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Abstract The Guanfang skarn-type tungsten deposit is located in the Bozhushan tungsten polymetallic ore concentration area in
southeastern Yunnan. It is situated at the junction of three major tectonic units of Yangtze block Cathaysia block and Indosinian block.
Scheelite is disseminated in garnet-pyroxene skarns which are generally not in direct contact with intrusive rocks and occur in vein or
lenticular forms in host rocks. The accurate determination of petrogenetic and metallogenic age is of great significance for studying the
petrogenetic and metallogenic geological background genesis and metallogenic prediction of the W-Sn deposit in southeastern Yunnan.
According to the results of electron microprobe analysis the garnets are the series of andradite-almandite solid solution. In-situ LA-SF-
ICP-MS U-Pb dating of the garnet from the Guanfang deposit yielded a lower intercep *Ph/** U age of 101.3 +5.4Ma ( MSWD =
2.0) and 87.6 +2.3Ma( MSWD =1.5) in the Tera-Wasserburg Concordia diagram respectively suggesting that there may be two
stages skarn petrogenetic events in Early Cretaceous and Late Cretaceous in this area. The comprehensive study shows that in-situ Ub
dating of the garnet is feasible to constrain the metallogenic age of skarn-type tungsten deposit. Combined with the Late Yanshanian
petrogenetic and metallogenic events we suggest that ~88Ma is the main oreforming period of W-Sn polymetallic deposits in the area
and the oredorming process is closely related to the contemporaneous granites. ~ 101Ma may be another skarn petrogenetic and
metallogenic event. This new finding and understanding is of great practical significance for regional prospecting deployment.

Key words Guanfang tungsten deposit; Garnet; In situ LA-SFHCP-MS U-Pb; Bozhushan
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Fig. 1 Simplified geological map of southeastern Yunnan Province showing distribution of major tectonic units ( a modified after Li
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2013) and geological sketch map of the Guanfang mining district (b Zhang and Zhang 2011)



(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

Acta Petrologica Sinica

850

2021 37(3)

50

1700—

GF2020-26

1650 | GF2020-27

1600—|

157.71m
157.65m

KT'11
alpD7vaCM 41007

KiaS

1550—

0.41112.57
PD3 1.93

F

100m

1500

1500

¢ %mmﬂ%

NG AIE: ABER

FIZEZLS B — B FOR R HSEALSS—BOR =B K8, Bk
AR R TRIER

KICEACHI KA @l 2RI FHCRD A R RN

WO fii( %)

-Trﬁ%%*( @ ;wmsﬁ%Eemmmﬁ%

\Znfit (%)

s e [ D eaoe | e | 7 e | amnsy | vy bt (o] shgoona
2 A\l
Fig.2  Geological sections along exploration line VI of the Guanfang mining district
( 1997) . - Eu Rb.Th.
La.Nd TaNb.P.Ti
s ( 2010; 2018) »
. ( 1b)
25 x 10*km’ (€21 o .
~260Ma - -
30km 300° ~ 320° (') -(1) (€
20km 2 ~10km 120km’ > N N -
R - 253.38m.
oL ® (') »
( 1997 ) - 108.32m. (3)
2009) . (e . 102. 68m
( 2013) .
( 1b)
) 25° ~53°,
NN F,
2.1 3. 5km
(K29) 160m 340° ~8° 60° ~80°
o €2 ey
( 2) pPp4 €' . Im~5m

http://www.cnki.net



LA-SF4CP-MS U-Pb 851

3
(a) - ((GF202025 Grt 1) ;(b) ( CKI3 Gl);:(e) -
((GF202020 Grtl): (d) ( GF202049 Grt I )i(e) - ( GF202023 Grt
1 )i (f) ( GF202023 Git Il ). Grt— ; Px— ; Act— : Tre— : Sch—

Fig.3 Hand samples and micrographs of typical garnets in the Guanfang deposit

(a) garnet pyroxene skarn( GF202025 Grt ) ; (b) pyroxene skarn band developed in limestone ( Drilling CK13 Grt [ ); ( ¢) W-bearing garnet
pyroxene skarn( GF202020 Grtll); ( d) garnets and pyroxene are closely paragenetic in the skarn( GF202049 Grt [  plane-polarized light) ; ( e)
paragenesis of medium to large particle scheelite with fibrous columnar actinolite ( GF202023 GrtIl plane-polarized light) ; (f) scheelite associated
with tremolite ( GF202023 GrtIl  cross—polarized light) . Grt-garnet; Px-pyroxene; Act-ctinolite; Tre<remolite; Sch-scheelite

o . pPD4
. (G I ( 2
( 3) KT5 4
(KT11) ( 4:(1) : . .
- - (
2.2 R 3d) . (2)
. 11 . . .
10 1 KT1. -
KT3.KT5.KT6.KT9 ( 3e ). (3) - : +
KTI1( 2011 ). + ( . . .
KT5
165m 55° ~66° 60m pPD4 - - — - -
1592 ~1642m 1.34 ~14. 04m -
5.90m N o o (4) - . N N
WO, 0.25% ~0.94% 0.80%; N - - N - N
. . ( 3e f).
( )

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



(O3]

852 Acta Petrologica Sinica 2021 37(3)

LB B
U7

WA EN B I8 Ak e AR B B B AL B BRI E-F A B

AETH

BIER

Gilipa)

TERA

FH 2 A

BEWNA

REA

S el

Hz= 6

w oA
BT

WLk
R
W TR
M

IR

VR
W

of
)

of M

i

JifgA

4
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LA-SF4CP-MS U-Pb
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Fig. 6 Chondrite-normalized REE patterns ( a) and PM-normalized trace elements patterns ( b) of the garnets from the Guanfang

Mining district( normalization values after Sun and McDonough 1989)
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Fig.8 Result of LASSF4CP-MS U-Pb dating of garnet from the Guanfang mining district
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Fig.9 Age spectrum of Late Yanshanian diagenesis and mineralization in southeastern Yunnan
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4 LA-CP-MS U-Pb
Table 4 LA-CP-MS U-Pb dating of the garnets in the Guanfang tungsten deposit
(cps)
Th/U
Ph Th U *7Ph /> Ph lo 27Ph/PU lo 29ph /> U lo
GF202049
01 0.7383 0.1774 0. 0258 6. 8760 0. 9396 0. 0362 1177.6 128. 47 9. 8347 1. 0562
02 5.5523 0. 3811 0. 0988 3.8573 0. 8492 0. 0150 1731. 8 65.574 14. 817 0.5329
04 0.2832 0.7416 2.0916 0. 3546 0. 4795 0. 0490 2.7530 0. 3855 0. 0399 0. 0038
05 1.9727 0.7428 1.2963 0.5730 0. 8522 0. 0540 46.722 4. 8047 0. 4041 0.0381
07 3.5299 0. 7902 1.7034 0. 4639 0. 8615 0. 0256 64.217 4.6815 0. 5486 0.0388
08 4.5508 1. 0496 2.0971 0. 5005 0. 8263 0.0163 66. 320 3. 0633 0. 5807 0. 0257
09 5.3770 0. 2446 0. 0420 5. 8238 0. 8964 0. 0357 5285.3 584. 48 43. 630 4.1200
410 1. 6721 1.2597 2. 6037 0. 4838 0. 7867 0. 0276 18. 445 1. 1999 0.1674 0. 0100
11 0.5179 1. 2436 1. 4523 0. 8563 0. 7899 0. 0426 9. 6537 0. 4639 0. 0944 0. 0043
12 1. 0501 1. 1143 1.5116 0.7372 0. 8081 0. 0597 21. 608 2.9772 0.1979 0. 0245
-3 2.2624 1. 0363 1. 4608 0. 7094 0. 8269 0. 0406 45.250 6. 0870 0. 4004 0. 0535
414 7.5170 0.1112 0.1270 0. 8756 0. 8475 0. 0097 2023.9 96. 346 17.336 0. 8249
416 3. 1893 1.4576 2.1613 0. 6744 0. 8635 0. 0332 48. 346 4. 6341 0.4123 0. 0391
417 4.2041 1. 1278 1. 8990 0. 5939 0. 8426 0. 0249 69. 667 5.9823 0. 5905 0. 0453
-8 0.7194 1. 0633 1.4101 0. 7541 0. 7861 0. 0364 16. 028 1. 9262 0. 1474 0.0164
419 0. 1479 1. 1238 1. 6576 0. 6780 0. 4377 0.0722 1.4914 0. 1931 0. 0303 0. 0022
20 1. 0341 1.7414 1. 6336 1. 0660 0. 7659 0. 0494 17. 006 1. 8523 0. 1635 0.0167
21 0. 4238 1.7524 2.1954 0. 7982 0.7188 0. 0567 4. 9454 0. 4659 0. 0528 0. 0044
51 0. 4650 16. 091 8.8733 1. 8134 0. 6547 0. 0524 3. 9601 0.2516 0. 0480 0. 0024
52 0. 8045 17.450 18. 470 0.9474 0. 6256 0. 0247 3.9020 0.1921 0. 0458 0.0017
53 1.1011 18.954 22.797 0. 8314 0. 6035 0. 0265 4.2363 0.2698 0.0517 0. 0026
4 0.7148 14. 264 10. 780 1.3211 0.7367 0.0378 6. 8501 0. 4501 0. 0700 0. 0043
b5 28. 859 23.370 13.678 1.7087 0. 8508 0. 0087 253.30 13. 440 2. 1561 0.1121
56 1.5334 24.482 19.476 1.2571 0.6748 0. 0287 8.3733 0.5639 0. 0843 0. 0046
58 1.6194 18. 637 15. 697 1. 1873 0. 7706 0. 0354 11. 082 1. 0698 0. 1040 0. 0086
$9 9. 8496 18. 606 16. 384 1. 1357 0. 8262 0.0126 77.024 6.3627 0. 6807 0. 0557
510 0. 3690 15. 847 15.219 1.0413 0.5015 0. 0504 2.1322 0. 2230 0.0324 0. 0025
511 11. 556 23.115 22.213 1. 0406 0. 8564 0. 0159 69. 885 5.3163 0. 5885 0. 0445
512 3.8832 23. 404 18. 150 1. 2895 0. 7958 0. 0224 27.132 1. 8151 0.2452 0.0161
514 0.2112 24.476 14. 462 1. 6925 0. 3870 0.0579 0.9932 0. 1059 0. 0220 0.0016
515 1.3519 33.455 33.765 0. 9908 0. 6641 0.0327 4. 7405 0. 3285 0.0510 0. 0027
-bl16 0. 2706 18. 047 17. 674 1. 0211 0.3144 0. 0429 0. 7405 0. 0662 0.0214 0.0012
GF2020-20
01 0. 5063 12. 150 9. 5820 1. 2680 0. 2560 0.0218 0.7793 0. 0920 0.0191 0. 0009
02 0.3114 11.7124 9.5759 1. 2231 0.0953 0.0104 0.1716 0.0138 0. 0141 0. 0005
03 0.5310 11. 8905 9.7710 1.2169 0. 3022 0. 0180 0. 8156 0. 0508 0.0199 0. 0006
04 1.2143 1.2742 1. 7998 0. 7080 0. 8050 0. 0287 18. 483 0.7793 0.1710 0. 0064
05 0. 2009 0.3313 0. 4572 0.7247 0. 6847 0.1191 5.1103 0.6175 0. 0558 0. 0054
06 0.3651 2.1110 2.9711 0.7105 0. 5602 0. 0397 2.2953 0.1755 0. 0329 0. 0020
08 9.7276 1.4932 2.7113 0. 5507 0. 8682 0.0152 111. 479 4.8328 0. 9303 0. 0356
09 0.6172 9.7533 10. 8883 0. 8958 0.3190 0. 0203 0. 9155 0. 0637 0.0213 0.0010
410 11. 250 12.417 11. 478 1.0818 0. 8378 0. 0092 30.218 0. 5539 0.2618 0.0043
13 0. 8758 4. 4444 4.7391 0.9378 0. 6737 0. 0254 4.7287 0. 2476 0. 0528 0. 0024
14 0.2341 4. 8697 5.2471 0. 9281 0.2213 0.0337 0.4104 0. 0425 0.0153 0. 0007
-5 2.1543 4. 6472 4. 9040 0.9476 0. 6776 0. 0256 12.434 1. 3405 0.1195 0.0110
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4
Continued Table 4

(cps)
Th/U
Ph Th U *7Ph /> Ph lo 27Ph/PU lo 29ph /> U lo
16 0. 6679 3.5849 4.1122 0.8718 0. 5846 0.0334 3.4625 0.2322 0.0439  0.0020
47 5. 6809 3.5936 3.7068 0. 9695 0. 8258 0. 0227 49. 128 5.2626 0.3953  0.0370
18 0.4572 8.5122 5. 8560 1. 4536 0.4219 0. 0289 1. 6427 0. 1800 0. 0265 0.0016
419 0. 3507 13. 030 11.510 1. 1321 0. 1053 0.0113 0.2163 0. 0204 0.0159 0. 0005
20 0. 6259 16. 728 14. 775 1. 1322 0.2484 0.0194 0. 5883 0. 0499 0.0173 0. 0006
21 0.4013 14. 104 12.255 1. 1509 0. 1594 0. 0151 0.3210 0. 0296 0.0152 0. 0005
22 0. 4598 14. 080 13. 001 1. 0829 0. 1755 0.0197 0.4175 0. 0503 0.0172 0. 0008
23 0.3922 16. 446 15.769 1. 0429 0. 1127 0.0110 0. 1908 0.0143 0.0136 0. 0004
24 2.9628 15.298 15. 264 1.0022 0. 6259 0.0168 5.5188 0. 3065 0.0610  0.0028
25 1.2630 13.471 12. 627 1. 0668 0.4321 0.0331 2.3772 0.3399 0.0315 0. 0027
( HFSE) ( REE)
Eu ( 6a),
5
4.3 U-Pb 5.1
LA-SFICP-MS U, .
*®Ph. > Ph**Hg** Pb**Th 40
( 7a 7b) ( 2018) .
U-Pb Re-Os
U U-
Pb o . Grt 11 T-W
GF202020( Grt 1) 25 U-Pb 87.6 +2.3Ma( MSWD =1.5 n=22)
. (2010) 3 LAICPMS U-
22 Pb 86.51 =0.52Ma-87.54 +0.65Ma  87.83 =
( 4. 8) Th 0.3x10™°~16.7x10°° 0. 39Ma; (2018) 7 LAICP-MS U-Pb
8.9x107% U 0.5x107° ~15.8 x107¢ 87.33 ~91. 17Ma
8.3x107° Pb 0.2x107°~11.3 x107° . (2013)
1.9 x10°¢ *"Ph/*®Ph 0.10 ~0.87 *"Ph/™U PD4( 1664m )
0.03 ~43.63 Ph/™U 0.01 ~0.93, Re-Os 91.55
Pb T-W 3.4Ma .
( Yuan et al. 2008; 2012; 2016; Tang et ~ 88Ma . N
al. 2020 2021) TW (> Pb/™ Pb-
U/ Ph ) 87.6 +2.3Ma( MSWD =1.5 n = U-Pb .
22) Grt 11
GF2020-49( Grt 1) 42  UPb . . . (
32 ( 4. 8. Th 3d e)
0.1x107%~1.7x107° 0.9x107% U 0.03 U-Pb .
x107° ~2.6 x107° 1.4x107° Pb 0.2 x KT5
107°~7.5x10°° 2.5%x107% *"Pb/*Ph Grt | W 101.3 +5.4Ma
0.44 ~0.94 *"pPh/™U 0.01 ~0.93 *Ph/™*U (MSWD =2 n=32) ~101Ma
0.03 ~43.63, T-W 101.3 =

5. 4Ma( MSWD =2.0 n=32) , - .
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5.2 W-Sn
( ) 100 ~90Ma(
2008b; Mao et al. 2021) .
N ~90Ma -
W-Sn 77 ~94Ma( Yan
et al. 2006; 2007 2011, 2010;
2012; 2012; Feng et al. 2013; 2013;
2013; 2013 2014; 2014; Xu et al.
2015; Zhang et al. 2016; 2016; 2017,
2018; 2018; 2019;
2019) o (2016)
U-Pb 103.5 +
1.1Ma 95.9 £0.9Ma 117.1 £0.9Ma
80 ~88Ma.90 ~98Ma.100 ~ 118Ma o
T-W 101.3 +5.4Ma.87.6 +
2.3Ma . (9
~101Ma  ~88Ma - ~88Ma
W-Sn
o ~101Ma
W W
6
(1)
(2) U-Pb 101.3 + 5. 4Ma.
87.6 £2.3Ma (Grtl)
(GrtIl) o
(3) ~ 88Ma
W-Sn
; ~101Ma o
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