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KINETICS OF FORMATION OF HYDROUS PHYLLOSILICATES IN THE SOLAR 
NEBULA; J. Ganguly, Department of Geosciences, University of Arizona, Tucson, AZ 85721, 
U.S.A. and K. Bose, Department of Geology & Geophysics, Princeton University, 
Princeton, NJ 

Calculation of equilibrium condensation sequence [1,2] suggests formation of hydrous 
phyllosilicates in the solar nebula at T < 400 K. Lewis [I] suggested that hydrous 
phyllosilicates that had formed from the equilibrium condensation of the solar nebula 
provided the original source of water in the region between Mars and Jupiter, including the 
asteroidal parent bodies of the meteorites. In a series of papers, Fegley and Prinn [3, 4, 5, 61 
explored the kinetics of formation of hydrous phyllosilicates, and concluded that the time 
scale of formation of these minerals in the solar nebula is > 1017 s, which is >lo4 times the 
life time of the solar nebula. They have, thus, concluded that the hydrous minerals present in 
the planetary and asteroidal bodies had not formed by nebular condensation, but instead 
represent secondary alteration products of the anhydrous grains. The conclusion of Fegley and 
Prinn have inspired models of large scale aqueous alterations in the asteroidal parent bodies 
of the carbonaceous chondrites [7, 81 to account for the formation of the hydrous 
phyllosilicates that are commonly found in these meteorites, and are also inferred to be 
present in the parent bodies from their reflectance spectra. In this work, we present a critical 
evaluation of the works of Prinn and Fegley, and show that the available data on 
phyllosilicate reaction kinetics do not preclude the formation of these minerals within the life 
time of the solar nebula. The kinetics of formation of hydrous minerals in the solar nebula is 
also of great importance with regard to the question of water in the earth's mantle. If these 
had formed during nebular condensation, then they would have become a part of the 
mineralogy of the earth's mantle through the planetary accretion process, which have 
important ramifications in the understanding of many terrestrial processes. 

Fegley and Prinn [3, 4, 5, 61 considered the following reactions with regard to the 
formation of hydrous phyllosilicates in the solar nebula: 

(a) 4 Enstatite + 2 H 2 0  = Brucite + Talc, and 
(b) 2 Forsterite + 3 H 2 0  = Brucite + Serpentine. 

Using a simple collision theory (SCT) approach for the hydration of monomineralic grains, 
they derived an expression for the time scale (t) of formation of the phyllosilicates through 
interaction of the vapor phase in the solar nebula with monomineralic silicate grains as t .= 

toJexp(-QIRT), where Q is the activation energy of the hydration process, R is the gas 
constant, and &,, is the collision time constant which is related to the molecular number 
density and partial pressure of water vapor, and molecular weight of water. Using this 
formulation, we illustrate in Fig. 1 the time scale of formation of hydrous phyllosilicates as a 
function of the activation energy of the hydration process at a nebular condition of bars, 
225 K. From indirect evidences, Fegley and Prinn concluded that the hydration processes 
represented by the reactions (a) and (b) are characterized by activation energies of - 70 
kJ/mol, which require time scale of formation of the hydrous phyllosilicates far in excess of 
the life time of the solar nebula (Fig. 1). 

Fegley and Prinn seemed to have been unaware of the work of Wegner and Ernst [9], 
who studied the kinetics of both forward and backward reactions of (b). Their experimentally 
determined activation energy for the hydration of olivine to brucite and serpentine is 25 
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Wmol at.3 kb and 30 Jlmol at 1 kb. Assuming that the activation volume (AV') is 
independent of pressure, this yields AV+ = -2.5 J/bar and, thus, (&,(hydration) = 32.5 Wmol at 
lo-' bars, and a time scale for the hydration of forsterite to brucite and serpentine of - 10' s at 
the conditions of the solar nebula (Fig. I), as compared to 1017 s calculated by Fegley and 
Prinn! 

There are no directly measured kinetic data on the reaction (a). Nevertheless, we can 
develop some idea about the feasibility of the hydration reaction during nebular condensation 
as follows. It can be shown that the activation energies for the forward (Qf) and backward 
(Qb) reactions are related according to Qb = Q' - ~AH'  (n 2 I), where A p  is the standard 
state enthalpy change of the reaction at the equilibrium condition. From the available kinetic 
and thermodynamic data, we obtain n = 3 for the reaction (b). The same value of n should 
also apply to the reaction (a), which is similar to the reaction (b). The AH0 of the reaction (b) 
= 135 kJ. Thus, in order for the Q of hydration of enstatite to talc + brucite to exceed 55 kJ, 
which is required to inhibit its formation within the nebular life time (Fig. I), the Q of 
dehydration (talc + brucite -+ enstatite + H,O) should be at least - 460 kJ. This is so much 
greater than our recent determination of the Q of dehydration of talc to enstatite + quartz, 
which is 372 f 7 Wmol at 1 bar [10], that we feel that it is very unlikely to be correct. 

In conclusion, we suggest that if the SC' theory developed by Fegley and Prinn is 
applicable, then (a) serpentine and brucite can form by the hydration of forsterite during the 
nebular condensation process, and @) it is unlikely that there is any kinetic barrier also to the 
formation of talc (and possibly other hydrous phyllosilicates) within the life time of the solar 
nebula. 
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