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Application of Zn isotopes to study of mineral deposits: A review

WANG Yue and ZHU XiangKun
(Institute of Geology, CAGS, Laboratory of Isotope Geology, MILR, Beijing 100037, China)

Abstract

This paper reports Zn isotope compositions of sphalerites and associated pyrites from the Xingiao and the
Fenghuangshan skarn type sulfide deposits in Anhui Province. Sphalerite pyrite fractionation factor is also dis-
cussed. Basic distribution of Zn isotope composition in different reservoirs and different types of deposits is sys-
tematically summarized in this paper. Based on results obtained by previous researches, this paper deals systema-
tically with the application of Zn isotope system to the study of ore deposits. It is found that Zn isotope can be
used to trace the fluid evolution and the variation of source area. During the fluid evolution in a hydrothermal
fluid system, the fluid became enriched in heavier Zn isotope with the precipitation of minerals. Zn isotope com-
position of late stage minerals is heavier than that of early stage minerals. During the leaching of the same source
area, the source area was gradually depleted in heavy Zn isotope with the preferential leaching of heavy Zn iso-
tope by hydrothermal fluids, ‘resulting in the more depletion of the heavy isotope in the late fluid than in the ear-
ly fluid.

Key words: geochemistry, Zn isotopes, mineral pair, fluid evolution, source variation, Tongling ore district

+2
* 2007CB411408 J0702
1984 Email wyivy@yahoo. com. cn
* % 1961 Email xiangkun(@cags. net. cn

2009-12-11 2010-03-24


Absent Image
File: 0


844 2010
- 1
3%Zn=%Zn %Zn 67Zn ¥7Zn -1
X1 000
3%¥Zn=%7Zn “Zn 8Zn ¥Zn -1
5 %47n 48.63% X1 000
7n 27.90% %Zn 4.10% %Zn 18.75% ""Zn A7n, 5 =8%7Zn,-8Zny,
0.62% Rosman et al. 1998  Blix 1957 JMC-0379L
Rosman 1972
1%0 ~2%0 5%7n
= 5.44%0 ~6.93%0 0.51%0
MC-ICP-MS n =827 §%Zn
5 %Zn
Marechal 2.49%o
1999 —0.91%o
0:39%0 £ 0.55%0
0.56%0  0.34%0 1
Luck et al.
2005 2006 Moynier et al. 2006 2007 Herzog et
al. 2009 Maréchal et al. 1999 Mason et al.
2005 Wilkinson et al. 2005 John et al. 2008 1.1
Bermin et al. 2006 Vance et al. 2006 Weiss et Luck
al. 2007 Maréchal et al. 1999 Maréchal 2005 2006
2000 Zhu et al. 2002 Weiss et al. 2007
3%Zn 0.19%0 ~ 0.49%0
3%Zn ~1.30%0 ~0.74%o 3%Zn
=0.59%0 ~2.20% Moynier 2007
HCOS
5 % Zn
=0.20%0 ~ 0.26%0 5 % 7Zn
0.38%0~ 1.11%o Luck
5 %Zn
0.19%0 ~0.49%o 0.35%0 £ 0.20%0
5 % Zn = 1.30%0 ~
Albarede et al. 2004 Mason et al. 2005  0.74%o 0+0.92%o0 3%Zn

Wilkinson et'al. 2005 John et al. 2008

—0.50%0~2.20%0 0.64%o0 £ 2.00%o

2

1988

5% 7Zn



29

845

(113,14 OO0 O [0 O O m| O TR ThEsn
OO O ESPM
[1.7] = = EERRY
[1] = {gESPM
|
[12] HiEsmiL A Xy
[4.7.8,9.10.11] QO W OO DO O OO OHK
[4] ¢ EE
[1.34] K X e
[2,3,5.6] 10 O ke
[1]
-1 -0.5 0 0.5 1.0 1.5
s %Z“.TMC—L/ Yo
1
Fig. 1 Zn isotope compositions of terrestrial and oceanic materials
Data sources 1 Maréchal 2000 2 Herzog etal 2009 3 Bentahilaetal. 2008 4 Weissetal. 2007 5 Toutain et al.
2008 6 Veirsetal. 2007 7 Marechal et al. 1999 8 Albarede et al. 2004 9 Mason et al. 2005 . 10 Wilkinson et al. 2005
11 Johnetal. 2008 12 Pichatetal. 2003 13 Cloquet etal. 2006 14 Mattielli et al. 2009 15 Chapman etal. 2006 16
Jiang et al. 2001
0.25%0" Chapman 2006
- (0.35+0.20%, Luck et al., BCR-1 5 % 7Zn
BB R B R m 2005; Moynier etL;., 30?)7) .
0.29%0 . Toutain 2008
BCR-1 5 % 7Zn
(0.00£0.92%, Luck et al.,
|:|‘ " IO o 43 2005: Moynier etua(i., 30‘37) 0.26%0 2008
B BRI CAGSR-1 5 %Zn
0.48%0 Herzog 2009  Piton des Neiges Pele’ s
gmr A A A AA A tears BHVO-2 BCR-
0.64+£2.00%, Luck et al.,
5005; Moynier etl;(, 30%7) 2 BIR-2 ) 66 Zn
| . . ; 0.22%0"’0.40%0
-1 P 1 2 86621’1 0.22%0~0.48%0
8 Znyye, /Y%
0.32%0 +0.16%0 1 1
2
Fig. 2 Zn isotope compositions of meteorites
1.3
0.35%0 +0.20%o0
0.35%0 £0.20%0 Maréchal
1.2 1999
Marechal 2000 Reunion 5 % 7n 0.17%0 ~
5%Zn  0.25% Ben 2003 0.32%0 0.24%0 +0.14%0
8 66 Zl’l 0 . 2%0 -
0.3%0 Ben 2006 MORB Viers 2007
3 MORB 5 % Zn



846 2010
1
Table 1 Zn isotope compositions of basalts
o %an MC-L %0
RUE 928-27 Reunion 0.25 Marechal 2000
— — 0.25 Ben et al. 20067
Piton des neiges Reunion 0.34 Herzog et al. 2009
Pele’ s tears Nyiragongo 0.37 Herzog et al. 2009
Pele’ s tears Nyiragongo 0.22 Herzog et al. 2009
BHVO-2 — 0.30 Herzog et al.  2009%
BCR-2 — 0.41 Herzog et al.  2009?
BIR-2 — 0.40 Herzog et al.  2009?
BCR-1 —_ 0.28 Chapman et al. 2006 Toutain et-al. 2008%
CAGSR-1 — 0.48 2008
@ @ USGS BHVO-2 BCR-1 BCR2 BIR2 @
GBWO07105 CAGSR-1
3%Zn  0.41%o 5 %7Zn HCl
0.47%0 Bentahila 2008 Zn
) 06 Zn 0.55%0 £0.05%0 Toutain 2006
2008 Merapi
S %7n 0.24%0 £ 0.02%0 H,O  Millipore 18.2 MQ HCI
0.34%0 £ 0.26%0 HNO;
Zn
0.31%o JMC- Nu Plasma HR
0379L MC-1CP-MS
2 2008
0.1 mol L HCI
2.1 DSN-100
200x10° 10%
1% HCI 5 min
Belshaw Unix
20 s
Zn
JMC-Lyon Zn
3
7n
3 2 3 08XQ-4
08XQ-4 5 %7Zn 0.05%0 = 0.19%0
08FHS2 5 % Zn 0..08%o
0.08%o 5 % Zn = 0.15%o
Teflon —0.39%o VAN LY/
Milli-Q 1 0.23%0  0.47%o

mL 5 mol L HNO;



29 5 847
2 -
Table 2 Zn isotope compositions of pyrite-sphalerite B8y OO RET BRI R(EX)
mineral pairs .
BHy ! L2208 REBALF R )
8 ﬁhZI’l %() 8 GGZH %r)
08XQ-4 -0.19 0.05
O8FHS-1 015 008 REERE OO A5 /R VIMST K
08FHS-2 -0.39 0.08 #iFAT © (Mason et al., 2005)
-0.24 0.07
67n 0.11 MNEAE OO O 00 aom
HRg O O HARKERAREER
(John et al., 2008)
-1 g 0 03 T 1.5
67n “Zn a . 1.0002 8 “Znyye, /%0
1.0005
3
Fig. 3 Comparison of Zn isotope compositions between
different sulfides
M 2005 Joh 2008 0.24%0*+0.35%0 Snoke 2008
ason ohn SEDEX
M 5%7n 0.02%o
2005 [ VHal:erl ~0.16%0 0.09% = 0.10% Snoke
crandrnsa 2008 . Kipushi’  Calamine
2 557 o
0 430 0 420/ " i 0 . 03000 T 0 . 28000 0 . 07000 - 0 . 37000
o5 oo s 667 0:11% +0.16%  0.22% +0.30% Wilkin-
0 1(;)0/ 250, " son. 2005 Midlands VMS
o 5667 0 007(y 5 % 7Zn
008 no e ~0.17% ~ 1.33% 0.21% + 0.66%o
John Mason 2005 Alexandrinka
VHMS
0.08%o 3 %Zn 6
0%Zn  —0.027%0
0.17%0
5 %7Zn
0.09%0~0.37%o 0.23%0 £0.22%0
Snoke et al. 2008 Weiss et al. 2007  Chapman
2006 BCR-027
66 0 0,
2.2 0 ®7Zn 0.33%0 £ 0.07%0
Maréchal 1999 Gorno  Raibl 2s n=8
2
S %0 Zn 0.02%  0.44%o 3
2001 2 5 %Zn 0.05%o
S % 7n 0.20%0 0.08%0  0.08%o 2
0.21%0 Albarede 2004 Cevennes
MVT
5 %07Zn 0.01%0 ~0.54%0 MVT VMS



848 2010
30 Mason 2005 Alexandrinka
B mREmGR) VHMS
s |- H a%yK
M vms 8 66Zl’l - O . 43000 -
" B mvr 0.239
i B SEDEX +237%0
<< W FEYR 6
§ 15| Calamine & 5%7Zn
Kipushi B4 ) 66Zn —=0.027%0~0.231%0 7
10 |- B Hitxs 2.4
5=
John 2008 EPR
0 I I | | |rn T T T T T p]]]]! T T T T T T TAG
-0.2 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
570, ../% SNEBCWE W%-i’i’é R
''''''''''''''''''''''''''''' . e e gpmEx
4 o W1k
Fig. 4 Distribution of & GGZn values of sphalerites ..................................................................... Bﬁ%ﬁ
s .
from different types of ore deposits ¢ a—— T
Other data sources ~ Maréchal et al. 1999 Mason —_8__
o . b T TN i
etal. 2005 Wilkinson et al. 2005 Albaréde et al. 2004 Sonke P N
ctal. 2008 Weissetal. 2007 Chapmanetal. 2006 | - — *‘_Jf WTW“% ................
Jiang et al. 2001 —.—. ~aicy BEREAMARK

SEDEX  Kipushi Calamine
0.17%0 £ 0.40%0 BCR-027
VMS
3%Zn  —0.17%0~1.33%o 1.33%o
4
2.3 VMS
Wilkinson 2005
19
CW
- 5 %7Zn = 1.33%0
5%7Zn —0.17%0 ~0.64%o 0.15%0 +
0.19%0
5

04 -02 0.0 0.2 04 0.6 08 1.0 12 1.4 1.6
é OGZHIMC,L/%O

5 Midlands VMS
Wilkinson et al. 2005
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