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Abstract: The newly identified cryptic explosive breccia-type fluorite deposits in the western
Guizhou fluorite ore concentration area possess significant prospecting potential. However, the
brecciated textures, hydrothermal alteration, and other characteristics of this type of fluorite
deposit are easily confused with those of other hydrothermal breccia-type deposits or intensely
structurally altered vein-type deposits. Therefore, accurately distinguishing between cryptic
explosive breccia-type fluorite deposits and basin brine-related hydrothermal filling-type fluorite
deposits in the study area is one of the key scientific challenges for achieving breakthroughs in
fluorite prospecting in Guizhou Province. This paper conducts a comparative study of Support
Vector Machine (SVM) and Random Forest machine learning classification models using
systematically collected rare earth element (REE) data from three genetic types of fluorite
deposits: cryptic explosive breccia-type, magmatic hydrothermal-related filling-type, and basin
brine-related hydrothermal filling-type. This is combined with comprehensive analysis, including
statistical analysis based on Principal Component Analysis (PCA), dimensionality reduction
visualization, and quantitative evaluation using an REE separation scoring system.The results
indicate that the discriminant model constructed by SVM exhibits significantly higher accuracy
and stability compared to Random Forest, enabling more effective discrimination among these
three genetic types of fluorite deposits. Furthermore, it identifies a refined candidate pool of key
elements that can be used to distinguish them. Newly constructed discriminant diagrams—
Tb/Dy vs Sm/Yb, & Ce vs Sm/Yb, 6 Ce vs Sm/Tm, 6 Eu vs Sm/Lu—have been developed, which
effectively differentiate among cryptic explosive breccia-type, magmatic hydrothermal-related
hydrothermal filling-type, and basin brine-related hydrothermal filling-type fluorite deposits.

Key words: Cryptoexplosive breccia-type fluorite deposits; Rare earth element geochemical data;
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Fig.1. (a) Simplified Map of Metallogenic Domains and Provinces in China (Modified by Xu, 2004); (b) Map of
Major Metallogenic Belts and Fluorite Deposits in Guizhou Province (Modified by Zhou et al., 2025)

1-Level-III metallogenic unit; 2- Level-IV metallogenic unit; 3- Subzone of level-IV metallogenic unit; 4-11174:
Sichuan Basin, Fe-Cu-Au- Oil - Gas - Gypsum - Calcium - Glauberite - Halite - Coal and Coalbed methane
metallogenic area; 5-11[77: The western section of the Hubei-Chongging-Hunan-Guizhou foreland fold thrust belt,
Pb-Zn-Cu-Ag-Fe-Mn-Hg-Sb- Phosphorus - Bauxite - Pyrite - Coal - Coalbed methane - Shale gas metallogenic
belt; 6-I1178: The west part of Caledonian orogenic belt of Jiangnan, Sn-W-Au-Sb-Cu-Barite-Talc metallogenic
belt; 7-11188: Nanpanjiang-Youjiang Indochinese Orogenic Belt, Au-Sb-Hg-Ag-Mn-Crystal-Gypsum metallogenic
belt; 8-Fluorite Deposits.
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Fig.2 Technical framework for the comprehensive study of genetic type discrimination in fluorite deposits.
T SR AEREE AR, KRR IEN I S ERE A LB REIR R S o I TR DA NI
g AL PR Y 146 A5 dh AR AR 1 T0 3 Ks S v Bk Ao 1 5, 38 Y 2 7y 20 #r (PCAD
X AERR AT R R, Wos T RS Oy e 1) BT R AL 5 R A ] 5 A
NJE B e PR AE R L5 S5 M0 52 . gk, DAEOREER 51N SCRE R B S BEN LR MR B &%
S HNE, MR R R AR, JRIE R R EA R b, AR A R RE T A
Tl PR SR TR B K I G MR S 4R bR o 2%, FETHLE 2 S TR KGR bR, HEAT RGiME
R ER AL 7 LU AR B e B B FE VR A, — R IR UEAR Y P A L DG BE T0 3R AE — 42 8] P K S B
IR s 2 Eicha SR Bl ) B RS T 45 SR A g o7 = 5 n] BV B S5 L ) e 281 )
8

1 BT RERMRE

NZ G LURS AR Y L 5 5 SR AU SR R PR 8 SR AN 5 3 b 7K A SR AR e
SR IHBERAG AR, AR R G T M 146 DEAFER LOTER (REE) M
& ARSI BEREERIET AT RRIZARSCHR, sk 7ok B E 24 IR R
IR, BAT R DR AT R R . e, BT 1 5 MR MRS R
R, PR TESTURRX 12 SR RS R SRR, A TR AR



Jbs BEERFIIEZ . NPUR . AR . WTAR AR SR 2 MBIX ;s 8 AN 5 IR 52 1 4

WSHERER, FEAATEIE. WEE CRM RIS ) SffrX .
AR TR F 6 LA bR fb 2 4R bRl 15 MR L& & &: Las Ces Pry Nd. Sm.

Eu. Gdv Tb. Dy. Ho. Er. Tm. Vb, Lu. V; 4 NCHEMIER{L%Z4L: ZREE. LREE/HREE.

8§ Eu. 6 Ce,

AEIERE RGN T = 3 Z AR AR IR A, Ho - on R AL s AR
(R ARG, g NHLIRAG 22 AT D B 48 =P A0 R s P 22 S S A3t 1 PSR M S .
® 1 BAT BIERIER M EUHHE

Table 1 Data sources and geological characteristics of fluorite deposits
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Table 2 Variance contribution rates of principal components and loading characteristics of key variables

RS J7 Z DR BT E TR R FEHARE GEEXHEHER)
PC1 57. 08% 57.08% Tb (0. 290) , Dy (0. 288), Ho (0. 285), Sm (0. 279),

XREE (0.277), Er (0.277),

PC2 18. 14% 75.22% LREE/HREE (0. 433), Eu (0.399), &Eu (0.391),

La (0.344), Ce (0.237), Pr (0.221),
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Table 3 Performance comparison of support vector machine and random forest models (%)

e HETH 2 A ES FEJCIES F1 734 P AR RS

KFEREAL 93. 18% 93. 32% 93. 18% 93. 18% 87.29%=+0. 0783
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B2 5 (Moller et al., 1976; Bau and Dulski, 1995). 8 A0 5 1= 70 5 4L AE IR AT
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W AU . Tb/Ca HUAE AT 4R /R B IR (17K -2 S A F B o0 R AE TR AR ()
25 AR B s 17 Tb/La HOAR I AT 2 AR b 70 36 1 0 TR RE B A P 45 7 1) (MIBlLer et all,



1976). Tb/La-Sm/Nd EIf#MIBA R T X 730 200 AR B Be (IMAkHess, 2025). it
4t 8Eu M 8Ce F57 5 AT LAFR 2% # A0 A IR At 2 A 84K I8 JR 2% A1 (Bau and Méller, 1992).
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Table 4 Comparison of distribution characteristics for key discriminant elements

AL E (R

HERRGHRIRGE SR KA SR T B BRI RI
e Bk f iR 2 b (o 2K
FEIHR AL AR AL WABA 53 KA
RERGBIHTEAY)
La 5.7129 16. 3871 3.8710 1.00 : 2.87 : 0.68
Ce 4. 2946 11.8193 2.5928 1.00 : 2.75 : 0.60
Pr 7.2869 13.1148 2.5492 1.00 : 1.80 : 0.35
Nd 5.6833 12. 8167 3.3971 1.00 : 2.26 : 0.60
Sm 6. 4103 14.8718 4.7949 1.00 : 2.32 : 0.75
Eu 6. 3946 8.8435 15. 7295 1.00 : 1.38 : 2.46
Gd 10. 1931 14. 9807 4.3739 1.00 : 1.47 : 0.43
Tb 8. 8397 23.8397 2.2152 1.00 : 2.70 : 0.25
Dy 7.8509 26. 5839 1. 7547 1.00 : 3.39 : 0.22
Ho 7.4513 29. 5265 1. 3928 1.00 : 3.96 : 0.19
Er 6.3333 27.7619 1. 2857 1.00 : 4.38 : 0.20
Tm 4. 6296 32.7160 1. 2346 1.00 : 7.07 : 0.27
Yb 3.2536 32.6316 0.8373 1.00 : 10.03 : 0.26
Lu 2. 7950 28. 2609 1. 2422 1.00 : 10.11 : 0.44
Y 210. 6250 350. 4808 40. 3606 1.00 : 1.66 : 0.19

NEME R =280 KM L C R AR e, AT 7T 15 Mg ooz i A
XL (B 9) MFELE (B 10). s AFEM o R LR & =27 A =M,
B RSB 2 L & R BURE Boo R A RHEREE s . B, 3RO £k
PEEAT T BRI ARAEAL AR B AR A 10 R AT B AL B (logye), A5 HdE 45 2
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Ju% (KREE/HREE. Eu. 6 Eu. La. Ce), [RIIf AP AE SVM rh izt HCE e 5 EE 1T TLAI 70K (Bus
Yb. Tm. 8 Ces Lu)o fEA I3 B I FEH T R SRR b, FRATE— 200 T ik e R 4,
B Bx T Eu Ml Ce AT ER, DABEGRS TSN 6 Eu Ml 6 Ce (G E L/ AETIR . AT T
—/MLE 12 ANREEICE (Thby Dy, Hoy Sm. REE. LREE/HREE. & Eu. La. Yb, Tm. & Ce.
Lu) FRPHRG Bfie 2 i o

I RHZ S T TC R AT RGIEFT RO 4 B R E B, AR T T
LR YR A A AR (R 5.

x5 HERESSETSHE (B9 #&)

Table 5 Ranking of separation scores from ratio plots (top 9)

4 ER e Ry I VTS
1 Tb/Dy vs Sm/Yb 2. 974057
2 8 Ce vs Sm/Yb 2. 643964
3 8Ce vs Sm/Tm 2. 214603
4 8 Eu vs Sm/Lu 1.921437
5 8 Eu vs Sm/Tm 1. 826782
6 LREE/HREE vs Sm/Lu 1.626312
7 LREE/HREE vs Tb/Yb 1. 393709
8 ZREE vs Tb/Yb 1. 374621
9 X REE vs La/Yb 1. 332607

SIS R EIR, To/Dy 5 Sm/Yb MGRIAAELL 2. 9741 150 S B0 T HAh
Fixt, RN =R RIX e (B 11a). FEHEMREHEH, 8§Ce 5 Sm/Yb 41
G L 2.6440 B ESEEALFIE — (B 11b), =2 HIAKIKN: 6Ce 5 Sm/Tm HE (5
BGPE 2.2146, B 1lc). 8Bu 5 Sw/Ludlé (HEE 1.9214, B 11d), FRAEER

R PRI e
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Fig.11 Discriminant diagrams for fluorite deposits based on quantitative separation efficiency screening
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