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Abstract: (Objective) Prospecting for ore bodies in the deep and peripheral zones remains pivotal for breakthroughs in the volcanic-hosted massive sulfide
(VHMS)-type Cu-polymetallic ore field of the Baiyinchang district. However, conventional geophysical methods face limitations due to shallow
electromagnetic interference and insufficient resolution at depth. (Methods) To address these challenges, this study innovatively integrated the Wide-Field
Electromagnetic Method (WFEM) and Coded Source Electromagnetic Sounding (CSES) for deep exploration in the Xiaotieshan mining area. (Results) The
results demonstrate that the resistivity of ferromanganese siliceous rocks and lead-zinc ores is below 100 Q-m, while the ore-hosting Quarte-keratophyre tuffs
exhibit a low resistivity (mean value: 191 Q-m). In contrast, the subquartz-keratophyre, as the main ore-controlling geological unit, shows significantly higher
resistivity (mean value: 1976 Q-m), revealing quantifiable electrical contrasts. Subvolcanic intrusions are characterized by dendritic high-resistivity anomalies
(>1500 Q-'m), with favorable prospecting targets identified in transitional zones (<400 Q-m), deep extensions of known ore bodies, and low-resistivity

anomalies atop high-resistivity zones. (Conclusions) The combined application of two geophysical methods in complex stratigraphic regions of volcanic rocks
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demonstrates synergistic effects: the wide-field electromagnetic method effectively reveals the electrical structure of volcanic basement and deep-seated
high-resistivity rock masses, while the encoded-source electromagnetic sounding method enables high-precision delineation of middle-shallow low-resistivity
mineralized zones. Based on integrating geophysical anomalies and metallogenic dynamics, a composite genetic model—termed "volcanic
structure—hydrothermal convection—tectonic activation"—is proposed to elucidate the multi-stage mineralization processes. A geological-geophysical
"magma-tectonic-alteration synergistic prospecting model" was established, delineating four prospective targets. These findings provide critical constraints for
drill hole verification and offer scientific guidance for deep-peripheral exploration in the Baiyinchang ore field and regional analog studies.

Keyword: XiaotieshanDeposit of the Baiyinchang District; VHMS-Type Copper Polymetallic Deposit; Wide Field Electromagnetic
Method; Coded Source Electromagnetic Sounding Method; Prospecting Model; Deep Prospecting
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Fig.1 Tectonic and geological sketch of the Baiyinchang Cu-polymetallic field, Gansu (a.after Wu et al.,1992; b.after Guo et al.,2025)
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Fig.2 Geological sketch map of Xiaotieshan deposit, Baiyinchang Cu-polymetallic field, Gansu (after Liao, 2014)
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Fig.3 Joint section of the Xiaotieshan deposit (from Liao, 2014)

1.3 HERYEE R
HA T AR B e T s AR AR, IR E S R KR B IE SO R B4 AE s 8 - K A



Ll XKLL PSR BRSO I R BABA B T 1 2R3 K 1 DU B Ay /N R S ot 7 S o IR R
JIr R L S IR AT B UIA OB 4a). o, HBLeT PRA. T7-0.2~3.8x107° m/s* By, /MR IR
PLF-0.2~-0.1x107° m/s*Bh BT o WESFH AT NVUANRE SR IX, S PRISAL T o 1E SR R RESA X P 5
A FE PG 8 o 1 L DL [0 T B DA R T IE R %5 (30~136 nT) S i (-36~-150 nT); ARkl A
TN IEHL T W ARG 0 2 (—30~—337nT) (& 4b). H HP# AR AR KL S @GR N K
VO E IR E S 0, ORI LR RO o0 AT o BRGSO P i S T 4 R R X DA
NEE [n] F1. F2 &M NS ] F3-F7 Wi, TR ARG Rl . NEE M3 s R, %
il KL S B A 2 A S0 NS T W R I T2 B, 55 NEE Fi I 2 [ ) ™ 2 [ R A (2071112, 2022)

Tend (b)
R
10°m/s’ - - e A 4 I ﬁﬁn}*} aT
740
2.8
- 2
1.8
L 260
0.8 -

] *ﬂr
-20

-400

8ol o %R 0 Q 10004
K4 FIRER R DEELE (5IEDARISE, 2022)
Fig.4 Contours of residual gravity and magnetic anomaly field (from Guo et al., 2022)
a. FIRAAEESFH, b BIRWSF

a. residual bouguer gravity anomaly; b. residual magnetic anomaly

2 [REMBHEKE

2.1 ) BB

(1) HeA 5

T R R R A A R A R R RV (CSAMT) A AR IS AR 7R vE (MELOS) Hy kit b4
FR)— i N VR R IR, 1% 071 R 20 O BEAIL 7 SBBOR i tids, S 7 OB AR B, A
MYy Ex vHE 2 XA RS & 7IEEE, BAHRMRE R, W R m L (4635, 2010,
2019; #IFHEE, 2015),

AL E-Ex WL B NE], B B BB ER e 7k . ES SRR, ZK-P rR AR AR IR A Y H
YK Ex 4 R R N ;

IdL

C [1 - 3sin?¢p + e7#7(1 + ikr)]|, (D

FRE (1) =RT LA SO 380 L BH 28 2 SR R
MVyy 1

Ke—px— Fp_g, (ikr)’ (
ﬁ*:Kbm=ﬁﬁ%%%§%ﬁ,AmN=EfMN;&%ﬂmﬂ=1—%m%+€%%LHhﬁ
AR T T I L BE R ) SRR o L e SR AR AT T AR AR B, DRI A T VR AT AR am XA A
W XE NI R XS AT &, W TIR B K — A& QAR IER I —H ., Was), (#
AR B ERAE (4555, 2010),

(2) B¥aRETTiE

KR A BRI S B RNEA 2 RS (E-Euy B JFBEIRRET/E (K 5a), ZRAGHEE
FR) B A S e BB 2B FIPOR RE 7, TAE RS B 2 sl BRI 7E 1000 V A1 200 A LA . {5 5K
H 2" R B BEAL 7 A5, 11 IR ARBES R, JEANE 55 0.0117-8192 Hz FEAliIf . A REHFRIEHEL 39 ML
# (0.5-6144 Hz) sLjfi 2 A [E A&, AT TR

TR RN AEAT T, AR 4 2 FATINZR, MZAEE 200 m, HIUZEKE 3 km (& 52). M
RASHEEWT: KEEN AB KB 1.1 km, WCRFEAT 8.3-10.0 km Z[i], Wl sil6]#E 40 m, SERUEA)

X

2)

Pa =



HEI A5 300 Ao FH RS FE ™A IEIE (B REER A MAZ) (DZ/T 0407-2022) HARZER, Aimd =
NSRRI IR A e v, DA AEX 27 R ZE 35K T 1% 4% BRI ME

FAER 300 MFE A, IETE S 255 4 (i EE 85%), TERJFE A 45 4 (5 15%), IR
B, BE A% RIA 100%. iR IR RS 24 MICIAE S (5 T/ERE 8%), SATHR, s
5 R EHAR RS PR AX R ZE N 0.88%, 2 AL TG BR (1R = il br i . BRI EIEM S R
IE T AN RS S H0% B AN 5B RS R AT 5.
2.2 YRRS YR B RE IR EE

(1) FEAR

SR LRI IRYE 2 B T RGN BRI — P B AU AR o HAO D RFIEARIAE: OFH 6
g EE M TN BENLR LS S 1E Bl iR, @ A T (AB) WUR Sty Bkl , ATy
5 i Yo L A TR gl i 2 QU R AN T REREWHE (H) BUKF# & (Hy,
AR B AL SR BUK IR 5 G RAE S, 18 OGN BAH SGIEAS TG 37 A 26 e 3 5 11 584 XA L R 28,
TE T A B TR [l 28 @il i 51 ANJEIA EAH S5 S XURAL FRT iR, A 3ERTH e 1 5 80E
EWetE GzIFmMmB g, 2008; F475%, 2016; Z4Exfs:, 2021).

AR AR AT BAH R R GUHER 7 VRN T GRS P B 2 B, UK i3
Hy 3515 FE R Ge i A B 20t . L3 i R

AR RGPHRIES, RS u M y 0 EAREE RGN, .

Ry (t) = hs(t) he (£)"Ry,(8), (3D

T, g (6) 2 IR GE MBS, b (6) 2R RIIRH R G5 (BB AR RS R, R, (t)

NG T EAIS, Ry, ) RGN SHLE SR LS. EEBIEA:
Syu(s) = He(s)H,(s)Sy(s), (4D

Sy, ($)HIS,, () 7379152 FHAHIGR,, ()R E AHICR,, () IR E R T AR 3, Ho () FIH, ()73 il /2 Wl 5 42

H & hs (O AR HHR R Gh, (6) IR B A8 46 F 0 IR fEs F jw B 4, WA IRUOK b 28 G0 0 A 5 4% 346 bR 4

LN Syu(jw) .
H.(jw) = W/HS(]W), (5)

1 20(5) HAH VLT 3R A5 A (AR HE IR R G0 IS R o LI 2R Ge A B B AR ZR 6 S2 H (jw)
WRENE B HIASCHE Y (7 AR, R HE Y 1, FrAal (B) 280N:

, _ Syu(jw)
Ho(w) = Sees, (6)

EANETFRBHE Ts(t), 4B SHIMAE BRMNS T5HBEITAR, FASBIRE, KT
SRR 15 5] RGN o

LN PCys(/W)
H,(jw) = m'(n

2 Peys GW) F1 Py GW) 70 72 BAHIE Ry, s () FUELAH R Ry, () I EL ) R
KO IR N RGN u A5 S, INFIKCTRES) Hy (B v LR U y (55 . HZIRBIR R 1K
- H AR AR R O ) AR R AT A X
_ Id_L . A wﬂ 1
Hr = =gy Si0¢ Lf 1 +%11W)d'1 + Tfo R %]o(lr)d)ll,@a)

H —IdL ; A Ar)dA b
‘l’_ﬁcosd)[fo mh( r)di] ,(8b)

H, = H,sing + Hgcoso, (80)
AH: R* = coth [m1d1 + coth_lz—:coth (mzdz + -+ coth‘lmmLI;l)], m; = ’/12 —k?» Kk = iop,op,

to N E HZE TR FREER, oI AR TP AR s T r M . roNORER, ADNEEIASR, e R
BRI RN
Frlth, 2 N=1I, RI3215) 2 E R MK 7> & HyRIER:



IdL
5 i j T ]1(/1r)d/1+rf T ]O(Ar)dl] (9a)

HY = Zier f /1+ ]1(/1r)d/1] (9b)
Hy = Hosmqb +H°C05<;b (90)
M ERFTULE S, HZHEERSECREI, el w25 m b
AN (8c) AT 45 i R (1 /K PR o & Hyo
IKEHE Hy A5 B (5K 8, 9)42& DL Hankel AT Sh HE 11, AR SR FH 2513 20 Xk e s iy B B 1.
By,
P T R PRAB 2R 3R T /K P AR AR 1) Hy A AR B, 4 S H Hy XA EBERIF R (7
HH A4k, 2005, F4EAE, 2021):
2
P(leHy'((D) =ph _|Hy((0)| 7, (10
|H0(03' p1)|
X Hy (W) S0 Hy 5 LR AE 54 B SCHHR AR I B, Hy) (w, py) N3850 223 7] F 1 R K SRl
R, FEEATHEA, FRRMCEEEE, TR (10)55) 225 R m AT BESH N .
(2) B¥EREE 1%
Hll R ER G K B R AR R A 70 R IR BEA A A AR, 075 vk P R S vty 5 B i A
(E5b). RERGHT 6 riEE M FHINBENRIDEA, BIdACT BRI (AB HREE 1.9 km) #%
REAT L, S S EOE EONHIE 0-1000 V. HELE 7-16 A (Raifi/fa ks, I8k GPS [Al5 il & Thfie
PR GRS B, 3SR 1 A 1 A 2 R SRR Hy i, BRROHLEC B 6 i (H/R
T 318, 24 RIBCEEH % N 2 RRAEZR (150 Hz % 24 kHz), I3 & N SR RE S s ST 44 B A
SR,

(@) (b) L13

4058000

4058000

4056000

9.0Km “~_

4056000

4054000

/
’
y
.
.
’
\\Y;\
L %
4@ w
>
N
A0
S

AN

4052000

4054000

433000 435000 437000 439000 441000 433000 434000 435000 436000 437000 438000 439000
5 WL B KRk &
a I FE T UL DN BN E-Envn FRWSCRE B o 2w A Y PR DRV DN 2 B A AR
Figure 5 Observation Systems and Receiving Devices
a. Wide-field electromagnetic method observation system and E-EMN receiving device; b. Encoded-source electromagnetic sounding
observation system and receiving device
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Table 1 The Statistical table of physical parameters of rocks (ores) in the study area
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Fig.6 Wide field electromagnetic method inversion sections of the Xiaotieshan deposit in the Baiyinchang Cu-polymetallic field

a. Line T7 inversion section; b. Line T9 inversion section; c. Line T11 inversion section; d. Line T13 inversion section
1-Subquarte Keratophyre; 2-QuarteKeratophyre; 3-Quartekeratophyretufflava; 4-Quarte-keratophyre tuff; 5-Agglomerate; 6-Spilite;
7-Keratophyre; 8-Keratophyre tuff; 9-Phyllite; 10-Granite porphyry; 11-Mineralized alteration zone; 12-gossan; 13-measured /
inferred unconformity; 14-orebody; 15-Borehole
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Fig.7 Coded source electromagnetic sounding method inversion sections of the Xiaotieshan deposit in the Baiyinchang

Cu-polymetallic field

a. Line L7 inversion section; b. Line L9 inversion section; c. Line L11 inversion section; d. Line L13 inversion section
1-Subquarte Keratophyre; 2-QuarteKeratophyre; 3-Quartekeratophyretufflava; 4-Quarte-keratophyre tuff; 5-Agglomerate; 6-Spilite;
7-Keratophyre; 8-Keratophyre tuff; 9-Phyllite; 10-Granite porphyry; 11-Mineralized alteration zone; 12-gossan; 13-measured /
inferred unconformity; 14-orebody; 15-Borehole
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Fig. 8 Spatial distribution characteristics of mineralisation in XiaotieshanCu-polymetallic deposit, Baiyinchang, Gansu, China
1-Subquarte Keratophyre; 2-QuarteKeratophyre; 3-Quartekeratophyretufflava; 4-Quarte-keratophyre tuff; 5-Chlorite Rock; 6-Phyllite;
7-Granite porphyry; 8-massiveCu-Zn-Pb ore; 9- massiveCu ore; 10- impregnation Zn-Pb ore; 11- impregnation Cu ore; 12-
massivepyrite ore; 13-orebody number; 14-measured / inferred faults; 15-measured / inferred geological boundary
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Fig.9 Geophysical prospecting model of the Xiaotieshan deposit in the Baiyinchang Cu-polymetallic field
a. wide field electromagnetic method high-resistivity anomaly; b. wide field electromagnetic method low-resistivity anomaly;
c. coded source electromagnetic sounding method high-resistivity anomaly; d. coded source electromagnetic sounding method
low-resistivity anomaly

(2) WKIBEBRBAE (p>1500 Q' m) SAFEMBEREIE (p<500 Q-m) FIHLE G582 kil A%
W8 VHMS BRI BRI IRBE S (p<400 Q- m) FR/REAY)E 5.

(3D B E F 52 K L LR BRI « LU B B B W 2405 Ak = i Brdzs i), IR K 0E3E (p>1500 Q-'m)
N BT AR 2L TR

(4] 358 FEL 2 A0 24 0 900 FELRG IR e SR M VHMIS BV 22 4 SR PR o 3 - A0 s -l A8 ] ™ A 7
FRAL T O BRI ER LY . OmiBHA MR DT M Fa7R B IR IS R AR A 8% 1% s @R AR R s it S
SER T VPl BT RGUIRAE TR s VIR R S T X i 1288

(5) ZEAHLT- MRV ERIRA R . = AR AR SR AR R B RFAIE,  TER R IR R A A1 P
4 hFRAEEIX, N SR SRR ERISAE SR B T T 1A

B HRAA e Rt S SRS TR S TR MR A A KIBR Hm R LRI T /R, ARA GBI
AR A F S TRRIMERE A AR AR I A PR R1ANER L i TR /200 20 vt 2 AR ) i A P B A0 AR Bk 92 1
TErh e TR S, L SIEME R ARG PR A AR 4L T = 4e @ BRI S =4 B IR (64 1) MHARIRS, 16
UL FFBOCR ORI . PR A R 2 515 BB AP B . WIS 20 B iR B R e, T&



T R TARINAE N AT A TAE N ARSI R AR . 70 W Ab B R e A T SR B 57 8), (EVEH NCIETEAm S48, IR
ZNCIIVLE (9=

References

Bian, Q. T., 1989. Geological Structure and Mineralization Model of Baiyinchang Ore Field. Beijing: Seismological Press, 59-65(in
Chinese).

Di, Q. Y., Zhu, R. X., Xue, G. Q., et al., 2019. New Development of the Electromagnetic (EM) Methods for Deep
Exploration. Chinese Journal of Geophysics, 62(6): 2128-2138 (in Chinese with English abstract).

Duan, W. Y., Li, X. P., Schertl, H., et al., 2022. C-O-H-S Fluids Released by Oceanic Serpentinite in Subduction Zones: Implications
for Arc-Magma Oxidation. Earth and Planetary Science Letters, 594: 117709. https://doi.org/10.1016/j.epsl.2022.117709

Franklin, J. M., Gibson, H. L., Jonasson, I. R., et al., 2005. Volcanogenic Massive Sulfide Deposits. Economic Geology 100th
Anniversary Volume, 98: 523-560.

Gao, S. D., Luo, W. B, Su, Y. G., et al., 2017. Geo-Resistivity Observational Experiment Based on Encoded Source. Acta
Seismologica Sinica, 39(4): 506-519 (in Chinese with English abstract).

Guo, X. G, Chen, S. Y., Li, Z. C,, etal., 2022. Gravity-Magnetic Anomalies and Tectonic Characteristics of the Baiyinchang
Cu-Polymetallic Ore Field in Gansu Province. Geology and Exploration, 58(5): 1057-1069 (in Chinese with English abstract).

Guo, X. G., Dai, S., Han, F., et al., 2025. Research Progress on the Genesis and Metallogenic Model of the Baiyinchang Cu
Polymetallic Ore District in Gansu: A Review. Mineral Deposits, 44(2):432-456 (in Chinese with English abstract).

He, J. S., 2010. Wide Field Electromagnetic Sounding Methods. Journal of Central South University (Science and Technology),
41(3): 1065-1072 (in Chinese with English abstract).

He, J. S., 2019. Theory and Technology of Wide Field Electromagnetic Method. The Chinese Journal of Nonferrous Metals, 29(9):
1809-1816 (in Chinese with English abstract).

Hou, Z. Q., Zaw, K., Rona, P., et al., 2008. Geology, Fluid Inclusions, and Oxygen Isotope Geochemistry of the Baiyinchang
Pipe-Style Volcanic-Hosted Massive Sulfide Cu Deposit in Gansu Province, Northwestern China. Economic Geology, 103(2):
269-292. https://doi.org/10.2113/gsecongeo.103.1.269

Ji, B., Li, X. M., Shi, C., et al., 2024. Zircon U-Pb Ages, Hf Isotopes and Geochemistry of Bimodal Volcanic Rocks in Baiyin Group,
Eastern North Qilian. Journal of Earth Science, 49(7): 2490-2507 (in Chinese with English abstract).

Jia, C. X., Cheng, H., Fu, S., et al., 2024. High Frequency Electromagnetic Experiment Based on Spread Spectrum Coded
Signals. Progress in Geophysics, 39(3): 1251-1259 (in Chinese with English abstract).

Liang, W. J,, Yan, G. S., Li, J. S., et al., 2016. Characteristics of Fluid Inclusions of the Xiaotieshan Lead Zinc Polymetallic Deposit
in Gansu Province. Bulletin of Mineralogy, Petrology and Geochemistry, 35(2): 317—327 (in Chinese with English abstract).
Liao, S. L., 2014. Progressively Determine Prospecting Targets and Quantitative Forecast of Baiyin Ore District, Gansu Province [D].

Wuhan: China University of Geosciences (in Chinese with English abstract).

The Third Team of Gansu Metallurgical Geology, 1975. A Study on the Relationship Between Acidic Volcanic Activities and
Mineralization in the Baiyin Area. Geology and Exploration, (08): 32-40 (in Chinese).

Liu, J. X,, Sun, H. L., Chen, B., et al., 2016. Review of the Gravity and Magnetic Methods in the Exploration of Metal
Deposits. Progress in Geophysics, 31(2): 713-722 (in Chinese with English abstract).

Liu, J. X., Tong, X. Z., Yang, X. H., et al., 2008. Application of Real-Coded Genetic Algorithm in Two-Dimensional
Magnetotelluric Inversion. Progress in Geophysics, 23(6): 1936-1942 (in Chinese with English abstract).

Luo, W. B., Ding, Z. J., Gao, S. D., et al., 2021. Wide Field Electromagnetic Sounding Using Y-Component Magnetic Field with
Horizontal Current Dipole Source. Geophysical and Geochemical Exploration, 45(1): 46-56 (in Chinese with English abstract).

Luo, W. B., Li, Q. C., Tang, J. T., 2012. Coded Source Electromagnetic Sounding Method. Chinese Journal of Geophysics, 55(1):
341-349 (in Chinese with English abstract).

Nozaki,T., Nagase, T., Takaya,Y., et al., 2021.Subseafloor Sulphide Deposit Formed by Pumice Replacementmineralisation. Scientific
Reports,11(1): 8809—88009.


https://doi.org/10.1016/j.epsl.2022.117709

Peng, L. G., Li, X. M., Ren, Y. X, et al., 1998. Researches on Metallogenetic Regularity and Deep-Seated Ore-Hunting in
Zheyaoshan Deposit, Baiyin Ore Field, Gansu. Northwest Geoscience, (1): 1-51 (in Chinese with English abstract).

Shi, H., Pei, J., Luo, Z. J., et al., 2017. Comparison of the Exploration Effect of Wide Field Electromagnetic Method and CSAMT in
Production Mines: A Case Study of Shuikoushan. Mineral Resources and Geology, 31(4): 766—772 (in Chinese with English
abstract).

Song, S. G., Niu, Y. L., Su, L., et al., 2013. Tectonics of the North Qilian Orogen, NW China. Gondwana Research, 23(4):
1378-1401. https://doi.org/10.1016/j.gr.2012.02.004

Song, S. H., 1982. A Study of Pyritic Copper and Polymetallic Mineral Deposits (Cu, Pb, Zn): The Correlation and Research
Tendency of Some of the Worldwide Mineral Belts and Ore Deposit Types. In: Collected Works of the Institute of Mineral
Deposits, Chinese Academy of Geological Sciences (5). Beijing: Geological Press: 5-37 (in Chinese).

Suo, G. Y., Li, D. Q., Hu, Y. F., 2019. One-Dimension Parallel Constrained Inversion of E-Ex Wide Field Electromagnetic Method
Based on Analytical Jacobian Matrix. Computing Techniques for Geophysical and Geochemical Exploration, 43(1): 55-61 (in
Chinese with English abstract).

Tang, J. Q., He, J. S., 2005. Controlled Source Audio Magnetotelluric Method and Its Application. Changsha: Central South
University Press (in Chinese).

Tang, J. Q., Luo, W. B., 2008. Pseudo-Random Electromagnetic Exploration Based on Invert-Repeated M-Sequence Correlation
Identification. Chinese Journal of Geophysics, 51(4): 1226-1233 (in Chinese with English abstract).

Tang, J. Q., Ren, Z. Y., Zhou, C., et al., 2015. Frequency-Domain Electromagnetic Methods for Exploration of the Shallow
Subsurface: A Review. Chinese Journal of Geophysics, 58(8): 26812705 (in Chinese with English abstract).

Wang, M. J,, Song, S. G., Niu, Y. L., et al., 2014. Post-Collisional Magmatism: Consequences of UHPM Terrane Exhumation and
Orogen Collapse, N. Qaidam UHPM Belt, NW China. Lithos, 210: 181-198. https://doi.org/10.1016/j.lithos.2014.10.006

Wang, R., Yin, C. C., Wang, M. Y., et al., 2014. CSAMT Sensitivity Analysis for 1D Models. Progress in Geophysics, 29(3):
12841291 (in Chinese with English abstract).

Wang, S. T., Lin, C. H., Wang, X. D., 2023. Effect of Transmitter Waveform on 1D Modeling and Inversion of Transient
Electromagnetic Method Data. Geoscience, 37(1): 99-106 (in Chinese with English abstract).

Wau, J. R., 1992. Analysis of Geologic Characteristics and Ore-Forming Conditions of Pyritic-Copper-Polymetallic Deposits in
Baiyinchang Orefield, Gansu. Northwest Geoscience, (2): 83-96 (in Chinese with English abstract).

Xia, L. Q., Li, X. M., Yu, J. Y., etal., 2016. Mid-Late Neoproterozoic to Early Paleozoic Volcanism and Tectonic Evolution of the
Qilian Mountain. Geology in China, 43(4): 1087-1138 (in Chinese with English abstract).

Xiao, B., Chen, H. Y., Feng, Y. Z., et al., 2024. Episodic Magmatism Contributes to Sub-Seafloor Copper Mineralization: Insights
from Textures and Geochemistry of Zoned Pyrite in the Ashele VMS Deposit. American Mineralogist, 109(5): 925-940. https:
//doi. org/10. 1130/B36853.1

Xiao, X., Li, Y. H., Tang, J. T., et al., 2024. Application of Wide-Field Electromagnetic Method in Deep Mineral Exploration of
Tongling: A Case Study of the Dongguashan Copper Mine. Mineral Exploration, 15(9): 1593-1606 (in Chinese with English
abstract).

Zhang, X. T., Li, X. L., Zhou, B., et al., 2024. Application of Wide-Field Electromagnetic Sounding Method to Deep Prospecting in
the Mangling Ore Concentration Area in North Qinling: A Case Study of the Yaozhuang Ore District. Geophysical and
Geochemical Exploration, 48(6): 1609-1617 (in Chinese with English abstract).

Zhang, X., Liu, K. H., Li, X., 2010. Application of Static Correction CSAMT-Joint Inversion Method. Northwestern Geology, 43(2):
38-43 (in Chinese with English abstract).

Zhao, S. Y., Yang, A. Y., Langmuir, C. H., et al., 2022. Oxidized Primary Arc Magmas: Constraints from Cu/Zr Systematics in
Global Arc Volcanics. Science Advances, 8(12): eabm0718. https://doi.org/10.1126/sciadv.abk0718

Zhao, Z. X., Wei, J.H., Santosh, M., et al., 2018. Late Devonian Postcollisional Magmatism in the Ultrahigh-Pressure Metamorphic
Belt, Xitieshan  Terrane, NW  China. Geological Society of America Bulletin, 130(5-6): 999-1016.
https://doi.org/10.1130/B31772.1


https://doi.org/10.1016/j.gr.2012.02.004
https://doi.org/10.1016/j.lithos.2014.10.006
https://doi.org/10.1126/sciadv.abk0718
https://doi.org/10.1130/B31772.1

Zhen, S. J., Du, Z. Z., Liang, W.J., et al., 2013. Sericitization of Baiyinchang Copper Polymetallic Deposit. Acta Mineralogica Sinica,
33(S2): 544-545 (in Chinese).

Zhu, Y. Z., Xu, C. Y., 2011. Experimental Application of Wide-Field Electromagnetic Method in Deep Prospecting. Geophysical
and Geochemical Exploration, 35(6): 743-746 (in Chinese with English abstract).

P¥ A SCSCHRR -

T4, 1989, FRS BT XM TAAE Sl . dbat: MR AL 59-65.

KHEz, AHMEE, EEM, %, 2019, RERHEREBERNHHAG SR, hERY IR, 62(06) : 2128-2138.

HRG SR =0A, 1975, FARMIXBRYE KOS 5 B 6 R IVERTT. MR S5 HEIE, (08) @ 32-40.

g, DYk, FRKR 4, 2017, ZRAEYEHLHL AR IR, MR AR, 39(4) : 506-519.

AL BRSEAR, FER, 4, 20220 HINBR W2 &R HEE R IMERE. i SRR, 58(05) @ 1057-1069.

NRLL HAR, g, 4%, 2025, HON BRI RZ &R IR KOS S it LR, BT IRHT, 44 (2) :432-456.

ff4ksg, 2010, JICRBAMIGERE . R RN (BARIER), 41(03): 1065-1072

ffdkst, 2019, KIRFERREE SHBBERE R SEAR. TEG LR, 29(09): 1809-1816.

T, B, B, 5%, 2024, AGAHEAR B AR S BEXUE L S B A U-Pb RIS HE [FIAL 3R SBERIL S ARFAE.  HOBRFLE
49(7) : 2490-2507

PURME, M, RS, %5, 2024, FETYOSRADIE S 0 A AR SR 7. RS bR, 39(03) ¢ 1251-1259.

widg, T, A, &, 2016 HN/MERILNEEZ &R IRIRAQEARHME. HPUSHR, 35(2): 317-327.

BERTEE, 2014, HN A AR X AR DB R 18 e 5 s T (2200 S0 . i B R 2 R0 .

WIEERr, PR, BRI, %, 2016, EMNVEEENASMEEY POt E. MERyEENERE, 31(2): 0713-0722.
DOT: 10. 6038/pg20160229

WigRHT, HFE, Mbenh, &, 2008. SEEIWAD IS fE HEAE K B R oK gE SO AR IR (RS0 . M BRI S
23(06) : 1936-1942.

PUR, TEE, =B, 5 2021 WEBSAKTE Hy FEEE) S EBERINRE. YR SR, 45(1) @ 46-56.

PR, FREF, BbHE, 2012 ZmbdmpanEE. HERYIES AR, 55(1) 0 341-349.

ALEE, FRR, AR 45, 1998 HIRAE L RS MU KRR BT, pEAb R, (1) 1-51.

A, e, BARZE, %, 2017, JICHRBLEA AT IR AR R RVATE AR PR LRI AR B L —— Bk Dl el BT
PEEMR, 31(4): 766-772

RAUH, 1982, FEERE BUHFI 2 & JE AT R ——tH FL30 l  — 8 R B A PR IS (R0 b St T i, v [ R R 2= e
PR RE 72 T SC4E (5). Jbat: MU A, 5-37.

FOLIE, AW, WIEDS, 2019, JETEATHE SO LLAERE M E-Bx I B RLE T AR R, IR EEOR,  (01)
55-61.

DI, A4k, 2005, RIHRIEESOCH AR RN, Kvb AR RS AR

P, FYR, 2008 FETAHCHHRRY ES n PRI RLE. MR AR, 51(4) 0 1226-1233.

DI, ARECE, AR, %, 2015, REUMREHMEIIRINELR. HiBRY AR, 58(08) @ 2681-2705.

T, BRKE, EBH, %, 2014. CSAMT 4L TR B4, sk 2ziife, 29(3): 1284-1291.

TR, MBS, TR, 2023, RS HGBIEN RS U —4E R IR . BRI, 37(01) : 99-106.

GEA N, 1992, FAR)HH S BUH-2 4B R I HUSURFIE RS &8, PEAbHbE RN, (02) @ 83-96.

EMIYr, FRR, RKRig, %, 2016 ARELGHOE AT E R K IER SiE K. P EME, 434) :
1087-1138

M, AL @I, S, 2024, TR RAETE R B A b i R —— DU B A L e e . e, 15(9) ¢
1593-1606

SRIEHL, bk, DR, 4%, 2024, IR RGEAE L RIS RIS T B X VR A 1 R —— DUBEEERT X . MR S AR
48(6) : 1609-1617

skiE, XUFEE, ZESk, 2010. CSAMT FIERSIER F——WCA Sk, Fadbim, 43(02): 38-43.



WEEE, AR, BREIME, £, 2013, ARIHZ SRV RNE L. TYFR, 33(S2): 544-545.
RABRIR, TRMER, 2011, JICHLBGEDRERER SCIRRUR. PR SR, 35(6) : 743-746.



