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The events that led to the formation of the Tharsis region of Mars 
continue to generate debate. Three general scenarios for the formation of 
Tharsis have arisen from this debate: the volcanic construct model (1,2), 
the isostatic compensation model (3,4), and the lithospheric uplift model 
( 4 ) .  

Sleep and Phillips developed stress-history models for both volcanic 
construction and isostatic compensation. How well these models fit the 
strain tracers observed in the Tharsis region depends on the relative ages 
of the radial fractures. If the outer radial fractures surrounding the 
Tharsis region are older than the fractures found in the central Tharsis 
region, then the isostatic compensation model gives the best fit to the 
observed conditions. Conversely, if a subset of the outer radial fractures 
is younger than the central fractures, then the volcanic construct model 
gives the best fit (3). 

This use of the outer radial fractures may introduce some error into 
the degree of fit of these models. Many of the young radial grabens to the 
south and west of Tharsis extend from young plains material into old cratered 
units, where they parallel older radial grabens; hence some of these late 
stage grabens may owe their apparent radial orientations to pre-existing 
zones of weakness, and thus be due to stresses unrelated to Tharsis. 
Furthermore, young radial grabens may be due to shallow stress fields unre- 
lated to crustal stresses at depth, or they may reflect events which have 
no direct correlation to the crustal stresses present as the Tharsis region 
began to form. 

Old features present in the ancient cratered terrains surrounding the 
Tharsis region are more likely to provide data on events that took place 
during the early growth of Tharsis. The greater width of these ancient 
features implies a greater initiation depth, and thus a more fundamental 
stress field. This stress field is more likely to be directly related to 
the formation of the Tharsis region than the field that produced younger 
and shallower crustal features. 

The area of study is roughly circular, centered on Pavonis Mons, and 
extends from 10 W to 215 W longitude. The central Tharsis shields and the 
area north of the dichotomy boundary are not included, as they do not contain 
features old enough for consideration. The 1:2,000,000 controlled photo- 
mosaic maps of Mars are used to locate and map the oldest fracture sets that 
are associated with the Tharsis region, and to locate terrain boundaries. 
In areas where the photomosaics have insufficient resolution, hardcopies 
of the Viking Orbiter images are useful. Relative ages for the fractures 
are determined using crater dating techniques and superpositioning of 
terrains. 

The Neukum and Wise (5) cratering versus age curve is used for terrain 
ages. This curve was chosen to facilitate age correlations between this 
study and others that also used this curve. A crater number of 10,000 
(number of craters > lkm diameter per million km2) correlates with the age 
of the major Tharsis formation event (6). Fractures constrained by crater 
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numbers 50,000-2,000 span the interval from the earliest minor faulting in 
the north and south ends of the Tharsis province to the formation of the 
great shields (6). The oldest fracture sets, which fall within these con- 
straints, are used in this study. Tharsis-related lava flows are also used 
in relative age determination (7). 

The ancient cratered terrain to the west, south, and east of the Tharsis 
region includes several different indicators of crustal stress. To date, 
I have found two types of large scale ( >  80 km wide) features that are 
roughly concentric to the Tharsis region. These are rotated blocks and 
grabens bounded by listric normal faults. There are also smaller scale ( <  
80 km wide) ancient grabens present with similar concentric orientations. 
The presence of old, concentric fractures conforms with the isostatic 
compensation model put forth in Sleep and Phillips (3); hence, the tentative 
conclusion is that this is the preferred model. 

Work still in progress involves determining crustal stress orientations 
from the time Tharsis formed. These stresses are more relevant to the origin 
of Tharsis than are stresses derived from younger and shallower structures. 
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