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Fig. 1 Geographical location map of Chang’an gold mine
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Fig. 2 TST detector and source hole location map
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Table 1 TST detector and source hole coordinate position

X2 5 /m A AR /m
SR A —
g LR mE OBRR X Y VA

Pl #% 13.200 1.800 1.500 187
P2k 14.800 1.800 1.500 185
P3 k& 21.200 1.800 1.500 179
P4 % 22.800 1.800 1.500 177
P5 ik 29.200 1.800 1.500 171
P6 ik 30.800 1.800 1.500 169
S1 it 11.200 1.800 1.500 169
S2 M 9.200 1.800 1.500 191
S3 FElr 7.200 1.800 1.500 193
S4 Pl 5.200 1.800 1.500 195
S5 Pt 6.800 1.800 1.500 193
S6 UL 8.800 1.800 1.500 191 -8.800 -3.750 1.500
AHXF 2% 5 /m A bR/m

e LR mE B X Y Z
Pl k% 12200 1.800 1.500 156 —12.000 3.450 1.500
P2 ¥k 12.000 1.800 1.500 156 —12.000 -3.450 1.500
P3  #’% 20.000 1.800 1.500 148 -20.000 3.450 1.500
P4 % 20.000 1.800 1.500 148 —20.000 -3.450 1.500
P5 ik 28.000 1.800 1.500 140 -28.000 3.450 1.500
P6 ik 28.800 1.800 1.500 140 -28.000 -3.450 1.500
S1 4% 10.000 1.800 1.500 158 -10.000 3.450 1.500
S2 4 8.000 1.800 1.500 160 -8.000 3.450 1.500
S3 Pl 6.000 1.800 1.500 162 —6.000 3.450 1.500
S4 M 4.000 1.800 1.500 164 -4.000 3.450 1.500
S5 Bt 4.000 1.800 1.500 164 -4.000 -3.450 1.500
S6 M 6.000 1.800 1.500 162 -6.000 -3.450 1.500

-13.200 3.750 1.500
-14.800 -3.750 1.500
-21.200 3.750 1.500
—-22.800 -3.750 1.500
-29.200 3.750 1.500
-30.800 -3.750 1.500
-11.200 3.750 1.500
-9.200 3.750 1.500
=7.200 3.750 1.500
-5.800 3.750 1.500
-6.800 -3.750 1.500

E S

HE 5% 1 /m A F/m
R
= PR OFLIE mEE o mAE X % 7

Pl % 12400 1.800 1.500 150
P2tk 11.200 1.800 1.500 153
P3 % 20400 1.800 1.500 144
P4 % 19200 1.800 1.500 145
S1 0 10.400 1.800 1.500 154
S2 Pl 8400 1.800 1.500 156
S3 Pl 6400 1.800 1.500 158
S4  PElt 4400 1.800 1.500 160
S5 Pt 3.200 1.800 1.500 161
S6 %M 5200 1.800 1.500 159
S7 Ml 7.200 1.800 1.500 157
S8 FEr 9.200 1.800 1.500 155

-12.400 3.450 1.500
-11.200 -3.450 1.500
-20.400 3.450 1.500
—-19.200 -3.450 1.500
—-10.400 3.450 1.500
-8.400 3.450 1.500
-6.400 3.450 1.500
-4.400 3.450 1.500
-3.200 -3.450 1.500
-5.200 -3.450 1.500
=7.200 -3.450 1.500
-9.200 -3.450 1.500

AR B SR 73, T3 R R A
FL RS, A D S KA IR A AR
OTEE LA X A BRI, AR R
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Fig.3 Flowchart of TST data processing
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Table 2 Comparison of core characteristics of detection technologies for TST and CFC in complex conditions

of metal mines
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Fig. 6 Geological offset and wave velocity distribution diagram of 1 450 m return air flat roadway
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Fig. 8 Geological offset and wave velocity distribution diagram of 1 350 m middle section flat roadway
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Fig. 9 CFC offset diagram of the return air flat roadway in the 1 450 m middle section

5.0 100 150 200 250 300 350 40.0 450 50.0 550 60.0 650 70.0 750 80.0 850 90.0 95.0 100.0 X1.0

2.01
1.65
1.29
0.93
0.57

173 178 183 188 193 198 203 208 213 218 223 228 233 238 243 248 253 258 263 268

E 10 1350~1 300 m #1138 CFC {R#% &
Fig. 10 CFC offset diagran of the 1 350~1 300 m ramp

5.0 100 150 20.0 250 30.0 350 40.0 450 50.0 550 60.0 650 700 75.0 80.0 850 90.0 95.0 100.0 X1.0

205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300

11 1350 m - F& CFCIRBE
Fig. 11 CFC offset diagran of the flat roadway in the 1 350 m middle section

Q)T Y 18- 25 HL 0 B RS A v
KU WA 2 DX IR 1) [P 2 5 AR o g
UL Ry, AR A R RORATR , 15 W 1 1 i 7
R SRR/ R A RIS, AR XA L
oy | U2 TR 7 LA B AR KR

4 PR R AT

41 1450 mEIRFEBEERES

1 450 m 1] XUOF-4 5 7 1 B 19 0k 7 1f F
FlABE T, BlEA A AR , % 7 1A K i
5o AR Hh BT AL 1 O B ] (IR 6 FNIEL9) , e B AE 4%
1A B 209~239 m B BT AR 80 %, U R
M2 HEW NG L & AP RS A 1 3T, B4R
B, AW, [ se st RS e e 22, Hofh B h B
L1 R SR B0/ b B S S SR T /b 4 H A B
Rl DA B Bk B ol i A 22 B o . CFC R
FEEI7E 228.0~254.8 m Bt A&k (AL 4547 0 3,235 m ik

HEEE (0 25T B I A HE KT 228.0~254.8 m B
ToKEZ  ATfg B K (ZRIK 235 m b AT RE
SR IBCAR ALK, 3B R AN 3R 3 iR
4.2 1350~1300 m BB ELZE R RS

1 350~1 300 m A&k E B O 0 5 F i wE,
T A WKIG, TR & B B2, ik h
AT 2 3 — B K — K 11 04 B b 2 F A
Wi AR b o) 38 A% 16 (16 7 F1IET 10) |, I BRTE
168~188 m F1 238~260 m BE H B 1Y 41 #% 4% 2 K i
2, JUHAE 238~260 m Bt H 3 1) 21 5 5k 08 i
% UL RS B 22, 24545 M 5 78 RHFE BT 168~188 m
B R 0 BB BRI /INR A 1 51, 238~260 m
BENRAMIER A WLk oA R s i . Hiftb
B B 21 SR 80/, U s B AT b HE W
A A1 BB 55 & B sl AR 5 288 3
OIHT R W 4 BT
43 1350 mPEFEEERESHT

1 350 m H BE 3 7 3 1 1T % LA SRR L AT T

2026 EF8 A H$ 34 E-F 4

901



902

B Pt

IS o AR 1 5T 4 35 A 7% 151 (81 8 FET 1), J
W7 200~212 m 1 222~240 m BY 2115 4550 %, W)
S S 22 HEWT/INRA T 2 T, A A B A T
HWPRLE A AR, Bl ot B nge e v 22, HiAth
B B 21 Sk s /b Ul B R ST A

HoAth B il DA BRI R B AR A S o
CFC 1 #% & 7E 200~205 m Bt H1 321 (5, 4545, 200~
205 m B ILL 8 25l SO, 4 BT 200~205 m
F1200~205 m Bt hb T 7K £, Al RE H BLZR Bk
KA MR N 5 BT .

£3 KREVKRT K 1450 m B X EE TR HRRIESE
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Table 5 Engineering geological structure segmentation of the 1 350 m middle section of the flat roadway

in the Chang’ an Section of the Chang’an gold mine
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Fig. 12

Comparison of TST detection results and actual excavation in the 164.76~254.76 m section

of the 1 450 m return airway
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Fig. 13 Comparison of CFC detection results and actual excavation in the 164.76~256.76 m section

of the 1 450 m return airway
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Fig. 14 Comparison of TST detection results and actual excavation in the 192~292 m section of the 1 350~1 300 m ramp
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Fig. 16 Comparative of TST detection results and actual excavation in the 200~300 m segment of 1 350 m middle
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Fig. 17

Comparative of TST detection results and actual excavation in the 200~300 m segment of 1 350 m middle

section flat roadway
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Application of Advanced Geophysical Detection Technology in Metal Mines: A
Case Study of the Chang’ an Gold Mine, Yunnan Province

YANG Wei', HE Xiang"? LIU Peng', DUAN Xuebin', QIN Hailin', ZHANG Cong'
1.Yunnan Gold Mining Group Co., Lid., Kunming 650215, Yunnan, China;
2.School of Water Resources and Environment, China University of Geosciences (Beijing ), Beijing 100083, China

Abstract: The Yunnan Chang’ an gold mine, a significant mining site within the polymetallic mineralization
concentration zone of the Ailao Mountains-Honghe orogenic belt in southwestern China, is situated in the
southern section of the Jinping anticlinal structure. This site is characterized by a unique geological setting,
marked by highly intricate subsurface geological formations. The complex terrain and topography create a
variety of spatial conditions conducive to the formation of subsurface adverse geological features and the
occurrence and movement of groundwater. Throughout prolonged mining operations, the presence of
underground adverse geological formations and water hazards at the Chang’ an gold mine has become
increasingly prominent. Traditional prevention and control strategies primarily depend on hydrogeological
mapping and drilling. However, the drilling process is intricate, time-consuming, and limited to point-based
detection, which poses challenges in covering the three-dimensional space ahead of the tunnel. This limitation
introduces the risk of “missed judgments”, and drilling in high-pressure areas may also precipitate “borehole-
collapse” water disaster incidents. Consequently, these methods no longer satisfy the precision and timeliness
demands of contemporary mines for advanced water disaster warning systems. In light of these considerations,
this study selects the Chang’ an gold mine as a representative case study, concentrating on the implementation of
underground geophysical exploration techniques for the identification of adverse geological formations and
water-related hazards. The objective is to address the challenges associated with the advanced detection of
complex structural metal mineral water hazards and unfavorable geological formations. Initially, the research

undertakes a systematic analysis of the underground geological conditions and primary disaster types present at
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the Chang’ an gold mine. By evaluating the suitability of various geophysical exploration methods, the seismic
wave technique (TST) and the advanced water probing method utilizing multiple frequencies (CFC) were
identified as the core integrated technologies. Subsequently, given the constrained working environment within
the underground tunnels of metal mines, the TST-CFC collaborative observation system was optimized and
designed. This involved specifying the parameters for the seismic source, electrode configuration, data
acquisition process, and processing standards, ultimately developing a comprehensive technical framework
encompassing “data collection - anomaly interpretation-risk warning.” The study focused on the 1 450 m return
air drift of the Chang’ an section, as well as the 1 350~1 300 m slope passage and the 1 350 m middle section
flat passage, as the primary subjects for detection. Each project had a forecast distance of 100 meters,
culminating in a total of 300 meters of tunnel being completed for advanced detection purposes. Through a
combination of on-site data collection, indoor processing, and comprehensive analysis, various forecast results
were generated, including geological offset maps, rock wave velocity distribution maps, and CFC offset maps.
These results facilitated the precise identification of the location, scale, and water content characteristics of
adverse geological formations. Specifically, the 1 450 m return air drift revealed one adverse geological
formation, the 1 350~1 300 m slope passage identified two such formations, and the 1 350 m middle section flat
passage detected three adverse geological formations. The analysis of water gushing risks across the three
tunnels demonstrated a successive upward trend. The TST-CFC collaborative detection technology scheme
developed in this study has proven to be precise and efficient in identifying adverse geological formations and
water-related hazards in complex structural metal mines, thereby effectively addressing the limitations of
traditional detection methods. The findings of this research not only offer a scientific foundation for the Chang’
an gold mine to optimize underground construction strategies, enhance disaster prevention and control
measures, and improve disaster warning capabilities, but also provide replicable and scalable detection
technology references for metal mines with intricate structural characteristics in the southwest region and
beyond.

Key words: mineral resources; geophysical exploration technology; disaster warning; Seismic wave method;

complex frequency conductance advanced water detection method; Chang’ an gold mine; Yunnan Province
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