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KINETIC PATHWAYS TO CHONDRITE PETROLOGIC TYPES 
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University of Tennessee, Knoxville, TN 37996-1410 

The petrologic types of ordinary chondrites are commonly 
attributed to differences in peak metamorphic temperatures. 
Temperature excursions in carbonaceous chondrite parent bodies were 
moderated by the latent heat of fusion of ice and high heat 
capacity of water (I), but on a fundamental level the modifications 
caused by heating of ice-bearing bodies are analogous to those in 
ordinary chondrites. Thus petrologic types of carbonaceous 
chondrites are also ascribed to differences in peak temperatures, 
as well as in the amounts of infiltrating fluids (2). It has not 
been generally appreciated, however, that other variables may also 
play a part in controlling petrologic type. New data suggest that 
kinetic factors must be considered as important variables. 

In ordinary chondrites, at least three variables should be 
considered: peak temperature achieved, time at or near peak 
temperature, and cooling rate. Although temperature intervals for 
metamorphism of various petrologic types have been published ( 3 ) ,  
these are poorly constrained except for types 6-7. Pyroxene 
geothermometry for lower petrologic types (4) indicates incomplete 
overprinting of chondrule crystallization temperatures, and the 
lack of equilibration suggests that duration of heating may have 
been an important factor in ordinary chondrite metamorphism. In 
fact, it is probably not possible to specify whether chondrites of 
different petrologic type have been heated to different peak 
temperatures or to the same, high temperature for different lengths 
of time. These two cases are illustrated in Figure 1. In la, 
different peak temperatures are reached at the same time for all 
samples which then decay; in lb, samples of high petrologic types 
reach a uniform peak temperature earlier and are held at that 
temperature for longer times. These are endmember models and 
actual conditions may lie between these extremes. Model Ib is, 
however, more in accord with current terrestrial models for 
metamorphic terrains. The cooling interval from peak metamorphic 
temperature is also an important aspect of a chondrite's thermal 
evolution, as it affords further opportunity for significant 
mineral and textural equilibration. In Figure 1, illustrated 
cooling rates vary with depth, but that is not a necessary 
condition (5). Modeling indicates that olivine zoning can be 
homogenized (6) and grain sizes can be coarsened (7) during cooling 
at rates appropriate to those estimated for ordinary chondrites by 
metallography and annealing of fission tracks. 

In carbonaceous chondrites, time at peak temperature may not 
be as important because hydration reactions are fast, even at low 
temperatures (1) ; however, the amount of fluid available for 
reaction, normally expressed as the water:rock ratio and estimated 
from oxygen isotope systematics (2) , may be. critical. The 
water:rock ratio probably does not represent the time-integrated 
flux of fluids, as is commonly assumed, but is rather a kinetic 
variable. Infiltration of water in asteroids would probably occur 
in a single pass, because it would refreeze at the top of the 
system. In this case, the fraction of the water that reacted with 
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the rock (fixed by the nature of and'time available for the 
reaction) would control the apparent water:rock ratio. However, 
rocks can also interact with water that does not physically flow 
through them, via isotopic diffusion from an external reservoir. 
Thus, the amount of fluid with which chondrites interacted may net 
be specified uniquely unless the interaction mechanism is known. 
Determining peak temperatures from oxygen isotope equilibria in 
carbonaceous chondrites (2) may also be ambiguous, because it rests 
on assumptions about the composition of the fluid phase. Finally, 
cooling rate may be important in determining the petrologic type 
of carbonaceous chondrites. Even though these reactions occurred 
at relatively low temperatures, they may be perilously close to 
the freezing point of water which, when reached, would halt 
alteration. 

Recognition of kinetically-controlled variables has 
implications for chondrite classification. Petrologic types can 
be reached by multiple pathways, and it is not presently possible 
to specify these from petrographic/chemical data. Because of this 
uncertainty, we should not expect the properties of all chondrites 
of one petrologic type to be identical. The idea that Antarctic 
and non-Antarctic ordinary chondrites are different populations 
rests in part on a proposed difference in thermal history. 
However, multiple pathways may eliminate the necessity for 
different thermal histories. Also, the recent recognition of 11612N 
and "CM1" chondrites has resulted in questions about the validity 
of the carbonaceous chondrite classification scheme and have 
spawned more complex schemes. There is no reason why temperature 
and water:rock ratio must be linked - classification (at least at 
the present time) should be based on final degree of alteration, 
regardless of the matrix of variables that produced it. 
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Fig. 1. Schematic temperature (T) - 
time (t) -paths for chondrite parent 
bodies. (a) Thermal evolution in which ~r 
various petrologic types experience 1 
different maximum T and then cool at 
rates controlled by burial depth. 
(b) Thermal evolution in which types t 0 
4-6 sustain maximum T for different 
lengths of time. 
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