doi:10.3799/dqkx.2026.032

BT S IRFFE IS 5 SR B 2R 1 5 A Ak
KT B AEKESHEENE

sk s L W 2, HE . R G, RS, BRFE Y, BREE

L EHE RS (RO #5158 TRk, Wk B 430078;
2. REHETRY: GRBO THENLRE, Wt 2l 430078;
3. PR OGS GRED MR 5 1P 20E A S0, Wik BRI 430074;
4. REHTRY: (PO RRBEARFRE, Wit 2 430078;
5. PEHR R GRIO BHRRE, WAk I 430074;

TE: AR P2 B 8 b 5 T 38 RS & A AU TR R AR R L TR TR 7R 1 S IR RE AN A2
HINEL] W A )8, R EEZ) 2500 J3 token FUREIATIRIERLZE, FE A BB HRAE R
FREETNZRENE, LARGE . HLH]. BB =M BedH RN B, FERL A7k 5 Transformer block
fif VR 55 ) 2R RE, X Qwen3-1.7B #EAT FREE TN R LASL I 3 B Be U IE T, 75 30 Rl 7
A7 5 KIS S 8 Geo-MineLLM; HEHERY Bi4E K Hybrid RAG, PLVRA I ZR SiEHE 2R
AR TS 8. AN TiPER P, Geo-MineLLM AHA 3L A 55 [ 2 41 55 K S H0
(AR Y 5 2 SR T ) B R Bl 42 R Hybrid RAG Ji, 4440k 0 & R BIEIL GPT-4.1. (%
WZR HEER— R T SR P B A SISO Y A 2 5 ml S ) 2R iR AL B A
KW KBS, RRETIZ. R RAE . 5 i
HERE: P68 WA H #9:2025-12-30

A Large Language Model for Mineral Exploration via Multi-source
Continual Pre-training and Integrated Retrieval-Augmented

Generation

ZHANG Yuang!, XIE Zhong>**, TIAN Miao®, WU Qirui*, WU Liang?, QIU
Qinjun®*, CHEN Jianguo>

1. School of Geography and Information Engineering, China University of Geosciences, Wuhan 430078, China;
2. School of Computer Science, China University of Geosciences, Wuhan 430078, China;
3. Key Laboratory of Geological Survey and Evaluation of Ministry of Education, China University of
Geosciences, Wuhan 430074, China;

4. School of Future Technology, China University of Geosciences, Wuhan 430078, China;

BEHEWA: IKNE (1997- ), B, {74, M 0N B A 8 R Ao i R
N HWFFT . E-mail: zhangyuang@cug.edu.cn, ORCID: 0009-0000-6213-9081
HWAEE T BOFZE (1988- ), 53, EIBFFTGR, A, MIEHLT R B Rl AL 2 S HEEE N
FH#T 5. E-mail: giuginjun@cug.edu.cn, ORCID: 0000-0002-9850-3751

1



mailto:qiuqinjun@cug.edu.cn，ORCID：0000-0002-9850-3751

5. School of Earth Resources, China University of Geosciences, Wuhan 430074, China;
Abstract: To address the challenges faced by general-purpose large language models (LLMs) in
mineral exploration, including scarcity of domain corpora, insufficient coverage of domain
terminology and register adaptation, and pronounced factual hallucinations. We constructed a
mineral-exploration corpus of approximately 25 million tokens and, on this basis, proposed a
curriculum-based continual pre-training strategy, which organizes training data into three stages:
terminology, mechanisms, and cases. Coupled with gradual unfreezing of Transformer blocks and
learning-rate scheduling, we conducted continual pre-training of Qwen3-1.7B to achieve stage-wise
domain adaptation, resulting in a mineral-exploration-oriented LLM, Geo-MineLLM. During
inference, we integrated a Hybrid RAG framework, leveraging hybrid retrieval and evidence-
constrained generation to enhance factual consistency. Human evaluation indicates that Geo-
MineLLM substantially improves domain question-answering performance relative to the base
model and larger-parameter models within the same family. With Hybrid RAG enabled, overall
domain QA performance approaches that of GPT-4.1. The proposed training—inference integrated
framework provides a lightweight pathway for building mineral-exploration LLMs and enabling

reliable domain-specific question answering.
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1 Prospect-Curriculum CPT /5%
Fig.1  Prospect-Curriculum CPT Method
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Fig.2  Anintelligent question-answering framework integrating Hybrid RAG
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D . 128 GB i&{T W47 Intel i9-14900KF ALFEES, $H:E RSN Windows 10. SCEEH M
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1R CPT S5G 3T LLaMA Factory J1 &, LLaMA Factory J&— N TH0A K BE 5B
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Tab.3  Three-stage CPT general hyperparameter settings

S (]
Compute type fpl6
Cutoff length 2048
Batch size 8
Gradient accumulation 2
LR schedule cosine
Pack sequences true
Enable thinking true
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Fig.3  Training loss curve and validation loss curve for CPT during phase PO
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Fig.4  Training loss curve and validation loss curve for CPT during phase P1
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Fig.5  Training loss curve and validation loss curve for CPT during phase P2
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A BRI E T A ARE . RIATE HAFE T EERME, D240 HRIERA—E
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max_new_tokens 4 1024 {E LA EE FRR, MTTID AR il b RS g SR ms 22 57 51 NS
e B ARG RHEI I E R — W 5 AR R 58, 4% & low_cpu_mem_usage Y
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Tab.4  Time performance of different models

e I} () PERE(s)
DeepSeek-V3 15.86
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5.39s H9% 8.22s, MRHAG R . HAFSUFYERLA SEPA 1T R MDA SRS, A H i 30 i BN ZE 475
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Fig.6 Human evaluation and comparison
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Fig.7  Example of model-based question answering
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Fig.8  Human evaluation and comparison
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Fig.9  Example of model-based question answering
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HEA BN, EHEEM S| N Hybrid RAG J&, TERAFLERES 2, NRGE
T BRAR AT o XURS: , ™77 860 Ak 1) 25 3 B 3115 Vol FH OK1E 5 AR A 24 B97KF . (4) Geo-
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MineLLM 7EREREAS Wi 3 3l B2 E AT MRFOL By, 7T 5 35 BRAIRER 2 5 S F T T, 9 X I3
R A 55 53 5 32 BR 7 s AL — 5 BN ) 25 3 HF

AT S5 BT 58 BL R 7 R T

(1) fEHEKSEOMBIE BRI 7B, 14B AR FIGUE AT, PR GIRAY
Prospect-Curriculum CPT J7¥A7E B i B 2% Bl bt T (& P S 1 fg ERR .

(2) MR R, S5 F B SUGE R, RS EVOE . 7R, 5INEZ
I sk & 5 2 ROEEh B8, DARTFHEANZ AL RE 71 22 i35 B I8 i) @it

(3) JEZ:TAEN Fl Gel 4R S ML AT R RG0S TEIG R . Mo B A
NFEME, FFERZUESE PT R 5 — Bk 20 A HENE T RS 15 0 B RUESE L8« SR T {5
FEIAL. B ESE — Btk 5 b R E RS, DLk — 4R Tt Hybrid RAG 7E 5 ZMIER ST T 1
FaEME

(4) {E£ Prospect-Curriculum CPT JEZEiife i 5l NEF RO SRS, &% Hybrid
RAG Flg LLIE R A ¢ R EL M A2 SR . T R E R S M PR I S th 2% R AT 55,
SIS PR AU n) 2 ey b 22 e b TR AR .
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