1000 - 0569 /2018 /034( 12) -3479 -96 Acta Petrologica Sinica

LA - ( MC) -ICPMS ( Nano) SIMS

123 12 12 4 12 123 12

FAN HongRui' * * LI XingHui' > ZUO YaBin' > CHEN Lei* LIU Shang' * HU FangFang' * ° and FENG Kai' >

1 100029

2 100049

3 100029

4 100029

1. Key Laboratory of Mineral Resources Institute of Geology and Geophysics Chinese Academy of Sciences Beijing 100029 China

2. College of Earth and Planetary Sciences University of Chinese Academy of Sciences Beijing 100049 China

3. Institutions of Earth Science Chinese Academy of Sciences Beijing 100029 China

4. State Key Laboratory of Lithospheric Evolution Institute of Geology and Geophysics Chinese Academy of Sciences Beijing 100029 China
2018-02-05 20180740

Fan HR Li XH Zuo YB Chen L Liu S Hu FF and Feng K. 2018. In -situ LA - ( MC) - ICPMS and ( Nano) SIMS
trace elements and sulfur isotope analyses on sulfides and application to confine metallogenic process of ore deposit. Acta
Petrologica Sinica 34(12) :3479 —3496

Abstract In-situ micro-analyses on sulfides currently include LAdCPMS spot analysis LA-ICPMS and ( Nano) SIMS mapping of
trace elements in-situ sulfur isotope spot analysis and mapping by SIMS NanoSIMS as well as LA-MCHCPMS. Those analytical
methods can effectively obtain the contents and abundance maps of trace elements sulfur isotopic ratios and distribution in sulfides at
different stages which combined with time—resolved spectra data and analysis of trace element correlations have significant implications
on the research of fine metallogenic process. The analytical results are essential for the understanding of the behavior and occurrence of
metallogenic elements element substitution source of oredorming fluids and sulfur chemical banding of ore mineral and genetic
model of ore deposit. During in-situ trace elemental and isotopic analyses on sulfides by LAACPMS LA-MCHCPMS SIMS and
NanoSIMS it is necessary to reduce the systematic error of instrument and analytical method and overcome the potential matrix effect
and isotope fractionation.
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1 ( Large et al. 2009)
Table 1  Instrumental parameters of laser ablation inductively coupled plasma mass spectrometry in the Centre for Ore Deposit and

Earth Sciences ( CODES)  Australia ( after Large et al. 2009)
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2 (20)
Table 2 Experimental precision and accuracy of in-situ sulfur isotopic analysis on sulfide ( 20)
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LA-CPMS
( Au )
Au Au
Au o LA-CPMS
2 (Nd 2 YAG) ( time—resolved)
( Excimer laser) ( Gilbert et
al. 2014) Au .
2.7)/em?
Fig.2 Matrix effects measured with the 193nm Nd : YAG
2.1
('solid state) and excimer lasers ( after Gilbert et al. 2014)
All minerals were ablated with 2. 7J/cm? fluency (1
(2)
3a) o S i2g Mgyig ( <0. 1pm Fe-As-Sh-Pb-
( 3b). Ni-Au-S) 1 (3) ( Thomas et
10V . al. 2011) , “ oo« 7
3 (a) *S/¥S s (b) ( Craddock et al. 2008)

3a :2S; 38 ;s 0,*
Fig. 3 Peak shapes for S-sotopes at masses 32 ( diamond) 33 ( square) and 34 ( triangle) (a) and variability of measured **S/
S isotope ratio as a function of S signal intensity ( b) ( after Craddock et al. 2008)
In Fig. 3a: significant interferences from O, * occur on all sulfur masses ( light-gray bar) and must be removed using sufficient mass resolution to

enable detection of S-isotopes on the interferencefree plateau at lower mass ( dark-gray bar)
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4 Giant Sukhoi Log -
LA-CPMS
( Large et al. 2007)
Fig. 4 LA-HCPMS output for analyses of pyrite cores in the
bedding—parallel pyrite-quartz veinlets in the Giant Sukhoi
Log deposit Russia ( after Large et al. 2007)

(1)
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5 Bendigo LA-CP-MS ( Large et al. 2009)
Pyl Py2 Au.Ag.As.Bi.Te.Cu.PbMo.V.Zn ; Py3 Au.As; Py2  Py3 Ti.V

Fig. 5 LA-CPMS images of trace elements in Bendigo pyrite Australia ( after Large et al. 2009)
The Pyl core is enriched in Au As Ag Pb Bi Te Mo V and Zn compared with the surrounding Py2 zone. The outermost euhedral Py3 zone has

a rim enriched in Au and As. Note Ti and V are concentrated in a narrow zone of rutile inclusions developed between Py2 and Py3
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Prado
LA-HCPMS o Au.Mn.Ag.Cu
N o ( Thomas et al. 2011) ;
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6 West Banshee NanoSIMS ( Barker et al. 2009)
Au (a) As (b)  *S/*2S (¢ ((d) AusAs  3S/%S (a){c)
Fig. 6 NanoSIMS maps of ore-stage pyrite from the West Banshee deposit Nevada ( after Barker et al.  2009)

Distributions of gold (a) arsenic (b) and sulfur isotope ratios ( *S/32S) (¢); (d) relative intensity profiles of Au As and *S/*?S along lines in
maps shown in (a) to ( ¢c)

( >300C); Py V Au Sb)** AsS T 4Fe?t 487
Py IV As  Au
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° AsS*™ ST Au”
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( HS) Au( HS) , " ( Fleet and Mumin 1997) .
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o Cook and Chryssoulis ( 1990)
As Au  As Chang et al. (2008) -
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Fe’* S, > + As " +(Fe As Au Sb)** =(Fe As ( Chang et al.
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8 Bracemac-McLeod VMS ( Genna and Gaboury 2015)
(a) Tlvs. As; (b) Sbvs. As; (c¢) Sevs. As; (d) Tlvs. Se; (e) Se/Tlvs. As; (f) Ni/Co vs. Tl
Fig. 8 Discrimination binary diagrams of the different pyrite types identified in the Bracemac-McLeod mine ( after Genna and

Gaboury 2015)
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9 NanoSIMS
(a) ; (b) NanoSIMS (¢) (d) i(¢)  (d) NanoSIMS BAsTS YA

Fig. 9 NanoSIMS maps of ore-stage pyrite from the Zhuangzi gold deposit Jiaodong

(a) back=scattered electron images; (b) variation of counting signals for > As**S 7 Au  and ® Cu**$S by NanoSIMS mapping along lines in maps
(¢) and (d); (c) and (d) 7 As**S and '7 Au variations revealed by NanoSIMS maps of the pyrite

(10, 11). DAY S A0 (AYS =8754000 x (1 +87S/
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8"S 6°S=1.9 x8"s. Farquhar et al. (2000) S0%- A¥S
25 MDF( Xue et al.
57S.86°S  §"S 2013) .
8”Svs. 8%S  §°Svs. &S A®S
( Mass ( Farquhar et al.

independent fractionation MIF) . MIF 2000 2010; Whitehouse 2013)
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(a) ; (b) LA-MCACPMS
Py  Pya
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Zhu et al. 2016)

Pyd

Fig. 10  Sulfur isotope maps of different types of pyrite in Chengmenshan Cu deposit ( after Zhu et al. 2016)

(a) reflectedight image of mapped area and ( b) LA-MCHCP-MS S isotope map. The vein appearing bright on both the image and the map is Py

whereas the darker areas are the matrix dominated by siderite and magnetite but also containing interstitial Py-e and Py-a

1 (
Zhu et al. 2016)
(a) 10 1 (b)

Fig. 11  Comparison of S-sotope data from mapping and
spot analysis ( after Zhu et al. 2016)

(a) statistic results of mapping analysis in the Fig. 10; ('b) spot
analysis results. There is no systematic drift between the statistical
results from the two methods

N ( Bekker et al.  2009; Fiorentini et al.
2012; LaFlamme et al. 2018) . Agnew—Wiluna
Norseman-Wiluna Fe-Ni
A*S  §"Fe 0
MIF
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) . A¥S
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6%)
MIF. Xue et al. (2013)
SHRIMP SI Eastern Goldfields
('St Ives Wallaby)

Bellerophon. Victory ~ Leonera

( 325\33 S\MS)

MIF
MDF MIF.

( Xue et al. 2013) .

(1) LAACPMS
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