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STATE OF STRESS AND TECTONICS OF LARGE VOLCANOES ON MARS 
AND EARTH; Patrick J. McGovern and Sean C. Solomon, Dept. of Earth, Atmospheric, and 
Planetary Sciences, Massachusetts Institute of Technology, Cambridge, MA 02139. 

Introduction. In the Tharsis region of Mars are four large volcanoes (Olympus Mons and the 
Tharsis Montes) with radii of 200 km or more. These features impose a significant load on the 
lithosphere and induce lithospheric flexure. Tectonic features characteristic of the Tharsis Montes 
include circumferential graben on the flanks and rift zones approximately bisecting the shields 
along a northeast-southwest axis [I]. Extensive aureole deposits off the flanks of Olympus Mons 
have been attributed to gravity sliding [2]. These features may have analogues on large intraplate 
volcanoes on Earth, such as Hawaii. Prominent rift zones, extending predominantly radially from 
summit magma chambers, are characteristic of Hawaiian shields [3] and indicate an environment of 
horizontal extension. Extensive submarine slumps and debris avalanche deposits flank the entire 
Hawaiian chain [4]. A favored model for the tectonics of the flanks of Kilauea postulates a 
detachment between the pre-existing seafloor and the volcanic edifice [4,5]. The detachment 
allows material on the flanks, emplaced at rift zones, to slide away along listric faults. We examine 
the effect of adding a detachment between volcano and lithosphere to a model of volcano- 
lithospheric loading. 

Method. We use the finite element code TECTON, written by H.J. Melosh and A. Rafesky 
[6,7], to construct axisymmetric models of volcanoes resting on an elastic lithospheric plate 
overlying a viscoelastic asthenosphere. We have implemented time-dependent material properties, 
which allows us to model incremental volcano growth. The effects of fault slip along a detachment 
on the stresses and deformation can be modeled using the slippery node method implemented in 
TECTON [7,8]. We use slippery nodes to model detachment along the base of the volcano from 
the plate below. The viscoelastic layer was taken to extend to a sufficient depth so that a rigid 
lower boundary has no significant influence on the results. The code first calculates elastic 
deformations and stresses and then determines the time-dependent viscous deformations and 
stresses. Time in the model scales as the Maxwell time in the asthenosphere. 

Results. The principal stress directions resulting from the flexural deformation induced by a 
volcano 20 km in height and 400 km in diameter on an elastic lithosphere 40 km thick (parameters 
approximately appropriate to Ascraeus Mons) are shown in Figures 1 and 2. For a volcano 
without a basal detachment (Fig. I), both horizontal normal stresses (om and oee) at the volcano 
edge are compressional, with magnitudes of order lo8 Pa. When a basal detachment is included 
(Fig. 2), ow in this region is extensional and of order lo7 Pa, and o, is compressional and of 
lower magnitude (about 106 Pa). At the edge of the volcano, the Mohr-Coulomb failure criterion is 
satisfied. The stress orientations in this region predict radially oriented normal faulting. 

Discussion. The effects of adding a basal detachment to flexure models may have important 
implications for the growth and evolution of tectonic features surrounding volcanoes on both Mars 
and Earth. The prediction of radial normal faulting at the edge of the model volcano agrees well 
with the presence of rifts oriented NE-SW on the flanks of the Tharsis Montes [I]. An extensional 
environment on the lower flanks of a volcano could contribute to the occurrence of circumferential 
graben and landslides/slumps. For these features to occur, the least compressive principal stress 
must be <r, (the model predicts w). However, since the magnitudes of om and oee are low in this 
region, a small perturbation due to local or regional nonaxisymmetric stresses may determine the 
orientation of failure features. The Tharsis Montes are located slightly below the crest of the 
Tharsis rise, on a slope descending to the northwest. Circumferential graben are prevalent on the 
northwest and southeast flanks of Ascraeus and Arsia Montes. Deposits attributed to landslide 
activity are located on the northwest slope of Ascraeus Mons [9]. Stresses imposed by the slope of 
Tharsis, in the presence of a detachment, would be expected to add extension in a northwest- 
southeast direction; superposition with the model axisymrnetric stress field would result in radial 
extensional features in the northeast and southwest quadrants, and circumferential extensional 
features (and landslides) to the northwest and southeast. A similar situation would apply to 
Olympus Mons, where the basal scarp is most pronounced on the northwest and southeast flanks. 
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The aureole deposits to the northwest of Olympus Mons could then be a result of large landslides 
similar to those off the Hawaiian chain but on a lar er scale. 

Conclusions. Models of volcanoes on Mars &a t include a basal detachment between volcano 
and lithosphere predict well the location and orientation of tectonic features observed at the surface. 
This suggests that similar processes may govern the evolution of large shield volcanoes on both 
Earth and Mars. Radial rifts on Ascraeus, Pavonis, and Arsia Montes may have an origin similar 
to that of radial rift zones on Kilauea. Aureole deposits on the flanks of Olympus Mons and 
Ascraeus Mons may correspond to extensive landslide deposits on the flanks of the Hawaiian 
chain. 
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Figure 1. Close-up view of the principal stress directions in a volcano welded to the lithosphere 
below, after flexural deformation. An hourglass shape denotes the principal axis of compression, 
a bar denotes the principal axis of extension. An hourglass without a bar indicates that the 
principal extension is out of the page. A circle with a bar indicates that the principal compression is 
out of the page. Shaded elements denote failure according to the Mohr-Coulomb criterion. 

Figure 2. Principal stress directions in a volcano with a basal detachment. Note that the least 
compressional stress at the volcano edge is out of the plane of the page (w or hoop stress). 
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