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Introduction:  Venus serves as the control case to 

Earth for the understanding the evolution of terrestrial 
planets.  It is nearly the same size as Earth, and has a 
similar bulk density and composition.  Yet today Ve-
nus has no plate tectonics, a massive CO2 greenhouse 
atmosphere, a surface temperature of 460°C and a 
pressure of 90 bars.  Understanding the volatile histo-
ry, especially that of water and CO2, likely hold the 
key to understanding both tectonic and climatic evolu-
tion [c.f. 1].  In this abstract, we discuss the following 
questions for Venus: how much water has escaped 
from the interior via volcanic outgassing?  What role 
has outgassing played in determing climate?  Has cli-
mate change produced surface deformation? What do 
we know about the present day convective state of the 
interior, the  style of volcanism, and the potential for 
outgassing to produce atmospheric water? 

Interior Water and Tectonics:  A dearth of inte-
rior water, at least at shallow levels in the mantle, has 
been proposed as a likely explanation for the lack of 
plate tectonics.  On Earth, the presence of water and 
associated partial melting creates the low viscosity 
zone that is believed to help lubricate plate motion [2].  
Modeling of the gravity and topography of Venus re-
veals that there is no low viscosity asthenosphere [3,4].  

The apparent preservation of topographic plateaus 
also suggests a dry crust [5]  The surface temperature 
of 460° should facilitate rapid relaxation of the topog-
raphy.  However, if the crust is very dry, its strength 
could still be high.  This question remains open as the 
age of the plateaus can not be determined accurately. 

The low atmospheric water abundance (10s of ppm 
in the lower atmosphere, see [6]) has also been used to 
suggest a dry interior.  However the rate at which wa-
ter would be mixed from the lower to the upper atmos-
phere, where it could be eroded by solar wind, is un-
known.  Models of the stability of another volcanic 
gas, SO2, suggest that volcanism has to have contribut-
ed to the atmosphere in the last 30-50 m.y. [7].  Iso-
topes of Argon provide a measure of the integrated 
history of outgassing, and suggest that only ~25% of 
interior volatiles have escaped from the interior [8], 
roughly half the outgassing estimated for Earth [e.g. 9]. 

Volcanic History:  The small number of impact 
craters (~1000) indicates that Venus experienced wide-
spread volcanism in the 300-1000 kyr.  However, the 
timing of volcanism is controversial.  The small per-
centage of craters that have been modified by volcan-
ism or tectonism initially suggested that massive 

amounts of volcanism occurred over a short time peri-
od, with little subsequent geologic activity [10].  

This scenario has major implications for the interi-
or and potentially for the climate.  Hypotheses for how 
entire planet could be rapidly buried by volcanism in-
clude globally foundering of a cold, dense lithosphere 
[11] widespread volcanism in a hot mantle insolated by 
a stagnant lid [12], and more gradual changes to the 
lithosphere and mantle [13]. Modeling of a major out-
pouring of volcanism and release of volatiles into the 
atmosphere could have created climate oscillations of 
several hundred degrees [7].  Climate change of this 
period and magnitude is large enough to produce ob-
servable surface deformation in the form of extensional 
or compressional faults [14,15]. Additionally, in-
creased surface temperature could eventually lead to 
higher mantle temperatures and enhanced volcanism 
[16]. 

 However subsequent statistical analyses of the 
crater data showed that more gradual resurfacing of the 
planet in small patches (<300 km diam.) is also con-
sistent with the observed crater population [17,18].  
This scenario calls for both a more Earth-like interior 
and less rapid shifts in climate.   

Present Day Venus:  Recent observations of the 
surface at 1 micron revealed variations in emissivity, 
which are interpreted as indicating variations in the 
iron mineralogy [19].  The majority of high emissivity 
anomalies are correlated with the stratigraphically 
young volcanic flows in areas previously identified as 
likely ‘hotspots’ – topographic swells above mantle 
plumes, analogous to Hawaii.  The variations in emis-
sivity between the typical value and the anomalously 
high areas can be interpreted as the difference between 
key minerals in weathered and unweathered basalt 
under Venus conditions.  These corroborating factors 
support the hypothesis that the anomalies are relatively 
recent, unweathered basaltic lava flows [20]. 

This result has implications for understanding inte-
rior, surface, and atmospheric processes.  Although 
only 3 hotspots have been observed at 1 micron, the 
fact that all 3 have recent volcanism implies that all 9 
hotspots proposed on the basis of gravity and topogra-
phy data are likely to be active today.  This number is 
comparable to the number on Earth. Modeling the for-
mation of plumes at the core mantle boundary with 
realistic temperature dependence of the viscosity and 
interior heating is challenging.  For Earth, one hypoth-
esis is that subduction is required to create variations in 
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the thickness of the boundary layer that gives rise to 
plumes (Jellinek et al., 2002).  Venus’ lack of subduc-
tion indicates that it is possible for an Earth-sized plan-
et to produce plumes with out subduction.   

Models of interior convection indicate that produc-
ing low numbers of mantle plumes at the core mantle 
boundary requires relatively low viscosity and high 
Rayleigh number convection [21]. Further, such a low 
number of plumes may imply that the mantle of Venus 
is heating up.  Experiments and theoretical models 
show that cooling the mantle is equivalent to the effect 
of radiogenic heating [22]. Conversely, heating the 
mantle acts like removing radiogenic heating. Mantle 
heating may thus be required to produce on the order 
of 10 plumes globally. 

Additionally, wet melting is predicted through out 
much of the upper mantle due to pressure release melt-
ing in the plumes. Thus the upper mantle may be lack-
ing in light elements and be more fully outgassed than 
the lower mantle.  Volcanism may have gone through a 
transition from more wide-spread, wet melting in the 
upper mantle to more localized melting in mantle 
plumes carrying unmelted, volatile rich material from 
depth (Fig. 1).  The upper mantle volume is equivalent 
to the estimated 25% outgassing of the interior sug-
gested by argon isotopes. 

Assuming 50 ppm water in mantle, 10 plumes with 
a buoyancy flux of 500 kg/s continuously erupting for 
4 m.y. will outgas an amount of water on the order of 
that in the lower atmosphere.  Although this is a crude 
estimate, it suggests that plumes may be a source of the 
water found in the lower mantle 
[6].

 
Figure 1: Schematic view of an upwelling hot plume 
and the possible distribution of interior water. 

Conclusions:  Clearly Venus and Earth have key 
differences in the history of volatile evolution.  Better 
understanding of present day volcanism and outgassing 
from the interior will help illuminate where Venus and 
Earth diverged, leaving Venus in its present state. 
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