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We have constructed an asteroid modith the
intent of tracking the radiaind temporaldependence of
temperatureand composition throughout a 100-km
diameter body, with emphasis on constraining the
temperatureandduration of a liquid watephase. The
asteroid is composed of rodlltered andunaltered),
water (ice or liquid),and void spaces. Thermal
properties of the materialare composition- and
temperature-dependent wheappropriate. Thanitial
distribution of materials is unifornmgxcept for asmall
surface regolith, and can be varied for different
calculations. We investigate theffects of formation
distance, formatiortime since solar nebula collapse,
hydration reactionsandwater, void,and rock content
and composition on the evolution of the asteroid.

The numerical scheme wemploy to handle the
spherically-symmetric heat flowquation issimilar to
that used by[1]. We also make some of theame
assumptions:accretion is rapidthe rock is fully
lithified, there are no pressuredependencies of the
material propertiesand the major heatsource is

radioactivity. We incorporate a suite of both long- and dependenamount of alteration products.

short-lived radionuclideghe abundances ofvhich we
obtained from [2].

Our modeldiffers significantly from [1] in some
ways. First, we explicitlyadd a regolith to the

asteroid, which for our purposes is a zone of a few

hundred meters where porosity increasesand water
contentdecreasesiramatically. The impacprocesses
which create such a regolifftroceedover thetimescale
of the solar system, so our constant
overestimate#ts own effects onthe evolution of the
interior. However, we findthat the regolithcan act
either as a thermal blanket or a thermal sitépending
on the initial setup.Second, we includsolar nebula
temperatureevolution [3] to determine the initial
asteroid temperature agell as thesurfaceequilibrium
temperature; at TOyears afternebula collapse, the
nebula dissipateandthe surface is assumed to be in
thermal equilibrium with the solar flux. Thi@oduces
a substantiadifference betweenour models,because
many material propertiesre dependent otemperature
and the nebula at 3 AUdrops to ~20K before it
dissipates. Third, we vary th@me between nebular
collapse and the accretion of the asteroid.This is
similar to varying the amount of liv&Al as in [1],
but haswider implications because othe solarmebula

of alteration reactionanduse a finiterate of reaction.
This allows us tdrack effects ofmineral alteration on
watersalinity, pH, and freezing-point depression. The
choice of alteration reactiodeterminegshe amount of
heat released during alteration, and this is foundatae

a largeeffect onthe duration of liquid water. The
choice of reactioralso has volumetriconsequences;
we suggest that examination altered matrix for
expansion textures might constrain thmode of
alteration.

Although highly dependent onthe choice of
alteration reaction, our preliminary results show that
the interior of al100-km-diameter body cameach
temperaturefigh enough toproduce liquid water for
significant times (>1Dyears). Some scenarios allow
the complete melting of ice in thdeepinterior, with a
subsequent temperatutise (T,,,=400K). Weproduce
a non-uniform distributiorwhere liquid waterpersists
longest in the deepest zones and the regobtler sees
conditions appropriate taqueousalteration. Thenon-
uniform liquid distribution produces a radially-
It hhsen
suggested [4] that both CI- and CM-type mateci@ild
be formed byprogressively altering the sanieitial
assemblage, perhaps bthis kind of parent-body
history.
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model discussed above. Fourth, we consider a broad set



