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Abstract: The metallogenic belt in Northern Hebei-Western Liaoning is rich in fluorite mineral resources,
but its metallogenic regularities and genesis cannot fully explain by the single theory of hydrothermal
filling genesis. Based on systematic investigations of representative ore deposits, this study summarizes
the spatial distribution patterns, diagenetic-metallogenic ages, rare earth element (REE) compositions,
fluid inclusions, and H-O isotopic characteristics of fluorite deposits in the region. These fluorite deposits
can be categorized into three genetic types: volcanic-subvolcanic hydrothermal vein type hosted in
volcanic rocks, post-magmatic hydrothermal vein type occurring in granitoids, and hydrothermal
replacement-vein type developed in carbonate formations. Moreover, the fluorite deposits hosted in
volcanic rock areas were controlled by marginal faults of volcanic basins or volcanic-related fractures
under an extensional tectonic setting during the middle Early Cretaceous. These faults served as pathways
where deep-source F-rich alkaline magmas underwent liquid immiscibility to generate F-bearing
hydrothermal fluids. The fluids ascended to shallow levels, mixed with meteoric water, and subsequently
cooled and precipitated to form ore deposits. The fluorite deposits hosted in granitic areas were formed
in fault-uplift structures under tectonic transition setting during the Early Cretaceous. Mineralization
occurred through isothermal mixing of meteoric water and formation water that leached ore-forming
elements from granitic intrusions and deep basement rocks, followed by precipitation and enrichment
with diverse metallogenic fluids or meteoric water. The fluorite deposits hosted in carbonate rock areas
were controlled by anticline structures formed under the compressional orogeny during the Late Jurassic.
Basin-derived hydrothermal brines, thermally driven, ascended and leached ore-forming elements,
subsequently accumulating through water-rock interactions in interlayer fracture zones of anticlinal cores
where they were blocked by mudshale. Later tectonic reactivation might have remobilized the
mineralization, forming discontinuous fluorite veins along fractures.
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Fig.1 Simplified map showing the geotectonic location, geology, mineral resources, rock-forming and
metallogenic ages of the fluorite metallogenic belt in northern Hebei—western Liaoning(a, modified after Pan et al.,
2015 and Jin, 2020; b, modified after Wang et al., 2015; ¢, modified after Liu et al., 2006)
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Fig 2. Characteristics of fluorite ore bodies and ore-controlling structures in typical deposits of the study area
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SCRLEARACERERG LB E ] N itk P L 2 B A P T 5 R — R R AE A AR (GE
W04, 2019; Songetal., 2025). Bkt (160~145Ma) iy A FVEARBR ) 4530 Bl (1) 1E
[ R T 5 i i85, SBUHeAL v 2R R B AT T G, AR RN TR
J{— R PINE—NNEH R84, [RIN 3G AR 7 LRk S K LS RUAE b E AR N, IR — &
BRI FES R b Z CR 6%, 2024; Songetal., 20250, {iF {1 F SRS (1 25 A FHRIAR 5%
OB FRBIE S T S BFRIEA A E 4 (Ding etal. , 2018; Yanetal., 2021), ‘3 iEEIREN R
WA LRI A2 12 T AR AR A% P 2 RV R s IR R 2R 8 X A ), (RN sl 7 e
DX AT O REA TR A St 5L (145~ 135Ma) BF 72 X AbF Rt ikl 3 i 1) (2
HIE, 2019; EWH 2, 2019; Zhangetal.,2025), WERIFHHLHEIFERS, PO G et
TN AR S ) 58 1A A0S, AR A KA B 5 95 3 (Yanetal., 2021), WFFLIXAE
HubB R 5 XIS N 3 3L R R IR T AE R XIS (7845, 2001; Zhang et
al., 2025), ZIHY IR R B B PR AE IR IREN P IR B & XA a2
W1, WA RSP EARR R b [B] T 7 XA I AR AR R BT B (135~100Ma), tHIE{EE
AL se LI R A (SN, A SRR S RIS A R IR (Xu et al, 2015; ZEASCAE,
2019; Song et al., 2025), JER— RFINW 1] 1E W7 275 R0 K L W 28k, BRCER pfe [ 0 )
BT B FIE AR A2 AX e A 08 95 X BROKRUASE o F A Tl M — B 5 S et VR s PRV A
(Ding et al. , 2022; X455, 2024), #6] 7KILAXEAT TR, [FB MBS A X



WO MBRIREL G XA T RE A LA = AR 48 LTIk, WE T X HOO T IR A R AT
JS2 Y v [ 2R 8 1L 3 50 30 1) B S R 5 T 3 L L R R A BB B X MG —E R SO
JRH JE AR RIS SR R E Yo

4 ML ITRRE

EAVERT Cali ), RMIITTRIEREE, WA REEXH S Ca? KAEE N
TR A, XSS A AR LT R AR . R A AR T R AR IR
VIR PR BRI S5 T AR 2 T T2 N O 5T IEAE, 2020, EFA%E, 2022a) o ALK
THFFIX =230 18 MR (D BYRE A A FEA 3 b e A T R0 e = e ZARFE A
WA VER RS, Fi Lo R AR AR ES HOLE 3.

KA X AT AR EE B SR SREE (8 YD) 43108 118.34~541.33x106 Al
118.29~356.22x10, % = # 1 t{H LREE/HREE 4374 0.15~7.60 1 0.13~9.29, Lan/Ybx
7394 0.42~65.84 A1 0.53~40.03, 8Eu 735l 0.25~1.26 A1 0.33~0.82, 8Ce 737] 9 0.68~
0.95 1 0.65~2.06. A[FHPREIHE LT AFAEAS A, JEHIEAE Ew/Eu* Ml Ce/Ce* /i 1,
HSA PR A 5 HORE L5 s RAFAER A, 7EM LT R i 4 R B R — B o A
FHIE (Bl 4a). #2441 LREE/HREE—XREE ¢ R B b, SR R RIGRCAT BA UM
BEEM LR SREE (% Y) ¥R, R #EHM - LREE/HREE /s (K 4b), KW
It 5 A A A 7 Y o v s R R

16 I DX A A0 BB s 8 B SREECR YD) 43 31N 34.95~200.92x10°6 1 83.67~
535.27x10°°, R #EM L H{H LREE/HREE 737379 0.20~2.41 1 1.62~6.92, Lax/Ybx 73514
0.41~4.78 F1 4.71~21.14, 8Eu 444 0.36~1.73 A1 0.17~0.91, 5Ce 4354 0.65~1.13 I
0.62~1.28, A[FEH IRIH L e RS A —2, AT WL A& IREE (% Y) A HEM -
Fi{ LREE/HREE &K TH% . 7£ EWEu*Hfl Ce/Ce* /7T, A1 Eu 71534 Fl Ce F 74K
A SR, 7ERR Ls R & Lm0 5 A R L X AR e (&
4c). fE¥{A1 LREE/HREE—SREE X R EIfif b, ST PRKTEV S A0 AT B R B A A6
B YREE (FY) #K, #EM L[ LREE/HREE ffEF—8ei A s (B 4d), £
B AT I IR AR TE TR A R R R AR E 8 — .

IR £k X W A0 T A R S s - B SREECR YD) 20 9914 20.00~29.90x1076 Al 5.34~
22.60x10°°, FHEMi 1 EH LREE/HREE 73708 0.22~1.18 #1 1.02~1.87, Lan/Ybx 73714

0.09~3.01 1 1.08~8.37, 8Eu 7 # 4 1.11~1.36 1 1.08~2.73, 8Ce 7% 0.66~1.58 F



0.68~1.10. FREREL A X W AN Fi L8 &8 SREE (% Y) BFETHEE, AKEAHER
L, EOMBEEYAA Bu bR, Ce pH AW, M IoRm s ik EEn i
SRR e S, BB A S (K de). {E% A LREE/HREE—SREE X R i
., BEEMLEE ZREE (F Y) HK, BEM LU LREE/HREE {RF— B 1 &%
(40, R I SRR TR RBOVEE Y —, FTREH T /KCE I RS 1AL
SR E R AL

SREAN ML ICRRIEZE RV, A 5 BEE W T T B RHE RO B ZE Rt S8 T
ANTEI T BT ) BRI B A AR CEFR e, 1997) o Kils XA WY REE s, 5 H
HHEAR, BMtEEE, BT, AR IR E A MBS 0 TR ERU, Mt
TCER LSy MR H AT 5 A — B R W KR Al R R AL RHAE Ol
REL, 1997; XTEZRMIE R, 2023) o fER A XEAH ZREE BUK A XE AT K, [FR
L RAST BIA KA Y REE, FUss R, M-S S5 B ST KL X
AW, RIS AL 7L, Bk Z BB R £l IR AkK TR RS
MG AE HBE M R R A L (EREE, 1997). BRI IHE T oo AL o th 22 &
A, TR AR ORI o - 2 FFH, RWIE B SRR DT T AT e AR B — e
Roa A, IR BBOE B BN A B AR, RS TE R S R BET TR RN A B A e ik
Mt a X H AT YREE i, RILBBRFEM 76, EMLEENRE BAWE Ce
B, R ARG R IR ER S B a1 Ce T8 MR L IuERRHE CARIEE,
2016) o BEAEM LSRG, FEMRER L RREEEARRSE, WML oR T
Fe AR EIAFAE, KE SR SRR W AR, i M iAs E HA—.
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Fig.4 REE characteristics of fluorite deposits in the study area
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Table 3 REE composition and characteristic parameters of fluorite deposits in the study area

Hi= >
e Zg\ z;j La Ce Pr Nd  Sm  Eu Gd o Dy  Ho Er Tm  Yb Lu Y SREE %II;EE% Lay/Yby EwEw*  CefCe*  Hiiski
51.8 38.9 106 40.9 79 24 47 12 9.6 1.7 4.0 0.6 3.7 0.5 87.4 316 1.79 1007 121 093
51.4 75.9 7.9 26.5 35 0.7 3.1 0.4 1.9 0.3 0.9 0.1 0.6 0.1 145 188 7.60 65.84 0.69 092
26.0 46.0 5.7 20.5 3.7 1.3 2.9 0.5 3.0 0.5 13 0.2 14 0.2 224 136 320 1332 122 092
#HA 321 549 6.3 21.6 3.6 1.1 2.1 0.4 2.7 0.4 1.0 0.2 0.9 0.1 185 146 453 26.17 126 095
393 61.7 73 26.9 4.7 1.5 2.6 0.5 3.6 0.6 14 0.2 12 0.2 27.9 180 370 23.89 126 0.89
iz 417 68.2 8.7 33.9 6.8 1.9 5.6 1.1 8.5 14 3.2 0.5 2.7 0.4 65.7 250 181 11.00 094 0.88 e
Pk qu‘ 30.7 535 7.1 293 8.2 23 55 19 184 33 6.6 1.1 6.1 0.9 132.0 307 0.75 361 1.06 0.89 s 2001
e 63.4 149.0 17.0 64.2 8.7 2.0 12.5 13 4.0 0.7 3.0 0.3 23 0.4 19.6 348 691 2003 0.60 111 o
KK 76.6 151.0 172 60.0 8.6 1.9 8.7 1.1 42 0.8 2.6 0.4 22 0.4 20.7 356 7.70 2453 067 1.02
ek il 525 129.0 11.9 42.1 6.0 1.5 6.1 0.7 3.1 0.6 19 0.3 1.7 03 148 272 828 2042 0.76 127
0 4;: x e 64.2 121.0 13.9 47.8 7.4 1.5 7.2 0.9 46 0.9 2.8 0.4 2.8 0.5 245 300 572 1622 064 099
I 82.6 143.0 16.8 61.8 8.5 2.0 8.1 1.0 35 0.6 2.1 0.2 1.5 0.3 16.6 349 929 4003 0.74 094
TR 16.4 63.6 35 132 2.0 0.5 2.0 03 2.0 0.4 13 0.3 1.7 0.3 10.7 118 522 692 0.82 206
WA | E wa 273 37.8 6.7 28.9 8.7 13 8.0 2.7 245 5.3 125 1.9 102 1.5 364.0 541 026 192 048 0.68 WA=
S B kbl 232 39.1 4.6 159 33 0.3 29 0.6 45 1.0 2.9 0.6 3.7 0.6 283 132 192 451 033 092 5, 2019
2.8 5.7 0.9 3.9 2.0 0.4 33 1.1 9.4 1.9 5.1 0.8 46 0.7 75.8 118 0.15 043 052 0.89
HA 5.4 9.8 15 6.4 3.0 0.5 28 14 142 29 6.9 12 6.4 0.9 118.0 181 0.17 0.61 051 0.84
Wi 26.5 44.6 6.7 24.0 5.8 0.4 49 1.0 7.6 1.6 4.8 1.0 6.6 1.1 50.5 187 137 2.88 025 0.82 &V,
i Kl 45 6.4 13 6.1 3.1 0.5 33 14 14.1 2.8 6.7 1.1 6.1 0.8 132.0 190 0.13 053 043 065 2021
o 154 37.8 3.8 127 3.0 0.4 27 0.7 55 12 3.6 0.7 49 0.8 39.4 133 123 228 040 121
l 24.1 46.8 6.0 19.8 45 0.5 4.0 0.8 6.1 1.3 3.9 0.8 5.2 0.8 40.9 165 1.60 334 033 095
8.4 11.7 23 102 3.9 0.5 3.8 1.1 10.0 22 5.8 1.0 6.2 1.0 133.0 201 023 096 041 0.65
14.9 184 32 12.0 2.8 0.7 25 0.6 5.2 1.1 2.9 0.5 33 0.5 335 102 1.04 322 0.85 0.65
45 9.0 12 4.7 15 0.3 1.7 0.4 2.8 0.5 1.7 0.3 1.7 0.3 29.9 60.4 054 192 0.50 093
5.2 9.7 13 53 1.6 0.3 2.0 0.4 29 0.6 1.6 0.2 1.5 0.2 272 60.1 0.64 259 0.50 0.90 R
- W 45 8.9 12 5.4 24 0.5 3.5 1.0 7.4 1.6 4.7 0.8 53 0.8 81.9 130 021 0.61 053 093 P 20“19
\ 26 5.2 0.7 2.8 1.0 0.2 1.5 0.4 29 0.6 1.9 0.3 2.1 0.4 29.4 51.9 031 0.89 054 095 w29
& 5.6 114 1.6 6.5 2.6 0.6 3.8 1.0 72 1.5 4.4 0.7 44 0.7 95.0 147 024 091 059 094 %*’&?
5.9 12.1 1.6 6.7 24 0.6 32 0.9 6.5 1.4 42 0.7 44 0.7 66.3 118 033 095 061 0.96 &, 2023
44 9.5 14 5.8 25 0.5 3.6 0.9 6.6 14 42 0.7 43 0.7 89.7 136 022 0.75 055 094
i HE 402 76.1 8.6 323 6.6 0.7 52 0.9 52 1.0 2.8 0.4 2.9 0.5 25.9 209 3.68 991 034 1.00
KX [ 99.9 206.0 21.7 77.8 13.0 0.9 11.0 1.8 11.0 2.4 75 13 8.7 14 71.0 535 361 822 022 1.08
HH 3% . 48 7.9 15 6.9 3.1 0.4 2.8 1.1 10.0 1.9 4.4 0.8 45 0.6 713 122 025 0.76 036 071
WEH | E4 cgdl 6.1 8.7 14 5.4 14 0.3 12 0.3 2.9 0.5 12 0.2 1.1 0.1 12.8 437 115 408 0.76 0.73
WHRE | m TE 19.9 44.0 55 21.1 4.9 0.3 3.6 0.7 46 0.9 2.6 0.5 3.0 0.5 242 136 236 471 024 1.03
B [ 442 91.5 113 46.0 7.7 1.6 5.9 0.8 3.6 0.6 1.8 0.2 1.5 0.2 16.7 234 645 21.14 0.74 1.00 Wk AE
VIR | mx WA 3.0 45 0.8 3.6 12 0.7 12 0.5 6.2 15 4.1 0.8 53 0.7 495 83.7 020 041 173 0.69 #2019
H o OfERE 867 172.0 19.9 75.6 12.5 2.0 10.5 15 75 14 3.9 0.6 3.6 0.6 354 434 569 1747 054 1.02
Titk A 73 11.0 1.9 7.9 2.6 0.8 1.9 0.5 44 0.9 23 0.5 34 0.6 40.3 86.3 0.57 1.56 1.03 072
W ERE 310 67.1 54 18.1 2.8 0.7 2.7 0.3 1.9 0.4 1.1 0.2 1.3 0.2 10.0 143 692 17.65 0.82 128
St 33 438 0.9 3.6 1.0 0.3 1.0 0.2 2.1 0.5 1.1 0.2 14 0.2 189 39.5 055 175 0.84 0.69
EX . 272 56.0 5.4 19.7 4.0 0.8 6.1 0.8 438 1.0 2.8 0.6 4.1 0.6 26.1 160 241 478 047 113 "
% T 32.6 77.4 83 29.1 6.5 0.4 8.4 12 6.4 1.3 4.0 0.7 49 0.8 31.9 214 259 478 0.17 1.16 ik
30.8 32.8 5.4 19.4 3.4 12 438 0.7 53 1.1 32 0.7 42 0.7 36.9 151 162 521 091 062 2021
EE WA 53 103 15 5.7 2.0 0.7 1.6 0.5 5.8 12 2.8 0.7 49 0.8 25.6 69.2 058 0.78 115 091
N 0.6 23 12 25 1.1 0.4 1.1 03 1.1 03 0.5 0.2 0.5 0.1 7.8 20.0 0.68 0.86 1.11 0.66
FET TR 0.1 0.7 0.6 1.1 0.8 0.4 1.1 03 12 0.3 0.5 0.1 0.3 0.1 12.9 20.5 022 024 130 0.70 o
B b Grg et 0.3 1.5 0.7 2.6 1.9 0.7 1.9 0.5 23 0.5 1.2 02 1.0 0.2 144 299 035 02 L13 0.80 IS,
[X {1 0.1 1.7 0.7 24 11 0.5 13 03 1.7 03 0.9 0.2 0.8 0.1 12.8 249 035 009 128 1.58 2008
W | 2.1 6.0 12 4.4 14 0.6 13 03 13 0.2 0.6 0.1 0.5 0.1 8.9 29.0 1.18 301 136 093
I 0.3 0.9 03 0.9 0.2 0.1 0.2 0.0 0.2 0.0 0.2 0.0 0.2 0.0 1.7 53 1.02 1.08 153 0.74
R TR 35 6.2 0.8 22 0.4 0.4 0.5 0.1 0.5 0.1 03 0.1 0.3 0.1 53 20.7 187 837 273 091 Sun.et
R dhs 2.7 4.1 0.8 2.9 0.8 0.3 0.9 0.2 1.1 0.2 0.7 0.1 0.7 0.1 7.0 226 1.05 277 1.08 0.68 al.2010
1.6 4.0 0.5 1.8 0.5 0.2 0.5 0.1 0.7 0.1 0.3 0.1 0.3 0.1 5.2 15.9 1.18 383 122 1.10
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AR EEARRE ST B R RO IR o B 2 S A, R AR PR ISR 1) D
Ik A4, 2014) o BFFCIX N HATERRT B3 =2Ru0 0 K Z 3k L 40 (A 2 P R R o
FF L iR L AR B H-O R SRAFAERF 78, MRS SR W R AR,
50 RABRAKY—RE. REMEE

W FEIX B iR A 52 1k 22 SRS IR BSE A1, /D B0 s S SR W B 3 AT 5
HAE—B/NFS0um, FEGRABAIRER. SRHOEE. BSHOEELE T
SAHBFEARDUFAL KL XA S B A I L2 ik — IR R T 160~280 °C,
BRI B AR BB AR — IR BT SR T T 137~211 °C, FAM B A B IR I R TR B
WA . P A AR AR (%NaClegy) 27 1-0.2~2.80, % E4EH T-0.75~0.89 g/em’,
EhBERE LA K . FER A X EAT R BUE A AR O R — IR E 5 T 145~200 °C,
WA B 2 A B R T 120~230°C, 7 A OB R P R A — 3. LB B A I A B A R
(%NaCleqy) 1 T0.18~4.34, M B A B A ER A T°0.18~2.41, EHFHERRE
%o WHIH A MR R 4D T0.86~0.93 g/lem’, A —H, MRS XS AT HAE
FEREEETT96~150 °C, MMUEAREE (%NaCley) HEHT2.00~10.40, ZE(>5%,

AR LR B 2N0.99~1.04 g/em?.
X 4 R AN AR IR S R

Table 4 Homogenization temperature, salinity, and density of fluid inclusions in fluorite deposits from the study area

, s ¥ —iR = N e * ;
Bavinll R \|‘1| ] ey
eyt W IRAH DICFE JoC (NaClegw) /% (gfem?) ot KR
. HErBrsifa 205~238 1.40~1.90 .
cES : Bk,
g | BRI epesen 137211 0.88~1.74 0.75 fRbeJess, 2021
HIXIK s R BsA 220280 ‘
. 35~5. 0.81 Lk, 202
— ek R MePERSE T 160~180 0.35735.09 b, 2023
A TS i RWBCEA 160~220 0.80~2.80 0.88 e
MR Ak MeRERSE A 140~200 0.40~1.60 0.86 A, 2014
IR , B AT 180~240 0.20~0.60 0.87 e
A Wb B 160~180 0.20~1.00 0.89 L5255, 2018
. HErBrsif 145~200 0.18~4.34 0.91
M I/ Frdts
P R BB A 153~200 0.18~2.41 0.9 SIS, 2024
X S S g A
%IXEE; R BIABGES 150230 AR, 2022
32 5 4 HAEHE WA 150~195 FERFESE, 2013
;mﬁig%ﬁ B WA 160~200 0.66~0.95 0.86 MANAE, 2017
st . RMBEA 141226 0.18~2.90 0.91
AR | SR A ot e
MM BC# A7 120~201 0.18~0.88 0.92 RFFHE, 2019
+— A 148~230 0.18~4.80 0.93
7T HRIR e s N N 0.99~ o e
e X T WA 100~132 6.14~10.40 L04 PRERIEE, 1986
Fow A AL N . S A
Ay e WA 130~150 2.00 ~2.25 0.95 BTk, 2010
—FoIEA
AWK | FR L HAR R A A 96~132 AR, 2024
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Fig. 5 Histogram of homogenization temperature and salinity variations of fluid inclusions in fluorite deposits from

the study area
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BT EARREANES HA O, HU WA AR R, HARAEEARN H-O0

)7 F2H RS B A ) H—O [ R GGRAFRESE, 2014), W] LURER S AR U5
AR . KL XA AR EE A 8D A T-140.1%0~-19.8%0, “F-3I{H H-113.9%0,

380 fHAT-6%0~2.3%0, “FIMEN-3.5%0, ¥ —i[E 140~240 °C; LK G X H AT AT
FARF SD A F-145.3%0~-94.5%0, “F-IIMEN-111.3%0, 350 [HAT-13.3%0~6.9%0, “F-IIMH
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SEE N-5.6%0, 8130 A T-17.8%0~-11.7%0, “FIIEH N-14.9%0, FJ—iEE 130~150 °C.
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Table 5 H—O isotopic composition of fluid inclusions in fluorite deposits from the study area

e R4 FEfh s D (%)  8"OH,0 (%0) A RIR
ST-15 -140.1 23
N ST-13 -120.5 228 e
— Kk ST-12 1283 0 kA&, 2014
B IX ST-11 -135.7 2.4
Qs XF1 -118 -6
3),; x XF2 -116 3.6
L XF3 -120.6 53
é’% XF4 -115.5 5.9
SR et XF5 1216 4.9 /b R4, 2024
AN XF6 -19.8 4.2
K XF7 -102 2.6
XFS8 -120.8 5
XF9 -121.9 45
DXG-FO1 94.5 6.9
DXG-F03 -101.9 7.1
o DXG-F05 -105.2 72
e PN DXG-F09 -98.6 82 /bR, 2024
i X DXG-F11 -100.3 -8.4
ioFapid DXG-F13 -102 215
HAJE DXG-F15 954 273
7S . MDG-1 1111 -10.8
T S MDG-2 -114.1 -10.2
TR L QY-1 -115.1 94 —
& QY-2 1195 112 AT, 2019
X WJF-1 -143.9 133
LG WIF-2 -1453 132
B SBT-9 104 178
R
X [ ZSBT-6 102.8 -13.8
WA pE= XL-1 296.8 _16.4 WFREE, 2010
— 7RI
uthige] TDHX-2 877 117
IR
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6.1.1 §RBH

Tb/Ca—Tb/La XU & A T 72 R T3 4 ) BRI AT, 88 ded 2% PR e A ekt ) 5l
HECH . T A S A5 Y R 25 A (M6ller.et al., 1976) . KL X5 A0 FITE K 7 X 8 A
BB BT R X N, 2R B HO SR A PGB R I o RIS h 2 X B A 0 2 B B TR
X P, 3BT HGBR A . Méller (1976) 7E# V. Tb/Ca—Tb/La K R EIRHILE], T &
BEERER R PR T B RO LA B TR E R S [RIRE A A & SRR TRV TR XA,
DR B ik DX W 0 0 T e A TR R, (E RS AL ) R0 P St T 5 R AR )« P 7
2 W I AR AL T T 45 B P JR AR B0 7 Th/Ca 55 Th/La LU RBLH IEMHI SRR, &) T &
HEAL R @A, T IEB R &R S TR A B ASAE R, SA R La
T T FEAANAE , B 70 3 - TR FENE Bl 5 A1 (1) 485 W T2 T 1 5 (MiSller.et al. 1976
KA X HE A S PRI F B A R RIS, SRFAE 3 9 F R AR AL
[B)ANK, 3 5 [ R A T 0 R AR B — BB U & o TR RE XA IR PR
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Fig.6 Tb/Ca—Tb/La and Y/Ho—La/Ho diagrams of fluorite deposits in the study area

6.1.2 B YIBRIR

IR A F ORI 32 B b/ S S R RN & F A2 A KA A N
F #aBifs, LIS F BRSSO EAE R B F AR, M0 Ca AT RERVE TH5e b
V2 AFAE I RERR £ AR S £ 7 (Carroll and Webster, 1994; Chen et al. , 2018). A3 #k &4t
() FRZVE AT LS N s F Sl o R B S BUE R . MK F 5 90 s BRI ALY
AN AR R IR F OB R =2 a4, 2024).

K KRR 2 77T E ALK L e P S BB K s (VA B AR, 2018;
SRS, 2019). KEFFFIRM F AR LS T HWMCRS S, F &8 SRR
TEARDCHE, BRI AP AR s F A AR (Bdgaretal., 1996), A LU A5 RERR 26 45 4
ARIEHI S F iR B (Dolejs and Baker, 2007) . Pk L& Sh G () 2 F B 5 2%
Wi E RN F uR, MEERBIIMATTRME S F K L—UCK R B H R & b



B, BRI RE AR S P Ca S5 E AT WA AR RV R SR R
La/Ho 5 Y/Ho 2 [A] I EA AU, HHUEEIE T — 24 (Bau M and Dulski P.,1995).
KULE XA AT E Y/Ho—La/Ho 5% & B b4 Bl AT T K1 (& 6b), R W [EIVE R A
=, 5B 6 (a) IR RmrEaAYIEG. BESwan r#R R &M miEszE R A
Ko BT Bl AT EE B A K, FTRESZ IR T A A K L G B b, I 7S e e
PIBRIR S K LG KRR EY). #Aa5EE M LT REEE 8, HBEEM L& IREE
GZY) $5K, #EM L HE LREE/HREE ), FRUIBEE B0 SRR B Ca 7EAN BTN
RHPE KA hAERE . Bk LCE XECAHH) F OS] BERIE T K L 35 23 I 30 R
m F IS ARG R BTN S F AKI—CK IR, B BCE KR S 5 R B
WA ER, PR F RSRIEFIFIE, 11 Ca >k B RSEKAE F RGBT FIAE B L
Bl A2

TR A M A 2 N E AR A A, B RS E AR R R 2R, RIAER &
A REFFANE LR SR A R POy S5 1R e SR R ORI . $Y G I SR E
F SEIRPDJ5THR 73 M R L) S REAE B o BRI By 2 iy 73 AL SR TR R & F a4, AT RN
ERYEHRBL AT B SR B ORI (T4, 2024). BTFERMIIER S X3
AT F A — ok BRSSP R TIOBARE O 5, 20200, RIUBIER A 43
X Ca HiJZEAE K 5 5 A IS R BN Cao (LKA XA 5 BUE W LT REHEIFA—
B, TR TRV % AF R — A R R . KA KIS A EE s R b
o Hh IR BE I ARG P LA R EUR B F AR R AR F A Ca, PRIBEE/K S F He
JRARM EAE AT RS F ik (Chen etal., 2018), [RIIAE 55 X B A I RLH 0 5 K5
AIRERCNE A, EE 6 (o) FH AN & Y/Ho M La /Ho W{EfASE, Jedl Kitiisin
iR, RUIERBEFAER, 586 () HELSFBAYE, Ba2HRZHBIR
W IR . BE SECAT IR B ZRIEOR, R AT REOT, B il g f 00
KIS ATRETEAK, NAZZ P T BT AR K IR K OV . PRI, fER S XA
B AT W B RS 9 R L PRI B KUK & F A8 R R R bk DRI WA T
VR IAARRT T RIS AT A AE I

WRIR Eh e DCE A T T IR IR X, — AR B BRI IG5, B ) BRI 5 AT e
VR B BRI £h A B RS ST FUURE AR T 5 3RO ELAE FE U BT F IR o BF TR A FEF 1K
TS, MgF % aWRIA SRS et RisENEAZ —, FtEEEMgA =52
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N, MEFFF FUTE (RIRE, 1984), FILIREZ o ¥ & Cads A W K H 5 5K 7
=2 A B A T ORI . SCEH X AT A St—Nd R FARFHE SR A AR A
T SHEEEA R, WIRHEE AR IR T KERCa. ZIX T S EFE S (R
JE) #51802.98x 100 (UM, 2016), Jl i fA #h B e HLNa /K5 e A RF i S HL B VR
RIKFHIE (7R, 20100, #EEl6 (d) P51 ExY/HoMLa HolLfH MK, AL
A A B G, SR RAA G T KIE ISR, (EHIRRE SRR T, 5
TREFEEM B R EFRA, B8 % % Callis EALR A AR 1. i s
DA B W TORIE A e B KO B R 2 R IR, 1T Calll SRR T 5 RO 6 ik
B ASAER -
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6.2.1 A TR

AT R R b T BRI A B PRRAALE P ARER 5 A8 4 e R e AL URHAE , S22
0BT 1 S R v DR 25 2 A o ™ RIS B FS)™ 00 7 S YR 5 T 1 B AP 5 7 ¥
(Bau, 1995; XEZEFIFGAAGE, 2023, 2024). WF7EE W Eu. Ce & tR P HATRRE X
AR T, R R AN R AR A I S A% 1 5L R A8 (8 5 750 T S 7 A i
20230 KA X E A BA AU Bu U5 B 1 Bu 1B, RN 3RS Ce 7157%,
R H B R EAE R BN T A Aia R R SR — IR . SR Al
A1 B b G FARRAE e B — BUMAFAE, D H B AR B A SR A S, A — B
— AR R ERFE L AR5 BEIY) NaCl—HL0 1R R, HBUAR  ph- 5 1 i Ao BT A 3o 5 o L P BRI
AR, NIRRT RAARIRS . fFERAEER H—0 AR EE (B 7a) 5
TRABEKEA T, SV HAK I RA 1 KK AR R, BB Bl AR R %A KR
K2 . Bk LA KRR R ARk IE S AT BN A HOK, kA T K LSS R
HE WIS NRE S RIERIO S F A, 1 RIEB RS RO A IR IR G F
HYTE -

6 X A SEuRISCe LA/ T 1, BB FAEuRH, KPR T LT
B, fCeF W RWMMIEIEB R KA T K—E R, FHCelF Ik CUE R,
2023) o FARELSEARRIES —EE N120~230°C, PIIRE EEHA— . MikmE Ak
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BRIR B DA B R IEEuR 3, RTHIER T SIREE, @R GE
FK)IRZLTCe, BRERERE XA Fl A W HA SRACe U o B IR Cefi i 1 R I L™
TUARIRIE TS, 4k 7 IRIR Eh e LS I Ce U W RHIE,  H.SOL2/CIHUfE (12.7~43.34) %
WAL T8 BT, 5IEEum S0 N (BT oREE, 20100 o PIRBRIRER S X R A0 Wl i
PREAIR L TR S 2R . % B IINaCl—H,0 KR . fEKT7 (a) b T R KL
PN A 3 7K DX 3, 2 B Bl T A v T REAEAE KB/ o HF 70 3R B 4 SR AR IR Na /K — ik
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Fig.8 Metallogenic models of the three types of fluorite deposits in the study area
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