FaE HsH A OA U W ¥ R E Vol. 41, No. 5:903~915
2022 4F 9 H ACTA PETROLOGICA ET MINERALOGICA Sep. , 2022

B=SEAT XEEREERAT KNFE LTS
BRI FIFIE R EIETRENX

X Bug? EAET KR E B A, AR AL

(1. BUIETRY: EEWH TR, ~m BY 650093; 2. o EM SR ARE 0 7= % IRBEIE T, IR G IR TR R 16 1] 5 %%

EITME SIS, LT 100037; 3. JERRA: HiIk 523 MR 0E, dbat 1008715 4. HhE TR 2% (RI) M BTiR A&t
FEbe, Wik :L 430074)

 OE. NEN AR R A RS R H A KBS IR (R A A H BT R A S. AS SCHE R G
% H = SO X M SURRAE B v A 0 A 4 A AL R L AT AT A SR U8 A A PR T 8 e
FICE BRI 2ETISE . SR ERW Y X AR T AR AR A, 8 A A A 0 LB R B L ou
XA B L TR AR T, WA s AW TR R iR B AR T RS A R B Ba Th Sm Ce 195
EAHXTEL R, R0 Ba Th 05 5 W b fi s , 7 DX s A0 B8 ) SEu (R 0. 93~ 1. 14, R4 IE 5% XA L, 8Ce 1H
H1.15~2.11,F3 1,51, 3RBN Ce WIESH . LAWK A0 PRI M M e B EREA (Y+La) -Y/La,
Y/Ho-La/Ho ,Th/Ca-Th/La ¢ R &l , 25 G HIANT 5 A A T A B IF 2 45 5 I = S P 9 AR AE R A 0 IR T
PR R RS AT IR, B PR AR 5 3 [ B AR B s T8 WO R B A IR AN R, SR ATE KA TO 6, FE A
YT F AN Ca JCEUR F 00 B R A S SRR IR S A A i s R Ao R 1 = A s FRAVE .

KW AP Mo, P WECRE; a5

hE 45 ES: P595; P578.3"1 XEkERIRES . A XEHS: 1000-6524(2022)05-0903-13

REE geochemical characteristics of associated fluorite deposit in the west mine
of Bayan Obo and its indicative significance

LIU Si-han"?, WANG Chun-lian®, LIU Dian-he®’, WANG Jun®, KE Chang-hui’, YOU Chao* and
ZHOU Bo-wen'
(1. Faculty of Land Resource Engineering, Kunming University of Science and Technology, Kunming 650093, China; 2. MNR Key
Laboratory of Metallogeny and Mineral Assessment, Institute of Mineral Resources, Chinese Academy of Geological Sciences, Beijing
100037, China; 3. School of Earth and Space Sciences, Peking University, Beijing 100871, China; 4. Institute of Geological Survey,
China University of Geosciences (Wuhan), Wuhan 430074, China)

Abstract: The Bayan Obo associated fluorite deposit in Inner Mongolia is a super-large deposit attracting worldwide
attention, but the genesis of the deposit is still controversial. Based on the systematic study of the geological charac-
teristics and the distribution of fluorite-bearing ores in the western Bayan Obo mine, the geochemical study of

major, trace and rare earth elements of fluorite ore and ore-bearing H8 dolomite was carried out in this paper. The
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results show that the fluorite deposit in the west mine belongs to the dolomite-type ore. The REE characteristics of
both fluorite and dolomite are relatively enriched in LREE and depleted in HREE. The REE distribution patterns of
fluorite and dolomite have similar synchronization. The contents of Ba, Th, Sm and Ce in all samples are relatively
high, especially the contents of Ba and Th are obviously high. The 6Eu values of fluorite ores in the mining area
range from 0. 93 to 1. 14, with both positive and negative anomalies. The 6Ce values range from 1. 15 to 2. 11, with
an average of 1.51, showing positive anomalies of Ce. Based on the geological characteristics of fluorite deposit,
trace and rare earth elements and plots of (Y+La)-Y/La, Y/Ho-La/Ho and Th/Ca-Tb/La, combined with pre-
vious studies on metallogenic fluid in fluorite, it is concluded that the associated fluorite deposit in the west Bayan
Obo mine belongs to medium-high temperature, hydrothermal metasomatism type fluorite deposit. Different from
typical sedimentary-reworked and hydrothermal filling fluorite deposits in China, the genesis of the deposit has noth-
ing to do with intrusive granite, and the main ore-forming materials of F and Ca elements are derived from the meta-

somatism of early dolomite rocks by medium-high temperature fluids derived from Caledonian calcareous carbonate

rocks.
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Fig. 1 Tectonic sketch map of study area (a, modified from Ke Changhui et al. , 2021a, 2021b) and regional geological

map of Bayan Obo(b, modified from Fan et al. , 2016)
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Fig. 2 Geological map of Bayan Obo deposit( modified after Ke Changhui et al. , 2021a, 2021b)

L
109°52'E

|:| KR el =
|:| RN Z
11 BE LK

W XA SHAa A XRREY, AXELAS
FEPCIRE A B & HACE R TARCA Y, AR
AT H o fm SHCE M -, DR AR
FFERHAE 2l PO A L G T A5
B (RTEHESE, 2021a) , P X2 A7 ORI /N — fi
TE0.03~1 cm, #2084k 3 A5 1~3 em,
FERFAR (K 3a.3b) , DERS YUK (&
3¢) o AT WA RS (K 3d) Haf (Bl 3e) .
WG (&1 36) UGN AT 45, oA 7RG B R T
FEBHEARMNEG, BiEE R85, fERiE,
AP AN/ N PR, Bk
YETAER R N ME, 28B40 5758 0 0 R R WL 2% B
g5, VORI A R B A I AR R 3
Fr, T2 R SRR ARk AR B Akl IR aE
A 3d) YR AT (] 36) LUK 41 kiR 25 A

(K 3e),
2 FERRIE ST

S = SR X H8 WA (= A EAT T RE S
RAE, RAFRNE WA 2, HOREE 7 MRS, MR E
1 kg 7247, AR5 P50 th A0 AR BB VR EE AR
FHEARAFGE, 43k )58 A 8K T 9%, H
H R — B S BB Pk B HRORLRE A B AR A,
Pt 8 w4 R PAE S, REMAT T EREIT
R ML MMEITTR N, AeA FEITTRNNE
P R S S S I PG S R, RTE X S 29
JEREAY (PW4400) FiEFT, FeO R &R IR - IR 1A
FE B TR A O 0 A I, TR A T
2% ., HziE it on R Ko o2 R i E 5 5



%54

XU AE ;1 SR PY A" DA AR R 1 PR A9 £ 0T R MR R AR S A5 78 7 3 907

SR O IE R, AR Y OO0 R KR O
ARy o [ R e A B DR ST I e A,
FIER SRR ITTRARHA] ICP-MS AT 73 #r

WA AE S5 3 1 i 40 AT A (PE300Q) it A7, 1XHs
Xt REE F0 FBR A nx 1077 ~nx 107" 43rHr s R 1)
AXTRZE/NT 10% , ZH0UNT 3%,

3 E RSP XA RRE
Fig. 3  Characteristics of fluorite ore in the west mine of Bayan Obo
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Table 1 Major(w,/ %) and trace, rare earth (w,/10™®) elements analytical results of dolomite rock in west mine
FEin S BYX-1 BYX-4 BYX-5 BYX-6 BYX-7 BYX-8 BYX-15
Si0, 1.27 0.39 0.94 0.59 4.20 0.77 23.93
Al, 04 0. 05 0.05 0.03 0.03 0.11 0.08 0.17
Ca0O 28.51 25.32 30. 67 28.75 20.25 23.97 25.22
Fe, 04 19. 85 14.70 10.28 9.98 27.48 20.24 8.68
FeO 11.73 10. 02 7.87 8.51 11.82 9.65 4.71
K,0 0.06 0.04 0.03 0.03 0.28 0.09 0. 64
MgO 9.79 12.01 12.95 13.19 10. 37 11. 67 10. 69
MnO 1.64 1.86 1.51 1.33 2.83 2.01 1.30
Na, O 0.13 <0.01 <0.01 0.01 0.44 0.05 3.10
P,0; 0.88 1.42 0.44 0.83 0.35 0.09 0.59
Tio, 0.23 0.05 0.09 0.16 0.26 0.05 0. 10
LOI 26.28 34.33 35.14 37.04 24.38 31.05 15.11
TOTAL 100. 42 100. 19 99.95 100. 45 102.77 99.72 94.24
F 17. 60 2.48 5.79 3.74 2.93 6.89 13. 60
Rb 1. 11 1.29 0.77 0.75 5.05 2.07 3.97
K 0. 06 0.04 0.03 0.03 0.28 0.09 0. 64
Ba 737.00 9 629. 00 444.00 663. 00 985.00 3617.00 4103.00
Th 214.00 144.00 162.00 126. 00 173.00 440. 00 82.00
U 0. 06 0.05 0.48 0.29 0.16 0.37 1.42
Nb 513.00 110. 00 97.00 209. 00 278.00 181. 00 271.00
Sr 2 168. 00 3 644.00 1 735.00 2 515.00 2 067.00 2 209. 00 2 717.00
P 0.88 1.42 0.44 0.83 0.35 0.09 0.59
Zr 19.90 9.15 20. 50 49.70 11.80 12. 50 38.30
Hf 2.26 1.04 2.38 4.04 2.68 1.47 3.47
Ti 1 159.00 0.05 0.09 0.16 0.26 188. 00 0.10
La 904. 00 4 846. 00 895. 00 1 969. 00 2 538.00 1 262.00 1 896. 00
Ce 6 049. 00 10 360. 00 4 701. 00 9 374.00 6 084. 00 5 177.00 8 622.00
Pr 842.00 1 127.00 688. 00 1 064. 00 768. 00 688. 00 1 075.00
Nd 2 817.00 3 403.00 2 316.00 3 277.00 2 278.00 4 515.00 3 258.00
Sm 232.00 200. 00 133.00 207.00 142.00 266. 00 255.00
Eu 47. 60 36. 10 21. 80 44.20 23.50 43.40 47.90
Gd 105. 00 87.70 47.70 93. 60 39.70 72. 80 128. 00
Th 9.69 8.90 4.94 10. 10 3.95 6.58 10. 10
Dy 34. 80 32.20 18. 60 36. 10 13.30 24.70 31.70
Ho 4.62 4.37 2.78 4.61 1.89 3.59 4.21
Er 10. 60 10. 50 6.91 9.22 4.06 8.29 9.87
Tm 0.89 0.89 0.72 0.75 0.44 0. 86 0.92
Yb 4.79 4.51 3.97 3.83 2.56 4. 66 5.39
Lu 0.56 0.52 0.47 0.44 0.31 0.53 0.63
Y 129. 00 101. 00 85.30 107. 00 47.00 111.00 107. 00
SREE 11 062.55 20 121. 69 8 840. 89 16 093. 85 11 899.71 12 073. 41 15 344.72
LREE 10 891. 60 19 972. 10 8 754.80 15 935.20 11 833.50 11 951. 40 15 153.90
HREE 170. 95 149.59 86. 09 158. 65 66.21 122.01 190. 82
LREE/HREE 63.71 133.51 101. 69 100. 44 178.73 97.95 79.41
(La’Yb) y 135.37 770.74 161.71 368.76 711. 14 194. 26 252.32
SEu 0.93 0.83 0.84 0.97 0.96 0.95 0. 81
6Ce 1.70 1.09 1.47 1.59 1.07 1.36 1.48
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Table 2 Trace elements and rare earth elements analytical results of fluorite in west mine
A BYX-1 BYX-4 BYX-5 BYX-6(4f) BYX-6(#1) BYX-7 BYX-8 BYX-15
Rb 0.14 0.15 2.18 0.27 0.51 0.36 0.27 0. 80
Ba 566.79 1 365.75 666. 64 133.58 139.72 2 064. 88 575.40 1 607. 38
Th 31.16 18.73 37.15 104. 83 7.67 25.44 378.87 26. 10
U 0.01 0.02 3.35 0.20 0.34 0.04 0.32 0.19
Nb 241.02 73.92 68.72 161. 37 204. 12 131.93 69. 02 64.57
Sr 1 781.22 2 043.79 1 456.76 1953.97 2 003. 30 2 588.67 1 053.12 3 166.22
Zr 37.71 32.81 44.55 43.32 52.55 21.98 11.10 28.94
Hf 4.35 3.31 5.29 4.32 3.68 3.71 1.21 2.41
Ti 249. 00 53.00 385.00 374.00 692. 00 221.00 60. 00 105. 00
La 58. 18 613.47 585. 64 103.01 1 944.90 1 601. 63 436.25 44.31
Ce 437.71 1 794. 68 3 428.32 790. 00 8 928. 19 3951.94 2 221.34 183. 81
Pr 61.96 188. 67 426. 56 81.72 1183.61 443.35 388.92 26.57
Nd 227.44 630. 64 1 452.96 261. 10 2 873.55 1473.21 1 874.36 87.61
Sm 25.40 57.59 102. 44 25.89 198. 34 113.53 164. 38 12.45
Eu 7.00 13.31 19.31 6.77 39.94 21.40 26. 19 4.05
Gd 17. 65 29.04 39.05 16. 46 58. 14 40. 67 45.46 11.79
Th 3.01 4.84 5.06 2.98 10. 38 5.44 5.57 2.29
Dy 19. 64 27.83 25.33 18. 69 42.44 24.71 24.53 14.94
Ho 4.37 5.54 5.19 3.93 6.95 4. 60 4.52 3.18
Er 12.75 16. 80 19.71 10. 69 26. 46 16.93 18.23 8.06
Tm 1.45 1.75 1.71 1.02 1.44 1.26 1.13 0. 80
Yb 7.57 9.13 9.37 4.82 7.15 6.63 5.72 3.73
Lu 0.92 1.13 1.19 0.54 0.78 0.81 0.62 0.42
Y 282.89 208. 17 224.09 293. 61 342.55 209. 02 299.29 181.57
SREE 885.07 3394.44 6 121. 83 1 327.61 15 322.28 7 706. 10 5217.24 403.99
LREE 817.70 3 298. 38 6 015.23 1 268. 49 15 168.53 7 605. 06 5111.45 358.79
HREE 67.36 96. 07 106. 60 59.12 153.74 101. 04 105.79 45.19
LREE/HREE 12. 14 34.33 56.43 21.46 98. 66 75.27 48.32 7.94
(La/Yb) g 5.52 48.18 44. 84 15.34 195.19 173.27 54.75 8.53
SEu 1.01 1.00 0.93 1.00 1.14 0.96 0.93 1.02
6Ce 1.79 1.29 1.68 2.11 1.44 1.15 1.32 1.31
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Fig. 6 Relation diagram of fluorite ore (Y+La)-Y/La in

west mine ( modified from Barbieri et al. , 1983)
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fluorite ore in west mine( modified from Moller et al. , 1976)
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