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ABstRAct

The conditions under which metal cores formed in silicate-metal planetary bodies in the early Solar 
System are poorly known. We studied the Buck Mountains 005 (L6) chondrite with serial sectioning, 
X-ray computed microtomography, and optical and electron microscopy to better understand how 
metal and troilite were redistributed as a result of a moderately strong (shock stage S4) shock event, 
as an example of how collisional processes could have contributed to differentiation. The chondrite 
was recovered on Earth in multiple small pieces, some of which have a prominent, 1.5–3 mm wide 
holocrystalline shock melt dike that forms a jointed, sheet-like structure, as well as an associated 
shock vein network. The data suggest that metal and troilite within the dike were melted, sheared, and 
transported as small parcels of melt, with metal moving out of the dike and along branching veins to 
become deposited as coarser nodules and veins within largely unmelted host. Troilite also mobilized 
but partly separated from metal to become embedded as finer-grained particles, vein networks, and 
emulsions intimately intergrown with silicates. Rock textures and metal compositions imply that shock 
melts cooled rapidly against relatively cool parent body materials, but that low-temperature annealing 
occurred by deep burial within the parent body. Our results demonstrate the ability of shock processes 
to create larger metal accumulations in substantially unmelted meteorite parent bodies, and they have 
implications for the formation of iron meteorites and for core formation within colliding planetesimals.
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intRoduction

The segregation of metal and ultimate formation of metal 
cores during differentiation was one of the most fundamental 
processes to affect silicate-metal planetary bodies in the early 
Solar System, but the conditions under which such differentiation 
occurred is poorly understood. Gravity-induced metal separation 
is likely at high melting degree, such as in magma oceans, but 
is more problematic by porous flow in hydrostatic conditions 
when silicate is mostly solid, owing to the high interfacial 
energy between iron-sulfide metallic melt and silicate solid 
(high dihedral angle of metallic melt), which prevents metallic 
melts from interconnecting (e.g., Minarik et al. 1996; Shannon 
and Agee 1996; Gaetani and Grove 1999). Even at moderate 
degrees of melting when silicate is partly molten, metallic melt 
might not interconnect and efficiently separate (Rushmer et al. 
2005; Rushmer and Petford 2011). However, experiments and 
numerical models suggest that interconnection of metallic melts 
is greatly facilitated by shear deformation (Bruhn et al. 2000; 

Groebner and Kohlstedt 2006; Kohlstedt and Holtzman 2009; 
Rushmer et al. 2000, 2005; Rushmer and Petford 2011). Simi-
larly, observations of chondritic meteorites suggest that shock 
processes could have played an important role in mobilizing and 
segregating metal from silicate and sulfide (e.g., Rubin 2002; 
Tomkins et al. 2013a), producing both metal-veined chondrites 
such as Portales Valley (Kring et al. 1999; Rubin et al. 2001; 
Ruzicka et al. 2005) and Kernouvé (Friedrich et al. 2013), as 
well as coarser nodules of metal (Widom et al. 1986; Fujita et al. 
1999; Rubin 1999). This process could have contributed to core 
formation in planetesimals (Tomkins et al. 2013a, 2013b). Studies 
of chondrites are revealing as many were shock-deformed under 
conditions of both low gravity and low melting degree, providing 
direct evidence for the efficacy of shock alone to segregate metal.

In this work, we studied the Buck Mountains 005 (L6) chon-
drite, which is notable for containing a prominent, metal-depleted 
shock melt dike (Brown et al. 2013a, 2013b; Hutson et al. 2013a, 
2013b) and also unusually coarse metal in the adjacent host. This 
distribution of metal suggests the possibility of metal segrega-
tion processes during dike formation. The meteorite was studied 
with serial sectioning, X-ray computed microtomography, and 
optical and electron microscopy. Our results have implications 
for impact-induced segregation of metal in planetary bodies.
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