Compositions of group IVB iron meteorites and their parent melt
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Abstract
The concentrations of P, V, Cr, Fe, Co, Ni, Cu, Ga, Ge, As, Mo, Ru, Rh, Pd, W, Re, Os, Ir, Pt, and Au in the group IVB iron meteorites Cape of Good Hope, Hoba, Skookum, Santa Clara, Tawallah Valley, Tlacotepec, and Warburton Range have been measured by laser ablation inductively coupled plasma mass spectrometry. The data were fitted to a model of fractional crystallization of the IVB parent body core, from which the composition of the parent melt and metal/melt distribution coefficients for each element in the system were determined, for a chosen value of D(Ni). Relative to Ni and chondritic abundances, the parent melt was enriched in refractory siderophiles, with greatest enrichment of 5× chondritic in the most refractory elements, and was strongly volatile-depleted, down to 0.00014× chondritic in Ge. Comparison to an equilibrium condensation sequence from a gas of solar composition indicates that no single temperature satisfactorily explains the volatility trend in the IVB parent melt; a small (<1%) complement of ultrarefractory components added to metal that is volatile-depleted but otherwise has nearly chondritic abundances (for Fe, Co and Ni) best explains the volatility trend. In addition to this volatility processing, which probably occurred in a nebular setting, there was substantial oxidation of the metal in the IVB parent body, leading to loss of Fe and other moderately siderophile elements such as Cr, Ga, and W, and producing the high Ni contents that are observed in the IVB irons. By assuming that the entire IVB parent body underwent a similar chemical history as its core, the composition of the silicate that is complementary to the IVB parent melt was also estimated, and appears to be similar to that of the angrite parent.
Introduction
It is believed that the magmatic iron meteorite groups represent fractionally crystallized cores of protoplanetary bodies that formed early in solar system history (Scott 1972, Scott and Wasson 1975, Haack and McCoy 2003). Wasson (1995) estimated that there must be about 70 such differentiated parent bodies represented in the iron meteorite collections. Understanding the chemical and physical properties that produced the variations among the compositions and mineralogical features of iron meteorites, therefore, reveals something about the range of conditions in the solar nebula during the accretion and differentiation of their parent bodies.
This study focusses on the group IVB iron meteorites because, among the major magmatic iron groups, the IVBs have the most extreme compositions in a number of aspects, including the lowest abundances of the volatile elements Ga and Ge and, on average, the highest abundances of refractory siderophile elements such as Ir. In some regards the processes that governed the protoplanetary core compositions were acting to an extreme degree in the case of the IVBs, and therefore this group should provide a clear record of those processes.
There are two, very different, perspectives on the origin of the IVB irons. The most widely held view, that they reflect material that condensed at high temperatures in the solar nebula, has been mentioned by several authors (Anders 1964, Scott 1972, Haack and McCoy 2003) but was argued most forcefully by Kelly and Larimer (1977). In the simplest form of this model, the IVB parent body would have been composed principally of high-temperature condensates, probably incorporating material from only the first <10% of the condensible material in the nebula (Kelly and Larimer, 1977). Based on a more comprehensive trace element study of the IVB irons, Rasmussen et al. (1984) proposed that the elevated Ni content resulted from oxidation of Fe in the parent body, and furthermore, that the elevated Ir/Ni ratio resulted from oxidation even of Ni, indicating a very high oxidation state. The volatile depletion in IVB irons was considered by Rasmussen et al. (1984) to be the product of parent body outgassing; in their view nebular processing played no detectable role in the formation of IVB irons.
The present study seeks to find some resolution between these two opposing hypotheses by expanding the number of elements for which compositions are known in a significant number of the IVB iron meteorites. Particularly important to this task is the abundance of Pd, which can be a sensitive indicator of the chemical processes affecting trace element compositions in metal (Campbell et al., 2001). The data are interpreted in terms of a fractional crystallization model of the IVB parent body’s core, and the chemical evolution of the IVB core is interpreted from the calculated parent melt.
Section snippets
Experimental
The IVB iron meteorites used in this study were: Cape of Good Hope (FMNH #ME29); Hoba (USNM #6506 and FMNH #ME2477); Skookum (AMNH #273-1; labeled as Klondike (Skookum Gulch)); Santa Clara (FMNH #ME2859); Tawallah Valley (FMNH #ME2705); Tlacotepec (FMNH #ME2159); and Warburton Range (AMNH #4229-1). Polished surfaces were analyzed for major and trace element analysis by laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS). The laser ablation system utilized a CETAC LSX-200
LA-ICP-MS Data
The data for the seven meteorites studied are listed in Table 2. The precision is generally better than 4%, but analyses of elements having low abundance (e.g., Ga, Ge, As) and/or high backgrounds (e.g., P, V, Cr) sometimes show poorer precisions. The only datum below the detection limit was the measurement of As in Cape of Good Hope (Table 2). The entries for Hoba are the means from the two specimens.
The elemental concentrations for each meteorite, normalized to Ni and CI chondrite abundances (
Fractional Crystallization of the Group IVB Iron Meteorite Parent Body
The compositional variation between meteorites within several of the major iron meteorite groups (the so-called ’magmatic’ groups) has long been successfully interpreted as the product of fractional crystallization from a molten metallic body, such as the core of a protoplanet (Scott 1972, Scott and Wasson 1975). Here we model the fractional crystallization of the measured IVB irons to derive the composition of their parental melt. The fractional crystallization process follows the Raleigh
Conclusions
The use of LA-ICP-MS to perform bulk analyses has improved the understanding of group IVB iron meteorite formation by significantly expanding the number of trace elements for which these meteorites have been analyzed in a systematic manner. The precision of these measurements is commonly <10% even for volatile siderophile elements such as Ga, Ge, and Au that are at low abundances (50–200 ppb) in these meteorites. A model of the fractional crystallization of the IVB parental melt has been
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