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Introduction:  Incompatible elements provide im-

portant tools in studying magmatic processes. Magmat-
ic irons are crystals grown from fractionating metallic 
liquids. Antimony (Sb) is experimentally shown to be 
one of the most incompatible elements during solid 
metal crystallization from Fe-Ni-S liquid metal that 
partitions sufficiently into solid metal to be measurable 
[1]. It is more incompatible than As and Au [1], cur-
rently the two most incompatible elements routinely 
analyzed in irons. Elements that are much more in-
compatible than Sb, like Zn, S and Pb are present in 
inclusions within irons, but are not measurable in the 
metal due to their low DSM-LM≤0.01. Antimony parti-
tioning is sensitive to pressure [2], so Sb data could be 
useful in constraining the sizes of magmatic iron par-
ent bodies. Existing data for Sb in magmatic irons is 
sparse, although Sb is reported in nearly all IAB irons 
at Sb>200 ppm [3]. For example, [4] reported Sb 
abundances for only 15 of the 78 IIABs analyzed, all 
of which had Sb≤100 ppm. IIAB irons are a great ana-
log to test models of fractional crystallization of metal-
lic liquids. The existing Sb data [4] correlate with Au 
and As and imply a more compatible behavior than the 
experimentally determined partition coefficients indi-
cate [1]. To better understand Sb behavior in magmatic 
metallic systems, we generated new Sb data for IIAB 
irons. Here, we present Sb data for 21 IIAB irons de-
termined by laser ablation inductively coupled plasma 
mass spectrometry (LA-ICP-MS) and discuss the im-
plications. 

Samples and Analytical Methodology:  Samples 
were cut with a hand saw, set in epoxy resin mounts, 
and polished. 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 [5]. The analysis of Sb in IIABs 
is challenging due to concentrations in the tens of ppb 
range. Brighter 121Sb signals were obtained by using 
the maximum spot size (150 µm) with the maximum 
laser repetition rate (100 Hz) possible on the 
UP193FX. These initial measurements revealed that 
pulses of trace elements not found in irons (e.g., Y, Zr, 
REE) occurred during intense ablation, which included 
Sb at the levels found in IIAB irons. These elements 
build up in the tubing leading from the laser to the 
ICP-MS from previous analyses of NIST SRM 610 
glass (Sb~500 ppm), and were mobilized by the in-
tense ablation of metal. To eliminate this effect, the 

entire sample tubing was replaced, and the laser cell 
cleaned thoroughly. Samples including IIAB irons, and 
a set of irons for which Sb abundances are known 
(Henbury, Campo del Cielo, and Toluca) were re-
analyzed without the use of NIST SRM 610 glass. Rel-
ative sensitivity factors for Sb were obtained from 
NIST SRM 1263a steel, and RSFs for other elements 
were obtained from analyses of North Chile (Filo-
mena) and Hoba [5].  

A small pulse of volatile metals (Zn, Sb, Pb) was 
detected in the beginning of ablation on the metal 
standards. Accordingly, each standard and sample 
analysis began with a pre-ablation sequence consisting 
of a 150 µm spot ablated at 5 Hz for 2 seconds (10 
shots) followed by 20 seconds of washout. This pre-
ablation signal was not analyzed. The standards and 
samples were then ablated with a 150 µm spot size at 
50 Hz for 20 seconds (1,000 shots) each and the bright 
signal was analyzed by ICP-MS. Each sample was 
analyzed at five spots, and the elemental compositions 
were calculated as the average of the 5 analyses. The 
reproducibility of Sb for the five spots was ±5-10% for 
the IIABs (50-100 ppb Sb), and ±2% for Campo del 
Cielo (270 ppb Sb). 

Results:  Figure 1 shows Sb measurements for a 
suite of IAB and IIIAB iron meteorites (Henbury, 
Campo del Cielo, Toluca, Odessa, and Dungannon) 
compared to existing Sb concentrations [3, 6].  

 
Figure 1: Comparison of Sb contents in irons with 
both high (IAB: Campo del Cielo, Toluca, Odessa, 
Dungannon) and low (IIIAB: Henbury) Sb abundances 
measured by LA-ICP-MS (this study) and by neutron 
activation analysis at UCLA [3, 6], with 1:1 line. 
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There is clear agreement between the two data sets, 
which implies that the standardization provided by 
NIST SRM 1263a steel is accurate. New Sb data for 21 
individual IIAB irons, and replicates of Hex River 
Mtns and North Chile, are shown in Fig. 2. The LA-
ICP-MS data are more precise than the literature data 
[4], with a deviation of ±5% from a best fit line (not 
shown).  

Fig. 2 shows that the IIAB Sb abundances meas-
ured in this study are systematically about 30% higher 
than those reported in [4]. Such offsets are ascribed to 
differences in standardization, which was accom-
plished in this study by use of a single Sb standard, 
NIST SRM 1263a. Incidentally, none of the IIABs 
analyzed in this study had Sb abundances so a direct 
comparison with [4] cannot be made. However, the 
data in Fig. 1 shows that a discrepancy in the standard 
is not a sufficient explanation of the interlaboratory 
offset. Thus, the cause of the discrepancy remains to be 
determined but over-estimation of low-level Sb is still 
a possibility since Henbury yielded 33 ppb Sb instead 
of the listed value of 27 ppb Sb [6], an offset of ~20%. 
Two measurements of Hoba performed before and 
after running the NIST SRM 1263a steel yielded dif-
ferent results (8 ppb vs. 15 ppb) for Sb, indicating that 
contamination of low-level Sb by high-Sb samples 
remains a concern. 

 
Figure 2: Sb vs. Au abundances in IIAB irons (this 
study, [4]) compared with model predictions using 
parameters from [1, 7]. 

 
During the analysis of Toluca, both kamacite and 

taenite were encountered. Compared with other sidero-
philes (Rh, Re, Os, Ir, Pt), Sb and Pd were strongly 
partitioned into the Ni-rich metal (~15% Ni) by factors 
of 3, Sn by factors of 4, and Cu by factors of 5. A bal-
anced analysis of Toluca was obtained by recombining 
kamacite and taenite in proportions determined from 

Ni mass balance. During the analysis of North Chile 
and Uwet, frequent Ni-rich phosphides were encoun-
tered. Although As and Sb both belong to the same 
group as P in the Periodic Table, neither element was 
found to be concentrated by the phosphides relative to 
the metal. 

Discussion:  Models for IIAB crystallization used 
sulfur contents (18 wt. %) for parental IIAB liquids 
from [7]. Parametrization of the partion coefficients [1-
2] were taken from literature values. The initial Sb and 
Au contents of the IIAB liquid were estimated using 
the D(Sb) from [1] with the new analysis of Negrillos, 
as Negrillos is closest to the earliest crystallized solid 
in the IIAB irons. The modeled liquid pathway was 
calculated in 0.1% increments of the remaining liquid, 
and the composition of the solid was calculated from 
the D(Sb) at each step using the S content in the liquid 
[1, 7], with D(S) of 0.01.  

Figure 2 shows that the modeled crystallization 
predicts a steeper trend in Sb vs. Au than the IIAB iron 
trend observed, independent of the use of FSU or 
UCLA Sb data for IIABs. The concentration of Sb 
approximately doubles as the concentration of Au dou-
bles. The observed trend is matched by either reducing 
the β parameter of [1] from 1.5 to 0.8, or by increasing 
D0 from 0.05 to 0.3, neither of which would be con-
sistent with experimental results in the Fe-FeS system 
[1]. The disconnect between the modeled solid path 
and our IIAB data indicates that the parameters deter-
mined from the 1-bar Fe-Ni-S system are not sufficient 
to fully explain the behavior of Sb in IIAB irons.  

At 9 GPa, Sb becomes more compatible relative to 
0.1 MPa experiments, while Au is not significantly 
affected [2]. The addition of carbon to the metallic 
liquid could also increase the D(Sb) relative to the 
D(Au) [8], but the ~2 wt.% carbon required would be 
observed as graphite or cohenite in IIABs, which is not 
found. The prospect that IIABs formed from the core 
of a large body with pressures at the inner core-outer 
core boundary ~5-10 GPa requires parent bodies 
>1,000 km in diameter [9].  

 
References: [1] Chabot N. L. et al. (2009) Meteor-

itics & Planet. Sci., 44, 505-519. [2] Chabot N. L. et al. 
(2009) EPSL, 305, 425-434. [3] Wasson J. T. and Kal-
lemeyn G. W. (2002) GCA, 66, 2445-2473. [4] Wasson 
J. T. et al. (2007) GCA, 71, 760–781. [5] Humayun M. 
(2012) Meteoritics & Planet. Sci., 47, 1191-1208. [6] 
Wasson J. T. (1998) GCA, 63, 2875-2889. [7] Chabot 
N. L. (2004) GCA, 68, 3607-3618. [8] Chabot N. L. et 
al. (2006) GCA, 70, 1322-1335. [9] Goldstein J. I. et 
al. (2009) Chemie der Erde, 69, 293-325. 
 

1714.pdfLunar and Planetary Science XLVIII (2017)


