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Abstract: Artificial intelligence (Al) in geoscience has emerged as one of the most profound shifts within the earth sciences over the
past decade. Driven by big data and Al, and tightly coupled with domain-specific knowledge, this emerging field—often referred to
as Al for Geoscience—is reshaping long—established research paradigms.This paper offers a systematic review of its scientific
essence, theevolution of key algorithms, major application areas, and important international initiatives. It also examines current
challenges andoutlines future directions. The development of Al for Geoscience has gone through a clear paradigm transition: from
early expert systems to data—driven learning, and more recently toward physics—informed, knowledge—data integrated approaches.
Key algorithms have progressed steadily from big—data mining and machine learning to deep learning, knowledge graphs, and large
language models. Techniques such as transfer learning, reinforcement learning, and Bayesian inference have shown distinct
advantages in few—shot learning, intelligent decision—-making, and uncertainty quantification. At the application level, Al-driven
mineral prospecting and prediction has advanced from two-dimensionalt arget delineation to three—dimensional deep—seated
forecasting. Themachine-readable representation of unstructured geological information has laid the foundation for constructing
knowledge graphs. Three—dimensional intelligent geological modeling has made notable progress in reconstructing deep structures
and extracting metallogenic information. Dynamic monitoring of mining-area eco—environments has led to a space—air—ground
integrated observation network and a closed-loop “perception—analysis—warning—decision” regulatory framework. Major scientific
programs—including the Deep-Time Digital Earth (DDE), Glass Earth, OneGeology, and Chemical Earth—haveprovided essential
data infrastructure and international collaborative platforms for Al for Geoscience. Nevertheless, several challenges remain:
unresolved issues in multimodal data fusion, the persistent“black—box” nature of many models, a lack of physical consistency,
incomplete data quality and knowledge systems, and bottlenecks in interdisciplinary cooperation and engineering deployment.
Future efforts should focus on full-chain coverage, multimodal integration, explainable modeling, and intelligent upgrading of
research infrastructure, thereby moving AI for Geoscience from “algorithmic exploration” toward genuine “disciplinary
reconstruction”. The papers collected in this special issue present recent research advances in the field and offer valuable references
for the community.

Key words: Al for geoscience; Big Data; Machine Learning; Deep Learning; Knowledge Graph; Large Language Model; Al-driven

mineral prospecting and prediction; Three-dimensional geological modeling; explainable artificial intelligence (XAI)
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2021 ;SR IRAS A, 2021 3 2=/ B4 2022 /247 4
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G AR Sk DAL AT i SR Rl Ak AR R HE D))
B A R M ) 2 (B S5 K — 1) o R RE AR 5 12 4
7 W) R R IF R R Bl G o BT SCAS 5 = AR ) “ b=
25 [A] KA A "5 Rk B 4%, 20255 Chen et al.,2026) .
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BRI HE . B (2026) U AR B B IEST IR N
1], ¥R T = A b o R P A AR R AR
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RETRIR R, 0 S50 = 4 5 AIE IR B RS HE3h
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itk KM HE AR M ) s R A 2 B S, IR B
TSI BE SR R A A W (1) i e 7 28 (Wang et al.,2020;
TR ,2025) 0 IR N T 5 2RI Bk L
SFEUE N BRHLT 7644k TUER [ A Bk bk Ak A FE
BAE . AECEERN [ TFR ek bkt 2E SR W R 4
J& AR TT R Rt on R AR AR AL, I Tk 2 b
R RBAEF- 5 .

“Hi1 3k 57 75 (EarthCube ) TR M A F 5575 T2
TR G0 AE R 2 SR P 22 B A 0% ) I
— A EE R G TS LIATE &Y AR
J5 AL R Bl 45 0 S A B SR, s G
“ERMEE TR B T AR A “ o Bk R G 0 R
T GE 7 o[RBT, KT HET FAIR I, 6 OB F £l e
M T HAe g iz & 5k JF K W O A7 .
EarthCube T-20114F i 2 1 E R Bl ¥ 42 (NSF) 3
o), L ERBL #2238 (GEO ) 5 W 2% JE Al i it I A =
(OCH) BETFIE, BIE G R “HA LM S ST
7, AR B b R U ) 5 B A B A
fifi. Zeid T ZAER AR Iz C S — R VIR, B
WY AR 2 1ok i B AR T 5 43 BT RE K JupyterNote-
bookBH# TAEF I H |, B EH 8T T M= 58 i 50+
K. o Pangeo fy i EVE  RKAFIAUBERF 4
LT —FE IR Python A0 A4 25 R 58 ; Macrostrat'F- 75
FH T35 TG KOTSRS B R I 2 43 A b
44 ; PaleobiologyDatabase & 2 FF i iy A4 47 22 B P
J ; GeoDeepDive | J&—ZE il i SUARIZ S RSt

5 HHEEkE

i AR, HUERRR S RET I E IS L
A AERE B T 1) 2 R EE I S Rk 2y S A i A
A X R R T A

Ho— R B A MR IR R iR s
ZEA RBEZIR S 2 RS SR EFZATr
I, 3 B AR Bk B HUER A SRR B ALIC S
BSOSO R R SRS 25 57 o Y AT T TR RS BT L
X5 | s D S 55 B [ ek 5 i 7547 A AN AL XELL S
HEHSFE B ZRER G 55— R, NI H 29 T H
JoSH S I R B K iz AL RE

FE BB JRAG T RS AT RN L . IR
JiE o7 2] A S AT B A B R BE LR B S (HHE A
PP AL M Bk = 37 WA | ME LU R0 o = 5K ml B | m]
B B HEBEBR A (F )5 ,2024) o IR TRAR i
AL 55 1 AU AE = AT ) A a5 B B T
TEARAFLIX P E | PR A 5 A G B SR 7 5t v (9 S B
B o PTARRE N T RE (XAD) B B Z 306, (HAE R

703

U BRGNS A R L, DT AE THR R BT B

Fo= Wy B — e S O R 9 TRk Ok o B RR
PE KB Z B GETHAH O , T 0T A s e )3 1
b A IS 7% A FEA Yy FEAIL ) -5 b ML A e 2
PR g A I 2R SR AT IR RE R STE A OGRS
A HAR R | S BN 45 SR B = Wy S B
AR . ANl TR R 2 > HE R A R A Ml e A
HLEE, Al Wy B 5 | S+ R K 3l B il B A
J& T RO ME ST TE

U, B e SRR R A S w . R
i A7 AEREAR G | 25 (5] 3 A AN 2 O RUBE 28 5 AR
JRAS v AR (R R, U HAETRER O R RS 5, 2
RIREA A A BR , A SCHE g B i B e ~) o S5k
I, SRR 2R G 3R 1K 5 I AR AT 355, A
PR A PRRR S R T T B i o5 i Ak s A g
JE RS ] BRA T RIRE 1S T B REHERRE

Hoa, B B R 5 TR AL T A A . Bk
P28 REDE I & BEAROB 2 K AH SR R R
TR RE 227 B TR B 58 3, (E 22 iy 2 ) BE 42 i R AT A%
T, B ETIAABEZ Tk 2 A Wi e . NSk oF
TR TR R G ARE N IRIE 50 R 2 52 PR 8 A 1 =2
] A AF AR IS 1 o AR RS SE 1 AT R Sll 55
W, KA Rt — 4R T

L LTI MR P REIEARTE N B R R 1]
IR E AL U OB B B . R R R A 2 RS
B R AR ) B — B R - P ] L K
TR E M SE D7 T, BUR RGEME R

6 KERE

6.1 £HEEEE: MWLM, FUNEIRRZFHF

AT DAL, M3k Bk 22 B 8 A0 08 i w5 B 4
MEEMBE AR  IHEZ DR T RGP

FERMAR AR 2 T, R A AR B 45 A Y |
SRR RIG A B | BENE BHIF A B PR S
AR I T2 ST AT U A RO I R R 55 . HhEk
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