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INTRODUCTION. The crater chronology overview and estimations of amounts of volcanics 
produced during the stage of global resurfacing lead to the conclusion that the average rate of volcanism 
and average speed of the mantle material perturbations are comparable with the corresponding 
parameters of the terrestrial oceanic ridge volcanism and plate-tectonics-related mantle material 
perturbations in the Earth. Average rate of volcanism during the subsequent stage of the lowered 
endogenic activity is comparable with the current rate of intraplate volcanism of Earth and correspondingly 
the scale and speed of the mantle material perturbations are significantly lower than in the previous stage. 

Magellan global radar survey complemented by the results of previous missions to Venus led to 
conclusion that the surface geology of this planet is dominated by basaltic volcanism and 
compressionaVextentional tectonics whose general style is different from the plate-tectonic style of Earth 
(JGR, E8, E10, 1992). The areal distribution of impact craters around Venus' globe being 
indistinguishable from random one and the rarity of volcanically embayed craters led to the idea of 
arelatively short-time volcanic and tectonic global resurfacing of the planet which changed then into a 
stage with significantly lower endogenic activity (Schaber etal., 1992; Strom et al., 1994). Discussions 
concerning the alternative idea of local equilibrium resurfacing (e.g. Phillips et al., 1992; Herrick et al., 
1996; Schaber et a1.,1996) are now approaching a kind of broad consensus in the planetary science 
community which may result in the idea of three major stages in the morphologically recognizable part of 
the geologic history of Venus. 

Indeed, stratigraphic studies in the representative sample areas of Venus have shown that the 
morphologic records of the planet can be subdivided into three major parts (from older to younger): 1) 
heavily deformed tessera basement locally outcropping among plains in the form of islands; 2) overlying 
suite of mafic volcanics forming regional plains and moderately deformed by the global-wide networks of 
fractures and ridges; 3) locally distributed mafic lava fields and volcanic constructs mostly associated with 
rifts (Basilevsky and Head, 1995). This reflects a three-stage sequence of events in now-observed 
geologic formations: 1) global-wide very intensive tessera-forming tectonism; 2) global-wide intensive 
volcanism accompanied by moderate tectonism; and 3) regional rifting and local volcanism. The first two 
stages combined correspond evidently to the global resurfacing event of Schaber etal. (1992) and Strom 
et a/. (1994). When the three stages of Venus evolution did occur and how long they were is a problem 
which has important geophysical implications. Assuming that all observed volcanically embayed craters 
were embayed after the global resurfacing event Strom et al. (1 994) estimated through Monte-Carlo 
modelling that the global resurfacing ended within a time interval c10 m.y. Many scientists including us 
(Basilevsky and Head, 1995) became to consider the global recurfacing as catastrophic event. 

During the last few years crater density counts and related techniques led to the estimation of 
absolute ages of the key geologic formations of Venus thus providing progress in this "when and how 
long" problem. Average surface age of the planet (T) was estimated by Strom et al. (1994) to be 190 to 
600 m.y. (300 m.y. assumed for convenience) and by Phillips etal. (1992) to be 400 to 800 m.y. (500 m.y. 
assumed). The major terminal episode of tessera formation was estimated to happen 1.47+/-0.46T ago 
(Ivanov and Basilevsky, 1993). Ages of four stratigraphic units of venusian plains identified based on 
prominence of lava flow morphology were estimated to be: Ps, 1.23+/-0.15T; P13, 1.08+1-0.15T; P12, 
0.80+/-0.13T; Pl1, 0.70+/-0.25T (Price, 1995). Correspondence of these units to the stratigraphic units 
of Basilevsky and Head (1995) is not reliably known but first order comparison of Price (1 995) map with 
maps compiled based on Basilevsky and Head (1 995) stratigraphy (K~yuchkov, 1996; Basilevsky, 1996) 
shows that Ps and PI3 correspond to the Stage 2 products while PI2 and PI is evidently a mixture of Stage 
2 and 3 products. The average age of large mostly rift-associated volcanoes was estimated to be 0.45+1- 
0.1T (Namiki and Solomon, 1994) and 0.25+1-0.11T (Price and Suppe, 1994). The average age of young 
prominent lava flows was estimated to be 0.46+1-0.32T (Price and Suppe, 1994); the age of the Maat 
Mons lavas, c0.1T (Basilevsky, 1993); the average age of rifts, 0.27+/-0.39T (Price and Suppe, 1994). 
Collins et al. (1996) found that about 114 of volcanically embayed craters were embayed by volcanics 
evidently formed during the global resurfacing. According to new Monte Carlo modelling of Schaber etal. 
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(1996)this means that the time of termination of global resurfacing was not as short as <I0 m.y. but may 
be 85 to 1 15 m.y. long. 

This crater chronology overview, despite the obvious low accuracy of the estimations, provides a 
possibility to suggest the dated scenario of the discussed part of geologic history of Venus (assuming 
T=300 m.y.). The episode of global-wide formation of tessera terrain, now forming a basement of volcanic 
plains, occured prior to -300 m.y. The rarity of on-tessera craters deformed by the tessera-forming 
deformation shows that termination of that deformation was rather fast (Ivanov and Basilevsky, 1993; 
Gilmoreet al., 1996). The second stage of the evolution represented by massive global-wide volcanism 
accompanied by episodes of moderate tectonic deformation started about 300 m.y..ago and lasted 
approximately 100 m.y.. To bury rough topography of the tessera basement the volcanic formations of 
Stage 2 should have a thickness of a few km. This leads to the estimation of the average rate of this stage 
volcanism as -3 to 10 km3/ y that is comparable or somewhat higher than the rate of the Earth oceanic 
ridge volcanism (Crisp, 1984; Head etal., 1992). The third stage having lowered endogenic activity started 
about 200 m.y. ago and lasts till now. If to assume that volcanics of this stage (covering 10% of Venus 
surface) have the average thickness of -1 km, which is probably an overestimation, the average rate of the 
Stage 3 volcanism is estimated to be 0.2-0.3 km3/y that is comparable with the current rate of intraplate 
volcanism of Earth (Crisp, 1984; Head et a/., 1992). This estimation is in agreement with maximum 
estimation of this value by Strom etal. (1994). 

The estimated amounts of volcanics and durations of the considered stages, even being very 
tentative and approximate, nevertheless give an idea on the scale of perturbations which had to occur in 
the mantle to support this volcanic activity. A few km thickness of Stage 2 volcanics implies that total 
amount of magmatic melts generated during this stage was by an order of magnitude larger and 
corresponds to a layer of a few tens km thick. This, in tum, implies that to mett out this amount of magma 
the mantle source should be at least of several hundred km thick. This agrees well with the scale of the 
mantle material overturn suggested by Parmentier and Hess (1992) to be a cause of the global 
resurfacing. Other models of the mantle material perturbations, such as the oscillatory convective regime 
(Arkani-Hamed et al., 1993) or catastrophic convection due to the phase transition(s) (Steinbach and 
Yuen, 1992; Weinstein, 1993) are also considered and it is not known which of the models is closer to 
realrty. However, in any case the estimated amount of magma produced demands some mechanism of 
supply of fertile material into the magma generation zone that implies a perturbation of at least several 
hundred km scale. A comparison of contents of U and Th in venusian basalts (Surkov, 1986) with those in 
carbonaceous chondrites (Rocholl and Jochum, 1993) shows that the percentage of the magma- 
generation partial melting could be of 1 to 2% and this agrees generally with the estimated perturbation 
scale. The amount of this perturbation divided by the duration of Stage 2 (-100 m.y.) gives the movement 
speed of about 1 cmly. This is comparable with the speed of plate-tectonic movements on Earth. The 
much lower rate of Stage 3 volcanism may imply a significantly lower scale and speed of the mantle material 
perturbations during that time. 
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