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Introduction: Winonaites have roughly chondritic mineralogy 

and chemical composition [1]. The oxygen isotopic and 
mineralogical compositions of their silicates are comparable to those 
of the silicate inclusions in IAB irons [1, 2]. Silicates in IABs and 
winonaites are only mildly shocked (stage S1 and S2) [1, 3], and the 
IAB metal shows very little shock and deformation [4]. However, 
the angular shape of silicate incusions in IABs [3] and the depletion 
of light isotopes of Zn and Cu [5] suggest that impact deformation 
may have caused localized heating and coagulation of Fe-Ni-S melt 
[5]. Impact models include catastrophic disruption and reassembly 
of a hot target [3], impact melting and melt migration [6], and shock 
heating by cratering in a cold target [7]. We have studied the 
thermal history of metallic Fe-Ni in winonaites to help understand 
how metal was distributed in the winonaite body and how it was 
concentrated to form IAB irons. 

Methods: We studied metallic Fe,Ni grains in thin sections of a 
suite of winonaites using the techniques we applied to H chondrites 
[8]. Metallographic cooling rates at ~500°C were determined from 
central Ni contents measured by electron probe analysis and 
dimensions of 10-20 taenite grains in each of five winonaites. 
Suitable grains were located using X-ray scanning images. Cloudy 
taenite particle sizes were measured at the border with tetrataenite 
using a field emission SEM to constrain cooling rates at ~300°C. 
Some samples, e.g., HaH 193, were too weathered for our study. 

Results: Metallographic cooling rates for five winonaites are as 
follows: Pontlyfni: 103-4 °C/Myr; Winona: 200 °C/Myr; NWA 1463 
(the least metamorphosed, type 5 winonaite [9]): 100 °C/Myr; 
Fortuna and QUE 94535: 30 °C/Myr. Mean cloudy taenite particle 
sizes for Winona and QUE are 41 and 61 nm, respectively, 
consistent with the relationship between cooling  rate and particle 
size derived for 45  diverse meteorites [9]. 

Discussion: Winonaites cooled much faster than main-group 
IAB irons at 500°C. Cooling rates of nine IAB main group plus the 
closely related sLL subgroup irons inferred from cloudy taenite 
particle sizes range from 10 to 25 °C/Myr [10]. IAB irons probably 
formed and cooled deep inside the parent asteroid inside a thick 
winonaite mantle, not near the surface of the asteroid [7]. 
Pontlyfni’s fast cooling rate and old Ar-Ar age, ~4561 Myr after 
half-life correction [1,11], indicate very early impact excavation 
from a hot interior. Winona’s cooling rate of 200 °C/Myr and Ar-Ar 
age of 4.42±0.05 Gyr imply a much later impact excavation. Slow 
cooling rates of IAB irons suggest that diverse Ar-Ar ages obtained 
for adjacent plagioclase grains [11] are not due to mixing of young 
and old silicates. 
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