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The metallographic cooling rate model simulates the growth 
of kamacite in taenite and the distribution of Ni in these two 
phases during the growth process, from ~6500C to ~ 4000C dur-
ing cooling within a parent asteroidal body.  The taenite profile-
matching method [1] and the taenite central Ni content method 
[2] are applied to determine the cooling rates in this temperature 
range.  Recent advances in the cooling rate models include the 
recognition of the importance of P in the growth of kamacite 
which controls the reaction path and the nucleation temperature, 
the measurement of more accurate diffusion coefficients, and the 
measurement of the orientation of kamacite/taenite interfaces to 
the plane of polish which improves the accuracy of the distance 
scale along the diffusion gradient.  As the accuracy of the metal-
lographic cooling rate model has improved, the measured cooling 
rates for a given meteorite have increased by about a factor of 
100 from measurements made in the 1960s.  The uncertainty in 
the cooling rate measurement (two standard deviations) has an 
apparent limitation of no better than + 30%, but is often much 
larger, + 100%.  Measured metallographic cooling rates have 
been used to determine, for example, that the IVA parent body 
was metallic and had a radius of 150 + 50 km [3].  At this time 
cooling rate variations in asteroidal parent bodies of a factor of 
2.0 or less cannot be measured.  

An empirical cooling rate indicator for meteoritic metal based 
on the size of the high-Ni particles in the cloudy zone microstruc-
ture in the taenite rims which forms at low temperatures, ~350 to 
1000C, during cooling within a parent asteroidal body, has been 
developed [4]. A strong inverse relationship between high-Ni 
particle size and metallographic cooling rate for irons, stony-
irons and stony meteorites is observed.  This relationship has 
been used to determine relative cooling rates in various meteorite 
groups [4, 5] although no predictive model has been developed.  
Recent advances, using electron microscopy of cloudy zone mi-
crostructure, has resulted in the measurement of high-Ni parti-
cles, <30nm in size, for fast cooled meteoritic metal [6].  

More and improved metallographic and cloudy zone cooling 
rate measurements will be made in the future.  The application of 
the TEM will allow for measurements of micron sized Ni gradi-
ents, for example in the IVB irons.  The importance of carbon in 
the growth of kamacite, for example in the IAB-IIICD irons, can 
be determined using new techniques such as the ion probe and 
further investigation of the effect of C on Ni diffusion in taenite.  
Measurement of trace element gradients in taenite may also lead 
to a new method for cooling rate determination. In addition a 
comprehensive model for the cloudy zone which forms by a spi-
nodal transformation needs to be developed. 
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