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Introduction   

    Metallographic cooling rates have been 

questioned by some authors as they appear totally 

inconsistent with popular formation models. For 

example, if IVA irons had cooled in a metallic core 

beneath a silicate mantle they would have 

indistinguishable cooling rates. However, IVA cooling 

rates vary by a factor of ~60 [1] and have been 

questioned by Wasson and Hoppe [2] on the basis of 

their ion probe analyses of Ni/Co ratios. 

     Here we use an electron probe microanalyzer 

(EPMA) to analyze kamacite-taenite (K/T) interfaces 

in IVA and IIIAB irons, pallasites and mesosiderites 

[3,4] and show that metallographic cooling rates are 

robust. Conventional ideas about the origins of 

differentiated meteorites must be modified  to 

account for metallographic cooling rates. 

 

Method 
        Ni and Co at K/T interfaces were analyzed 

using EPMA operating at 15kV with a nominal 0.5 to 

1 mm x-ray source. We analyzed Fe, Ni, Co, and P 

along a line perpendicular to the K/T interface in 1 

mm steps.  For each traverse, we obtained taenite 

compositions from the point with the maximum Ni. 

Kamacite compositions were derived from the next 

point that was not enriched in Ni from beam overlap 

in taenite. (Fig. 1).  Mean interface compositions 

were obtained from 12-28 traverses for each of the 

38 meteorites.   

 

 

 

 

 

 

Results 
     Fig. 2 shows that maximum Ni content in taenite, 

Nig, varies inversely with metallographic cooling rate 

derived using computer simulation methods [5,6] and 

new diffusion and phase diagram data. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion 
      EPMA measurements of Nig, correlate well with 

metallographic cooling rate (Fig. 1), are consistent with 

previous results [3], and can be used to provide estimates 

of relative cooling rates.  

     IVA irons. Our measurements of Ni and Co at the 

kamacite-taenite interface in 13 group IVA irons provide 

robust support for large cooling rate variations. Using the 

Fe-Ni-P phase diagram and temperature dependence of 

the Ni diffusion rate in g, we infer from Nig values that 

cooling rates in IVA irons decrease by a factor of 100 with 

increasing bulk Ni. 

     Wasson and Hoppe [2] failed to observe the cooling rate 

variation in IVA as they analyzed Co/Ni ratios in 2 irons with 

low precision. Nig/Nia and Cog/Coa are poor measures of 

equilibration temperature as they depend on flawed 

extrapolations to low temperatures and their ratio, which 

was used by [2], is worse. The conclusion of [2] that 

interface concentrations of Ni and Co in group IVA irons are  

in conflict with the 60-fold variation in cooling rate [1] is 

incorrect.   Relative cooling rates can be derived from the  

size of the cloudy zone microstructure in high Ni taenite [7], 

Fig. 3, and tetrataenite widths [4,8].  The cooling rates of 

 

 

 

 

 

 

 

 

  

 
       

 

 

 

 

 

 

 

 

 

 

IVA irons and their correlation with bulk Ni can be understood if 

they formed in a metallic Fe-Ni body of radius 150±50 km that 

was initially molten and cooled with <1 km of silicate on the 

surface following a hit-and-run impact [9]. 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3  Cloudy zone particle size vs metallographic cooling rate of four groups of 

iron meteorites, main-group pallasites, H chondrites, and mesosiderites. 

  

     Stony-iron meteorites and irons with silicate inclusions 

cooled slower than irons derived from cores because early hit-

and-run impacts destroyed all fully differentiated asteroids 

except Vesta. Impacts that separated core and mantle material 

generated irons that cooled quickly like IIIAB and IVA irons. 

Other impacts that mixed metal and silicate together generated 

meteorites that cooled slowly like IAB irons, pallasites and 

mesosiderites. 
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Fig.1 EPMA  

Ni  data across 

kamacite and 

taenite in the 

Cumpas IIIAB 

Iron. The Co is the 

inverse of Ni. 

Fig. 2  
Ni concentration. in 

taenite at K/T  

interface using 

EPMA vs. 

metallographic 

cooling rate for 38 

irons and stony- 

irons 

 


