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Abstract: Fluorite is a strategic mineral that plays an important role in maintaining national resource security
and stable economic development. The Harqin Banner in Inner Mongolia is located at the northern margin of the
North China Craton, which is an important production area for fluorite ore. In this study, rare earth element
(REE), fluid inclusion and H-O isotope analyses of the Daxigou fluorite deposit of the Harqin Banner were car-
ried out to investigate the nature of its ore-forming fluids and the genesis of the deposit. The rare earth element
content of the early-stage fluorite in Daxigou is higher than the late-stage fluorite, and the Y/Ho ratios of the ear-
ly and late-stage fluorspar are similar, indicating that the mineralizing fluids are homologous. In the Tb/La-
Tb/Ca diagram, all the samples fall within the range of hydrothermal deposits, indicating that the deposits are
hydrothermal in origin. The early- and late-stage fluorites exhibit negative Eu anomalies and weak negative Ce
anomalies, indicative of their formation in a reducing environment. The fluid inclusions trapped in fluorite are
dominated by liquid-rich gas—liquid two-phase inclusions, with the homogeneous temperatures concentrated at
160~190 °C, the salinities ranging from 0.18% to 2.57%NaCl,,, the densities concentrated at 0.88~
0.94 g/cm’. The H-O isotope data from regional fluorite deposits indicated that the H-O isotope compositions of
the independent fluorites show a significant latitudinal effect, which suggests the ore-forming fluids were domi-
nated by meteoric precipitation. The fluorspar deposit in Daxigou is a medium-low temperature hydrothermal
vein type deposit. According to the crosscutting relationships, it is inferred that the Daxigou fluorite deposit
formed during the late Yanshan period (<120 Ma) , a large number of faults and fissures formed by ductile tec-
tonic deformation during the two phases of the Late Jurassic and the Early Cretaceous provided a channel for the
transport and aggregation of ore-forming fluids, and the fluid-rock interactions were the main reason for fluorite
precipitation.

Keywords: fluorite deposit; rare earth elements; fluid inclusions; H-O isotopes; hydrothermal vein type;

the northern margin of the North China Craton
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Fig. 1 (a) Tectonic subdivisions of the northern margin of North China Craton and Xing-meng orogenic belt and

(b) schematic geological map of the Harqin Banner, Inner Mongolia, China
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Fig.2 (a) Schematic geologic map and (b~d) ore-controlling structures of the Daxigou fluorite deposit
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Fig. 3 Photographs of outcrops and hand specimens from the Daxigou fluorite deposit
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Fig. 4 Petrographic characteristics of fluid inclusions in the Daxigou fluorite deposit
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Tab. 1 Microthermometric results of fluid inclusions from the Daxigou fluorite deposit
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B B A R R 36
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Tab.2 Rare earth element analysis results of fluorites and Cretaceous granites from the Daxigou fluorite deposit (10°°)
B Be s A1 e B Be A1 EESGEALES
B i 4 =
Fo1 FO03 FO5 FO7 F09 F11 F13 F15 Gl G2 G3 G4 G5 G6
La 6.60 12.60 6.10 11.00  27.60 5.83 1.13 1.17 48.80  42.60 37.10  37.70 33.80  46.40
Ce 1590 2420 1420 23.10 60.20  12.00 2.04 227 87.70 78.00 68.70  66.40 61.20 81.80
Pr 231 3.27 2.25 332 7.99 1.63 0.34 0.33 10.00 8.72 7.15 7.16 7.14 9.41
Nd 11.60 1390 10.80 15.20 29.10 7.36 1.54 1.65 36.50 31.70 28.20 28.50 26.00 34.60
Sm 4.97 4.12 4.82 5.07 5.49 2.71 0.82 0.85 6.11 6.11 5.08 5.04 4.68 6.44
Eu 0.85 0.78 0.63 1.49 0.62 0.64 0.22 0.22 1.26 0.54 0.50 0.53 0.47 0.55
Gd 7.98 5.56 7.83 7.42 5.29 4.23 1.55 1.64 4.44 4.87 4.28 4.23 3.87 533
Tb 1.72 1.15 1.71 1.73 0.91 1.08 0.40 0.41 0.72 0.92 0.81 0.81 0.71 0.98
Dy 9.36 7.06 9.19 12.40 5.09 7.54 2.87 3.01 3.41 4.58 4.56 4.29 3.76 5.44
Ho 1.78 1.38 1.71 2.53 0.84 1.52 0.57 0.61 0.68 0.97 0.96 0.89 0.78 1.16
Er 4.54 3.54 4.32 7.74 2.19 4.78 1.68 1.77 1.77 2.78 2.79 2.61 2.23 3.30
Tm 0.58 0.58 0.55 1.27 0.31 0.84 0.27 0.30 0.31 0.53 0.50 0.49 0.43 0.60
Yb 3.57 3.30 2.79 7.51 1.87 5.40 1.50 1.62 1.89 3.51 3.44 3.38 2.76 3.97
Lu 0.42 0.44 0.38 1.04 0.29 0.73 0.27 0.28 0.25 0.46 0.48 0.47 0.37 0.55
Y 164.00 78.50 177.00 191.00 3890 97.20 30.10 31.00 19.00 29.20 34.00 26.70 23.50 36.10
>REE 72.18 81.87 67.29 100.82 147.79 56.29 15.19 16.12 203.83 186.29 164.56 162.51 148.19 200.54
LREE 4223  58.87 38.80 59.18  131.00 30.17 6.09 6.49 190.37 167.67 146.73 14533 13329 179.20
HREE 29.95 23.00 2849 41.64 16.79  26.12 9.10 9.63 13.46 18.61 17.83 17.18 14.91 21.33
LREE/HREE 1.41 2.56 1.36 1.42 7.80 1.16 0.67 0.67 14.14 9.01 8.23 8.46 8.94 8.40
(La/Yb) y 1.26 2.59 1.49 1.00 10.03 0.73 0.51 0.49 17.54 8.24 7.33 7.58 8.32 7.94
o0Eu 0.41 0.50 0.31 0.74 0.35 0.57 0.59 0.56 0.70 0.29 0.32 0.34 0.32 0.28
o6Ce 0.98 0.89 0.93 0.92 0.97 0.93 0.79 0.87 0.91 0.93 0.96 0.92 0.91 0.90

1. 6Bu=2xw( Eu) /[w( Sm) +w(Gd) ], 6Ce=2xw(Ce) /[w(La) F+w(Pr)].
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Fig. 6 Standardized distribution patterns of rare earth elements
in fluorites and Cretaceous granite from the Daxigou

fluorite deposit

Bt ATYREE (15.19x10°~16.12x10°) , 5 [ Bt Fl g
B B A7 1) BROBE 53 A s o A 4 T o0 5 xS A7 AR A
KES . BB B a5 B ih ZeBR FO9 A 5 b 4
{5 % (LREE/HREE {8 & 7.80) #b, H A ¥ 0S40 7Y, 4%
R+ 08 AW L, LREE/HREE {8 ) 1.16~2.56.,
Wy B a1 B I 43 it £ 2 4 8, LREE/HREE {H ¥
J90.67, RI M LT, R E A R B
WG B B A A 1 A B Y Bu 7523, 6Eu {8 0.31~
0.74, BB AR Ce 58 AW, 6Ce {2 0.89~
0.98; W By B 41 HL A7 Ce 19 55 i 5+ %, 6Ce {H #£
0.79~0.87.

F 2006 A R 0 R &k 148.19x10 °~
203.83x10°°, W = T A1 P o0 K & i, B i 40
A 5%, LREE/HREE {8l 8.23~14.14, B H
WM a4, A b BURRE . R AL AR KA
SEu {4 0.28~0.70, 8Ce {H 4 0.90~0.96, [F]#f HA7 B
1% Eu 758 FELES 1) Ce 1578 .

43 H-O B R4FE

AR T 5 4K Bt A (DXG-FO1, DXG-
F03. DXG-F05, DXG-F09 F1 DXG-F11) Fl 7% 4~ i i Bt
# £1 (DXG-F13 #l DXG-F15) 1 ) H-O [a] {37 2% 2H Ji%,
S PTEE R LR 3. BEAh, Ak iR R T b [ AR M
AR Fe b B — AR A A PR AR LR B AR R i H-O
[Fi) o7 2% 504l

# A (CaFy) P A& A H, O L E, HF YR F AR
FEAE RIS 28 58 48 ] 151, FR] Ahb S 56 00 453 %) 3 A B L A op
B oD i 60 BAREE T LA I AR Hh EL 2 Y 6D AT 60

Fr (SR AFHESE, 2014; B4R 5 45, 2023) . SCE N A5 5%
A0 WAL FEAK Y 6D A T —105.2~-94.5%0, “F
BIMH }-99.7 %o, 6O fH 4> F~8.4~~6.9%0, “F-FI{EH N
~7.5%o0. - B A7 AR B B S A 1) H-O [ R 4L
BTG B 8 25 55, 16 BH DRV I %8 A 40 DR AT I AR 7 DA
B8k,

5 Whie

50 BEIxTRETEX

Wi £t EH Bu A2, BHAME, Ce &
A3, +4 I, 8 5 Z A IR A8 AL 52 AN ]
M3, R AT HALR o E W& ERE, 7L
AR 7N B R AR TR | pH AE . S LA IR 251445 (Bau et
al., 1992; TR [H A 5%, 2023; JH R 4%, 2024) . FEiB I 4514
T, BEuB iR o Eu”, BT Eu’ B AR (133 A) K
FCa’ (1.2 A), M LLE A A A% rp B Ca”, i
ffi BEu#i X FHAMM o R EAHE TH(ERE,
1995), TEAALSMT, Ce™ WAkl Ce*, Ce* iy v i
JE B/ B 2wl S A A W BRI B A A, 3 A Ce 75 43,
FEUEM T Y HA Ce i 7 (Bauetal., 1992), #
& L (1995) %t 42 e AR il HOB kIR 22 A0 0 PR (9 F 5% v
R, WA 5Ce h 0.80~0.99, ELAT 55 17 5 1l JC 5
#,N N EA U Eu i %%, i Ce T 578 52 A 55
TS 1A AR R AT R IE B . K TG VA
AWK A # Bu 58 B R (8Eu 2 0.31~0.74),
Ce 71 B 8 59 (8Ce N 0.79~0.98), 5 7 K V4 14 %% A1
W PR AT A4 5 AT i Ry 3 S BR B (i 75 1 2, 2024),
P Ui BRI, 5 A 2R Y 4 B 45 R — 2

KVGE A PR, BB BRI B B A (7 1
JUE i M AR 25 5 (K1 6) o Bl ™
FEF AR 200, 3 A AR + 00 R S R 7 B W RE AL,
HARXS TN AR E A+ CE R, 1994a; HA%, 2022) .
3 A A A AE TR KR 3 0 PR v 2R B AR ALY
FLEE (5K 5 K245, 2014; Assadzadeh et al., 2017; Pei et al.,
2019) . FEABTULIERI I, W M4k & th REE T fin
AR, WL A 25 AT AR T AR T REE, 530 1 45
fil % A1 1 REE 5 5 AH X 2K (Assadzadeh et al., 2017) .
A7 v REE 4318 W AT 68 55 W B —fige BV FH AN 2654 T
B K (L hnEE, 2022): FERLT LI, A b L (A b,
REE i # 3 % DL B BE R o 3, 328 ot Rk
BV 55, B 5 DATR A v i s, s a4 ob B 4
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Tab.3 H-O isotope compositions of the Daxigou fluorite deposit and representative independent and
combined fluorite deposits in eastern China
K WK BE S RSN 3D 8Om0 BUIE || WK WK T HIUREY 8D 8"Oumo  HdiE
EKH A ERe 7] (%) (%) SR || K8  HFK TR TY (%) (%)  KHE
DXG-F01 -94.5 -6.9 ST-11 -135.7 24
% 55 FE
DXG-F03 -101.9  -7.1 ST-12  #4  —1283 k’K% &
N5 42014
.. DXG-F05 -1052  -72 ST-13 -1205 28
W& ] I
MERVE  DXG-F09 iy -98.6 82 AR XQl1-2 1362  -7.51
gﬁ_‘: DXG-F11 -1003 -84 XQ22 ¥ -1316 631
-
DXG-F13 -102 -5 e XQ32 1394  -7.11
DXG-F15 954 73 " MPEH xF12 ~118 -6
X 7k
HG-7 -347  —69 — 3 XF2-2 -116 -3.6
I HG-8 —44 -9.8 ANe XF3-2 -1206 53 bl
Wik g HG-10 40 19 g AT Xpao -1155 59 2019
v i e
K HG-14 504  —7.4 5F,2023 XF5-2 w4 -121.6  —49
PR
HG-15 -46 -73 XF6-2 -119.8 42
HG-16 —41.1 -55 XF7-2 -102 -2.6
F112-CM4 » -94 -3.8 XF8-2 -120.8 -5
5
QF17-YM1 -94.5 -2.8 XF9-2 1219 45
F12-CM1 -80 -7.1 5141 KA -73.1 2.55
o, Fl16-CM4 -83.1 -55 583-33 -70.2 3.6
A
— gy FlI2-CM4 836 84 ey 514-4 -52.9 6.5
jl_J ey e
BWIE  Fra-ymi -88.6 -88 4,202 490-131 -56.6 6.6
VeEon pgal -
F16-YMI -87.3 —6.9 490-128 -70.8 48 35 R
i 41988
F14 -86.6 -89 490-94-15 -544  —6.45
F11-PD1 -76.1 -6.9 Eis 490-94-16 -69.7  -7.14
F12-PD1 -82.7  —6.7 f# iR 490-94-17 -653  —7.48
Gol -57.8 -2 . WSMo- g gy -52 -87
Bi-#%
) G02 -60 -25 - 10cs-8 -83 -8.2
i 1L 28 ai
2 G03 B —64.3 44 pange 12¢s-12 - -77 5.1
. iy 5
Yl G04 542 —-6.8 al,2020 12¢s-45 —65 42 g
VR ,
G05 -50.1 -7.6 12hsl-5 -83 2.8 2016
G06 -55.5 —6.4 ik
12¢s-20 -97 9.4
4
I MDG-1 -111.1  -10.8
5
PRV b MDG-2 -1141  -10.2 YKI1-1 -72.7 6.8
A
X £§ QY-1 -115.1 -9.4 v b YKI1-7 -59.9 6.2
W,k g KT o 7
B QY-2 -119.5  —11.2 Pb-Zn-# YKI-11 3%  —56.2 67 |
> 2019 pran 4%,2020
&) 3 &t WIF-1 -1439 -133 7 Hsp2s-i —-54.8 7.2
Vex/
v WIJF-2 1453 -132 HSP-28-2 -59.9 7
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(36 AT B (A b Ca/B iR 29k 1, REE B85 L 4%
A VB E, i HREE RE 9% W i feE 4 &40,
T B B B A A R A A O s R A+ R
W i B i 1 445 o 3 S0UR R v IE 7 AR ek 2, i S )
(HREE) F*fiff 44, 1 5 2506 i B 8 47 h REE & = 3%
(EAE 4 2014; Pei et al., 2017) . KRPGHT K EA
5 R BA (LA KA ) B B i & A7
FE2E 5, UL L2046 K AT e & B S I,
B RL B BORE 546 5 A R R AL R IE B —
AU, W78 T KA RO i & A (B R R, 1994b) 6

Y 1 Ho ELAT ML o A A1 8 72142, Y-Ho 431
50 08 2L 1N B A 2 1 R VAR OG, SR A &

1000
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100 :____ ____________;
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>
10 |
g TR
o RGBT
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BB Ll
1 1 1 PR TR S T N A 1 1 1 U T T T A Y
1 10 100

La/Ho

AT Y/Ho fH AT LA &% 29 3 3 44 F 72 (Bau et al,
1995; #4834 2014; Pei et al., 2019) . Y F1 Ho [ #
+ Bl R B R S, AR W S F R Ak,
Y I Ho T hE £, Y/Ho {H i ¥ KT 28(Veksler et al.,
2005; B - B4, 2023) o [R]E [E] B JE B RY 41 La/Ho
1 Y/Ho {8 ¥ 03T, 5] W5 A [7] 3 JE B A9 %% 41 La/Ho 1
Y/Ho {EAFTE ARG OE R, #K A La/Ho {H 728 Ak Fl4% i
() Y/Ho {E 48 7~ %8 1 & A= T E 45 i /E H (Bau et al.,
1995; Jiang et al., 2023) . K P4 74 # A1 /Y Y/Ho {H K T
28(46.42~103.51), W ik e & Fo BBy BRI
Ky Bz A1 19 Y/Ho {578 £k 1 Bl 32 /)N, 7€ Y/Ho-La/Ho 4]
i L AE I K- o A (& 7a), A HE45 S a3, Ul
A 2 AR Y .
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HRETR -
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3 i >
iy o NS T
2 -7 PR IR
= ”’
orf o 5
E o R
& VBB A L
107 " L . o
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E7 XEAHERAY KFEAR Y/Ho-La/Ho EfE(a)#1 Tb/Ca-Th/La Ef#(b) (JK E#& Moller et al., 1976)
Fig. 7 (a) Y/Ho-La/Ho and (b) Tb/Ca-Tb/La diagrams of fluorites in the Daxigou fluorite deposit

{1 1) Tb/Ca-Tb/La [ fift g 6/ S H1 5l b i A 24
X 36 i e 2L O R R R R R BT IR (Moller et
al., 1976) . Tb/La(Jii 744 kb)) /N B R A8 " H# -t R
14 53168 2 B RN 445 i % J5 U ( Constantopoulos, 1988) .
R VPG VA AT IR b 4 35 F MR R X 3 (8] 7b),
a7 H R AR o R BRI i B B i 7 T
HA B WA IX, R KV A0 K2 By Bl (1
FHIE (Liu et al., 2023) .
52 R REMHER

KVG I IR A A0 22 R 28 0 32 %20 & WAH 1 <
P AH A 3 R (7 EE 90% DL b ), i) B i K il 42 b 7
5~55 um, M HZ K 5%~20%, - BRI By B £
Hh I A A AR A 38— TRLEE . R RN R A A 3
W R A, 43 514 160~190 C, 0.18%~2.57 %NaCl,,.

0.88~0.94 g/em’, ELA H IR, IR | (4% BE O RAIE
K PGIE AT K 3 A4 1) H-O [ Z AR b /D,
8D A T —105.2~-94.5 %o, "0 1/ T —8.4~—6.9 %o,
PR AN TN N AN R VA S el ot Y VAR B N €2
A (1A 8 ), 378 B 25 S K RIS Jo K DX 3, 156 B B i A
ARSI A F (1555 5, 2023) . EH ST T
P — R ARG AR R T PRI H-O [A] v %
i (% 3) 0 Giit sl wos, S E R A RS 3
— R AR R H-O [l RN 2Z R 8 . ekt
R A5 R H-O [F 7 7 T4 3K K sl A F K<
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BT R, X S5 ET A BB AE R R B (R
1994a; Pei et al., 2022), 87~ KA FFEK K s — Al A5
PR S it 1A ) TR U

20 A

T IJJE: A1 (N34°)
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Fig. 8 Hydrogen and oxygen isotope diagrams of ore-forming
fluids in the Daxigou fluorite deposit and representative single

and associated fluorite deposits
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