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Overview: Two different interpretations have been proposed for the origin of the graben, 
fissure, and fracture elements which define 163 giant radial systems on Venus: 1) tensile 
deformation caused by the subsurface emplacement of radiating dikes1* 2; and, 2) faulting 
accommodating uplift of a domical r i ~ e ~ - ~ .  Both modes may be linked to a common process, i.e. 
the diapiric rise of mantle material, its impingement upon and deformation of the lithosphere, and 
pressure release melting which facilitates vertical and lateral magma emplacement. The broad 
morphological characteristics expected, however, differ sufficiently to permit a systematic 
evaluation of the relative occurrence of each mechanism. By comparing predictions with 
observations, we conclude that nearly three quarters of the lineament systems must have involved 
a significant component of subsurface dike swarm emplacement . 
Observatiom: The individual graben, fissures, and fractures of which the radial systems are 
composed are typically less than several kilometers in width. Graben and fissures tend to cluster 
near the center, with fissures grading smoothly into fractures at greater distances to define the 
overall radial pattern. The lineament systems generally do not extend to equal lengths in all 
directions, and their maximum radii vary between a minimum of 40 km and a maximum of 22000 
km, with an average of -325 km (Figure 1A). The central topography is highly varied: 53% are 
domical, 9% are depressions, 15% are essentially flat, and the remaining 23% are 
indistinguishable from their surroundings (Figure 1B). For those with domical topography at the 
center, the ratio of dome radius to lineament radius is -0.40, i.e., on average the radius of a given 
lineament system is 2 . 5 ~  greater than that of the associated central dome (Figure 1C). In all, 53% 
of the radial systems are associated with one or more concentric structures, ranging from central, 
depression-bounding scarps only 25 km across to tectonic rings several tens of kilometers wide 
and up to 575 km in diameter. In 51% of these cases, the radial pattern originates within the 
annulus but also extends significantly beyond it. Only 9% of those radial features associated with 
annuli are confined within them, leaving 40% that are located entirely outside the outer rim of the 
annular structure. Finally, lobate finger-like flows emerging from radial lineaments, or groups of 
such flows characterized by a strong spatial correlation with multiple radial lineaments, occur for 
45% of the radial systems. 

Predictio;% Deformation produced by diapiric impingement upon and domical uplift of the 
lithosphere - is initially characterized by extensional stresses which generate radially aligned 
tensile lineaments upon the dome flanked by a zone of horizontal shear and potential strike slip 
faulting. As the rise evolves, whether gravitationally or in association with flattening of the 
underlying diapir, the role played by normal stress increases, and strike slip faulting should be 
superceded by annular compression at the base of the rise. 

Radial elements formed by dike emplacement may be distinguished from those produced 
by domical uplift in several ways. First, even if domical central topography exists, dike lengths 
are typically controlled by magma supply rate and thermal factors2, and thus radial elements 
produced by dike emplacement can potentially extend hundreds or thousands of kilometers 
beyond the lateral extent of the central topography and any associated annulus. Second, while 
dike swarm emplacement can be associated with a centralized uplift, this need not be the case, 
and thus the absence of a central dome favors a dike swarm interpretation of the radial elements, 
though caution must be used since thermal decay and isostatic adjustment might remove evidence 
of uplift over time. Finally, while a wide variety of volcanism can be expected, lineament-related 
volcanism (including small shields aligned along the lineaments and flows issuing from them) is 
particularly suggestive of dike swarm emplacement if it occurs in multiple locations toward the 
distal portions of the radial system, i.e. well away from any central topography. 
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Piscussioq: The fundamental evidence of uplift, namely central domical topography, is present 
for more than half the radial systems; however, in these instances the associated lineament 
patterns are far more laterally extensive (usually about 2 . 5 ~ )  than the domes themselves. This is 
inconsistent with predictions of radial lineament pattern formation through uplift alone, but is 
readily explained by lateral dike emplacement. In addition, since the remaining radial systems 
lack a central dome, uplift is unlikely to have been solely responsible for their generation unless 
the original topography has subsequently decayed through gravitational relaxation. This process, 
however, is predicted to produce annular deformation outside the dome periphery. Any radial 
system originally developed upon a rise due primarily to uplift should thus be contained within a 
tectonic annulus if topographic relaxation has occurred, contrary to the observation that few of the 
radial systems are so confined. It is therefore unlikely that uplift alone could have generated 
more than a few of the radial systems which currently lack the requisite topographic signature; 
however, the absence of central topography does not alter the feasibility of the dike emplacement 
mechanism. 

 conclusion^: By considering the topography at the center of each radial pattern, the lineament 
system radius relative to that of any central topography, the relationship between the radial 
system and any associated annulus, and the placement and style of volcanism observed, we 
conclude that formation of 72% of the radial systems must have involved a significant component 
of radial subsurface dike swarm emplacement. Uplift-derived lineaments are almost certainly 
present in many of these instances as well; however, only 9% of the radial systems appear to have 
formed predominantly as a response to production of a topographic dome, and data for the 
remaining 19% of the systems do not allow confident identification of a dominant mode of origin. 

References: 1. McKenzie, D., et al., JGR v.97, 15977-15990 (1992). 2. Parfitt, E.A. & Head, 
J.W., EMP v.6I. 249-281 (1993). 3. Stofan, E.R., et al.,JGR v.96,20933-20946 (1991). 4. Janes, 
D.M., et al., JGR v.97,16055-16067 (1992). 5. Cyr, K.E. & Melosh, H.J., I c a m  v.102, 175-184 
(1993). 

Figure 1: A ) Histogram of giant 
radiating lineament system radii. 
Average radius is 325 km. B) Central 
topography associated with radiating 
systems. C) Plot of radiating lineament 
system radius versus dome-to-lineament 
radius ratio for those systems with 
domical central topography. The 
average ratio is 0.40. 
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