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IAB iron meteorites contain angular, unmelted, chondritic rock fragments resembling 
winonaites; they may be derived from a single body. Two models have been proposed to account 
for the silicate inclusions and the compositional range of the metal. Kracher [I, 21 proposed that 
fractional crystallization of a S-saturated core could produce the observed siderophile element 
trends. Wasson and coworkers [3, 41 suggested that these meteorites could have formed in 
individual impact melt pools in the megaregolith on a common parent body. Kracher's model does 
not adequately explain mixing of molten metal with unmelted silicates. The impact model [4] 
explains the brecciation and mixing, but cannot account satisfactorily for lithologies formed by 
partial melting. We are exploring break-up and reassembly of a hot, partially differentiated body as 
an alternative model that combines the best features of the other models. Prior to the impact, 
sulfur-rich molten metal [2] began to drain to the center of the body. Silicates experienced some 
melting as well, producing basaltic melts and olivine-rich residues [7]. Before core formation was 
complete, we suggest that an impact disrupted the body, mixing silicates into molten metal 
(represented by IAB irons with silicate inclusions) and olivine-rich residues into unmelted silicate 
rock (winonaites). Preliminary results of computer modelling indicate that core material can be 
scrambled and mixed with silicate material from the overlying mantle of the body in a break-up and 
reassembly scenario. 
Why do we need another model? We invoke break-up and reassembly of a hot, partially 
differentiated body because the features of these meteorites are inconsistent with impact into cold, 
undifferentiated asteroidal-sized bodies. Mundrabilla's dendritic texture indicates a cooling rate at 
its liquidus of 5"CIyr [5] and subsolidus cooling rates calculated for Mundrabilla and other IAl3 
irons, based on Widmanstatten patterns, are 10-50°C/Myr [6]. The requirement of fast cooling 
followed by slow cooling is consistent with a large impact event followed by deep burial. 
Similarly, the silicate inclusions in the IAB irons are unrnelted, unshocked, angular, and chondritic 
in composition, suggesting hot metal and cold silicates were mixed, causing rapid cooling at 
liquidus temperatures. Benedix et al. [7] showed that the occurrence in the same thin section of 
coarse-grained partial melt residues and fine-grained textures requires mixing by impact. Break-up 
and reassembly also offers a mechanism to help explain the diversity of the metal compositions in 
the IAB irons, as well as the variation in type and abundance of the silicate inclusions of the LAB 
irons. It is clear that impact must have played a role in the formation of these meteorites. 
However, the model of Choi et al. [4] is physically implausible because of the inability of impact to 
cause partial melting, the inefficiency of melting during impact cratering on cold asteroids, and the 
difficulty of retaining the melts on the target body. Furthermore, impacts severe enough to 
produce large volumes of molten metal sulfide would also produce abundant shocked and melted 
silicates [8]. Shock effects and whole rock silicate melts are not observed in the silicate inclusions 
in IAl3 irons or in the winonaites. 

Pre-impact state of the parent body We assume that the winonaites and IAB irons are from 
one body [7], based on their similar silicate textures, chemistry, and oxygen isotopes. We also 
assume that this body was heated and partially melted by 26A1 or induction heating and that the 
peak temperature had been reached and cooling had begun at the time of the impact. Temperatures 
at the time of the impact ranged considerably throughout the body. Mundrabilla's dendritic texture 
is consistent with quenching at the liquidus temperature, calculated to be 1390°C, based on a S 
content of 8%. Temperature ranges determined from the two pyroxene method and textural 
features (i.e., partial melt residues) in the winonaites give a range of temperatures from 900" to 
1350°C [7]. Some portions, like most winonaites, were never melted, but experienced 
temperatures up to 200" below the silicate solidus. Other portions were partially melted (e.g., 
gabbroic inclusions in Caddo County [9]) and exceeded the silicate solidus temperature. Part of 
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the range in Ni contents of the IAB irons may be due to different amounts of partial melting in this 
partially differentiated body. The presence of the presumably associated IIICD irons indicates that 
there was not a single metallic core in the body. Dikes and blobs of metal were making their way 
to the core when the break-up occurred. It is unlikely that substantial amounts of metal crystallized 
prior to impact, because IAB irons with chondritic silicate inclusions have a broad range of Ni 
concentrations. 

Effects of the impact Break-up and reassembly has been proposed for the formation of several 
other meteorites such as Shallowater [lo], IVA irons and mesosiderites [ l l ] .  Break-up and 
reassembly causes mixing of materials that have a range of temperatures and produces complex 
textures. We propose that a still hot, partially differentiated 100-300 km diameter [6] body was 
impacted by a projectile 10's of km in diameter [12]. The impact created an environment in which 
hot, molten material from the central region of the body was mixed with cooler, unmelted, 
chondritic material from near the surface. Some of the molten metal quenched due to mixing with 
cold silicates and some coalesced into large pools where fractional crystallization took place. The 
rapid cooling rate of Mundrabilla is explained by the liquid being in an isolated pond of molten 
metal which was excavated by the break-up. The molten metal was subsequently surrounded by 
much cooler silicates, causing rapid cooling, but not incorporation of abundant silicate inclusions. 
In other cases, molten metal was forcibly injected into fragments of unmelted, relatively cool 
silicate rock, forming meteorites, like Landes, which contain angular silicate inclusions embedded 
in a metal matrix. The metal in this meteorite was molten when the silicates were mixed in and 
quenched it. Thus, the metal in Landes is essentially a quenched liquid in which no fractional 
crystallization could have taken place. Furthermore, we infer that some melt pools were large 
enough to fractionally crystallize producing high Ni IAB and IIICD irons in the way that Kracher 
[I] proposed for core crystallization. This break-up and reassembly process also explains the 
mixing of the partial melt residues with unmelted, metamorphosed chondritic material in the 
winonaites. In addition, deep burial after reaccretion accounts for the slow cooling rates of IAB 
and IIICD irons. 

Plausibility of the model To investigate our hypothesis quantitatively, we have modeled [12] 
the effects of large impacts at 3, 5, or 7 kmls and 15", 45", or 75" incidence angle on asteroids 100 
and 3 16 km in diameter. We used the Tillotson [13, 141 granite equation of state for both collision 
partners. We explicitly calculate the hydrodynamic phase of each impact (contact, compression, 
ejecta launch, and propagation of the impact shock to the antipode), during which energy 
partitioning and material velocity distributions stabilize; thereafter, particle motions are nearly 
ballistic and can be handled analytically. Particles with kinetic energy (K) exceeding the 
gravitational energy binding them to the rest of the mass in the system (W) escape, but those with 
KTO.5W are launched onto suborbital trajectories and can reaccrete anywhere on the final rubble 
pile. These particles are "scrambled." We identify core material as particles initially closer to the 
target's center than half the target's original radius (12.5% of the original mass). Results indicate 
that core matter is scrambled in each case tested. Large asteroids suffering nearly fatal impacts may 
reaccrete to contain - 10% by mass of material excavated from the core. Although these results are 
preliminary and assume a homogeneous target, they demonstrate that large impacts can, at least in 
principle, exhume and mix deeply buried material as postulated in our model for the origin of 
winonaite and ME3 meteorites. 
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