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INFLUENCE OF VOLATILE LOSS ON THE MANTLE TEMPERATURE OF 
VENUS. Patrick J. McGovern and Sean C. Solomon, Department of Earth, Atmospheric, and 
Planetary Sciences, Massachusetts Institute of Technology, Cambridge, MA 02139. 

Introduction. Determination of the characteristic mantle temperature of Venus relative to 
that of Earth is a problem with many important implications for the divergent evolution of 
these two planets. Parameterized mantle convection models [I] have been utilized to predict 
a warmer mantle temperature on Venus, while scenarios based on plume-dominated 
convection [2] have been invoked to predict a colder Venus mantle. An important difference 
between Earth and Venus is the disposition of volatiles (especially water) in their 
atmospheres and interiors. In this paper a parameterized convection model which includes 
the effect of vohtile exchange between planetary atmosphere and interior [3] is used to 
examine the effects that possible differences in volatile evolution may have had on the 
thermal histories of the two planets. 

Model. In the spirit of conducting exploratory calculations of the principal effects of 
volatile evolution, the thermal history model is kept very simple. We consider whole mantle 
convection with internal heating from the decay of radiogenic elements and no heat flow from 
the core [4]. Dissolved volatiles have been demonstrated to reduce the activation energy (or 
equivalently the activation temperature [4]) for solid-state creep in mantle rocks [5,6]. A 
"wet" mantle thus has a lower viscosity than a "dry" one. A linear fit to laboratory data [6] 
has been used to parameterize activation temperature as a function of mantle volatile content 
[3]. Mantle degassing and regassing rates are parameterized as functions of the heat flow q 
from the mantle. We then solve for both volatile content and mean mantle temperature as 
functions of time. 

ResuZts. We reference our results to a nominal Earth case 131 in which about 1.5 ocean 
masses (0.m.) of volatiles are degassed over 4.6 Gyr. The evolution of mean mantle 
temperature with time in this model is shown in Figure 1, curve a The effect of changing only 
the surface temperature Ts from 273 K to a Venus value of 740 K is to increase the present 
day mantle temperature by about 100 K (Figure 1, curve b). However, the atmospheric 4 0 ~ r  
abundance [7] may be taken to suggest that Venus has degassed only 114 to 113 as much as 
Earth. Volatile-dependent thermal history calculations for the Earth [3] have indicated that 
the mantle tends to balance volatile content and temperature so as to maintain an "optimum" 
value of viscosity and thus of convective vigor. Degassing stiffens the mantle, which 
compensates by a rise in temperature. Regassing (or lessened degassing) weakens the 
mantle, which adjusts by lowering temperature. A model with a value for Ts appropriate to 
Venus and about 0.5 o.m total degassing is only dighdy hotter than the nominal case 
(Figure 1, curve c). The reduction in temperature from the lessened degassing effectively 
compensates for the higher value of Ts. 

The initial volatile content of Venus (or of the Earth), of course, is a poorly constrained 
parameter. A model in which the initial mantle volatile abundance is three times the nominal 
amount, but the final degassed mass is one-third of nominal (for about a factor of 10 reduction 
in the fractional amount of degassing) has also been examined. This volatile-rich mantle 
model has a significantly reduced viscosity, which enhances convective vigor and heat flow 
from the mantle. This results in a reduction of the present mantle temperature by almost 600 
K (Figure 1, curve d). Models for Venus with higher volatile contents and lower amounts of 
degassing than the Earth can thus yield a colder Venus mantle despite the higher surface 
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temperature. Such a low mantle temperature may result in a low rate of magma genesis and 
crustal formation, consistent with some current estimates obtained on geological grounds [8]. 

Conclusions. Thermal history models for Venus incorporating the effects of volatiles on 
mantle rheology allow for a range of thermal states for the Venus mantle. The higher surface 
temperature causes an increase in mantle temperature relative to that of Earth. If Venus has 
degassed less than the Earth, however, then this effect is compensated to some degree by 
the enhancement of heat flow from a more volatile-rich mantle. If the difference in present 
mantle volatile content is sufficiently great, the mantle temperature of Venus could be less 
than that of the Earth. 
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Figure 1. Volatile-dependent thermal history models for Earth and Venus. Shown are curves 
of average mantle temperature versus time for four thermal evolution models discussed in the 
text. 
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