﬁ _________ g
TH %\ *ﬁ '
Ir. c| °| ¢| P BN
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FEMER Rk
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PIFEE 25 BTN ’E‘-C‘Ef”%iﬁd » Tod B fABP S TG O iR PBFER o
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1. g plm Rsg plpr B 6 3] el A1 T4 (Fjson) % R &R 4%
(*.table) » ¥ % » R2MS.exe #rf8 ? o
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4,122 % 7 [Eipd4g > &

A2 41 &0 (45) THRFIZTIEFp, 0 B BERRFF A THEELLE- BT
2B PR SR TG TS FI T e 2 KRk T L2
FRIEF SH o @4 (inversion) 2o T & & MRl TR SRR 5 A A f R K
B Sl A R TR R Z R b Up TR R S b 2
REEAIZ R RETRELAF (FHRIF ) £2p TREILo R

1 HMEALTIEFIET > LA A7 d TR T X S RTEIAF
fFERSHTFARER S S

2. WA oA 7 - Bk 2 B E (R ds st 0 forward modeling ) 0 F 1)
Az B E e ¥l ZEFE IS BN SN a3 L E
(root mean squared error * RMS & ) »

3. Biypy w231 E Tk {oR (misfit) M aide = 58 Kfz > v FPIHE0
Al:cie £ (model update » Am) o

4, @ T 2N T AT EFEA imyy =my 4+ Ame HA S cm d F LA
4 (finite difference ) # 7 *3~ (finite element) 427 #73 T FE 5 7

BEriries 1 2= #Hk e

5. it 15 2 ATHCAIE (7T KR o 9 51 1 2 02T

[T

6. FEHEHATFERELEF L FEERE2 F2 373513 L B o
7. FHREGHWE I E- it B8 (Ame )3t - TE B AR
- T E A XEARMS BR8] 3 - 2 EE )Tkt gda FR LA

HHILTIRERBLEEL L A EA- A HFIL T WL RS

- RN
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Az i EarthImager2D i %8 * TP BTN ) FIR RG22 8
SR REIC SRS S 1'% = PRFAE

A
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(DT N FHFEE) FA2amm ™ LR A2 H At
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:Measurements
5,1,2,3,-1.849172,1000,0 (4% &: 435 A~B~M -~ N~ v, TIRAE ~ REAE)

I
5, 1,2, 4,-3.641955, 1000, 0
5,1,2,6,-3.991184, 1000, 0
5, 1,2, 7,-2.770430, 1000, 0
5, 1,2, 8,-2.364242, 1000, 0
5, 1,2, 10, -1.833091, 1000, 0
5, 1,2, 11, -2.055755, 1000, 0
51,2
51,2
51,2
51,2

]

2

.2, 12, -1.657174, 1000, 0
.2, 15,-1.954121, 1000, 0
.2, 16, -1.928373, 1000, 0
.2, 18, -1.905675, 1000, 0

2

K

K

K

Bl 4-2-8 wadZisAhk (Furf) pFR o d 234255 A~B-M-N %
BAVIRIEE T miBZ i@ o
HF2 HFHRAS
1L FREs A3l ”’“m‘%ﬂ']“,’f tg e (Fourf)
2. i k3 =4 BH5 & B A fix ~ fix-random {r random > P @ ¢ *
ek 203 5 random v A BT A PGS R AR A - e EORE 1Y
+ uﬁ%l »~ & EarthImager % 2 ># 12 f§ ¥ %3+ % 10,000 3 20,000 % 2_ fF o
3. B4~ K 60,000 £ F AL 5 G004 random st A 1F 30 E~& e 12,000

|4t
R
=\
=

# 3¢ 3 7 T EarthImager 4~ 4> ¥ (Ap)

AT HEA LR FEBI R LT - 2k F 480 B 4-2-9 3 Bl 4-2-11 5 AR R
o RKEDFEERY L 5T - T LS BHIEF (- ) FITF FpE o 2
JB A TR T A7 o052 (initial setting ) - #-1 F 27 4% 1L e (B “f MY FEH
A R T 9 & F % (smoothmodel inversion) % o (= ) 3 &+ ] &2
R m Y R iR B RPN T R R0 £ 1 3] 4 B (number of mesh
divisions ) Bloo EHCEOHRAR GF o2t RRATEFIES 26 LE FEE
% % &% 53 £ F1+ (Thickness incremental factor ) » e+ & JEST R R L34 - 2 &
BB FIF R E A BN A PR M e R E R R o B
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1
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N\
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T

<

S EL Y TEER U SRS ST S RN
Rldek B AME TS 5 105 BT R hE A L 1.05 2

TF RS B B R B A RTRR o

Settings X
{iritial Settings | Forward Modsling | Resistivity Inversion | IP Inversion | Terain| CRP |
Critesia for Data Removal Inversion Method

Minimum Voltage in m " Forward Modeling Only
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Mud Sand Granules

ez NEE Sy R e—
depth(m) CISivi FM CVcF M fVc depth(m) 0 20 40 60 80 100 ohm-m
0 i T 0
b Aok Wk ok dok Wk
{12 Al Al Al AL A
e
10 10
1.5 Jo- e
! ]50°
20 — ’ 20
P L Rl e e e g i o
30 30
39.8 ]
4074 ' i s Gk S St 15 407
50 50
56.8-- - - ettt e e
57.2 T
60 60
: Q65°
66.9-- P RRR SETCCEPEEE DEPEEPREES FETPPPRrrS e

70 ]q70° 70

80 — 80
Q65°

90 90
Q63°

100 100

Bl 6-1-2 4= 7% 1A 2 3= K 4rr s R o R - RILFd S Fd Ml
P Ad RARLFR I BRSFPTEFHFEZE

Bk e BRI R FRAERE T PRI A ¢ @
T AR

=H

=3

x|

. ﬁ‘c‘t i"J I _‘._" 574
L= B "

PSRN



Chushiang-1B

Mud Sand Granules
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' 85 75 70 70 70
(FHEFR)
TP RE-irE R | 11784722 | 10674230.8 | 148+45.5 103+33.3 496+26.2
F R FEEK-R AR
335+28.0 320+31.6 217+16.9 139+17.7 258+91.6
(Z2 12 ] )
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% Fokw IR
BRI F
1A-23.3 m 104+8.4 ohm-m 0.13 0.15
1A-39.8 m 50+6.0 ohm-m 0.20 0.26
1A-56.8 m 20+0.9 ohm-m 0.31 0.20
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% 624 F LagpF Hd % (Keller, 1966) -
Yo g3 BEE (M/f,-s)
H* 36.2 x 10°8
OH™ 20.5x 1078
SO; 8.3 x 108
Na* 5.2x 1078
cl~ 7.9 x 1078
K* 7.6 x 1078
NO; 7.4 x 1078
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Mud Sand Granules
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