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Photogeologic analysis and'planetwide mapping of martian 
volcanic features shown in Viking pictures yield the 
following: (A) identification of volcanic centers with small 
edifices [I, 21; (B) identification of lava flows on or near 
Tyrrhena, Biblis, Ulysses, and Uranius Paterae, the northern 
plains, and the Mareotis-Tempe uplands; (C) confirmation of 
the existence of parasitic shields and flank eruptions from 
Arsia, Pavonis, and Ascraeus Montes [3, 4 1 ;  (D) an indication 
of the distribution of lava flows related to the various 
montes and other volcanic centers; (E) confirmation of the 
general concordance between present-day topography and the 
paleoslopes inferred from some lava flows [5]; (F) 
identification of locations, including Tharsis, where there 
are discordances between present-day topography and the 
paleoslopes inferred from some lava flows; (G) general 
agreement with other workers on the relative ages of most 
volcanoes and volcanic centers [ 6 ] ;  (H) concurrence that the 
elevations and heights attained by the large volcanoes tend to 
increase over time but that eruptions at low elevations 
persisted throughout the same interval [7]; and (I) 
identification of previously unrec'ognized channel deposits. 
These results have been compiled on maps at 1:25,000,000 
scale. 

It has been postulated that the increase in summit relief 
and elevation of the large martian volcanoes with decreasing 
age may represent an increase in a hydrostatic head generated 
by magma reservoirs near the base of a thickening crust [7]. 
Inferred depths to the magma reservoirs and their absolute 
ages [8] imply that a crustal thickness near 140 km existed 
beneath Elysium and Arsia Montes 3.5 b.y. ago. The crust then 
thickened to 280 km beneath Olympus Mons some 0.75 b.y. ago. 
These inferred depths do not match crustal thicknesses 
calculated for an initially hot planet devoid of internal heat 
sources [9]; they are more compatible with thermal models with 
an initially thick crust (-60 km) that thickens to 250 or 
more km [lo]. The summits of the early formed tholi and 
paterae could represent hydrostatic levels achieved by magma 
reservoirs embedded in the crust at various depths. Other 
explanations are possible. 

As a speculative suggestion, the volcanic features seen 
today on Mars may represent an evolutionary sequence of 
formation of the montes. For example, the initial ancestral 
Arsia volcano may have resembled a volcanic-tectonic 
depression near Olympus Mons [ I ] .  Later, the ancestral Arsia 
may have evolved into a center resembling a volcano in Tempe 
Fossae, or perhaps Syria Planum, with one or several edifices 
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surrounded by lava flows and lava tubes [I]. Continued 
effusions buried these early landforms and gave rise to a 
structure somewhat like Alba Patera with its calderas, lava 
flows, and lava tubes. Somewhere in the sequence huge 
cobrahead rilles and channels, like those near Hadriaca Patera 
and Elysium Mons, formed along with an edifice resembling 
Elysium Mons, and, later, Olympus Mons. Effusion of lava high 
on the flanks then produced an ancestral Arsia that resembled 
Ascraeus with its central shield and its encircling lavas from 
parasitic shields and flank eruptions. This stage was 
followed by mass-wasting modification of the northwest flank, 
formation of the aureole, and the deposition of lavas and low 
shields in the present-day caldera of Arsia Mons. Other 
scenarios are possible and further work would be required to 
develop a substantial argument for a sequence of evolution of 
Arsia and other montes. 
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