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Fig. 1 Geological map of tungsten deposit in Nanyangtian ( Modified after Feng, et al'™’ and Li, et al'"’")
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Fig.2 Sample characteristics of Nanyangtian tungsten deposit
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Re — Os isotope analytical results of molybdate in feldspar — quartz veins

- i o Re(pg/g) T Os(ng/g) % Re( pg/g) %7 0s(ng/g) FEFRAE IS (Ma)
(g) 7 A 20 7 20 W 5E {E 20 7 20 W E {E 20

NYTS -16 =1 | 0.00304 60.93  0.460 | 0.0309  0.0024 | 38.29 0.289 95.71 0.59 149.8 2.1
NYTS -16 -2 | 0.02081 197.6  1.723 | 0.5608  0.0454 124.2 3.768 313.7 2.1 151.4 2.3
NYTS -16 -3 | 0.01190 235.0  2.141 | 0.5961  0.0178 147.7 1.346 373.6 2.3 151.7 2.2
NYTS - 16 -4 | 0.00309 213.1  1.678 | 0.1013  0.0077 133.9 1.055 333.9 2.0 149.4 2.1
NYTS -16 -5 | 0.00313 246.2  2.146 | 0.1744  0.0076 154.8 1.349 390.0 2.8 151.1 2.3

— 289 —



24

as O

i

o

http: // www. ykes. ac. cn

2020 4

(K —Ar:180 ~220Ma, iL{1 = 5 J5 JRIEHE AR L i X 1A
), 1999) H 4L 45 (Rb — Sr:214.3 £ 15.6

Mal2! Y WEAET BT (Re - 0s:209.1 +£3.3 ~

214.1 +4.3Ma™") | [l K028 B0 Y R 5 L1

2

FVESH R Toe# B ille 45 R

Table 2 Anaytical results of rare earth elements in scheelite

FAFNRCA™ P R & 2E , B R T K& T 728 oA
;@R R, M R 2 ET W R AT o b
(Ar — Ar: 121 + 3Ma'®'; Ar — Ar. 118. 14 + 0.69
Ma'™*) | Bk FEAS B Ay L W 0 P A S

SEZ1

%

HEdh

TR H(py/'s)

Mo

Sr Y La Ce

Pr

Nd

Sm

Eu

Gd

Tb

Dy

Ho

Er

Tm

Yb

Lu

Y REE

SEu

NYTX -5 -01
NYTX -5 -02
NYTX -5 -03
NYTX -5 - 04
NYTX -5 -05
WA NYTX -5-06
NYTX - 12 -01
NYTX - 12 -02
NYTX - 12 -03
NYTX -12 -04
NYTX -12 -05
NYTX -12 -06

300.1
295.2
283.7
237.8
248.8
231.6
246.3
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53.30
56.55
49.91
53.05
53.60

0.24
0.36
0.60
0.38
0.37
0.33
0.66
0.45
0.58
0.60
0.49
0.42

NYTS -1 -01
NYTS -1 -02
NYTS -1 -03
NYTS -1 - 04
NYTS - 1-05
NYTS -1 -06
NYTS -2 -01
NYTS -2 -02
NYTS -2 -03
NYTS -2 - 04
o NYTS-2-05
;ﬁﬁ NYTS -2 - 06
NYTS - 16 - AO1
NYTS - 16 - A02
NYTS - 16 - A03
NYTS - 16 - A04
NYTS - 16 - A0S
NYTS - 16 - AO6
NYTS - 16 - BO1
NYTS - 16 - B02
NYTS - 16 - B03
NYTS - 16 - B04
NYTS - 16 - B0
NYTS - 16 - B0

19.0
19.4
17.8
21.5
25.4
18.5
17.1
15.8
18.2
17.4
24.2
36.6
7.2
9.9
8.0
8.5
9.1
9.3
14.7
12.9
13.5
11.8
12.9
15.4

136.0174.20 7.83
106.4 52.82 3.31
150.4 91.45 4.75

30.75
8.45
23.19
149.9299.92 41.05 86.35
147.4115.65 5.13 29.22
156.0 78.63 6.28 29.29
165.3 120. 68 16.43
181.8 82.32 5.44

138.9195.53 11.58

39.71
26.48
36. 86

6.59
1.54
5.68
12.79
6.12
6.54
7.26
5.87
8.00

139.1 331.40 50. 60 232.17 16.05
229.1379.33 59.31 137.24 19.31

233.8 30.11 0.57
80.9 104.49 15.83
78.8 84.31 24.08
75.5 216.48 17.77

2.57
64.67
49.34
78.41

0.71
9.43
8.61
11.97

74.2 117.84 20.31 100. 61 18.61

69.0 93.65 22.56 68.14

10.58

69.1 164.20 58.80 122.66 17.72

115.9 39.49 1.42 6.00
139.4 58.82
133.5 44.99
115.6 79.60
106.3 57.57

110.0 50.36

3.64
2.01
5.51

13.09
8.90
20.36
4.57
14.57

17.56
30.26

1.16
2.72
1.98
4.57
3.47
4.50

41.23
8.32
29.20
62.13
34.18
34.74
2.71
30.35
42.80
63.10
72.11
4.22
44.49
40.72
60.53
78.68
46.13
73.98
7.47
18.22
14.00
34.26
25.36

15.67
3.58
8.41
15.88
9.97
8.53
13.38
8.32
10.24
14.95
15.77
3.23
9.55
9.13
17.28
15.98
15.18
14.31
2.46
6.37
4.96
10.83
7.21

6.61
1.59
7.19
9.40
9.09
8.80
11.60
8.43
11.37
12.72
9.86
0.83
8.90
10.06
10.48
10.67
10.49
13.80
6.46
5.01
5.60
4.33
4.69

16.33
4.26
8.28
17.89
10.18
8.56

16.78 3.

7.7
10. 68
14.35
17.64
4.28
10.71
8.91
20.42
14.52
9.47
13.55
3.25
8.18
6.88
12.07
8.98

3.50

3.64
1.79
1.43

2.56
2.84
3.78
0.98

3.80
2.58

2.26
0.67
1.53
1.30
1.88
1.53

26.18 6.14 5.79 6.50 0.97

26.85
6.40
10.27
28.31
12.52
8.57
28.50
12.49
18.15
23.03
33.46
6.18
12.00
10. 65
27.34
16.47
10.35
15.54
5.20
10.89
8.96
12.31
9.00
6.32

5.92
1.96
2.66
7.14
3.31
2.19
6.19
3.11
4.43
6.50
8.80
1.51
2.89
2.45
6.30
3.58
2.69
3.49
1.21
2.43
2.05
2.82
2.03
1.48

19.34
5.89
7.95
22.83
8.66
6.05
18.28
10.01
17.55
26.72
35.80
4.45
8.07
6.68
17.84
9.60
6.78
10.22
4.01
7.31
5.56
7.75
5.58
4.3

2.64
0.77
1.38
4.72
1.66
0.91
2.33
1.50
3.84
5.35
6.48
0.62
0.89
0.75
2.13
1.11
0.87
1.16
0.60
0.90
0.71
0.99
0.71
0.63

15.93
4.71
8.33
34.81
10.33
4.96
11.63
9.37
35.18
54.33
50.59
3.56
4.63
3.72
11.33
5.74
3.83
6.81
4.23
5.19
4.33
6.86
4.44
4.62

2.16
0.94
1.29
4.72
1.42
0.86
1.44
1.31
5.12
7.82
6.27
0.46
0.71
0.54
1.80
0.71
0.62
1.05
0.72
0.72
0.66
1.11
0.79
0.85

201.35
52.87
119.98
351.65
143.58
127.71
220.20
132.06
218.36
530.55
476.44
34.16
194.51
177.21
287.41
299.17
209.26
355.37
44.87
86.22
67.90
125.64
95.90
113.13

1.41
1.39
2.94
1.90
3.08
3.51
2.64
3.58
3.71
2.96
2.02
0.77
3.00
3.80
1.90
2.39
2.99
3.38
7.79
2.37
3.27
1.29
1.99
3.13
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Table 3 in situ Sr isotope analytical results of scheelite
P2 RS RS SRbhEEAE(V) | BSrEEMmAE(V) 8 Rb/® Sr 20 87Qyr/86Sr 200
NYTX -5 -01 0.0003 10.34 0. 00009 0. 00004 0.71383 0. 00008
NYTX -5 - 02 0. 0000 10.48 0.00001 0.00001 0.71352 0.00007
NYTX -5 -03 0.0001 9.74 0. 00004 0. 00004 0.71359 0.00007
NYTX -5 - 04 0.0003 9.58 0. 00009 0. 00005 0.71351 0. 00007
NYTX -5 -05 0.0007 10.26 0.00021 0. 00004 0.71353 0. 00006
NYTX -5 - 06 0.0072 11.08 0.00227 0.00041 0.71364 0. 00008
NYTX -5 - 07 0. 0000 11.32 0. 00000 0.00001 0.71356 0. 00006
NYTX -5 - 08 0.0000 11.25 0.00001 0.00001 0.71356 0. 00007
NYTX -5 -09 0.0001 11.23 0. 00002 0.00001 0.71351 0. 00007
NYTX -5 - 10 0.0002 7.25 0. 00009 0.00001 0.71359 0. 00007
NYTX -5 - 11 0.0000 10. 88 0. 00000 0.00001 0.71354 0. 00006
NYTX -5 - 12 0.0003 10. 44 0. 00008 0. 00003 0.71358 0. 00007
NYTX -5 - 13 0. 0006 9.95 0.00021 0. 00005 0.71359 0. 00007
NYTX -5 - 14 0.0098 8.76 0.00393 0. 00060 0.71384 0.00010
NYTX -5 - 15 0.0014 9.61 0.00048 0. 00006 0.71354 0. 00008
iyl NYTX - 12 -01 0.0002 3.32 0.00021 0. 00004 0.71491 0.00011
NYTX - 12 =02 0.0002 6.12 0.00011 0.00002 0.71339 0. 00007
NYTX - 12 -03 0. 0004 6.43 0.00019 0. 00003 0.71336 0.00007
NYTX - 12 - 04 0.0001 5.28 0. 00008 0.00002 0.71354 0. 00008
NYTX - 12 - 05 0.0003 3.02 0. 00036 0. 00004 0.71429 0.00011
NYTX - 12 - 06 0.0003 4.85 0.00021 0.00003 0.71349 0.00010
NYTX - 12 =07 0.0001 5.53 0. 00008 0.00001 0.71319 0.00010
NYTX - 12 - 08 0.0002 5.13 0.00013 0. 00002 0.71349 0.00011
NYTX - 12 -09 0.0002 2.57 0.00032 0. 00003 0.71478 0.00015
NYTX -12 - 10 0.0005 4.17 0.00044 0.00013 0.71374 0.00013
NYTX —12 =11 0.0003 3.39 0.00034 0. 00006 0.71385 0.00012
NYTX —12 12 0.0929 3.59 0.08473 0.01206 0.71401 0.00014
NYTX -12 - 13 0.0003 5.54 0. 00020 0. 00003 0.71357 0.00010
NYTX - 12 - 14 0.0007 4.42 0.00051 0.00011 0.71389 0.00011
NYTX -12 - 15 0.0007 5.15 0.00044 0. 00003 0.71353 0. 00009
NYTS -1 - AO1 0.0026 1.41 0.00589 0.00039 0.72027 0.00021
NYTS -1 — A02 0.0033 1.33 0. 00804 0.00071 0.72014 0.00027
NYTS -1 - A03 0.0025 0.90 0. 00968 0.00198 0.72135 0. 00035
NYTS -1 - A04 0.0050 1.18 0.01394 0.00101 0.72072 0.00032
NYTS -1 — A05 0.0046 1.34 0.01109 0. 00094 0.72043 0.00023
NYTS -1 — A06 0.0014 1.29 0.00369 0.00028 0.72094 0.00022
NYTS -1 - A07 0.0019 1.24 0.00506 0.00036 0.72106 0.00025
NYTS -1 - A08 0.0014 1.18 0.00409 0.00032 0.72061 0. 00026
NYTS - 1 — A09 0.0038 1.09 0.01114 0. 00090 0.72085 0. 00030
NYTS -1 - A10 0.0017 1.11 0.00518 0. 00020 0.72104 0. 00031
. i NYTS -1 - All 0.0008 1.10 0.00244 0.00013 0.72186 0.00029
JKE)M‘(_E:UE% NYTS -1 - Al12 0.0044 1.13 0.01254 0.00145 0.72168 0.00034
NYTS -1 - Al3 0.0013 1.30 0.00348 0.00037 0.72079 0.00024
NYTS -1 - Al4 0. 0006 1.39 0.00149 0.00026 0.71923 0.00028
NYTS -1 - Al5 0.0017 1.24 0.00420 0.00039 0.72066 0.00022
NYTS -1 - BO1 0.0022 2.35 0.00338 0.00125 0.71604 0.00014
NYTS -1 - B02 0.0014 2.17 0.00213 0.00021 0.71584 0.00016
NYTS -1 - B03 0.0033 2.14 0.00510 0.00031 0.71613 0.00015
NYTS -1 - B04 0.0039 2.40 0.00530 0.00042 0.71693 0.00014
NYTS -1 - B05 0.0019 2.23 0.00272 0.00010 0.71618 0.00015
NYTS -1 - B06 0.0021 2.49 0.00293 0. 00036 0.71649 0.00016
NYTS -1 - B07 0.0028 2.28 0.00394 0.00038 0.71666 0.00015
NYTS -1 - B08 0.0028 2.15 0.00449 0.00093 0.71622 0.00015
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NYTS -1 - B09 0.0013 2.37 0.00174 0. 00009 0.71537 0.00013
NYTS -1 - BI10 0.0010 2.47 0.00138 0.00016 0.71589 0.00017
NYTS -1 - BI11 0.0007 2.67 0.00084 0.00007 0.71588 0.00011
NYTS -1 - BI12 0.0030 2.74 0.00355 0.00031 0.71601 0.00011
NYTS -1 - B13 0.0018 2.82 0.00231 0.00026 0.71636 0.00023
NYTS -1 - B14 0.0039 1.29 0.00978 0. 00060 0.71716 0.00023
NYTS -1 - B15 0.0065 1.72 0.01303 0.00185 0.71724 0.00018
NYTS -2 -01 0.0018 1.45 0.00402 0.00025 0.72024 0.00018
NYTS -2 -02 0.0005 1.45 0.00120 0.00019 0.72020 0.00018
NYTS -2 -03 0.0005 1.48 0.00108 0. 00007 0.71906 0.00019
NYTS -2 -04 0. 0006 1.47 0.00126 0.00011 0.71918 0.00020
NYTS -2 -05 0. 0004 1.27 0.00108 0. 00007 0.72151 0.00023
K- £ NYTS -2 -06 0.0007 1.27 0.00170 0.00014 0.72158 0.00021
Hyj(_ﬁg * NYTS -2 -07 0.0016 1.29 0.00412 0.00022 0.72105 0.00021
NYTS -2 -08 0.0016 1.30 0.00404 0.00061 0.72108 0.00023
NYTS -2 -09 0.0008 1.39 0.00192 0.00020 0.72372 0.00022
NYTS -2 - 10 0.0015 1.45 0.00351 0.00031 0.72230 0.00019
NYTS -13 -01 0.0004 1.05 0.00125 0. 00009 0.72803 0.00029
NYTS -13 -02 0.0009 0.94 0.00312 0.00031 0.72764 0.00032
NYTS -13 -03 0.0001 0.97 0.00039 0.00008 0.72694 0.00026
NYTS -13 -04 0.0001 1.02 0.00034 0.00007 0.72614 0.00028
NYTS -13 -05 0.0003 0.95 0.00119 0.00007 0.72705 0.00024
NYTS -13 - 06 0.0003 0.87 0.00096 0. 00008 0.72757 0.00028
NYTS -13 -07 0.0001 0.82 0.00055 0. 00008 0.72719 0.00030
NYTS - 13 -08 0.0032 0.91 0.01163 0.00189 0.72769 0.00033
NYTS -13 -09 0.0007 0.78 0.00271 0.00018 0.72774 0.00036
NYTS -13 -10 0.0005 0.75 0.00204 0.00037 0.72756 0.00034
PR UERE i XJSSTD(n =8) 0. 0000 6.48 0.00001 0.00002 0.72086 0.00015
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Fig.4 Characteristics of rare earth, trace elements and Sr isotope ratio in scheelite ( Source of rare earth data for ore — bearing skarn

in Reference[221])
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Implication of in situ Sr Isotope of Scheelite for Tungsten Mineralization .
A Case Study of the Nanyangtian Scheelite Deposit, Southeast Yunnan,
China
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HIGHLIGHTS

(1) The ore body of feldspar — quartz vein scheelite in Nanyangtian formed at 151.0 +1.3Ma.

(2) in situ trace element and in situ Sr isotopes of scheelite led to the identification of two types of scheelite with
different fluid sources and genesis.

(3) The formation of early skarn scheelite was related to magmatic — hydrothermal fluids, whereas metaphorical —

hydrothermal fluids were responsible for the formation of later feldspar — quartz mineral veins.
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ABSTRACT

BACKGROUND: The Nanyangtian scheelite deposit is an important skarn scheelite deposit in Yunnan Province,
which is located in Laojunshan W — Sn deposit area, Southeast Yunnan. Due to its complex geological background
and multi — stage metallogenic characteristics, its mineralization age and genesis remain controversial.
OBJECTIVES; To explore the metallogenic age, genesis and material origins of two types of scheelite deposits in
order to explore formation patterns.

METHODS ; Molybdenum Re — Os isotope dating was used to constrain the age, whereas in situ trace element and
in situ St isotopes of scheelite were used to determine the composition of trace elements and Sr isotopes in scheelite.
RESULTS ;: The Re — Os isochron age of molybdenite associated with scheelite in the feldspar — quartz mineral vein
of Nanyantian was 151.0 +1.3Ma, younger than the age of skarn mineralization, indicating a later mineralization
event. The skarn — type scheelite was enriched in light rare earth elements with negative Eu anomaly (S8Eu =
0.46). The average content of Y, REE, Mo and Sr in skarn scheelite were 65. 60, 240. 16 and 883. 43 ug/g,
respectively. Feldspar — quartz vein — type scheelite showed a flat rare earth pattern with positive Eu anomaly (SEu
=2.8) and average content of Y, REE, Mo and Sr were 194. 40, 16. 01 and 129. 26ug/g, respectively.
respectively. The skarn scheelite had a relatively low and uniform *'Sr/* Sr value of 0. 71319 to 0. 71491,
indicating that the ore — forming fluids were mainly magmatic — hydrothermal in origin, whereas feldspar — quartz
vein type scheelite had a wide *Sr/**Sr range of 0. 71537 to 0. 72803, with an average of 0.72079, characteristic
of metamorphic fluids.

CONCLUSIONS: The differences in trace and rare earth element contents between two types of mineralization
indicate that they have different fluid sources. The negative Eu anomaly of the skarn — type scheelite indicates a
high oxygen fugacity environment, whereas the feldspar — quartz vein — type scheelite is formed in a reductive
environment in terms of positive Eu anomaly. Sr isotopes of two different types of scheelite display a feature of
binary mixing, indicating that feldspar — quartz vein — type scheelite has a superimposed transformation effect on
skarn — type scheelite, and the strong metasomatism of ore — forming fluids and surrounding rocks is the key to the

formation of scheelite.

KEY WORDS:; scheelite; in situ Sr isotope ; mineralization epoch; source of ore — forming fluid; Nanyangtian
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