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CARBONACEOUS CHONDRITE PARENT BODIES, I : CONSTRAINTS AND 
FORMUIATION OF THERMAL MODELS. Harry Y. McSween, Jr., Department of 
Geological Sciences, University of Tennessee, Knoxville, TN 37996, and 
Robert E. Grimm, Department of Geological Sciences, Southern Methodist 
University, Dallas, TX 75275. 

This abstract outlines petrologic/geochemical constraints on the 
formulation of thermal models for asteroidal bodies that experienced low- 
temperature aqueous alteration; the results and implications of these 
models are given in a companion abstract (1). 

An earlier study (2) assumed that water was initially contained in 
condensed hydrous phyllosilicates. However, thermokinetic arguments 
indicate that nebular condensation of hydrous minerals is doubtful (3), 
and a number of petrographic observations require hydration reactions to 
have occurred after accretion (4). Thus we assume that model parent 
bodies were initially mixtures of anhydrous rock and ice in various 
proportions. 

Most, and possibly all, CM and CI chondrites are breccias that appear 
to have experienced final compaction in regoliths. Some aqueous 
alteration, specifically the formation of vein minerals, occurred in 
regoliths, but it is not certain whether the bulk of matrix alteration 
occurred in regoliths or in asteroidal interiors. Two classes of 
hypotheses, then, can account for alteration of chondrite matrix 
materials: alteration in asteroid interiors, with later residence in 
regoliths; or contemporaneous alteration and brecciation in regoliths. 
These two classes of hypotheses are shown schematically in Fig. 1 as 
interior-alteration and regolith-alteration. 

Studies of asteroid collisional histories suggest that catastrophic 
impacts may have occurred repeatedly, allowing for sampling of materials 
from throughout these bodies. In an interior-alteration model, the 
similarity in alteration within the CM and CI chondrite classes thus 
suggests that such a body was homogeneously altered throughout (Fig. 1). 
In a regolith-alteration model, chondrites may be chipped off by 
noncatastrophic events that sample only shallow depths, so the interior 
composition is unspecified. However, the implied strength against 
fragmentation for regolith-only sampling probably requires large 
asteroids. 

Peak temperatures for CM (25O~) and CI (150'~) chondrite alteration, 
as well as water:rock ratios, are given by oxygen isotopic data (5). 
Constraints on peak temperatures following expulsion or exhaustion of 
water are imposed by conditions necessary to dehydrate serpentine and 
brucite (350°C). Isotopic ages of vein carbonates in CI chondrites 
indicate alteration occurred within a few hundred million years of 
accretion (6). Hydration reaction kinetics are rapid compared to this 
time interval ( 7 ) ,  even at low temperatures, so this constraint applies 
principally to the duration of heat sources and availability of water. 

We assume that carbonaceous chondrite parent bodies are heated by 
decay of 2 6 ~ 1  and chondritic complements of long-lived radionuclies . 
However, our major conclusions are not markedly affected by choice of 
heat source, because both 2 6 ~ 1  and electromagnetic induction operate on 
similar time scales and internal temperature profiles produced by both 
sources are broadly similar (8). Accretion is assumed to be rapid 
compared to interior heating, so that the initial temperature profile is 
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uniform and equal to the surface value in equilibrium with insolation. 
We also assume that carbonaceous chondrites are fully lithified 
throughout the history represented by the calculations, although the 
mechanisms that lead to consolidation are poorly understood. In our 
model, when ice is melted, water may react with the rock to produce 
hydrous silicates. The effects of latent heat of reaction are 
appreciable and are included for both water and silicates. 

The release of water occurs readily in interior-alteration models 
because of the insulating effects of overlying rock. In cold surface 
regoliths, however, supplying liquid is more difficult. Water may be 
introduced into the regolith by internal heating through direct melting 
of local ice, venting of liquid or vapor along fractures, or vapor 
diffusion (Fig. 1). Under sufficiently large temperature gradients, 
hydrothermal circulation may develop, redistributing heat so that the 
interior reaches an isothermal state. Gas diffusion occurs as 
temperatures rise and increasing amounts of water are vaporized. At high 
pressures, the overlying rock will fracture, and water will be vented 
into the regolith or to space. 

We have also investigated impact melting of ice as the thermal driving 
mechanism for regolith alteration. Such melting is unlikely during 
accretion, but becomes more probable later as velocities were increased 
by gravitational interation with Jupiter. Using simple models for the 
distribution of impact heat with depth, impacts can easily melt ice to a 
depth of several kilometers. 
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