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Introduction: The thermal and impact histories of ordinary 
chondrites provide important clues to the formation and impact 
histories of asteroids. Bodies that were heated by 26Al and were 
undisturbed by impacts developed an onion-shell structure with the 
least metamorphosed type 3 material on the outside and types 4-6 
arranged in concentric shells in an an onion-shell structure. Trieloff 
et al. [1] argued from their Ar-Ar and Pb-Pb ages and Pu fission 
track data for 9 H4-6 chondrites that the onion-shell structure was 
undisturbed during cooling and that the metallographic cooling 
rates, which showed little or no correlation between type and 
cooling rate [2], were flawed or compromised by later impact 
reheating. Harrison and Grimm [3] discarded fast metallographic 
cooling rates and inferred that only a very small fraction of the age 
and cooling rate data for H chondrites were inconsistent with an 
onion-shell model.  

Methods: We have studied taenite grains and shock levels in 13 
H4-6 chondrites which are largely shock stage S1/S2.  
Metallographic cooling rates were determined from central Ni 
contents of taenite  grains using the Wood technique to constrain 
thermal histories during kamacite growth at 500-600°C. Cloudy 
taenite particles, which formed below 350°C, were measured using 
a FEI field emission SEM with a resolution of 1-2 nm.  

Results: Zones of cloudy taenite are clearly visible in all 
chondrites except for three fast cooled H4 chondrites. The 0.1 μm 
scale of these intergrowths precludes any diffusion during reheating 
that could modify the Ni zoning in taenite on scales of micrometers. 
Thus the metallographic cooling rates could not have been modified 
by impact reheating. Cloudy zone dimensions are inversely 
correlated with metallographic cooling rate and are consistent with 
iron meteorite data [4].  Our results and published data [2] for 11 
H4 chondrites give cooling rates of 5-100°C/Myr except for three 
that cooled at >5000°C/Myr and which anchor the H4-6 sequence of 
Trieloff et al. [1]. Our cooling rates for these H4s are consistent 
with the Trieloff ages but are far too high for chondrites that were 
heated by 26Al. These H4s could not have cooled undisturbed near 
the surface and were probably excavated ~3 Myr after the H body 
accreted so that they quickly cooled near the surface. Early impacts 
like this one could have shock melted sulfides in low-shock type 5 
and 6 material [5, 6]. We predict that most H4s will have Ar-Ar 
ages that are younger than the Trieloff samples. Similarly, H5 and 
H6 chondrites both show wide ranges of cooling rates that are 
incompatible with undisturbed cooling. Butsura, for example, 
cooled about five times faster than four other H6 chondrites 
including Estacado and Guarena. We infer that several impacts 
punctured the H chondrite body to type 6 depths while it was 
cooling causing disturbances in the thermal histories of many H 
chondrites. 
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