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Seven smaller volcanoes (Biblis Patera-BP, Ceraunius Tholus-CT, Jovis Tholus-JT, 
Tharsis Tholus-TI', Ulysses Patera-UP, Uranius Patera-UrP, Uranius Tholus-UrT) occur amongst 
the giant martian volcanoes in the Tharsis province. These lesser Tharsis volcanoes (LTV) exhibit 
a diversity of landforms that give clues to the mode of emplacement of the materials that compose 
their flanks. The identification (and lack there00 of incised valleys or lava flow lobes are the key 
lines of evidence used to identify the emplacement mechanisms on martian volcanoes [I, 21. 

The LTVs exhibit morphologies consistent with both explosive and effusive eruptions. 
Ceraunius Tholus is characterized by an oval shape, relatively small caldera, lack of lava flows, 
and incised valleys on the flanks. The two distinct types of valleys on Ceraunius Tholus [3] are 
those that appear relatively steep sided and deep, Type I, and those that appear relatively flat 
floored and shallow, Type 11. The Type I valleys are generally accepted to be the result of lava 
processes [c.f. 41. The Type I valleys truncate Type I1 valleys, thus establishing that at least some 
of the Type I1 valleys are older. The Type I valleys all occur on the western half of the volcano, 
consistent with an origin due to overflow of late stage effusive activity from within the caldera. 
The Type I1 valleys are generally less than a kilometer in width and are relatively flat floored 
(compared to the Type I valleys). Reimers and Komar [I] interpreted the hummocky flanks and 
fine valleys (Type 11) to be the result of explosive eruptive processes (density currents). This 
interpretation was based on the observation that in all cases these valleys lack levees, and exhibit 
discontinuous sections cutting through pre-existing topography. Gulick and Baker [3] thought 
that the coalescence (tributary network) exhibited by some of the Type II valleys was indicative 
of pluvial runoff, possibly later modified by sapping. However, the essential point of both of 
these hypotheses is that the flanks are mostly composed of relatively friable explosive deposits 
(ash andfor cinder). Similar to the caldera of Olympus Mons [5], the caldera floor of UrP exhibits 
sharply slanting subsidence blocks, a gently sloping floor, and wrinkle ridges; all consistent with 
a basaltic, effusive shield volcano. The flanks of UrP are characterized by raised linear deposits 
with lobate terminations. A high resolution frame covering the flanks just east of the caldera 
confirms the lobate materials in this area to be lava flows (626A41). Flank slopes are on average 
3" [6, 71, however the flanks just below the caldera on the western side are about 9" which is 
comparable to slopes on CT [U.S. Geological Survey map, 1-21 111. This slope dichotomy at UP 
could possibly indicate early, large scale explosive eruptions that resulted in relatively steep 
flanks which were later buried. 

From these examples, it is inferred that certain martian volcanoes initiated as dominantly 
explosive, then evolved to late stage effusive activity. Admittedly this idea is speculative, but it is 
consistent with observations at other martian volcanoes. The basal scarp of Olympus Mons has 
been proposed to be the result of erosion along a basement of friable ash under the upper, more 
competent, effusive edifice [8, 91. Apollinaris Patera exhibits a morphology that is consistent 
with early stage explosive eruptions, and late stage effusive activity that covers a significant 
portion of its flanks [lo]. Alba Patera [ l l ] ,  Elysium Mons [12], Tyrrhena Patera and Hadriaca 
Patera [13, 141 all show evidence for early explosive and late stage effusive activity. Thus, it 
seems to be common among martian volcanoes to initiate explosively, and later evolve to a 
predominately effusive style. If true, this hypothesis raises the question, what was the nature of 
the explosive eruptions; magmatic or hydromagmatic? With the currently available data it is 
impossible to directly determine which process was most responsible for the martian eruptions. 
Large scale, juvenile volatile driven martian eruptions are theoretically possible. Due to the 
weaker martian gravity field and lower martian atmospheric pressure, explosive eruptions would 
be favored on Mars relative to the Earth given similar magmatic conditions [15]. Analysis of 
rocks ejected from Mars and delivered to the Earth (e.g. SNC meteorites) reveals that martian 
magmas do contain juvenile water in amounts consistent with this hypothesis [c.f. 161. It is 
reasonable to postulate that early degassing of upwelling magma could be responsible for initial 
explosive activity, thus accounting for the observed transition from explosive to effusive activity. 
Such explosive activity would most likely be similar to terrestrial plinian eruptions [15]. 
Ceraunius Tholus and Uranius Tholus may also have been formed by large scale 
phreatomagmatic eruptions. Such an eruption scenario was considered for Hadriaca Patera [14]. 
However, it is open to question whether martian eruptions could be continuously supplied with 
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groundwater for a period long enough to build large volcanoes such as Ceraunius Tholus and 
Hadriaca Patera [14]. Specifically, it is not clear if enough groundwater can be transported to the 
vent for sustained periods of time, and it is also likely that the upcoming magma would eventually 
be sealed off from the water table as the edifice grew. A pertinent terrestrial example arguing 
against such large scale phreatomagmatic eruptions is the Hawaiian volcanoes. Hawaiian 
volcanoes exhibit <I%, by volume, hydromagmatic deposits [17] despite their unlimited source 
of water (the Pacific Ocean). On the basis of this example, it is not plausible that groundwater 
pathways can remain open to upcoming magma for extended periods of time. Thus, it is most 
likely that the putative explosive activity was dominantly the result of juvenile volatiles. 
Whatever the case, magmatic or hydromagmatic explosive activity, it appears that edifice 
building explosive deposits are common and volumetrically significant on Mars. Gregg and 
Williams [18] are currently investigating terrestrial analog deposits for comparison with martian 
volcanoes, and they have found significant basaltic Plinian airfall deposits as well as basaltic 
ignimbrite deposits (Maysaya, Nicaragua and Ambrym, Vanuatu). Thus, by terrestrial analogy 
[18] and numerical modeling [15], it is reasonable to assume that large scale mafic explosive 
eruptions did occur on Mars. The processes that formed the LTVs may be similar to those of the 
larger Tharsis Montes and Olympus Mom. If these larger volcanoes also underwent extended 
periods of earlier explosive activity, then we can infer that, in general, martian edifice forming 
magmas have relatively high volatile contents, and the eruptive episodes that formed these 
volcanoes must have contributed significantly to the martian atmosphere [19, 201. 

References [I] Reimers and Komar, (1979), I c a m  39, p. 88. [2] Mouginis-Mark et al., (1982), 
JGR 87, p. 9890. [3] Gulick and Baker, (1990), JGR 95, p. 14325. [4] Carr, (1974), Icarus 22. [5] 
Mouginis-Mark and Robinson, (1992), Bull. Volc. 54, p. 347. [6] Pike et al., (1980), NASA TM- 
81776, p. 192. [7] Blasius and Cutts, (1981), Icarus, 45, p. 87. [8] King and Riehle, (1974), 
Icarus 23, p. 300. [9] Head et al., (1976), Nature 263, p. 667. [lo] Robinson et al., (1993), Icarus 
104, p. 301. [ l l ]  Mouginis-Mark et al., (1988), Bull Volc. 50, p. 361. [12] Malin, (1977), GSA 
Bull., 88, p.908. [13] Greeley and Crown, (1990), JGR 95, p. 7133. [14] Crown and Greeley, 
(1993), JGR 98, p. 3431. [15] Wilson and Head, (1983), Nature 302, p. 663. [16] Banin et al., 
(1992), Mars, Univ Ariz. Press, p. 594. [17] MacDonald, (1972), Volcanoes, Prentice Hall, p. 355 
[I81 Gregg and Williams (1993), abstract LPSC XXIV, p. 491. [19] Wilson and Mouginis-Mark, 
(1987), Nature 273, p. 730. [20] Postawko et al., (1988), abstract LPSC XIX, p. 943. 

Figure. Digital mosaic of the martian volcano 
Ceraunius Tholus (23ON 97') from Viking 
frames 516A21-24. The morphology of the 
flanks is dominated by two types of valleys 
incising a hummocky, finely textured surface. 
The Type I vallleys (arrows) are inferred to be 
the result of late stage effusive activity, while 
the Type I1 valleys (not labeled - fine striations 
running perpendicular to flank slope) are 
interpreted to be the result of erosion into an ash 
substrate by either water or volcanic density 
currents. The morphology of this volcano 
suggests that the edifice was dominantly formed 
by explosive activity followed by late stage 
effusive activity, possibly associated with 
caldera formation. Total width of image is 150 
km, north to the top. 
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