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TION WITH MELT COMPOSITION SIMILAR TO NATURAL Fe-Cu-Ni-S
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Now there is a lack of quantitative data for the description of behavior of the components at a solidifi-
cation of the Fe-Cu-Ni-S magmatic melt. A number of authors [1-6] note the deficiency of experimental
data on partition coefficients (k) of precious metals that does not allow constructing adequate models for
their fractionating. In the present work the directed melt crystallization of the composition, similar to natu-
ral Fe-Cu-Ni-S melt is carried out. The magmatogene sulfide deposits of Noril’sk and Sudbury type were
apparently formed in this way.

The sample of composition (in at. %): Fe 32.55, Cu 10.70, Ni 5.40, S 51.00, Pt, Pd, Rh, Ru, Ir, Au and
Ag (0.05 of any impurity) was crystallized by the Bridgman technique. The details of this method have
been described in our previous work for the Fe-Ni-S system [7]. The chosen rate of 2.25*10° m/s
provided a quasi-equilibrium run of the process. Temperature at the lower end of the quartz container at
the beginning and end of crystallization was 1046 and 721°C accordingly. The ingot, 70 mm long with
diameter 8 mm, has been cut on 24 parts by sections, perpendicular a longitudinal axis. Polished sections
were examined with optical and electronic microscopic, X-ray diffraction and microprobe methods. The
initial part of an ingot up to g ~ 0.68 (g is the fraction of crystallized melt) consisted of a monocrystalline
Fe-mss matrix with systematically oriented lamellae of chalcopyrite in the section plane. The size of
inclusions gradually increases by the end of this part of an ingot. Chalcopyrite (Fe,Cu)S, enriched in Fe
(Fe:Cu = 1.66 at g = 0.68) also contains nearly 1 at. % Ni. High-temperature mss transforms to monoclinic
mss at g =0.03. At 0.03 < g < 0.68 mss is similar to low temperature pyrrhotite with a hexagonal supercell
(SG: P31) [8]. Its composition corresponds to formula Fe37,Nig0ssCuo 1050533 at g = 0.68. The following
part was a monocrystalline iss matrix with breakdown products in the form of chalcopyrite, bornite, pent-
landite and pyrrhotite mixture. The distribution curves of the macrocomponents were built on the basis of
the chemical analysis of mss and iss. These results were used to calculate their £ (mss/L) and (iss/L) at the
melt composition along the crystallization path (fig. 1a,b). It was found out that the melt was enriched in
Cu and depleted in Fe, Ni an S during mss crystallization (fig. 1a). k£ Ni, Fe and S increased with S content
decrease in the melt, and most considerably for Ni (from 0.9 in the beginning of the process up to 1.5 by
the moment of the ending of its crystallization). £ Cu (mss/L) is equal to 0.25+£0.03. We determined that
during iss crystallization (fig. 1b) Cu and Fe concentrated in this phase whereas Ni enriched melt. k£ S
(iss/L) is close to 1.

At the moment of the L + mss — iss phase reaction, connected with the ending of mss crystallization
and the beginning of iss crystallization, the distribution curves in the solid have discontinuities, and the
component concentration in the melt versus g plot shows a kink.

Similar behavior of Rh, Ru and Ir, which are absorbed in initial portions of mss (k mss/L > 1) (fig. 2a),
and Pt, Pd and Au concentrated in the sulfide melt (k iss/L <1) (fig. 2b) are observed for precious metals. £
Rh, Ru and Ir (mss/L) increased while k£ Pt, Pd u Au (iss/L) slightly decreased with increasing in S content
in the melt. Forms of own phases of precious metals were established. They are laurite crystals with impu-
rities (in at. %) 2.8 Ir, 2 Fe, on 0.4 Pd and Cu and 0.3 Ni in a matrix mss in the beginning of the ingot.
Numerous fine crystals and grains of own phases of Pd, Pt and Ag are formed in the end of the sample.
They are vysotskite with an impurity (in at.%) 7.5 Ni, 2 Cu, 1 Fe, 0.5 Au; Pt-containing sulfide CuPt,S,
with an impurity of ~ 9 at.% Ni and 6 Fe; Ag with an impurity of 3.5 at.% Cu, 0.4 Pd and 0.1 Pt, etc. Cu-
rich pentlandite (up to 3.2 at. % Cu), which forms as a result of iss decay, contains near 0.34 at. % Pd.

The obtained results can be used for modeling of fractionation of main components at formation mas-
sive PGE-bearing Cu-Ni-sulfide ores, their possible zoning and mineral forms of micro-impurity inheren-
tin various mineral zones.
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Fig.1. Cu, Fe, Ni and S partition coefficients (thombuses, triangles, circles and squares, respectively) mss/L
(a) and iss/L (b) as functions of the S concentration along the crystallization trajectory
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Fig.2. Rh, Ru and Ir partition coefficients (open triangles, squares and circles, respectively) mss/L (a) and Pd,
Ag and Au (solid squares, triangles and rhombuses, respectively) iss/L as functions of the S concentration
along the crystallization trajectory.

This work was supported by grant of RFBR No 06-05-64172

References

.Li C. et al. // Economic Geology. 1992. V. 87. PP. 1584-1598.

. Li C,, Naldrett A.J. // Economic Geology. 1995. V. 89. PP. 1599-1601.

. Barnes S.-J. et al. // Canad. J. Earth Sci. 1997. V. 34. PP. 366-374.

. Ebel D.S., Naldrett A.J. // Can. J. Earth Sci. 1997. V. 34. PP. 352-365.

. Naldrett A.J. et al. // Eur. J. Mineral. 1997. N. 9. PP. 365-377.

. Ballhaus C., Tredoux M., Spath A. // J. Petrolology. 2001. V. 42. N. 10. PP. 1911-1926.

. Kosyakov V.1, Sinyakova E.F. // Geochem. Internat. 2005. V. 43. N. 4. PP. 372-385.

. Powder Diffraction File, Inorganic Index, Card 240220 (International Center for Diffraction Data File,

Pennsylvania, U.S.A.).

Electronic Scientific Information Journal “Herald of the Department of Earth Sciences RAS” Ne 1(24) 2006
ISSN 1819 - 6586

Informational Bulletin of the Annual Seminar of Experimental Mineralogy, Petrology and Geochemistry — 2006
URL: http://www.scgis.ru/russian/cp1251/h_dgggms/1-2006/informbul-1_2006/term-46e.pdf

Published on July, 1, 2006
© Herald of the Department of the Earth Sciences RAS, 1997-2006
All rights reserved



