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Abstract
Silicate-sulfide liquid immiscibility in mantle-derived magmas has important control on the budget
of siderophile and chalcophile metals, and is considered to be instrumental in the origin orthomagmatic
sulfide deposits. Data on primitive sulfide melts in natural samples, even those representing most
voluminous magmatism in oceanic rifts, are very scarce due to the small size and poor preservation
of incipient sulfide melt globules. Here we present the first detailed report of the crystallized sulfides
melts in the oceanic picrites of the (presumably) Cretaceous age Kamchatsky Mys ophiolite complex
in Eastern Kamchatka (Far East Russia). Sulfide melts are present in three forms; (1) as inclusions in
olivine (87.1–89.6 mol% Fo), (2) interstitial to the groundmass minerals (clinopyroxene, plagioclase,
and Ti-magnetite) of studied picrites, and (3) as daughter phases in silicate melt inclusions hosted by
olivine and Cr-spinel phenocrysts. The sulfide melt inclusions in olivine and the groundmass of studied
rocks are composed of several sulfide phases that correspond to the monosulfide (Fe–Ni; Mss) and
intermediate (Fe–Cu–Ni; Iss) solid solutions. Several <0.5 mm Pd–Sn, Pt–Ag, and Au–Ag phases are
recorded within the matrix sulfides, commonly along phase boundaries and fractures. Major elements
(S, Fe, Cu, Ni, Co), platinum group elements (PGE), and gold analyzed in the homogenized olivinehosted sulfide melt inclusions, and phases identified in the matrix sulfides record the range of magmatic
sulfide compositions. The most primitive sulfide liquids are notably enriched in Ni and Cu [(Ni+Cu)/Fe,
at% > 0.5], continuously evolve with crystallization of (e.g., increasing Cu/Ni and Au/PGE) and demonstrate metal fractionation between Mss and Iss. Although the compositional systematics found in this
study are consistent with those previously recorded, the compositions of individual sulfide phases are
strongly affected by the noble metal (PGE, Au) “nuggets” that exsolve at subsolidus temperatures and
form during serpentinization of the rocks. We conclude that the budget of noble metals in the studied
picrites is controlled by sulfides, but the abundances of Pt and Au are influenced by mobility in postmagmatic alteration. Our data can be also used for modeling sulfide saturation at crustal pressures and
understanding behavior of the noble metals in primitive oceanic magmas.
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Introduction
Orthomagmatic models assume that many types of economic
mineralization hosted in igneous rocks implicitly relate to magmas and magma-derived fluids (e.g., Burnham 1998; Hedenquist
and Lowenstern 1994; Naldrett 2004 and references therein).
The origin of “mineralizing fluids” is often linked to liquid
immiscibility (unmixing) in parental silicate magmas (Roedder
1992). The compositional divergence between unmixed phases
can be extreme, and even though the physical amount of the
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new segregated phase may be small, it can extract, accumulate,
and transport large amounts of trace and rare elements (Roedder
1992; Veksler et al. 2012). Small amounts and transient, reactive qualities of immiscible phases render the understanding of
their intrinsic compositions through the study of natural samples
extremely difficult (e.g., Kamenetsky and Kamenetsky 2010).
The research problem persists with experimental and theoretical
modeling being too simplistic to account for all physical and
chemical variables in control of magmatic immiscibility.
Immiscibility between silicate and sulfide melts that occurs
in various mantle-derived magmas is believed to be a starting
point in the formation of Cu–Ni sulfide deposits with platinum
group elements (hereafter, PGE) (e.g., Naldrett 2004). Unfortu886

