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Introduction:  The metallographic cooling rates of the IVA 
irons determined from kamacite growth modeling vary directly 
with Ni content by a factor of ~ 50 [1,2].  Relative cooling rates 
can also be inferred from the sizes of high-Ni particles in the 
cloudy zone, which formed by a spinodal transformation at 
~3000C during cooling [3].  In order to measure high-Ni particles 
< 30 nm in size and to avoid potential artifacts which are intro-
duced during specimen preparation for SEM analysis, we used a 
transmission electron microscope (TEM) to examine the cloudy 
zone structure in IVA irons.  Our TEM studies provide cooling 
rates for the IVA irons at ~300°C and help to understand how the 
IVA irons formed in their parent asteroidal body.  We also con-
strain the post-impact thermal history of moderately to heavily 
shocked IVA irons in which the cloudy zone has been obliter-
ated. 

Results:  TEM thin sections were studied from 13 IVA irons 
of which 8 experienced low shock (<13 GPa) and 5 experienced 
medium to high shock.  In ten IVAs ( 8 low shock and 2 medium 
to high shock), the high-Ni particle size in the cloudy zone varies 
from 10 to 32 nm as the bulk Ni content increases from 7.7 to 9.5 
wt% and the metallographic cooling rates decrease from 2500 to 
1000C/Myr.  The inverse correlation between high-Ni particle 
sizes and metallographic cooling rate for diverse meteorites 
shows that the IVA cooling rates at 350-2000C vary by a factor 
of ~ 15 and are inversely correlated with bulk Ni concentration.  
The widths of the tetrataenite regions correlate directly with 
cloudy zone particle size and with the cooling rate of the meteor-
ite providing a third independent measurement of low tempera-
ture metal cooling rates.  Cloudy zone microstructures are absent 
in Jamestown, Obernkirchen and Seneca Township due to mod-
erate to high shock heating.  The high Ni taenite rim is still pre-
sent although in some cases grain boundaries have formed, grain 
boundary diffusion has taken place, and diffusion zones up to 
150nm are observed at kamacite/tetrataenite interfaces. 

Discussion:   The measured cooling rate range in IVA irons 
is incompatible with cooling in a metallic core that was insulated 
with a silicate mantle, but is compatible with cooling in an un-
insulated metallic body of radius 150 + 50 km [1,2].  Our results 
show that measurements of high-Ni particle sizes < 30 nm in 
fast-cooled meteorites (>100 0C/Myr) require low shock meteor-
ites and a TEM so that high-Ni particles can be observed directly. 
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