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HYDROUS SILICATES IN THE UPPER MANTLES OF TERRESTRIAL PLANETS 
J. R. Smyth and T.C. McCormick, Department of Geological Sciences, University of Colo- 
rado, Boulder. CO 80309-0250. 

Recent studies of hydrogen contents of silicate minerals from eclogite inclusions in 
kimberlites using IR spectroscopy have shown that sodic clinopyroxenes may contain up to 
0.5 wt % OH [I], which is at least ten times more than the most hydrous olivines, orthopyrox- 
ene, or kyanite, and two or more orders of magnitude more than garnet, sanidine, corun- 
dum or coesite [2,3]. In these sodic clinopyroxenes, the hydrogen content correlates with 
the Ca-Eskola (Ca0.5AISi206) content (Fig. 1) which implies that a "hydro-jadeiten (HAI- 
Si206) end-member is an important constituent [I].  Hydrogen contents were confirmed 
and the site positions determined by single crystal neutron diffraction [4]. Experimental stu- 
dies in the silica-saturated CMAS system have shown that Ca-Eskolacontents increase to 
as much as 30 mol %with increasing temperature at pressures above 3 GPa, but no H con- 
tents were measured in these studies [5] (Fig.2). Consistent with the experimental work, 
petrographic studies of mantle omphacites that have exsolved kyanite and garnet suggest 
initial Ca-Eskola contents of 25 to 30 mole % at crystallization temperatures. If it is as- 
sumed that "hydrojadeiten was an important constituent of these pyroxenes, correlating 
with Ca-Eskola contents, then H would behave in a manner quite different from other vola- 
tiles. This may be significant for the evolution of the Terrestrial planets because it appears 
that H solubility in clinopyroxene may control melt generation and dehydration to the atmo- 
spheres. Further, associated pyroxene to garnet reactions on cooling or compression may 
also have a first-order effect on bulk density and thus on the dynamics of convection. 
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Vacancies 
Fig. 1. Plot of IR absorbance of the 3470 
cm-1 peak observed in omphacites from 
eclogite showing correlation of OH content 
with M2 cation vacancies which is a 
measure of CaEs content [I]. 
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Fig. 2. Subsdidus P-T phase diagram of silica-saturated 
CMAS svstern 151. Heaw curve is univariant reaction Px + 
An = ~ a ' +  Py ; Q. ~i~htcontours are for CaEs content of 
pyroxene in rnol%. Contours for 15 and 25 mot% are in- 
terpolated from data. 
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It is thus interesting and possibly useful to consider, at least qualitatively, the impact 
that these reactions might have on the evolution of mantles of the Terrestrial planets. For an 
Earth with a piclogitic upper mantle [6] that contains 30% or more clinopyroxene, the 
amount of H that can be contained in the pyroxene at depths of 100 to 400 km could be 
roughly equal to the amount of water in the hydrosphere. Forthe eclogite component of this 
mantle, the proportions of clinopyroxene and garnet are approximately equal so that the 
basalt-eclogite transition results in a very large increase in density with the eciogite being 
significantly more dense than peridotite. 

For Venus, with an upper mantle of similar composition but temperatures 100 to 
500°C warmer than Earth, the proportion of clinopyroxene would be larger, so the amount 
of H soluble in the pyroxenes of its upper mantle would be two or three times larger. This 
would imply that the Venus mantle may not have dehydrated, consistent with the low H20 
contents of its massive atmosphere. With a higher proporiion of clinopyroxene relative to 
garnet, the density increase for a basalt to eclogite transition would be significantly smaller 
than for Earth. Such and eclogite would have a density roughly similar to peridotite which 
would inhibit convection in the Venus mantle. 

For Mars with its thicker crust and lower temperatures, dehydration and volcanism 
would likely have occurred early in its history. There would have been no high-temperature 
hydrous phase to hold H in its crust during initial cooling, and the hydrous pyroxene would 
not be stable relative to garnet in its mantle. Although the Martian eclogites might be denser 
with a high proportion of garnet relative to clinopyroxene, this transition would occur at 
much greater depths, inhibiting solid state convection. 

Quantitative modeling of these reactions, however, will require further experimental 
studies, refinements of the densities and thermodynamic parameters of the various end- 
members as functions of temperature, pressure and composition. 
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