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Analyses of the tectonic features associated with large volcanoes provide important insight into 
the relationship between volcanic and tectonic processes and the stress state of a planet's crust over 
time, and provide constraints on the local and regional geologic evolution. This investigation 
focuses on the tectonism and volcanism of Bell Regio, a major highland uplift on Venus. The 
stress environments and resulting tectonic features associated with the major volcanic edifices in 
this region are examined using Magellan synthetic aperture radar (SAR) images and altimeter 
measurements of topography. The major volcanoes of Bell Regio, Tepev Mons and the "Eastern 
Volcanic Center" (EVC), exhibit tectonic characteristics that are unique relative to other volcanic 
edifices on Venus. The most prominent distinctions are the lack of large rift zones within the 
overall highland uplift and the presence of radial tectonic and concentric fractures associated with 
the major edifices. This study examines the regional stress field in Bell Regio through analysis of 
structural features believed to be a consequence of lithospheric flexure due to volcanic loading and 
tectonic features that,likely resulted from edifice stresses associated with magma chamber inflation. 

Regional Stresses. Analysis of regional stresses provides a framework for understanding 
smaller-scale features within the highland. Large-scale tectonic deformation is exhibited by tessera 
blocks which surround the volcanic edifices of Bell Regio [I]. Tessera or complex ridged terrain 
are the stratigraphically oldest units in this region, and preserve a record of periods of intense 
tectonic deformation. The fractures within some blocks are irregularly oriented, but the prevailing 
fracture patterns within the tessera regions trend SW-NE. No similar fracture pattern is seen on the 
later superposed flow units. 

Lithospheric Flexure and the EVC. The oldest volcanic &ice within Bell Regio is the large 
Eastern Volcanic Center (EVC), a wishbone shaped feature c h a r a c t e d  by gentle flank slopes 
(<lo). This edifice rises approximately 1 km above the surrounding apron of flows; the central 
bulge and wishbone ridges contain the highest elevations of the feature at approximately 6053.5 
km. The inner region contains a central bulge and radial chains of pit craters [I]. Surrounding the 
edifice to the east, south, and northwest are large sets of circumferential fractures, which are the 
main focus of this analysis. Detailed structural mapping of the tectonic features within this region 
indicates that the innermost concentric graben occur at a radial distance of approximately 280 km, 
while the outer radius of these features lies at approximately 470 km. A 500 m change in elevation 
occurs between these two radii. The most prominent volcanic flow fields in the region and the 
youngest flows of the EVC emanate from these concentric fractures. These graben formed 
concentric to the load as a result of bending stresses associated with lithospheric flexure and as 
such are important indicators of the stress state and effective thickness of the elastic lithosphere [2, 
3, 41. This analysis of lithospheric flexure and associated deformation models the volcano as an 
axisymmetric load with a Gaussian mass distribution on an elastic plate of variable thickness [2]. 
In order to distinguish the likely mechanism for initial lithospheric failure we have incorporated 
into this formalism Griffith criterion for tensile failure and the Byerlee criterion for shear failure 
[3]. According to this model, concentric normal faulting will occur in the region defined by 
positive o, (radial stress) and 04@ (tangential stress), and maximum o, . 

Thirteenlocases, with varying lithospheric thicknesses (between 30-50 km) and Young's 
modulus (10 to 1012 Pa) were considered in this analysis of the EVC to determine which most 
closely corresponds to the observed fracture patterns. The model predctions that best fit the 
observed data are an RIA (normalized radial position) for concentric normal faulting ranging fro1? 
1.5 - 2.7. These results indicate that an effective elastic lithospheric thickness of 50 km, E=10 , 
and load halfwidth of 175 km best describes the conditions at the EVC at the time of the formation 
of the concentric graben. Analysis of Magellan gravity data for Bell Regio [5,6] indicate similar 
values for the effective elastic thickness. 
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EdiJce Stresses and Tepev Mons. Tepev Mons is a prominent volcanic shield within Bell 
Regio thought to be younger than the large EVC discussed above. It rises approximately 5 km 
above the surrounding plains and is characterized by relatively steep slopes (20"-40") near the 
summit region. The steepest slopes occur along the eastern flank of the volcano [I]. The northern 
flank is characterized by prominent fractures concentrically distributed around the main peak and 
calderas of the volcano. An analysis similar to the one described above for the formation of the 
concentric graben surrounding the EVC was performed on the Tepev Mons load. Two cases were 
examined in which the lithospheric thickness varied from 30 to 50 km. Structural mapping of 
concentric graben around Tepev indicates that these features occur at inner and outer radial 
distances of 65 km and 90 km respectively. With a halfwidth for the load of 80 km based on 
topographic profiles across the edifice, this corresponds to an WA range from 0.8 to 1.1. 
However, results of the model indicate that maximum extensional stress occurs at an WA value of 
1.5 to 2.5. Therefore, these concentric graben occur too far up the flanks of Tepev to be a result 
of lithospheric bending. However, this region does correspond to the location of a possible 
flexural moat [7] north of Tepev Mons (RIA = 1.8) yielding a lithospheric thickness of 30-50 km at 
the time the moat was formed. Thus, there is evidence for lithospheric bending associated with 
Tepev Mons, but the results of our model indicate that this is probably not the cause of the 
prominent concentric graben on the steep northern flanks. 

The free surface of a volcanic edifice may undergo tectonic deformation as a result of several 
mechanisms: inflation and doming due to subsurface injection of magma, deflation associated with 
magma withdrawal (sometimes accompanied by caldera collapse), and gravitational relaxation 
which may lead to slumping of material along the flanks. To understand the nature of the stress 
state and resulting deformation within this volcano, an axisymmetric finite element model is 
constructed to calculate the elastic stresses within the edifice and to examine the relationship 
between these stresses and the observed tectonic features. Following a model previously employed 
in the study of caldera subsidence [8] and using the finite element program TECTON [9] we 
developed a linear elastic model of the stresses and displacements associated with the edifice and 
surrounding crust and mantle. In thls approach, magma chamber inflation is modeled as a 
distribution of outward directed radial forces per unit area at specified nodes. Using this model we 
explore the effect of variations in magma chamber depth, size, and pressure on the surface stress 
state. 

Analysis of the stress and deformation associated with Bell Regio allows us to distinguish 
among the tectonic responses due to the various types of stresses that may be present. Expanding 
this type of analysis to other edifices on Venus may enable us to determine if each exhibits unique 
characteristics and a distinct evolutionary sequence, or if there are cross-cutting similarities in their 
volcanic and tectonic processes. 
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