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A SURVEY OF RADIAL FRACTURE SYSTEMS ON VENUS. Elisabeth A. Parfitt and James 
W. Head. Department of Geological Sciences, Brown University, Providence, RI 02912. 

A survey of -75% of the surface of Venus has revealed the existence of -300 features which possess systems 
of radial k t u r e s  and graben. The appearance, sue and topographic relief of these features vary considerably, some 
features being classified as large volcanoes, while others fall into the categories of novae and coronae. The features 
are clearly volcanic in origin and there form suggests that they are the result of emplacement of magma-filled dikes 
(12). 

Distr ibut ion 
Radial fhcture systems on Venus show distinct clustering, being common in the lower plains areas, particularly in 
the region between Atla and Beta regiones, and tending to avoid the higher regions and areas of tessera. This 
distribution is similar to that found for many types of volcanic features on Venus (3). 

Common Associations 
As part of the survey of radial fracture systems on Venus the association of the fracture systems with other features 
was noted - these features include lava flows, concentric fracturing, central rift-like structures, small volcanic 
shields, and pit craters. This survey indicates that 72% of the radial fracture systems are associated with concentric 
fractures. In some instances the concentric fracturing is associated with a central, relatively small, caldera, while in 
other cases the radial fracture system is contained within a large concentric fracture system (figures 1 and 2). In 
rarer cases (-30%) the radial fracture system is associated with a double concentric structure where there is an inner 
and outer concentric fracture system. Many of the radial fractures (-55%) show a preferred orientation. In some 
cases the fixtures are aligned only in one orientation (presumably reflecting a regional stress pattern) but in other 
cases the fractures are radially distributed but more are aligned in one particular orientation than in any other, this 
could reflect regional stress changes with time but could also result from dike propagation by reuse of existing 
dikes and thus might provide information on rates of dike emplacement (4). Approximately 47% of the fracture 
systems are associated with distinct lobate lava flows. This number is probably a minimum as many of the 
features appear to be associated with more diffuse lava flows which were not included in the survey figures. Some 
fracture systems (-35%) are associated with clusters of small shields, usually within the central region of the 
feature. About 21% of the fracture systems possess central rift or graben systems. Usually these are elongate but 
occasionally they appear to be transitional between being rifts and being calderas. A small number (-5%) of 
features have pit craters or pit troughs associated with them. 

Form of the fracture systems 
The sues of the fractures and their associated edifices vary widely. The smallest fracture system features have 
heights of only -700 m and basal diameters of 1 - 3 0  km. These features tend to have a central caldera-like 
depression of diameters of G 7 5  km. This is large both by comparison with terrestrial calderas and with the overall 
sue of the feature. Fractures tend to radiate away from the outer edge of the caldera (figure 1) in a way that is 
common for basaltic volcanoes on the Earth (5,6) and which is suggestive of lateral dike propagation from a 
central magma chamber situated below the caldera (4,7). Larger features, typically 1 - 2 km in height and having 
basal diameters of 1-700 km, have a more complex form. They tend not to have central calderas but instead the 
fractures tend to criss-cross at the centre of the feature rather than radiating £tom the edge of a central zone (figure 
2). This pattern is more suggestive of vertical dike emplacement from a deeper zone of magma storage. This idea 
is supported by the fact that the fractures tend to be enclosed within large concentric fracture systems (with 
diameters of several hundred kilometres) - if, as for shallow calderas, concentric fracturing is associated with 
magma storage and movement at depth the greater diameter and less well developed form of the large concentric 
fractures suggest storage of magma in larger volumes at deeper levels than is the case for the smaller calderas. The 
largest features associated with radial fractures are the large volcanoes. A number of large volcanoes are seen to 
have long fractures radiating away from them and which are being progressively buried by the lava flows that have 
built the edifice. 

The fracture systems are often associated with lava flows. The flows tend to be long by terrestrial standards 
commonly having lengths of 10's to hundred's of kilometres. In many cases the flows originate at a particular 
distance from the centre of the fracture system and have fairly constant length suggesting similar eruption 
conditions during each eruption. In general, fracture systems either do or don't have associated lava flows, it is 
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relatively rare to see a hcture system with only one or two associated flows. Typically the fractures which are the 
source of flows have lengths <I00 krn, while those which do not feed flows are more variable in length but can be 
hundreds of kilometres long. This pattern is consistent with results from computer models of dike emplacement on 
Venus (1,2). 

Conclusions 
This survey of the surface of Venus has identified a large number of fractures whose form suggests they result 
primarily from dike emplacement The fracture systems vary widely in form. The smallest features have central 
calderas and fixtures which appear to result from lateral emplacement of dikes from a central, relatively small and 
shallow magma chamber. The larger features have more complex fracture patterns with the fractures crosscutting 
each othex at the centre of the system rather than radiating from a central caldera. This pattern and the association 
of the fractures with large concentric fractures suggests that the fractures result from vertical dike emplacement 
from a region of magma storage which is bigger and at greater depth than for the smaller fracture systems (i.e., 
possibly related to a mantle plume). Thus, investigation of these fracture systems provides insight into modes of 
modes of magma storage and transport within the Venus lithosphere. 
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Figure 1. (a) Fractures associated with feature 
located at 38 S 23. (b) Profile across the 
ieature. 
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Figure 2. (a) Fractures associated with 
feature located at 15 S 215. (b) Profile 
across the feature. 
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