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The thermal metamorphism of ordinary chondrite parent 

bodies resulted in a concentrically layered ‘onion-shell’ 

structure, where more strongly metamorphosed material is 

located at increasing depth towards the center [1]. This ini-

tial structure was likely disturbed by subsequent impacts 

that partially or wholly disrupted the parent bodies [2]. 

However, the timing of these events, and how they are re-

lated to the high-temperature cooling history of ordinary 

chondrites are poorly constrained. To address these issues, 

the 182Hf-182W chronometer was applied to a suite of equil-

ibrated H, L, and LL chondrites (type 4–6). All samples 

were separated into coarse-grained metal and silicate-

dominated fractions, where the latter consist of variable 

mixtures of silicates and very fine-grained metal. All sam-

ples define precise Hf-W isochrons for the silicate sepa-

rates, yielding Hf-W closure ages that become increasingly 

younger with increasing metamorphic grade. This observa-

tion is consistent with an onion-shell structure of ordinary 

chondrite parent bodies. However, for several samples the 

coarse-grained metals plot below the isochron defined by 

the silicate-dominated fractions. Numerical simulation of 

W diffusion among silicates and metal reveals that owing 

to the very low metal-silicate ratio of the bulk silicate-

dominated fractions, the Hf-W system in these fractions 

closed later than in the coarse-grained metals. This is con-

sistent with the observation that metal plots below the 

isochrons defined by silicate-dominated fractions. Con-

versely, for some of the investigated type 5 and 6 samples 

metal plots on the isochrons, which therefore requires rapid 

cooling below Hf-W closure. The estimated cooling rates 

for these samples are higher than expected for typical type 

5–6 samples buried deep inside their parent bodies, sug-

gesting that these samples were excavated to near surface 

locations by impacts. Based on the Hf-W data these exca-

vation events occurred early, between ~6 and ~11 Ma after 

CAI formation. This coincides with a predicted period of 

increased high-velocity impacts due to the growth and mi-

gration of the gas giant planets [3, 4]. Of note, each group 

of ordinary chondrites contains slow and fast cooled type 

5-6 samples, indicating only partial disruption of the parent 

bodies or, alternatively, several distinct parent bodies with 

different impact histories. 
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