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Abstract
The Eskay Creek, British Columbia, Canada, is a polymetallic, gold- and silver-rich, volcanic-hosted, massive sulfide
deposit. The ore in the deposit is divided into subzones distinguished by mineralogy, texture, grade and metallurgical
characteristics. This study presents the results of a mineralogical examination of three composite field samples, with
emphasis on the chemistry of sphalerite. Sphalerite is associated with variable amounts of Hg-tetrahedrite and
cinnabar, and an array of sulfides, sulphosalts and non-opaque minerals. Electron micro probe analyses of sphalerite in
the three composite samples reveal wide variations in compositions. The Hg content in sphalerite in the three samples
varies between 0.08 and 16.35wt%, whereas the Fe content ranges from 0.33 to 2.29wt%. The chemical formula of the
sphalerite shows the compositional range (Zn0.89–0.98Hg0.01–0.09.Fe0.005–0.02)S. Sphalerite exhibits an almost perfect
substitution of Hg and Zn, as shown by the negative covariance between them. Sphalerite with the highest Hg contents
tends to have the lowest Fe concentrations. The highest Hg contents in sphalerite are recorded in the samples with the
highest bulk Hg concentrations and with the highest cinnabar contents.

The compositional variations of sphalerite are important because they can be used in mapping ore forming fluids
and indicate possible temporal variations. Second, determination of the compositional variation of the sphalerite in the
mine has metallurgical implications because the mineral is an important Zn source. The mineralogical data indicate
that non-physical processes (e.g. pyrometallurgy) must be used to separate Hg from Zn concentrates, with direct
environmental implications, that is, release of metals, such as Hg, into the environment during mining and processing.
r 2005 Elsevier GmbH. All rights reserved.
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1. Introduction

A mineralogical examination has been carried out on
three composite samples from a localized Hg-rich part in
e front matter r 2005 Elsevier GmbH. All rights reserved.
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the Eskay Creek Deposit, British Columbia, Canada.
Each of the composite samples is comprised of a number
of samples, from different localities in the Hg-rich part
of the deposit that were ground and blended to create
the three composite samples. These were initially used
for metallurgical tests. This paper describes briefly the
overall mineralogy with emphasis on the nature of the
Hg–Fe-bearing sphalerite, illustrates the extent of
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compositional variations in that Hg-rich part of the
Eskay Creek polymetallic deposit, and provides insights
into geological, metallurgical and environmental im-
plications. Sphalerite is an important source of Zn, thus,
Hg and Fe contents in the mineral are essential to
determine possible differences among the composite
samples, but also the degree of contamination of Zn
concentrate, and possible methods of extraction (Gram-
matikopoulos and Roth, 2002).
2. Analytical methods

Electron micro probe analyses (EMPA) of minerals
were carried out at SGS Lakefield Research Ltd.,
Canada, with Superprobe JEOL-733 equipped with
Tracor Noran ED and four WDS spectrometers (LiF,
PET, TAP and PET crystals). The EDS system was used
only for a preliminary mineral identification. The
analytical conditions of WDS analyses were maintained
and monitored by Geller dQant software at 20 kV
accelerating voltage, 30 nA cup electron beam providing
the beam spot size on the specimen surface of 1–3 mm.
The 30 s time was used to collect counts on the element
peaks and both-side backgrounds during the calibration
and mineral analyses. The detection limits of the
elements were calculated based on the 3s statistical
precision approach. Concentrations of fifteen elements
were determined at each point of analysis (S, Fe, Cu, Zn,
Pb, Mn, Ag, Au, As, Te, Sb, Sn, Bi, Hg, and Se).
However, Bi, Se, Te, As, Au and Sn were found below
the 3s detection limit of EMPA and they are not
reported in this paper. The limits of detection for the
reported analyzed elements are shown in Table 1. The
following natural and synthetic mineral standards from
CANMET and SPI Supplies were used for microprobe
calibration. Synthetic pyrrhotite Cabri-241 (Fe La LiF
crystal), synthetic Ag-calaverite (Te La PET crystal, Au
LKa LiF crystal), synthetic AgBiSe2 Cabri-499 (Ag La
PET crystal, Se La TAP crystal, Bi La LiF crystal),
Table 1. Limits of detection (LOD) for elements analyzed for

30 s counting time

Element LOD%

Ag 0.081

Cu 0.035

Fe 0.03

Hg 0.162

Mn 0.025

Pb 0.222

S 0.037

Sb 0.057

Zn 0.1
synthetic chalcopyrite (Cu Ka LiF crystal), arsenopyrite
(As La TAP crystal), synthetic galena Cabri-477 (Pb La
PET crystal), stibnite (Sb La PET crystal), 99.9985% tin
metal (Sn La PET crystal), cinnabar (Hg La LiF
crystal), 99.99% manganese metal (Mn Ka LiF crystal),
synthetic Fe-sphalerite Cabri-21 (Zn Ka LiF crystal, S
Ka PET crystal). The compositions of all standards were
cross-checked before and after the microprobe analyses.
Special care was taken to analyze the highly volatile
mercury in minerals by frequently re-calibrating and
collecting Hg La by LiF crystal in the beginning of each
new mineral analysis.
3. Geology and mineralization

The Eskay Creek deposit (Fig. 1) is located in British
Columbia, Canada. It is hosted in middle Jurassic
volcanic and sedimentary rocks. Starting at the base, the
host sequence comprises a succession of andesite,
marine sedimentary rocks, intermediate to felsic volca-
noclastic rocks, rhyolite, mudstone which hosts strati-
form mineralization, and basaltic sills and flows which
are intercalated with turbiditic mudstones. The sequence
Fig. 1. Plan view of ore models in the Eskay Creek ]21 Zone.

Approximate extents of high-Hg area in the 21B zone is shown

in dark shading.
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is capped by a thick accumulation of clastic rocks, which
fill the Bowser Basin. The metamorphic grade in the
area is lower greenschist facies.

The Eskay Creek deposit is a polymetallic, gold and
silver-rich, volcanic-hosted, massive sulfide deposit. By
2002, the mine had produced 2.25 million ounces of gold
and 104.7 million ounces silver. The ore in the deposit is
divided into subzones distinguished by mineralogy,
texture, grade and metallurgical characteristics. The
bulk of the stratiform ore is contained in the 21B and
NEX zones, which are hosted by marine mudstone
overlying rhyolite. Zone 21B is a tabular body of bedded
sulfides and sulphosalts dominated by sphalerite, tetra-
hedrite and lead-sulphosalts with lesser galena and
pyrite, and minor arsenopyrite. Stibnite and rarely
cinnabar locally overprint the ore. Zone NEX lies north
of the 21B lens, at the same stratigraphic horizon, and
consists of mainly massive sphalerite, tetrahedrite,
galena and lesser lead-sulphosalts, with late chalcopyrite
stringers crosscutting the lens. The hanging wall (HW)
zone is stratigraphically above the NEX zone, usually
above the first basaltic sill, and is dominated by pyrite,
sphalerite, galena and chalcopyrite. Stockwork vein and
disseminated sulfides are present in the rhyolite, most
notably in the 109, 21C and Pumphouse zones. Detailed
descriptions of the geology and the orebodies are found
in Edmunds et al. (1994), Roth et al. (1999), and Roth
(2002).
4. Mineralogy

The three samples investigated in this study were
derived from a localized, Hg-enriched domain in the 21B
zone (Fig. 1, dark shading on the map) of the
polymetallic Eskay Creek deposit. They are referred to
herein as ‘‘B1’’, ‘‘B2’’ and ‘‘B3’’. The samples are mainly
fine- to medium-grained (Fig. 2) and consist of
sphalerite, tetrahedrite (Cu7.8Ag1.51)(Fe0.19Zn0.59Hg1.25)
(Sb3.74As0.19)S13, cinnabar (HgS), stibnite (Sb2S3), pyrite
(FeS2), bournonite (PbCuSbS3), Sb–Pb–S–(Cu)–(Ag)
Fig. 2. Sample B3. Pphotomicrographs in polarized reflected light

tetrahedrite (Tt) and zinckenite (Znc), sphalerite (Sp), pyrite (Py), g

tetrahedrite and zinckenite, and gold.
sulphosalts including boulangerite (Pb5Sb4S11) and
zinckenite (Pb6Sb14S27), chalcopyrite (CuFeS2), gold
and electrum, arsenopyrite (FeAsS), galena (PbS), Fe-
oxides and non-opaque minerals (Grammatikopoulos
and Roth, 2002; Grammatikopoulos et al., 2005).

Sphalerite in the ground samples forms intergrowths
(90%) predominantly with stibnite, zinckenite, galena,
pyrite and non-opaque minerals (Fig. 2a,b). It displays
granular, and mottled textures, but also occurs as free
particles (o10%) and scarce inclusions (o1%) in other
sulfides and sulfosalts. It is also the host of abundant
pyrite, galena, tetrahedrite, chalcopyrite (locally disease-
like) and gold inclusions.

The major carriers of Hg are cinnabar, sphalerite and
tetrahedrite, and an array of complex Sb–Pb–S–
(Cu)–(Ag) sulphosalts. Approximately, �25–38% of
the total Hg content is contained by sphalerite,
37–50% by cinnabar and 10–22% in tetrahedrite. The
remainder of the minerals account for 3–11.5% of the
total Hg content (Grammatikopoulos and Roth, 2002).
5. Chemistry of sphalerite

Sphalerite can incorporate a diverse suite of chemical
elements in its structure. Fe, Cd and Cu commonly
substitute for Zn in sphalerite, whereas Pb, In, Ga, Ge,
Hg, Sn and Mn occur more sporadically (e.g. Oen et al.,
1980; Viets et al., 1992; Ueno et al., 1996; Beaudoin,
2000; Di Benedetto et al., 2005). A total of 86 electron
micro probe analyses were carried out on sphalerite in
the present study. Most of the analyses were carried out
in sample ‘‘B3’’ because it contains most of sphalerite by
volume %. Concentrations of nine elements (S, Zn, Hg,
Fe, Cu, Mn, Sb, Ag and Pb) were determined at each
point. However, values for Cu, Sb, Ag and Pb were
below detection limits or very low. The average,
minimum and maximum values of all the analyses
are given in Table 2, and representative analyses
in Tables 3–5. Compositional variations are shown in
Figs. 3 and 4.
: (a) Various free grains and intergrowths of cinnabar (Ci),

angue minerals (gng). (b) Sphalerite that hosts intergrowths of
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The data indicate the compositional inhomogeneity of
Zn, Hg (and Fe) in sphalerite crystals. The Zn content in
‘‘B1’’ ranges from 64.05 to 66.35wt% and averages
64.66wt%; in ‘‘B2’’ from 61.67 to 66.15wt% and
averages 64.56wt%; and in ‘‘B3’’ from 52.82 to
66.47wt% and averages 60.25wt% (Table 2). The Hg
content in ‘‘B1’’ varies between 0.32 and 0.83wt% and
averages 0.63wt%; in ‘‘B2’’ between 0.08 and 6.56wt%
and averages 2.46wt%; and in ‘‘B3’’ between 0.48 and
16.35wt% and averages 8.05wt% (Table 2). The Fe
content in ‘‘B1’’ ranges from 1.15 to 2.29wt% and
averages 1.58wt%, in ‘‘B2’’ from 0.41 to 1.21wt% and
Table 2. Average, minimum and maximum variations (wt%)

of Zn, Hg and Fe in sphalerite from the three samples

‘‘B1’’ ‘‘B2’’ ‘‘B3’’

Zn

Min 64.05 61.67 52.82

Max 66.35 66.16 66.47

Ave. 64.66 64.56 60.25

Hg

Min 0.32 0.08 0.48

Max 0.83 6.56 16.35

Ave. 0.63 2.46 8.05

Fe

Min 1.15 0.41 0.33

Max 2.29 1.21 0.64

Ave. 1.58 0.82 0.47

Table 3. Representative electron micro probe analyses and atomic

Wt% 1 2 3 4 5

S 32.98 33.39 32.85 33.42 33.49

Fe 0.83 0.49 0.44 0.57 0.32

Cu 0.11 0.01 0.00 0.01 0.23

Pb 0.00 0.08 0.09 0.06 0.19

Sb 0.00 0.01 0.00 0.00 0.08

Zn 64.43 65.33 65.04 64.83 64.31

Ag 0.03 0.01 0.01 0.00 0.08

Mn 0.00 0.00 0.00 0.00 0.00

Hg 1.15 1.19 1.22 1.43 1.56

Total 99.53 100.51 99.65 100.32 100.26

At. Prop.

Fe 0.015 0.009 0.008 0.010 0.006

Cu 0.002 0.000 0.000 0.000 0.004

Pb 0.000 0.000 0.000 0.000 0.001

Sb 0.000 0.000 0.000 0.000 0.001

Zn 0.990 0.994 0.998 0.988 0.981

Ag 0.000 0.000 0.000 0.000 0.001

Mn 0.000 0.000 0.000 0.000 0.000

Hg 0.006 0.006 0.006 0.007 0.008
averages 0.82wt%, and in ‘‘B3’’ from 0.33 to 0.64wt%
and averages 0.47wt% (Table 2). Subtle zoning in a few
sphalerite grains identified with X-ray mapping reveals
more information (e.g. Di Benedetto et al., 2005), but
needs further refinement and will not be dealt herein.

A frequency distribution diagram (Fig. 3a) shows that
two different types of sphalerite can be distinguished
based on the Hg contents; one with o0:04 atoms per
formula unit (apfu) and one with40.04 (apfu). The Hg
content in ‘‘B1’’ is dominated by class ‘‘1–2’’ (93%) and
less (7%) by class ‘‘2–3’’. Hg content in ‘‘B2’’ falls
mainly in the ‘‘40–1’’ class (61%), followed by 9% in
the ‘‘1–2%’’ and 30% combined in the ‘‘5–6’’ and ‘‘6–7’’
classes. In ‘‘B3’’ the distribution of Hg is largely
bimodal, with classes of o3% Hg representing ca.
41%, and those with more than 8wt% Hg, ca. 59%,
while there is a noticeable gap between classes ‘‘3–4’’ to
‘‘7–8’’. Approximately, 58% of all analyses of Hg in
sphalerite fall in the first three classes (‘‘o0–3’’
combined).

A frequency distribution diagram (Fig. 3b) shows that
the Fe content in ‘‘B1’’ falls mainly in class ‘‘0.5–1’’
(71%) and less (29%) in ‘‘40–0.5’’, whereas none is
reported in class of ‘‘1–1.5’’. Fe content in ‘‘B2’’ falls
mainly in the ‘‘0.5–1’’ class (48%), followed by 39% in
the ‘‘1–1.5’’ class and 13% in the ‘‘40–0.5’’ class. In
‘‘B3’’ the distribution of Fe is bimodal, similarly to ‘‘B2’’,
but the majority (65%) of the analyses fall in the
‘‘40–0.5’’ and 35% in the ‘‘0.5–1’’ class. Approxi-
mately, 90% of all Fe analyses in sphalerite falls in the
o1% class.
proportions of sphalerite from ‘‘B1’’

6 7 8 9 10

33.00 33.11 33.21 33.31 29.81

0.75 0.71 0.58 0.78 0.40

0.11 0.01 0.02 0.11 0.72

0.12 0.17 0.65 0.07 0.46

0.00 0.00 0.00 0.00 0.47

64.28 64.43 64.59 64.05 66.35

0.03 0.00 0.00 0.00 0.43

0.00 0.00 0.00 0.00 0.00

1.64 1.73 1.83 1.93 2.29

99.93 100.16 100.88 100.25 100.93

0.013 0.013 0.010 0.014 0.007

0.002 0.000 0.000 0.002 0.011

0.001 0.001 0.003 0.000 0.002

0.000 0.000 0.000 0.000 0.004

0.984 0.984 0.979 0.977 1.005

0.000 0.000 0.000 0.000 0.004

0.000 0.000 0.000 0.000 0.000

0.008 0.009 0.009 0.010 0.011
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Table 4. Representative electron micro probe analyses and atomic proportions of sphalerite from ‘‘B2’’

Wt% 1 2 3 4 5 6 7 8 9 10

S 33.34 33.02 32.80 32.90 32.95 32.57 30.85 31.04 30.90 30.86

Fe 0.41 0.77 1.21 1.15 1.04 0.45 0.63 0.54 0.49 0.60

Cu 0.00 0.28 0.02 0.00 0.03 0.22 0.41 0.09 0.18 0.00

Pb 0.00 0.00 0.43 0.00 0.00 0.22 0.16 0.00 0.08 0.02

Sb 0.00 0.00 0.00 0.00 0.01 0.49 0.12 0.02 0.03 0.04

Zn 66.16 65.36 65.10 65.61 65.56 65.32 62.38 62.15 62.05 61.88

Ag 0.00 0.07 0.00 0.00 0.00 0.11 0.07 0.02 0.00 0.00

Mn 0.00 0.00 0.00 0.00 0.00 0.10 0.37 0.40 0.36 0.56

Hg 0.08 0.11 0.88 0.92 0.94 1.04 5.63 5.75 5.93 6.56

Total 99.98 99.60 100.44 100.58 100.53 100.52 100.62 100.01 100.03 100.53

At. Prop.

Fe 0.007 0.014 0.022 0.020 0.019 0.008 0.011 0.010 0.009 0.011

Cu 0.000 0.004 0.000 0.000 0.000 0.003 0.006 0.001 0.003 0.000

Pb 0.000 0.000 0.002 0.000 0.000 0.001 0.001 0.000 0.000 0.000

Sb 0.000 0.000 0.000 0.000 0.000 0.004 0.001 0.000 0.000 0.000

Zn 1.012 1.004 0.991 0.998 0.997 0.994 0.948 0.950 0.949 0.941

Ag 0.000 0.001 0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.000

Mn 0.000 0.000 0.000 0.000 0.000 0.002 0.007 0.007 0.007 0.010

Hg 0.000 0.001 0.004 0.005 0.005 0.005 0.028 0.029 0.030 0.033
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A plot of Zn versus the total content of divalent
cations Fe+Mn+Hg illustrates a linear correlation
(R2 ¼ 0:9755), as the Zn content decreases with increas-
ing the sum of these cations (Fig. 4a). This relation
indicates that significant contribution from other
elements has not been neglected (e.g. Di Benedetto
et al., 2005).

The data reveal that sphalerite shows an extensive
incorporation of mercury, but limited substitution by
Fe. A general negative relationship between Hg and
Zn (R2 ¼ 0:9985) is evident (Fig. 4b). The very good
linear correlation between the two elements excludes
the possibility of cinnabar dispersion in sphalerite
crystals.

Fe and Zn (Fig. 4c), Fe and Hg (Fig. 4d) and Mn and
Hg do not show good correlations suggesting that
substitution in sphalerite is dominated by the Hg–Zn
pair of metals. However, these diagrams are useful
because they display that the composite samples are
composed of various sub-groups of sphalerite that may
be directly related to various sub-samples used to make
the three samples. Therefore, for geological and
metallurgical purposes a better documentation of the
various ore types may be required.

The overall bulk analyses of Hg in the samples
(‘‘B3’’ ¼ 54900 g/t, ‘‘B2’’ ¼ 1630 g/t and ‘‘B1’’ ¼ 1950 g/
t) are in agreement with the variable Hg concentrations
in sphalerite. Thus, it is not clear if the low Hg contents
in sphalerite are dictated by mineral chemistry or the
overall geochemistry of the samples, or this relationship
is an artifact due to the limited number of analyses.
6. Discussion

Sphalerite is the dominant Zn-bearing phase and is
distributed throughout the entire Eskay Creek deposit.
EMPA of sphalerite of three composite samples revealed
Hg-rich concentrations. The mineral conforms to the
average formula (Zn0.89�0.98Hg0.01�0.09Fe0.005�0.02)S.
Elemental variations are characterized by almost perfect
substitution between Hg and Zn. The chemistry of the
sphalerite is important for metallogenetic (e.g., Cook,
1996) but also metallurgical purposes.

Sphalerite has been described as the most refractory
sulfide, potentially recording evidence for the conditions
of its genesis (e.g., Craig and Vaughan, 1994; Cook,
1996). The examined samples are not single but
composite, and consequently limit complete spatial
analysis within this particular part of the ore body.
However, considerable variability is displayed among
the samples and within individual sphalerite grains (Fig.
4b,c). The data may suggest local variations that are
related to precipitation process and chemistry of
mineralizing fluids of the Eskay Creek deposit (Gram-
matikopoulos and Roth, 2002), as was already suggested
in other studies (e.g. Craig and Vaughan, 1994; Cook,
1996; Di Benedetto et al., 2005; Tucker et al., 2005).

Small-scale variations result when a mineral grows
from more or less evolved fluids at different times. Di
Benedetto et al. (2005), for example, suggested that
compositional variations in banded sphalerite crystals
reflect physico-chemical variations that took place
during crystal growth, rather than post-depositional
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Table 5. Representative electron micro probe analyses and atomic proportions of sphalerite from ‘‘B3’’

Wt% 1 2 3 4 5 6 7 8 9 10

S 32.12 32.35 32.54 32.51 32.51 32.02 32.24 32.41 32.26 30.77

Fe 0.59 0.41 0.58 0.52 0.45 0.51 0.44 0.35 0.46 0.33

Cu 0.01 0.03 0.02 0.02 0.00 0.26 0.07 0.01 0.00 0.02

Pb 0.09 0.18 0.16 0.00 0.14 0.18 0.03 0.13 0.07 0.16

Sb 0.04 0.03 0.02 0.00 0.01 0.20 0.00 0.05 0.02 0.02

Zn 65.24 66.27 65.51 65.29 65.47 65.21 64.98 65.02 65.07 59.89

Ag 0.00 0.01 0.06 0.00 0.00 0.04 0.03 0.02 0.00 0.00

Mn 0.60 0.45 0.47 0.51 0.34 0.35 0.34 0.37 0.50 0.53

Hg 0.68 1.58 1.73 1.95 2.08 2.21 2.45 2.49 2.51 8.20

Total 99.37 101.30 101.08 100.81 101.00 100.99 100.57 100.84 100.89 99.91

At. Prop.

Fe 0.011 0.007 0.010 0.009 0.008 0.009 0.008 0.006 0.008 0.006

Cu 0.000 0.000 0.000 0.000 0.000 0.004 0.001 0.000 0.000 0.000

Pb 0.000 0.001 0.001 0.000 0.001 0.001 0.000 0.001 0.000 0.001

Sb 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000

Zn 1.004 0.998 0.989 0.990 0.989 0.988 0.988 0.986 0.986 0.917

Ag 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Mn 0.011 0.008 0.008 0.009 0.006 0.006 0.006 0.007 0.009 0.010

Hg 0.003 0.008 0.009 0.010 0.010 0.011 0.012 0.012 0.012 0.041

Wt% 11 12 13 14 15 16 17 18 19 20

S 31.05 30.91 30.71 30.77 30.28 30.02 30.13 29.96 29.54 29.38

Fe 0.43 0.62 0.42 0.42 0.40 0.48 0.51 0.63 0.48 0.44

Cu 0.00 0.00 0.00 0.00 0.01 0.02 0.01 0.01 0.04 0.00

Pb 0.24 0.00 0.02 0.12 0.06 0.01 0.00 0.07 0.00 0.00

Sb 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.02 0.02

Zn 59.35 58.94 58.74 57.77 56.41 55.38 54.46 54.19 54.19 52.82

Ag 0.05 0.00 0.02 0.01 0.00 0.00 0.01 0.00 0.00 0.00

Mn 0.56 0.64 0.34 0.46 0.74 0.58 0.58 0.63 0.61 0.57

Hg 8.66 9.40 10.20 11.20 12.32 13.72 13.91 14.81 15.02 16.35

Total 100.34 100.51 100.45 100.76 100.23 100.21 99.62 100.32 99.91 99.57

At. Prop.

Fe 0.008 0.011 0.007 0.008 0.007 0.009 0.009 0.011 0.009 0.008

Cu 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000

Pb 0.001 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000

Sb 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Zn 0.905 0.897 0.894 0.877 0.861 0.845 0.836 0.826 0.829 0.811

Ag 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Mn 0.010 0.012 0.006 0.008 0.013 0.011 0.011 0.012 0.011 0.010

Hg 0.043 0.047 0.051 0.055 0.061 0.068 0.070 0.074 0.075 0.082

T.A. Grammatikopoulos et al. / Chemie der Erde 66 (2006) 307–314312
re-equilibration processes. Further, in this study, mixing
of different fluids (sea-water dominant hydrothermal
fluid may have been modified by magmatic fluids;
Sherlock et al., 1999) may have been important in
controlling the chemistry of the sphalerite.

Determination of the compositional variation of the
sphalerite in the deposit has also metallurgical implica-
tions because the mineral is mined for Zn. Any process
aiming at separation and removal of mercury cannot be
only physical in nature (flotation, gravity) because only
50% of the Hg occurs as cinnabar that can be physically
removed (Grammatikopoulos and Roth, 2002). Mer-
cury is a problematic impurity in zinc concentrates. It
evaporates upon roasting and much of it ends up in the
sulphuric acid produced from the roaster off-gases.
However, because an important portion of the volati-
lized mercury ends up in the sulphuric acid, it decreases
significantly the value of a by-product (Filippou D.,
pers. commun., 2005). Thus, the zinc refineries charge
penalties for high mercury concentrates. If the distribu-
tion of mercury (e.g., in different ore types, or delineated
zoning) is known in advance, the feed and/or the
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Fig. 4. Correlations between (a) Hg vs. Fe+Mn+Zn, (b) Fe vs. Zn, (c) Fe vs. Zn, (d) Fe vs. Hg of sphalerite from the three samples

from the Eskay Creek deposit (apfu: atoms per formula unit).

Fig. 3. Frequency distribution diagrams for (a) Fe and (b) Hg, respectively, from electron micro probe analyses of sphalerite.
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concentrates can be blended from different mine zones,
to avoid potential penalties. The Zn, Hg and Fe contents
can be approximately estimated in the feed and final
products of Zn depending on the proportions of the
samples to be blended and processed.
7. Conclusions

The paper presents information on sphalerite that
displays some unique chemical characteristics and is
characterized by extensive incorporation of mercury.
The data from the three samples suggest a possible
compositional continuum within a localized, high-Hg
domain of the Eskay Creek deposit. Overall, the Hg
content in sphalerite ranges from ca. 0.08 to 16.35wt%,
while the highest Hg values are recorded in Fe-poor
sphalerite. The predominant substitution in the mineral
is that of the Hg–Zn pair.

The compositional differences among the three
samples, but also in single composite samples, e.g.
‘‘B3’’ (0.48–16.35wt% Hg) may represent a temporal
succession. However, the bimodality may be generated
from comparing samples from different geometric types
of ore or style of mineralization.

The data have the potential to be used for mapping
fluid pathways for the deposit, and for metallurgical
processing which may adjust and/or predict Zn recovery.
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