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Abstract: Integrating geological and drilling data, traditional geophysical techniques such as
gravity, magnetic, and electrical surveys provide quantifiable constraints on density, magnetic
susceptibility, resistivity and polarization, for locating concealed and deep-seated metallic ores.
Since seismic exploration offers higher spatial resolution on strata and structural geometry, its
combination with gravity, magnetic, and electrical methods can significantly enhance exploration
accuracy of metallic ores. Due to the complex terrain and subsurface geological conditions
encountered in metallic ore exploration, however, the traditional reflection seismic method faces
two major challenges: high acquisition costs and multiplicity of only P-wave velocity tomography.
Therefore, based on modern sensing, communication and computing technologies, this paper
draws on the latest seismic techniques applied in engineering geology and fossil energy to address
how to reduce the cost of seismic survey and improve the imaging accuracy in conditions of
complex surface and subsurface geological structures of metallic ores. After thorough analysis of
the challenges in metallic ore seismic exploration, this paper proposes several technical solutions,
including the combined use of active and passive source seismic, artificial intelligence-based
seismic acquisition technique to decrease the seismic acquisition cost substantially, multi-
component seismic scattering imaging, and joint inversion for multiple physical parameters to
improve accuracy of predicting ore deposits. Additionally, the paper discusses key issues that
should be devoted in the future regarding the limitations of current seismic theories and

techniques.

Keywords: Geophysical Prospecting; Metallic Ore; Seismic Technology; Active and Passive
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Fig.1 Cross section of the Dulong Sn-polymetallic deposit in Yunnan Province. (1, Nanwenhe
granite; 2, Lower segment of member 1 of the Xinzhai formation-complex; 3, upper segment of
member 1 of the Xinzhai formation-complex; 4, member 2 of the Xinzhai formation-complex; 5,
late Yanshanian granite (yb3a~b); 6, late Yanshanian granite porphyry(yb3c); 7, weathered
siliceous crust; 8, garnet-diopside skarn; 9, chlorite-actinolite skarn; 10, tungsten ore body; 11,
copper ore body; 12, Sn-Zn (In) ore body; 13, geological boundary; 14, fault.) Modified from Hu

et al., 2020.
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Fig.2 The mountainous environment of the Yingxiongling 3D seismic exploration area (a),

elevation differences (b), and surface conditions (c).
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Fig.3 Outcropping rock layers with high-angle steep dips at the surface (a) and the 2D seismic

PP-wave imaging profile (b).
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Fig. 4: Comparison of 2D seismic imaging results for Hero Ridge (a: conventional pre-stack time
migration, b: 2D imaging results obtained through scattering and diffraction wave studies) and 3D

seismic imaging (c).
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Fig. 5 PP-wave imaging profiles of a Tarim Basin oil field with volcanic intrusion (a: north-south

profile revealing basalt layers intruding into Mesozoic strata, b: east-west profile illustrating the

volcanic intrusion pathways and the nature of the deep-source origin).

1.5 fRGEH RRER B BRARRE

P ELSE, AR SIS A A SRR IR w2 B kG BE IR AN AT 25 T M R R0 3
WHITNER RS, AR THRRER BN il RGN T R RS,
£F )7 Tk 12.5%x25m ] CDP (common depth point, FEIRE ) BRIk, UM X 1)
MR EI R I CREKZE 30 757, EERTER, @ik TIRE KPR —m R ER A
ETHH 40-50 FiTC, BT S RS SR A T T e BN AR S A R RN AL
YEZ) . WABRNBEMIRIH . AN, HEAMBR AL 80%LL L, RIEF4LiE
T RO A SN R 2 — . NI, TEE B YRR BN SR ST, A 45
JRAS AT | RS Pl 2 5 L M FR AR R BRI e M R AU A T 1 2 AR R R
i I G

(D BHHR=Z0BTERE. WRHMRMCRBRR, ET 20 RIN T RS
FRABHAREHBRFIR . 7T HRE IR . KRR . XYZ =J7 M Jpiba i A
TR BANEEEAR SGAFIE N A (Deng et al., 2022; REFHE, 2022) NEF)
V4 SR TS B PRERAE T 20 AU FLANE 24 10 4 G AR T, FL R K BAIG 1 3= 3 0 SR B
Ao FSEITCRIEN, HAEHEA. I G UL I RE R B =R AR



BORARIFT,  ELAS KRR R R, A A R 5 R R P SO B S e 10s~
Hz [f) FEAR0HARE R [ I 36 2 R ROBE R A ) S L J i Rt 7 /N ROBE IR R A /R
JE TR T oK, FEANRI U 7 BRI R (ARIMZ54E, 2013a, 2013b; Du et al., 2020;
Ao FES, 2020; Dengetal., 2022; BAEEESE, 2023; ZEAEE, 2023) . dE—B R A RARH
TR AT AT T O S S HAR, LR R Z A (Xia, et al,, 2003; Pan et al., 2019; Hu et al.,
2020) « ZrEHYE (Zhang etal., 2023) F 2 HERAEUR B (Luo et al., 2008) 54 11k
FBUR AR, LTS S R BRI AT RN N TR AT, DA B N TIOR3 A5 T IR R A i B
EAGFAR (Schuster & Zhou, 2006; Cheraghi et al., 2015) , R SZIIAS [F19 B ) S\ I AR
HEEGSHYENT . B4, 7E R ORI PRI PR 5 T A% Gt R B AR A e, R e R A 43l
M FE i Wil 6 TR, TERIARUK a5 ORI, A I AR R AG ORI T YR S o 42 f T
AR IR I P ) T B A S B T UK i S HL R AR v T R R R R BIE [ R ) (Fu et al,

2021)

0.0 0.0
0.2 ; 10.4
- { RRLCERREE L P C AL AT E

@ « A T

o 0.4 '::l gt o RN i -""‘l“lHI'.'.'w1“mumﬁ‘.ﬂ""1'-1‘”!!“:“1“:1‘:!::11u«l':':':"l!f“ o =
E !.J““-l-uuulluu" "‘h“‘“lﬂ:i|1N1|1"nu|w.‘. ettt 1 L ey %
0.6 Mo 0™ P it B R L e 12 a

. e o TR T Lo . LS

AL -1I||I::ll"" i *""'""'Hml‘""m""",,m|||Im|llml“"mﬂ"u‘u.m
a sl s TR gm0 Vp = 4.0 kmils 8
o / |

£
= Granitoids e
£ High grade
810 metamorphic rocks, 1.0
© Ic
1.5] 15
2.0 [ i20
69.56 69.54 69.52 -69.50 -69.48 -69.46 -69.44
Latitude (" )

Bl o Rtk SHENFEAEREE () SEHEMKE (b) BREHERKTHRRE (¢) (Fuetal,

2021)

Fig. 6 Passive-source body wave imaging of the Antarctic ice sheet (a) and surface wave imaging

(b), jointly used to infer the subglacial geological model (c) (Fu et al., 2021).
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Fig. 7 Comparison of imaging results from conventional seismic acquisition, compressed sensing

acquisition, and high-density acquisition (modified from Shu et al., 2020).
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Fig. 9 Overlay of 2D color resistivity from CSEM (Controlled Source Electromagnetic) inversion

and seismic profiles (black lines represent boreholes, Fanavoll et al., 2014).
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Fig. 10 Seismic tomography velocity spectrum of the Yudu-Ganxian mining district in Jiangxi.
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Fig. 11 Passive-source body wave imaging of a survey line in Tibet (a) and the corresponding

AMT-inverted resistivity profile (b) (Liu & Meng, 2024).
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Fig. 12 Comparison of imaging results in a metal ore district: 2D seismic PP reflection wave stack

(a) and common scattering point stack (b).
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PP-wave, b: PS1-wave, c: PS2-wave).
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