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VENUS LIVES! (probably) 
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What is the present state of geologic activity of Venus? Is it largely inert 
like the Moon or dynamically active like 10 and Earth? Instruments on the 
Pioneer Venus Orbiter detected bursts of electric noise and an apparently 
systematic decrease in atmospheric so2 which were ascribed to ongoing 
volcanic eruptions on Venus Eruptions were suggested to produce 
lightning within ash-laden clouds and to emplace ~ 0 2  aerosols into the 
atmosphere. Terrestrial eruptions do both. Static electricity is generated by 
friction between ash particles; so2 is exsolved from ash and also ejected 
directly into the atmosphere. This scenario for an active Venus has been 
challenged by Taylor and ~ l o u t i e r 3  whose detailed reanalysis of the electric 
field observations demonstrate that the electric noise is related to solar wind 
interactions with Venus' ionosphere, and is not correlated to topographic 
highs which could be volcanoes. Taylor and Cloutier also dismissed the so2 
variations as phenomena which might "result from as yet unexplained 
changes in the general circulation of the Venus atmosphere." 

The original interpretationl of active volcanism on Venus based on the 
electrical noise was unrealistic. Almost all lightning on Earth is non-volcanic 
in origin; Venus would have to be extraordinarily active (with many 
simultaneously erupting volcanoes) to sustain the widespread and prolonged 
activity indicated by the electric noise. The so2 observations are not as easy to 
dismiss, and the volcanic explanation remains tantalizing but untested. 

These two phenomena, however, are not the only nor best evidence for an 
active Venus. The main evidence that Venus is likely to be "alive" comes from 
cosmochemical, comparative planetological and morphological considerations. 
Venus has long been considered "Earth's twin" because of its similarity in size, 
density and position in the solar system. Although the idea was tarnished by 
the discoveries of high surface temperature and alien atmosphere (which are 
perhaps interrelated accidents of planetary evolution), it is still an important 
cosmochemical truism that has been bolstered by Venera measurements of 
Earth-like rock compositions and U, Th and K concentrations4. Nearly all 
investigations of planetary origin and evolution accept cosmochemical models 
in which Venus had radioactive element abundances and formational heat 
energy much like the Earth (e.g. B V T P ~ ,  sect. 4.3). It is reasonable to believe 
that Venus probably had a long and complex thermal and geologic evolution 
that continues today .... like, but not identical to, that of Earth. 

Petrologic and morphologic comparisons of volcanism in the solar system 
also imply that Venus should have experienced significant volcanic activity 
which may well continue today. Walker et a1.6 recognised that for basaltic 
volcanism the eruption temperature, degrees of fractionation, chemical 
diversity and endurance all increase from the eucrite parent body, to the 
Moon, and to the Earth; i.e. with increasing mass. Head et defined a 
Planetary Evolution Index - the area of planetary surface covered by volcanic 
rock divided by the area of impact crateredlancient terrain - which was found 
to increase in the sequence Moon, Mercury, Mars, Earth - demonstrating that 
the quantity of volcanic material also increases with planet mass. Similarly, 
the number of volcanic calderas appears to increase with planet m a d .  And 
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although no formal study has been reported, tectonism of rocky planets also 
increases in quantity, variety and duration with mass (e.g. Moon, Mercury, 
Mars, Earth). Thus, based on its mass alone, Venus should have, and may 
continue to have, a dynamic tectonic and volcanic history. 

The Venera 15/16 radar data confirm the variety and extensiveness of 
volcanic and tectonic activity on venus9, O .  In  situ chemical analyses attest 
to the high likelihood of a diversity of rock types1 l l 2. Only the duration of 
this volcanic/tectonic activity needs to be determined. Dating the surface of 
Venus by counts of impact craters imaged by the Venera radars yields an age 
for the entire surface of 5-10 x lo8 yr13. This age is based on ~ a r t m a n n ' s l ~  
calibration of the lunar and terrestrial crater data, with a correction for 
possible atmospheric effects. Hartmann (1987, pers. comm.) suggests that 
problems in crater counting and applicability of the lunar data to Venus might 
yield uncertainties of a factor of 3-4. Thus, the average age could be as young 
as 1 x lo8 yr (or as old as 4 x lo9!). The crater retention age for parts of the 
Earth where the search for impact craters is most thorough (North American 
and European shields) is 4-5 x 108 yr15; for the age of the entire planet we can 
only offer a guess of lo8 yr, based on reference 16. In any case, the age of 5-  
10 x 108 yr estimated for the 25% of Venus imaged is an AVERAGE age; some 
units must be younger while others are older, just as on Earth. Although 
detailed maps of the distribution of impact craters are not yet available, it does 
appear that some terrains on Venus have far fewer impact craters than other 
units. 

Venus is probably alive. We do not observe erupting volcanoes, if they 
exist, because of the dense hot atmosphere that prohibits the visual detection 
of caption plumes, which is the main remote sensing technique used on Earth 
to monitor active volcanoes. The most likely means to detect active volcanism 
on Venus would be to discover an extensive (10s of km2) lava flow or 
pyroclastic deposit on Megellan radar images of the 1990s that does not show 
up on the present Venera data. If this were the only ,method to detect 
volcanism on Earth, however, we might easily conclude that Earth is dead, for 
eruptions that resurface 10s of km2 are relative infrequent. And with high 
resolution radar images from only a single time (the present case for Venus), 
it would be impossible to detect changes. Taylor and Cloutier's relegation of 
Venus to a planetary graveyard is premature. 
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