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driven 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 highly cited scholars in the field as listed as 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 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 foundation 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 foundation 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 exhibits 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.

Key words: mineral prospectivity mapping; bibliometrics; data-driven; machine learning; VOSviewer; big data.
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Table 1 Publication volume and citations of highly productive authors

fE# EP S BB AL (2025) 36 ES IR TRk
Carranza E. J. M. South Africa University of the Free State 70 5035
Zuo Renguang China China University of Geosciences ({1 [ Hiy Jiz K 2% (7)) 54 3201
Cheng Qiuming China China University of Geosciences( H [E 11 Jii K 2% (46 52)) 31 2148
Xiong Yihui China China University of Geosciences ([ #iy Jit K 2% (i) 21 1580
Wang Gongwen China China University of Geosciences( H* [E 1 Jit K24 (46 57)) 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 (117 K2%) 15 445
Deng Hao China Central South University ( H1 7 K2%) 15 267
Pan Guocheng China China Jiliang University ( H [E 3 &8 K %%) 15 233
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Table 2 Publications and citations of highly productive authors served as first or corresponding author

& P4 BB LR (2025) 36 E SIS EIE L

Zuo Renguang China China University of Geosciences( H* [E 11 Jii K 2% (R )) 50 2898

Carranza E. J. M. South Africa University of the Free State 17 1897

Cheng Qiuming China China University of Geosciences( H* [E 11 Jii K24 (46 52)) 13 1482
Singer D. A. United States The Pennsylvania State University 13 678
Pan Guocheng China China Jiliang University ( H [ 314 K2%) 12 203
Wang Gongwen China China University of Geosciences( H* [E 1 Jit K24 (A6 57)) 12 294
Liu Yue China China University of Geosciences( H? [E i1 Jii K24 (R0 )) 11 303
Parsa Mohammad Canada Geological Survey of Canada 11 301
Agterberg F. P. Canada Geological Survey of Canada 10 762
Maghsoudi Abbas Tran Amirkabir University of Technology 10 668
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Table 3 Publications and citations of highly productive institutions

He# WAL e SCHE ENIRI TGRS
1 China University of Geosciences( H [F Hi1 Ji K2 (%)) 106 5030
2 United States Geological Survey 62 1304
3 China University of Geosciences( H E # fi K2 (Jk 50)) 59 1401
4 Geological Survey of Canada 57 2934
5 Central South University ( H B K 2% ) 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
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Table 4 Frequencies of keywords in mineral prospectivity mapping counted by period
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Fig.7 Frequency ratios of high-frequency keywords in three development periods
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Fig.9 Newly emerging hotspot keywords in the domain of mineral prospectivity mapping in the most recent three years
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B i1 00 AR A 1 By 2ok 485 AL RN AT g R A
B 1L (Self-Attention Mechanism ) 1 Transform-
er ZRHG 1Y D4R W R B AEHORZ T, EE IR BN T

1AL B8 % F 8l 5C T I I AL OC B My J5 F ik Y
PR DT BEORG o b e 4 O B A A5 S AE AR 2 T,
A GBI Y 2 3 O A T H BN T dm I A R AR A
R, A #RiE 5 AL B (natural language processing)
PRAE AR 0] A% DA T e e T R R S AR BT IR A
7 PO A 5T B AL I AR Y R AR H TS
AT R R B (A 7E R0 A8 L 2 1
ARG X B0z A A Dy R T E R R R
01 (GRS, 20255 g5 fZE{7), 2026).
43 BEMORXTH

SCHR Y B 51 AR B B T a8 SCAE A oG R I 52
B0 OC T BE SN AT R 2 VE AL LR 2 f (E R 2
AT W J1 B B O MK HE (Garfield, 2009 ; Kang and
Ding, 2024) , f& # 51 & 3C 40 A 7 Sz B 1 45 d
PR BIF 5T A 5 O B R) L A F 5 {1 bibliome-
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450 4 Cheng et al., 2000, Nat. Resour: Res.
A--Carranza and Laborte, 2015, Comput. & Geosci.
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Abedi et al., 2012, Comput. & Geosci.
350 1 --=--Cheng and Agterberg, 1999, Nat. Resour. Res.
= 300 -
B
= 250 -
e
200 -
150 -
100 4
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--# - Filzmoser et al., 2005, Comput. & Geosci.
‘ousefi and Carranza, 2015, Comput. & Geosci.
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0--Porwal et al., 2003, Nat. Resour. Res.

--0--Zuo and Carranza, 2011, Comput. & Geosci.

1980-1989 1990-1999

4 +
+7 o

25

Wk

il

o

I

A

-t

2000-2009 2010-2019 2020-2025
F

B0 = #0518 SOy # 5 | SRR BT 4k
Fig.10 Cumulative lines of citations of highly cited papers

trix 48 71 T 935 j SCiik 78 Scopus £ 4 2 Y 9k 51
Y. 2 58 T w5 AR ECHE 44 Wi 10 1998 5.
XL I SRR TR E AR ST,
S TR 7 T SR A — LA B Ao ()L 2 e )
HTALEGE  H 3 e i B B0 LR I Sy A T A8
(1) 23 [a] F500 v A 47 1B 59 125 . Crressie (1988) A
PRAF 12 18] F) e (3 387 30 o B4 v, 9RO 1 b BT 48
TEog o o 2P AR AR R, B R T S eR BOC
S OGT % ) I 45 L 04 52 AL LR IS SC R B
(R 3 L s o VA 3£ B S R e
SRS R o o R 1) S 1 S P A § T
2 ) AT 6 2R S Bl A A At T A ) T A
(2) M ER b 24 57 % 50 B .Cheng et al.(2000) ¥ 75
[i] 43 BT 55 0033 43 A AH 45 6, T8 L e AR 4 4y OB
PRI, IS A B s b Rk 22 i A R e T
SR SCE S A MR, W R T 8 R
¥ Ml §E J1 . Filzmoser ez al. (2005) 7 T £ 4 1Y B
A o A SEUE L AR — B T RS e T A A
(B 22742 1 S i R O L 4 28 B R B S
B gt W01 X S S 8] S A R AR A
1Y fift B RE 71 . Xiong and Zuo (2016) 1 W F IR i 2#
2 CH 45 4 B9 28 ) 0 T Hb sk Ak 5= 8 300 38
it T W B I 2 A A A M ER Ak 2R Bl L R
A ) R 25 A O SR RO Y B AR bR L il SO
TR FE 27 2] BE AL 5 A B A b BR Ak 27 43k, b Ak B
e AR M AR IE 3 4 A Y ek A 2 B T RE T
BaE AR DL B SCHER IR T A% Gt b KAk 2 S )
T 9K Bl A0 A A ALY R B HE S T b sk Ak
SRR S5 A 1 452 XK Bl R R B BK 2 Y 3 1A R
(3) & 7= I /9 ¥F 4 T H . Yousefi and Car-

ranza (2015) #& T — Fh 45 & P-A K (Prediction-
Area plot) #l C-A 43 JE #& B! (Concentration-Area
fractal model) %& W | & 6 3F Al UF 45 )2 AR 19 7 1,
P-A B FlJH — 4k % B (normalized density ) £ J& £k
KA W5 T PE Al B A 2 2T B R Y I R
B, A AT IO 25 R IE M Az TRZ — .
(4) iy B2 3 e A 7 0O AT: 55 00 BIL 4% o ~ Bk
Zuo and Carranza(2011) R 4 ) i T 2 F 2w &
HLA & 77 000 58 4% TAE RS,  F ME A SR F %
PRI S IE R RIS AU 96 TE A A, SO B R AR Sk O
T A g 22 5 I R 4R 19 5 58 R 0 B K S A DG IF Y
Pt T HE SR MR HE T W I TR T A
7N . Abedi ez al. (2012) 45 H I #9 — 7 28 3 ¢ 16
ALY B 2 0 RS R — X — "R I 2k £
A Zor e g, T A R SR AL A R T A A Y £
SrRAJE S8 BRGS0 T O 5t 4 9% . Carranza
and Laborte (2015) ¥ 3iE 1 Bl AL £ MR 1L 78 /N FE A
(124 i) FIE 4l J2 2008 77 78 Bl 26 18 7 20 2% 1F
T, HCAR e B AL A R SR 25 SR T OR R AL R4
f AT fig BEE L DL 8 SO S ) S HILORD BE AL AR AR
TEAT 7 00 5 35 0% ) 0 0 FH BE g T B A Ny S
it , 33 9 A 03 A BRI Y 28 LR T A 2 T AR S AR i
B R T B AL &R 2 2 Bk 2 (8 7e) , il
S K EE 5UR B AR B AR — TR R S
(5) 508 8 J 7E 0 7 700 b 19 B2 1] . Cheng
and Agterberg(1999) 4 i 7 #5 M UE 95 AL 8 %, 45 1%
GEUE A A VA DB B AE T 3 04 22 5, JF AT LAAR 4
F 5 DX 2% 10 2005 b ok FH 88030 4K 3l 5 AR K 3 Y
J7 2 X B Y AR SR s B pR 4R (fuzzy member-
ship function).Porwal et al. (2003) #& i T — Fp H137
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X 2l FECHE 3K Bl A7 BRI AT 7 O AR A I T
T BRI AL B | S R 2 RO AL ) 58 S
Jita RO A AT 7 T 45 R 3 T e SCHR R TR
IR BRIG BAT 77 FU 7 VAR R, e A% 4 e i A s
Ao B R A AR ) L, T 1 R SHU SR 3 R A 4 5K 2
BT[] [ BE 43, 26 10 7 F0I 4 AIF 50 S8 B AN O v

PLE A0 18 SO A e 2 25 I fifp tke 1 U 5
Y R ), HE S 1 AR R R AR 2 R IR R 2
Bl A5 PN 8 2 ST A S T b AR R e
T3 58 RS2 FHAHE 22 B 1 AR A A R L AR AR B4 T 2
FZAGSE K10 BoR T X BRSO Bk A R AR
ek, I8 e Ja — DA SOE R AUZ 6 4E N
(2020—20254F) 51 A4, 28 & T LA BT A7 18 3C
PR 0 501G 1 S A8 A A B 4 R ) 2 P T (Zuo
and Carranza, 2011; Abedi ef al., 2012; Carranza
and Laborte, 2015; Yousefi and Carranza, 2015;
Xiong and Zuo, 2016 )5 iz B 3 (14 28 A ARl 258 Bl 3 8 2ok
TR AR, R I R S I R IR TEEE T

5 W RRE AL

SCHR T 2 AR 3t 1 S — 85080 9K 3l i F 5, Ji
U B4 o ik T F ST A R B OB PR RSS2 I, R] RE
A7 A8 Y STHR i 2% R AR SCF 98 e £ 5 R RS A
AL S AR G U 935 0 SCERAS g 5t UK IR T
T Z AR I A ST A R A S TR AT i A Y
T, A 98 SCRR R IR A = AR ) BT bR v AR
IR L A1) 37 1) 38 SC, T 7 50 i BROR) 27 40 0 A7 A
/DA Y FEZE T, i Ore Geology Reviews) K 3
BB 7 S0 e S R M T R A 45 R 1 M
J 56 UE A 5, (Jowrnal of Geochemical Explora-
rion ) W) i by 35K 14 = B8 PR AR KA S 400 R T 1Y
WFFE . P, AS BIF 5 AT RE 2% 3t T 55 22 F 5 07 1) 1 18
SCHER L T R 400 5K Bl (4 7 I R O AF ok
1 — A~ BB 5 07 1), H AR AR F 5T OGS 1) 43 B
WA BRI R, Z Y R R R SR TRR
1990 4F Z T /1 — 26 SCHR 095 8 A BT Bk R IR
SR B O B R AR EL X O A BIESE T 2L B I &
&R 7 A TR A B L g S, T A T A
AH G SCHR B 87 77 5000 K e B30 AN AR SR AT Y 43
BT — WO R A, BOAR A SO &8 0F 5 3 [
i/ E TAMG B9 = A 25 ), (R 75 4238 10 972 3¢
1R TR A KSR R SR 23 S AT A B st
T R ) 2 0 7 U A 5 0 SCEE T AR B AR K

& £ 5, AR 22 A8 OC SCHER B9 A5 AN OC B IR G ¥k kA
SCHN AR R R EE AT K i
TY K RWHE G AN TE, 472 T KiEna
RSCHR, AEAK TH 23 38t T &8 43 SOk . R B S SL A,
2535 AR AT LLGE S 3 U 25 KOs F R X i S
FREAT B 0 , AR R4 T ITORG o 1Y 3 RSOk
JRUE Y RIIE AT AE UL BN 2 (B 7R SCRIF 5T A AR
AR A R A B G 28 3 BT BA X 2006 — 2024 4F
)5 BT AT 399 BT 7 IR0 S e SO R T SRk
T+ 22 WF 5% (Zhang and Sun, 2025) , #fF 58 KR # AT
P 5 A S & BRI 8 A B ERIE , R T AR SCTR A
SRR SCER DT I B A RS AR R M LT AE =2 i
B AF 5T, 25 3 R I8 2006 — 2024 4F STk iz e 1 AF 5%
HE J L I AN HE B e 7 100 B O Y o8 R Rk e B
W, A SC L 3 1969 — 2025 4E 1) TAMG £ 1)
SCHR R U S A B AU K R L N AN AR AT
BFE A Ml R B AT O R 22 AR R R K 2 i A A

6 4Ei

A 5T R A SCHR T i 22 SR T H X IAMG
=R P 935 5 BT T 32 SOk E AT T AR
WA T S RS W e S il T E 7 B
F L ZAET O A Y B K SR L S AR AT
F BB 5T TAE A GE AT A Sy LR 19 AS O T

(1)Carranza E. J. M.\ 4T M A Bk BH &0 7=
U 5 S5k A e 7 RS SO IR B R 2 1 AR,
AU —EE/MRER AR T REZML L,
FEPA fe e i O BT R IR SC R S Ik . R
7 PR A R e SO [ H K 2
() 1Y & SCHEFLE 951 800 IR AE 4 BR AL 7
SRS AE A R AL [E] LA 2= B A AT 5T O )k
A N R (R REEE DL
R E G Z ), AR I 5 408 A 1R I AE TE B R
M SRS b BN A T E PR A E
1o KT L H A AR B P IR A A 4 1 R TR AR

(2) 5 G Bl 1) P9 TR 1) R T i B 40 4 T T AT
il A A 7 I B AR A kR LI . BE R (1969 —
1990 4F ) 2 & = T 5 £k A 5L Ak B0 I o, B
WAL 55 FE R IR VAN, M BT gt (A
S bR RN B B A ) R AR B By A0 T H R
(1991—20104F ) LA GIS AR [ 2% 8 F 2 B H A
b SRR AW T AR X — Y 2 AR B U
VEH LR 0B AT 55, F0 IR OK 3 1 & 5K R 48 FL
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132 B DA SR DK Bl 4 U 8 AL EE 3k R 32 g [l 1A AR
Ry 3K — B I A BT R L B T (2011 — 2025 4F ) J&
W77 T B GE BE AR e AR Y B B HL g e S
T 4 T AR DA b 5T 8 3 2 RORE R e 0 S A G R
It B B A5 3k — B B ) AR 3k Bk R T )
R 1 2 AL A Bl HIL AR R S 0 B B 2 4L 1
7 T AT 5T P 2% DR S o 3 SR TIORS A 1 T
O VE T &5 R B T SRS L RS A Y
WA TR AE AR R R R R T I A B S oK
(3) K Bt ) A 5 AR 5 43 A 45 R R WY, B T
WEFE Y AT 55 2 07 T N BE S T 7= R TN
| - A A IR Al 101 B R |
BRI WO Ay S DT R R AR b 2 K [
F 99 e AR T B R EL AR B 1 K R KT e 1 LT
77 IR VAT 55 R 0 B B L T b BT T A A
JIE 38 & S92 Y I 30T T B R AL A A ) S 1 R AT
D) By A 7 R i T S A B DR A 45 S 1 32 A AN
B 8 Tk O 5T 00 AR R B R T T B 5 4
I8 3 e T 0 A 5 A e e A A B B 1
— AR EMRE ERREm L B0 K 8 Bk
o7 R R B S W LT A AR R AR P R
B TR B 2 2] B O A R O T A v AR L HL S
R ] 5 AL R BE AL AR bR T Bl 28 B v R 2 2 Bk
AR PR /N R AR 7 77 T A 55 1) v B 3 P AR
Sy B o B AR I 2 A I RO B L T A
1 BRI K R B DAy T B — R Pk T A
T e ) o ) e T AR AR P AL A TR AR R 5 IR
A&, R HTHET I N T B8 HOR i e e 3 ok 7 A s
FIRE A B B S 1 7 1000 450 J8 1% [ A R 20 )
(4) /5 0 5198 SCR e 1 7 7= FUI F 5% % Jie I A
H A A ORI AR JB [ R, 5 | AT ) 3 SR Y
PR, A 2 () T b A S bR A2
WOTE WS HO A PR T | RS BT AT
55 B ML 2 > SR RSO 42 BB ZE 0 7™ T0 o i) g
JH 33 2t g R v 8 B0 B A ™ Ty 58 RN S HTAE
HUR T AR BRI AR Y R T
B R B R R F (KR A= 7 #HAx st
A LM IR F A B R AT A E R AT AL
BB E O EAIREEL; R LA EKRALS
A RSB YR W SR Ao UK AT AR PR 8 Tk )
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