
FRACTIONAL CRYSTALLIZATION IN IIAB IRON METEORITES: B. T. Fish
1
 and M. Humayun

1
, 

1
National High Magnetic Field Laboratory and Dept. of Earth, Ocean & Atmospheric Science, Florida State Univer-

sity, Tallahassee, FL 32310, USA (bf11e@my.fsu.edu).  

 

 

     Introduction: Magmatic iron meteorites represent 

solid Fe-Ni crystals grown from the liquid metallic 

cores of differentiated asteroidal and proto-planetary 

bodies. IIAB irons have the largest known range in Ir 

contents suggesting the liquid underwent efficient frac-

tional crystallization [1]. For this reason, IIABs serve 

as an excellent suite against which to test models of 

fractional crystallization. Sulfur-dependent solid met-

al/liquid metal partitioning experiments performed by 

[2] have shown that elemental partitioning (D) is sensi-

tive to the pressure acting on the system. In the context 

of natural iron meteorites, the degree of pressure ap-

plied to the core is directly related to the size of the 

parent body. Previous research indicated that pressure 

in the 5-10 GPa range could account for discrepancies 

between IIAB Sb vs. Au data and the predictions from 

a fractional crystallization model with 1 bar coeffi-

cients[3]. In this study, we re-examine the need to in-

voke pressure >1 bar establishing new causes for the 

discrepancy between prediction and observation[2,4,5].  
 

     Samples and Analytical Methodology: Twenty six 

irons (21 IIAB's, 4 IAB's, 1 IIIAB) were cut with a 

hand saw and set in epoxy resin mounts. The mounts 

were polished, and rinsed in a sonicated ethanol bath. 

Analyses of major and trace element compositions 

were performed on a single-collector Element XR™ 

ICP-MS coupled with an ESI New Wave Research™ 

UP193FX laser ablation system following methods of 

[6]. Bright signals were obtained by using a 100 μm 

spot size at 50 Hz for 20 seconds (1000 shots) on the 

UP139FX. The analysis of Sb in IIABs is challenging 

due to its low concentrations (~40-100 ppb). Brighter 

Sb signals were obtained using [3] in a second round of 

data acquisition. This yielded a more precise correla-

tion with Au, i.e. a precise Sb/Au ratio was measured. 

Relative sensitivity factors for siderophile elements 

were obtained from NIST SRM 1263a steel, North 

Chile (Filomena) and Hoba. Each sample was analyzed 

at five spots, and the elemental compositions were cal-

culated as the average of the five spots. Where identi-

fied from P concentrations, spots that hit phosphide 

inclusions were not included in calculation of the aver-

age compositions. Antimony abundances were calcu-

lated from the Sb/Au ratios, using Au abundances de-

termined in the first set of measurements. 

 

     Results: To test the accuracy of the analyses in this 

study, our LA-ICP-MS data was cross referenced with 

IIAB iron INAA data from [1] for Co, Cu, Ga, Ge, As, 

Sb, W, Re, Ir, and Pt due to the large sample set (78 

irons) to clearly identify element vs. Au trends. For Ru, 

Re, Os, Ir, and Pt, our data was found to be in agree-

ment with [7,8].  

     Out of the 78 irons reported by [1], only 15 have 

reported Sb abundances, and out of those, none were 

analyzed in this study, so no interlaboratory sample to 

sample comparison could be made. To check the accu-

racy of Sb, five irons were used as secondary standards 

(Henbury, Campo del Cielo, Toluca, Odessa, 

Dungannon), and the abundances were compared with 

existing Sb data [9,10]. The Sb abundances were found 

to be in agreement, indicating that the NIST SRM 

1263a steel standardization used for Sb was accurate. 

We report a reproducibility of ±5-10% for the five 

spots in each of the IIAB samples. However, our Sb 

data shows an offset 35% higher than that of [1]. The 

reason for this discrepancy is not known. 

     Abundances for Re, Os, and Pt in this study are 

strongly correlated with isotope dilution data from [8], 

yet Re and Os are both systematically higher in this 

study by ~17% and abundances for Pt are ~11% high-

er. However, since they are correlated on the same 

fractionation line, this offset can be explained by natu-

ral variability between iron meteorite samples. This 

excludes Negrillos and Coahuila, which showed Pt 

enrichments in this study, and Sikhote-Alin which 

showed Re near the detection limit for that sample (6 

ppb).  

 

     Discussion: Siderophile element partitioning is de-

pendent on S concentration in the melt. Since S is al-

most perfectly incompatible in the melt fraction 

(D=0.01), its concentration increases in the melt over 

the course of core crystallization until the Fe-FeS eu-

tectic is reached at 31 wt. % S [5]. Previous work by 

[11] modeled fractional crystallization in Ge vs. Au 

plots, and concluded that the IIAB core had an inital S 

content of 18 wt. %. This study was able to reproduce 

those results, and used an initial 18 wt. % S content for 

fractional crystallization models of IIAB irons.  

     Evidence for low-pressure fractional crystallization 

in IIAB irons. Elements including Cu, Ga, Pd, W, Re, 

Os and Ir all plotted trends vs. Au that were successful-

ly predicted by fractional crystallization using 1-bar 

partition coefficients. No change in partitioning be-

tween low and high pressure is seen in W, Re, Os, or Ir 

since their partition coefficients are not pressure sensi-

tive [2]. Due to the strong dependence on pressure that 
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D(Pd) exibits [2], the clear agreement of Pd vs. Au 

IIAB data with models using 0.1 MPa partition coeffi-

cients (Fig. 1) was a significant piece of evidence sup-

porting low-pressure fractional crystallization. 

 
Figure 1: Palladium vs. Au data for IIAB irons fitted 

to fitted to fractional crystallization models.  
 

     Improved partition coefficients for As. A particular-

ly important observation was that the As vs. Au data 

did not follow models using 0.1 MPa partition coeffi-

cients (Fig. 2). After close examination of the parame-

terization used by [2] for 1-bar As partitioning, the S-

dependent experimental data that falls between 18-31 

wt. % S was found not to fit the parameterized curve of 

[2]. Since this is the critical S range relevant to model-

ing IIAB irons, the mismatch results in inaccurate 

modeling of the As vs. Au data for IIAB irons (Fig. 2).  

 
Figure 2: As vs. Au data for IIAB irons [1] superim-

posed onto fractional crystallization models.      

 

     In order to develop a model that better fits the ex-

perimental D(As) results, the experimentally obtained 

D values obtained at 18 wt. % S and higher were se-

lected to accurately represent the S range proposed for 

the IIAB core. A best fit line to this data yielded an 

exponential formalism that more accurately captured 

the experimental partitioning data in this range of S 

values for 0.1 MPa partition coefficients (Fig. 3).  

     Using this new parameterization for D(As), a new 

fractional crystallization model was applied to the As 

vs. Au data, which was able to better represent the be-

havior of the IIAB irons as shown by the green line in 

Fig. 2. Despite the closer fit to the data, it should be 

noted that this is not a permanent fix that can be ubiq-

uitously applied to every modeled element, nor does 

this new model successfully capture the behavior of As 

in the more evolved IIB irons. A more thorough exper-

imental investigation is required into siderophile ele-

ment partitioning and revised parameterization 

schemes may be needed to fit the data.  

 
Figure 3: Exponential formula developed in this study 

used to model experimental D(As) [2] between 18-31 

wt. % S. 

 

     The failure of As to fit the low pressure model pro-

posed by [5] prompted an investigation into other ele-

ments trends that also failed their low pressure models. 

Similar results to As were observed in Ru and Rh, but 

acquiring the data necessary to develop new parameter-

izations for those elements would require new parti-

tioning experiments that are beyond the scope of this 

study. 
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