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Introduction:  The IAB complex is a nonmagmatic 

iron meteorite group containing several chemical sub-

groups in addition to a main group (MG) [1]. Explana-

tions for the genesis of the IAB complex include the 

crystallization of a sulfur-rich Fe-Ni core in a partially 

differentiated planetary body [2] and crystal segrega-

tion from impact-generated melt pools in a chondritic 

parent body [1]. A combination of these endmember 

hypotheses involves core formation in a partially dif-

ferentiated body followed by an impact(s) which dis-

rupted the body and/or generated near-surface melt 

pools [3-5]. An important question is whether the sub-

groups originated on the same parent body as the main 

group, or if they formed via similar processes on dif-

ferent parent bodies.   

We undertook a study of 12 IAB iron meteorites to 

better understand the mechanism(s) of their formation 

and crystallization. Highly siderophile element (HSE – 

Re, Os, Ir, Ru, Pt, Pd) abundances and Os isotopic 

compositions were determined for IAB MG and low-

Au/low-Ni subgroup (sLL) iron meteorites. The Os 

isotope ratios were used to obtain Re-Os crystallization 

ages and to assess the closed system behavior of these 

meteorites. The HSEs are particularly well suited for 

examining crystallization mechanisms for IAB metallic 

melts because their behavior in crystallizing metallic 

melts is well understood and they have a range of vola-

tilities. Prior to this study, these HSEs had not been 

studied in the IAB complex as a cohesive group.  

Previous studies of the IAB complex concluded 

that the elemental fractionations observed cannot be 

explained by fractional crystallization, unlike those in 

magmatic iron groups [1]. Based on some HSE (Re, Ir, 

Pt, Ni, Au, and others) abundances, crystal segregation 

was invoked by [1] to explain the fractionation in the 

MG and the presence of fine silicates. In this model, 

liquid metal crystallized at equilibrium sufficiently 

quickly to prevent the separation of metal and silicates. 

The crystals were then removed from the remaining 

melt, which produced the fractionation in the MG. 

However, relatively low Ir abundances in some MG 

irons may reflect fractional crystallization [1]. To reex-

amine the crystallization of the IAB complex, we mod-

eled fractional crystallization of MG and sLL irons 

separately using their HSE abundances. The crystalli-

zation method (crystal segregation or fractional crystal-

lization) has many implications for the genesis of the 

IAB complex, including the mechanism and duration of 

heating/melting and cooling/crystallization, the pres-

ence of chondritic silicates, and perhaps the starting 

composition of the IAB parent body.      

The genetic relationship between IAB subgroups 

was addressed through an examination of the Mo iso-

topic compositions of MG and sLL irons. As most 

planetary bodies show distinct Mo isotopic composi-

tions due to nucleosynthetic heterogeneities, it is possi-

ble to reject genetic linkages among meteoritic material 

if isotopic differences can be resolved [6, 7].  

 
Fig. 1. Chondrite-normalized HSE abundances for (a) IAB-

MG and (b) IAB-sLL iron meteorites. 
 

Experimental Methods: Highly siderophile ele-

ment concentrations and Os isotope compositions were 

obtained by isotope dilution, while Mo isotope compo-

sitions were obtained from unspiked samples. The di-

gestion and chromatography methods for the HSEs and 

Mo are detailed in [8, 9]. All isotope analyses were 

conducted at the University of Maryland. Osmium was 

analyzed using a VG Sector 54 thermal ionization mass 

spectrometer in negative mode (N-TIMS). Remaining 

HSEs were analyzed on a Nu-Plasma multi-collector 

inductively coupled plasma mass spectrometer (MC-

ICP-MS). Molybdenum isotope compositions were 

determined using a Thermo-Fisher Triton N-TIMS. 

The Mo isotopic data are reported in ɛ notation (parts 

in 10,000 deviation from terrestrial standards), which 

range in iron meteorites from 0 to ~ +1 ɛ in 
95

Mo and 
100

Mo [6, 7]. The external reproducibility (2σ) of the 
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repeated analysis of terrestrial standards is 0.21ε for 
95

Mo and 0.38ε for 
100

Mo. 

Results: Chondrite-normalized HSE data for MG 

and sLL iron meteorites are shown in Figure 1. The Re, 

Ir, and Pt data are in good agreement with those of [1] 

for all samples except Sarepta (MG), which is signifi-

cantly offset relative to [1]. Osmium, Ru, and Pd data 

are also in agreement with literature data [10, 11]. The 

MG has moderately fractionated HSE patterns (com-

pared to chondrites), and tends to have higher average 

HSE abundances than sLL irons. The MG HSE pattern 

has significantly higher chondrite-normalized Ru and 

Pt relative to the remaining HSEs. Most IAB-sLL irons 

we analyzed have less fractionated HSE patterns. No-

tably, Pd is enriched relative to the other HSEs in the 

sLL subgroup and relative to Pd in the MG.  

A Re-Os isochron generated for MG and sLL irons 

yields an age of 4584±75 Myr and an initial 
187

Os/
188

Os 

of 0.09523±0.00057. Separately, the groups have indis-

tinguishable ages. These results are similar to Re-Os 

ages reported for other iron meteorite groups [12], 

suggesting that the Re-Os system and other HSEs did 

not experience open system behavior more than a few 

10’s of Ma after solar system formation.  

Molybdenum isotopic compositions for two MG 

and two sLL irons are indistinguishable from each oth-

er and terrestrial. Average ɛ
95

Mo and ɛ
100

Mo for the 

MG are -0.03±0.12 and -0.04±0.40 (2SE), respective-

ly. For the sLL subgroup, average ɛ
95

Mo and ɛ
100

Mo 

are 0.02±0.14 and 0.16±0.49. These data are in good 

agreement with published data for other IAB irons [7].  

Discussion: The shared Mo isotopic composition 

of MG and sLL iron meteorites supports an origin on a 

common parent body. However, HSE patterns of the 

two groups differ significantly. We could not relate the 

two groups by any crystallization path we modeled, 

indicating that the two groups likely had distinct start-

ing compositions and did not crystallize from the same 

parental melt, in agreement with the conclusions of [1]. 

A temporal and/or spatial difference for the origin of 

the MG and sLL irons on the parent body is inferred. 

This is consistent with either formation and crystalliza-

tion in separate melt pools, or in the core and a melt 

pool of the IAB parent body [5]. 

Our modeling (which is similar to [13]) confirms 

the conclusions of prior studies [1], that the whole 

compositional range of the IAB meteorites studied 

cannot be reproduced by fractional crystallization. 

Fractional crystallization may have played a role in 

relating individual IAB iron meteorites, but none of our 

models successfully reproduced the MG or sLL trends 

of all the HSEs we analyzed. Main group Re and Ir 

(and to a lesser extent, Os and Re/Os) evolution could 

be reproduced via fractional crystallization, but ob-

served Ru, Pt, Pd, and Pt/Os do not fit these models 

(Fig. 2). These results suggest that fractional crystalli-

zation did not play a significant role in the formation of 

the MG, or if it did, at least one other process was co-

incident. Possible processes include inefficient mixing 

and/or injections of new material either from impacts 

or continuing differentiation (e.g., migrating melt 

pools). Furthermore, all HSEs except Pd and Pt gener-

ally fit with the crystal segregation model of [1]. Future 

work will include determining HSE abundances for 

some of the MG irons that were considered products of 

fractional crystallization by [1]. 

The processes which contributed to the formation 

of the IAB complex iron meteorites were likely dynam-

ic and varied. Iron meteorites provide insight into a 

diversity of processes that occur as planetary bodies 

accrete and differentiate. IAB complex iron meteorites 

provide an essential juxtaposition to magmatic iron 

meteorites in that they may exhibit what happens when 

a planetary body’s construction and differentiation  are 

interrupted, which likely happened more often than not.   

 
Fig. 2. Fractional crystallization model for Re vs. Ir for the 

initial parameters of sulfur = 9 wt. % and phosphorus =1.8 

wt. %. Grey symbols are MG data collected in this study. The 

blue line shows the evolution of solids, whereas the red line 

represents the evolution of the liquid. The dotted lines are 

mixing lines connecting equilibrium solids and liquids at 0 

and 20% fractional crystallization. Most of the samples plot 

along the solid track. 
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