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Introduction:  The IVB iron meteorites have been 

described as highly homogeneous on a fine scale [1]. 
This group is also enriched in many siderophile trace 
elements [2,3]. For these reasons, the Hoba IVB iron 
has been used as a concentration standard in numerous 
trace element studies of metallic samples using laser-
ablation ICPMS [e.g., 4,5]. In conjunction with our 
analyses of Ni isotopes [6], we are measuring the Fe/Ni 
elemental ratios in solutions of meteoritic metal via 
quadrupole ICPMS. No commercial metallic standard 
is available with certified values for both Fe and Ni 
concentrations. Hoba is one of the few metallic sam-
ples for which published values for Fe and Ni concen-
trations are available [7]. Thus, Hoba was chosen as an 
in-house standard to check the accuracy of the ICPMS 
data. However, our measured Fe/Ni ratio, in wt%/wt%, 
(4.79 ± 0.09; 2σ) does not agree with the value of [7] 
(5.05 ± 0.06; 2σ), which is based on several analyses 
compiled by [8]. Therefore, a more detailed study of 
Hoba’s texture and composition was undertaken.        

Samples and Methods:  A polished section was 
prepared from a small piece (≈ 4 mm2) of Hoba for 
electron microprobe (EMP) and scanning electron mi-
croscope (SEM) analyses. Iron and Ni concentrations 
were measured using a Cameca SX-50 EMP, and Fe, 
Ni, and P abundances were measured using a JEOL 
5800-LV SEM.   

Results:  EMP analysis of 20 random ≈ 1µm spots 
indicated large compositional heterogeneity on a scale 
of several µm. Nickel varies from 6.82 to 27.9 wt % 
with corresponding Fe/Ni ratios ranging from 2.61 to 
13.7; the mean Ni content is 14.2 wt %. Subsequent 
SEM analyses revealed a fine-scale intergrowth of tae-
nite and kamacite (Fig. 1), and an SEM traverse con-
firmed the fine-scale heterogeneity (Fig. 2) suggested 
by the EMP analysis. A second series of SEM analyses 
in which the electron beam was rastered over areas of 
different sizes (Fig. 3) indicated that the Ni heterogene-
ity becomes significant for an area 10 µm or less 
across.  An X-ray map of phosphorus (Fig. 4) suggests 
that this element may also be distributed heterogene-
ously at the scale of 10 microns or less. 

Discussion: The texture seen in Fig. 1 was reported 
by [8] and described as duplex plessite; a preferred 
orientation of this texture and the presence of small 
schreibersite grains were also noted. Although the Ni 

heterogeneity decreases as the area sampled by the 
electron beam increases, the P map in Fig. 4 suggests 
that significant variations in P persist to a larger spatial 
scale than Ni. Schreibersite likely has a composition 
unlike the surrounding metal and could introduce het-
erogeneity in other trace elements on a fine scale. 

 
 

 
 
Fig. 1:  SEM back-scattered electron image of the 
Hoba IVB iron meteorite. White line represents the 
traverse in Fig. 2. Scale bar equals 50 µm. 
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Fig. 2:  SEM traverse (upper right to lower left) across 
the section of Hoba in Fig. 1 using a ≈ 1 µm diameter 
beam. Nickel varies from 3.15 to 41.0 wt % with a 
mean value of 13.8 wt %. Internal precision ± 1.2 wt % 
(2σ). 
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The reported concentrations of several trace
elements [3, 9-13] show that heterogeneities may occur 
between different sampled pieces of Hoba (Table 1). 
Variations in the abundances of As, Re, and Ir clearly 
exceed the quoted uncertainties. These variations may 
reflect real heterogeneities or could be a reflection of 
the differences in the accuracy and precision of the 
various analytical techniques applied over the last 40 
years. However, no single analyst has reported hetero-
geneity in Hoba. Regardless of the cause, these varia-
tions make it difficult to assign trace element concen-
tration values from the literature to any particular piece 
of Hoba for use as a calibration standard. Analyses of 
multiple pieces of Hoba in the same laboratory using 
the same technique would help to resolve if any signifi-
cant heterogeneity in elemental concentrations is pre-
sent on a bulk scale. 

Conclusion: The Hoba IVB iron meteorite is char-
acterized by fine-scale textural and compositional het-
erogeneities including numerous, small phosphide in-
clusions. The magnitude of the heterogeneities in-
creases with spatial resolution and becomes significant 
at the 10 micron scale (Fig. 3). Therefore, Hoba is not 
appropriate for microbeam studies conducted at a spa-
tial resolution of 10 microns or less for the analyses of 
concentrations of Ni, Fe, and P and possibly of trace 
elements whose partitioning behavior during liquid 
alloy crystallization is affected by the presence of P. 
Other materials that are well-characterized (e.g., group 
IIA irons and NIST steels) may provide more appro-
priate standards for such studies. Hoba has been used 
as a standard for numerous studies using laser-ablation 
ICPMS [e.g., 1,4,5,7,9]. These studies involved analy-
ses performed with a laser spot size of 15 microns or 
greater; furthermore, the laser samples to depths 
greater than the SEM electron beam. The fine-scale 
heterogeneities discussed here are shown to be signifi-
cant only at scales of 10 microns or less and are not 
relevant to these studies. 
 
Table 1:  Selected trace element abundance data for 
the Hoba IVB iron meteorite showing the mean values 
and the corresponding variations computed from the 
literature [3,9-13]. 
 

Element Mean (ppm) 2*RSD (%) 

Cr 181 5.4 
As 0.44 18.5 
Re 2.98 13.4 
Ir 27.0 17.9 

Au 0.081 11.0 
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Fig. 3:  SEM analyses across the same traverse at dif-
ferent spatial scales (5, 10, and 25 µm spot size). Inter-
nal precision ± 0.36 wt % (2σ). 
 

 
 
Fig. 4:  X-ray map for P in the Hoba IVB iron meteor-
ite. Bright spots likely represent schreibersite grains. 
Same field of view as Fig. 1.  
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