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Introduction: Our understanding of the chronology of 

planetesimal formation has changed significantly in the past sev-
eral years.  High-precision chronometers (e.g., 182Hf/182W, 
26Al/26Mg) reveal that differentiated bodies formed very rapidly, 
often with metal-silicate separation ages nearly indistinguishable 
from CAI formation (i.e., time zero).  These same constraints 
require that chondrite parent bodies generally formed several 
million years after CAIs.  In retrospect, thermal models for 
planetesimal formation and evolution could have been used to 
reach these same conclusions.  Although thermal models are of-
ten employed to simulate the evolution of individual bodies for 
detailed comparisons with meteoritical data (e.g., [1]), the spec-
trum of possible evolution histories provides robust constraints 
on feasible combinations of accretion times and peak tempera-
tures (e.g., differentiated vs. undifferentiated, e.g. [2]).  

Method: A spherically symmetric finite difference code that 
simulates the thermal evolution of planetesimals, taking into ac-
count enthalpies of both water and rock phase transitions and 
convective enhancement of heat flow, was constructed.  The base 
state assumes 30% by volume water. The heat sources in these 
calculations are the short-lived nuclides.  The code was applied 
to a wide range of initial conditions that map out possible and 
impossible combinations of time and peak temperature. 

Results: Mapping results in terms of accretion time (post-
CAI) and radii of the bodies shows clearly that silicate-metal seg-
regation dated by the Hf/W system requires accretion of these 
parent bodies prior to 1.5 Myr post-CAI.  The result is robust and 
is consistent with recent dating of igneous meteorites (e.g., [3]).  
A minimum radius of ~30 km applies for formation of bodies 
destined for metal-silicate segregation at 1.5 Myr, with smaller 
radii possible at <1.5 Myr. Chondrite parent bodies in which 
temperatures did not exceed ca. 1,000K must have formed > 1.5 
Myr post-CAI for all radii > 15km, consistent with the emerging 
new chronological constraints for chondrules and their host 
rocks.  For bodies that never suffered temperatures greater than 
500K (e.g., some carbonaceous chondrites), accretion times are 
limited to >2.2 Myr for radii > 15 km.  Thermal models require 
early (<1.5 Myr) formation of differentiated bodies and late (>2 
Myr) formation of carbonaceous chondrite parent bodies.  

Discussion: Models for the dynamics of the early solar sys-
tem linked to giant planet migration raise significant questions 
about the provenance of bodies populating the asteroid belt.  The 
constraints on accretion times provided by thermal models, in 
apparent agreement with emerging chronological constraints, 
suggest that carbonaceous chondrites may represent objects ac-
creted at heliocentric distances well beyond the asteroid belt  
(e.g., if accretion times for bodies 10’s of km in diameter varied 
with distance R from the nascent Sun according to τ(yrs) ~ 2000 
(R/1AU)3/2 [4]).  
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