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Abstract. The concentrations of trace elements in sphalerite from blocks 7, 700 and 149-south of the copper-gold
high (to intermediate) sulphidation Chelopech deposit were determined by LA-ICP-MS. Their average contents in
ppm based on 27 analyses are: Cu (2124) > Fe (4166) > Cd (1302) > Pb (504) > Sb (460) > Mn (439) > As (337) >
Ga (173) > Ge (152) > Ag (143) > Hg (97) > In (37) > T1 (33) > Se (25) > Ti (15) > Mo (12) > Sn (7) > Te, Au (6) >
V (5)>Pd(4)>Bi(3)>W(1)>Co (0.3).
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Introduction

The present LA-ICP-MS study reports 29 analyses
of 27 minor and trace elements (including invisible
gold) in sphalerite from blocks 7 (7 analyses), 700
(20 analyses) and 149-South (2 analyses) of the
epithermal copper-gold high (to intermediate) sul-
phidation Chelopech deposit, located in the Panagy-
urishte ore region, a central part of the Srednogorie
zone. According to EDS analyses the sphalerite is
distinguished with low-iron content (on the aver-
age 0.25%) and higher cadmium in some samples
(reach to 1%). In the eastern blocks of the ore bod-
ies (especially blocks 7 and 700), where the distal
parts of the ore-generated system in the deposit oc-
cur, pyrite and sphalerite (with a grain size of the
order of tens and hundreds micrometer) are main
ore minerals, whereas enargite and other copper
sulfides are less present. In block 149-South the
mineralization is mostly pyrite-enargite whereas
sphalerite is less common and smaller in size, as
larger grains including the one analyzed (with size
350 x 200 mm) are rare.
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Sphalerite is one of the significant gold-bearing
ore minerals (after pyrite and enargite) with high-
er frequency of occurrence and mean contents in
comparison to chalcopyrite and tennantite. Thus,
the main objective of this research is to re-evaluate
the metal potential of sphalerite as concentrator of
In, Ga, Ge, and invisible gold using modern micro-
analytical techniques because in the eastern blocks
of the Chelopech deposit a new exploration drilling
is in process.

Analytical procedures

Minor and trace elements in sphalerite were deter-
mined by laser ablation inductively coupled plasma
mass spectrometry (LA-ICP-MS) on polished sec-
tions at the Geological Institute (Bulgarian Acad-
emy of Sciences), Sofia, Bulgaria. The analyses
were performed using a NW UP193-FX excimer la-
ser ablation system combined with PE ELAN DRC-
e ICP-MS at the following operating conditions:
35 pm laser beam size with 4-6Hz repetition rate
and 5.6 J/cm? energy density on the sample. The
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NIST SRM 610 and MASS 1 sulfide standard were
used as external standards and were measured re-
currently during the course of the analyses. Data re-
duction was done using internal standardization (Zn
and Fe content measured by electron microprobe
SEM JEOL JSM-6010 PLUS at UMG St. 1. Rilski)
by SILLS v.1.1.0 software (Guillong et al., 2008).

Results

The concentrations of trace elements in sphalerite
from blocks 7 and 700 of the Chelopech deposit are
summarized in Table 1. In addition to the presented
results in Table 1, in both blocks were determined
Mo (respectively 1.7-35.4 ppm and 1.8-38 ppm)
and V (respectively 0.6-8.5 ppm and 0.9 ppm). Co-
balt (0.2—0.3 ppm), Cr (9 ppm) and Ni (1.3 ppm) are
defined only in sphalerites from block 700 while W
(0.3-3.1 ppm) and Pd (0.6 ppm) solely in a block 7.
Bellow detected limit in both blocks is Pt.

Sphalerite from block 149-South is character-
ized by the presence of almost all trace elements,
established in both analyses: Fe (1203-1282 ppm),
Cd (872-903 ppm), Cu (8135-9158 ppm), Pb
(3394-3601 ppm), Mn (2462-2851 ppm), Ga (683—
1432 ppm), Ge (708—836 ppm), T1 (281-331 ppm),
In (215-232 ppm), As (338-395 ppm), Hg (27—
29 ppm), Sn (18.9-19.1 ppm), Ag (14-16 ppm),
Se (13.1-13.2 ppm), Bi (9-11 ppm), Au (3.8-
4.5 ppm), Sb (2-3 ppm) and Pd (5.1-5.6 ppm). Bel-
low detected limit are Co, Ni, V, Cr, Te, Mo, W
and Pt. The monitored Ti determined only in one
analysis (8 ppm).

Sphalerites from block 700 are significantly en-
riched with Ag, Au, Fe and Sb, whereas sphalerites
from block 7 contain more As and Ge. Cadmium,
Hg, Ga, T, Ti, Se, Bi, Te, In, Sn and Mo show al-
most same contents in both blocks. In comparation,
Mn, Pb, Cu, Ga, In, Sn and TI have the highest val-
ues in block 149-South which is also distinguished
by the lowest concentration of Cd and Hg.

Discussion

The flat LA-ICP-MS depth profiles of Fe, Mn, Cd,
Co, Se and Hg indicate their occurrence as struc-
turally bound (Fig. 1a, b, c) in all three blocks. In
most cases, the LA-ICP-MS profiles of Cu, Ga, Ge,
In, Sn, Pb, Ag, As, Sb, Bi, Tl, and Te are smooth,
which also suggest their occurrence in solid solu-
tion (Fig. 1a, b, c¢). The positive correlations Cu vs.
In and Ga (respectively R = 0.55 and 0.54) support
the couple substitution 2Zn* < Cu' + In(Ga)**
(Cook et al., 2009).

In some cases, the joint rounded intensities of Cu,
Ag, As, Sb, Pb, and Ge (Fig. 1d, e) in blocks 7 and
700, as well as strong positive correlations Ag vs.
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Table 1. Statistic parameters of trace-element concentration in
sphalerite from blocks 7 and 700, Chelopech deposit*

Block 7 Block 700
N (W%) 7 (100) 20 (100)
Mn min—max 2.8-17.35 13.8-931
X (V%) 10 (60) 367 (84)
N (W%) 7 (100) 20 (100)
Cd min—-max 169-2498 526-3208
X (V%) 1427 (65) 1300 (61)
N (W%) 7 (100) 20 (100)
Cu min—max 438-8207 185-1714
X (V%) 3684 (65) 925 (42)
N (W%) 7 (100) 20 (100)
Hg min—-max 47.8-143 34.9-219
X (V%) 95.9 (36) 104 (53)
N (W%) 7 (100) 20 (100)
Ag min—-max 3.1-104 9.7-544
X (V%) 31.4 (109) 195 (75)
N (W%) 7 (100) 20 (100)
Ga min—max 8.6-285 8.0-293
X (V%) 120 (82) 103 (73)
N (W%) 7 (100) 20 (100)
Pb min—-max 130-2340 (incl.) 6.3-205
X (V%) 879 (104) 73.4 (65)
N (W%) 7 (100) 20 (95)
Ge min—max 40-1066 1.0-55.1
X (V%) 352 (118) 12.6 (106)
N (W%) 7 (100) 20 (95)
As min—max 20.4-2874 15.4-80.7
X (V%) 1122 (99) 44.4 (44)
N (W%) 7 (100) 20 (95)
Au min—max 0.5-2.2 (incl.) 0.2-29.5 (incl.)
X (V%) 0.9 (66) 7.4 (112)
N (W%) 7 (100) 20 (50)
Tl min—max 0.3-1.6 0.2-1.0
X (V%) 1.0 (53) 0.4 (68)
N (W%) 7 (100) 20 (50)
Ti min—max 15.3-19.6 3.3-30.3 (incl.)
X (V%) 16.8 (9) 14 (54)
N (W%) 7 (100) 20 (40)
Se min—max 24.2-37.6 12.3-50
X (V%) 29.6 (19) 23.6 (55)
N (W%) 7 (100) 20 (15)
Bi min—max 0.1-9.9 0.1-0.1
X (V%) 2.1 (169) 0.1 (15)
N (W%) 7 (86) 20 (100)
Fe min—max 39.1-142 429-4166
X (V%) 78 (47) 1728 (53)
N (W%) 7 (86) 20 (45)
Te min—-max 2.5-20.3 1.2-12.7
X (V%) 8.3 (84) 4.7 (81)
N (W%) 7 (86) 20 (25)
In min—max 0.1-16.7 0.1-2.7
X (V%) 5.0 (149) 1.3 (81)
N (W%) 7(71) 20 (100)
Sb min—-max 27.5-736 30.7-1613
X (V%) 241 (119) 560 (76)
N (W%) 7(29) 20 (45)
Sn min—max 0.3-3.5 0.4-21
X (V%) 1.9 (116) 5.4 (158)

*N — analysis number; W% — frequency of occurrence;
min u max — minimum and maximum

values (in ppm); X — mean concentration (in ppm);
V% — coefficient of variation; incl. — inclusion
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Fig. 1. Representative LA-ICP-MS depth spectra of sphalerite from the Chelopech deposit.
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Sb (R =0.80), Cuvs. Pb (R=0.65), Cuvs. Ge (R=
0.43) and Cu vs. As (R =0.40) suggest the presence
of tennantite-tetrahedrite, bournonite and renierite
inclusions. Regardless of the negligible correlation
Pb vs. Ag and Sb, occurrence of Ag- and Sb-bearing
galena can be assumed due to the distinct peaks of
Pb in some spectra (Fig. 1f) from block 7. Moreo-
ver, the strong positive correlations Cu vs. Bi and
Te (respectively R = 0.91 and 0.54), as well as Bi
vs. Pb and Te (respectively R=0.41 and 0.71), imply
the presence of aikinite, goldfildite, tetradymite, tel-
lurobismuthite or kostovite, described in the Chelo-
pech deposit (Arizanov, Terziyski, 2003).

Positive correlations Pb vs. T1 (R = 0.69) and Sn
vs. In (R = 0.23) and their intensity profiles (Fig.
1d) in block 7 suggest their presence as discrete
inclusions of Tl-bearing galena and In-bearing Sn
minerals as stannite, kesterite, mawsonite or hemus-
site. Irregular spectra of V, Ti and Mo (Fig. 1a) from
block 700 indicate their occurrence as micro inclu-
sions of rutile, molybdenite or other V-, Ti- and
Mo-bearing minerals. The same conclusion applies
for gold because of its irregular spectra (Fig. 1a, ¢)
and strong positive correlation Au vs. Ag (R =0.65)
support the presence of microinclusions of native
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gold/electrum. In rare cases, the intensity profile of
Au is steady (Fig. 1c) and may suggest its incor-
poration in the lattice at least in block 149-south
which is distinguished by isomorphic incorporation
of most trace elements regardless of their content.

Acknowledgements: This study is financially
supported by the Sofia University Scientific Re-
search Grant 80-10-93/2022.

References

Arizanov, A., S. Terziyski. 2003 The Chelopech Cu-Au de-
posit. — Soc. Econom. Geologists, Guidebook Series, 36,
79-89.

Cook,N.J.,C.L. Ciobanu, A. Pring, W. Skinner, M. Shimizu, L.
Danyushevsky, B. Saini-Eidukat, F. Melcher. 2009. Trace
and minor elements in sphalerite: A LA-ICPMS study.
— Geochim. Cosmochim. Acta, 73, 4761-4791; https://
doi.org/10.1016/j.gca.2009.05.045.

Guillong, M., D. L. Meier, M. M. Allan, C. A. Heinrich, B.
W. D. Yardley. 2008. Appendix A6: SILLS: A MATLAB-
based program for the reduction of laser ablation ICP-MS
data of homogeneous materials and inclusions. — In: Syl-
vester, P. (Ed.) Laser Ablation ICP-MS in the Earth Sci-
ences: Current Practices and Outstanding Issues. Mineral-
ogical Association of Canada Short Course 40, Vancouver,
B.C., 328-333.


https://doi.org/10.1016/j.gca.2009.05.045
https://doi.org/10.1016/j.gca.2009.05.045

