%51 % H3 i EBR B2 Earth Science Vol. 51 No. 3

2026 434 http://www .earth-science.net Mar. 2026

https://doi.org/10.3799/dqkx.2026.036

S AR EE S K IESERE M FE IR
HISEEREHE - U+~HREBE T Al

x| B R R E A

1. PERAKRF(ROBAE RS RF7AMNAE T ELEET,H XL 430078
2. P EHAKRF(R) W E/TERFER, AKX 430074

OB Bk 5 2 AT iR kA A R Al R 3 LR A AR T DL B R R A A R S L) e T el i B = AR )
B AR SCHR T — A A R R (KG) 5 19 38 A4 i (RAG) 19 T B U0 e MRz JE HEZL DR DIrh S P M 55 56
[ P9 A 3K 3 XY R bR 2R T R R R 2 R XE L AT S O B HEAT T SR E S A T R TR M AR B 2B DeepSeck-32B
9 RAG B HE 7] 25 & G, il o 1) A6 2% 5 A2 a9 2 i, 90 B0 17 % olbe 0 3R B0 5 oA 0 055 e T A 1) 25 RGO, R R R
B SO (SET) AR, BT 13 22 T8 S A4 3 52 B8R b i 280R A T AR 0 VR i )R R 3 L R A ) R T R B X B
IR R R B I 25 R R T % R G AE & WA b 3R T GPT-do, 78 WLAE R B B v 0 SR S 58 A el U
P AT SRR R T £ 8 )R L T P S B 20 AT R AE R R T T BT Y W S L O R AR T R Sl
A B ER b 2% T8 R S W R IR R B AR LIRS T R LR SR R B RE 1 AT 5 S T A AR £ R Al SCAR 2 A5 4
AR B RE e AL 5 TR BE A2 4, O ik R Ml o I e Rl R IR LR T IR S AR A TR A B R AR

KR : R B 5 TR AR 5 TR PR 5 4G 20 T A ks R

FES#ES: P628;P618.51 XEHS: 1000—2383(2026)03—1009— 16 B 2025—12—30

Geological Knowledge Extraction and Information Mining via the Fusion of
Knowledge Graphs and LLMs: A Case Study of Carlin-Type Gold Deposits

Liu Guoging'*, Chen Guoxiong"
1. State Key Laboratory of Geological Processes and Mineral Resources, China University of Geosciences ( Wuhan) ,

Wuhan 430078, China
2. School of Earth and Planetary Sciences, China University of Geosciences ( Wuhan), Wuhan 430074, China

Abstract: To address the challenges in effectively utilizing massive unstructured data within geological exploration and the issues
of hallucination and lack of specialized logic in general Large Language Models (ILLMs), we propose an intelligent knowledge
mining framework for vertical domains by integrating Knowledge Graph (KG) and Retrieval-Augmented Generation (RAG). This
framework 1s validated through a comparison case study of Carlin-type gold deposits in the Southwest Guizhou, China, and in

Nevada, USA. Firstly, a RAG-based intelligent question-answering system was constructed using a locally deployed DeepSeek-32B
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model. Through vector retrieval and generative reading comprehension, the system achieved precise traceability of professional
knowledge and highly reliable Question & Answer (Q&.A). Secondly, leveraging Supervised Fine-Tuning (SFT) techniques on
the LLM, we developed a cross-regional metallogenic knowledge graph systematically covering stratigraphy, structure,
alteration minerals, and ore-controlling factors based on hundreds of multi-sources, and heterogeneous geological documents.
The results demonstrate that the proposed system significantly outperforms GPT-40 in terms of objective accuracy. For
subjective content generation, it exhibits high faithfulness, full traceability and effectively mitigate the hallucination. Analyses
based on graph topology not only quantitatively reveal the macroscopic similarities and differences of Au mineralization between
the two regions but also quantify the cascading indicative pathways - from orebody entities and alteration assemblages to
geochemical element anomalies, confirming the system’s capability to discover implicit clues for mineral exploration. This study
realizes the intelligent transformation and in-depth mining of knowledge from unstructured text to structured representations,
offering a novel technical pathway to address the dilemma of "data-rich yet knowledge-poor" prevalent in the geoscience domain.

Key words: Carlin - type gold deposit; large language model; knowledge graph; retrieval - augmented generation; knowledge

extraction.
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Wang et al., 2018)
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Fig.2 A dual-driven architecture for knowledge extraction and information mining based on LLMs and knowledge graphs
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Fig.8 Cluster analysis results of ore deposit community detection based on KGs

W b2 S AR R T AR R S A O
AT B R EA KREEA AR A, R
H Jaccard HH L R B . BRI S, 7E 0 A
gt e 5 RIE ST IR 5y 7
B I M AT A E, BRI 2 AL E R
HEEMLEACR  HES &R FHHAL
K T AT R X RO T P X 52 2R Bl Y
JZZ AL U AN AR R R AR S W T A A
P IR 9 A AR B 48 1) < B2 R aE R
DL KBS IR " S i L =2 7 “ AL BBk
7 AR R A A R ER T A
YT IR ER Y AR YR T A
TR DR ) 3 ™ 46 &5 ) ) 3 1 A5 L X P 22 A B 1) R AIE
B B AE T 2RI R G B, R AR
P15 3k 4 I 245 4 b 1 Bl 5 A A B Ak s 4t s ()
r R 45 R Ak S JE BT R I H e £ 5 I Al B

EAR L AERT R LR TE— A B RER
fIE 4 1 R I 26 (B - 45, 20025 B 55, 2018).

55 b [ B TR v Sl A R S S
— AR T W B R )R YR A AR
HAORAEMR AR EER RSN AT
MR LR IR R B K TS
“UTEE KA i R T o (R A7 5 0 JE 1Lk
2 KL R T A DR O R AE 5 T K 3 4 T R T
WELK TR e aE" 5Bt amtka”
AR T R R E R TR AN S
VA AR I TED 1 1 R R A (TR 9) L 3k AR ) 2 AT
Z SR YN SR L RS YIR
RO GHD L EOAT Y AR EE M
KEST RN MA“EO” “HEH LS
b7 S IR IR A A T A O L X SRy S MR
£ AE A5 30 P 5 7 3R 2 ARk U R W 2



1020

HiERFL#  hitp://www.earth-science.net

%51 %

K5 AIEMFIMHESTNEIEREFESHYT RIIXS

Table 5 Clustering characteristics and metallogenic system division of Carlin-type gold deposits in Youjiang basin based on

knowledge graph
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Fig.9 Knowledge graph tracing of Getang and Nibao gold deposits
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