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Introduction: The abundance and isotopic compo-

sitions of halogens are important for understanding key 

processes in the early solar system, including the evo-

lution of volatile elements [1–6]. Previous workers 

have proposed from meteorite measurements and/or 

high P-T experiments that Cl, Br, and I may have chal-

cophile under (highly) reduced conditions [7–10]. Un-

fortunately, the systematics of halogen partitioning 

between sulfides and silicates are poorly constrained 

due to possible loss of halogens following polishing 

procedures and analytical challenges related to meas-

urements of halogens in sulfides. This precludes a full 

assessment of the potential of sulfides as a major reser-

voir for halogens in terrestrial bodies. To assess to 

which extent halogens behave chalcophile, we have 

undertaken a systematic experimental study in which 

sulfides and halogen-bearing silicate liquids were 

equilibrated at high P-T. 

Methods: Synthetic starting mixtures were ob-

tained by mixing high-purity FeS powder and syn-

thethic equivalents of the Apollo 15 lunar green glass 

[11]. Separate batches of this composition were doped 

with 1 to 2 wt% of each halogen through addition of 

the appropiate amounts of MgF2, KCl, KBr or KI. All 

experiments were performed in Bristol-type piston cyl-

inder presses at VU and Münster University using pre-

viously published techniques [12]. Experiments were 

conducted using a double capsule (Pt-C) technique to 

avoid loss of halogens. Sulfides and silicate melts were 

equilibrated at 1 GPa and 1683–1883 K. After quench-

ing run products were prepared for analyses using dry 

polishing techniques. After polishing samples were 

directly stored in a N vacuum desiccator to prevent 

interaction of halogens in the sulfide with the atmos-

phere [10]. Run products were analyzed using an elec-

tron probe microprobe at Münster University. Correc-

tions for peak overlaps between F and Fe, Br and 

Al2O3 and I and CaO were performed by calibration of 

several silicate glasses with variable FeO, Al2O3 and 

CaO concentrations. For F in sulfides, corrections were 

performed using a calibration based on sulfides with 

variable Fe concentrations. 

Results: An important first observation is that the 

experiments yield measurable amounts of Cl, Br and I 

in the sulfides. Fluorine concentrations were found to 

be always below detection limit. The halogens behave 

increasingly chalcophobic with increasing cation size 

(log Dsul-sil = F < Cl < Br < I) [8].   

 
Fig. 1: Log Dsul-sil values of halogens as a function of log DO. 

Data from [10] is plotted for reference.  
 

 
Fig. 2: Halogen log Dsul-sil values as a function of T from this 

study and [8] obtained at similar pressures.  
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We observe that the Dsul-sil of halogens are positively 

dependent of the O concentration of the sulfide (Fig. 

1). The halogens thus behave increasingly chalcophile 

with more oxidizing conditions, due to the increase of 

sulfide O contents with FeO of the silicate melt 

[13,14]. Results also show that several wt.% of dis-

solved halogens in the silicate melt do not affect their 

own partitioning nor the sulfur concentration at sulfide 

saturation (SCSS), relative to SCSS previously deter-

mined for the same silicate melt [12].We also com-

pared our results with those of [8], who did not quanti-

fy the O contents of the sulfides (Fig. 2). These exper-

iments were conducted at similar fO2 and therefore 

FeO, so that O concentrations are likely similar 

[13,14]. The comparison shows that virtually all previ-

ously published D values obtained at similar pressures 

are much lower than the values derived in our study, 

which may imply effects of T are significant. However, 

within our dataset no clear correlation is observed. It 

should be noted that [8] used both dry and wet-

polishing techniques, which could be an alternative 

explanation for the offset of both datasets.  

Discussion: The data is used to assess if segregated 

sulfide liquids could have altered the halogen systemat-

ics of planetary mantles. It is assumed both P-T effects 

on Dsul/sil values are negligible and that the segregated 

sulfide liquids are near-stoichiometric FeS with O, the 

amount depending of the FeO content of the planetary 

mantle [13].  

Earth: The FeO content of Earth’s mantle during 

the final stages accretion was likely close to the current 

value of ~8 wt% FeO. This yields log DO = –1.5, corre-

sponding with Dsul/sil values of 0.15, 0.35 and 1 for Cl, 

Br and I (Fig. 1). Assuming segregation of 6 modal% 

of sulfide liquid suggests that <1, 3–4 and 8–12 % of 

the observed depletions of Cl, Br, I can be explained 

by large-scale segregation of FeS liquid(s).  

Mars: The FeO content of the Martian mantle is 

much higher than its terrestrial counterpart (~ 18 wt%) 

[15], corresponding with an approximate log DO value 

of –1. We estimate Dsul/sil values of 0.25 for Cl, 0.4 for 

Br and 1 for I (Fig. 1). Segregation of 20 modal % of 

FeS during differentiation of Mars, which is obviously 

the upper limit given inferred bulk S estimates for Mars 

[15], explains 6–8, 10 to 12 and 31 to 35% of the Mar-

tian mantle depletions of Cl, Br and I.  

Mercury and other bodies: Unless halogen activi-

ties are affected by high S concentrations of the silicate 

melt, like U and Th [16], the results imply that halogen 

partitioning into FeS liquid during Mercury’s differen-

tiation was negligible. Similarly, the extent of halogen 

partitioning into FeS liquid in the Moon and differenti-

ation asteroids must have been inferior to other deple-

tion processes.  
 

 
Fig. 3: Calculated BSE and BSM halogen abundances fol-

lowing formation of a 33 and 25 mass % terrestrial and 

martian core, measured BSE and BSM abundances and cor-

responding halogen abundances corrected for extraction of 

6 and 20 modal mass % of sulfides during accretion of Earth 

and Mars, respectively. Bulk and bulk silicate abundances 

were taken from [15,17–19].  
 

Conclusions and outlook: Our preliminary results 

suggest that the effects of FeS segregation on halogen 

systematics of planetary mantles are inferior to other 

processes such as volatile loss through degassing or 

storage in mineral phases. Experiments are currently 

performed to additionally explore the effects of T, re-

dox state and addition of Ni and/or Cu to the sulfide on 

the chalcophile behavior of the halogens. These results 

will be presented at the meeting.   
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