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Abstract: FElectrical resistivity tomography ( ERT) method is a geophysical exploration technique based on
the differences in resistivity of media. Due to its characteristics of non-destructive and high efficiency, it is widely
used for detecting and evaluating subsurface anomalies. The authors take a gold mine goaf as the subject, numerical
simulations for analyzing potential anomalous characteristics in goaf areas, and field investigations to verify the
applicability of ERT in detecting goaf collapse zones, which providing a scientific basis for goaf management.
Focusing on Wenner, dipole-dipole, Wenner—Schlumberger, and pole-pole electrode arrays, RES2DMOD forward
modeling software was used to construct models of a single isolated low-resistivity anomaly and a semi-high and
semi-low resistivity anomaly to simulate fully water-filled and partially water-filled conditions of goafs. The data were
processed by using RES2DINV inversion software with the least-squares method for inversion calculations. The results
show that the dipole-dipole array exhibited the best performance for the fully water-filled anomaly, which accurately
locate and describe the geometric shape and resistivity characteristics of low-resistivity anomalies with high resolution.
For the partially water-filled semi-high resistivity and semi-low resistivity anomaly, the inversion accuracy of all arrays
decreased, but the dipole-dipole array still outperformed the others, effectively reflected the distribution
characteristics of the anomalies. In field investigations, the dipole-dipole array was employed for data acquisition.
The processed data revealed a low-resistivity zone at the position approximately 115 m (30 m in depth) in the study
area. Based on geological and hydrogeological conditions, the low-resistivity zone was inferred to be a goaf collapse
zone. The findings indicate that the dipole-dipole array effectively reflects the extent and characteristics of goaf collapse
zones,, providing valuable insights for estimating the approximate range and developmental depth of anomalous areas.

Keywords: non-destructive testing techniques; electrical resistivity tomography; inversion; gold mine goaf

area; isolated anomaly; dipole-dipole array

- L BH R S5 X,
0 glﬁ FH 3 5%

AT BT R AT LA A [ SR M X Ay A I YO
et TR RE, [BRWRITRTG S 80 T
T KRR X, IR A XA AR R 3
Wi 3 AR E M, A i DI M R A R R e
559, WATRES BTSN | (L AT S PR

o B P PEL AR 1 — b G F ) TR R 5 F
WHEARNZAE . ZWBA I, HIRHS E
R A, 58 R B AR A e, AR AR
SRR TARRCRIE R A ER AR 2
TR FEC AN T A
JET ¢ A R RK L AR AR AR, R
PO AE SR A5 X I eh o A7 T R
FEGF LD IXCR AR [ B R, R A A 1
A X 1) 2 K ) o SO R IR, EL ) o3 R
PETIRNHEE  (ESEPR AR, M T oR2s DXl H
2ROk FEL, FARPERRAE (BN i B R
SEBA RS E LR, ETHAMREE,
ZEE MU R TR S5 HAR RS A%
PFERG T, R P 2 F LR A G e 6

1 S RZXMBHEHE

SR DA T IR S A PG AL3 , M Ab I 7R
DX PRI L1 e s, i A o 2R AR v G s
' %A T B R R A —F
P A X Sl RS D 32 22 i) £ 3% 19— L A b 24
Hr BT MR R R AN, AR R R
¥ X ek T b R B, 7 TR AL ek
XM % XK HZEREF AR, B TiRT
W Sl E) oA, AR AR R T o A o Rk
AL Xlkcs EERINKE A AR, Jegr
DEIVEBES , IR TAT AR, Bk e
J AR FS B 55 F BRI S o B KA B A TR R I
Wi, TIRREELAERNK S 8T, BABDIRSS
1, BUORERALE, EEF YRS AYE, K
ARGHCA, FLING . BatE Habh, SA
FIRRTRERS Wy, R MINATE AT . B A7 LS AR
B Y, B XS AT LS Z AN KB A A

2R 25 e R R I, 7E 20 i
40 50 ARACHE LAY T A m AT b, i — 2R i



FAE, AR SR IE AR R s X P A 3

i TAEEFER, CRMBTEEIRSCH], RIAHIE
WIEAE B AL 0GR R FEARZ H A0 T,
B TR e S DR R R IR, HoR
KBS 407 3 IR, A TR 11 42
ORI IR, HAT, EMT SR RIITR
Bt BB T 2Rk . TRRIEM TS5
Triki, FETRLEBATHRE T LR G RIER
Gy L fLsA - e AT LA s Pl
R L (S A

2 SEEBREREFEAREREERLNX

HLREL ARV — A R A ER Y I PR T B,
TR A B S AR 22 5, i A A A
ST A3 T ASE HL IR R A AR, I T A%
PR b S ) R R AT REIEH AL B AR
AL, PR PO AT EE M, N Oy
e, HE PR B A R B 2E AU,y o
TR EEH] 1 3R il T AR R R,

AUyy
p, = KT (1)
7o BEL b 3R
A(+1) 7‘ B(-1)

~
7
~

(3
! \ \\: J: ’ J !

A p, WHEBER (Q - m); KAKRER
B AU IR M, N ZRIBHALZE (V)5 1
HHRERE (A)
Forp e A0 K Bk T H Al Y 25 (8] HE 51 7 =X
HatBE AT
2

K= 1 1 1 (2)

AM " AN " BM T BN

K. K WHEREG AM, AN, BM, BN N
HAREEE (m)

B e Sy [ o M E RN R N A o 4 SR
SHARBHARIE S, FE R MN 7 B 55 H i %
JEA T/l 5 T2 MR 2 2 ) £ 7E v BH b ST A4
I R A7 B R AR A HE R, (A5 MR MN 37 &
F10 52 o FEL BT 28 8 00 TR 1 S A v B e SR A A
R BHHb BT A AR AE R B FL )

o 2 L L3R 7 FH AR T v 7 e B =X
BZ, A3 E (Wenner array) | RS — P A e
(dipole-dipole array) , JHAZN-HREDIAEEE (Wenner -

A(+1) B(-1)

-~ \
~_- /
J // \
14

——

_—
/ =
LA~
| \ <

I BH 3t 57 44

1 A5 MM B F0 R R it Rk 7 S B R 3%

Fig. 1 Electric fields in presence of high-resistivity and low-resistivity geological bodies
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Fig.2 Four types of electrode array configurations
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Fig. 3 Forward model of isolated low-resistivity anomaly
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Fig.4 Inversion result for isolated low-resistivity anomaly using Wenner array
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Fig. 5 Inversion result for isolated low-resistivity anomaly using dipole-dipole array

MK /m

0 64

128 192

I N N N (N (N N () [ (.
1870 1898 1927 1956 1985 2015 2046 2076

R B R /(Q - m)

Elo BEMN-HENEEETINRESERRESER

Fig. 6 Inversion result for isolated low-resistivity anomaly using Wenner-Schlumberger array
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Fig. 7 Inversion result for isolated low-resistivity anomaly using pole-pole array
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Fig. 9 Inversion result for isolated semi-high and semi-low resistivity anomaly using Wenner array
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Fig. 10 Inversion result for isolated semi-high and semi-low resistivity anomaly using dipole-dipole array
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Fig. 11 Inversion result for isolated semi-high and semi-low resistivity anomaly using Wenner-Schlumberger array
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Fig. 12 Inversion result for isolated semi-high and semi-low resistivity anomaly using pole-pole array
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