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Geological characteristics, associated granites and the prospecting potential of
the super—large Kaerqiaer—Kumutashi fluorite mineralization belt in the West
Altyn—Tagh Orogen, NW China

GAO Yongbao'?, ZHAO Xinmin’, WANG Bo’, ZHANG Jiangwei’, JIN Moushun’,
YANG Shengfei', YAN Zhouquan®, TENG Jiaxin’, ZHAO Huibo’, CHAO Yinyin'

(1. Xi'an Center of Mineral Resources Survey, China Geological Survey, Xi'an 710100, Shaanxi, China, 2. Key Laboratory for the
Study of Focused Magmatism and Giant Ore Deposits, MNR, Xi'an Center of China Geological Survey, Xi'an 710054, Shaanxi,
China; 3. Geology Institute of China Chemical Geology and Mine Bureau, Beijing 100101, China)

Abstract: This paper is the result of mineral exploration engineering.

[Objective] Significant breakthroughs have recently been made in fluorite prospecting in the western part of the Altyn—Tagh Orogen
in NW China. The newly discovered super— large mineralized belt, which includes the Kaerqiaer, Kumutashi, Xiaobaihegou and
North Bulake deposits, is an important fluorite resource base. Research on the genesis of fluorite mineralization is lacking. This
paper selects typical deposits in the area for research, to reveal the geological characteristics, ore—controlling factors and prospecting
potentials of the super—large fluorite mineralization belt in the West Altyn— Tagh Orogen, thus increasing our knowledge of the
genesis and improving regional prospecting for the mineralization. [Methods] Based on detailed field investigation, this paper uses
LA—ICP—MS zircon dating, geochemistry and Hf isotope analysis to define: (1) The age of rock formation and mineralization; (2)
The genesis of ore—controlling alkali—feldspar granite and fluorite mineralization; (3) Summarises the ore—controlling elements and
prospecting characteristics of the area; (4) Conducts mineralisation prediction through geological, geochemical and remote sensing
data; (5) Analyses the prospectivity of the region. [Results] The fluorite mineralization is of hydrothermal origin closely related to
alkali feldspar granites, and is controlled largely by NE—trending faults and, to a lesser extent, NEE— and E—trending faults. The
host rocks are plagioclase gneiss and carbonate rocks in Altyn Group. The main types of ore include massive, vein and breccia
containing early white and later purple fluorite, calcite and minor amounts of quartz, apatite and tainiolite. The alkali feldspar granite
at the Kumutashi fluorite deposit has a zircon U—Pb age of (450.0 £ 2.7) Ma, &u(¢) values ranges from —5.33 to +6.45, and Tpw. age
between 1767 Ma and 1020 Ma. The geochemical data also shows that the alkali feldspar granite is potassic, metaluminous, high
differentiated and genetically related with F—rich rocks. The granite is enriched in Rb, Th, U, La, Ce, Nd, Zr and Hf, depleted in Ta,
Nb, Sr, P, and Ti, and has a high XREE content. These characteristics are indicative of A—type granites emplaced during the Late
Ordovician and derived from a mixed crustal and mantle magma during post— orogenic extension. [Conclusions] The widely
distributed alkali feldspar granite with high F and XREE contents have high prospectivity for fluorite, tin, rare metals, and REE.
Thus, the combination of alkali granites, NE—trending faults, and carbonates in the Altyn Group are consisted prospective for large

fluorite deposits.

Keywords: fluorite deposit; magmatic hydrothermal filling vein type; geological characteristics; prospecting potential; Kearqiaer—
Kumutashi; super—large fluorite mineralization belt; West Altyn—Tagh Orogen; mineral exploration engineering

Highlights: (1) Identify the overall geological characteristics of the super—large fluorite mineralization belt in the West Altyn—Tagh
Orogen; (2) Obtain the age and attribute characteristics of the ore— controlling high—F alkali— feldspar granite in the region; (3)
Summarize the regional ore—controlling elements and prospecting vectors, and delineate the fluorite prospectivity in the Kaerqiaer—
Kumutashi area of the western part of the orogen.
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Fig. 5 Microphotographs of mineralization characteristics in the Kumutashi fluorite deposit(a—c—Single polarized light,
d—f—Orthogonal polarized light)
Cal—Calcite; WF1-White fluorite; PFI—Purple fluorite; Ap—Apatite
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Fig.8 Microscopic photos of the alkali feldspar granite in the Kumutashi fluorite deposit
Af—Alkaline feldspar; Mc—Microcline; Ab—Albite; Bt—Biotite; Q—Quartz

R AT, AR AR YL 2 h ik A4l 4.2 KA
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Table 1 Electron microprobe analyzed results of plagioclase of the alkali feldspar granite in the Kumutashi fluorite deposit

FES KY-1 KY-2 KY-3 KY-4 KY-5 KY-6 KY-7 KY-8 KY-9 KY-10 KY-11 KY-12 KY-13 KY-14 KY-15 KY-16

SiO, 70.5 68.1 68.8 684 689 69.1 689 687 687 674 684 680 683 682 70.1 68.0
ALO; 195 193 195 193 192 190 19.1 192 194 192 195 193 199 196 197 193
Na,O 11.6 11.4 12,0 115 11.7 11.8 109 115 11.8 113 11.8 11.5 103 114 11.8 115
MgO 0.01 0.02 0.00 0.00 0.01 0.04 0.00 002 0.02 001 000 0.01 002 0.04 0.00 0.01
FeO 0.14 0.15 0.06 022 0.11 0.16 023 0.12 0.08 0.07 005 0.08 005 0.06 0.09 0.08
MnO 0.00 0.00 0.00 0.03 0.00 0.00 0.01 0.00 0.01 0.00 000 0.00 001 0.00 000 0.00
TiO, 0.18 0.00 0.09 0.00 0.00 0.00 0.00 0.00 000 000 0.05 000 0.05 011 0.00 0.00
CaO 0.10 0.15 0.06 0.08 0.07 0.05 0.13 025 o0.11 023 0.06 020 0.11 004 010 0.20
KO0 0.05 0.09 0.07 0.12 0.11 0.17 0.12 0.14 0.08 0.12 0.07 0.08 010 0.07 006 0.08
P,Os 0.00 0.01 0.01 0.02 000 0.04 000 0.00 000 000 0.00 000 0.00 000 0.01 0.00
Total 102 99.1 100 99.6 100 100 994 999 100 983 999 99.1 988 995 101 99.1
Si  3.02 3.00 3.00 300 301 301 302 300 300 300 299 3.00 300 299 3.00 3.00
Al 098 1.00 1.00 1.00 099 098 099 099 100 100 1.0l 1.00 1.03 1.01 1.00  1.00
Ca 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.01 o001 001l 000 001l 001 0.00 000 0.01
Na 09 097 1.01 098 099 1.00 093 097 099 098 100 098 088 097 098 098
K 0.00 001 0.00 001 o0.01 001 o001 001 0.00 0.0 000 000 001 0.00 000 0.00
An 047 072 026 036 034 024 063 116 052 1.11 029 093 060 0.17 047 093
Ab 993 988 994 99.0 99.1 988 987 981 99.0 982 993 986 988 995 992 986
Or 028 0.51 038 0.65 060 095 070 0.78 044 066 040 043 0.60 037 034 043
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Table 2 LA—ICP—MS zircon U—Pb isotopic data of the alkali feldspar granite in the Kumutashi fluorite deposit

Pb

Th U

207Pb /zoﬁpb

207Pb /235U

206Pb/238U zn7pb/zoﬁpb 207Pb/235U zoﬁpb/zsz

R

Th/U

/107

ZA

lo

EA N

lo

Lt

lo

Ma

lo

Ma

lo

Ma

lo

KM1-1
KM1-2
KM1-3
KM1-4
KMI1-5
KM1-6
KM1-7
KM1-8
KMI1-9
KM1-11
KM1-12
KM1-13
KM1-14
KMI1-15
KM1-16
KM1-17
KM1-19
KM1-20
KM1-21
KM1-22
KM1-24
KM1-25

109
55
90
85

200
63

203

143
86
171
116
89

254

120

107
109
73
41
117

185

122
199

KM1-27 62

357
181
294
281
660
206
664
471
283
563
379
289
878
412
366
357
236
138
383
604
399
695
202

KMI1-30 94 303

865
258
606
751
375
338
506
948
478
1217
669
766
600
739
573
736
373
180
548
1217
1196
1350
449
664

0.41
0.70
0.49
0.37
1.76
0.61
1.31
0.50
0.59
0.46
0.57
0.38
1.46
0.56
0.64
0.49
0.63
0.77
0.70
0.50
0.33
0.51
0.45
0.46

0.0551
0.0559
0.0547
0.0568
0.0549
0.0779
0.0559
0.0546
0.0596
0.0595
0.0699
0.0700
0.0556
0.0549
0.0543
0.0567
0.0568
0.0553
0.0549
0.0557
0.0595
0.0554
0.0551
0.0563

0.0016
0.0020
0.0015
0.0017
0.0015
0.0024
0.0012
0.0013
0.0017
0.0016
0.0019
0.0021
0.0015
0.0018
0.0019
0.0022
0.0020
0.0026
0.0016
0.0013
0.0017
0.0014
0.0018
0.0015

0.5572
0.5666
0.5512
0.5664
0.5487
0.5870
0.5528
0.5429
0.5923
0.5841
0.5983
0.5918
0.5482
0.5399
0.5414
0.5566
0.5626
0.5507
0.5482
0.5592
0.5880
0.5480
0.5453
0.5702

0.0156
0.0202
0.0154
0.0164
0.0152
0.0538
0.0123
0.0133
0.0170
0.0159
0.0187
0.0202
0.0150
0.0179
0.0191
0.0217
0.0193
0.0254
0.0156
0.0127
0.0163
0.0135
0.0180
0.0152

0.0733
0.0735
0.0731
0.0723
0.0725
0.0733
0.0717
0.0722
0.0721
0.0713
0.0725
0.0717
0.0716
0.0714
0.0723
0.0712
0.0719
0.0722
0.0725
0.0728
0.0717
0.0718
0.0718
0.0734

0.0009
0.0010
0.0009
0.0009
0.0009
0.0010
0.0008
0.0009
0.0009
0.0009
0.0009
0.0009
0.0009
0.0009
0.0010
0.0010
0.0010
0.0011
0.0009
0.0009
0.0009
0.0009
0.0009
0.0009

4175
4475
400.1
4838
408.4
444.4
4497
395.2
587.5
584.3
924.8
927.2
435.1
406.7
3843
4802
4815
4242
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439.7
4847
427.1
4173
464.6

61.0
78.2
60.7
63.9
60.3
59.8
48.4
53.7
61.6
58.6
54.7
59.5
59.7
727
776
85.8
755
71.1
62.0
49.4
59.5
53.7
722
58.9

449.7
455.8
445.8
455.7
444.2
589.5
446.8
440.4
472.3
467.1
537.7
533.9
443.8
438.4
439.3
4493
453.2
445.5
443.8
451.0
469.6
443.7
441.9
458.1

10.2
13.1
10.1
10.6
9.9

13.5
8.1

8.8

10.8
10.2
11.2
12.1
9.8

11.8
12.6
14.1
12.5
16.6
10.2
8.3

10.4
8.8

11.8

456.0
4574
454.7
450.6
451.1
4559
4462
449.1
4502
4457
451.1
446.5
4455
446.0
450.8
4452
4476
449.6
4512
4532
448 4
446.9
4467

9.8 456.8

5.4
5.9
5.4
5.4
5.4
5.8
5.1
5.2
5.4
5.3
5.5
5.6
53
5.6
5.8
6.0
5.7
6.5
5.4
5.1
53
5.1
5.6
5.4

10°°), & T [ A BIAE 5 A ) (E (219¢107°°) , it
T EIRI(115%107°) FIS F(173%107°) 46 =1 A 14

SEE (RBEEE,2007) , B 0 S5, B
+ & 4, B # 4 A %5 #i (LREE/HREE 4 19.0~

+3.8/445.7 Ma

-1.3/457.4 Ma -3.3/450.2 Ma

100 pm

-2.3/451.2 Ma

+6.5/451.1Ma -5.3/445.5Ma

-3.0/449.6 Ma

K9 FEARB A0 XA AE b e 895 41 CLEUR (B PR30 e O [EL/AFHY )
Fig.9 Zircon CL images of the alkali feldspar granite in the Kumutashi fluorite deposit (the numbers in the figure indicate the
eud(t) value/age)
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Table 3 Zircon Hf isotope data of the alkali feldspar granite in the Kumutashi fluorite deposit

MAE Yo/ THE Lu/THf HHE 20 CPHEHE), e Tow/Ma  Tow/Ma  frwe

KMI1-1 0.106203 0.002180 0.282623  0.000044 0.28260 3.98 920 1177 —-0.93
KM1-2 0.044915 0.000963 0.282464 0.000034 0.28246 -1.27 1113 1510 —-0.97
KM1-3 0.067684 0.001450 0.282462 0.000035 0.28245 -1.48 1130 1523 —-0.96
KM1-4 0.110703 0.002316 0.282688  0.000045 0.28267 6.25 828 1033 —-0.93
KMI-5 0.051371 0.001128 0.282483  0.000035 0.28247 —0.63 1090 1470 —-0.97
KM1-6 0.035146 0.000771 0.282413 0.000031 0.28241 -3.02 1178 1621 -0.98
KM1-7 0.069432 0.001531 0.282618 0.000055 0.28261 4.02 910 1174 -0.95
KM1-8 0.101914 0.002143 0.282613  0.000039 0.28259 3.63 934 1199 —-0.94
KM1-9 0.043868 0.000948 0.282407 0.000030 0.28240 -3.29 1192 1638 -0.97
KM1-11 0.103486 0.002188 0.282616 0.000047 0.28260 3.75 929 1192 —-0.93
KM1-12 0.119041 0.002466 0.282695 0.000042 0.28267 6.45 821 1020 —-0.93
KM1-13 0.105863 0.002250 0.282632 0.000046 0.28261 4.27 908 1158 -0.93
KM1-14 0.006575 0.000225 0.282343  0.000029 0.28234 —5.33 1257 1767 —-0.99
KMI1-15 0.087548 0.001861 0.282520 0.000044 0.28250 0.45 1059 1401 —0.94
KM1-16 0.046099 0.001040 0.282415 0.000037 0.28241 -3.02 1183 1621 -0.97
KM1-17 0.107286 0.002276 0.282493  0.000039 0.28247 —0.63 1110 1470 —0.93
KMI1-19 0.067853 0.001436 0.282402 0.000035 0.28239 -3.61 1215 1658 —-0.96
KM1-20 0.041671 0.000937 0.282416 0.000036 0.28241 —2.96 1179 1617 —-0.97
KMI1-21 0.045470 0.001063 0.282437  0.000042 0.28243 —2.27 1154 1573 —-0.97
KM1-22 0.104211 0.002242 0.282614  0.000043 0.28259 3.64 934 1198 —0.93
KMI1-24 0.104890 0.002239 0.282690 0.000043 0.28267 6.33 824 1028 —0.93
KMI1-25 0.107540 0.002292 0.282604 0.000041 0.28258 3.28 950 1221 —0.93
KM1-27 0.074851 0.001648 0.282486 0.000038 0.28247 —-0.71 1102 1475 —-0.95
KM1-30 0.084095 0.001845 0.282592  0.000040 0.28258 2.98 956 1240 —0.94
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Table 4 Compositions of major elements (%), trace
elements and rare earth elements (10°°) of the alkali feldspar
granite in the Kumutashi fluorite deposit

FEfh'S  KMTCI-1 KMTCI-2 KMTC1-3 KMTC1-4 KMTCI-5
SiO, 65.1 64.2 65.2 64.8 64.4
ALO; 15.2 153 153 15.1 153
Fe.0s 226 3.24 2.54 253 2.83
FeO 0.92 0.50 0.70 0.75 0.85
Ca0 2.00 2.05 1.86 221 237
MgO 1.29 1.47 131 136 1.47
K.O 6.36 6.14 6.42 6.16 5.87
Na,O 435 442 428 435 447
TiO, 0.69 0.76 0.68 0.7 0.79
P.0; 021 0.25 021 0.23 0.27
MnO 0.04 0.04 0.04 0.05 0.05

F 0.24 027 0.25 0.28 0.25
LOI 1.28 1.34 1.18 1.53 1.15
TOTAL 100 100 100 100 100
K,O+ Na,O 10.7 10.6 10.7 10.5 10.3
K>0/ Na,0O 1.46 1.39 1.50 1.42 131
A/CNK 0.86 0.87 0.88 0.85 0.85
S REH(DI)  89.5 88.4 89.5 88.7 87.4
Cu 6.11 4.92 5.26 5.94 7.73
Pb 22.1 18.1 20.4 19.8 223
Zn 46.9 533 46.2 48.7 53.9
Li 65.0 732 63.4 66.5 66.7
Rb 255 271 272 258 261
Cs 9.27 10.5 9.36 9.11 9.48
% 121 1.08 1.24 1.06 1.09
Mo 0.83 1.07 0.81 0.88 1.08
Bi 0.16 0.17 0.16 0.15 0.22
Sr 268 266 261 255 325
Ba 1260 1170 1290 1310 1220
Nb 42.1 41.8 41.8 39.7 43.4
Ta 2.66 2.44 2.51 227 2.86
Zr 565 526 542 514 519
Hf 13.0 12.3 12.7 115 123
Be 3.45 3.13 3.44 2.99 3.37
Ga 213 21.1 22.0 215 214
Sn 417 434 428 4.12 4.62
U 7.11 8.39 7.72 7.23 7.91
Th 67.0 77.6 74.0 67.2 63.2
La 146 143 187 147 142
Ce 312 315 368 298 302
Pr 34.4 345 38.6 33.5 35.1
Nd 116 122 128 114 123
Sm 17.8 18.7 18.6 17.6 18.7
Eu 2.71 2.79 2.72 2.70 3.79
Gd 11.5 12.7 12.5 11.6 125
Tb 1.57 1.70 1.68 1.63 1.73
Dy 7.10 7.71 7.44 7.35 7.95
Ho 133 143 1.38 135 1.52
Er 3.70 4.09 3.82 3.71 4.16
Tm 0.54 0.59 0.56 0.54 0.60
Yb 3.59 3.84 3.58 3.55 3.91
Lu 0.54 0.58 0.55 0.54 0.60
Y 348 37.8 36.1 35.6 375

YREE 659 669 774 643 658
LREE 629 636 743 613 625
HREE 29.9 32.6 31.5 30.3 33.0

LREE/HREE  21.1 19.5 23.6 20.2 19.0

Lay/Yby 292 26.7 375 29.7 26.1
OEu 0.54 0.52 0.51 0.54 0.71
Tz1/°C 865 857 864 852 852

By & A A TGS A0, WA T4 8 e
WO AT R AT A E A . B ER S B  HE
AR AL I A PR 2 R Li—F 4654 7+ BELIF {E 54 7
(BFC, 1997; EBCBEAIEE Jz,2000) . —L645C
FEBG AR R TR L AT A 9 S50 R B, F (Li Be.,
Nb . Ta W . Sn SETCE ML AR IRICr RN T,
TESF B4 b A, S0 ) T E ARSI, Hoh FAE
AE B B Je A v B V5 A B 1T 38 6.8%~8.0% , Bifi 4 44
TRF &R, FIRSEAT TR BVl B2 TR Rl 2 1
K (Webster et al., 1989; Keppler and Wyllite, 1991;
Keppler, 1993; Bhalla et al., 2004) , [E PR 2245 |
B MR SR 2w R R R AR HAA T A
B 4 34 T X — W (Sato, 1980 4% 4 1 55
2008; 77 SHHEAE , 2020 A EARFIZE A, 2020) . H
L 75 R RS IR — AR A1 b DX B AL i) A S
b JE 42 bty BT O R A = S B A S
Bk (B 3k 1) 5 5 8240 B 56 R 25 DI IR AL 1)
#H IREEAEH &, il & La,Ce \Nb. Y 45, 84167 f1
Hhd & F KA (# 3h) , RINZ XA B A 5
AR W1, W, R R—EARE A
Iz 53 AT R SRR A B X T A B A -
M 1 S+ A A

SERE AR, S A &R LA
SR A R e AR Ry (H.O F L) A7
5, HIR AL BISAN IR YR 73 5 (Keppler and
Wyllite, 1991 ; Veksler and Thomas, 2002 ; Badanina et
al., 2004; Dolejs and Baker, 2007 ; Costi et al., 2009) ,
XRPAIRIAE AL & Li—F AL b a3 h AR o Kk
TER IRTR 2898 2GR0 IR AL i TP AR X Fh
BRI R (RO AR ,2012) o FAly A4, BT
O 4 VU T % SR A 38 — S IR B TR BRI 30, e S b i
TRA T o e — e 8 BE AR S s+
IrRE XK B WrEs i s — M R A A
438 25 Ji R R ~450 Ma(Liu et al., 2012) , [lB AR
BB PR AN EAE— B R = o (8 £
85,2010 Dh -2, 20115 £ 4E5F, 2016) , B 2R 42
P 2NN R A BIAE R AR T 424 Ma (R B1F-
85,2007) , B3R B 3 DAL 38 L A e sk
WHE W, RIRWGIR—PEARBEAT 5487 ] BEIE A
TAR ARSI, 0 s i RRAER T
e BR AL i A AR HT AN A KRR SR (Zou et
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Table 5 Metallogenic features of fluorite deposits in the Kaerqiaer—Kumutashi mineralization belt
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