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“Ar-*’Ar phlogopite dating of stratified ore body and muscovite dating
of greisens from Xinshan granite intrusion of Kafang tin-copper
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Abstract

The skarn type and hydrothermal vein type tin copper deposits in the Gejiu polymetallic tin copper ore dis-
trict, formed in late Cretaceous, are referred to as the magmatic hydrothermal genesis. The stratified ore body,
closely related to meta-basalt, has not been given accurate age, so there still exists controversy about its genesis.
This paper presents new **Ar-*Ar phlogopite age for the stratified ore body and muscovite age for the greisens
from the contact zone of Xinshan granite intrusion in the Kafang tin-copper deposit so as to constrain the timing

and duration of mineralization and the timing of the magmatic thermal activity after the formation of Xinshan
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granite body. Phlogopite and muscovite yielded * Ar-*? Ar plateau ages of (79.55 +0.47) Ma and (79.53
0.57) Ma, isochronal ages of (79.8 +1.3) Ma and (79.7+1.0) Ma, and inverse isochronal ages of (79.7 *
2.0) Ma and (79.61+0.75) Ma. In combination with studies of mineral paragenesis and fluid inclusions, the

authors have concluded that the **Ar-** Ar system in phlogopite is closely related to ore deposition, and constrains

the formation of the stratified ore body at (79.55+0.47) Ma. The ** Ar-*Ar system in muscovite constrains the

activity of the magmatic hydrothermal solution at (79.53 +0.57) Ma after the formation of Xinshan granite in-

trusion. These results are coincident with the data of the Gejiu polymetallic tin-copper deposits, and hence the

above tin-copper deposits belong to the same structure-magma-fluid system.

Key words: geochemistry, “°Ar-*Ar age, phlogopite, muscovite, stratified ore body, Xinshan granite in-

trusion, Kafang copper deposit, Gejiu
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Fig. 1 Geological sketch map of Gejiu area showing the distribution of polymetallic tin deposits
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Fig. 2 Geological map of the Kafang orefield (modified after No. 308 Geological Party, 1984)
1—Quaternary: 2—~9: Gejiu Formation: 2—Medium-thick stratified dolomite: 3— Thin-medium interbedded calcite dolomite and limestones 4—
Medium-thick stratified limestone: 5—Thin-thick interbedded calcite dolomite and limestone: 6~ Interbedded limestone and argillaceous limestones
7— Interbedded calcite dolomite and limestone; 8—Limestone and argillaceous dolostone: 9—Yongningzhen Formation: green argillaceous limestone
and limestones 10— Feixianguan Formation: purplish red sandy shale and mudstone: 11— Longtan Formation: yellow-green sandy shale: 12— Yan-
shannian fine-medium grained biotite granite; 13— Skarn; 14— Basaltic lava; 15—Dome: 16— Anticline axis: 17— Syncline axis: 18—Compresso-
shear fault: 19— Tension-shear {ault: 20— Unknown faults 21—Stratigraphic boundary: 22— Attitude of rocks
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Fig. 4 Relationship between basalt wall rock and structure
a. Mineralized basalt b. Stratified ore body between basalt and marble c¢. Extended veinlet from stratified ore body to marble d. Mineralized quartz.

tourmaline vein in basalt e. Mineralized phlogopite vein in basalt f. Chalcopyrite vein filling cracks in basalt g. Mineralized calcitepyrrhotite vein

cutting amygdaloidal basalt h. Mineralized actinolite vein in basalt i. Fault controlling ore body in basalt
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Fig. 5 Sampling positions: hand specimens and microscopic photos
a. Stratified ore body between meta-basalt and marble: b, Sample of phlogopites ¢ d. Mineral association of phlolgopite.

chaleopyrite and pyrrhotites e. Greisens from Xinshan granite body: f. Sample of muscovite
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91.75% 6a 79.8
4 +1.3 Ma  6b WAr ®Ar 288 +22
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DAL P Ar 1 11
12 850~
1400°C 295.5+5
6a OAr
A+ Ar OAr 6b 6c¢
6d
OAr 30Ar39Ar Ay 2008 2010
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Dalrymple 1971 3
FAr - 50% 850 ~950C
1 ¥ Ar
850C ¥ Ar 4.15% 16.84 %
1997 ¥ Ar
1997 6 900 ~ 2009 6
1150C 79.55+0.47 Ma 26 F¥Ar 1000~ 1250C 79.53+0.57 Ma 26
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Table 1 Ar-Ar data for phlogopite and muscovite

0T t Ma TAge ¥ArCum % ¥Ar mols OAr PAr BAr ¥Ar SAr ¥Ar BAr ¥Ar o YAt FAr
ZKF08-29  ]=0.005160
1 850 8.15 2.31 4.15 3.19E-14 16.06759 0.10981 5.24689 0.05281 0.87791
2 900 79.9 0.46 29.59 1.96E-13 10. 58597 0.03028 0.28466 0.00618 8.7757
3 950 79.66 0.55 50.35 1.60E-13 9.86881 0.03086 0.13494 0.00381 8.74893
4 1000 79.04 0.42 65.99 1.20E-13 10.74456 0.02778 0.18982 0.00702 8.67937
5 1050 79.67 1.35 75.47 7.29E-14 12.11057 0.02716 0.29466 0.01143 8.75009
6 1100 79.93 0.61 84.88 7.24E-14 11.59636 0.02449 0.21841 0.00957 8.77972
7 1150 78.65 1.82 95.90 6.08E-14 11.4485 0.02748 0.24743 0.00957 8.63589
8 1200 59.03 1.33 95.91 2.40E-14 13.68498 0.03114 0.75199 0.02469 6.44554
9 1250 47.07 2.48 96.94 8.04E-15 16.6384 0.01192 1.81698 0.03946 5.12325
10 1300 63.6 1.87 97.90 7.37E-15 12.9381 0.01193 1.97129 0.02079 6.95396
11 1400 28.24 1.95 100.00 1.61E-14 13.96204 0.0153 1.04359 0.03717 3.05703
ZKF08-49 ]=0.005163
1 850 3.13 1.52 1.03 1.89E-14 13.97454 0.07965 3.45352 0.04707 0.33667
2 900 16.2 0.76 4.00 5.41E-14 9.25817 0.08417 4.13742 0.02653 1.74759
3 950 63.64 1.57 16.84 2.34E-13 9.61882 0.03656 1.27407 0.00936 6.9538
4 1000 79.93 0.84 35.33 3.37E-13 9.36135 0.0309 1.24109 0.00232 8.7739
5 1050 79.22 0.95 67.64 5.89E-13 9.18746 0.01565 0.18636 0.0017 8.69458
6 1100 79.7 1.36 82.06 2.63E-13 9.34961 0.01487 0.15504 0.00206 8.74843
7 1150 79.66 0.79 89.35 1.33E-13 9.22103 0.01476 0.04053 0.0016 8.7441
8 1200 79.11 1.22 95.59 1.14E-13 10.17844 0.01343 0.2562 0.00511 8.68261
9 1250 79.06 1.38 97.97 4.34E-14 10. 60815 0.01654 0.37399 0.00662 8.67627
10 1300 57.16 2.25 99.16 2. 18E-14 13.46249 0.02009 1.3858 0.02483 6.2352
11 1350 21.26 2.74 99.77 1.11E-14 16.82374 0.02797 2.57898 0.04985 2.29544
12 1400 41.93 3.33 100.00 4.17E-15 31.58045 0.01845 6.06967 0.09314 4.5545




31 6 OAr-YAr 1159
160
L a. ZKF08-29 3000 M 7 F08-29 - 0.00101 ¢. ZKF08-29
1203 B 2807 QLT TR 26001 | 2E7 QLR 7 L 2B IR
2200 | 0.0008- -
- ’ ] ~
e = - e = . AN
= i L e i -
= & 1800 | ” £0.0006 -
A #=(79.5510.47)Ma T 1400k /’ B L
(20 A& IR 0.5%) : o F=(79.8¥1.3)Ma 0.0004] FH=(79.7£2.0)Ma
MSWD=2.2 {f #=0.055 1000 o7 HIEHYAU Ar=288122 WIE AT/ Ar=291£27 ~
91.75% AR i & L MSWD=7.4 r MSWD=5.7 N
0 . . . . oot 0.0002 L ! ! '
00 02 04 06 08 1.0 40 80 120 160 200 240 280 0.078 0.086  0.094  0.102
Cumulative *Ar Fraction SAr/* At PAr/ Ar
160 ~ 0.0008
d. ZKF08-49 65001 o ZKF08-49 . f. ZKF08-49
Lyol iBET4Z19 QLI2E D) 55001 K 4E9 QL12EED L7 000061 Te_ R 4FI9 GE12IRHY)
L o’ L S
B g 4500 ’, ;sE o\\\
§ 80 —L ; 3500 k :3 0.0004 |-
FE AT 4=(79.53+0.57)Ma T as00k - i N
40 (20 A EHT-75:0.5%) Jo7 ATRi=(79.7£1.0)Ma 0.0002 |- T #4=(79.61£0.75)Ma g
MSWD=2.2 # %=0.055 1500} P VI Ar/*Ar=278+47 | MR AT/ PAr=282420 s
81.13% Arkt U & MSWD=2.4 MSWD=1.9
0 . . . . 500 ' . . 0.0000 ' L
00 02 04 06 08 1.0 0 200 400 600 800 0.090 0.098 0.106  0.114
Cumulative ®Ar Fraction PAr/ AT SAr/ AT
6 4(]Ar_39Ar
Fig. 6 “Ar-*Ar spectrum isochronal and inverse isochronal age diagram of phlolgopite and muscovite
¥ Ar 81.13% 6d WAr*
79.7+1.0 Ma  6e WAy °Ar 278 + 2007
47 MSWD=2.4 79.61 £0.75
Ma  6f WAr OAr  282+20 MSWD=
1.9
295.5%+5 _
Ar
245.7 ~
Hanson et al. 1975 452.0C 350~450C 2012
1997 A Ar 400 ~480C  Dodson
1973 Giletti et al. 1977
79 Ma WA Ar
Yuan et al. 2007
LA-ICP-MS U-Pb
5 83.1+0.42 Ma Cheng et al. 2010
4(]Ar_39Ar
5.1
(¢
40Ar_3)Ar

Selby et al. 2002

79.55



1160 2012

Ma 79.53 Ma Lehmann 1990 1995
2008a 2008b 2009
79 ~83 Ma
2010
85~76 Ma

79.6 Ma

79.5 Ma

1997 2004
2004 2005 2006 1999 2000 2007
2008 2008 2008 - - - -
2010 - -
95~76 Ma 2008
85~176
5.2 Ma
Cu - -
1984 1992 1995
1996 1997 1998 2004 6
2007 2008 2009
2009 1 Cu
2010 2012
2
79.55 Ma
79.53 Ma
3
2012 _ _

2008



31 6 40A1‘*39A1’ 1161
. 28 75-82.
References
. 2007. U-Pb
. 2004. - J. 23 967-976.
J. 232 5762, - 2008.
9005, . 60 1 21-33.
J. 79 262-268. - 1995. I
2006 14 4 319-832.
SHRIMP  U-Pb J. 52 - 2008.
409-414. ] 82 11 1455-1467.
. 1995. - 1985. J.
M 433 4 154-163.
. 1992. . 11 362-368.
. 2008a. ; U-Pb - 2006a.
J. 82 11 1478-1493. J 411 122-132.
. 2008b.
LAICP-MS  U-Pb - 2006b. I
J. 356 1082-1093. 8 1 30-39.
. 2009. . 1997, “Ar-PAr M .
U-Pb ] . . 54-65.
28 3 297-312. . 2006.
. 2010. Ar-Ar J 35 2 133
W-Sn IR 140,
26 3 809-818. . 2008.
. 1981. ] A ] 33
171 32-34. 6 743-754.
. 1991. ] . 2004.
271 19-20. . 78 132-138.
. 2006a. . 2009. ] .
. 242 70-72. 1 30-31.
. 2006b.
I 36 3 . 2008. 40 7L AL
326-335. J. 24 8 1917-1927.
. 2009. . 2009.
J . OAL AL I 1
61 2 104-109. 29 21-24.
. 1985. ] 4 4 . 2008.
327-352. Re-Os ] 24
. 1998. J. 8 1937-1944.
222 148-155. . 2009.
. 2008. WA Ar
J. 82 873-879. J. 28 3 336-344.
. 2008. Re-Os . 2010.
J. 82 11 1565-1571. J 26 3 830-
. 2007. : - 844.
- J 21 4 308 . 1984.
395-403. M . . 10-220.
. 1999. Rb- . 2010. -
Sr ] 152 5 Ar-Ar J 26
8. 3 797-808.
. 2000. . 2003.



1162

2012

] 31 3 70-75.

. 2007.

27 34 335-
341.

. 2012. -

166-182.
. 2004. ]
31 3 20-22.
. 1997.
J. 16 222-232.

. 2007. -
079N 7.
. 1997.
J. 6 2
. 1989.
] 4 263-264.
. 1997.
309-349.
. 1998.
] 8 18
. 1999.
] 9 5 419-

23 10 2513-2518.

82-87.

] 16 4

158-168.

422.
. 1990.
] 66-75.
. 1991.

I 62 11-16.

. 1996. M .
. 1-183.

Cheng Y B and Mao ] W. 2010. Age and geochemistry of granites in
Gejiu area  Yunnan province SW China Constraints on their pet-
rogenesis and tectonic setting J . Lithos 120 258-276.

Cheng Y B MaoJ W Rusk B and Yang Z X. 2012. Geology and gene-

SW China J . Ore

sis of Kafang Cu-Sn deposit  Gejiu district

Geology Reviews  in Press .

Dodson M H. 1973. Closure temperature in cooling geochronological and
petrological systems ] . Contrib. Miner. Petrol. 40 259-274.

Giletti B J and Tullis J. 1977. Studies in diffusion Pressure dependence
of Ar diffusion in phlogopite mica J . Earth Planet Sci. Lett. 35
180-183.

Hanson G N SmimonsK R and Bence A E. 1975. “*Ar ¥Ar spectrum
ages for biotite hornblende and muscovite in a contract metamor-
phic zone J . Geochim. Cosmochim. Acta 39 1269-1973.

Lehmann B. 1990. Metallogeny of tin M . Springer-Verlag 211.

Ludwig K R. 2003. ISOPLOT 3.00 A geochronological toolkit for Mi-
crosoft Excel M .. Berkeley Geochronology Center Special Publica-
tion. No.4 170.

Selby D Creaser R A Hart C ] Rombach C S Thompson J] F H
Smith M T Bakke A A and Goldfarb R J. 2002. Absolute timing
of sulfide and gold mineralization A comparison of Re-Os molyb-
denite and Ar-Ar mica methods from the Tintina gold belt Alaska

J . Geology 30 791-794.

Yuan SD Peng] T Shen NP HuRZand Dai T M. 2007. *Ar-¥Ar
isotopic dating of the Xianghualing Sn-polymetallic orefield in south-
ern Hunan China and its geological implications J . Acta Geologica

Sinica 81 2 278-286.





