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The occurrence and proportions of petrologic types among ordinary chon- 
dri tes have been explained by internal heating of three (H,L,LL) parent aster- 
oids of ~100 km radius (e.g., 1 ). This conventional ("onion shell") model pre- 
dicts an inverse relation between petrologic type and metal lographic cooling 
rate, but no correlation has been observed. A "metamorphosed planetesimal" 
model was devised to explain this discrepancy (2,3) ,whereby metamorphism occurs 
in planetesimals a few km in radaus which then accrete to form r ~100 km parent 
asteroids. Cool ing rates at 500 C (the metal lographic blocking temperature) 
are then controlled by buria17depth. The model demands slow accretion 
for 100 km radius bodies (~10 yr) so that maximum temperatures due to 
heating are reached in planetesimals of $10 km radius. Moreover, in order to 
produce and maintain temperatures of 850 C (the max temperature for type 6 
chondrites), the bodies must have the insulating pr perties of particulate 
matter, and have an initial 26/27 A1 ratio of 5x10-! (4). However, collision 
models (5,6) predict that these small bodies cannot accrete intact (i .e., 1 i ke 
a bunch of grapes) once the parent body has reached several tens of km dimen- 
sion. Instead, incoming planetesimals are shattered, and the model's slow ac- 
cretion times imply that the shattered remains are not buried quickly enough 
to prevent rapid cooling of fragments at the surface instead of slower cooling 
at depth. 

An alternative model is also consistent with the cooling rate constraint, 
in which metamorphism occurs in 100 km radius bodies that are collisionally 
fragmented and gravi tati ona ly reassembled prior to slow cool i ng through 500'~. b Faster accretion times (<I0 yr) will cause peak temperatur to occur in 
bodiesoof this size, and even assuming a factor of 10 less 88A1, temperatures 
of 850 C can be maintained for several tens of Ma. Collisions between compar- 
able-sized bodies may have been likely on such a time scale, particularly if 
an initial population of planetesimals formed by gravitational collapse had a 
characteristic size. For asteroids of 100 km radius and encounter velocities 
less than several hundred m/s, collisions will result in catastrophic fragmen- 
tation, followed by gravitational reassembly into a brecciated rubble pile(5). 
Although factors affecting reassembly time are complex, a rough estimate can 
be made from the free-fall time of a fragment ejected near escape velocity. A 
characteristic reaccretion time is only of the order of tens of hours, so frag- 
ments a few m in dia~eter can retain enough heat to insure that metallographic 
cooling rates at 500 C are fixed by burial depth in the reaccreted parent body. 

Metamorphosed planetesimals have been used to account for coherent cool- 
ing of xenolithic clasts in some chondrites, but fragmentation and reassembly 
has been invoked to explain incoherent cooling rates in others (2). Only the 
latter model can explain both coherent and incoherent cooling rates of xeno- 
lithic clasts, by catastrophic collisions during or after metamorphism. 
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