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Introduction: The depletions of highly siderophile 

elements (HSE) in planetary mantles provide funda-

mental insights into core formation processes and the 

nature and extent of the delivery of primitive meteorit-

ic materials to the terrestrial planets [1−4]. Interpreta-

tion of these depletions requires insights into the varia-

bility of HSE partition coefficients between metal, 

sulfide and silicate melts during planetary differentia-

tion. One aspect of HSE partitioning between sulfide 

liquid and silicate melt that is not well constrained are 

the potential effects of dissolved Ni and/or Cu in sul-

fide liquid. It has been shown that these elements may 

strongly affect the activities of many other siderophile 

and chalcophile elements, for example through the 

effects of Ni and Cu on O solubility in sulfide matte 

and Fe/S [e.g., 5]. Here, we constrain the effects of Ni 

and Cu on HSE activities in sulfide- and silicate melts 

by presenting a new experimental dataset consisting of 

>25 experiments at near-constant P-T conditions.  

Approach: Sulfide, metal and silicate liquids were 

equilibrated with a primitive basaltic glass at 1 GPa 

and 1883 K using a Boyd and England-type piston 

cylinder presses at VU Amsterdam and WWU Mün-

ster. Capsules were loaded with a grounded primitive 

synthetic basalt [4] mixed with 25% metal powder 

(90% Fe, 10% Si) and sulfide powder composed of 

FeS powder plus 15−30% Cu and/or Ni and 5 wt.% Pd, 

Re and/or 10 wt.% Ir, Ru, Pt). The metallic Si was 

added to the starting mixture to sufficiently reduce the 

experimental fO2 to prevent the formation of HSE nug-

gets in the silicate melt [e.g., 4]. Several experiments 

were also performed without added Fe metal for com-

parison purposes. Samples were chemically equilibrat-

ed at peak conditions for 60 to 90 min [4]. Experi-

mental run products were embedded in epoxy, polished 

and analyzed using EPMA and LA-ICP-MS at WWU 

Münster. The LAICP-MS analyses of silicate melts 

were calibrated using the NIST 610 glass and 29Si for 

Pd, Ag, Re, Pt, Au, the GSD-1G glass and 29Si for Ir 

and a Ni sulfide and 56Fe for Ru [7]. All metal and sul-

fide LA-ICP-MS analyses were calibrated using 56Fe 

as an internal standard. We have previously shown that 

this setup can be used to accurately determine HSE 

contents of silicate glasses to up to 1−3 ppb while us-

ing spot sizes of 110–130 μm [4]. Finally, the LA-ICP-

MS derived metal and/or sulfide contents (when need-

ed) were corrected for matrix effects, if applicable, by 

using the results from ref. [4].  

Results: Fig. 1 shows a typical run product. All 

experimental phases were found to the unzoned and 

chemically equilibrated, consistent with previous ob-

servations [e.g., 4]. The Ni and Cu contents of sulfide 

liquids were up to 24 and 29 wt.%, whereas for metal 

alloys it ranged between 2.5 and 23 wt.%, respectively. 

 

 

 

Fig. 2: O contents of sulfide matte as a function of 

log FeO (wt.%) of silicate melt. Ideal slope assum-

ing constant FeO activity in silicate melt and sul-

fide matte is plotted for comparison purposes [5].  

Fig. 1: BSE image of typical run product. The 

efficient separation of silicate melt, S-poor alloy 

and S-rich sulfide melt is clearly visible. 
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The effects of Cu and Ni. Variable FeO activity of 

both the sulfide and silicate melt, reflected by variable 

O in sulfide matte, exerts a key control on trace ele-

ment partitioning [e.g., 4,5,7]. Fig. 2 shows the derived 

O contents for the sulfides mattes for metal-absent 

(corresponding to an approximate redox state close to 

the CCO buffer) and metal-saturated experiments (cor-

responding to a moderately reduced state of −2 to −1 

log units below the iron-wüstite buffer). The O con-

tents of sulfide liquids systematically decrease with 

increasing Ni and Cu content and with a decrease in 

oxygen fugacity (fO2), in agreement with most previ-

ous studies [e.g., 4,5,8]. It should be noted ref. [5] did 

not observe a negative effect of Cu content on O solu-

bility for Cu contents of <16 wt%. At higher Cu con-

tents, we instead observe a clearly negative effect (Fig. 

2)`[8]. Figure 3 shows the effects of variable Cu and 

Ni content of sulfide matte on Dsul-sil Pt (where Dsul-sil i 

is defined as the ratio between the concentration of 

element i in the sulfide liquid and silicate melt, respec-

tively). The preliminary results show that Dsul-sil Pt var-

ies by 3.5 log units at a constant FeO content (Fig. 3). 

This implies that the variation in Dsul-sil Pt in these ex-

periments is solely due to variable Cu and Ni content 

and its effects on O solubility in sulfide matte and sul-

fide melt Fe/S. Our results show that other HSE are 

significantly affected by these variables as well [9].  

 

 

Implications and outlook: The analyzed experi-

ments highlight the importance of both Cu and Ni in 

sulfide liquids for determining Dsul-sil values. Addition-

al experiments are currently performed to fully con-

strain the effects of Ni and Cu on HSE and Au, Ag 

partitioning between sulfide-, metal- and silicate liq-

uids.  

Given that terrestrial mantle sulfide inclusions can 

contain up to 40 at% Ni [e.g., ref. 10], the new results 

will then be used to assess the extent of HSE partition-

ing in Ni-rich sulfides within the terrestrial mantle. 

Other planetary mantles may contain Ni and/or Cu-

bearing sulfide liquids as well and the potential effects 

of Ni and Cu on HSE partitioning will be incorporated 

in existing accretion and core formation models for 

these bodies. These parameterizations and the latter 

applications will be reported at the meeting.  
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Fig. 3: Log Dsul-sil Pt as a function of log FeO 

(wt.%) of silicate melt. Dashed line and light blue 

squares are data from ref. [4] plotted for compari-

son purposes [5].  
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