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Abstract: The Huashitoushan fluorite deposit is a newly discovered fluorite deposit with medium-large poten-
tial resources in the eastern part of the Beishan metallogenic belt. The orebodies are located in the outer contact
zone of the Suosuojing biotite monzogranite and are controlled by NE and NS faulted structure. The host rock is
mainly quartz sandstone and siltstone with limestone lens of Xishuangyingshan Formation. On the basis of
studying the geological characteristics of the Huashitoushan fluorite deposit, carry out the studies of trace ele-
ment, REE and H-O isotope geochemistry. The results show that 9 fluorite samples showed strong enrichment of
MREE relative to LREE and HREE, and the standard partition curve showed an "inverted V" shape. Positive Eu
anomaly (1.11~1.25) and negative Ce anomaly (0.90~0.95) indicate a weakly oxidizing environment with the
same source of ore-forming fluids and lower temperature. In addition, the characteristics of La/Ho-Y/Ho of the
fluorite samples Indicate that the ore-forming fluid may be a contemporaneous and homologous F-rich fluid. The
ODy . smow Values of the 5 fluorites ranged between —109.7%o0 and —99.4%o (average value is —104.3%o), while the
8"*Oy.smow Vvalues ranged between —3.1%o and —1.9%o (average value is —2.3%o), which indicating that the ore-
forming fluid is a mixed hydrothermal solution of atmospheric water and magmatic water. The characteristics of
Tb/La-Tb/Ca also indicates that the Huashitoushan fluorite deposit is magmatic hydrothermal. Moreover, only
Sb in all fluorite samples is enriched compared to wall rock(Xishuangyingshan Formation, Beishan Oregenic
Belt and Crustal), while other elements are depled, which indicating that the fluorite deposit belongs to the cate-
gory of medium-low temperature deposits. The REE standard distribution curves of two biotite monzogranites
show a right inclination, and LREE is strongly enriched relative to HREE. Combined with the geological charac-
teristics of the deposit, it is believed that the Huashitoushan fluorite deposit was formed in a weakly oxidizing
environment with lower temperature. The ore-forming fluid is a mixed hydrothermal solution of magmatic wa-
ter and atmospheric water, the ore-forming material F is mainly derived from biotite monzogranite, and the Ca
mainly comes from the Xishuangyingshan Formation. Therefore, it can be inferred that the Huashitoushan fluo-
rite deposit is a medium-low-temperature hydrothermal, structure filling type deposit.

Keywords: fluorite deposit; trace elements; REE; H-O isotopes; Inner Mongolia
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Fig. 1

(a) Schematic tectonic map of Beishan Oregenic Belt and the location of the study area, (b) geological map of the

Huashitoushan fluorite deposit and (c) geological sketch map of fluorite mineralized alteration zone and orebody
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Tab. 1 The feature of samples selected from the Huashitoushan fluorite deposit
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Tab.2 Trace element compositions (10°°) of fluorite and wall rock from Huashitoushan fluorite deposit

(LR
Mg e e

FEd WXHTC06-3 WXHTCO06-4 WXHTC06-5 WXHTC06-6 WXHTCO01-1 WXHTC01-2 WXHTC02-1 WXHTC02-2 WXHTC02-3

CEH MK Y

i)
Li 83 0.945 523 442 1.24 6.75 0.243 0.985 0.167 21
Ba 85 13.1 459 228 57.9 59.7 155 1122 3.8 752 568 390
Be  0.662 0491 0.235 0398 0304 0.283 029 0.425 0.405 13
Bi 0025 0.009 0.009 0.008 0.011 0.01 0.014 0.02 0.004 0.186 0.69 0.004
cd 0.01 0.012 0.005 0.002 0.014 0.007 0.009 0.003 0.003 0.2
Co 1.51 1.78 141 1.74 1.72 1.16 137 1.68 1.49 103 943 25
Cr 0916 0.17 0218 0.613 0.28 0.201 0.024 053 0.07 447 4494 110
Cs 0845 0.138 0433 0.505 0.151 0.65 0.062 0.243 0.073 14
Cu 19 1.18 3 1.72 1.04 0.959 0.263 1.42 0.4 894 1821 63
Ga 0256 0.183 0.201 0.281 0.109 0.28 0.059 0307 0.081 18
Mo 0214 0.265 15 0.209 0551 0394 0.185 0.165 0.108 125 076 13
Ni 243 24.9 245 243 22.7 22 22.4 213 216 347 2338 89
Pb 115 0272 4.19 0332 0.732 1.18 156 1.39 0.243 156 17.57 12
Rb 1.34 0.294 0461 0.678 0.185 0.484 0.113 0.703 0.101 91.6 8648 78
Sb 1.94 0.442 251 1.01 2.16 329 0.609 0914 113 0553 052 06
Sc 1.88 22 1.05 1.78 156 1.08 14 1.63 2.02 18
Sr 183 166 167 176 142 116 145 176 157 64.7 2753 480
Th 1.59 1.37 0.284 1.15 0.958 0.872 133 0.813 13 13.68 1253 58
I 0.068 0.01 0.009 0.015 0.041 0.021 0.003 0.015 0.005 0.4
U 0.704 0.22 0.069 0.189 0.306 0.105 0.002 0255 0.361 3177 17
\ 1.48 1.01 1.04 1.51 2.49 133 0.937 2.14 1.06 649 605 140
W 0697 0.508 0215 0.424 0475 0336 0.52 1.68 0.667 1295 1.09 1.1
Zn  0.665 0.248 321 0.587 1.01 0.816 0.729 1.07 0272 541 5234 94
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Tab.3 REE compositions (10 °) and characteristic values of fluorite and biotite monzogranite from Huashitoushan fluorite deposit

Hf 5 WXHTC06-3 WXHTC06-4 WXHTC06-5 WXHTC06-6 WXHTCO01-1 WXHTC01-2 WXHTC02-1 WXHTC02-2 WXHTC02-3 SSJ02 SSJ03

La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu
Y
~REE
LREE
HREE
LREE/HREE
(La/Yb)y
SEu
3Ce
La/Ho
Y/Ho
n(Tb) /n(La)

4
9.1
1.34
7.16
291
1.25
3.75
0.851
4.63
0.888
2.17
0.304
1.68
0.22
38.1
40.25
25.76
14.49
1.78
1.61
1.16
0.95
4.50
4291

0.21

3.58
8.59
1.38
7.97
3.99
1.81
5.59
1.26
6.87
1.26
2.98
0.392
2.13
0.27
59.5
48.07
27.32
20.75
1.32
1.13
1.17
0.93
2.84
47.22

0.35

1.73
4.28
0.71
4.03
2.01
0.889
2.53
0.582
3.07
0.581
1.32
0.173
1.05
0.135
21.3
23.09
13.65
9.44
1.45
1.11
1.21
0.93
2.98
36.66

0.34

2.95

1.18
0.92
3.07
46.31

0.33

2.92
6.62
1.04
5.77
2.81
1.26
3.82
0.884
4.83
0.929
2.22
0.31
1.67
0.212
41.1
35.30
20.42
14.88
1.37
1.18
1.18
0.91
3.14
44.24

0.30

2.69 3.2 3.55 3.49 254 238

5.82 7.79 8.25 8.85 594 564

0.892 1.29 1.3 1.5 7.67 745

4.82 7.57 7.39 8.84 321 318

2.12 3.63 3.81 5.09 727 725

0.994 1.6 1.63 222 212 217

2.81 5.01 5.12 7.3 822 8.18

0.659 1.16 1.09 1.63 125 1.25

3.61 6.29 5.65 8.52 741 7.14

0.672 1.18 1.05 1.57 147 142

1.62 2.84 2.45 3.7 417 402

0.229 0.37 0.318 0.488 0.57 0.54

1.21 2.09 1.85 2.73 3.70  3.51

0.158 0.269 0.233 0.329 0.54  0.51

28.8 522 40.9 71.6 363 348

28.30 44.289 43.691 56.26 161.29 155.44
17.34 25.08 25.93 29.99 133.96 128.87
10.97 19.21 17.76 26.27 27.33  26.57
1.58 1.31 1.46 1.14 490 485

1.50 1.03 1.29 0.86 4.63  4.57

1.25 1.15 1.13 1.11 0.84 0.86

0.90 0.92 0.92 0.93 1.02  1.02

4.00 2.71 3.38 222

42.86 44.24 38.95 45.61

0.24 0.36 0.31 0.47

n(Tb) /n(Ca) 0.000 001 658 0.000 001 658 0.000 001 658 0.000 001 658 0.000 001 658 0.000 001 658 0.000 001 658 0.000 001 658 0.000 001 658

T 1A To/Calil TR HL I, n( Ca) SR FH CaF, P Caly BIE 1 (51.3328%)

100

RS ORI A

&5

Fig. 5

—=— AN
—— LEH A
—o— B T RKAEK A

LaCe PrN

SmEuGdTbDyHo Er TmYb Lu

AL UERYT KHE L TEERSEXE
(BkH PR A #E Boynton, 1984)

Normalized REE patterns of fluorites from the

Huashitoushan fluorite deposit

R4 HAXUERT K H-OBMENLER
Tab.4 H and O isotopic compositions of the Huashitoushan

fluorite deposit

B G5 RS I 6Dy-svow%o 50y smowo
HS01 E Skl -99.4 2.1
HS02 E ulk il -103.1 -1.9
HS03 E Skl -105.3 -2.0
HS04 T A -103.8 -2.3
HS05 T A -109.7 -3.1

WA —E R, KA TR AFRE T/, &
A Al R TR A T AT REA LR 3 R (A
R4, 2015; 3K 34 4 2018): DA 5 ¥ A5 A S kg,
W Zr, HE, Ta, Nb %70 Z B Ca® LAZS T [l 4 1 A 5
A1 AR RE I ES . QDR IR BUT AR X BT R B
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Fig. 6 Enrichment characteristics of trace elements in fluorites from the Huashitoushan fluorite deposit relative to crust abundance

AR A, AL R P S 2 AR ITRINA
@5 AL AT Y2 R B X TR, a4 A
(& 4E Zr, Hf, Ta. Nb il Ti), Jh )& £ (&4 Th fl U).,
Ao Sk s A8 RS 5 A 2R A () 32 R A R
A, LZ OO RS A 3 S i B R e 4K
NS A ¥ Sl B & I X (7 VA R s
AR 20 3K AE— R B U B Y B A s i
PR B g v A2 IR Sb JT 2, e IR EE R Sk Hh AL
W AR, AN TR) €8, 8 A R it (i O R B A T LR IE —
e, 7k S o B R R
52 ®imE

His 1 T FR A by b5 b BR Ak 27 5 R R B B
% 2 ey B2 S A R IR RIS RS L AR DL R
LA B 7K SO S T A A R, 7S B 2 2k T
A TR A 1 FH 45y TR 5 R H A 2L VE FH (Bau et al,
1995; 4R i 55, 2014; 7K 75 8 55, 2021; F#E 55, 2022) .
T # A5 9 Ca™ 5 REE ™ E#Z T, REE™ LUK
J5 [5) 5 19 O 2k AT ORAFAE S A A% v, TS (] b 5
T R A 0 A 258K, IR 3 A M 1ot R
H A KA H 5 & Y (Souissi et al., 2010; Mondillo et
al., 2016) .
52.1 La/Ho-Y/Ho # 4 A

Bau %5 (1995 ) 3 1 X6f 78 [ A1 9% [ K i 58 4 57 PR
AT Y A1 REE JC 2R X U9, AR DFE 41
DUUERI R, Y Fi REE 25 YIAH G, P IR 3 A Ak

BRRLB A Y/Ho {H 7T &5 ik 200, QA [FI9 I8 451+ T 1B
B AT Y, La Fl Ho 3 RhIC R AFTE — & MAH M
@Y-Ho 431 B4 5 WL AR R I JC ¢, i 2 B T 4K
R B 2 BT (X R AL A, 2023) o I M4k 5 AH
[A) A9 %% A P Y/Ho. La/Ho P+ 22 [0] 1) LGB AH BL LT
— £k, AR SR PR 45 5 (1) %% 41 Y/Ho. La/Ho {H 5
R O 1 B 45 S B R A Y/Ho AR Ak /)N, La/Ho A8
A3 B A 9 (9 38 5, 20185 ARG AR, 2021) o A HF
FNNE FIRRT Y TR & 5 Ho Jo R AHXS & 4
H. Y/Ho {818 % K T 28(Veksler et al., 2005) . B /K 4>
RIRAE IR — i A0 PR 1) 3  BE L 7 La/Ho-Y/Ho 5%
FE KO 4R A, B A RS Y/Ho fH (68~
105) ¥ K T 28 G55, 2023) o fE A ks Ao
PR 9 1% A B Y Y/ Ho (528 Ak 36 AR /N, HAE A T
36.66~47.22; La/Ho fH A F 2.22~4.50, % f1 ¥ i 7
La/Ho-Y/Ho X 7 & fif v 23 K V-0 A (] 7)), 5 BIR
G — AT IR Y/ Ho FAEA L, 2 BB piiax 26 3
A7 B BT AR AT 8 S [R) 3 W JR 0 B F IR AR . DN A
His - 70 F A M TE 43 11 2 8 Ak e 4 — vk o mT DA i) 422
Vi BT W S8 552 A1 1) B It AR DR AR ]
5.2.2 Tb/La-Tb/Ca % % A

Tb/La-Tb/Ca [&l fif A AL 4% b T 38 A4 87 K B A 26
AU, ALl N I T30 VR S BT ) oA 42 JB IR
B PR 28 B A4 RO R L A A RO A
FTTARE R Rl R i 45, 2023) 3% R itk B 105 S i 1t 4
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Fig. 7 La/Ho-Y/Ho diagram of flurite from the Huashitoushan

fluorite deposit

TR 5 LA R R A KA O, Hvh Tb/Ca fH 922 1k
W AT AR LA Ca TR YL AVE AN H e R AE TR
A F 4 W BREE T, Th/La {8 A9 28 £k s AR + o0 R /9 4
T8 VR B %8 A T8 W ) 56 05 I (M6ller et al., 1976; 8
W H A, 2018; O S, 2020) . A6 A Sk 1L A RE S
Y75 E Tb/La-Tb/Ca &I 1t $R LK X (18] 8), 9125 3%
BIAE A 3k L A 0 R A K BGRAE I = . 6
Sk 1L A3 B PR A A RE ) Tb/La-Tb/Ca FRAE 5 Bl /K 45
RIRME IR —7 5410 K% A7 FF 5 1 Tb/La-Tb/Ca ##1iE
L H AR

107
= s (U A AR A
510
M
&
<
Q -
f 10-7 TR A
1078
O i
O %6 a
i . . .
1010*3 102 107! 1 10

Tb/La (Jii+ 1)

E8 AL WLHEAH KEAH Th/La-Thb /Ca Ef#F
(K E#& Méller et al., 1976)
Fig. 8 Tb/La-Tb/Ca diagram of flurite from the Huashitoushan

fluorite deposit

523 6Eu #7 6Ce

Eu Hil Ce 55 W] LAFE 7R~ 3 A1 LA T A4 T R ik
WE S . FE R A, Bu’/Bu® 1Y L 8 T HL A
9 3E 32 R B 35 ) (Williams et al., 2000; Schwinn et al.,
2005), 1 Ce"/Ce™ ) 48 MR Ji HL A7 37 IR Bk 3 0 A it J
P, BR O (5 32 5 b {7 (Elderfield et al., 1987), Ce
JCE Y Bu st R AL UM S, 7E S0 3 A 1 A1
T, Ce™ 8 5w A AL L Ce™', AN 5 BUIG Ca™ Bk A e A7,
i 7E A A 25 R, Bu e R W EZ L, Bu’ T A7 7E, )
oA AT (B 4E, 2018) . Bu f91F 58 —fikds
IR AT IR Ry A IR, T A SR SR R
Ce Iy B 5% HAE ML T B, PR AFT
DL Ce" £ 7, T HCAE T M b i it B /N, 25 5 e Rk
Wy B G B AR, DT B — P Ce 5 i (R AR, 325 K
5N Ce 11 58 (2R AR, 2023) &

ek w8 AWK 9 13 A /) SEufd ly 1.11~
1.25, SF-¥{H N 1.17, RINFGH Bu IE 55, 18RI L
AT R AR R B AR . 1M 9 1R 1Y 6Ce fHAY
T 0.90~0.95, F34 4 0.92, 556 Ce T 7%, #H—#
F O T AN AR SRR B Y 55 AL A SR . Eu iE SR
— A N BT AR TE A 4G TOTE 204 D R
R (>250 °C), 58 38 48 8 HAK IR (200~250 °C)
it F2 (Bau et al., 1992) . 7E I BB K (<200 °C) 1y %1k
WEiH, Bu''E £, HAE Ut A £ (CaF,) £5 ) i
BB T B, By Y g Eu & &, JE A Eu 1E 5%
wOE AR S0, 2014) . IL, A Sk I3 A0 R 55 1)
Eu 1F 5% 15519 Ce 71 58 #F— P48 78 B I A4 Ry 48
R EE 1Y 55 S A A B, TR A 45 R TTERT &) 1 il
53 H-O BRI

o RN Y £ ) A £ A N B /1 P 2
A BB H-O [l 28 4, PRI 58 1 3t 1
JK ) H-O [RIAE 28 21 1 PT DA 805 W HL ke s Fn ke I, 43
B PR BCR (B5 + 55, 2019; Eh 55 4, 2023) .

TEAE A3k 1 # A5 H-0 [[) 4 R K i (K 9)rh, 5
PR A7 B AR 6D A1 60 Bt d hy 4B b I I57E K
SRR N E K Z 18], WS B 75 B TR Fn R
IR IR AR H-O [ BB AR fE —H 2
], (AfFAE—E 25 5 . i TR A0 RER
) 057 28 L LR AR AR 7 s LI B0 I 4 A 2 4 K R
RARE KR A A, B3 ™ 3t 1A o KA K G 2R
A, 2009; ) o RIRIG/REEA WK H-O [A) 437 2% 41 Ry
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iF 52 R G J A 3 A Ay R K R R AR K R TR PR
(R4 A, 2022) o X HR I, 4640k L34 67 IR H-
O [A] 7 28 4 A I3 55 A T ML 8 40 07 IR H-O A7 &
L 1 R AR K ke i B S T HROK, R R R IR A
N SR, AEA7 Sk LA B PR B8 R 3L 1A 1
IR AR SRR TR 45 K

0t
—40 A5k
S A AN VO S
E —80 | IR
<
—-120 .
o fefikil
O Jh5d TR
A& RIRIER
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5130 (%o)

B9 AXWLERHT Dysvowd Omo B
(KETFHHTER, 2022)
Fig. 9 5Dy.smow.0"O 10 diagram of flurite from the

Huashitoushan fluorite deposit

54 MR YRR

AT A YRR LT R B, B DR S

FUARL Ko AH OGS 805 e 6 — P B b I W e O Ak 12k
JH R W) 5 oK TR 4545 B (Ismail et al., 2015; Pei et al.,
2017) o AEA7 3k LA B R BT AT 4 1 F it HREE [t £k
FRIE 5 B = B =K B X 7 1) HREE i 24 1k E 5 A
oL, R RE AT W PR IE S R m b K AERAGZ
MAEEVIN R, St 5 Ca HA MM E 14,
T H BRI SRR AR, B Sr w5 AT Ca KA
KRR . Sr Al AR Ry A rh Ca IR B 7 B9,

A A R TR P S i R B R B (VAR A,

2009; ¥ W7k, 20135 FRIROG A, 2021) o T A %2 A1 K
oSt ISR T 116x10°~ 18310 CEXI{H M 158.7x
10°), KT 75 0UE 1L 417 49106 (64.7x10 °) /N T M55 {E
(480x10°) F-lt il Hh X - ¥4 {4 (275.3x10°°), Ut B % A4
FRXH B ELAT St RFAE, AT T b2 PG XU 1 41 2
A E Sr ERE, %% th Sr AT AE SR IR T U M40 75 0L
LLVZH A P AR

A Sk 3 A R ER R IR =B K AE X

A AMEAMHT 1~ 1.5 km JERIN, A0 K 32 NE [0

IT SN [a Wi 2Lk s bl 0 XHZE P F e R S 8/AT
156x10 °~959x10°°, SF-24{F Ky 482x 10 ° (| 74 45 b Joi 14

Ay, 2012); AL I LXK BT A A F oo R & 3 E
R 502 10 ([ V8 45 Hb Jo ] 25 s, 2012) 5 5% F G
F R 450x10 (B JE, 1976); IR HL)Z Ty e 47 i 12
BEF T REMEAR /N, BRI S IR B B4 F R, 45
S HORLBEIR R = 8 K AE R A F & ik 1522
10°°(Jpk 14 45 $b 5 8 4 Py, 2012), HHB5E F e R £ 8
3455 2, g 8 M X e 1L AR A I F it
(0.15% ) & =5 (77 5L R4, 2020) o

A BT F R Ca 4L, B A 9 b UM R AE
(B R K, 1995) . #EuiAh, LA kil A5 K F o]
e EEOR IR T HoRURL R BEIR SR = B K ALK A, Ca 7]
B T BORUE TP AU 114 .

g LRTR, A Sk i A R 2 2 KR L B ER
FE, HOBAS L BUBERN IR 32222 NE [, 3 SN [a]
S A ], DRI A 3 PR R L AR S i T R
Waslal, G540 R AT . 6 e F BRI R 1E
J H-O [FI 28 A BURRAE, AR AE A 3k LA PR ™
T 32 A IR 0 55 SR AR IR B 1 BOK R R R
KK IR A POR, TR F Rk TR K
B A, T Ca 32 B IR T V5 XU (L 20, A PR 2 0 Hh i
TR FE R IR

6 %5

(1) i A A B 5 ¥ 3R 8L MREE AH X} LREE F1
HREE 58 815 4, Eu b 55 1915 5%, Ce R85 19 i 554,
FRUETC A 28 52 5] V7 U, $8 o5 B T ok VE AR ]
H o BRI B 9 55 A0 R85 . H-O R 38 41 48 7
BT AR Ry 5 AR R AR TR A 3R

(2) AP i TR 5 A (PORUE 1L 4H | Jb il
X FHEFE ) S TG R AR B, UG Sb TR [FI i R BN
AR EE, KRt R EARBRE TR, &6H
FICRFHE, #E— LRI A8 P IRRS R
AR S(E EL BT S RRAE, AR A kb 2 P 3R 1L
HEAE St FREE, 4878 58 A SroA] Bk IR TR AR
Xof P X Ly 2 LA A 2

(3) 4561 PR BT Ah b 5T FRE, NN 0 #) T F &
BRI TR B RKAE KA, M Ca FZ R T W
R L2 1 )2 ok R S Ay e AR TR PR R IK

S Z Lk (References):
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