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A Review on the Fifty-Year Development Trajectory and Hotspot
Evolution of Mineral Prospectivity Mapping: A Bibliometrics
Perspective

BaiRu,SunTho*

School of Mining Engineering, Jiangxi University of Science and Technology, Ganzhou 341000, China

Abstract: Mineral exploration is a fundamental task for safeguarding national resource security and the stability of industrial supply
chain. As a core step of mineral exploration, mineral prospectivity mapping (MPM) has undergone transformative development,
spurred by big data and artificial intelligence, emerging as a prominent research field within Earth science and accumulating a
substantial volume of literature. In this study, we employ bibliometric methods to analyze and discuss the research status,
developmental trajectory, and hotspot evolution of MPM over the past five decades, based on a dataset of 935 relevant publications
from three flagship journals of the International Association for Mathematical Geosciences, spanning from 1969 to 2025. Bibliometric

statistics on authors, institutions, and countries reveal that Carranza, E.J.M. and Zuo Renguang are the most highly productive and
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highly cited scholars in the field as listed author and first/corresponding author, respectively. China is the largest contributor of
publications in this field, and the China University of Geosciences (Wuhan) ranks first in global institutions in both publication
volume and total citation. The analysis of collaboration networks indicates a strong regional orientation, lacking of a high-level and
regular international cooperative research network. The evolution of MPM, based on the hotspot analysis of keywords, is divided into
three distinct stages, namely the foundational stage (1969-1990), the expansion stage (1991-2010), and the boom stage (2011-2025).
The thematic focus and developmental trajectory of each stage are determined by the prevailing technologies and algorithms of the era.
The foundational stage, focusing on mineral resource assessment, was dominated by geostatistics (variogram and Kriging). The rise
and widespread application of GIS technology during the expansion stage facilitated the shift of MPM into the mainstream scientific
task. In the boom stage, the prevalence of machine learning algorithms led to the dominance of intelligent MPM in the thematic tasks.
Recent research hotspots and trends indicate a shift from relying solely on high-performance predictive models towards in-depth
exploration and optimization of the internal mechanisms of intelligent models. The focus is on leveraging cutting-edge Al technologies
to address inherent challenges such as the black-box nature of decision processes and sample scarcity. Although advanced deep
learning algorithms have gained significant traction, classic shallow learning algorithms, such as support vector machine which exhibit
great performance in processing high-dimensional data and nonlinear problems, and random forest characterized by its strong
resistance to overfitting, remain popular choices among scholars in this field during the boom stage due to their high suitability for
few-shot MPM tasks. By leveraging quantitative statistical and visualization tools, this study provides a macro and comprehensive
perspective for understanding the development of MPM, and offers critical insights into future research directions of intelligent
prediction in MPM.

Keywords: mineral prospectivity mapping; bibliometrics; data-driven; machine learning; VOSviewer
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77 BER A SCHEA S 2 U AT P R R AN DA HERE R SR L RR il 7= B A VR R I SR 7™ %
VR FERETE TAE, HSORE R R B E K B % 4 5N R E . 7 A —IUR ERRHAES,
TR I ER HAR, BIKREZY. 2ERE RN TERBEE 7Y, BALERN 010 EfEE
AR LR BERR SR PE (A 523, 2003)e B B 2 AR 20T 708 P2 PSRBT 1015 B N R AlE 2R il 1 2
WIS AY ALY, HEMT G R IRECT SR e asm g, Horb 5 ™25 VI < 15 S RRORE
F AR T, IFE N 1 Rl )5 1 2 BEA L T R AN 22 (8] (i B2 A RO 82, SE R 1 A
I8 4 Wy T B R R ) 1 B 2 4k 40 A 85 3K (Thiergértner, 2006). 5 = Tiidll (mineral prospectivity
mapping) JHEITERHLTT . HERY)HE ., HhERALEE . BBREZTEG R, LA EIRIK S A XS i B VAR IR
SR A 5w S, PEE B B X, O BRI 2 XU . SR R R AR L IR .

LI R S AR S oK B 25 W AE MR A, 20 A BUR,  BEERUA LT E R R,
W ERTMB AL, dRED P FRIT0E F 2RO R Gitk . Ik, KR 5 AN TR R
FEIZ MR Z A 1 BB AT 7 B B 4EIE, WOl TR 7T 5 R 1 AKX ah A0 0 TR/ S0 B
O BRI H R, 2025; B w455, 2025; 247 %%, 2024; Zuo and Carranza, 2023). Bfi & HBBRERMIF2 A
AN EE B BRI e, iR TAE AT SRBU (5 B B A SR AR B SR AR, ™ (e a1 T
ZUR SR RLER . mT SRR EIRT RN, N DR RE SRR B 5m K ) BodE AL BE e 70 AT AR AR
LMk R 225 21 BE 1 BN R B A I AT A VR A0 e Tl 1) e £ 51 BE (FVGS5, 2025) 77 R BE TN Dy
BT 3, AR AR SEBl 1 SR A R, OV HBEREL 2 BT T U (K 7548, 2021) B
FATRIEE T AN AL AR, AR T ORE ISR, 9 EdE SR B A SOk R A TR T I s i B
il

SCERTHE AT TG 2 20 tHaly], HIEXURIE “bibliometrics” H Pritchard T+ 1969 £ K42 H,
PR EFEIZ SR IE U 57 (Pritchard, 1969). SCHRTH 270 — 138 B AN GE T 22 05 2006 Sk S 8 1E AT € 00
Prift TS SR, A OAE T MR BRI B R S R SiMRHE SR . I ERE, STkt
BRI ST KB, BRI EZ U RBISHER, TN T BARE.
Bl N SCRF S 5 RS SCRR A T 122893 4T H1 (Chen, 2006; Ellegaard and Wallin, 2015). #T4FEK, i
REAEEOAR . N LR RESE S T R PRI R RAGEA, ST R 2R S TRR T SR B
HHETZ IS RTVE B AR, I BE 08 SERS 40 Hh 20 1 2 B A R AR 2 A5 4 S RV Bh A&

ARSI TR OO T B, B AR E AR AT AL 8 77 SR TNt 7T i D) S s 5 K e
Ao AHFPE TR R SCHER B IR B, R T A TR SO B AR Rl T AN BB RE T . [
I, ASCEIE TN G FR 2 7E [E Rl 22 s BR R 2% 25 (The International Association for Mathematical Geosciences,
IR IAMG) B = A2 | ( Mathematical Geosciences, Natural Resources Research 1 Computers & Geosciences )

KR PN £ S b, L BB 43y BT RSCIR T B2 e T, MR Bl [E
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1.1 Bk 5405 30

AR ARV N Mathematical Geosciences Natural Resources Research F1 Computers & Geosciences
OB N R e 3. FRATEW T =AW R A S s, B E W SR R I (Bl YE . Mathematical
Geosciences Bl £ N Mathematical Geology F Journal of the International Association for Mathematical Geology,
R SCATIB A 1969 45 Natural Resources Research T 5 N Nonrenewable Resources, #tp- )X 1B A
1992 45 Computers & Geosciences 155K SCHF A ATIE B 2 1975 4F  FEAL R B0 E 1% I, Web of Science
ST FE s i MR RBE E, (HZA 2R RS 1990 4R LS 1 AR, TR AS YR 72 i 4% 1 i s = A AT
S (1969-2025) K Scopus HfE 7,  MT BEf A AR AR T8 ST fER SR BA Ty T, R 1077
Tl (mineral prospectivity mapping) 4, AHF MG HERL S HHR (geochemical exploration) FHhEkY)
FHHENHR (geophysical exploration) NN TR VG, X2 HT W B2 = H0l 2 PR s ) s ki, A5
WO E N B A %, BT N A ORI FEVE I . BB B AR TR, TR L BR A s R
A HBERYIE IR B 2RI, H1U0, “mineral prospectivity mapping” T IFRIAFE A “mineral potential
mapping” “mineral prospectivity targeting” “mineral prospectivity prediction” %, ] HAF/E—LCRRHARALE
P B B SR B ] T B e SR 5% ], ELSCE TR JE AT TN, A ANAE Scopus FRE JTR S BUA BEAT
R, WoHrrAstE. B, ABORIEIREBEE R IE 5 A, AW AR H 3R A R A LA 25 S
7 e 2t 3 RS R

FHA R R R R

SRCTITLE (Natural Resources Research) OR SRCTITLE (Nonrenewable Resources) OR SRCTITLE
(Computers & Geosciences) OR SRCTITLE (Mathematical Geosciences) OR SRCTITLE (Mathematical Geology)
OR SRCTITLE (Journal of the International Association for Mathematical Geology) AND TITLE-ABS-KEY
(mineral prospectivity mapping) OR TITLE-ABS-KEY (mineral potential mapping) OR TITLE-ABS-KEY
(geochemical exploration) OR TITLE-ABS-KEY (geochemical anomaly)

I T RUE R R RSSO I S B A G, (HECE D> (549 ) o Ut FATRAE LIz

“prediction” “mapping” “modeling” “targeting” “exploration” Z5EICEIAY KA RVEH, HEZ 3000
RSOk, XRS5 HIACE BRI, BATRE SRR [RI#EAT 7 N LfiL, MPRE] 762 FEAHG
SCHR . FF TR R 5 N LI SR AU SCRRIEAT & F S 5 3, sZA5 8 1 935 T SCHR AT AR 78 i 2
SCHR L RN TR 78 75 1969 4F 28 2025 4F 10 H 29 H.

1.2 AT H

SCHRTHE2E I AL AR O A 2 A B AE B eI AL DI RER T A, Hd R 155 #11 bibliometrix £, VOSviewer
5 Scimago Graphica # 4% H . Bibliometrix (Aria and Cuccurullo, 2017; Van and Waltman, 2010)% A C#kiH &



ST, SRR RSB A I TN S, e R RIT R E. ARRIE L BiSS M E R, HA
B (A LA 5 AT SE 1k . VOSviewer (Van and Waltman, 2010) PAJE K 25 7R IR o A b B AN A5 4
FORIEERR, JUHIERH TG ILIL. MR AE. BN G IEEM L 0T, $et TS, &
B 5 B A B 4 2 P MA B =, RE S AR R4 M BT . A0 RSO RS 4 1 AR B . Scimago  Graphica
(Hassan-Montero et al., 2022) SR IEE S %, K@ E WU 2 E45dE, CHEMESREE R
DT TRILR TR IE A A RO AR IA 71 i ) R Hofth 55 45 1 32

ARG EBHA T 2/ TH, EEELGES 5B, FIH Python, VOSviewer, bibliometrix 5¢ i SCHik
TR GEE G AEE KOG B KRN K SO G 5 R A AR Gt 5 o FE AT IAG I TH
1§ [ VOSviewer 2 HI7EFH LML &, % VOSviewer A1 bibliometrix fI4i %5, &8} Scimago Graphica
BAFHE— 25 SISO B AE I 2 R SR B RIUR, 2ol 55 [ R RHIF &1 6 R o th A ]

2 1B i

AWFFLAE A VOSviewer % 935 J& SCHRIY 2035 AiAEE AT o dfr . ARFE - #i e  (Price, 1963), ZEHE
H—AEE R NRE eI SRR, ZIEE IR SCE m B2

K= 0749x |Kssis (1)

HA, e ARIZIIRR KWW LR Z FMEE I K CE. 82 2025 4 10 H 29 H, Carranza, E. J. M.7E
Mathematical Geosciences Natural Resources Research 1 Computers & Geosciences =AM TIH KK T 21
BT R S, B R SCEIR 70 6, BIIEATETER npa=70. HRAE A XHHERS m=6.27, BIRER T RA
PA_EAR ST AT B0 2 AU i . MIH] VOSviewer 2l v 1F H LI I (& 1D . &
HREY KNS EE R OSCE IEA DS, Hib Carranza, E. J. M., %24 (Zuo, Renguang) A1 #k B ( Cheng, Qiuming)
BB R E AT = AL 1 R EDEL AR MR AR fE, JELob, AR 2 LA ARG
SCIREGERZ . B 1 R T LA Carranza, E. J. M., 7242 RIBCRK B S %0 2 FOMIELL, W] IABAT TR
A, MR EAR GRS PSRRI 2% [ LUAS R € [X 70t 3 T AR A S SR A2 SCRIE 7T
ARE, AHFEIB A8 e T R — 0 TR A S R A B AR S E R &R #ln, DL Carranza, E. J. MU
Yousefi, Mahya %0 fIAEARE. HSEAAT S EMTR S GO S8 RIS . IS8 B B 58 T8 A
P EEHLRITE FOERAE, T S AU A DAk BRI FU S TR O AL R R A R, D
PSP I ANIE LR A FAE R A — B ARSI S . AT AL T WEgia%k, 5HAMY A
LM SRR, R W] AR AT 7T (B 1D
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Fig.1 Co-occurrence network of highly productive authors

® 1A TR SCE R E AT T AR IR SCR TR S I, A SR SO S REEY 4R 18 SCHE Scopus
RS EL. Carranza, EJMZERSCE (70 D FLERE S XE (5035 O X EE AL, A4S (545,
3201 RBEGD FELEK I (31 F, 2148 AL 51D BEHEF G X885 7 AR Z A AFAE S VE G R, U Carranza,
EJM.5/4771E 2011 4K #1183 “Support vector machine: A tool for mapping mineral prospectivity ” #% 5| 4
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WA R IS Tk, . AWFFCRIH Python Al VOSviewer 2047 7 935 B8 S0 85— & sl@ il E &
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Table 1 Publication volume and citations of highly productive authors

rx Rit#
= EX FrigEbLig (2025) & g
Carranza, E. J. M. South Africa University of the Free State 70 5035
Zuo, Renguang China China University of Geosciences (H [E#1Jii K22- i) 54 3201
Cheng, Qiuming China China University of Geosciences (H[EH#)ii K2=2-db50) 31 2148
Xiong, Yihui China China University of Geosciences (B #1Jii K42-13) 21 1580
Wang, Gongwen China China University of Geosciences (H[E#ii K2=2-d65) 19 388
Agterberg, F. P. Canada Geological Survey of Canada 17 1376
Parsa, Mohammad Canada Geological Survey of Canada 17 355
Mao, Xiancheng China Central South University (H1E§K5) 15 445
Deng, Hao China Central South University (HE§K5) 15 267
Pan, Guocheng China China Jiliang University (' [E & K52) 15 233
R 2w AR AR WIWE R R SCRE AR S R g
Table 2 Publications and citations of highly productive authors served as first or corresponding author
rX  Rilgk
= Ex BB (2025) -
Zuo, Renguang China China University of Geosciences (H[E )i K=2-:7) 50 2898
Carranza, E. J. M.  South Africa University of the Free State 17 1897
Cheng, Qiuming China China University of Geosciences (H1[E ML K22-Jb5mt) 13 1482
Singer, D. A. United States The Pennsylvania State University 13 678
Pan, Guocheng China China Jiliang University (H'[E 1158 K5%) 12 203
Wang, Gongwen China China University of Geosciences (H1[E i K=2-db5T) 12 294
Liu, Yue China China University of Geosciences (H[E M5 K22- 10O 11 303
Parsa, Mohammad Canada Geological Survey of Canada 11 301
Agterberg, F. P. Canada Geological Survey of Canada 10 762
Maghsoudi, Abbas Iran Amirkabir University of Technology 10 668

3 LIS A

3.1 ML

ARt VOSviewer X Mathematical Geosciences. Natural Resources Research 1 Computers &
Geosciences AT S S5 =BG 7 RINAGHEAT T Getorbr, 45 RRE 935 M SCHRmEE >k E 934 A4
ANFEHUE o 23 FUH T R SCHEE R Z T 10 AW FOHUR B B p g . o E TR (GRBO RS
RS SO RS B, R ILAER 7 TN U 5 (1 2 5 FEAE R . WU 2 4% (D).
RESUHE . XIS AT M sl ER 28 (R 1ME 2 o« ENKFERE KRS dbs) A Kt
WP TR FE R AR L, DTk T KR e SO S i (R 3D .
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Table 3 Publications and citations of highly productive institutions

A WAL RE AiTH5
1 China University of Geosciences (7 [ #f1Ji K- 106 5030
2 United States Geological Gurvey 62 1304
3 China University of Geosciences (77 [ #f1)ii K-k 50) 59 1401
4 Geological Survey of Canada 57 2934
5 Central South University (H1Fd K2%) 24 357
6 University of KwaZulu-Natal 23 833
7 University of Twente 20 2529
8 York University 20 1973
9 University of the Free State 18 230

10 Amirkabir University of Technology 17 832

N ELAR ZSAT 7 SR AU A I AL (RIS AR R R ABEFER A VOSviewer H1 Scimago Graphica
2] YA LI LRI (B 2D, BLE R OSCEAE 6 F S U ERIREFE N . B LA 5 s R 5 R SCR AL
1B, 9 AL LR R 40 DR SIS 2 1) S ARG VR SRR A . AL 2 HmT i, o LA S 7 ) ek
W EE R, /Al 7 Db E R GRPO A E L5 RS CIesDD) N E PSS RN A 2
FIRITFEEETE . [AIINY, SRESEE . &R, A, SRR, FaRsE E UG R BIERR . (HAEARE ,
IZ M E R BRI DA — [ AN R O BT RERIEILS. (&1 2) , MFEE KR SR, s
FE S E LA B> B, faoR T AW SUR & AR BRI T w1, =K S E s
I [RIHIF 5E DX 4% P A T o
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CSIRO
IIT Campiis Bombay Univ. Kwazulu Natal Minist. Educ. China
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Fig.2 Co-occurrence network of institutions
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AWFFEAIH VOSviewer XF 935 Fi HARSCHRIBEAT 1 AEE BIED 0o, 06 2 MEFKKFAES S T
M F BRI kK, 45H Scimago Graphica 22 T E K A AEMZKE (K 3) , BIFERTEXE 4BR
LERIE S, 27 ERKEREER R BIP R RERER, Rk, RoRizEy3 8 ClE e, 1y
B IR S A% [ [ bR & A SR, R AR St [ S VR B AN R TY s IEG RPRH A0 AR [ 5K
[ GRS E R . N 3 il g, - R, hE-E AR m rEL s, K E S EREE
) [ P S VR B oA . &% B R R TARE 7 aEE KR, Hrp RS EE X &2 (21 ), N
EREPTEEER)E.

AT TR bibliometrix i — AL 125 F 5 1 E B SRR . 1K 4a s, KEWCRZ AT 5
ANEZNHE (248 55D « EE (655 « MEKR (595 « B (59 5 FEAFI (40 ), HELE
BT AR 50.4% 1018 3T . MRYEE A A B IR OL DR SR s (1) B E R G183 (single
country publications, SCP) , EJFra{EFHRE TR —EXWiIL: (2) ZEEFHLRC (mutiple country
publications, MCP) , HIfE# K HEZPWAERMW L. FEZG KR =HE, MCP g CHENRE,
{H MCP (§ILZfiK T SCP (1 4b) , FRUIPEZFHLEBATOI SO EMA T ENGE. M2, FE
FERAE KA 2 F AT R E RS R IEAE, MCP GtbmTHE (E4b) o (HEEINS, I EX
) MCP (5 UM T SCP ihbL, B HTH™ ™ F s f AT 78475 AR X N a0 B, [ bR 1

N

o

B Russia
17 1
Germany
11 Kazakhstan
United States Spai 4 :
18 p(d i China Japan
4 Iran 15 £
Egypt 17 J/
4 Indig”
RICH G Nigeria 4 fd(}(J Phlllﬁplnc.\'
300 3 /
/ k.
( /<7 100 Brazil

5

Y Af// Australia
HEESSE (PO Chile South Africa 21
Y/ 11

3 EERGIEMZE

Fig.3 Cooperation network among different countries



(@) (b) B-EFAELL W TEAZRY

27.5%
BAF) I
45.8%
1 [ "
I 24855, 26.5% frren
% e
JIIE-PN 46555, 49.6% e ek
A
. T} Y . 6554, 6.9% 1 23.1%
SRR 2y .
HEEF b -
D 597, 63% 1 23.8%
i E
$56.3%
0 50 100 150 200 250
4073, 4.3% R )

4 (a) AU TLm ™ B KA SO, (b) R SCER AT T B 5 B A AF B Bra G E
Fig.4(a) Publications of top 5 highly productive countries, (b) Proportion of domestic and international

collaborations for the top 5 highly productive countries

4 X REFIE 5N S AR S AT
4.1 R Hr
4.1.1 BT RCE KRB 7

SR BEGeTHI R SCR AR T R 2 RR M BUN LR AR (7K IR FH4E, 2025; Zhang and Sun, 2025). ASHF
FA£ F bibliometrix X 43 1 & SCHCR T T it (B 5, JEG0 T SCHRRIEHIIFI A R SC 50 (B 6) .
1969-2025 4F % & B H AR IR T A S A 5y, AR A7 B R SR AN IG AK 7 TR A 72 K1) 40 = AN B
A H (1969-1991 ) RICEBMAE/D HARE, ZHUFEMHE 10 LT . B (19922018 ) KICE
SRR, B —E s, FEAGIERE 10-20 R, EEAEZRNE, 1992 FERCEMTHE 34 7,
FERTJEAE Ay AR TR H o SAZN SCHREGE , 24 Iy R SR % B SRR FE T Mathematical Geology 1EIX—4F ]
24 B 6 WIHEH T —HIH TN AR, RN 13 RSN AR 5T, B Natural Resources Research
TEIX—4EQIF], BT SCkokIE. 1BAH (2019-2025 45) R CEEIFE R AIEK, 2019 FFEHIEL 2018 4E1Y
KR 187%, 2020 FEHILL 2019 K T 47%Lh L, 2021 FEIEFIE(E 70 F, 2022-2025 48] R SRS
M FE AT /N, PREFTE R CE RIS EX 8] . Mathematical Geosciences 1 Computers & Geosciences % R
FF 17 RMRAR R (HBE A BB R SR, 7E 2019 FF U R OCEFRUPIEK . Natural Resources Research BT
M (1992 45) , HTTER T =AU SCEE L BT =T 32 e 50, R B TR, R
Gl 2019 25, N LR ReIREN A TNET 78 R HES) T A G U SCE 2k (Bl 6) , XTI N
HAEH R RETIE F SR F 22—
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4.1.2 e S BEAR] AR A R R LIS 23 A

TR OSCE I B 3 2 SCBR B2 bl AT R0 75, A8 i T AR A T aE T = AR SOk
TR R OCEAARGRMBENMERS) (B 5 , WIkRn K EM B REHE. G 8. Ak, AT RS
FIGHE T A FAEART IO 1 B UL (3R 4D, b 1969 AN —AH4E, FIiff 2021-2025 4F
PEN BRI ST TC . FATARIE A R AR AR SR 1) HH AT 1) 558 25 7 B e Bk P e P kiRl 7 Hh B4
RIEIARIE R IA=A R B B

(1) BEHEH (1969-1990)

KHrBERT IAMG 22 TISCHRIB IR A1, AR FFA R P T S rte . SEBs b, 5 P2 Bl 2E X — B



BO T U0 h FE PEAE I8 ) 8 BT AR, V2 BT T AR AR 23 B A AR ) 77k CAE X — B
BOR TR, NG BEX — ST 78 1) K AN R BEE 1 IS SRR, PRl AT TR X — I B SO BE R

MBI FEN B, ARE BOZA 7 P AR TS P, 477 B2 IFA (mineral resource assessment)

AR B E ERAAT S, WS (geostatistics) NI O T H, XI5 AR 8 10 25 7] 48 S5 M 40 T R 4%
A 5 R (variogram) Flve L4 (Kriging) 75 (B4 FIEME) 2 FH T BE U6/ & il SR it A7 2 R AR . Hh Bk
W E s (geochemistry) J&1X— N i B Z M HHRIE, £ 7777 (multivariate analysis) 52 2|71
. H5HT (discriminant analysis) « JJE50#HT (cluster analysis) « #4047 (trend analysis)  FHAH
KAHr Cautocorrelation) S22 HLAHR 7 AT 77 VA2 A W B E0F S N o 2B BT LI R TSR E AR
NI At Seal e B rg P B, (B REAR MR . ATV = B XA B 25 EAT Sl 1
SENVRE oK 578 % Al s 70 M 4155, Fortran s2 AR Bul i I AETE 5 o T X —rBANAH Mathematical
Geology 1 Computers & Geosciences (1975 FAIT) F=HAHICHR (B 6) , SCEREMmD, FRAEX—FrE
W5 IAMG 2 HIZ AN SCHER,  DUSE B 3 S X — B Bl 7 T ) R e B0 A& - BRARH 7™ 5 & T A pAfy
S R ATIE W R 1957 48, Allais FYEEMERBRL OB A FVAFA 73 AR AL PFAE Sahara HXH™RIDIR )2
DrATS(Allais, 1957). FEAABTRID FIBEIE, AR EAM A4 BISEH 7 BHE S B 5% T e 7
K ER FIS B 5T (Agtergberg, 1974; Barry and Freyman, 1970; Harris, 1973; Griffiths and Singer, 1973),

TR T CAGETH I iR AR B B i 7 B € BRI A R, ORI Bl Z BT Fi et e, AR
& 1976 FEAESR S BAAT I E PRt B be Xl 98 5 L@l “ BEURHE AL THE NS BRI JHGNEES T 6 A
PR B0 = U E VPN T A XA A TR . ARRRAG TR SRR T BRI T TR
B THE SR G R(TBYR L, 2006). [ A #FH WA —HrBOTRE 7 5 A SO ™ & & Wil 5 vE o i it 72 L
B, BBEKRBELAE 1990 SEA 7 B GEvH P [ brop R B 2 B RES 1 NI — B B R € AR (B SE AL,
2006; RFERRMAAE, 1998): P EHLTT RS BB PRETTH HUIGRAMS K SE, 1983) KA Mo e 25 & 15 2 Tl
(FAFREE, 1989)MIBCHT 5T 7 e (1) 5K 5 BEIS ToRR B T R B AR, 1990). BEAN, 2738 A1 IEAE = 4E A Tl
(BICHANERE DR, 1988). 77 FUANH € MERIT U (RE K, 1984) WIKEI BN B X RS (7 EE, 1987)% 77
HFIE T HTVE TR IR R AR, NJE GoHRWT 787 A IO R JEAI SRR R Bt 1 5 Bt A IR

(2) KR (1991-2010)

HWHER RS (GIS) BRI Z N A A Bl H (bR S, A, ek,
HhyBRAY 7 AR AR 2R BRI AR B (data integration) 57F (A7 HT N AT RE. 7E GIS HORIE IHESN T, A7
FE - (mineral prospectivity mapping) 7EIX — B HHIZR & B A 7= BLIR VAN O~ IR BHEAES, IR fe
IRRB ANt IR P AR 2 B AR T AR A 2 I e L S Ty 5 AR R B AR
BRMARFNRBE RN, T HH s SRS B LT AT PR SR 2 R G i 58 RaEAT Tl . iR 3R 3)
R I G B PR AR BRI 2kt X (greenfield) , X EEHh X B = 78 & 1) QAN IR/A ROT RS HT. £ 5K
4 (expert system) 271 (1991-2000) FIRIKAIAL I # e, TEBMIZH (fuzzy logic) WITE 2000 42
Ja N BRI AR SN %, HVE —HELE 24 (R4 o NGt BdikE, HuRIKaEi 2wl
BATHON P (R 4) , RBBMEEH T ARG — e ORI ESEED IR/ R



[X (brownfield) . UEHEAEE (weights of evidence) FIZ4R[FIH (logistic regression) J&IX— iy BT I H 1
PIR A S IR B . AE S — MR IRB T VA 73 3 L, BLAR A S S NI — I A6 6 BT T Y
AR 5 H AN AR A, LA ST IR IT IR R H S8 N T 2045 (artificial neural network) iX—
N e R e 2 i SR 0T, AERTE i 28— A TR oR TAMIRIIRE (R 4D o HEXRTHEE. &
RG], PRI AR RGUT IR, FEA X — I R SR s 7 B0 ) 7V

(3) B (2011-2025)

X — IR P T SR N R AR T LA . WL 2 2 AT U BT S v 2 A 2R G v 9 A2 e
IR BRI fl Ay B % O BB AR RS, S 1] HH ARG (3% 4) o 3t 40U N T3 e S0 ) o A 534K
25 BRI 3 A 20 iy A 0 i B 22 s 5 B AT SN LR FR B g K SR RIS X — AR WFJR T

vector machine) FIFEHLARM (random forest) FEASI MR EAT . A B (2021-2025) , IRE2]

(deep learning) FFUGREILHAR B, BAFNL ML (convolutional neural network ) Bk [EE H L AR MR AN 2 £E )
AL, OSBRI IR S B AR SE . WEFS AN TT IR, A TN O 48 DA S0 B A SR TUINRG e 1)
T ORVETIN G R A TSRS R . AFEYE (uncertainty) AT S TRINAT 55 16—/ [ G J8 M mlh g, JLAR
PEoR R AR G e SR 2 VE AN 2 U5 A B v B A S, BRI Bh SRR “ RAET SEM I ARt —2P
JAl TR N A R AN E M, X i) A BN MR T 25 SR AT SEPE R SRR ZR (Zuo et al., 2021) , 7E
AWrEGIR T EFINEERE (R4 o BN, FFAIHE IR s s A se . —J5m,
#h & (mineral exploration) #1 % tH ILAE B s 53— J7 T, =4EQ S (3d modeling) F13% /2% (remote sensing)
HIAE AN A -H R R BRI B b, B TR TN LRSS ) A S N A TR R E (=4S Ak
TREBENERD) AT FE (R A R 3 Py v € 1L DX SRR AT 77 T PR S R SR ORIARIRE SR, 2025, B56 s, 2025; 7
%%, 2019),
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Table 4 Frequencies of keywords in mineral prospectivity mapping counted by period

1969-1980 1981-1990 1991-2000 2001-2010 2011-2020 2021-2025

HI H HI HI HI HI

KA B R P KA B KA B R i R i

& R R R R &
mineral exploration 3 kriging 7 mineral resource 29 gis 19 mineral prospectivity 36 mineral prospectivity 77

assessment mapping mapping
geochemistry 6 geochemistry 6 mineral exploration 14 mlnerzﬂlg ;?jg zctlvny 18 geostatistics 18 machine learning 54
discriminant analysis 5 mineral exploration 5 gis 9 weights of evidence 15 mineral exploration 16 deep learning 31
mining 5 geostatistics 5 data integration 7 artificial neural network 14 gis 12 uncertainty 24
petroleum exploration 5 petroleqm 5 gold deposit 7 mineral resource 10 gold deposit 12 mineral exploration 21
exploration assessment
regression analysis 4 variogram 4 expert system 6 gold deposit 9 uncertainty 12 convoillgtl\())vr(l):ﬁ(neural 19
simulation 4 dlzcnr;rlr}lllsril':nt 3 geostatistics 6 mineral exploration 8 machine learning 11 random forest 18
. geophysical . . . . .
data processing 3 exploration 3 weights of evidence 6 fractal analysis 5 fractal analysis 10 gold deposit 17
fortran 3 image analysis 3 classification 5 logistic regression 5 geochemical exploration 16 mineral resource 14
assessment
geochemical exploration 3 mzllt;;/;g:te 3 kriging 5 prospectivity 4 porphyry copper deposit 10 geostatistics 12
geostatistics 3 outliers 3 mineral prospectivity 5 spatial association 4 kriging 9 3d modeling 11
mapping
mineral resource 3 prediction 3 knowledge-driven 4 uncertainty 4 random forest 9 geochemical data 11
assessment
trend analysis 3 resource appraisal 3 mineral deposit 4 conditional 3 weights of evidence 9 eochemical exploration 11
Y PP P independence & g P

area of influence 2 trend analysis 3 petroleum exploration 4 fuzzy logic 3 logistic regression 8 support vector machine 9
classification 2 autocorrelation 2 variogram 4 fuzzy set 3 remote sensing 8 geophysical exploration 8
cluster analysis 2 cluster analysis 2 conditional simulation 3 geochemistry 3 3d modeling 7 gis 7
conditional simulation 2 contouring 2 exploration target 3 geostatistics 3 artificial neural network 6 graph network 6
contouring 2 data integration 2 geochemistry 3 hydrothermal alteration 3 classification 6 porphyry copper deposit 6
deposit modeling 2 drilling patterns 2 interpolation 3 kriging 3 Comp;)z;tf;gzl data 6 remote sensing 6
graphics 2 exploration models 2 mineral deposit model 3 data integration 2 mineral resource 6 kriging 5

assessment




4.2 KRR A AT T

SR U] 1 T AR SE S R T U TE AR R BN A AL, B RS IR (4 A R AR AL R SR AT 2 2R R
M EZE 0. AP Rgit 7 e QRTHE IR 2 1 26 A Skl fE =Nk i IR Z AR S L
I8 BN K WY BOCHR R Z2BEAR K, FRA ) H IR A B0 SR B/ 1) e 0 S B i 5 0 A
HH. Ak, ARRFFURA CREE IO ] H AT AZ N A SCHR SO 1 A Ak 75 2T B SR BE A
ST REI LA SRR ) R I A SR S R AR AR R R e B BURO AL RIS FRATTAR G S B 4] (2 P9
R NIER R 73 BT TR S5 SRR BORTFBL BARGERE =AM AT i, GeitE R 7 fos.

M 7a ATLOEME Y, AU T AR 1 NSRRI R IEPE A T, BRI B
PPPOr SRS, ERI RS 00 S IR IR U 55 (A HBR T B R K
SFRRGEN, AT BRI A 55 9 T R BOR R T BAR SR R R S G e AR R R HD IE
RERESUSCHIN (B 7e) T SR I AR S I SRR AT RSB R R T A A EEHE 1) 1 WA 405G O Mt o2
(R AMET) o WERYYEEZRATHER b = B PRI A e ELAA R B ERAT 55 R IS0 S DU AR R P A ]
AR, EPASATTI R R R B2 5 BERLIYTP 2 B0 A2 2 R B 0 R BRIt Bk AL 22 2504
ARBRTTIRIIR R s AR RN, 1920 T HUERYD B BRI AN IR 3B RE /0, DL St i ER Al 25 7t 2
Wi, BB ABER (b 7 i 0 2 YR XA A7 R RE Tt Hh i 22 (N A R PR AIE SR J= o b R B
B 7 T U AR TR B, B E =N H — BLORAFAR B AOINEE, T SRS A0 AT FL 2 R B
. WIRTSCATA, AN E VERT TT RO ZER YT 7 TR 7T 5% i a0 R e TR 2 ST B PR [ A
PER)— M REFENRE, ORI ST T . & 8a TR 1A R FUAESS 50 R ISR ) H BT
FARYrLk, Ko SBEA PSR B B2 B 0 2 SR P22 08, 77 AT AN G 52 1 A O B ]
LR B SR N B A a S, S 1 53X P S R SCH A AH R T FEAR AR AL T R ZE T T MR
BT B

BORTF B A B R RS Bz fei@sy (& 7b) , RIS Gvt A SO ] Al 4 0] 3 5
5, GIS K HARBE R KHE 58 BRI RO A RS 0 8, WL 7 STRNTR E 2 ST W 3 53 1 S J 7 T F
BEIRBORAE = AN BUAORSF TR MIAVE, 5 BRIt DL I AT 1) = ZE AR R — S O 7 F
I B SCEROR . M HT (fractal analysis) {EANEANZ M LE BARKIERE TR, AR %S
SRS ORAF T B I o GIS MIINEL T 1 R SRR s, A2 SR BRI B, XA R RSB EIFAN U
W] GIS HiRC LB, AR, GIS & ATAEMH ™ HUAT ST AAS /T BeERk (7 S AEOR, (R FT il
THETTRERIRTIRANIERL, 2 YA S AN i PR RS 2@ I GIS SRSE. HLmTRE2 T GIS BOR AR
PERAT BE, A7 SO A E AT 20K GIS MU T8 BT 2R IR T-BL, - DRk (1
FHAE R TR GIS AE N SCRE IR R SRIE, &K T GIS SSBE Al B R P . 1 8b B 1 HRTBL
B AT R ATk, HLAR 2% SRR FE 27 SIE 2020 48 J5 DR EF A s R 3 OB 2, e 7T
TR RESEAE 2 T T TSR SR DR 35 9 2 K R JE T 77

BRSO 2 R R AR R BOR T B ik, BEIRAE R R SR S SR 0 24 B L 2 A el 9K sl



FE G (B 7o), AMAPIERARHEESE R — 2 BARUEHE B R B[R] 5 9 Fh 0% B R AE AL
oA S AR BAT R Y, BAESESRINRARER T — s A, 30 T X A 2 M SRR AR g IR SR
HHIUAEALAS 52 > BB A7 TN BT e b o R RV N LA W 2% 7 35 51 31 58 A i A 42 P 4 3 ] 7 52
IR L 27 2 SEIUR,  E R R 5 S B (R B LARMON S RF () B LA SR AT 47 DR A v 0 L1 B K 3R AR
R 8e) , BEMLARM RAE R fZL R B 5 BN B OV . X T ER 27 P e
ik, BT RPEARIA M SR, B Hodhs 53R R 0 e M B BE VR AR MR R A L T g B R
MIFE R INGRREALE, S AR D et FE I 2R 5 A I 40 & BRONIX Az 5 077 TN 75 22 0 1 2Bk %,
2SR R T BAT DB AR BE 2 ST AE TN B bR b BE AR SE I 22 SRR SR 22 ST Bk, i A2 BEHLAR MR IX
T BLAT 3R KU & BE T (BRI 2 5005 . e LK IFBRAT L G20 7 TN 0 A 1 H IR S AT
i T EARE T X SEFRIIIN RRR B o

(a) geophysical exploration
mineral exploration

gold deposit

mineral resource assessment
porphyry copper deposit
geochemical exploration
uncertainty

mineral prospectivity mapping
(b) geostatistics
fractal analysis

data integration

gis

remote sensing

3d modeling

deep learning

machine learning

(c) multivariate analysis
variogram

kriging

fuzzy logic

logistic regression

artificial neural network

weights of evidence

support vector machine
convolutional neural network
random forest
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R

Fig.7 Frequency ratios of high-frequency keywords in three development periods: (a) keywords related to research
tasks and targets, (b) keywords related to techniques, (c) keywords related to specific algorithms
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Fig.8 Cumulative Lines of frequencies of high-frequency keywords: (a) keywords related to research tasks and

targets, (b) keywords related to techniques, (c) keywords related to specific algorithms
T TR T SO M AR AR R a5y, BT Rk LA SR A T =4 S0k, IFBR e 7
T O], 193] 1A N R o B AR AR L (B 9) 5 R JR IR KN R B S BE ] L I
HURIELE . B 9 M AT 7 SN AR s B (X i Je v m S e %S, RV B2 A — PR RE TR Y, g 3o 2 i
TR PN FR AL R AR R SO, A Al A 8 BEBOAR AR ™7 Fn) 5 i [ A st i) R (e A2,
2025). HLE$E SIS REAAAE “JRAR” JE Ik, Oy 20045 R T SEVE S5 5 AT R PR A B 1

explanations) & BB PR S o 4 JR A RS S (RS AHARFAE DTHR L, BT A SR TT R mI RN 20 A 1) 4
MTE. ZREE (knowledge graph) MIAREE T 53— Mg B, RIDRE BT 2 S e 30 A0 iR, Bl U AN
RIS DAEE M AL 77 SR A TN R 58, A BT3RS w] iR, oSl sl 5 AR S K3 Y
A TR 1 B AT BT I ) A A R ) R e B R AR A A I P R, AR T
A5 B — S RN AR S ST T R, AROR PR TR 2 A e 0 N R . I A R O B ] Sk 1
HEIEMNZ AT RGO TTF: I AR P4 (generative adversarial network) il 51 i & Il GRAE A K
IR I RS % ) (transfer learning) ¥ O M ATHABE A MR £ B M50 B 2 HARX, 4#
FHANEEAR I 5T I 2E 2 R . XGBoost FIVREE AR (deep forest) NIRRT ik = FEE AL, WE AL
FEAE BT T B R S AR 5 AL B F o IR (B ALARAR ) HOFEE L BEATARAL, 3k — 2D a0 1 Pl A Ay



IR A ML AT AT R . 3B JIALH (Self-Attention Mechanism) 1 Transformer 2244 (1 % 2 1 2% B :
HEHORZH, FETHREOI TR RS B 3 507 I BB SRR R B 2L, DT SR vHE bt 47 41 S B
ALE R EHSEM, AOKYH O T RECAAT AT AR EOR, HARE S AR (natural
language processing) H IUAE FGRIAE L MM T S 1 RIS 5 BB AR 3E N7 TN A 72 AR T o 77 TR
B BAR H ATV AE ATV R R B, HOAER R EIE . ZHERE . BXIBZAETTmRENISE TEXR
¥R RV J1 (s By RIAEA ™, 2025; 7K EAE, 2025).

knowledge graph

natural language processing

. deep forest

interpretability . )
generative adversarial network

self-attention mechanism transfer learning

shapley additive explanations

xgboost . .

transformer
graph network
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IR AR/ D
B9 B TN AL = A Y% A T SR B A

Fig.9 Newly emerging hotspot keywords in the domain of mineral prospectivity mapping in the most recent three

years
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SCHRIA 51 U e 1 18 SCEEAR SR AT 52 3 1 RTE BE ST B, S VAl RN (B AN A AR M A7 A%

FCf# ] bibliometrix Ziit 1 935 F& SCHRTE Scopus Kt B KI5 51 kK. 3 5 FIH T w51 AcHEAL /T 10 (138
o
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Table 5 Information of top 10 highly cited papers

WXEE 3L DOI BEIEES
Cressie, 1988, Math. Geol. 10.1007/BF00892986 466
Zuo and Carranza, 2011, Comput. & Geosci. 10.1016/j.cageo.2010.09.014 435
Cheng et al., 2000, Nat. Resour. Res. 10.1023/a:1010109829861 392
Filzmoser et al., 2005, Comput. & Geosci. 10.1016/j.cage0.2004.11.013 364
Carranza and Laborte, 2015, Comput. & Geosci. 10.1016/j.cageo.2014.10.004 320
Yousefi and Carranza, 2015, Comput. & Geosci. 10.1016/j.cageo.2015.03.007 308
Abedi et al., 2012, Comput. & Geosci. 10.1016/j.cageo.2011.12.014 282
Xiong and Zuo, 2016, Comput. & Geosci. 10.1016/j.cageo.2015.10.006 260
Cheng and Agterberg, 1999, Nat. Resour. Res. 10.1023/A:1021677510649 230
Porwal et al., 2003, Nat. Resour. Res. 10.1023/A:1022693220894 223

1 AR R4 (B 5502 o Cressie (1988) IR AIRT 175 [B] Tl v (1) 3874 v B 9%, sl 1 s 4eit
P NSRRI, BRI T AR R R BSOS B0 A (A TN £ SR A SR X AR SR G B
SE 1 I v BRI R A, AR 1 o SR AR T T T N RS AR 2 T TR
hr e ARt ¥ H TR

(2) HBERIG 25570 5 . Cheng et al. (2000) K577 (8] 73 A S5 8000% 7> Hr ARG &, ) P B 22 A0 7 T 3
W, MU T o> B R IRAL 2 e, AR T e WS S S A MR, BRI T8N e I A A
71 Filzmoser et al. (2005) 3¢ [ AL G AT B S, & tH—FhRE TR G0 A0 B od N A 1) 2 A2 5
WA, G2 ERE RS 5E0mY, R 7O R A 7 8] S A AR R R R RERE /T . Xiong
H Zuo (2016) THUCKHARE 2] CH RIS ERIA2%) N T sk fb 7 i R0, 8T T i B Wl 2R s @ f A 1
BRI EE , R BB R A Y T R BRI TR AR o 18 SORIR B 7 SRR 5 N B A s BR AL~ 4,
NAEEREYE . ARZME . AR IR AT BRI B IT R 1R iE A . AR SCE O IR T AR G IR S
BEETH RS A o AU R R, HES) 1 R A 22 28035 o b [ A QR B AN A e BB Y AU A2

3) PP L H . Yousefi Al Carranza (2015) #2H 7 —#254 P-A ] (Prediction-Area plot)
H1 C-A 43 JEH Y (Concentration-Area fractal model) M. EALVFAIES EAE K T77%, P-A BIFIH 0%
B (normalized density) 7F 5 2 KB F0H 8 FH T PPAh HL A% 2 IR B 000 538, BORAT P T 5 SR vFAn
Pz THRZ —.

(4) fE FEIGRCA 7= ST 55 IS 5 2) S0 . Zuo M Carranza (2011) REEFEIAR [ 5T SRR EHLAT
PN e R TARRAR, IR . R BOR ARG UE S, AN, SO ARORE ARSI B DN A i 2
BNGIERTT NG S KRB R TR 4t 7 BB R, (it 1 B SRR TR A HET R . Abedi et al.
(2012) K U —p KRR BT R EIZ 70 RIS, R “—X—" KGRI Z A "k, FEd#&
SENLHIAA R TR RE A K 2 70 S s, S SRS 40 ) I 5% 73 2% - Carranza A Laborte (2015) 121IE 1 FiAL
ARMEEAE AR (12 DD MES EEAE ARG R 256, IRORBESR (it i K P 0 45 SR O R FF
BB RAF R AT ARENE o DA AR SO SCRR IR A LRI BE N LR PRAER 7 5000 S 02 N2 B35 1 B R0 N Y 6%



fitlh, TP A DR 28 BLRRAE 2 N AR AU o B R I LR 2 S ke — (B 7o), AR
Holls 5 B RE AR — TR ) e B

(5) BOIEEERAEN = M A (R FH « Cheng Al Agterberg (1999) $2 i T BIMIEIE AL E 1%, BAL b
R 2 N B B ) BBk, mT DR BIF 78 X 2% A SR 0% 1R FH 28040 0K ) s 2 R VR B 8 1 77 3G S o
ISR 3 JB B R 2L (fuzzy membership function) . Porwal et al. (2003) $2H 7 —FREIR IR BN AN EHE UK Bh 347
DRI P TS Y, R8Tt T — BB | 35 S R 25 B AL 1) 58 BE S IR AR AR A 7 Tl £
X PR SCHBU TR O S BEAR RN TN 7 ik A 2, o MR A% Gt 2 AScESca R A PR A 45 B4 2R A 1)
FTBE T FNARBR B A B A AR S A B[R] (R BE 22, 28 1077 T AR AT 9 JEL B AN 7 0%

PA b AT 8 SUAMNAE A 3 2 I gk 1 AU R B BRI R, HES) T RER R, (R 5 B R 2
QU ) 3 S S, b i EET B4 L P T SRS AR SRR T AEACRIBR B, ARIRBE S T )
ZAEE. 10 Bon TIREAS U S I R BT, B R EIRE — M SOn R OO 6 4F (2020-2025)
HI5I R, JATTAT LAY BT 18 SCRPREOE K R A AR 1, 53 /2 H o T8 (Zuo and Carranza, 2011; Abedi
et al., 2012; Carranza and Laborte, 2015; Yousefi and Carranza, 2015; Xiong and Zuo, 2016) 5T i # A5 (L R %
BEEE TR, R T IR SR S AR IR T

500 - Cressie, 1988, Math. Geol. =<©--Zuo and Carranza, 2011, Comput. & Geosci.
450 Cheng et al., 2000, Nat. Resour: Res. --4 - Filzmoser et al., 2005, Comput. & Geosci. )
o
400 A-- Carranza and Laborte, 2015, Comput. & Geosci. Yousefi and Carranza, 2015, Comput. & Geosci. Y
Abedi et al., 2012, Comput. & Geosci. --4--Xiong and Zuo, 2016, Comput. & Geosci. +
X 350 --=-.Cheng and Agterberg, 1999, Nat. Resour. Res. --©--Porwal et al., 2003, Nat. Resour: Res. g
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Fig.10 Cumulative Lines of citations of highly cited papers

5 Wit RIRS A2

SCHERTHE A b — AR IR AT T, SR AR B T AU A AR SRR RSO, R REARAE
(R STHR B R BN A SCRIE T B R RIIR 5 A o B 56, ASCEIE 935 i SCERANRE 78 R 4807
TR FCR R, AT HAT 2 (T B, ASHIE 8 SRR IR K =A< 31 7) 58 5 bk = S0 AR R 1) 1) 18
3, TAEBUA IR Usas A A D HAR R EEHIT], 41 Ore Geology Reviews KA KN Tl 3 i 3C 5
VT 5 Mg AR SIS UE AN R PE, Journal of Geochemical Exploration W) 5 Rk 22 IR AN B AE A5



PLBCH TR FC . R, ASHI 0] g 2Bt S L8 007 1) AR SRR, H A BB AR BR Bl IR 7= TR0 2
PSR M — AN L7 ), AHTEARHIF S0 OS2 B T A 1R BRI . R, 2 IR R B S5 1 FTER,
1990 4 B 1 —LLSCHR IS A TR, AW B DCHR FI 2L, X0 AHIE 5T T il BE L A e it
AT AR o B J5 o F= T 40U AT A A G SCIR AT 7= T e S 0 A0 B4 s AR S 1) 3 BT e — T K ) A,
BIRAR L CLNGH FE B /NE] TAMG =A% T, EEAN 10972 f SRR R B A ROk, KRS
P IRE Gt I o RN IRINA 7E 4 SCE T, AR B BAE RS &, AR 2 HH S SR IR B AU O B 4] O
AT A R A R E . BAMET T RER T KRG G LiRE, T RERE
SCHR, AR 238t i 2 SOk . SR SR FE, AT AT DUBIE B SO S, i & SR AT
AR ORI, R4 T TR VHE P 32 R SRR IR

JE AT FEARAE LA EA R, ATV AR SO R AR SR 2 A 8ORE 3 C) RATHIBART 2006-2024
A YR BT AR AR = T 2 e SO T SCRRTE B 24 F 75 (Zhang and Sun, 2025), 78R AR AT LS A
SCHIARIAAHEAH FLERTIE, SR T A SCUR B = AR A SCRRAFF 70 B4 R0 AR M . TIZE 2 5T AR 7T,
TRATRIER 2006-2024 4 SCHR S W (AT 02 JE S22 376 AN B8 S L™ 7= FRUINATE 72 1) S 4 R SR AU, DR AR SC LA 76
1969-2025 £ IAMG 2 FISCERON I R, B8 SUBOR R A AN AR IE, B8 70 70 R I 7 Fotill i+
R JEIKER 1 A5

6 4Hie

ABEFOR A SCHR TR 2B TE T H, X IAMG = A2l 935 Fa 7 Pl 3= sC kAT 1 &AL 70 A A

VEFNZE5 ST 9 AR DY 75 T -

(1) Carranza, E. J. M., Z2AZ] FURCRK BH A 7= R0 A58 5t o 2 ARV SO 51 IR B 2 ) =i, e
TR —AEE AR WAEE KR T REZ W0, T B m B TTHRIS SC BB SIS . = 7 Tt 45
R KIS E, R ERT RS B0 R SCE RS 5K IE A B AL R RS 1 . AR ALY
(] DA 25 BA AN 78 77 1o 9 AL T BRI E AR, (RRNERTEAE R . WIS R BRI, AW 7T U
EVEHAAERR IR T m i, EASER S e T EERE1E, A 52 E bR i R 7T 45 1w
AR o

(2) BT O] IR 1) R R B B A 4 RETR T MR AT 10 7 FOU DU AP 98 1) A R a2« BEIEIH (1969-1990) 2
WP T € S ATV AU I o, BHARE T 5 R R T SRR VP, MU Th 2 R R R O e B4
FAMBIZ 0 TR RKEM (1991-2010) LA GIS BEARFIMGEN T2 N HARERE, B Fl7ExX —
HE BT 7 BHE VR BON EIRBFFATS, AHRIRKEN 1% 5K 5 G AT 12 e DL R B DX 3 P E 4 A B v
R [A] ) A IX — B ST T B0k 55 I] (2011-2025) 2 7= TN B IEE N B RERF AR I B, MLgs2#
SIFEA P BT G T A MINE R Ge Tt AR IR BN, 3X — B B A AR M B2 Wi 10 S 1) LA
BERLAR AR S5 AR R R P28 o 17 7= TR 70 P9 28 DA S 00 S5 SR TG P88 2 1) 1 DGy T 45 SR P ] 5
PERNSERIME, 55 1864 A TARE IR FEEAN B T M ISE K .



(3) REREINEARIE AT aE RRW], §7 7 FOUAT U0 U522 I T BRI = B v 32, 21
RIEI P SIRVEAN ST TR RS, BRI BN 5 S AR, XA S RN R T
BORAAR SR I R KT R E 1) s 77 IR PP A 55 00 LI BOR . 1 M5 S = 8 P 38 18 A5 A 1 44,
171 28 SR ML 88 5 50 G025 10 AT U B ™7 A R TN ol g A S8 BRI R 4508 P e AN R PRI T ) A R B 5
SRR TN AIE TSR M 308 P R RE TR 2K R B R [ AT SR ) — N R . SRR B, 2
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(4) RGNV SR T4 7 FRIMAIE 785 Fi DR rh R A R ATAS S 1P L, 492 5 1 AT PR 1 S e Py
A A (] T P A E A RS B BT TN PR TR R &R BT 55 AL
A ) FR AR AR B AER” 7 TN A AR o T SRR SR B BT G T T SN ST HE SR T
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