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ABSTRACT

Iron meteorites record a range of Fe isotope compositions that hold valuable information regarding
the evolution of their parent bodies. Interpreting this isotopic variability, however, requires experimen-
tal constraints on the equilibrium isotope fractionation between phases. It is thought that the cores of
many iron meteorite parent bodies experienced fractional crystallization, during which crystallization
of solid iron-nickel occurs from an increasingly non-metal-rich liquid alloy. Phosphorus is one com-
ponent of this alloy, and this study provides the first constraints on Fe-isotope fractionation between
solid and liquid alloys in the Fe-Ni-P system. Experiments comprising Fe and P show a clear enrichment
in the light isotopes of Fe in the liquid phase, which increases with the amount of phosphorus. Nickel-
bearing samples are offset from the trend defined by Ni-free experiments, which is accounted for by the
change in the solid alloy phase from a body-centered cubic to face-centered cubic structure upon the
addition of Ni. The increasing light isotope enrichment of the liquid with increasing P content suggests
interstitial solution of P, which is known to lengthen Fe-Fe bonds in Fe-P liquids (Waseda and Shiraishi
1977). Results suggest a negligible effect of P on Fe isotope fractionation during planetesimal core
crystallization. Iron isotopes may, however, prove useful for identifying the petrogenesis of schreiber-
site in pallasites and iron meteorites.
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INTRODUCTION

The partitioning of siderophile trace elements between solid
and liquid alloys has been used extensively to illuminate the
evolution of planetesimal cores (e.g., Jones and Malvin 1990;
Chabot 2004; Chabot and Zhang 2022). Non-traditional stable
isotopes now provide an additional perspective on planetesimal
core evolution, but experimental constraints are currently
limited. Ni et al. (2020) made experimental measurements of Fe
isotope fractionation in the Fe-Ni-S system, finding that S-rich
metallic liquids concentrate light isotopes of Fe relative to S-free
solid metal. Their result corroborated the trace element partition-
ing models of Chabot (2004), which indicated that the sulfur
content in iron meteorites is lower than that present in crystalliz-
ing planetesimal cores, suggesting a missing reservoir of sulfur-
rich material.

Although sulfur is thought to be the dominant light element
in planetesimal cores, it is recognized that phosphorus, silicon,
carbon, and oxygen may also be present in various amounts
(Buchwald 1975). To date, however, the effect of these elements
on Fe isotope fractionation between solid and liquid alloys has
not been determined. In addition, the role of liquid alloy compo-
sition on isotope fractionation has been the subject of debate in
the literature, particularly in studies of metal-silicate equilibra-
tion relating to planetary differentiation (e.g., Poitrasson et al.
2009; Hin et al. 2012; Shahar et al. 2015; Elardo and Shahar
2017; Liu et al. 2017; Shahar et al. 2016; Elardo et al. 2019).
Experiments to constrain the effect of alloy composition on

Fe isotope fractionation are thus of general interest to the plane-
tary geochemistry community. The goal of this study is to pro-
vide the first constraints on solid metal-liquid metal Fe isotope
fractionation in the Fe-P and Fe-Ni-P systems.

Phosphorus in Planetesimal Cores

Estimates of the bulk P content for planetesimal cores range
from 0.25 wt% (IVA parent body) (Chabot and Drake 2000) to
2.2 wt% (IIC parent body) (Zhang et al. 2022). These values are
derived by fitting fractional crystallization models to the trace
element arrays defined by magmatic iron meteorite groups on
bivariate plots. Iron meteorites themselves contain∼0.01–2 wt% P
(Buchwald 1975; Scott 2020). During fractional crystallization
of a planetesimal core the residual liquid is enriched in P relative
to the solid, but less so than observed for S (e.g., Chabot and
Drake 2000; Zhang et al. 2022). This is, in part, due to the partial
solid solution of P in Fe-Ni alloys, which is not observed for S at
low pressure (Miettinen and Vassilev 2015). Increasing S content
of the residual liquid during core crystallization also affects P
partitioning, increasing its preference for the solid and thus limiting
P enrichment in the liquid (Jones and Malvin 1990). The most
P-rich melt compositions likely occur when the evolving liquid
intersects the two-liquid phosphide-sulfide solvus. In these cases,
the P-rich conjugate melt can significantly exceed the bulk core P
content (Chabot and Drake 2000).

In iron meteorites, P is primarily distributed between schrei-
bersite (Fe,Ni)3P, kamacite, and taenite, in order of decreasing P
content. Most schreibersite is thought to form during subsolidus
cooling, with nucleation occurring either homogeneously within
kamacite, or at the interface between taenite and kamacite* Corresponding author E-mail: neil.bennett@utoronto.ca
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