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Abstract
Evidence of immiscibility between arsenide and sulfide melts has been observed both in experimen-

tal studies and natural samples from several localities worldwide (e.g., Ronda, Spain; Beni Bousera, 
Morocco; Dundonald Beach South, Canada). Platinum-group elements (PGE) have shown to have a 
strong affinity for arsenide melts, but little is known about their partitioning behavior between arse-
nide and sulfide melts. In this study, we experimentally determine the partition coefficients of PGE 
(Pt, Pd, Ir, Ru, and Os) between both types of melt in As-saturated sulfide systems doped with trace 
amounts of PGE. Results show that all PGE display a strong preference to the arsenide melt with  
DPGE

As/sulf melts ranging from 20 to 2700, with Ir and Pt showing a marked preference for arsenide melts. 
These partition coefficients values are similar to estimates made from natural samples and demonstrate 
that the separation of arsenide melts from sulfide magmas can be an efficient mechanism to scavenge 
PGE from magmas and to fractionate Os, Ru, and Pd from Pt and Ir.
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Introduction
Since the 1990s, several experimental studies have demon-

strated the existence of liquid immiscibility between arsenide and 
sulfide melts at magmatic temperatures (850–1200 °C) (Makov-
icky et al. 1990, 1992; Fleet et al. 1993; Tomkins 2010; Helmy et 
al. 2010, 2013a; Sinyakova and Kosyakov 2012). These studies 
have further shown that arsenide melts are efficient collectors of 
platinum-group elements (PGE; Os, Ir, Ru, Rh, Pt, and Pd) because 
these metals are strongly concentrated into arsenides once arsenide 
melt is segregated from the original sulfide liquid. This mechanism 
of liquid immiscibility has successfully explained the formation of 
PGE-enriched arsenide and sulfarsenide minerals in close spatial 
relation with Fe-Ni-Cu sulfide minerals in several magmatic sulfide 
ores (Gervilla et al. 1996, 1998; Hanley 2007; Power et al. 2004; 
Godel et al. 2012; Piña et al. 2013, 2015; Moroni et al. 2017). 
Certainly, arsenide melt immiscibility is an uncommon process 
observed only in a few locations due to the unusually high-As con-
centrations required in the sulfide magmas to segregate an arsenide 
melt. Indeed, arsenic is a trace element in mafic-ultramafic magmas, 
and typical basaltic magmas remain well below As saturation even 
after extensive crystallization (e.g., Wood 2003). However, As is 
relatively enriched in the crust, particularly in sedimentary rocks, 
for which the incorporation of external As into the ore-forming 
melts is considered to be fundamental for arsenide immiscibility.

Although experimental and empirical works cited above 
clearly highlight that arsenide melts have profound effects on the 
distribution of PGE, little is known about the partition behavior 

of PGE between both arsenide and sulfide melts, particularly in 
the case of IPGE (i.e., Os, Ir, and Ru). Wood (2003) estimated a 
minimum partition coefficient for Pd between arsenide and sulfide 
melt (DPd

As/sulf) of 34. Hanley (2007) and Godel et al. (2012) inferred 
DP

As
GE

/sulf of the order of 10–100 in the high-grade Pd and Pt sulfide 
mineralization of Dundonald Beach South (Ontario) and 25–400 
in the Rosie Prospect (Western Australia), respectively. Piña et 
al. (2013) estimated DP

As
GE

/sulf ranging from 50 to 920, using PGE 
abundances in coexisting arsenide and sulfide minerals (formed 
from arsenide and sulfide melts, respectively) from the Amasined 
Ni-Cu ores (Beni Bousera, North Morocco). All these values 
undoubtedly reflect the extent to which the presence of arsenide 
melts influence PGE behavior during sulfide crystallization, but it 
is necessary to better constrain their real magnitude and possible 
differences between the PGE group.

The objective of the present study is to quantitatively determine 
the partition coefficients of PGE between discrete arsenide and 
sulfide melts. These values have been obtained by carrying out an 
experimental study where arsenide and sulfide melts have been 
equilibrated over a temperature range of 1200 to 1000 °C from 
an arsenide-saturated Co-Ni-Cu-Fe sulfide mix doped with trace 
amounts of PGE. In addition, we have tested how PGE behaves 
during the slow cooling of the arsenide melt until the temperature 
of 840 °C. Although we know that natural sulfide melts do not have 
high amounts of As used in these experiments, these were driven to 
generate large amounts of arsenide melts and observe unequivocally 
PGE partitioning behavior. Our results show that the behavior of 
PGE is quite consistent with observations in natural samples with 
significantly lower amounts of arsenides.
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