B ol
2023 4F 12 A

#
CARSOLOGICA SINICA

5 B Vol.42 No.6

Dec. 2023

XUTETER, TRARAS, 57 A5, 5. S T R B A PR AT A 3t /K — 4R PR (0], wh AR, 2023, 42(6): 1331-1338.

DOI: 10.11932/karst20230615

ETEZERZNHT SR

sy sz oz 12 ok 12 3
XA ARRA T,

TS KB E = 4B

R i

(1. P ARG AE B XX HTAE T, 340 KX 430205; 2. F @3 m A3 4 f oo, #de KX 430205)

OE AR R K I R R T DR LR M ST IR, T R T AR VA S R X BT M s
[Ea) I 2 A0 3 [t 9 B 3 FLAT EE B0 S e T T LA R R A s TR AR S R A R O LA
PEAT B Y RAE o & T 0, SCESR T = 4 i 5 2 HL 0 T B AR A R R S E AT TORS AR R, &5
Mo BR Y BB RS FOURN L S B, 23 B = 4 s % FL 3 0T A T S SIS TR A ) AR RCR
SER AW = Y e R P UA A T AR A R N R A BORAR T, R B R AE AR AR
= Y RS AREAE SR T I N A R K G R B A I B i e DU PR T K
W TE = R, R T AR RO Y R KIS RS RRAE, TR ST M AR RO R AR S
KGR = e R BRURCA T A T R K T = A AR AR

F &5 HES:P631.3 XEkFRIRAED: A
X E RS 1001—4810 (2023 ) 06—1331—08

[l

0 35l

TR EJE AT K, iR AL 346.3x10" ko,
HE RN =02 — U RN B XN
2l A VA 25 T RN v T, B T LA I R N
FRE I TR ARG, fEdE T # R oK L S Y s
B, FECA T X IR R 25 6] FF A& R 34 16 I
O J4 B0 v b R P R, s b T 358 8 S R A
A X T A B X s, v R KGE T N A
Pl BEE AT Z AR AE L, B I 2 AT R A o
TP DRI, R v T 3 T R0 %o 3 b s )
FE R 5T U FE B iR AR A BB L

T LT 3 A S VA TR ) R A B 4
i BR W B DR 92 05 P L BRI R ORGSR
i) 2 N & WL 7 U4 % B FL vk (ERT) |
B I (VES) | MG F ik (GPR) | 1 2% B g 7
(TEM) . HuRE 4t S E BT AR (ST) FTH R (SW)

TR (TR BR %) #R 1R 48 (OSID ):

S5, BT IEAEBORAR S R A S 5 T A AE 22
S MR KA ORI PR A, B
BR A% 27 i DR EE . AN LI T A5 K 3 - SR I R A 52
M, = B RO T e T 7 B e R A
R HAE TR L PRI b B B IR
LA, By R0 AT T R0 e J= T TR R T A
A e e BEL R S e 9 5 A R b R 2
Tk, FHTE BN H T 25 RS R i 5 5 M R 55, 4
T CHR TN, FE 7K A0 2 v 4t T KGeE R,
R A A I, DR TR e A

PUAT ey 5 B2 L ¥R 22 g RS AR, TR RAE
Mo A = Ak 22 S, FEHL TR/, T I A = 4
W B AR e, L B SO, TRV,
BT SA VAR R TR I o T 2 g R P B
ARE R A, Bt LA I, X 50 15 1 EE M S
T DL TSRS T I AR R PR AR, ORI TR
TSR T PUIRBE, LK e ¥ M e 3 ) Pl 28R A

S VEF A X (1987 —), T, g TRRIN, FZERFFT5 ) A HhER Yy 773k K B A 5E . E-mail: ldhwegs@163.com.
AR SRR (1990—), B, B T AR, ZLHFT )7 7]y R B 7 2 KO ST . E-mail: 1191261549@qq.com,

ks A #1: 2022—02—13


mailto:ldhwcgs@163.com
mailto:1191261549@qq.com
https://doi.org/10.11932/karst20230615

1332 AR

2023 4E

i S5 ) JLE R AR WIE S o TR, A SCADLNS = &4 iy 2 &
FEL 325 X o Y T ) IR ORI R T 5, 4545 AU
UL ST (51 7 A Pt SRS I8 T I PR S ¥ A A 400
g

1 BEERZX

o % 13 YL (ERT) J2: 7 L T R B R IR T 125 19
LRl 1 A A R, S —Fh LS R A R 25 S
SR LR A BB AR R X R A s
FEL L ST L R 3, O I 87 R AR SR SR S TR A7 Y
P A6 22 T 0 R BEL L, SR 5 X T 22 2 (] g 4 7 )
K& >R R R S I, B e RO AL SR B T 7
B ERL BEL R AL, SEE i 25 ] H g e

FI R, % FH A0 2 B o R R R, e L
L 0 R R ) T P R 5 O o 22 R T AT I AR
D285 SRR AT = 2 R, IR ot 4 R A R B
A1 = 2 Ry 4 B0, 0 vk BRE ARG b = 4k A5 ]
PR BEL S5, {3 A 37 98 & v o VB 33475 R —
E41 51 W | R T = WV ¢ e 5 31| I VI %, 2 I
S RBE R ARG =L Rk, K
T H B R R R S (RS A = 4E PR o (x,y,2), TT 3R
NE =4z (] H e 22 57, AR, 0% FB S 3R AE M L 1Y
YR RE, PRAIE T 457 L R A R B, LR TR
T LA = Ao s MR G o R Rk o

i(ra—v +ﬁ 0_6_V +i 0_6_V =-I1(x,y,2) (1)
ax\ ax) ay\ ay) oz\ oz) e

H, Vx,y, ) 1T 35 r (o y, 40 W bR = HL L 3,
1(x,y,2) R STHEIHT, o (x,y,2) W 35 (x,y,2)
AR R LT3R, Rz FL R R p (v, y, 2) IS

o 2 R TR I AR Jo 2 X R A A 49 FL BH R
PEIEAT R T, A R 28 [A] H BER A . A SR
T T8 A 114 1 D A 5z 3 B Y, o I i ) L 46
SFRFLATE B AR sR U T A B CSR A

¢ = (Gm—d™) W ,(Gm—d”")+
A =1, ) W, (m =) 2

Ao A IE AR R, #5564 S o 7R AR LA
PR SRS TR 4D PR ES 1] P AS R 5 oAy S D 400 R BH R
S8 G (x,y, DI R B moB R A B S 4L
My R SERAIY s W, A A - W, A R BR A
FER) 2253

2 HE&EH

kg 22 ) = 2 v 2 R R AN () FE SR A A
T B ERIN SR, 28 E A A T LT = 4k b BR YY) BRAR Y
(1), ZFE R B 046 T 100 Q-m & 537 0 =4
PESEEAAR, 2 HREE T FK AT (10 Qm) . T
Pe Vb i FE LAY TR (500 Q-m) Fil s A AR 7o 45 74 75 1)
(1000 Qm), =/FHEAESM T HT 40 mx95 mx
28.7 m = (Bl , S8 AR R /NS 5 mx5 mx12.3 m
(&l 1a) . R H3EE AGI 2 A & 1Y Earthlamge3D
A 5 2R AT BB AR, 1E T AL A 15 A
20x5 A~ 3E31 100 38, B AL S mx10 m i &, R4ELE
BVEH AT A AR B HES o K H R A (R AT
A% 153k 16x28x7 A~ BT, Il A PR 22 43 5 ok
fif 20 () IR o0 T B, 300 5 5% 5K ff 156 % Dirichlet
D7 o BRI T M P S, X I YRR E R R
BN 3% 1 = W REATLIE R, IF2FAT = 4R A LA
B R T, A B R = A R s g R (] 1) .

H I J8 R 4D 5 SR n] DL (J&] 1), 1F J8 333040 A B
FAEAT 84~117 Q'm, HAAY H A HL FHZE(10~1 000
Q'm) 91 [l BH A% /N, Bk 3 5t PR E (100
Q- m); A1, =2 1 45 SR J0 T B e T H S5
WHRHIE . 40t 2 YGERIT R, =4 RO LA s,
53] 7 7 F PR 45 S (8] 1e), Horp, LA fe /N
JTARIRZE RMS N 5.2%, —Briakc L2 J 1.1, W%k
P st ARG 54T, RO AR BRI 30T
T BCHE e 7 R B T A SR S LSRR T L, =
A 72 5 T P B R S T80 = Fh SR R R A A
AR, HLSH RIS R B S AR R 54 X kL
SASFEARTT UL K FE SRR AR B R XS
BN, B R RO . X R S5 SRR AT U0 A s AT
DL CEL 1d) s 25 S e R A 5 i F B R B S A 15, 5
Y vb Jot 7o OB A g e B R (E 1200, B TRE A 2
B “E/NT R FRAE . 28 BTIR, = 2 o 2% 5 i vk
A A S = T LR 5 RS I, P
SHRAY =Yk B I LAY B K e SRR A
BB, (8 B i i B 250 52 15 e 52 i 5
HBLAR B, R A TR VD B A A S e S AL A 1 R0

3 SLHIFFR

ASYRARIN S5 57 T LT AL U 111 g FEE PR



Fak Holl

NUTERAT « 36T 5 B PR R e i K = A PR AR 1333

—-15.1
—22.7
95

47 54 431

0 Y 3

P B R/Q-m
99

84 91 108 117

C I 150 d I 150
124 124
102 102
85 85
70 70
FLBH%/Q'm HLBH/Q m
B Z4SEERARUNHE
a: —HERIED b: RPN o SHERORZSIRYIA d: ROER SRR
Fig. 1 Simulation calculation from 3D ERT
a: 3D Model b: Forward modeling c: Slices inversed by 3D ERT d: The anomalous body inversed by 3D ERT
ZKO03 B LR
| O T
== i
84 7
o Aaf1
o8 = KA
H=fA ===
sl FIP PP T
AN T
- 7 —d
s 126 2 s
W | o
1 135
R " o
it | A
0 100 200 ]
L

2 WRRLSIEXTEE

Fig. 2 Schematic diagram of work area in the surface spring
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Fig. 3 Results of 2D ERT in the surface spring
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Fig. 4 Results inversed by 3D ERT in the surface spring

(a: Slices inversed by 3D ERT b: The boundary of groundwater channel)
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Three-dimensional electrical imaging of urban karst groundwater channels
based on electrical resistivity tomography

LIU Daohan'?, XU Junjie]‘2 , QI Xin"?, WU Jianqiang]’2
(1. Wuhan Center, China Geological Survey, Wuhan, Hubei 430205, China; 2. Geosciences Innovation Center of
Central South China, Wuhan, Hubei 430205, China )

Abstract  In China, approximately 346.3x10" km’ of the karst rocks are distributed, accounting for about one-third of
the country's land area. Karst groundwater channels are common geological phenomena in concealed karst areas.
Various karst caves and underground channels widely developed cause the complex groundwater system dominated by
pipe flow, which promotes the transport of groundwater, soil, and rocks, resulting in complex geological issues for
urban underground space development and utilization in karst areas. In these areas, ground collapse disasters occur
from time to time. In geothermal areas, karst groundwater channels are often accompanied by frequent heat exchange,
directly affecting the quality of geothermal development. Therefore, conducting exploration of karst underground
channels is of great significance for the development of urban underground space and the prevention of geological
disasters in karst areas.

Due to the high degree of spatial variability of karst channels, it is a challenge for conventional two-dimensional
detection methods to complete the geophysical imaging, which in turn results in the difficulty of conventional karst
detection. Geophysical exploration is widely used due to its wide applicability, large detection depth, and accuracy.
However, different geophysical methods have different advantages in terms of detection depth, resolution and
practicality. The Ground Penetrating Radar has the characteristics of high efficiency and high resolution, but it is
mainly applied to the exposed and shallow-covered karst due to factors such as limited penetration depth, irregular
terrain, and clay content. Electromagnetic and seismic exploration can generate better results in the exploration of
buried karst. In addition, microgravity exploration can be used to detect shallow karst caves and fill-type karst caves.
Electrical resistivity tomography (ERT) is the most commonly used geophysical method for karst exploration, and has
been applied to various karst geological environments, such as cave exploration, the exploration of water-filled karst

groundwater channel, the detection of urban underground cavity, and engineering surveys.
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In this study, 3D ERT was used for fine detection of concealed karst underground channels in the urban area.
Combining with geophysical numerical simulation and application examples, the effectiveness of 3D on karst
underground channels with different filling types was analyzed. The research results show that 3D ERT has a
significant improvement in data volume and resolution compared to 2D ERT. 3D ERT can more intuitively
characterize the three-dimensional electrical structure characteristics of the target body and has advantages in imaging
karst groundwater channels. Through the three-dimensional electrical imaging of the karst groundwater channel in
Yuanquan village, Wuhan City, the groundwater migration characteristics of the low-temperature hot spring are
revealed. The analyses of geophysical prospecting and drilling show that two low-temperature hydrothermal vent
groups in this area are directly connected by karst underground channels and connected with north-west fault
structures, reflecting a hydrodynamic process. In this process, deep hot water firstly circulates along the fault fracture
zone to shallow karst channels, and after its horizontal migration at a certain distance, deep hot water exposes at the
surface in the form of spring near the fracture zone, and the contact zone of carbonate rock and schist.

In this study, the three-dimensional electrical structure imaging of karst groundwater channel near the hot spring
point has been jointly realized by geophysical exploration and drilling, and the trends of fractured fault zone and karst
channel have been displayed. Study results show that the low-temperature hydrothermal spring is connected to the
karst groundwater system through deep faults. In view of this, it is proposed to carry out systematic geothermal
explorationin the area to find out the hydrogeological conditions of hydrothermal spring, the groundwater circulation
and heat interaction processes. In addition, the study results may provide support for the temperature increase of the

hydrothermal spring and for the development of urban geothermal energy.

Key words 3D ERT, concealed karst, karst groundwater channel, three dimensional electrical imaging

(%% K %)

e e e e e e N e e e e e e e e N e e e e e L e e e N e Y N N N N N N N )

d

WAL PRI SR e w4 A AL R G
3 N2 RS- AT S A VR S S S T

T H A B TR A SR b ST 5T T e A
AR5 P A Ko 0 5 0 A T — 2% S 3 1% ] o el s o)
W AT — > S8 B K SCAR R ) 2 IRISRAE, 400 T
JK3CARE . 5°CDIC #l §*SSO, H#FE ., WF5T kIR, BEF
i JZ G A ) B R A A 0 ) SR AR TR B B R (4% 5
2 50%) 1255 T RN AL AR 0, B IR kR £
IR E R B E R T WS, RS S51EHT,
T SRk R R A KA R ST 31% (T & 29.4
tkm’a'), F A CBRER Eh A R BR £h 2 ) WAL TH #E K

. CO, B EMIFEAR T 35%(F%2 20710 mol-km *a ')
IR GE AR R T A PRI SR X b e 6 8 KUK
A BT TSR ) 52 ), I 2 Ak — A JR U0 RN A IF A 2
S5 A AL E B TR k. RIS 5 ik
IR £ 5 i KA BCAE T DX Sk e A B, DA T 52 i) 4= BR
ARG IR AN S AGEAR A, 3K 7F 4 BR B O A5 Y 4 £ v iy
T LA

(LR R )



	0 引　言
	1 高密度电法
	2 数值模拟
	3 实例研究
	4 讨　论
	5 结　论
	参考文献

