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Abstract:The new generation of artificial intelligence technologies, represented by
large language models (LLMs), provides new opportunities for the structured
representation and intelligent reasoning of geological knowledge. To address the
challenges posed by the complexity of geoscientific knowledge systems, as well as
the semantic fragmentation, limited reusability, and poor visualizability of
unstructured texts, this study focuses on rare metal deposits in South China and
proposes a unified strategy for constructing a knowledge graph that integrates deposit
genesis and prospecting indicators. Based on the Deepseek R1-32B large language
model and prompt engineering, the study automatically extracts and constructs a
knowledge graph covering key rare metal elements such as Li, Be, Nb, Ta. Based on
the knowledge graph construction and its extensibility analysis, the results indicate
that rare metal mineralization in South China is closely associated with Indosinian and
Yanshanian magmatic activities, characterized by significant high-degree fractionation
and magmatic-hydrothermal processes. Rare metal elements exhibit a combinatorial
anomaly of Li—-Be-Nb-Ta—W-Sn. In summary, the knowledge graph constructed
using LLMs reveals the multi-stage metallogenic mechanisms of rare metals in South
China, clarifies the intrinsic relationships among geochemical anomalies, structural
controls, and alteration zoning of rare metal deposits, and provides an intelligent
research framework for the exploration of rare metals in South China and adjacent
regions.

Keywords: Knowledge graph; Large language model; Rare metal mineralization;

Intelligent exploration; South China
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Figure 1. Structure of the Mineral Deposit Knowledge Graph Model.

1 B AT s

(1) s
AW LSBT A 8 R A, E R E AR 1A 2010~2025 4E3E
15 SRR IATIS SCE N R G . @id python T HAL fitz, $2HL T TR
SCRA B IMOCARTE G, BL 500 MR BEAIR, X158 2 AN dad K SO Ry



g

(2) HIRAIRA AL 3

ARRTHTR, 7 PREDRAR R ZL RN 3 &0 AR TE B N R 22 CANRAT &R 31 i
WAL 5 R R AR PRI B B AR S B0 (b IRk 7 i . Bk 2
VIR A S HE @A IRE 7 NS (Yan et al., 2023; R4, 2006;
KRERMKEE, 1998) , BHE 1Bl 5 RPN AARE AL, A8 1 M
—AEZE ID O NFESHERET) , RSEIUE LR SRR ME S @ . B
IR B SEARZ B 1 s

® L WIRENRAARGERE B R
Table 1. Mineral Deposit Knowledge Ontology Model Information Table

HE 1
HZE 2
X 3k W 2L T e AR
FSA 2 A R R A 1
FAEE (2 FHARAR
F AR NI ]
AT B AR
(X 3y s
ENNITE S
S
PINIEST =
N =t e
R (3) %;zii
AN NS /N ]
(0 2R 540 W 2L 1] (1) 3 £y
R}
[F
WA 1
AR 2
I ERSED) M EEILR
AR
AR
WibRA 1
WA (5) W ibRA 2
Wi 3
THEA L
THEA 2
A 1
WA 2

WEEE (D

T AR (6)

BISER (7)



A E 1
WS 2
KRR
HEREE (9 0 %=yl
A

THE (8)

- I
Ak CARPIERIER (10 e

(00) . EREITER
SRR (1) THRICE
Ui TN

(3) HIRHEL

17 44 LA 2 S B R IGOR, 1hRAIE Bt 2 00 Lk AT 7 BT 55
PR Ayt 44 SEAR IR (NERD , A1V BGR iy 4 SEAAC IR 1 5 26 H 1 (Marrero et al.,
2013) o Hor, VUIMTE 558 % G4 dr 4 SEAR R (NED) 5 i 44 2487026 (NEC)
(Li et al., 2009). Bikel et al. (1998) B VJCRHFRE /R RBER (HMM) X 5eik
. MU LT IR . Ma SF4R H 2T 0 KR HHEIZ M4 (BILSTM) 45
HHEBEMNLE (CNND) 540137 (CRF) 13 213 17 S ARTE iy 4 SRR )
i, BERTE TR E (Ma and Hovy, 2016) . 2019 4F, #IEHIET
Transformer [#] Bert FilillZia] o) & A i 2y, HARFESR U R 1E 1 B R UE R
(Devlin et al., 2019) . JG3K, % T Bert-BiLSTM-CRF FJ iy 44 SEAA IR B 76 TR 71
B R B EvE BAT 7 BB T (E R DL R VIR AR K R SR bR TR,
[F N S P M 5 5% P 0y JE T 98 KPR Mkl 5%, AR AR PR — 1] 22 SCMIAS AT
I EAFEAR KB o RAE S AL A B, 7618 SO RN ) A B 7 THT S B T ok
(KR o FoR ] AR L7 T B AT KT 5 A 2 g A R A 8 A A FE Y — A
J7e AT AEFERORTE 5 R AR PR PR 0 RURE SR 5 B U SR SR A, JRAT
P 72T Deepseek R1 FIE& R 1A TAEMAIRHECVE (K 2) o 7EH/RIE TR
H, FRATTRAT PRASAR b A, LEFERE R T 55 AR 42 JE A (A 45 4 P EL A SRR 4T IR
TR SO E B BAH A id, 5 AR id 15 B E



{ Neo4j Vo RNATRE

i{ﬁmEuTIWW@m&%mimmmﬁm*%ﬁ%@%

E : ' Rl | - E deepseek

' i E AR - - f .k

Bl 2. R R P e s AR 2 2 1]
Figure 2. Technical Roadmap for Knowledge Graph Extraction

(4) BRI

AH SRS EEEE TR TR e . B4, FATK@EE python 4b
) A BAR IR AR 25 4 e He 1 TRE (/] 3) + Deepseek R1-32B, Deepseek
R1-32B FIEL IR 4230 Deepseek+45E $E7~ 1] THE, FEALIHEL T 100 MERL
Bt ek, ARHEHR AT L R bric ) = o 45 AN LR E I 25 8, a0l E T
BB HERI 2 (Precision) . f[A[Z (Recal) F1FI1{H (&3) , MIdHN4S
RALLEH, Deepseek R1-32B AR S0 T = o H IR AA —E IR )y, (B
M fe 1A, T EE BT s 1 TR S, #ERf%E (Precision) A [F] 28 (Recall)
M FUEAA 7R3 WT, FRIR I BARE = JoH 4 B T 19 e /K IH 485
ML, FATCRAR 7R 17 AR T E LW 42 2 %) Deep seek R, #HEL T Deepseek
R1-32B R B2 AF REME, XK Deepseek R1 7E = o HIMEUTS+
TRINIR GG, J5 B RIBIE T n] 25 G/ METIROR, e /NS BB R A AT 55 ke 4
SRR, BRAVIEE S5 Deepseek R1 4= Bb A +3 R 1A TREEAT e
IR S, (HIRATR AR 7 A E 1 Deepseek R1-32B #4177 %, [KAIX
FE— 2R BRI A 77 22 Al R B AN AR, S AMESEBR B FIR S B, AT
R I TSR A A P L A% AL 1 ) R i A o



Micro-averaged Precision, Recall and F1-score
1.0
[ Precision
[ Recall
I F1-score
0.8 £
0.72 0.75
o 0.6
-
=}
Q
wn
0.44
0.24
0.0
DeepSeek R132B Prompt+DeepSeek R1 32B Prompt+DeepSeek Full

B 3. 100 D RGIFEAFIBA T S H00 L1

Figure 3. Comparison of model parameters across 100 cases under different models.
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Figure 6. Knowledge Graph of Geochemical Anomalies in Rare Metal Deposits



and Occurrences in South China (a. Element Aggregation Map of Geochemical

Anomalies; b. Diagram of Element Differentiation and Partition Characteristics)
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Figure 7. Knowledge Graph of Magmatism and Formation Epochs of Rare Metal

Deposits and Occurrences in South China
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in South China
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Figure 10. Knowledge Graph of Ore-Forming Fluid Characteristics in Rare
Metal Deposits and Occurrences in South China
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Figure 11. Knowledge Graph of Geological Structures Related to Rare Metal Deposits

and Occurrences in South China (a. Common Structural Types in Mining Areas; b.



Diagram of Common Fault Trends and Ore Body Morphology)
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Figure 12. Knowledge Graph of Mineralization Types in Rare Metal Deposits and
Occurrences in South China
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Figure 13. Knowledge Graph of Mineral Types in Rare Metal Deposits and

Occurrences in South China
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