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SAPAS MONS VENUS: SEQUENCE OF EVENTS IN A LARGE SHIELD VOLCANO; S.T. Keddie, and 
J.W. Head, Brown University, Providence RI., 02912. 

Sapas Mons is a 600 km diameter volcano (Fig. la) located at 9' N, 188", at approximately 1.2 km above 
mean planetary radius (MPR). It occurs just off the western flanks of the Atla rise, an area of intense volcanism and 
rifting located at the eastern end of Aphrodite Terra (ref. 1,2). The height of Sapas Mons, measured from the base of 
the flows to the highest point on its summit, is 2.4 km (Fig. lb). The terrain surrounding the volcano is mottled 
plains. Deformation of these plains has produced a series of small ridges which predated the eruption of the lavas 
that formed the volcano; to the northeast a flow unit is diverted by and flows along a ridge. The lava flows that have 
built up Sapas Mons can be divided into several units on the basis of their radar properties and morphology. The 
study of Sapas Mons will provide an understanding of the evolution of this volcano in particular and will provide a 
basis of comparison for an assessment of the importance of such factors as elevation and regional setting in the 
development of other large volcanoes on Venus. 

Descri~tion: The lower-most, and presumably oldest, unit (unit 1) is comprised of broad flows with moderate 

radar backscatter. These flows, which average 15-20 km in width and 50-75 km in length in their area of exposure 
are only observed to the north-west of the volcano, starting approximately 175 km from the centre. Ribbon-like 
flows 5-10 km wide and up to 100 km long form unit 2. Radar brightness varies from flow to flow within this unit 
and several small shields occur between the flows. Unit 2 almost completely surrounds the edifice and occurs from 
100-300 km away from the centre. Unit 3 is only observed on the southern flanks of the volcano and is very radar 
dark. It does not have the high aspect ratio of the other flows, but rather is very massive with broadly lobate distal 
edges. This unit is found between 100 and 200 km of the centre of the volcano. Similar in appearance to unit 2, 
unit 4 flows are predominantly exposed on the southern flanks at a range of 75-100 km from the centre. In a few 
cases individual flow units cross the underlying flows of units 2 and 3, reaching up to 250 km from the summit. 
Unit 5 is comprised of very radar-bright flows that are somewhat broader than the ribbons of unit 2 and which extend 
from the summit for about 100 km. To the north the individual lobes cannot be distinguished and the unit has a 
somewhat mottled appearance. The summit region is comprised of broad, lobate, viscous-looking flows (unit 6) that 
are closely associated with the two summit features that resemble ticks. Sapas is unique (on Venus) in having two 
summit features. Although the bright scarps on the eastern edges of these ticks would suggest that these features 
make up a pair of summit peaks, Magellan topography data reveals that the dark regions are actually deep 
(approximately 2-3 km) holes (Fig. lb). 

In addition to the flow units, there are also tectonic features at Sapas Mons. Radial fractures and graben, most 
common on the north-east and southern flanks, cut units 2,3, and 4 and extend out 300-400 km from the summit. 
These radial features are likely the surface manifestations of dikes intruded at depth. Concentric pit chains and graben 
surround the summit and form a partial ring with a diameter of about 75-100 km. Although these graben appear to 
be relatively young, crosscutting units 5 and 6 to the south, it is possible that they once formed a continuous ring 
and that the fractures to the north have been buried by later eruptions that form units 5 and 6. Thus summit eruption 
and subsidence may have been penecontemporaneous. 

General model of formation: The eruption of lava to form Sapas Mons is one of the most recent occurrences 

in the region: deformation of the plains predated the emplacement of lavas and the only impact crater in the region is 
partly buried by lava flows to the northeast of the volcano. The flow units identified above are very distinct and in 
most places the superposition relations are clear; unit 1 is interpreted to have been emplaced first, followed by units 
2,3,4,5,  and finally 6. Although commonly in large volcanoes later flank eruptions can disrupt a 'younging 
upward' sequence, there is no clear evidence that this has occurred at Sapas. The variations in aspect ratio between 
flow units, as well as the different radar characteristics and flow morphologies, suggests that the nature of the 
erupting magma may have changed with time. This variation could be due to the evolution (either rheological or 
chemical) of the magma in magma chambers at depth. The evolution may be the result of either decreasing magma 
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supply associated with the waning of a plume or viscosity changes resulting from chemical evolution in a large 
magma chamber. The structures associated with the volcano also support the presence of chambers; the larger 
graben-bounded summit region may indicate a large chamber at depth and the two summit calderas, as well as the 
radial dikes, are consistent with smaller 'staging' chambers at a shallower depth. 

It appears likely. therefore, that Sapas formed by a repeated series of eruptions of lava. This lava was probably 
temporarily stored in magma chambers, possibly at two different depths. Preliminary observations of two other 
volcanos have been made to address the prevalence of magma chambers on Venus as well as the importance of 
location and elevation in influencing the development of volcanoes. Southwest of Beta Regio is an unnamed, 500 
krn diameter volcano that has a basal elevation of 0.7 km below MPR and that, like Sapas, is located near, but is 
not obviously influenced by, a large rise and rift zone. Although there are many flow features and a considerable 
variation in morphology in the flows of this unnamed volcano, there is no distinct grouping of flows into spatial or 
temporal units. There is also neither a well-defined summit structure nor radial fractures. In contrast, Maat Mons, 
located on the edge of, and filling a large rift zone (ref. 2), represents a volcano at the opposite elevation extreme; its 
basal elevation is approximately 2.6 km above MPR. Like Sapas, Maat has spatially well-defined flow units and a 
large summit caldera. There is evidence for secondary sources forming one of these units and, in general, a 
somewhat more complicated history is indicated. More detailed mapping of the unnamed volcano and Maat Mons, 
as well as an examination of other large volcanoes at a range of elevations is planned both to study the volcanic 
history and evolution of individual volcanoes and to further address the importance of basal elevation and location in 
controlling the complexity of the eruptive history (ref. 3). 
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Figure 1: a) Sketch of lava flow units at Sapas Mons. North is up. Unit numbers correlate with numbers in text. 
b) topography profile along line A-A'. Elevation in km. 
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