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Introduction:  The Magellan mission to Venus 
succeeded in providing the first high-resolution radar 
images and altimetric maps of the surface, covering 
most of the globe [1, 2].  The combination of these 
datasets has allowed characterization of surface 
features in great detail; an observation of particular 
importance is the very wide range in morphologies and 
sizes of volcanic edifices.  The appearances, 
distributions and associations of shield fields, 
intermediate and large volcanoes, calderas, coronae, 
‘arachnoids’, ‘novae’, and lava flows have been 
broadly classified [3].  The prevalence of all these 
features across the globe means that a very large 
dataset of volcanoes of all morphologies is available 
from which to investigate how the distribution of 
different volcano classes corresponds to altimetry and 
geological environment.   

Previous studies have concentrated primarily on 
the altitude dependence of morphologically distinctive 
intermediate volcanoes (steep-sided domes, ‘ticks’ and 
‘anemones’ of basal diameter 20-100 km), large 
volcanoes (basal diameter >100 km) and radiating 
dyke swarms to explain their distribution.  A model for 
the distribution of magma reservoirs and neutral 
buoyancy zones (NBZs) in the crust based on the 
distribution of volcanic landforms has been formulated 
[4].  The results of subsequent studies have in some 
cases supported NBZ theory predictions [5, 6, 7] while 
others have disagreed or are inconclusive [8, 9].  The 
latter study noted that, in addition to NBZ formation, 
factors such as edifice morphology must be considered 
to a greater degree in order to build up a full picture of 
the process of edifice formation and growth on Venus.  

It is with these previous studies in mind that a 
comprehensive global survey of intermediate-sized 
volcanoes is being compiled, using high-resolution F-
maps, stereoscopic images (C1-MIDR scale), and 
GTDR altimetry data.  This will allow a database to be 
compiled that catalogues the diameters of any flows, 
edifices and calderas/craters present in each structure 
considered,  basal heights and altitudes, as well 
qualitative descriptions of the edifice morphologies 
and characteristics of flows and fractures intrinsic to 
the volcanoes.  The catalogue incorporates calderas as 
well as cones, ‘anemones’, steep-sided ‘pancake’ 
domes, ‘ticks’ and other volcano types. 

Results:  To date, the survey has covered the 
entire BAT (Beta-Atla-Themis) region.  This triangular 
area, which lies at an intermediate altitude, is unique in 
that all volcanic features occur here in concentrations 
2-4 times the global average, with the boundaries of 
the region defined by interlocking networks of rift and 
deformation zones [3].  The great prevalence of 
volcanic features of all morphologies here makes the 
BAT region a suitable ‘microcosm’ in which to study 
relations between edifice morphology, size, altimetry 
and geological environment.  Figure 1 is a map 
showing the locations of the 250 structures catalogued 
in the specified region.  15 discrete classes of edifice 
have been recognized (defined in the legend of Figure 
1) and the frequency of each class is listed in Table 1, 
as well as their distribution characteristics.   

Analysis of the catalogue is at an early stage, but 
some notable trends can already be identified 
(independent of edifice altitude, as this parameter is 
currently being established for each edifice).  Class 3 
calderas are by far the most prevalent structures; 
substantially more have been identified in this area 
than in the study of [3].  Along with steep-sided cones 
and steep-sided ‘pancake’ domes, these are widespread 
in all geological environments.  ‘Tick’ and ‘anemone’ 
features and class 9 domes are very often located 
proximal to rift zones where, in general, elevations are 
higher than in the interior lava plains.  The clear 
correlation of these latter morphologies with crustal 
rifting evidently suggests that tectonism may be 
favoring the emplacement of these morphologies, 
while also allowing the formation of morphologies that 
occur outside of rift zones.          
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Table 1.  Frequency of occurrence of intermediate volcanoes of different morphologies. 
 
 

Figure 1.  Map of the 
area of Venus 
scanned to date in 
the survey, including 
the locations of all 
the volcanoes 
catalogued in each of 
the 15 classes.  Base 
map is a GTDR 
altimetric map (24 
px/degree) centred at 
240°3’E, 0°18’N. 

Class Number Distribution 
1 24 Spread fairly evenly throughout BAT region; occurs in rift zones as well as lava plains.  
2 18 Often concentrated in lava plains regions in the interior of BAT region; occasionally seen in rift zones. 
3 72 Very widespread across entire BAT region; seen most commonly in lava plains, but also exists in the vicinity of rift 

zones.  Fewer occur in the vicinity of Themis Regio.  
4 9 Seen in lava plains and rift zones in the northern half of BAT region.  Also seen outside the border in the far south. 
5 25 Concentrated in interior lava plains, mostly in centre and NE. 
6 14 Occur most frequently in the vicinity of the rift zone running along the south-central border of BAT region.  Also 

seen proximal to rift zones in east and north-west.  
7 7 Clear examples are seen in a relatively confined area in the north-east of BAT region; a few are seen in the far 

west. 
8 21 Widely dispersed across all of BAT region; mainly in lava plains, but a few in rift zones. 
9 15 Strongly concentrated in rift zones, particularly in the far west, around Atla Regio. 
10 12 Seen in lava plains of central-equatorial BAT region as well as concentrated around Atla Regio. 
11 6 Mostly seen in lava plains in central-equatorial BAT region. 
12 5 Only a few examples seen, in the far north, in central BAT region and eastern rift zone. 
13 1 One example, located in far south-east of BAT region. 
14 5 Five examples, widely dispersed in the north and west, generally located proximal to rift zones. 
15 16 Spread widely across BAT region, located both in rift zones and lava plains. 

225 270
0

30

-30

GTDR Simple Cylindrical Projection

0 500 1000

0°

15°

30°
35°

Kilometers

Class 1:Steep conical peak with summit crater, sometimes with surrounding flows.
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Locations of C1-MIDRS studied in survey. Approximate boundary of BATregion.

Class 2:Steep conical peak with no summit crater, sometimes with surrounding flows.

Class 3:Caldera with minimal topographic signature and concentric collapse fractures
defining rim.
Class 4:Depressed caldera surrounded by a raised rim, sometimes with concentric
fracturing coinciding with rim.

Class 5: Broad, flat-topped peak with calderaat summit.

Class 6: 'Tick' feature. Tall edifice with steep sides, bowl-shaped summit caldera and
scalloped flanks.

Class 7: Broad peak with no obviouscaldera.

Class 8:Flat, circular, steep-sided ‘pancake’ dome.

Class 9:Dome with largecalderaat summit.

Class 10: Large peak with caldera on flank.

Class 11:Caldera featuring little or no concentric fracturing,containing and surrounded by flows.
Class 12: Peak with dome located on flank.
Class 13: Very broad cone with large crater filled with flows.
Class 14:  'Anemone' feature. Digitate lavas emanating from a usually elongated fissure vent,
dark near the vent but brightening towards the tips.
Class 15: Very small vent surrounded by dark apron flows.
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