
A MAJOR GLOBAL-SCALE CONCENTRATION OF VOLCANIC ACTIVITY IN THE BETA-ATLA- 
THEMIS REGION OF VENUS; J. W. Head, L. S. Crumpler, and J. C. Aubele, Dept. Geological Sci., Brown 
Univ, Providence RI 02912. 

The comprehensive high-resolution global coverage provided by Magellan permits the assessment of the global 
distribution of volcanic features on Venus (1,2). Global mapping of the spectrum of volcanic centers and edifices 
observed on Venus shows that as a population they are neither randomly distributed nor concentrated strongly along 
tectonic boundaries in a manner similar to plate-boundary concentrations on Earth (1,2). Two of the most striking 
aspects of.the global distribution of edifices and features is that they are deficient in some lowland areas of Venus, 
and that there is a major center of concentration of volcanic features within the Beta-Atla-Themis (BAT) Regiones 
area. 

Nature of the Beta-Atla-Themis (BAT) Anomalv: This anomalous distribution (Fig. 1) is centered on the 
equator, extending from 180-3 10" longitude, over one-third of the circumference of the planet, and k45" in latitude. 
It thus comprises over 20% of the total area of Venus, comparable to the percentage of Mars covered by the Tharsis 
region. Feature-density plots show that the region is characterized by a high, but patchy distribution; within the 
region, abundances of volcanic features commonly exceed 5 per 106 km2 (ranging up to 19 per 106 km2) in 
contrast to a typical density of less than 5 per 106 km2 outside the region. In addition, within the region, local 
overabundances in excess of 10 per 106 km2 occur. Local underabundances (less than 5 per 106 km2) within the 
center of concentration correspond to regions of tessera in northern and eastern Beta Regio and in Phoebe Regio, a 
small basin southwest of Phoebe Regio, and a plains area between northern Atla and Ulfrun Regio. Of the 
spectrum of features mapped in this survey (1,2) there are none which show an anomalously low number in the 
BAT area; it is characterized by unusually high concentrations of shield fields, intermediate volcanoes, large 
volcanoes, calderas, arachnoids, coronae, and novae. Large flows and channels have normal concentrations. In 
terms of other map units and terrain types in the region, linear disruption zones are known to show an anomalously 
high abundance in this area (3), and tessera occur in a patchy distribution, with most occurring at Beta and Phoebe 
Regiones (4). The region is bounded on the east and west by broad rises (Beta and Atla Regiones respectively) 
which are characterized by tectonic junctions of rift zones (5). Topographically, the majority of the region lies 
above mean planetary radius, and is irregularly surrounded by lowland regions (Guinevere, Lavinia, Helen, Aino and 
Atalanta Planitiae). Within this region, there are four major topographic rises on the scale of several thousand 
kilometers; the largest are Beta and Atla, with Phoebe, Themis, and Imdr Regiones being somewhat smaller. The 
remaining topography is somewhat patchy in appearance, with highs and lows on the scale of hundreds of km often 
corresponding to the topography of volcanic features or linear disruption zones. 

Origin of the BAT Anomaly: There are several possible explanations for these observations: 
a. Anomalv is an artifact due to preferential volcanic flooding in the lowland  lai ins andlor altitude-dependent 

control on volcanic stvle: In this scenario, the deficiency of features in the lowlands would result from the 
preferential accumulation of lava there and/or an altitude-dependent control on volcanic style (6). This would mean 
that deficiency in the surrounding lowlands simply accentuates the concentration in the Beta/AtlOemis region. 
However, the distinctly higher concentrations of edifices in the Beta/Atla/I'hemis region relative to other non- 
lowland areas outlined above indicates that the concentration is real and not an artifact. 

b. Anomalv is an age-related concentration: Two possibilities exist in this scenario: 1) it has a high 
concentration because it is older, and thus the anomaly may have little or no significance in terms of mantle 
dynamics. 2) it may be the same age or younger than other regions on Venus, and has a high concentration of 
volcanic features because it is more active and represents a higher rate of formation. Phillips et al. (7) have shown 
that the impact crater population cannot be distinguished from a completely spatially random population; the 
implication is that the BAT area as a whole is neither significantly older nor younger than the rest of the planet. 
However, the presence of relatively young deposits and embayed craters (8) in the Atla and Beta regions and their 
distinctive gravity anomalies suggest that at least some large parts of the region have been active in recent 
geological history. 

c. Primarv thermal control on topomphv and mode of emplacement: Could this region represent enhanced 
volcanic activity associated with a mega-rise or swell above an extremely large upwelling in the interior of Venus? 
On the basis of the data in hand we would characterize the region as being made up of a series of rises and volcanic 
features each representing scales of convective instabilities manifested in surface features measured in hundreds (e.g., 
large shield volcanoes, coronae) to perhaps several thousands of kilometers (e.g., Beta, Atla rises), rather than a 
single broad mega-rise. The enhancemenl of volcanic activity may be due to the concentration of several large 
individual upwellings in this region and the consequent enhancement of regional volcanic activity. Regional 
gravity data suggest that there are several posilive anomalies (e.g., associated wih Beta and Atla Regiones) but that 
the BAT region as a whole is not markedly anomalous (9). The characteristics of the region as a whole (e.g., the 
number of rifts zones, etc.) are clearly different than most of the rest of the planet, however, and are evidence that 
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the interior of Venus in this region is anomalous. Candidates for such an anomaly could be large-scale convective 
overturn in the mantle, or major instabilities developed at the core-mantle boundary (10). The BAT region could be 
due to a phenomenon similar to that recently proposed for the Cretaceous Earth in which a superplume episode (11) 
or the formation of a number of new plumes over a short period of time (12) caused locally large concentrations of 
volcanism. Initial instabilities in the source layers near the core-mantle boundary may cause localization of 
superplume episodes into a broad region of the Earth's surface (13). 

Conclusions: The Beta-Atla-Themis region reprcsents a concentration of volcanic activity, rifting, and 
distinctive rises in an area covering about 20% of the surface of Venus. We tentatively interpret the anomaly to be 
due to a distinctive region of the mantle characterized by a series of smaller upwellings and representing a broad 
region of upwelling and volcanism active over an extended period. The distribution of impact craters and the 
morphology and scale of deposits and edifices suggests that resurfacing rates in this regon as a whole have not been 
anomalous despite the higher concentration of activity. It seems unlikely that these individual upwelling events 
resulted in radical modification or resurfacing of the BAT region as a whole, but rather that they influenced the local 
and regonal geology in the area through the creation of concentrations of volcanic edifices and deposits, which 
taken together created the anomalous zone. Detailed study of the nature and relative ages of deposits within this 
region, their relation to rifting, and the nature of regional and local gravity anomalies are underway to test these 
ideas. 
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Fig. 1. Distribution of volcanic features on Venus. Note concentration in center (Beta-Atla-Themis area.) 
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