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Volcanic terrains cover >50% of Mars and span nearly the entire visible 
history of the planet (1). Although Olympus Mons and other large volcanoes 
are impressive, they constitute less than 1% of the volcanic surface, with 
various volcanic plains being the dominant terrain. The geologic evolution of 
Tharsis has been described by Scott and Tanaka (2,3) who show that the region 
was built by a wide variety of lava flow types. The morphologies and flow 
textures reflect differences in styles of volcanism and modes of flow 
emplacement (4). The objective of this study is to assess some of the flows 
in southwest Tharsis and to use differences in morphology to interpret their 
emplacement and style of eruption. 

Of the various flows, four were examined on high-resolution VO images: 
a) mega-ridged flows at 3OS, 138.2OW and 22"S, 141.1°W, b) ring-ridged flows 
at 21.6OSY 141.5"W, c) fissure flows at 22.2OS, 120.8OW, and d) tube and 
channel flows at 22.2OS, 120.8"W. All of these flows are associated with 
Arsia Mons; however, mega-ridged and ring-ridged flows represent 
early-to-intermediate activity, whereas the fissure flow and the tube and 
channel flows were emplaced during a later stage of activity (2,3,5-7). 

Mega-ridged flows, described by Schaber (8), are characterized by ridges 
40-200 m wide arranged in a festoon pattern transverse to flow direction. 
These ridges typically exhibit a regular spacing and are similar to ridges 
modelled by Fink and Fletcher (9) and Fink (10) as forming by compression of a 
flow in which viscosity decreases with depth. Even though the size (up to 50 
m high) and spacing (100-400 m) of these ridges are consistent with dacitic or 
rhyolitic flows (8), the size and setting of the flows do not support this 
interpretation. Therefore a factor other than composition probably influenced 
ridge formation. The Trolladyngja flow, Iceland, may serve as an analog: the 
early stage eruptions were basaltic fissure-fed and produced some of the 
longest flows on Iceland; the distal portions were ponded and produced festoon 
ridges which evidently reflected increasing viscosity of the flow crust which 
folded with flow surges. Similarly, mega-ridges on the martian flows occur in 
the distal and marginal parts of the flows and where flow advance was 
inhibited by ponding against a highland area. Ponding of a flow either behind 
a halted flow front or from a topographic barrier could enhance large-scale 
folding by increasing viscosity as the flow cools and/or by allowing greater 
compressive stress within the flow if more lava is emplaced. By analogy to 
the Trolladyngja flow and because of the size of these flows and their 
occurrence >lo00 kin from Arsia Mons, mega-ridged flows are interpreted as 
being emplaced as flood basalts which in the late stages were folded in the 
terminal parts where the flows were ponded. 

The ring-ridged flows are characterized by circular to elongate features 
40-800 m across ranging from simple ring-ridges-to mesas with smooth or knobby 
surfaces. Similar ring and mesa features 50-500 m across are associated with 
terrestrial flood basalts and have been called "sag-flowouts" (11) and "ring 
structures" (12). These features are best exposed in the Columbia Plateau 
where Missoula flooding removed the overlying loess; although the extent of 
erosion is unknown, it appears minimal. On Earth, the ring structures are 
associated with unusually thick (70-100 m) sections of a flow and formed after 
a thick (-30 m) crust had developed. Two hypotheses have been proposed for 
their formation: 1) crustal foundering when density of the crust exceeds that 
of the molten interior (11) and 2) crustal sagging following phreatic eruption 
as water interacted with the molten interior (12). In both cases lava is 
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intruded from the interior of the flow into cracks which, in places, intercept 
the flow surface. Ridges and mesas which form the ring structures are 
composed of crustal flow material and/or autointrusive dikes. The martian 
flows occur >I100 km from possible vents and the presence of the ring-ridges 
may imply thick flows which cooled as static pools of lava. This is 
consistent with the interpretation that these flows were emplaced as flood 
basalt s . 

Fissure flows range from massive--as in the emplacement of flood lava--to 
minor--as occur on the flanks of shield volcanos and in basaltic "plains" 
regions (13). The fissure flow examined on Arsia Mons is of the latter form; 
it issued from a fissure system >22 km long and formed a series of pressure 
ridges 20-270 m long and 20-90 m wide. These ridges appear analogous to 
inflational pressure ridges in Idaho and New Mexico in that they: 1) are 
similar in size (terrestrial ridges are 16-1000 m long and 4-100 m wide), 2) 
are located across the flow but tend to become larger and more numerous near 
the flow margin, 3) lack of regular spacing, 4) some ridges grade into low 
mounds, and 5) where ridges do not form the flow margin, the flow thins 
outward and no scarp is detected. Inflational pressure ridges are formed by 
inflation of the surface crust behind a slowly advancing flow front and are 
associated with long duration, sporadic eruptions with moderate effusion rates 
(14). By analogy, mapping of the ridges on the martian flow suggests that the 
flow moved predominantly down the fissure and that the fissure eruption was 
from point sources along the fissure, similar to some Hawaiian eruptions, and 
do not represent massive, continuous effusion. 

Tube- and channel- flows are associated with the southwest rift zone of 
Arsia Mons and are characterized by channels 60-100 m wide, lobate flow 
outlines, and collapsed segments of lava tubes. These flows are indicative of 
prolonged, sporadic eruptions involving low-to-moderate rates of effusion, 
typical of shield and "plainsw-forming volcanism. 

This preliminary assessment of flows in southwest Tharsis suggests that 
the sequences of flow emplacement and shield growth is similar to basaltic 
volcanism on Earth: early stage eruptions were of high effusive rates to 
produce long, thick flows that were ponded in some areas, evidenced by surface 
features (large scale festoons, possible "sag-flow outs") found only on such 
flows; later eruptions involved local vents along fissures and tube-and- 
channel fed flows, all indicative of prolonged, sporadic effusion, leading to 
shield-building volcanism. 
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