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Abstract: The newly identified cryptic explosive breccia-type fluorite deposits in the western Guizhou fluorite ore concentration
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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, which 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 (Th/Dy vs Sm/Yb, §Ce vs Sm/Yb,
dCe vs Sm/Tm, dEu 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 elements; geochemical data; machine learning; genetic types

of mineral deposits; Guizhou.
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Fig.1 Simplified map of major metallogenic belts and fluorite deposits in Guizhou Province (modified by Zhou ez al., 2025)
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Fig.2 Technical framework for the comprehensive study of genetic type discrimination in fluorite deposits
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S < 35 s B 2 B0 d R IR B o
BB Z SRS SN RESEIEAS . Lk
T A% 0 5 B, — 7 T e A% 0 os R R 3L |
Je A B B R L 53— T i B Ok v A TR
e 55 HC A o0 2 B R A U B B 4O I TR o A
25 S B ] E P R M ) I R 2 R
24 HSB|/FEIHEER

oy b A R B R A i PR S R ) A R OR
SVM 5 RF Wl W8 2 > S5 04T A 5 % L

e AR R A o R PR 146 S RE AR B B 4R
2 703 1 L BE HL I 5 o IR (102 AN REAR ) 5
AR AR (44 SFEAS ) YN 2R 45 F TR 9 3 800 )
55 0 Ak B I A PR O R S S AR R T
Mo JFREAS | T4 F VA B R 9 92 Ak i

S 1 L RO A T A e
BB T K T UG B e S B i R AR 2 A O A A
li1] v ) B 48 A K Ak o 2 ) B i) B O R P 1T (Corm
tes and Vapnik, 1995). H 3 ok B0 AT R38R K

f(@)=sign(D)_ ayK(z.x)+b), (10
Hi, o hxfema,y W HENEE a0 N
Pk W HRE T, b0 N ED, K(a,x) N ¥ K
b G N O I i VAN I R Pl 1 ol (1B S A S
OIS T I =P/ S5 o i S A R T WA (1
). (11)

O R LA BT RS R E, X AR S
B CHBESHy Rk, B 76 i Ko 2%
K BE 15 s i A5 Y &3 % B 2 I A o A - Al

Bt AL AR AR — R AR R S Bk el i i £
A e S ) I 3 A LT 0 485 2R (22 B 5 ) ok R T
L f) vE 5 P 5 B2 7 M (Breiman, 2001) . 3% 583 7E
A B A B [ B SR AT RR AR FNRR AE Y Bl AL 0
B X — ML R AR B A RAF R P ok 8L e
T S B 2 S A 4l B e /AR DO AT

Gini()=1->"_[ ()], (12)
Hoop, p(ile) Jy 35 a5 ¢ v @ T 200 @ B9 BE A L 1

AR M DT R e B U vk 3 O B
FILE 4 St — RRAIE 0 HRUMEL , WO 22455 780 P i 1) A2 fb K F
3% 45 4E 1Y o3 Bk B (Altmann ez al., 2010). % Il %k
Wr X Fem bl o 2kas s, Wik 4E D=
() Yooy, BUEPERE R S = A(/, D). X T 4

K(I,»,Ij>: exp( — yH X,
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i e R (R 3) B R B, AT 6 A 32 A 40 1 T ik
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Table 2 Variance contribution rates of principal components and loading characteristics of key variables

By LB Sy 2 Fk R BB AT RRAT (e 2 3 (AR )
PCl 57.08% 57.08% Tb (0.290), Dy (0.288),Ho (0.285),Sm(0.279) ,SREE (0.277),Er (0.277)
PC2 18.14% 75.22% LREE/HREE (0.433),Eu(0.399) ,8Eu(0.391) ,La (0.344), Ce (0.237), Pr(0.221)
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e R A R, B S R 19 A b BR Ak 2 B AE
HEAT 2 G610 AH DG M oy A, &5 SRR 6 BT .

I b B R 7R G 4 B A0 M BE U HE A 3 P
/N .SVM 5 RF # J& 8 nl 58 19 o0 kg, Hop
SVM B 8 % A3 % 5 F1 4 45 3k 93.18%,
K B % 4 93.32% 5 RF By #E i K 5 7 [ R N
88.64% , K& 1 F M 90.37% ,F1 43 Bl 87.97% , #%&
PR H SVM Y 25 4 43 28 3% B AL . AE 1T Al B Y
Fafg M 5z L ae I W 13T 40 )2 58 LB IE T, SVM
1 - 4 1 3 87.29 %6 (B ik 25 2 £0.078 3% ),
RF 2 87.33% (#5 # 2 £0.088 0%) , & ¥
WEBA R A Y A AR S5 AR M D AR A 2E

TRV 0 4y M (IR 7) 48 78 T 79 S 28 78 K [F]
B IR 2R R E Y 426 25 S SVM R B H B o 1 A Y
o3 25 Mk AR - X R A R A T RE AR SEEL T 10096 1Y
EBA U 5 76 5 28 R AR DG I AT T R R AR
WA B 1R A 7R S A M K A 6 Y A R
FEHLRE A R B2 B3R A 3R ) R R D A A

R3 XHEENSHENRMER R (%)
Table 3 Performance comparison of support vector machine

and random forest models (%)

F1l A& LI

o iR R Y TS I8 NRTES

FTHEmEHL 9318 93.32 93.18  93.18  87.294+0.078 3
it A1 7% bR 88.64  90.37 88.64 87.97 87.3340.0880

AT 35 57, R e S 7R L 2% 35 1 32 AR R 1 L A
Fez F, RF 2 B B G 00 28 0 45 S5 4 0 590 4
ST AR A R A A DL R 5 R RO DG I AR A
HURFPEAR B BT 100% 1E 8043 25, W H &F 4
X 2R A 1 5 0 I RE T 5 SR, 4 R R AR (J
51 ) 4 4 T 15 28 M K A 06 Y BRI FE R,
B RF X 1% 28 B A 09 0 500 65 e P AR G A B, 3L 43
FAEREXT TR B AR AR fA A 0 22 5
T S HF B AL A B e R A R
(FE 8)F B, Eu.Yb, Tm . 5Ce, LuJ2& J 5 & JK 25 7Y
e H TR A FRAE Lk — 45 RN gk A LR
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Table 4 Comparison of distribution characteristics for key discriminant elements

LR B a8 SR SRR G A BORTE BB R A R 5 A s RO G A PG U TE A R 37 K

AR (E

La 5.7129 16.387 1
Ce 4.294 6 11.819 3
Pr 7.286 9 13.114 8
Nd 5.683 3 12.816 7
Sm 6.410 3 14.871 8
Eu 6.394 6 8.843 5
Gd 10.193 1 14.980 7
Tb 8.839 7 23.8397
Dy 7.850 9 26.583 9
Ho 7.4513 29.526 5
Er 6.333 3 27.7619
Tm 4.629 6 32.716 0
Yb 3.253 6 32.6316
Lu 2.7950 28.260 9
Y 210.6250 350.480 8

3.8710 1.00:2.87:0.68
2.592 8 1.00:2.75:0.60
2.549 2 1.00:1.80:0.35
3.397'1 1.00:2.26:0.60
4.794 9 1.00:2.32:0.75
15.729 5 1.00:1.38:2.46
4.373 9 1.00:1.47:0.43
2.2152 1.00:2.70:0.25
1.7547 1.00:3.39:0.22
1.392 8 1.00:3.96:0.19
1.2857 1.00:4.38:0.20
1.234 6 1.00:7.07:0.27
0.837 3 1.00:10.03:0.26
1.2422 1.00:10.11:0.44
40.360 6 1.00:1.66:0.19

TE < A B AR - BRUR S B R0 - 5 5 B S A PR S R < 5 5 o KR DG A AR LT A

A AE B AT IR T R LA A R T i
T v i W BEAE 24 A R AR AL LT TR S B S E AL
K B A R (X T8 2 5, 2023) . R, & A 8
T REE+Y TR A LA X BB ARcAE i 5
T IRORH O Y BIGB FE BT R 2 i i K R 56 B TR
W e R A0 5T B s R Ak 27 o0 5 A ) 1) —
JUELAY , La/Yb-SREE W fift 7T LLAA ZOR 51 & A 0 6
o5 2R s DUV RS e A e A e R
b B R A 6 Moller er al.(1976) 3 T 4 Bk
it 150 4 & A i B /8@ T LA Th/Ca #1 Th/La
JEF- B A 2 800 B DR ) — e SR AT LA R )
5 AW PR DR . Th/ Ca LA FT 48 7 iU
T I K~ SN AE B R e RAE AR P 4% &
W BFEAE FH 5 1T Th/La b AR D0 AT iz WA + 06 219 43 18
T2 K3 A7 1 45 5 5 51 (Moller ez al., 1976).Th/La-
Sm/Nd & i W 8% A7 %80 T X 53 3 4007 A [R]sa™ B
B (D Bk #e 45, 2025). LAk, 8Eu Fl 8Ce 19 5 1 LA
6 7R A0 T I AR R B AN AR AR R 2% /4 (Bau and
Moller, 1992). {if Nid & GG R B 1 1T 5
A0 R % YA 2 1) La, Yb, Th,SREE ., Sm .,
Nd . 3Eu F15Ce #i 170 F 284, il SVM #5281 55 11y
B R A5 R R EuYb, Tm . 8Ce  Lu J&
FI 0 PR PR 2 Y B 2 BTk 1Y O R AE 240 .SVM
PR AR ) A G B B g8 1 b nT LA Sk ) )
A0 A 56 280 (YD 8Ce 25 ), [a] it 38 1)
oAb w] L TR0 0 F 0 R B 50(Tm  Lu). Yb,

Tm.Lu[FlJ& HREE JC % , i & H A A AL 1k 2% o
B, ARAX 32 0 i A b g5 A i s [ A 37
2w Yl o R A9 % i (Schwinn and Markl,
2005) , = B AR [R] B IR 2 B 0 A w0 R B B
AN TR B R ML A 5 R PR X 2 5T R AT LA
AR G- b FH >F 40 530 = b AN [) B DR 26 80 1) 3 0 0 O
33 XBHAINTENSBHTESHIKEFEEN
BT X0 S B 0 b, SR AT R
TR ERABIAR M ERE A 15 M
+ I E AR 2R B gt B M 2
SOH R B EMW M (R AR
AH G ) I e SR K Kl AR T A M T R
5 2 RO AR R L R Y 1.38~10.11 1%,
X — PR B (W Yb L) ol B
FAE 43 91 5 3k 10.03 1 10.11 5 5 7 #b 5k 7k AH 56 19
ML R R W AT LR G EE
R BB AR BR A AT R 1Y 0.19~0.75 % ,fH Eu gt %
B 5 2 ) A, HL e 2 Sk e MR AR R A BT R 1Y
2.46 1% , B % H AR B IE Eu 5% 5 FRUg iR A R
W R 1 M Bk Ak 2% R AE W R e A T & 2 ).
hE LR R = 2R R 00 R 1 o A FRAE L 2B
HE T A 15 R o0 3 0 TR AL EO L (& 9)
AL B (KL 10) . i T AR 00 2 By 48 % 5 1 25
SRR AN RO G, L 0 T G O 42 o A 4k A
SRHMME/RITEN MR B, B &
X T A7 B s AT T SRR B A A oE AR AR BE DL K DL 10
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Table 5 Ranking of separation scores from ratio plots (top 9)
il HefH 2 & O3B EVE Sy
1 Tb/Dy vs Sm/Yb 2.974 057
2 3Ce vs Sm/Yb 2.643 964
3 dCe vs Sm/Tm 2.214 603
4 dEu vs Sm/Lu 1.921 437
5 dEu vs Sm/Tm 1.826 782
6 LREE/HREE vs Sm/Lu 1.626 312
7 LREE/HREE vs Th/Yb 1.393 709
8 SREE vs Th/Yb 1.374 621
9 SREE vs La/Yb 1.332 607

XL JREM RN =KX 6 S (Bl 11a).
EH AR ST ,0Ce 5 Sm/Yb 44 L 2.644 0
B B 7 9 4 (18 11b) , 55 = 2 55 U 44 1R Ik
Jp:0Ce 5 Sm/Tm 41 & (4> & & 2.214 6, A
1lc) . 0Eu 5 Sm/Ludl & (4 & & 1.921 4, K
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Discriminant diagrams for fluorite deposits based on quantitative separation efficiency screening
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