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ARCUATE AND CIRCULAR STRUCTURES IN THE THARSIS REGION: EVIDENCE OF 
CORONAE ON MARS. T. R. Watters, J. R. Zimbelman, Center for Earth and Planetary Studies, 
National Air and Space Museum, Smithsonian Institution, Washington, D.C. 20560, D. H. Scott, 
Branch of Astrogeology, U.S. Geological Survey, 2255 North Gemini Drive, Flagstaff, AZ 86001 

Arcuate and circular structures are evident in the Tharsis region of Mars. They involve 
concentric graben and fracture systems and are often associated with volcanic centers. The most 
prominent example is Alba Patera, a low relief volcanotectonic center. It is surrounded by a graben 
system comprised of the Alba and Tantalus Fossae and part of the Ceranius Fossae system that are 
thought to have formed during the Early Amazonian [I]. The graben concentric to Alba Patera form 
an annulus that is 600 km in diameter (figure 1A). Many of the north-trending graben of Ceranius 
Fossae were clearly influenced by Alba Patera. Graben are deflected around and in some cases 
merge with the Alba-concentric system. Other prominent circular structures have been described 
on the Tempe Terra plateau [2,3]. The annulus of graben and fractures forming these structures is 
approximately 250 km in diameter (figure 1B). Graben formed over a period extending from the 
Late Noachian through the Hesperian with the most pronounced arcuate graben forming during the 
Noachian [3]. These structures are also associated with volcanic centers. One of the graben sets 
encircles a volcanic dome and a caldera-like depression [2]. As in the case of Alba Patera, 
northeast-trending graben associated with Tempe and Mareotis Fossae are deflected and often merge 
with the concentric graben. Another set of arcuate graben occur near the prominent scarp that 
marks the western boundary of the Lunae Planum plateau [4]. These graben appear to have been 
part of a circular structure that had a diameter on the order of 600 km, although this can not be 
confirmed because of subsequent extensive faulting and erosion. The graben that comprise this 
system formed over a period extending from the Late Noachian through the Early Hesperian [4]. 

The similarity between Alba Patera and coronae on Venus was observed prior to the Magellan 
mission [5]. Magellan imagery of Venusian coronae has revealed a number of striking similarities 
between these structures, Alba Patera, and the other circular structures on Mars. Coronae on Venus 
are circular to ovoidal volcanotectonic features that range in diameter from 60 to over 1000 km [6,7]. 
Concentric graben form partial to complete tectonic annuli. More regionally extensive graben 
systems are deflected toward, and in many cases merge with, the concentric graben [see 61. Volcanic 
flows and domes dominate the surface enclosed within the concentric graben. However, distinctive 
differences exist between coronae on Venus and the structures on Mars. Circular structures on Mars 
lack radial graben crosscut by concentric graben. There is also no evidence of the complex 
topography associated with coronae on Venus. The differences between coronae on Venus and the 
suspected coronae on Mars may be largely due to the difference in the thickness of the elastic 
lithosphere on the two planets. One model proposed for the origin of coronae on Venus [6-81 
involves the ascent of a mantle diapir (figure 2A). Mantle flow above the rising diapir results in 
uplift of the lithosphere and the development of a gentle topographic dome and radial faulting. 
Once the diapir impinges on the base of the lithosphere it spreads out radially eventually resulting 
in the uplift of a circular plateau with concentric faulting. Magma may rise through fractures above 
the diapir to feed volcanism. As the flattened diapir cools, relaxation forms a central depression, 
a raised rim and a surrounding moat. On Mars, a similar mechanism with a similar diameter diapir 
would not be expected to have the same effect on the lithosphere. Assuming the lithosphere was 
on the order of 100 km thick (-3X that of Venus) when the circular structure formed, forces 
resulting from mantle flow may not have been sufficient to uplift the lithosphere into a dome and 
thus no radial faulting would occur (figure 2B). As the diapir reaches the base of the lithosphere 
and spreads out, buoyant material will gain sufficient leverage to uplift the lithosphere and generate 
concentric faulting. By analogy with the mechanics of laccolith development and hydraulic 
fracturing, leverage should be achieved when the buoyant material spreads over a distance equal to 
about 3 to 4 times the effective thickness of the overburden [9]. Cooling of the diapir will result 
in some relaxation of the topography and additional concentric faulting. The topographic expression 
of the interaction between the diapir and the lithosphere would be expected to be greatly subdued 
on Mars because of the large difference in lithospheric thickness. The lack of circular structures 
with diameters below 200 km suggests a lower limit to the size that coronae could form on Mars. 
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Figure 1. Circular structures on Mars that may be analogous to Coronae on Venus. (A) Alba Patera 
and (B) circular structures in Tempe Terra (arrow indicates a volcanic dome). 

Figure 2. Conceptual model of the formation of (A) a Venusian corona (after Squyres et al. [6]) and 
(B) a circular structure on Mars. 
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