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AssrRAcr

The silver contents of pyrite and chalcopyrite from the Mobrun volcanogenic massive-sulfide deposit near Noranda, Quebec,
were determined using a Cameca IMS-4f ion microprobe, External standards of sulfides implanted with lfrAg were used for
calibration. Secondary-ion yields obtained with Cs+ and Ot plinary-b€am sources were compared; the highest yields_and best
peaUbackground ratio were obtained with Oj and an eneigy offset of 90 V to eliminate mass interference by 7sAs16O, and
75As32S. Minimum det€ction-limits (MDL) of 60 ppbw were routinely obtaine4 and are much lower than the MDL cit6d by
previous invastigators, Silver contents range from 0.1 to 1426 ppmw in pynte and ftom I to 200 ppmw in chalcopyrite. Au/Ag
values range from 0.002 to L.273 npynte and from 0.001 to l.@0 in chalcopyrite. Silver contents of p,rimary pyrite deposited
by synvolcanic hydrothermal fluitls are higher than those of secondary recrystallized pyrite formed during metamorphism and
deformation" indicating that metamorphic recrystallization led to the release of silver from pyrite. The remobilized silver was
deposited subsequently in tectonic veins in secondary chalcopyrite and with gold as electrum.

Keywords: secondary-ion mass sp€ctomet'y, ion microprobe, relative sensitivity factor, pyrite, chalcopyrite, silver, elestrum"
An/Ag values, remobilization, Mobrun, Noranda Quebec.

Sol a.AR,s

Les concenrations d'argent dans la pyrite et la chalcopyrite du glte de sulfures massifs de Mobrun, prbs de Noranda Qudbec,
ont 6t6 determindes avec une microsonde ionique Caneca IMS-4f. Nous avons utilis6, comme dtalons externes, des sulfures
implant6s avec lisotope lmAg. Nous avons d0 6valuer le taux de production des ions secondaires n partir de deux sources du
faisceau d'ions primairas, Cs+ et O{. C'est avec le O} que nous avons r6alis6 le,s flux et les rapports de pics i bruit de fond les
plus 6lev€s, en utilisant un d6calage en 6nergie de 90 v pour 6lininer les interfdrences de masse avec 75As169, e1 75as325, II1
seuil de d6tection minimrrm 6tab[ e 60 ppbw a couramment 6t6 afieint, ce qui est de beaucoup inf6rieur au seuil d'autres
chercheurs. Les concentrations d'argent varient de 0.1 tr 1426 ppmw dans la pyrite, et de t h 200 ppmw dans la chalcopyrite. Les
valeurs Au/Ag varient de 0.002 I 1.273 dans la pyrite, et de 0.001 i 1.0fi) ppmw dans la chalcopyrie. Irs teneurs d'argent dans
ta pydte pimaire, d6pos6e par les fluides synvolcaniques hydrothermaux, sont plus 6lev6es que celles de la pyrite recrystallisde
pendant le m6tamorphisme et la d6formation. Cete observalion fait penser que l'argent a 6t6 lessivd au cou$ de la recristal-
lisation mdtamorphique. Uargent remobilis6 a par la suite 6t6 ddpos€ dans des veines d'origine t€ctonique dans la 

"6u1"on*t"secondaire et sous forme d'alliage de Au-Ag (6lectrum).

Mots-clds: spectrom6trie de masse des ions secondairqs, microsonde ionique, facteur de sensibilit6 relative, pyrite, chalcopyrite,
argent dlectrum, valeurAu/Ag, remobilisation, Mobrun, Noranda, Queb€c.

I Present address: DE)arbnent of Geological Sciences, The University of Manitoba, Winnipeg, Manitoba R3T 21.{2.
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INttoouc"rtoN of silver in sulflde minerals were based mahly on bulk
chemical analysis of ore samples, concentrates atrd

Silver is commonly associated with gold in many minq4l separates (e.9., Fleischer 1955, Hawley &
ore deposits, occurring as silver minerals or in minor Nichol 1961). Whereas these types of bulk analyses are
amounts in sulfides, sulfosalts, native gold and gold important, they ca:rnot provide information on the
minerals. The Au/Ag values in native gold and mineralogicalhostof silver.However,thedevelopment
gold deposits exhibit specific ranges for ffierent types of trace-element microprobe techniques allows the
of deposits. Polymetallic massive-sulfide deposits are accurate determination of precious-metal contents of
characterized by Au/Ag values ranging from 0.006 to I minerals (Cabn L992).
and averaging about 0.025 @oyle 1979). Until recent- Ion-microprobe analysis of sulfide minerals has
ly, the occurence of gold and silver in this type of been used by process mineralogists for the characteri-
deposit was poorly understood. Eady investigations zation of sulfide ores (Chryssoulis et al. L985, 1986,

TABLB 1. E'CERIMENTAL PARAMETtsRS FOR ION-MICROPROBE ANALYSN

GENERALPARAMETBRS

Indtrument

Standardization

Cameca MS-4f ion micrcprobe

extemal (ion implantation)

ION IMPLANTATION

Ion source

Nominal ion energies

Operating ion energiee 1 MeV

Implanted species

Implantation dose

Mineral species

low-presrum krypton dc thcrmal ionization sourog
construat€d at Chalk River laboratories, Canada

3(X) - 2@ keV

ttAg

5E14 ionslom2

pyrito, chalcopyritc

OPERATING CONDITIONS

Beam source 02

himary-ion polsnty positive

Secondary-ionpolarity poritive

Pttnary b€&m currqtt (PBC) 8m - 1200 nA

Impact energy (primary ionr) 5.5 keV (10 keV PAP|, 4.5 keY SAFE)

Samplecharge compensation none

Primary-beem diametor 50 - 60 pm

Crater size approximately 2fl) pm x2-N pm

Analysis diamoter 60 pm

Sooondarydetection mode electron multiplier

Mass interfercna$ loAsoz, loAis

Energy of&et 90 V (125 V energy window)

Minimum deteation limits (Ag) @ ppb

Depth ofanalyzedprofilo 0.3 - 1.3 pm

Dynamic range (pek/background) 3 decades

I Primary Aooelerating Potential
2 Secondary Acoolerating Potential
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1987, Cabri et al. L989,1991, Cbryssoulis 1990, Cabri
& Chryssoulis 1990, Chryssoulis & Cabri 1990,
Marion et al. L991,1992). However, the application of
secondary-ion mass spectrometry (SMS) analysis
of sulfides to geological problems is more recent, and
has been demindsd by studies of sulfur isotopes
@ldridge et al. 1993, McKibben & Eldridge 1989,
1990, Layne et al. L99I) and gold (Arehart et al. L993,
Balften et al. I99l,Peng L992, Larocque et al. L992,
1993b, Neumayr et al. 1993). Our own ion-microprobe
study of gold in sulfides has provided evidence for the
metamorphic remobilization of gold in the Mobrun
volcanogenic massive sulfide (VMS) deposit
(Larocque et a|.1995). The occurrence ofremobilized
gold with silver in electrum in tectonic veins prompted
a study of the silver conients of sulftdes using SIMS
(Larocque et al. L993c).

Ion-microprobe analysis of sulfides for their silver
content has been carried out by previous investigators.
For example, Mclntyre et al. (1984) analyzed galena
and sphalerite using SMS, using energy filtering to
obtain detection limits of 5 ppm for silver in sphalerite.
Chryssoulis et al. (L986) used ion implantation to cali-
brale the ion microprobe for analysis of chalcopyrite,
galena, sphalerile and pyrite. Detection limits of
several ppm were achieved using an O- primary beam
and an energy offset of 50-100 V. Cbryssoulis er al.
(1989) produced calibration curves for silver in spha-
lerite, pyrite and chalcopyrite under O- bombardmenl.
Although ion-microprobe analysis of sulfldes has been
ca:ried out previously, the procedures for analysis of
pyrile and chalcopyrite for silver have not been com-
pletely documented. The purpose of this paper is to
describe the analytical parameters for determination of

silver in pyrite and chalcopyrite, and to present the
results of analyses of these minerals from the Mobrun
VMS deposit, nortlwestern Quebec.

MgmotoLocy

For this study, a Carneca IMS-4f ion microprobe
was used to determine the silver content of pyrite and
chalcopyrite in three ore lenses at the Mobrun mine
(Larocque et al. 1995). ln all, 125 analyses of pyrite in
61 sections and 43 analyses ofchalcopyrite in 29 sec-
tions were carried out. Experimental parameters af,e
summarized in Table 1. External standards of pyrite
and chalcopyrite were implanted with lmAg for cali-
bration. Tmplantation doses of lffiAg were not verified;
however, verification of implantation doses of 197Au
yielded results within 54o of. the expected dose
(Larocque 1993). As the implantation dose is used to
calibrate analysis of unknowns, the accuracy of
analysis is assumed to be t57o. In natural samples, two
isotopes of silver are present in nearly equal propor-
tions (51.83 wt.Vo lffiAg and 48.17 wt.Vo loeAg).
Therefore, below the implanted layer, the background
concenfrations ofthe two species should be about equal
fi.e.,the depth profiles should merge (Frg. 1)1.

Prior to analysis, it was necessary to establish opti-
mum operating conditions. Interfering species
tm(Aso2) (75As16o2) and"^lm1Ass; (5As32s; have
massqs too close to ihat of lffiAg to resolve by operat-
ing in high-mass-resolution mode, as was done for gold
analysis (Larocque et al. 1,995). Therefore, the altema-
tive method of euergy filtering (Shimizu et al. 1978)
was employed to remove isobaric interferences at
masses 107 and 109. Depth profiles were acquired

=
E
CL
CL

CD

Frc. 1. Depth profile tlrough
pyrite standard implanted
with lmAg, using an oj
primary beam and an
energy offset of 90 V.DEPTH (pm)
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TABLB2. SECONDARY COUNTS OF t07Ag WTrH Csa Al{D 02+ BOMBARDMS{T

Inoid€.nt Beam Cg+
(lm nA PBc)

of
(1(m nA PBC)

Bnergy Oftet Peal3 Background Pk/Bg Pef* Backgrcund Pk/Bg

50v

75V

90v

100v

2.0E5

1.58t

L.283

1.083

7,OB,4

1.081

2,28O

2.OBO

2,OV

2.OBL

3.08O

1.oEO

5.582

t.5E

3.3V

L,tw

2,980 1.185

L.582 '.O84

5.5F,2 1.585

5.082 \.LBA

t Prirnary beam ourreat
2 meesured &om the peak of Oo roAg pmfilo in implantat pyrfte
t measured from thE oAg depth profle, below the irnplaated laye,r

using several energy-offsets (50, 75, 90 and 100 9,
using both Cs+ and Oj as primary beam sources oper-
ating at 10 keY acceleration potential. The results are
summarized in Tahle2, Cs+ bombardment is known to
result in high yields of secondary ions for gol4 atrd
bombardment by Cs+ and O- should produce compara-
ble yields of secondary silver ions (Storms et al. 1977).
However, our result$ indicate that the highest intensity
ggd greatest dynamic range (peaUbackground) for
ru/Ag were obtained with Oi bombardment and atr
energy offsetof90V (Fie. 1).

Operating under these conditions with an average
primary-beam current of 1000 nAn we were able to
achieve minimum detection-limits (MDL) for silver of
60 ppbq which is much lower than the MDL cited by
previous workers. Secondary counls of 1@Ag and
9:gres) (57Fe3S) were monitored to ensure instrumen-
tal stability and sample homogeneity. Software pro-
duced by Chades Evans and Associales (version 3.0)
was used to reduce the raw peak-count data to concen-
trations of silver in parts per million by weight (f.e.,
tg/g). The details of data reduction are summarized in
Appendix 1.

Sarwm DsscRrPloN

Samples of mineralization were collected from the
Mobrun mine in the Abitibi greenstone belt. The geo-
logical setting of the Mobrun deposit has been
described by Caumartin & Caill6 (1990), Riopel et al.
(1990) and Butett et al. (7992), among others. The
deposit is hosled by Archean felsic-to-mafic volcanic
rocks that have undergone greenschist-facies metamor-
phism and two main pedods of deformation @imroth
et al. L983\b). It consists of tbree main orebodies (the
Main, Salellite and 1100 lenses), with Au/Ag values

rangmg from 0.04 ta 0.L2 and averaging 0.05 (see
Larocque et al. L995, Table 1). These values me higher
than the average for polymetallic deposits @oyle
1919), ard in the upper 307o for VMS deposits in the
eastem Abitibi Subprovince that contain silver and
gold (Chartrand & Cattalani 1990).

The Mobrun orebdies contain major pyrite, spha-
lerite, chalcopyrite and pynhotite, minsl galena and
magnetite, and trace arsenopyrite, digenite, tetahedrite
and elecfrum (Frg. 2).Larocque et al. (1993u 1995)
identified a number of facies of mineralization based
on mineralogical, textural, and sfrucnrral characteris-
tics. The facies have been suMivided into primary
facies, which resulted from synvolcanic deposition and
"zone refining" of sulfides by hydrothermal fluids
@ldridge et al. L983), and secondary facies, which
formed as a result of metamorphism and deformation.
Because of their volumefric importance in the ore-
bodies, we analyzed mainly granular pyrite (Ftg. 2A)
and massive pyrite (Figs. 28, C) by SIMS. In addition,
ion-microprobe analysis has been carried out on coarse
euhedral pynte (FiC. 2D) and chalcopyrite (Fig. 2E) in
secondary veins.

At Mobrun, metamorphic recrystallization led to the
release of invisible gold from primary pyrite and sub-
sequent deposition ofremobilized gold in elecfrum and
chalcopyrite in secondary veins Q-arooque et al. L995).
The compositions of electum (determined by elecfron-
microprobe analysis) occupy three distinct but over-
lapping ranges (,arocque 1993). The average Au/Ag
values of elecfrum are 0.65 for the 1100 lens, 1.(X for
the Main lens, and 2.03 for the Satellite lens complex.
These values are much lower than those for native gold
and Au-Ag alloys in Kuroko-type polymetallic
deposits and in gold-only deposits in theAbitibi @oyle
1979).
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Fto. 2. Reflected-light photomicrographs of fasies of mineralization from the Mobrun deposir Abbreviations are as follows:
pynts (py), chalcopyrite (sp), sphalerite (sp), electrum (el), chlorite (ch). kngth of scale bar is shown in parentheses.
(A) Granular pyrite with concentic internal structue in matrix of cblorite (500 Um). @) Massive fine pyrite with colloform
banding (500 Um). (C) Massive coarse (recrystallized) pynte wirh chalcopyrite replacing grain boundaries (100 pn).
@) Coarse euhedral pydte with chalcopyrite in carbonate vein (500 pm). @) Massive fine pyrite cut by secondqry vein
containing chalcopyrite, sphalerite, and electrum (100 pm). (F) Vein of electrum cutting granular pyrite in sphaloite matrix
(250 trm).
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RssuLTs

Pyrite

The silver content of pyrite ranges from 0.6 to
500 ppmw (average 33.6 ppmw) in the Main lens, from
0.L to 1426 ppmw (average 39.7 ppmw) in the Satellite
lens complex, and from 1.1 to 570 ppmw (average
56.3 ppmw) in the 1100 lens. The average content of
silver for all samples from all orebodies is 42.1 ppmw.
The frequency-disftibution diagrams of silver content
of pyrite in the Main and Sateltte lenses show a log-
normal distribution, with maxima in the 8 - 16 ppmw
range @ig. 3). The histogram for silver content of
pyrite in the ll00 lens shows a bimodal distribution,
with a principal maximum in the 8 - 16 ppmw range
and a subordinate maximum in the 128 - 256 ppmw
range (Fig. 3).

As in the case of gold, depth profiling has revealed
that silver occurs in two forms, as very fine colloid-size
or structurally bound silver within pyrite, and in sub-
microscopic inclusions of electrum (the silver contents
in Figs. 3, 4 and 7 and Thble 3 represent the former).

11q) Lens
ne39

SalElltts Lens
n=3{ l

'l 2 4 I 16 32 U 128 2-56 5't2
Ag (ppmw)

Frc. 3. Frequency distribution of silver content of pyrite from
the Mobrun orebodies, as determined by SMS.

There is a large range in silver content ofpyriie among
samples, owing to the bulk zonatiotr of silver through-
out each orebody. The range of silver contenl in pyrite
in individual hand-specimens and thin sections is
summarized in Table 3. Compositions of inclusion-free
massive fine pyrite show the greatest consistgncy in
concentrations of silver.

Larocque et al. (1995) demonstrated that secondary
recrystallized pyrite has lower concenfrations of gold
than associated primary pynte. Similarly, recrystallized
pyrite contains less silver than associated pdmary
pyrite (Fig. 4). Concentrations of silver in recrystal-
lized granular and nodular pyrite are between 13 and
677o of those in umecrystallized granular and nodular
pyrite. Recrystallized massive pyrite has concenta-
tions of silver between I atdTLVo of those in primary
massive pyrite. Coarse euhedral pyrite in secondary
veins contains between I and36Vo of the silver in the
associated primary pyrite.

Au/Ag values in pynte (Ftg. 5) range from 0.003 to
0.500 (average 0.101) in the Main lens, from 0.002 to
0.600 (average 0.048) in tle Satellile lens complex, and
from 0.003 to L.273 (average 0.067) in the 1100 lens.
The average ratio for all samples from all of the ore-
bodies (0.073) is similar to that for the deposit as a
whole (0.050). In most samples, Att/Ag is lower in
recrystallized pyrite than in associated primary pyrite,
and the lowest Au/Ag values pertain mainly to recrys-
tallized pyrite (Fig. 6). The ratio between gold and
silver released during recrystallization of pyrite ranges
from 0.013 to 0.900 and averages 0.204 (Larocque
1993, Table 5.4).

Chalcopyrite

Chalcopyrite in primary stringer mineralization and
inclusions in primary pyrite, and coarse-grained chal-
copyrite in secondary veins were analyzed. The silver
conlent of chalcopyrite ranges from 1 to 200 ppmw
(average2g ppmw), q/ith a maximum in the range 16 to
32 ppmw (Ftg. 7).Au/Ag values range from 0.001 to
1.000 (average 0.073) with a maximum in the range
0.016 - 0.032 (Fig. 8). The highest concentrations of
silver (Larocque 1993) and lowest Au/Ag values are
associated with secondary chalcopyrite (Ftg. 8).

Drscussrox

Silver is present in consistently lower concenfrations
in secondary pyrite than in associated primary pyrite,
as is the case for gold (L,arocque et al. L995).T1tis indr'
cates that metamorphic recrystallization resulted in the
release of silver from pyrite. Some of the remobilized
silver was deposited along with gold as secondary elec-
tum in tectonic veins. However, the Au/Ag values of
electum are high (i.e.,the elecfrum is gold-rich, silver-
poor) relative to the ratio of gold to silver released
during metamorphic recrystallization of pyrite
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PrlmaryFacle:

@ Granularpyite
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7  8  9  1011121914

Secondary Facles:

Qnwy*altrjAcranuhrqdt€

$l necrystallkeO Masstve ffie
flvan nyttt"

TABLE 3. MNGE OF SILVER-CONTENT OF PYRITE (BY SIMS)

Frc. 4. Silver content ofpyrite
in various fasies of miner-
alization coexisting with-
in individual thin sections.
as determined by SMS.

qffio-Bearlng Facles
Numberof Average Mean %
Analyses Sllver-Cont€nt Devlaton Devlailon

(ppntw) (ppmw)

Maln Lens

1 g]anular
2 masslv€ wtth Incluslons
3 masslvollnepy
4 masslve line py with Incluslons
5 masslve llne py wtth Incluslons
6 masslvo llne py
7 masslvg ffne py wlth Incluslons
I nodular py
9 granularpy

10' massMeflnepy
11 ma$slve flne py

Satslltt€ Lens Oomplex

I granular py wlth Incluslons
2 granular py wlth Incluslons
3 granular py
4 masslve flne py wlth Incluslons
5 granularpy
6 granular py wlth Incluslons
7 masslve flne py wlth lncluslons

1 100 Lens

1 masslve recrystalllzed py wlth cpy
2 masslve r€crystalllzed py
3 masstve flne py wlth lncluslons
4 lollated py
5 maslve recrystralllzed py
6 masslve flnE py

552.5 17.5 S
14.5 0.5 3
13.O 3.0 23
19.5 8.5 M
7.5 2.5 33

15.0 0 0

2
2
2
2
2
2
2
2
2
2
3

3
2
2
2
2
2
2

2
2
2
2
2
2

o.3
8.O

23.O
321.5
196.0

7.O
10.5
12.5
4.1
9.0

29.O

o.5
o.0
4.O

178.5
89.0
0.0
4.5
1 .5
0.1
s.0
0.0

8
0

1 7
56
45
o

49
1 2
2

33
0

2,.7 3.2 14
9.O 5.O 56
2.6 0.4 15
9.0 2.A 2

21.0 0.0 0
8.3 0.s 3

10.0 1.0 t0

' Bame hand sp€clmen as thln secuon llsted lmmedlately below
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(Larocque 1993). The analysis ofchalcopyrite suggests
that remobilized silver was incorporated preferentially
into secondary chalcopyrite in veins, resulting in lower
silver content and higher Au/Ag values than expected
in the associated elecffum. The evidence for remobi-
lization of gold and silver within the Mobrun orebodies
has important implications for the formation of late
vein-gold deposits thal are spatially associated with
YMS deposits in the eastern Abitibi belt.
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0.002 0.004 0.m8 0.016 o.qP 0.003 0.125 0.25 0.5 1
An/Ag

I1't00 Lens Gfl+ud.fi.l JU6ln lsrc l-tSatelllte Lens
Frc.5. Frequency distribution of Ar:/Ag in pyrite from ttre Mobrun deposit, as determined

by SMS.

CoNCLUSIONS

(l) Mass inlerference by 7s4g166, 66 7s4r325 *o"
eliminated using conventional energy-filtering.
(2) The highest secondary-ion intensity and greatest
peak/background ratio in external standards
were achieved with Oi bombardment and a 90 V
sample offset. Minimunlimits of detection of 60 ppbw
were routinely obtained.

E
oe
E
o

G=
E:'()

o.Gt 0.125

An/Ag

IRecrystallEd ffil yq$lve f-] Granular

Frc. 6. Dagram showing, in cumulative prcent, the proportions of various pyrite-bearing
facies in each Au/Ag range in Figure 5. "Recrystallized" includes recrystallized
(secondary) massive and granular pyritic mineralization and euhedral pynts in
secondary veins. "Massive" and 'granular" refer to primary pyrite-bearing facies.
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1248163264128256
Ag (ppmw)

I11@ Lens l4ffil lr6ln lsns t-rSatellite Lens
Frc. 7. Frequency distribution of silver content of chalcopyrite ftom the Mobrun deposit

as determined bv SMS.
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(3) Silver is present in pynte in submicroscopic inclu-
sions ofelectrum and as fine colloid-size or structurallv
bound silver.
(4) Metamorphic recrystallization resulted in the
release of silver from pdmary pyrite, and its subse-
quent deposition in secondary elecfrum and chalco-
pynte in tectonic veins. Preferential incorporation of
remobilized silver into secondary chalcopyrite
accounts for the higher Au/Ag values than expected in

the associated elecfrum.
(5) The Ar:/Ag values in pynte range from 0.002 to
L.273,with an average value of 0.073, similar to that of
the deposit as a whole.
(6) The determination of gold and silver conlents
of sulfide minerals and subsequent calculation of
Au/Ag values for sulfides fills a gap between
documented values in native gold and in gold
deposits.

12

10

> 8oc
96g
l L 4

n=42

0.m1 0.002 0.004 0.008 0.018 0.032 0.ffi4 0.125 0.25 0.5 't 2

An/Ag
r Primary m $seend3ry

hc. 8. Frequency distibution of Au/Ag in chalcopyrite from the Mobrun de,posi! as
determined by SMS.
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aNl CoNvsRstoN FACroRs

During ion-microprobe analysis, secondary-ion
counts of a given mass were measured. Charles Evans
and Associates software (version 3.0) was used to
reduce the data. By integrating under the depth-profile
curve for imFlanted standards (e.9., Fig. l) and
inputting the knssTa imFlantation dose, a relative sensi-
tivity factor @SF) was obtained. The RSF is specific to
the matrix species monitored, and is determined by the
following relationship:

RSF = ConceJCountsAu x Count\ustrix ^
where the concenmtion of Au is in ions/cmr, and
counts refer to secondary-ion counts of Au and the
maftix species, all in the implanted standard. Using
the RSF, it was possible to calculate the concentration
of silver in atoms/cm3. In order to obtain results in
ppmw (i.e., pg/g), it is necessary to calculate a conver-
sion factor. A sample calculation for silver in pyrite is
summanzed below.

Molecular weight of pyrite = 119.98 g/mol
Atomic weight of 107dg = 106.91 g/mol
Density of pyrite = 5.0 g1cm3
Avogadro's number = 6.02 x 1023 molecules/mol
Molecular density of pyrite:

(5.0 g/cm3 x6.02x 1023 molecules/molyl19.98
g/mol = 2.5I x l\n molecules/cm3.

Atomic density of pyrite:
2.5L x I\n molecules/cm3 x 3 atoms/molecule
=7.53 x 1022 atoms/cm3

Thus, I part per millioa atomic (ppma) in pynte
= 7 .53 x 1016 atoms/cm3

Average atomic weight of pyritel
11998 glmol | 3 =39.99 glmol

Concentation Oy weight) of lrAg in pyrite:
1 ppma = 106,91, glmol | 39.99 glmol = 2.67
ppmw (or pg/g)

Sind 1 ppma = 7.53 x 1016 atoms/cm3, then I part
per mjllion weielt (ppmw) = 7 .53 x 1016 | 2.67 = 2.82
x 10ro atoms/cmr.

Thus, to calculate the conversion factor to be used
by the software to determine the concentration of
lfrAg io pyrite, the RSF was divided by 2.82 x
1016 atoms/cm3. As two isotopes of silver are present
in nearly equal proportions_^_in natural samples,
measured concenftations of ru/Ag were multiplied
by 2 to give the total concentration of silver in each
oi the Mobrun samples. For this study, e3@eS)

1s25"r051 was monitored as a matrix mass. The RSFs
for lmAg were found to range trom 5.77 x 1018 to
2.34 x lOle atoms/cm3 ot 1,87 to 830 ppmw with
respect to e3@"S).


