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FORMATION AND EVOLUTION OF RADIAL FRACTURE SYSTEMS ON VENUS. E. A. Parfitt and J. 
W. Head, Department of Geological Sciences, Brown University, Providence, RI 02912. 

A survey of -90% of the surface of Venus using Magellan data has been carried out to locate all radial fracture 
systems and to assess their association with other features such as volcanic edifices (1) and coronae (2,3). Squyres et 
al. (2) and Stofan et al. (3) have discussed the association of radial fracture features in relauon to coronae features, 
our approach was assess the associations of all of the fracture systems. These fracture systems have two broad types 
of form - some fracture systems are associated with updomed topography, radiate £rom a point and have relatively 
uniform fracture lengths while others have a wider range of fracture lengths and radiate from the outer edge of a 
central caldera (45). Squyres et al. (2) and Stofan et al. (3) have interpreted both types of feature as reflecting 
tectonic fracturing resulting from uplift of the surface as a mantle plume impinges upon the crust. While it is true 
that a number of features are related to uplift and that such uplift will induce stresses consistent with radial 
fracturing we explore the possibility that these fractures are not exclusively of tectonic origin. Purely tectonic 
fracturing will tend to generate a few main fractures/faults along which most of the stresses due to uplift will be 
accommodated leading to the triple-junction fonn common for t e d  updoming (6). Though this type of feature 
is observed on Venus (e.g.. feature located at 34886). the majority of radial fracture systems *lay much more 
intensive fracturing than this through a full 3600, this is difficult to explain by purely tectonic processes. The 
association of many of the fractures with radial lava flows leads us to interpret these fractures as reflecting dike 
emplacement, the form of the fractures being consistent with primarily vertical propagation from the head of a 
mantle plume. In the case of the second type of fracture system (those radiating from a central caldera) an even 
saonger case can be made that the fractllres are a of tectonic origin. These features are not as commonly 
associated with updoming of the surface and where they are, the fractures extend out well beyond the edge of the 
topographic rise - an observation which is not consistent with the fractures being of tectonic uplift origin. 
Furthermore the fractures have a distribution of lengths (many short, fewer long) which is characteristic of dike 
swarms, and show direct associations with caldetas and lava flows consistent with a volcanic origin. In addition, the 
longest fractures have a radial pattern only close to the center of the system but bend with distance to align 
themselves with the regional stress field - this behaviour is very difficult to explain on purely tectonic grounds but 
is a pattern commonly seen for terrestrial dikes (7). For these reasons we argue that many, if not the majority, of 
radial f r a c m  systems found on Venus are the surface reflection of dike swarms (8), those associated with positive 
topography reflecting vertical emplacement and those radiating from calderas reflecting lateral propagation (45). 

Classification Scheme 
On the basis of both morphologic and tdpographic information we have developed a classification system for the 
radial fracture systems. This classification scheme consists of : type 1 - radial fmcture systems (novae) which may 
be associated with topographic highs but having no obvious edifice or caldera development and having no associated 
concentric fkacturing; type 2 - novae which are associated with coronae, divided into 2 classes - (a) novae contained 
within a corona and (b) long radial fractures extending h m  the outer edge of a corona; type 3 - novae of complex 
fonn, usually found in association with resera; type 4 - radial fractures originating at the outer edge of a central 
caldera, which may have a Limited number of lava flows but not enough to constitute a volcanic edifice; type 5 - 
radial fractures associated with volcanic edifices - divided into three classes - (a) edifice with central novae. (b) 
edifices in which numerous lava flows are progressively covering up an earlier set of long radial fractures, and (c) 
edifices with a central caldera and interspersed radial fractures and flows; type 6 - topographically high, flat-topped 
feahnes with steep bounding scarps and fractures which radiate from a point on top of the 'plateau' outwards m s s  
the scarps, the fractures often feeding lava flows; type 7 - central depressions which are considerably deeper than 
the feature is high and have fractures radiating h m  the outer edge of the depression. 

Resul t s  
Using this scheme we have classified 188 radial fracture features on Venus. The most common association found is 
with coronae (33.5%), closely followed by volcanic edifices (27.7%) which, if the type 4 features are included (as 
these appear to be pto-edXices), give a total of 43.1% of the fracture systems being associated with volcanic 
edilices. There are -202% of type 1 features, 16% type 3 complex features, 122% type 6 plateaus and 6.4% type 7 
depressions (note that the total percentage is greater than 10096 because some of the features are associated with 
more than one type of structure). 
By looking in detail at the examples which we have classified as showing overlap between Merent types of 
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By looking in detail at the examples which we have classified as showing overlap between different types of feature 
we have developed a preliminary evolutionary sequence for these features. Broadly spealung we have divided the 
features into 2 groups having somewhat different sequences of evolution. One sequence is broadly in keeping with 
the analyses of Squyres et al. (2) and Stofan et al. (3), and starts with updoming and fracturing of the surface as a 
mantle plume impinges on the crust. These updornes evolve along 2 (overlapping) paths, some updomes deform to 
form coronae and complex fracture features (type 3). while other updomes evolve inm large volcanic edifices (type 
5a). A number of features show a combined edifice/corona form which suggests that a spectrum of behaviours occur 
of which corona and edifice development are the endmembers. A number of the features however, show a d i f f m t  
sequence of evolution which starts with the type 4 and 7 features which have central calderas and fractures radiating 
h m  the outer edge of the caldera. As mentioned above the type 4 features seem to reflect lateral dike emplacement 
from a central storage region. The fractures associated with type 4 and 7 features tend to be longer and of more 
variable length than those found for updoming (type 1). Type 5b/c volcanoes show similar predominance of 
relatively long fractures and type 5c edifices have central caldera and look very much like more developed examples 
of type 4 features. Thus we propose an evolution from type 4 and 7 structures into type 5c edifices. Later, 
formation of long fractures ceases and lava flows progressively cover all but the longest fractures and lead to type 
5b edifice formation. 

Discussion and conclusions 
On the basis of the classification results we propose two sequences for the formation and evolution of radial fracture 
systems on Venus. In the first sequence the head of a mantle plume impinges on the lithosphere causing uplift, 
radial tectonic fracturing and formation of radial fractures by propagation of dikes vertically from the head of the 
plume. As the plume head thins and spreads, some features deform (9) to form coronae while others experience 
considerable volcanism which is sufficiently localised to allow edifice formation. The differences in evolution after 
uplift may have a number of causes. In particular edifice development entails the development of a central magma 
storage zone, and so coronae may form in areas where shallow storage in inhibited - possibly because of the lack of 
a neutral buoyancy level (10) or because the lithospheric thickness is somewhat greater than in the areas where 
volcanoes form. 
In the second evolutionary sequence a shallow s tmge  region has already formed and lateral dike propagation from 

this region dominates. These features show little or no evidence for an earlier stage of uplift, this may imply that 
the magma source in these regions is more limited (a smaller plume) or that the lithospheric thickness is greater 
than average and limits the amount of surface expression of the plume. In the early stages of formation the 
emplacement of long lateral dikes is common, the dikes rarely feeding lava flows suggesting that they propagated 
with a stable georneny as suggested by theoretical models (8). With time the length of the dikes decreases and they 
more commonly reach the surface feeding relatively short lava flows and allowing edifice development, The earlier 
long fiacarres are progressively covered-up as the volcano builds. This pattern of evolution is consistent with the 
gradual formation of a shallow magma reservoir and with a declining rate of magma production. Early rapid melt 
production allows the emplacement of long dikes but as the magma production rate falls and the shallow reservoir 
develops dike emplacement becomes more constrained and shorter dikes are emplaced which can generate flows of 
limited volume and length. This pattern of evolution is consistent with a mantle plume origin, in terrestrial hot 
spot areas like Hawaii and Reunion a similar pattern is observed in which melt production is initially great and 
declines with time allowing development of shallow magma reservoirs and edifice development (1 1.12). The key 
difference appears to be that on Earth the early stage of development is commonly associated with extensive flood 
basalt xtivity whereas on Venus the early stage seems to be largely intrusive. Further modelling studies should 
help us to undernand this difference and to develop more complete models of both evolutionary sequences. 
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