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Abstract

The Obotu fluorite deposit is a representative deposit in the nomomineral fluorite ore concentration area of
Sumochagan Obo within Inner Mongolia, lying in the contact zone between volcanic-sedimentary rocks of Lower
Permian Dashizhai Formation and Early Cretaceous granites. Geochemistry of rare and trace earth elements of
wall rocks and ores from the Obotu deposit shows that mineralization of fluorite can be divided into two stages,
i.e., metasomatism and space-filling. Crystallized limestone of Dashizhai Formation might have offered Ca

source for fluorites during metasomatism. The chondrite-normalized REE patterns of light purple layer-like fluo-
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rite ores at this ore-forming stage are similar to the REE patterns of the ocean, both with obvious Ce negative
anomaly. The coarse-grained fluorite ores show heavy rare earth enrichment, and the total rare earth elements
decrease gradually with the precipitation of fluorite from ore-forming fluids, suggesting that the ore-forming flu-
ids have undergone a long period of evolution. Studies of Sr, Nd and Pb isotopes of various stratigraphic units,
granite plutons and fluorite ores indicate that the metallogenic materials of fluorite were derived from multiple
sources, and the isotopic composition of fluorite is characterized by crust-mantle mixed sources. Early Cretaceous
Obotu granites probably provided F sources for fluorite, and crystallized limestone might have supplied Ca. He-
terogeneous Nd and Pb isotopic compositions resulted probably from selective absorption of radioactive composi-
tion of Ailigemiao Group. The close time-space relationship between shoshonite in the northern part of Siziwang
Banner and fluorite mineralization implies that the fluorite deposit might have resulted from the lithospheric thin-
ning of eastern China and the replacement of the lower crust. In the course of structural transition, Early Creta-
ceous Obotu alkali-rich acid magmas gave birth to fluorine-rich fluids through differentiation, which, combined
with mantle fluids, migrated upward along the deep-seated fault of the activated area and the interlayer fracture
zone of Dashizhai Formation and replaced carbonate lenses, forming the supelarge Sumochagan Obo fluorite de-
posit and the medium-sized Obotu fluorite deposit as well as star-studded fluorite occurrences.

Key words: geochemistry, element geochemistry, mineralization, isotope, lithosphere thinning, Obotu

fluorite deposit, Siziwang Banner of Inner Mongolia
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Fig. 1 Simplified geological map of the Obotu fluorite deposit after Xu et al. 2008
1—Quaternary 2—4th Member of Lower Permian Dashizhai Formation 3—3rd Member of Lower Permian Dashizhai Formation 4—Middle
Yanshanian granites 5—TFinely-crystallized granite veins 6—Fluorite vein 7—Faults 8—Exploration line

NE U-Pb
SHRIMP U-Pb 138+ 4 Ma
276 + 10 Ma® K-Ar 136~118 Ma 125 Ma @
4 K-Ar 124
3 4 Ma @
(1) . 2008. - SHRIMP

(2] . 1980. 1:20



546 2008
2a
2008
8
1
2b 2
1 000 m
2c NNW
500 0.8~2
m
15 ecm
1~5cm
2d Sr Nd Pb
2.1
1
138 £4 Ma 3a Si0,
3 ALO; K,O P,Os Cl™
4 1 2e 2 Si0, ALO;
630 P,0s
m 0.17~13.29 m 3.96
m 0.8~9.91 m 3.2 m
132° /70°
45°
78 % _
- - 3b
Th U LREE Y Rb Pb Nb
1 w B 0/0

Table 1 Major elements compositions of multi-phase fluorite separates from Obotu fluorite deposit w B %

SiO,  TiO, ALO; Fe,0O3  FeO  MnO  MgO CaO  NaO  K,O  Py0Os F crr
ABT04-3 0.16 0.008 0.028 0.13 0.1 0.004 0.075 50.23 0.086 0.006 0.031 47.30 23 0.50 98.658
ABT04-5B  0.46 0.008 0.044 0.15 0.1 0.004 0.078 49.92 0.075 0.008 0.042 47.10 16 0.64 98.629
ABT04-6 0.15 0.008 0.010 0.14 0.1 0.004 0.058 50.42 0.091 0.020 0.013 46.94 27 0.50 98.454
ABT04-7 0.13 0.008 0.019 0.14 0.1 0.004 0.100 51.09 0.100 0.005 0.002 45.82 19 0.30 97.818
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Fig. 2 Outcrops of Obotu granite stock and fluorite veins

a. Obotu fine-grained granites and middle-coarse-grained granites; b. Purple fluorite body and fine purple fluorite vein crosscutting Obotu coarse-
grained granite, indicating that the fluorite deposit postdates the Obotu granite; c¢. Fine-grained granite vein in Obotu granite stock; d. Purple
fluorite cementing grey-white fine-grained granite breccias; e. Obotu fluorite outcrops in an open pit, A—Rhyolite tuffs at the bottom of 4th

Member of Dashihzai Format B—Fluorite vein, C—Felsic hornfels, D—Kaolinized alteration zone, E—Fluorite vein
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Fig. 4 Chondrite-normalized REE patterns of strata and Obotu granite from the Obotu fluorite deposit  chondrite-
normalized data after Sun et al. 1989
a. Ailigemiao Group b. Porphyry rhyolites of Dashizhai Formation c. Crystallized limestone of Dashizhai Formation
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Fig. 5 Chondrite-normalized REE patterns of multi-phase fluorite separates from the Obotu fluorite deposit
normalized data after Sun et al. 1989

a. Chondrite-normalized REE patterns b. Representative fluorite ore samples and sampling location
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3 Rb-Sr
Table 3 Rb-Sr isotopic composition of wall rocks and ores from the Obotu fluorite deposit Inner Mongolia
Rb 10°¢ Sr 107° Rb Sr STRb %S, Y78k 89S p e O e 138 Ma  %7Sp 805,
A01 35.90 31.50 1.14 3.29494 0.72459 285.18 195.79 0.71813
AO2 111.00 74.30 1.49 4.31914 0.74024 507.25 389.39 0.73176
A06 166.00 134.00 1.24 3.58152 0.74550 582.03 484.72 0.73848
L1 1.18 239.00 0.00 0.01427 0.70694 34.56 36.48 0.70691
1LS02 4.83 391.00 0.01 0.03571 0.70700 35.42 36.73 0.70692
LS03 2.34 19.10 0.12 0.35420 0.71113 94.04 86.50 0.71043
Sm31 64.20 299.00 0.21 0.62077 0.71167 101.70 86.74 0.71045
Sm30 101.00 137.00 0.74 2.13140 0.71236 111.54 54.51 0.70818
G2 222.00 31.30 7.09 20.50559 0.74972 641.82 73.20 0.70949
G3 237.00 38.20 6.20 17.93695 0.74166 527.51 30.40 0.70648
G4 280.00 40.20 6.97 20.13704  0.74895 630.93 72.58 0.70945
G5 278.00 48.40 5.74 16.60592 0.74065 513.16 53.12 0.70808
G7 213.00 48.50 4.39 12.69701 0.73372 414.79 63.59 0.70882
ABT04-3 0.14 137.00 0.00 0.00285 0.70738 40.94 43.17 0.70738
ABT04-5B 0.46 137.00 0.00 0.00977  0.70989 76.56 78.61 0.70987
ABT04-6 0.05 1358.00 0.00 0.00011 0.70911 65.42 67.74 0.70911
ABT04-7 0.05 1775.00 0.00 0.00008 0.70896 63.29 65.61 0.70896
ABTO1-1 0.12 4.33 0.03 0.07960 0.70982 75.53 75.63 0.70966
ABT02-1 0.23 7.01 0.03 0.09670  0.70981 75.37 75.00 0.70962
ABT02-2 0.07 7.25 0.01 0.02730 0.70987 76.22 77.78 0.70982
ABT04-1 0.02 5.23 0.00 0.01280 0.70993 77.09 79.05 0.70991
ABT04-2 0.02 4.93 0.00 0.01100  0.70925 67.40 69. 41 0.70923
ABTO5-1 0.03 13.45 0.00 0.00570  0.70940 65.95 68.01 0.70913
ABT05-2 0.02 4.82 0.00 0.00142 0.70970 69.54 71.70 0.70939
ABTO08-1 0.02 13.04 0.00 0.00390 0.70958 72.08 74.29 0.70957
ABT08-2 0.02 6.64 0.00 0.00660  0.71004 78.69 80.83 0.71003
ABT10-2 0.01 9.12 0.00 0.00450 0.70972 74.04 76.23 0.70971
Sl’ 87SI' 8651’ i Sr
Sr
Faure 1986 Medford et al. 1983 Bell et al.
1989 Sr
3.2 Nd
138 Ma Sm-Nd 4 3
Sm 2.72%x10 °~3.63 %
138 Ma Sr 10°° Nd 12.70 X 10°° ~21.30 x 10"
87Sr %Sk . 0.71813  3Nd "Nd 0.51191 ~ 0.51218
~0.73848 0.70691 — Nd Sm
0.71043 0.70818 ~0.71045 0.64x10°~1.65x10° Nd 3.25%
0.70648 ~0.70949 107°~7.01 107 Nd *Nd 0.51235 ~
0.70738~0.70987 0.70913~0.71003 0.51241 Sm 5.37x10°°
3 7Sr %8r 6.50%10° Nd 27.3x10°° 29.4x10°°
4N *Nd 0.51251  0.51254 2
Sm 1.35x10°%  4.60 X
Sr 107° Nd 5.80x10°% 21.90x10°% "Nd

INd 0.51249 0.51262
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4 Sm-Nd
Table 4 Sm-Nd isotopic composition of wall rocks and ores from the Obotu fluorite deposit Inner Mongolia
Sm 107  Nd 1076  Sm ™Nd y  "Nd "Nd v ew 0 eq 138Ma Ty Nd Nd ;
A01 3.09 13.70 0.13633 0.51218 -8.95 —7.89 1573 0.51206
A02 2.72 12.70 0. 12946 0.51191 —14.24 —13.06 1992 0.51179
AO6 3.63 21.30 0.10301 0.51200 —12.46 -10.82 1810 0.51191
L1 0.78 4.17 0.11364 0.51237 -5.31 -3.84 1244 0.51226
L2 0.64 3.25 0.11903 0.5124 -5.62 —4.25 1277 0.51224
03 1.65 7.01 0.14227 0.51241 —4.49 -3.53 1218 0.51228
Sm31 5.37 27.30 0.11890 0.51251 —2.57 —1.20 1029 0.51240
Sm30 6.5 29.40 0.13363 0.51254 -1.89 -0.78 993 0.51242
G2 2.26 9.70 0.14083 0.51262 —0.45 0.54 888 0.51249
G3 2.51 13.70 0.11074 0.51259 —0.98 0.54 887 0.51249
G4 3.66 20.20 0.10952 0.51259 —0.9 0.58 884 0.51249
G5 4.6 21.90 0.12696 0.51260 -0.74 0.49 891 0.51249
G7 1.35 5.89 0.13854 0.51249 -2.91 —1.88 1084 0.51236
ABT04-3 3.72 0.94 0.15192 0.51244 —3.88 -3.09 1183 0.51230
ABT04-5B 4.41 1.78 0.24397 0.51255 —-1.78 —2.61 1144 0.51233
ABT04-6 0.33 0.16 0.28945 0.51266 0.39 —1.24 1033 0.51240
ABT04-7 0.26 0.10 0.22983 0.51195 —-13.42 -14.01 2068 0.51174
ABTO1-1 0.26 0.04 0.09242 0.51203 —11.80 —10.00 1741 0.51195
ABT02-1 0.66 0.11 0.09943 0.51221 -8.40 -6.70 1474 0.51212
ABT02-2 0.10 0.03 0.16983 0.51140 —-24.10 —-23.70 2847 0.51125
ABT04-1 0.08 0.02 0.14708 0.51190 —-14.50 -13.60 2034 0.51176
ABT04-2 1.14 0.21 0.11116 0.51232 —-6.20 —4.70 1317 0.51222
ABTO05-1 0.36 0.05 0.08878 0.51215 -9.60 —=7.70 1557 0.51207
ABT05-2 0.07 0.02 0.14112 - - - - -
ABT08-1 0.06 0.01 0.14391 0.51103 —31.50 -30.50 3400 0.51090
ABT08-2 0.10 0.03 0.16700 0.51204 —-11.70 -11.20 1838 0.51189
ABT10-2 0.07 0.02 0.15678 0.51163 -19.7 -19.0 2470 0.51149
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143 144 .
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138 Ma
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Galindo et al.
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data of Sierras Pampeanas deposit from Galindo et al. 1994

207Pb ZOSPb
~21.702 *Pb 2*Phb  15.564 ~ 15.807 *®Pb
204pL 38.147 ~38.194 3.4 Sr-Nd-Pb
206pp 2%4pL - 18.507~19.406 27Pb 2™Ph  15.542

5 Pb

Table 5 Pb isotopic composition of wall rocks and ores from the Obotu fluorite deposit Inner Mongolia

2(]Spb Z(JAPb 26 2()7Pb 2[)4Pb 26 2()6Pb 204Pb 26

A01 38.159 0.033 15.807 0.014 21.702 0.019
A02 38.194 0.007 15.564 0.003 18.694 0.003
A06 38.147 0.004 15.587 0.002 18.309 0.002
Ls01 38.722 0.002 15.65 0.001 19.406 0.001
Ls02 38.233 0.022 15.587 0.009 18.895 0.010
Ls03 38.192 0.001 15.542 0.001 18.507 0.001
Sm31 39.242 0.003 15.608 0.001 19.473 0.002
Sm30 38.608 0.006 15.580 0.002 18.824 0.003
G2 38.519 0.001 15.563 0.000 18.739 0.001
G3 38.666 0.001 15.575 0.001 18.834 0.001
G4 38.813 0.002 15.580 0.001 18.903 0.001
G5 38.772 0.002 15.577 0.001 19.104 0.001
G7 38.313 0.001 15.560 0.001 18.679 0.001
ABT04-3 38.477 0.018 15.671 0.007 20.227 0.01
ABT04-5B 37.362 0.039 15.392 0.016 19.204 0.021
ABT04-6 38.503 0.037 15.784 0.015 21.870 0.021
ABT04-7 38.350 0.031 15.607 0.013 18.582 0.015
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