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Fig. 1 Sketch map of geology and ore deposits distribution in the Tianmenshan-Hongtaoling orefield
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1—Quaternary; 2— Upper Cretaceous Nanxiong Formation; 3

Upper Devonian Sanmentan Formation; 4—Middle Devonian Doushui

Formation; 5—Silurian system; 6—Middle Cambrian Gaotan Formation; 7—Lower Cambrian Niujiaohe Formation; 8—Middle Sinian

Laohutang Formation; 9—Early Yanshanian fined-grained muscovite granite; 10—Early Yanshanian medium to fined-grained biotite granite;

11—granite porphyry;12—{fault; 13—unconformity; 14—tungsten and tin deposits/polymetallic deposits
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F1 RIMMLMIBEEFEETE (%) REEFMFPETR(X107° ) FHER

Table 1 Major element (%), REE, trace elements (X 107°) compositions of Tianmenshan and Hongtaoling granites

ESEIN X1 EAR; S
FoXis 41— AR BER B B B (RO A YL B = AL A
K= Lal-18 BxI-18 kD RO NI-4 Nlzk1201-6 | Nlzk1201-7 XHR@ B'aR0)
SiO, 73.96 74. 38 75.57 75.05 75. 80 73.98 74.74 74.18 76.70
TiO, 0.19 0.10 0.07 0.10 0. 04 0.12 0.09 0.18 0.05
Al Os 13.02 12.98 13.06 13.10 12.06 12. 60 12. 84 13.47 12.95
Fe,0; 0.35 0.17 0.43 0.50 0.15 0.29 0.14 0.49 0.14
FeO 2. 14 1.65 0.95 1.15 1.20 1. 60 1. 60 1.53 1.67
MnO 0.10 0.08 0.04 0.04 0.06 0.08 0.07 0.06 0.09
MgO 0.22 0. 14 0.32 0.33 0.03 0.14 0.10 0.17 0.15
CaO 1.37 1.09 0.59 0.63 0. 89 1.21 0.99 1.07 0.12
Naz O 3.36 3.17 3.65 3.48 3.10 2. 65 2.92 2.78 3.27
K, O 4.49 5.17 4. 94 5.75 5. 00 5.42 5. 60 5.48 4.99
P, 05 0. 04 0.02 0.01 0.01 0.03 0.02 0.08 0.03
H,0 0.48 0. 39 0. 84 0. 85 0. 44 0.72 0. 60 1.18 0.58
Los 0.53 0.76 0.15 0. 90 1.69 0.68
A/CNK 1.41 1.38 1.42 1.33 1.34 1.36 1.35 1. 44 1.55
KN/A 0. 60 0. 64 0. 66 0.70 0. 67 0.64 0.66 0.61 0.64
La 47. 24 27. 60 9. 62 38. 42 25. 46
Ce 91.21 55.92 22.09 74.78 54. 25
Pr 11.16 7.00 3.05 9.12 6.61
Nd 42.02 27.17 13.17 34. 60 26. 05
Sm 9.20 7.25 4.96 7.85 6.56
Eu 0.77 0.46 0.22 0.73 0.50
Gd 9.13 8.59 6.46 8.68 7.19
Tb 1.63 1.75 1.37 1. 60 1.41
Dy 9.73 11.14 9.56 9.61 9.15
Ho 1.90 2.48 2.12 1.99 1.97
Er 5.66 7.27 6.53 5.72 5. 87
Tm 0. 90 1.14 1.08 0. 89 0.94
Yb 5.99 7.56 7.36 5.79 6.26
Lu 0.97 1.13 1.17 0. 87 1.00
SEu 0.25 0.18 0.12 0.27 0.22
3Ce 0.93 0.95 0.98 0.93 0.98
(La/Yb)x 5.32 2. 46 0.88 4.48 2. 74
Be 8.82 9.18 11.8 11.6 8. 04 6.13 7.21
Sc 8. 30 5.32 2.70 4. 84 4.14
\ 12.3 10.9 9.5 8.1 5.11 8.28 6. 82
Cr 6.10 9.68 2.5 8.23 7.23 4.99
Co 1.82 1.08 3 4.3 0.93 1.16 1.14
Cu 9.32 6.33 63. 45 67.6 6.53 7.05 11.2
Ga 20. 44 20. 15 23.15 27 19. 22 18.47 19. 30
Rb 437.8 541.7 515.3 436. 8 527.2
Sr 91.91 56. 30 175 187.8 26. 64 71.41 55.17
Y 51.56 61.38 70.5 95 64. 74 51.50 53.07
Zr 182.4 116.4 172 177.7 75.01 143.2 102. 1
Nb 27.7 29.6 25.8 22.5 22.1
Cs 24.7 27.9 14.9 13.2 20. 2
Ba 396. 3 195.7 302.7 533.6 63.91 345.8 207. 4
Hf 6.11 5.73 4.59 5.59 4,81
Ta 5.81 5. 89 8.02 4.72 5.43
Pb 42.97 53. 86 111.25 113.15 55.53 37.89 43. 85
Bi 8.19 0.19 59.8 0.37 3.63
Th 35. 81 34. 79 30. 93 37.32 32. 83
U 16.12 23.53 21.25 17. 99 15. 99

TE SCHRQOAE M i 23R4T 08 1 2 5 DR (1994) SRR Ha M I 1+ 20 J7 XSt st 7= P AL 4 75 (1969) o LAY 2 T8 3R ol ] 5K o 92 45 )
B I 35X A G e e K e R 2 e 5 BR ) BELAE T BT ICP-MS Element 525 5 87 85 6 58 1
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Fig. 2 Chondrite-normalized REE patterns (a) and primitive mantle-normalized spider diagrams (b)

for Tianmenshan and Hongtaoling granites
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Fig. 3 Cathodoluminescence images of zircon and site of analyzed point in Tianmenshan porphyritic biotite granite

(a) and Hongtaoling biotite granite (b)
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and Hongtaoling biotite granite (b)
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Fig. 5 Molybdenite Re-Os isochron of the Niuling tungsten deposit
F2 RNUUHERKEBEZB - KEREMARKREZFREREES SHRIMP EFEFITER
Table 2 Zircon SHRIMP dating results of Tianmenshan porphyritic biotite granite and Hongtaoling biotite granite
ZOG[)br U ’I‘h ZOGPb* 2[)7Pbx /2(76Pbx 207Pbx //ZS:EU BOGPbx /Z%SU 206Pb/238U
Bedh | _ L [FrTh/EU , : , , o
2 (X107%) | (X107%) (X107%) i 2% FeiR 22 Peis 2% AF i (Ma)
1.1 0. 38 263 156 0.61 5.01 0.0454+0,047|0. 1380+0. 058(0. 02206+0. 035 140.644.8
2.1 0.16 293 170 0. 60 5.87 0.0510+0.035|0. 16350, 049 (0. 02325+0. 035 148.2+5.1
PN
" 3.1 0.11 443 361 0. 84 8. 89 0.0505 0. 029 | 0.1624 0.045 |0.02335 0.034| 148.8+5.0
|
m 4.1 0.07 1774 459 0.27 35.2 0.0501 0.026 | 0.1593 0.052 |0.02310 0.045| 147.0+6.6
ol 5.1 0.16 1751 545 0.32 35.1 0.0502 0.016 | 0.1614 0.037 |0.02333 0.034| 148.6+4.9
B 6.1 0.01 7642 872 0.12 163 0.0494 0.006 | 0.1690 0.034 |0.02481 0.034| 158.0+5.2
wo| 71 0.17 312 210 0.69 6.50 | 0.04920.037 | 0.1640 0.050 |0.02418 0.035| 154.045.3
8.1 0.00 3238 388 0.12 59.9 0.0497 0.010 | 0.1476 0.035 |0.02153 0.034 | 137.3%4.6
= 9.1 0. 37 5965 1604 0. 28 126 0.0501 0.012 | 0.1690 0.036 |0.02448 0.033| 155.9+5.1
i3 10.1 0.55 198 103 0.54 4.22 0.0457 0.061 | 0.1550 0.071 |0.02463 0.036| 156.8+5.5
= 11.1 0.01 14071 1636 0.12 317 0.0494 0.004 | 0.1790 0.057 |0.02620 0.057 | 166.9+9.4
K 11.2 1. 36 2775 818 0.30 55.4 0.0485 0.033 | 0.1531 0.047 |0.02290 0.034 | 146.0+4.8
€| oo 3810 642 0.17 87.4 | 0.0490 0.008 | 0.1806 0.034 |0.02671 0.033| 169.945.6
S
, 13.1 0.58 242 117 0.50 5.23 0.0452 0. 077 | 0.1560 0.085 |0.02498 0.035| 159.0+£5.5
“
14.1 0.32 222 150 0.70 4.65 0.0487 0.055 | 0.1630 0.065 |0.02430 0.035| 154.8+5.4
15.1 0.27 526 258 0.51 10.9  |0.0489+0.032[0.163040. 047 0. 0241740. 034 154.045.2
1.1 0.52 103 58 0.59 2.11 0.0505+0. 080 0. 1650=0. 088(0. 02375+0. 037 151.3%5.6
0 2.1 0. 39 464 507 1.13 9.54 0.0494+0.031]0.162540. 046(0. 0238340. 034] 151.8=+5.1
- 2.2 0. 00 1009 365 0. 37 20. 6 0.0492+0.018|0.1609+0.038(0.02373+£0. 034 151.2+5.1
b 3.1 0.15 1210 484 0.41 24.8 0.0492+0.029|0.1616£0. 044 (0. 02380+£0. 034/ 151.6+5.1
e 4.1 0.00 614 372 0.63 12.5 0.0479+0.023|0.1564=0. 041 (0. 02368=0. 034] 150.9=%5.1
a 5.1 0.08 3268 669 0.21 60. 4 0.0482+0.013]0.142840.036(0. 0215040. 034 137.1+4.5
L 6.1 0. 00 1492 624 0.43 27.4 0.0504+0.015|0. 1484-0.037(0.02135-+0. 034] 136.244.5
7.1 0. 00 297 175 0.61 43.3 0.0724+0.011|1.6930+0.036 (0. 16970+0. 034 1011432
7 8.1 0.16 285 158 0.57 5.95 0.0496+0.046]0.1659740. 058(0. 0242640. 035 154.6+5.3
R 9.1 0.13 529 475 0.93 10.9 0.05014+0.027|0.1651£0.043(0.02388+0. 034 152.1%5.1
yid 10.1 1. 36 160 66 0.42 3.35 0.04094+0.120|0. 13600. 130(0. 02407+0. 036/ 153.3745.5
11.1 0. 30 712 327 0.47 13.8 0.0466+0.043|0.14470.055(0. 022540, 034 143.7%4.8
P4
" 12.1 0. 54 164 110 0.69 3.42 0.0490+0.057]0.163040. 068(0. 0241540, 036| 153.8+5.4
o 13.1 0. 84 290 152 0. 54 5.27 0.0499+0.081(0. 1440+0. 088(0. 02097 +0. 035 133.844.7
14.1 0.11 674 390 0. 60 13.9 0.04814+0.023|0. 1594+0. 041(0. 02403+0. 034/ 153.045.2
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Table 3 Re-Os isotopic data for molybdenite from the Niuling and Zhangdou tungsten deposits, southern Jiangxi Province

Re(X107%) - Os(X1079) I87Re(X1079) 870s(X107) AR i (Ma)
BOR [ K| BT | HE

W | 20 | WM | 20 | WE | 20 | WEE | 20 | B | 2
P NL-6-1 0. 200 48.76 0. 40 0.001 0.002 30. 65 0.25 0.0838 0. 0010 163.9 2.4
LS it NL-6-2 0. 200 29.09 0.23 0.001 0. 000 18. 28 0.15 0. 0459 0. 0005 150. 5 2.0
IS Vel NL-6-3 0. 200 332.6 2.5 0.057 0.002 209.1 1.6 0.5413 | 0.0042 155.2 1.8
) # INL-6-5(1)| 0.050 13106 102 0.003 0.012 8238 64 21.5 0.54 156.1 4.2
w Bk INL-6-5(2)| 0. 050 103965 2002 0.041 0.004 65348 1258 167. 6 1.2 153.7 3.2
s NL-6-7 0. 201 637.0 5.3 0.001 0.001 400. 4 3.3 1. 029 0.008 154.0 1.8
Hh 7ZD-2 0. 201 207.8 1.7 0.036 0. 000 130. 6 1.1 0.3661 | 0.0032 168.0 2.1
4 Gt ZD-4 0. 200 372.0 2.9 0.001 0.001 233.8 1.8 0.6280 | 0.0059 161.0 2.1
2 H ZD-5 0. 201 371.3 2.8 0.017 0.002 233.4 1.7 0.6059 0. 0046 155.6 1.8
i E 7ZD-7 0.202 426. 3 3.5 0.003 0.001 267.9 2.2 0. 6960 0. 0052 155.7 1.8
v ik ZD-8 0.203 251.8 1.9 0.001 0.001 158.2 1.2 0.4195 | 0.0040 158.9 2.0
A ZD-13 0.203 523.2 4.0 0.039 0.002 328.9 2.5 0.8616 | 0.0154 157.0 3.1

D) 5 S B 0 Re-Os 72 5 95 00 50 147 46 B30 S04 5 @ 9% Os S 205/ Os WA B8 Nier (L7 31 5

1@ T0s A5 B Os,

B LI EWESE 355 8. Collins et al(1982) . Whalen

L0 et al(1987) M 4k 70 22 R ik T 26 B b2 ff i i
0s HY T — 22 510 45 B A P s Eby (1992) 48 A 45

18705 (ng/g)
f=1
N
T

ZD-5
t=149.1+7.1Ma

04 '"itglo‘;’gi/gfg;; A A R B R4 o S 4l B ALAG (B R A
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b b — 2 R o AL R AT A, I R it
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Fig. 6 Molybdenite Re-Os isochron of the Zhangdou

tungsten deposit
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+Nb+ Ce+ Y) & i i o0 R 28 M SiO, . (K, O+
Na,0)/CaO,FeO" /MgO % % i 6 & Z FUFr il
éflealJl’é‘Iﬁ’q’:ﬂP R%%ﬁﬁuuﬂﬂu?AF”f Eg|
F o LR A BLAE s X (BT,
F1.86~2.07 F1 2. 29
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Fig. 7 Discrimination diagrams of rock type for the Tianmenshan and Hongtaoling granites
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Abstract

A great deal of tungsten-tin polymetallic deposits, which are related genetically to granites, have been
formed in the southern Jiangxi Province. However, the ages of W-Sn mineralization and granite
crystallization are poorly understand at present. This study provides the first highly precise dating of the
mineralization and rock-forming in the Tianmenshan-Hongtaoling W-Sn orefield based on detailed
geological investigation and studies of representative deposits. The dating of zircon from Tianmenshan
porphyritic biotite granite and Hongtaoling fine-grained biotite granite determined by SHRIMP yield ages
of 151.842.9 Ma and 151.443.1 Ma, respectively. Rhenium and osmium isotopic dating of molybdenite
from the Niuling and Zhangdou quartz vein-type tungsten deposits by ICP-MS yields isochron ages of 154. 9
+4.1~154.6+9. 7Ma and 149. 147. 1Ma on the "*"Re versus ' Os correlation diagram, respectively. The
results suggest that the timing of W-Sn mineralization and granite crystallization are limited to Upper
Jurassic, which is corresponding to the time of the second largescale mineralization regionally in the
Mesozoic. In addition, there not exists an apparent time difference between W-Sn mineralization and
granite crystallization.

Key words: Tianmenshan-Hongtaoling orefield; zircon SHRIMP dating; molybdenite Re-Os isotopic

dating; tungsten deposits in the southern Jiangxi Province
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