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Inttoduction: A global survey of the chmcteristics and distribution of volcanic edifices and deposits on 
Venus has been undertaken using the Magellan data base (1). This classification scheme and data on the sizes, 
associations, size-frequency, altitude-frequency and global distribution of edifices and deposits permits an assessment 
of the nature of volcanic resurfacing processes and their rates. The global distribution of volcanic features shows 
that volcanism is widespread across the planet and that in the time period represented by the present surface, 
volcanism was active at one time or another on virtually every part of the planet. 

Scale of Features: Of the seven relatively equidimensional major types of features mapped, the smallest 
average diameter is about 25 km (intermediate shields) and the largest is about 400 krn (large shields). The range of 
areas covered by these extremes is 490 km2 to 125,600 krn2. Over 90% of the equidimensional major types of 
features mapped in this analysis are <150,000 km2. The largest deposits mapped in this study are the lava flood 
flow fields and the large shield volcanoes. One of the most distinctive lava flood flow fields has an area estimated at 
200,000 km2, while Mylitta Fluctus (2) covers an area of about 300,000 km2. There are 25 large shield volcanoes 
between 500 and &XI km diameter, each cover an area averaging about 215,000 km2. Fourteen large volcanoes 
between 500 and 600 km diameter each cover an area of about 330,000 km2. Two remaining uncertainties are the 
volumetric and areal implications of the large channels and the possible areal significance of flood deposits whose 
boundaries are no longer distinguishable. 

Densitv of Features: The average density of volcanic features mapped in this study is about 3.6 per 106 km2, 
compared to about 2 per 106 km2 for impact craters (3,4). However, although widespread and globally distributed, 
the features are not evenly distributed over the planet, with local concentrations up to 10-15 per 106 km2. These 
regional concentrations also correspond to the concentrations of embayed impact craters (3,4) 1) in the area south of 
Alpha, 2) in the area northwest of Themis, 3) in the equatorial region north and est of Phoebe, and 4) in the Atla- 
Imdr arca. These correlations (concentrations of volcanic features which are in areas displaying concentrations of 
embayed craters and negative associations between embayed and non-embayed craters) suggest that there are areas 
that are undergoing relatively geologically recent resurfacing. 

Implications: The scale of volcanic features and deposits suggests that each feature covered areas much less 
than about 125,000 km2, and that resurfacing proceeded by serial emplacement of local to regional features and 
deposits. Serial volcanism is visualized as a sequence of volcanic events varying in time and space, but ultimately 
influencing the whole planet over the time scale of hundreds of millions of years. In the serial volcanism process, 
volcanism proceeds in somewhat of a 'collage' mode; volcanic features are produced in different parts of the planet at 
different times and because of the low crater density and small area covered by crater deposits, they can commonly 
be emplaced in a 'matrix-filling' mode between craters; however when they are emplaced on a crater, they tend to 
obliterate it. Evidence in support of serial volcanism as a process is the large number of features at the scale of 
several hundred km (shield fields, coronae, arachnoids, novae, large volcanoes) that appear to be related to mantle 
instabilities. These data suggest that the majority of near-surface melting is linked to pressure-release melting 
associated with mantle plumes or hot spots, rather than globally pervasive shallow melting. The serial volcanism 
concept is in contrast to a 'leaky planet' model, in which volcanism is much more uniformly distributed with time 
and is proceeding almost everywhere simultaneously. In this case the crust is thickening relatively uniformly with 
time (5). The lack of impact craters in intermediate to advanced stages of burial favors the serial volcanism model 
over the 'leaky planet' model. On the basis of several lines of evidence, the most recent regions of volcanism appear 
to be concentrated south of Alpha Regio, and at several places within the Beta-Atla-Themis region. 

Im~act  crater distribution and implications: Schaber et a/. (3) reached the conclusion that the size-frequency 
distribution of craters on Venus larger than 35 km is one of production (in which all impact craters that have 
formed on the surface have been preserved and the crater abundance increases according to the crater formation rate) 
and that the crater densities are remarkably uniform over broad areas of Venus. They propose that the present 
surface of Venus is the result of a global volcanic resurfacing event (or events) that removed all previous impact 
craters; following this resurfacing event, the observed crater population accumulated and remains largely intact as a 
result of a greatly reduced rate of volcanism. Phillips et al. (4) demonstrate that the crater population cannot be 
distinguished from a completely spatially random population; this means that only a single value for the production 
age of the surface, or the resurfacing rate, can be determined for the entire planet and that regional variability in 
surface age or resurfacing rate cannot be determined solely from analysis of crater statistics. They point out that the 
completely spatially random impact crater population can lead to three possible end-member interpretations: 1) 
Single production aae model; the entire surface of Venus is of a single production age which resulted from complete 
planetary resurfacing in a very short period of time about one-half billion years ago (similar to the catastrophic 
flooding model of (3)). 2) Vemcal equilibrium model; craters are removed by the slow accumulation of lava over 
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the whole planet by flooding and reduction of vertical landform relief and the consequent slow but steady 
embayment, flooding, and removal of impact craters. Craters in such a production-obliteration vertical equilibrium 
population should display a wide range of degradational states between fresh and completely buried. 3) Regional 
resurfacing model; craters are removed essentially instantaneously by superposition of volcanic deposits thick 
enough to obliterate the crater; in contrast to the vertical equilibrium model, there are no stages of degradation 
between fresh and completely buried craters. This model has two variations: a) Continuum of D ~ O ~ U C ~ ~ O ~  ages 
ranging from present age to about twice the average production age. b) Horizontal equilibrium where craters are 
removed largely instantaneously, but in a process of equilbrium resurfacing in which the rate of crater production is 
in equilibrium with the rate of crater removal by volcanic resurfacing. The horizontal scale of resurfacing does not 
exceed the horizontal scale of randomness of a completely spatially random population, which is less than about 
150,000 krn2 (4). If the resurfacing was locally non-repetitive then the observed crater frequency distribution 
implies that about 1 km2 of Venus is resurfaced per year (4). Phillips et al. (4) point out that the next step in the 
understanding of the regional resurfacing end-member model is the determination of values for the typical size of a 
resurfacing patch and the number of these patches as a function of time. 

Our data seem most consistent with with a regional resurfacing model tending toward the equilibrium 
resurfacing end of the spectrum. In this case, the rate of crater production is in equilibrium with the rate of crater 
removal by volcanic resurfacing. The horizontal scale of resurfacing as documented by the scale of the features we 
have mapped is much less than 150,000 km2, and so does not exceed the horizontal scale of randomness of a 
completely spatially random population of impact craters. It is thus consistent with the equilibrium resurfacing 
model. 

Resurfacing rates: The equilibrium resurfacing model implies a rate of areal resurfacing of 1 krn3/a, and if the 
resurfacing completely removes craters, a volcanic flux of 0.5 km3/a (4). While these rates are considerably lower 
than the total global magmatic output for the Earth of 26-34 km3/a (6), the terrestrial estimates include both 
intrusion (plutonism) and extrusion (volcanism), and are also dominated by divergent and convergent plate boundary 
processes. Magellan data suggest that the Venus lithosphere is relatively stationary (7). Therefore, a more 
appropriate comparison would be with the volcanic component of the intraplate percentage of Earth magmatism (1). 
This component is very small relative to the total magmatic output of about 30 km3/a, lying in the range of 0.33 
to 0.5 krn3Ia. Therefore, the rate of geologically recent volcanism on Venus indicated by the equilibrium 
resurfacing model (0.5 km3/a) is essentially the same as the the present rate of intraplate volcanism on the Earth 
(0.33 to 0.5 km3/a). This coincidence may not be surprising, since much of the volcanism on Venus, and the 
intraplate volcanic component on Earth, both appear to be predominantly related to hot spots. At present, the 
intrusion to extrusion ratio and the total magmatic output for Venus are not known; theoretical analyses suggest 
that they may be different than the Earth, and that they may differ as a function of altitude on Venus (8). 
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