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Abstract As one of the most important Pb—Zn polymetallic deposit Laochang Lancang Yunnan Province is located on the
southern end of Sanjiang metallogenic belt. Researching on trace elements for sphalerite by LAACPMS and ICP-MS in the deposit it
show that the sphalerite belongs to marmatite formed on medium temperature and be characterized by riching in Fe  Mn Cd In etc.
which are present isomorphously in sphalerite. There are wide variation ranges for Pb Cu Sn Bi and other trace elements which
present as micro-inclusion ( e. g. galena chalcopyrite etc. ) in sphalerite. The character of rich in Fe and Mn is similar to that of VMS
deposit in sphalerite but the anomalous enrichment of In and Cd may imply that there is a particular metallogenic mechanism in the
deposit. Our research show that the trace elements composition of sphalerite is same as that of some Chinese volcanogenic massive
sulfidle PbZn deposits which were overprinted by Himalayan—Yanshanian granite ( e. g Bainiuchang Yunnan Province and
Dabaoshan Guangdong Province) and quite different with that of skarn Pb-Zn deposits ( e. g Hetaoping and Luziyuan Baoshan
Yunnan Province) MVT Pb-Zn deposit ( e. g. Niujiaotang Huize and Mengxing) and Jinding Pb—Zn deposit. Based on the geological
feature of the deposit it is suggested that with the multi-stages opening and closing of Paleo Tethys Ocean it formed a obvious multi—
stages overprint metallization at same place in the deposit. The trace elements composition is characterized by that of volcanogenic
massive sulfide Pb~n deposits and there are no any genetic relationship between Pb-Zn mineralization and concealed Himalayan
granite-porphyry but the sulfide assemblage and their trace elements composition were changed to some extent with the intrusion of the
rock mass (e. g. enrichment of Sn and Sh partly) . Furthermore the contrast of two different analysis method for trace elements in
sphalerite show that LACPMS could provide more accurate results it not only show the exist of different trace elements real-timely
but also avoid the error resulted in by impure sample in ICP-MS analysis.

Key words Sphalerite; Trace elements; Volcanogenic massive sulfide deposit; Overprint; Laochang Pb—~Zn polymetallic deposit;
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Fig. 1 Geological map of the Laochang Pb—Zn polymetallic
deposit ( after Long 2009)
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Fig.2  Cross—section geological map through Laochang deposit
(after Li et al.  1996)
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Fig.3  Textures and structures of Pb-Zn ores in Laochang
polymetallic deposit

(‘a) <enomorphic sphalerite ( Sp) fill in the interstice among
colloform pyrites ( Pyl) and replace galena ( Gn) ( photomicrograph
in reflected light) ; ( b) -colloform pyrites ( Pyl) replaced by cubic
pyrite ( Py2)
replaced by chalcopyrite ( Cp)

colloform pyrites ( Pyl) replaced by sphalerite which
sphalerite and chalcopyrite replaced
by late galena ( Gn) ( photomicrograph in reflected light) ; (c) -
structure of chalcopyrit ‘disease’ in sphalerite ( photomicrograph in

reflected light) ; ( d) -cubic pyrite coexist with tennantite ( Ten)

xenomorphic  sphalerite  replaced by cubic pyrite ( SEM
photomicrograph)
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1 (x10™%)
Table 1  Analytical result of trace elements for sphalerite ( x 10 ~°)
ICP-MS( n =8) LA-CPMS( n =30)
S.D S.D
Fe( wt%) 10.9 9.225 11.87 0.91 13.1 12.2 15.4 0.78
Mn 2621 1715 4152 876 3060 2626 4111 364
Cu 2270 638 4852 1590 267 119 2020 339
Pb 41088 8548 147123 46229 26 0.3 556 101
Zn 550725 497500 607100 33096 - - - -
Ga 41 23 69 19 23 2.3 117 24
Ge 0.57 0.18 1.34 0.4 4. 15 2.11 15.1 2.51
Cd 4166 3465 4634 418 8739 8306 9600 240
In 177 58 299 114 200 66 566 89
Se 1.85 0.27 3.98 0.87
Ag 149 8. 19 522 179 6.79 4.8 10. 1 1.27
As 511 87 910 232 2.66 0.15 36 6.7
Sn 49 7.89 185 60 7.01 2.23 38 6.87
Sh 90 7.78 313 93 1.01 0 4.1 1. 16
Te 9.78 0.27 54 18.4 0.18 0.03 0.49 0.15
Tl 10. 35 1.84 29. 68 9.09 0.37 0. 002 2.57 0.57
Bi 143 0.38 1058 370 0.02 0. 001 0.05 0.01
Mo 1.79 0.09 9.57 3.27 - - - -
Co 0.98 0.15 2.88 1.05 0.9 0.07 4.41 0.96
Ni 1.43 0. 04 5.18 1.61 0.19 0.02 1.66 0.29
In/Ga 6.28 0. 88 12. 4 5.28 21 1.72 99.6 25.12
In/Ge 623 44 1689 629 57 10.6 176 30
Ga/In 0.46 0.08 1. 14 0.46 0. 14 0.01 0.58 0.14
Ge/In 0.01 0 0.02 0.01 0.02 0.01 0.09 0.02
Co/Ni 1.72 0.1 4.74 1.93 11.5 0.18 55 14.5
Zn/Cd 133 119 152 13 - - - -
In/Cd 0. 04 0.01 0.08 0.03 0.02 0.01 0.06 0.01
30ml( 3 ) 1mL HNO, cd Mn.Ga.Ge In ICP-MS
15mL ( .
) o ICP-MS
Qi et al. (2000) o
. ICP-MS
GSR- 5% . (1) Fe
ICP-MS  LA-
ICPMS 10.9+0.91% 13.1£0.78%
3 10% Fe :
(2) cd 3465 x 107 ~
! 4 LA-CPMS 9600 x 10 ~° 7776 x 10~°
ICP-MS ICP-MS ( )
Pb.Cu\Sn.ShAg v ( . )
Bi 8548 x 10 7% ~ 147123 x 10 7°.638 x (
107°~4852 x 10 °.7.89 x 10 ° ~ 185 x 10 °.7.78 x 10 ™* ~ Ye et al.  2011) :
313x107°.8. 19 x10° ~522 x 10™°  0.38 x 10 ~° ~ 1058 x (3) In Ga Ge 58 x
107" LAICPMS 0.30 x10°° ~ 107° ~566 x 10 ~°( 196 x 107° n =38) .2.27 x10°° ~
556 x 107°.119 x 107° ~ 2020 x 107°.2.23 x 10° ~ 38 x 117 x 10 °( 26x107° n=38) 0.18x107°~ 15.1 x
107°.0.001 x107° ~4. 10 x 10 °.4.80 x 10 ™ ~10.1 x 10 ¢, 10 %( 3.39 x10°° n=38) In Ga

0.001 x10°° ~0.05x10 ", LA-ICPMS Fe

( ) VMS
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Fig.4 Histogram of trace elements for sphalerite

( Zinkgruvan.Kaveltorp ~ Marketorp ~ Cook et

al. 2009) n~nx10 2-~3 ( Kuroko
deposit Nishiyama and Takashi 1974)
( Ye et
al. 2011) :
(4) Sn Mn Mn
1715 x 107 ~4152 x 10~° 2968 x 10 °(n =
38) Sn (2.23x107° ~ 185 x10°°

16 x107° n=38);
(5) Pb.Cu Pb  Cu

0.30 x107° ~14.71 x 10 %( 8670 x 10™° n =38)
119 x 10 ™% ~ 4852 x 10 79( 689 x 107° n =38) .

ICP-MS Bi (0.38 x
107° ~1058 x107¢ 143 x10°° n=8) LAICPMS
Bi 0.05 x10°°
Bi N .
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Fig.5 Representative time—resolved depth profiles for sphalerite analysed by LA4CPMS

(a) sample Le49-; ( b) sample Le483
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4.1
Fe.Mn.In.Se.Te In/Ga
Cd.Ga.Ge
In/Ge ( 1984, 1994,
1996) - Fe 10%
Cd In
Ga
o 1 In/Ga
(0.88 ~99.65 17.92 n=38) In/Ge( 11 ~ 1689
176 n =38)
(In/Ga  149.8 ~792.7 In/
Ge 2091 ~ 16923 1996) Zn/Cd 119
~152 133(n =8) Zn/
Cd (100 < Zn/Cd <500 1984) .
Ga/Ge
( Peter 1987) logGaGe-T ( )
196 ~272°C 230°C( £22%C) .

(207

~283C 256°C 1997)
(250 ~350°C) o
4.2
Y Ho
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( Shannon 1976) Y Ho
( Bau and Dulski 1999; Douville ez
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et al. 1997; Bau and Dulski 1999; Douville et al. 1999)

Fig. 6 Y/Ho ratios of stratum rock body and sulfides from
Laochang ore area modern submarine hydrothermal fluids
and seawater

BAB: back-arc basin; MAR: Middle-Atlantic Ridge;
Pacific Ridge ( after Bau et al.

1999)

EPR: East
1997; Bau and Dulski 1999; Douville

et al.
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Table 2 Contrast table of Y/Ho ratios of stratum rock body and sulfides from Laochang ore area

Mean Min Max S.D
c, (n=15) 15 26.36 24.16 29.28 1.51
c,’ (n=38) 8 25.61 24.56 26.57 0. 67
(P (n=23) 23 45.72 30. 83 59.33 9.48 2009
(n=4) 4 38.96 6.83 56. 00 22.51 2009
(n=13) 13 28. 46 27. 65 29.55 0.73 2009
(n=38) 8 29.74 22.60 38.33 5.26
45 67
BAB 25 51 Bau et al. 1997,
MAR 28 51 Bau Elr'ld Dulski  1999;
Douville et al. 1999
EPR 30 45
ICP-MS
- (24.16 ~29.28 o
26. 36) (24.56 ~26.57 25.61) (3) Fe.Mn. Cd.In.Ga
(130.83 ~59.33 FeMn.Cd In.Sn.Pb.Cu
45.72) (6.83 ~56.00 38.96) Bi o Fe  Mn
Y/Ho (27.65 ~29.55 VMS In Cd
28. 46) (PbZn ) (
( ) Co. Fe In. Ga.
Sn Ye et al. 2011) -
: (
Cu.W.Sn.Mo.Sb.Ga )
Mo( Cu) Pb.Zn Fe.In.Ga  Sn (Ye et al.
( 1996) Pb  Zn 2011) . Ga + Ge-Se + Te +In-Ag (7
° Se + Te + In
4.3 o In¥e.In-Sn.Cu + Agdn + Sn
Cd/Fedn/Fe ( 8) InGe.In-Co-Cu-Sn.Fe-Mn.
(n Fe-Cd.Ga-Ge.Fe-Ge  Cd/Fe-Co/Ni ( )
¢« 77 ( )
) ( )
: MVT ( N
(2) Cd In Fe ) (
o Sb—AsPb  Cu- ( MVT Ge Tl
- . - . - ) o
)
VMS  SEDEX ( Sn ) .
Sulitjelma Bleikvassli
Norway; Cook 1996; Cook et al. 1998) .
« »” ( 2011) o
Cu o
Cu  Sn
Cu.Sn.Sb  As Cu  Sn
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