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VOLCANIC DEGASSING UNDER THICK ATMOSPHERES: CONSEQUENCES 
FOR MAGMATIC VOLATILES ON VENUS; John R. Holloway, Depts. of Chemistry 
& Geology, Arizona State University, Tempe AZ 85287 

The presence of the thick atmosphere on Venus has a very large effect on the 
maximum amount on H20 retained in a magmas reaching the surface, but a smaller 
effect on the the amount of C02 and similar volatiles such as argon and N2. This is true 
both on an absolute scale, due to the factor of 30 greater solubility of H20 compared to 
all other significant volatile species (with the exception of HF); and on a relative scale 
because of the differences in the solubility mechanisms of H20 and CO2. 

The equilibrium relationships during degassing can be calculated using the recently 
expanded data base on solubility of CO2 and H20  in basaltic and rhyolitic 
melts(Burnham, 1975; Stolper and Holloway, 1988; Fogel and Rutherford, 1990; Dixon 
et al., 1991; Pan et al., 1991). For example, the composition of coexisting magma and 
gas are shown in Fig. 1 for a total pressure of 100 bars. The solubility of H20 is read 
from the left ordinate, and of C02 from the right ordinate. The abscissa is mole % H20 
in the H2O-C02 fluid (gas) phase. 
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Figure 1. Equilibrium contents of dissolved H20 and CO2 in a 
rhyolitic magma as a function of fluid (gas) composition. 

The total solubility of C02 and H20 is shown in Fig. 2 as a series of isobars. For a 
given total pressure, a magma will be over-saturated in fluid if the amounts of dissolved 
C02  and H20 fall to the top-right side of the two-volatile saturation curve (the positions 
of the curves in Fig. 2 change only slightly with temperature). Consider a rising 
magma with the volatile content shown by point V in Fig. 2. As the magma rises, the 
magma remains fluid-absent until a two-volatile saturation curve intersects point V (0.4 
wt% H20, 47 ppm C02). As drawn in Fig. 2, this occurs at a pressure of 100 bars. 
Under equilibrium conditions, the magma will begin to degas, the gas composition can 
be read from Fig. 1 as 11 mole% H20 (hence 89 mole % CO2). Note that the gas 
composition is rich in CO2 although the magma has a very high H20JC02 ratio. 
Equilibrium degassing can be completely described by diagrams such as Figs. 1 and 2. 

In addition to the equilibrium case there is a probable disequilibrium scenario 
which is caused by the very low H20JC02 ratio in the Venutian atmosphere. For a 
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Figure 2. Two-volatile saturation curves for a rhyolitic composition 
magma at 1200°C. 

Venus surface atmosphere containing 100 ppm H20, any magma containing > 0.02 wt 
% H 2 0  exceeds the saturation value, and so is not in equilibrium with the atmosphere. 
But only the surface of the magma exposed to the atmosphere "senses" that water 
activity. The interior of the magma is still under the ambient confining pressure (100 
bars in this case) and so bubble formation will not occur. Equilibrium in this case can 
only be achieved by diffusion of C 0 2  and Hz0 through the melt, a process much slower 
that effusion of bubbles (Burnham, 1967). The diffusion of water through rhyolitic 
melts is well known (Karsten et al., 1982; Lapharn et al., 1984) and is of the order of 
10-6 to 10-8 cm2sec-1 under these conditions, so water would take from 1 to 10 years to 
diffuse one meter. This situation is one in which the high atmospheric pressure is 
transmitted to the magma interior by a "plastic piston" which is the magma itself. 
Unless the piston fractures, any water content in the magma is allowed that falls below 
the two-volatile saturation isobars shown in Fig. 2. 

Silicic obsidians in terrestrial lava domes are known to retain one percent levels of 
water (Westrich et al., 1988). Venutian silicic magmas could contain that much after 
emplacement, but their cooling history is different due to the high ambient surface 
temperature. Venutian obsidians will probably devitrify quickly; if the temperature is 
low enough for hydrous alteration products to form, H20 will be bound in the crust 
rather than lost to the atmosphere. 
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