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Introduction: Main group (MG) pallasites are widely 

thought to have formed at the core-mantle boundary of an 
asteroid, which probably supplied the IIIAB irons from its core 
[1]. In this case, the cooling rates of the MG pallasites and the 
IIIAB irons should be indistinguishable. Unfortunately, the 
cooling rates of pallasites are still uncertain. Cooling rates 
inferred from taenite edge compositions in metal (~ 0.5-2 K/Myr) 
[2] are no longer valid and those derived from concentration 
profiles of Cr, Ca and other elements in olivine (~20-200 K/yr) 
[3] are based on incorrect boundary conditions. Here we report 
the first metallographic cooling rate measurements in MG 
pallasites using the taenite Ni profile matching method [4].  

Method: Ni composition profiles were measured across 7 to 
10 Widmanstatten bands in each of seven MG pallasites using the 
electron probe microanalyzer. Crystallographic orientations of 
the Widmanstatten bands relative to the polished surface were 
obtained using electron back-scattered diffraction to correct for 
orientation effects. The metallographic cooling rate computer 
model [5] was used to match the measured Ni profiles.  

Results: The cooling rates of the seven MG pallasites range 
from 2 to 9 K/Myr with an average 2σ uncertainty factor of 1.5. 
The measured cooling rates correlate with the relative cooling 
rates inferred from high Ni particle sizes in the cloudy zone 
microstructure [6] and are not correlated with bulk Ni content. 
The significant difference in the metallographic cooling rates of 
IIIAB irons (56-330 K/Myr) [5] and MG pallasites indicates that 
they are not from the same parent body.  The diverse cooling 
rates indicate that MG pallasites were buried at different depths 
in their parent body—not at a core-mantle boundary. We view 
the MG pallasites as a product of a hit-and-run impact [7] that 
eviscerated a protoplanet like the IIIAB body after 80% of its 
core had solidified from the center outwards. MG pallasites are 
most likely from a body which includes 20% residual metal 
liquid mixed with an olivine mantle after break-up of a IIIAB-
like (in bulk composition) protoplanet.  
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