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Introduction: The heat source that drove differen-
tiation of planetesimals in the early solar system has
been the subject of some controversy. The role of Al
was unclear because it required sizable planetesimals to
have formed soon after the formation of calcium- du-
minium-rich inclusions. The canonical 2°Al/*’Al ratio
associated with CAls, 5 x 10° [1], corresponds to a
concentration of 2°Al sufficient to heat a planetesimal
through ~4000K, provided the planetesimal is large
enough to prevent cooling on timescales similar to the
half life of °Al (~10 km) [eg. 2]. However, the ratio
associated with most chondrules (<10°°) corresponds to
a Al concentration only marginally capable of driving
differentiation [3]. Thus for 2°Al to be the heat source
requires early formation of planetesmals This isat
odds with the “classical” progression from dust through
chondrulesto sizable bodies.

Recent work using radioisotopes to constrain time-
scales has confirmed previous indications [4] that the
earliest planetesimals predate chondrule formation. In
particular, Hf-W analyses of magmatic iron meteorites
show that differentiation of their parent bodies was, at
the latest, contemporaneous with CAl formation [5]. It
seems that Al was the heat source that powered diiffer-
entiation. Early forming planetesimals aso provide an
environment to store CAls and chondrules preventing
their accretion to the sun under the influence of gas
drag.

This prompts us to ask why there is a reasonable
match between the observed “Al/”’Al ratio of the earli-
est solids and the %Al abundance necessary to allow
differentiation of planetesimals?

Possible Solutions: We identify three broad classes
of answersto the question we have posed:

1. Coincidence. Itispossiblethat thereisno signifi-
cance to the observation. At present we have only one
solar system to study, however the average ZAl/“Al
ratio of molecular clouds in the current epoch is ~10°
[6], suggesting that our solar system is not typica in
this respect. In fact, the need to explain the abundance
of %Al in the presolar nebula has led to various models
involving supernovae shortly before the formation of
our solar system.

2. The observed %Al concentration is self limiting.
This class of explanation involves framing an argument
that samples of our solar system from epochs before
%Al reached the critical concentration would not be
preserved.

One example of such an argument would run asfol-
lows; even if solids formed and accreted to planetes-
mals significantly before °Al concentrations decayed to
the critical level, evidence of their presence would not
have survived to the present day without resetting. The
presence of identifiable presolar material in our collec-
tion argues against this possibility.

It is also noteworthy that while evidence from the

Al-Mg system requires preservation of crystalline solids
from the relevant epoch, the Hf-W system records the
last equilibration of metal and silicate in a dfferentiat-
ing planetesimal. Thus g/stematic resetting of the Al -
Mg system requires hesting of solids, whereas evidence
from the Hf-W system requires either prevention of the
separation of melts (perhaps by vigorous convection) or
remixing.
3. Anthropic Selection. Our third class of lution
involves anthropic selection.  Anthropic arguments
have some notoriety in a cosmological context, but are
uncontroversia where a large population of planetary
systems demonstrably exist.

In this form of solution, we speculate that differen-
tiation of planetesimals (heating to melting point of
planetesimal interiors) favours production of planetary
systems that allow development of complex life forms
or technological civilizations. For instance, melting
may be a mechanism to reduce porosity and change the
collisional properties of planetesimals. Alternatively,
planetesimals forming with high initial 2°Al concentra-
tions may become significantly depleted in voldtiles,
affecting their subsequent evolution. Such arguments
may merit further investigation which, in the light of
the low 2°Al concentrations typical of the ISM, we sug-
gest should focus on selection of unusually high “°Al
concentrations. If the proportion of planetary systems
forming with a given “°Al concentration decreases as
the concentration increases, anthropic selection of those
systems with %Al concentrations above a threshold
would provide a natura explanation for the doserved
match in our solar system.

Final thoughts: Our goa in this abstract has been to
raise a question that might provoke interest in the
community and outline broad classes of arguments that
may be made to address it. We have not found a com-
pelling mechanism to place an upper limit on the %°Al
concentration from which samples can survive. In addi-
tion, it seems that 2°Al concentrations in our solar sys-
tem are unusualy high. For this reason, being unwill-
ing as yet to adopt coincidence as an explanation, we
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marginally favour an anthropic explanation. Such a
selection pressure on the solar system we observe first
hand would significantly affect the inferences we can
make from formation of our solar system to formation
of solar systemsin general.
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