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Introduction: It is now well established from nu-

cleosynthetic isotopic compositions of certain elements 

(e.g., Cr, Ti, Ni, Mo, Ru, W) observed in bulk meteor-

ites that isotopically distinct domains, referred to as the 

non-carbonaceous (NC) and carbonaceous (CC) do-

mains [1], were present in the early Solar System [1-8]. 

These domains were spatially and/or chronologically 

separated during the first few Myr of Solar System 

history, possibly with the NC and CC domains repre-

senting the inner and outer Solar System, respectively 

[1, 3-6]. The cause(s) of the isotopic heterogeneity, 

within and between the NC and CC domains, is not 

well established, with potential options including ther-

mal destruction of certain carrier phases [2, 5], or late 

addition of isotopically distinct materials [3, 6].  

Whether or not these isotopically distinct domains 

were also chemically distinct remains an open question. 

Differences in chemical compositions may provide 

insights to the processes driving the isotopic heteroge-

neity, as well as the spatial extent of each domain. If, 

for example, these domains reflect inner and outer So-

lar System materials, are chemical compositions of CC 

parent bodies consistent with forming in a more oxidiz-

ing environment, as has been envisioned by some for 

the outer Solar System [5]? If isotopic heterogeneity is 

primarily a result of thermal processing, do isotopic 

compositions correlate with volatile element enrich-

ments/depletions?  

New insights to the chemical compositions of the 

NC and CC domains may be gained from the study of 

siderophile elements, especially highly siderophile el-

ements (HSE; Re, Os, Ir, Ru, Pt, Pd), in magmatic iron 

meteorite groups. Magmatic irons are interpreted to 

sample portions of asteroidal cores, based upon chemi-

cal compositions that can be explained largely by frac-

tional crystallization [9-11]. Because cores concentrate 

the siderophile elements present in a planetary body, 

their compositions can be used to determine the chemi-

cal characteristics of the entire parent body.  

The HSE parental melt compositions of magmatic 

iron meteorite groups can be calculated by applying 

experimentally-determined solid metal-liquid metal 

partition coefficients [9-11]. Successful modeling of 

core crystallization also requires accurate estimation of 

initial S, P and C concentrations, and tracking their 

evolution during melt crystallization, as they strongly 

affect HSE partitioning coefficients [12]. By matching 

the HSE patterns of irons from a group to the appropri-

ate chemical model, it is possible to constrain the pa-

rental melt S, P and C contents, and from there calcu-

late the composition of the bulk core.  

Parental melt concentrations of the HSE provide in-

sights to the oxidation conditions of a parent body. If it 

is assumed the parent body had a broadly chondritic 

bulk composition, the abundances of HSE present in a 

core primarily reflect the ratio of reduced iron, which 

migrates to the core during melting and differentiation, 

to the oxidized iron, which remains in the silicate por-

tion if the planetesimal [9-11]. Additionally, HSE span 

a range of 50 % condensation temperatures (T50) from 

1817 K (Re) to 1318 K (Pd) [13], allowing for an as-

sessment of volatility trends among NC/CC parent bod-

ies. Past studies have constrained the parental HSE 

compositions for the IIC [14], IVA [10], and IVB [9] 

groups, as well as the South Byron Trio (SBT) grouplet 

[11]. Initial estimates of the parental melt HSE abun-

dances of the IIAB, IIIAB, IID, IIF, and IIIF iron me-

teorite groups are reported here.   

Analytical Methods: Iron meteorites were ana-

lyzed for HSE concentrations by ablating two to six 

tracks (1.5-2 mm each) across each meteorite piece 

using laser ablation ICP-MS at the University of Mary-

land [9-10]. Additionally, 0.04-0.5 g iron meteorite 

chips were analyzed for bulk concentrations of HSE by 

isotope dilution [9-11]. Osmium concentrations were 

determined using a Triton thermal ionization mass 

spectrometry and concentrations of the other HSE were 

determined using a Neptune Plus multi-collector induc-

tively-coupled plasma mass spectrometer.  

Results: Results of fractional crystallization models 

were iteratively fitted to the abundances of HSE for 

each group or grouplet by varying initial S, P, and C 

abundances. Calculated initial HSE abundances (bulk 

core) for each group were determined from the best fit 

models. Modeling methods have previously been re-

ported in [11]. Calculated parental melt HSE composi-

tions are shown in Fig. 1.  

Discussion: The CC-type iron meteorite parent 

bodies exhibit a larger range of absolute and relative 

parental melt HSE abundances, compared to NC-type 

iron meteorite parent bodies. Cores of CC-type bodies 

range from an estimated 3 to 19 % the mass of the 

body, while this range is only 17 to 25 % for NC-type 

bodies. One possible interpretation of this is that the 

variance reflects a formation environment for the CC-

type irons that was more heterogeneous with respect to 

oxidation state than the NC domain. Further, although 

the examples are limited, the cores of the CC-type par-

ent bodies are, on average, relatively smaller than the 
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NC-type bodies. This suggests that the CC domain was 

a generally more oxidizing environment, consistent 

with some models for the early outer Solar System [5]. 

However, no clear chemical dichotomy exists for pa-

rental melt HSE compositions, e.g., patterns for IIC 

(CC) and IVA (NC) parental melts are virtually identi-

cal (Fig. 1).  

 
Figure 1. Calculated parental melt compositions of 

HSE for group IIAB, IIC, IID, IIF, IIIAB, IIIF, IVA, 

IVB irons, as well as the South Byron Trio (SBT) 

grouplet. Published data are from [9-11, 14]. Average 

HSE compositions of carbonaceous chondrites (CC), 

ordinary chondrites (OC), and enstatite chondrites (EC) 

are shown for reference and taken from [15-16]. Blue 

and red symbols reflect CC- and NC-type bodies, re-

spectively, based on prior Mo and Ru isotope composi-

tion measurements [4-8]. HSE are ordered from left to 

right with respect to decreasing 50% condensation 

temperatures [13]. 

 

The Pd/Os vs. Os (ppm) of the magmatic iron me-

teorite parental melts are compared in Fig. 2. Osmium 

concentrations reflect the relative oxidation conditions 

of the different bodies while Pd/Os ratios reflect vola-

tility processes ≥1318 K [13]. Variation in the Pd/Os 

ratios of NC-type iron meteorite parent bodies are de-

coupled from differences in relative oxidation condi-

tions, whereas CC-type irons form a slight negative 

trend. The Pd/Os ratios of NC-type bodies increase 

with decreasing content of more volatile elements, such 

as Ga (T50 = 968 K) and Ge (T50 = 883 K) [13] 

(evinced in Roman numeral classification). The Pd/Os 

ratios of CC-type irons are also decoupled from the 

Roman numeral group classifications. The decoupled 

behavior of Pd/Os with Ga and Ge content of both NC- 

and CC-type magmatic irons suggests that these parent 

bodies  (and potentially their precursor materials) expe-

rienced at least two stages of thermal processing, one at 

relatively higher temperatures (to affect Pd/Os) and the 

other at relatively lower temperatures (to affect Ga and 

Ge). Thermal processing of precursor materials at tem-

peratures ~1675 K has been proposed as the cause of 

isotopic heterogeneity in the early Solar System [5]. If 

so, this may be the relatively higher temperature pro-

cess recorded by variable Pd/Os ratios of magmatic 

irons.        

 
Figure 2. Pd/Os vs. Os (ppm) of magmatic iron mete-

orite parental melts. The color scheme is the same as 

Fig. 1.  
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