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Introduction: Magmatic iron meteorites are generally 
thought to come from metallic cores of differentiated parent bod-
ies that cooled slowly inside silicate mantles. Our new cooling 
rate data are incompatible with this model and imply that some 
cores and mantles were separated before the Widmanstatten pat-
tern formed. 

Cooling Rates: The metallographic cooling rates for both the 
IIIAB and IVA magmatic iron groups are correlated with  bulk Ni 
content in each group [1, 2]. For IVA irons, cooling rates increase 
from 90 to 7000 K/Myr with decreasing Ni. For IIIAB irons, the 
cooling rate variation is smaller, 60-340 K/Myr. Even allowing 
for variations in nucleation mechanism and temperature, the cool-
ing rate ranges in IIIAB and IVA are inconsistent with cooling in 
a core surrounded by a silicate mantle.  

Discussion: The cooling rates of irons from the core of an as-
teroid with a silicate mantle should be the same [3]. Our cooling 
rates for the IIIAB and IVA irons are incompatible with such a 
model. We argue that their parent bodies experienced impacts 
that removed almost all of their silicate mantles before kamacite 
formed. For IIIAB irons, the impact produced a metallic core 
covered by some remaining silicate or regolith. For IVA irons, 
the impact left little or no silicate on the metallic core. Our cool-
ing rate and thermal modeling suggest that at the time of the man-
tle-stripping impact, the temperature of the metallic core was 
850-1200°C, i.e., the core and mantle may both have been partly 
molten. As a result, the metal cores then cooled faster near the 
surface and much slower near the center of the cores. If iron me-
teorites came from bodies that formed at 1-2 AU and were scat-
tered into the asteroid belt by planetary embryos [4], the primary 
IVA and IIIAB bodies could have had their silicate mantles re-
moved by tidal effects and impacts with embryos [5]. The very 
early separation of mantle materials from metallic cores may be 
the reason for the “missing” olivine meteorites [4].   

Conventional thermal models imply that iron meteorite parent 
bodies had diameters of 24-130 km [6] or 4-200 km [7], but we 
infer that the metallic core of the IVA irons was around 300 km 
across and comparable in size to 16 Psyche, the largest known M 
class asteroid, which is 260 km across. 

Our model also implies that the IIIAB and IVA cores crystal-
lized inwards [8] not outwards [9] so high-Ni irons formed at the 
center.  
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