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Introduction: According to textbooks, the iron meteor-

ites come from the cores of asteroids that melted after 

chondrites accreted. The mantled cores crystallized and 

cooled over a hundred million years or more, and were 

then gradually eroded by impacts over billions of years 

[1,2]. This account is incompatible with new data on the 

thermal histories and ages of irons and other meteorites. 

Hf-W isotope systematics show that most iron meteorite 

parent bodies accreted before those of chondrites 1-2 

Myr after CAIs formed; their cores formed 1.5-3 Myr 

after CAIs [3,4]. Extraordinarily rapid formation and 

cooling of the IVA irons is required by the 4565.3±0.1 

Myr Pb-Pb age of troilite in Muonionalusta [5]. Here 

we focus  on the thermal histories of iron and stony-iron 

meteorites, which are incompatible with slow cooling in 

mantled cores and require early destruction of differen-

tiated asteroids.  

Measurement of thermal history: Chemical varia-

tions in the metal of most chemical groups are largely 

consistent with fractional crystallization: e.g., groups 

IIAB, IIIAB, IVA, and IVB [6].  Groups IAB, IIICD, 

and IIE have different chemical trends, abundant sili-

cates, and crystallized in diverse locations, not in cores. 

Metallographic cooling rate measurements at 700 to 

300
o
C have been made  using computer simulation 

methods [7,8] and new diffusion and phase diagram 

data. Relative cooling rates can be derived from the size 

of the cloudy zone microstructure in metallic Fe-Ni [9]. 

For group IVA iron meteorites, metallographic cool-

ing rates decrease by almost two orders of magnitude 

from 6600 to 100 K/Myr with increasing Ni content 

[10]. Cooling rates in mantled core samples would be 

essentially uniform as thermal diffusion in Fe-Ni is >30 

 faster than in silicates. The IVA irons cooled in a me-

tallic body 150 + 50 km radius with scarcely any silicate 

insulation that crystallized inwards [10]. Cooling rates 

of the IVB irons vary with bulk Ni content from 475 to 

5000 K/Myr, and for the IIIAB irons from 338 to 56 

K/Myr [11, 12].  

Measured cooling rates for the silicate bearing IAB-

IIICD irons are much slower, 10 to 25 K/Myr, [13] and 

independent of Ni content.  These irons probably solidi-

fied and cooled in separate regions in the mantle.  Main 

group pallasites cooled at 2.5 to 18 K/Myr [14], rates 

that are too diverse for the edge of a mantled core. 

These data and relative cooling rates derived from the 

cloudy zone method are shown below [13].  

 
The slowest cooled meteorites are not the fractionally 

crystallized irons from groups IIIAB, IVA, and IVB but 

those that come from bodies that failed to form cores 

like IAB or where metallic Fe,Ni was mixed by impacts 

back into mantle or crustal rocks like main-group 

pallasites and mesosiderites. Fractionally crystallized 

irons cooled more quickly as impacts separated core 

and mantle materials.  

Summary: The fractionally crystallized iron groups 

IIIAB, IVA, and IVB did not cool in mantled cores and 

main group pallasites did not cool at the core-mantle 

boundary. The parent asteroids of all these meteorites 

formed cores but unlike Vesta, these bodies were 

destroyed by impacts before they cooled.  
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