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      Introduction: Volcanism has played a large role in 

the geologic history of Mars, resurfacing much of the 

planet and creating plains, edifices, and mantles of fine-

grained material [1-2]. A peak in volcanic activity is 

thought to have occurred in early martian history between 

4.0 and 3.5 Ga [3] resulting in voluminous lava layers 

(e.g., those exposed in the walls of Valles Marineris [4]), 

the Tharsis rise, and several smaller volcanic centers [5]. 

It has also been hypothesized that voluminous deposits of 

fine-grained material observed on the surface could be 

composed of pyroclastic ash [e.g., 6-8]  

       Volcanoes also provide a major pathway by which 

volatile species are outgassed from planetary interiors, 

and it is likely that martian volcanoes have contributed 

significant amounts of H2O, CO2, and SO2 to the atmos-

phere over geologic time [e.g., 9-11]. It is estimated that 

volcanism related to Tharsis alone produced 3 x 10
8
 km

3
 

of volcanic products, which, (assuming 2% magma water 

content by weight) would imply a release of 1.8 x 10
19

 kg 

of water vapor, equivalent to a 120-m thick global layer 

[9] and the equivalent of a 1.5-bar CO2 atmosphere and a 

1-bar SO2 atmosphere [9,10]. 

        Several authors have explored explosive eruptions 

into the martian atmosphere using a modeling approach, 

simulating the interactions between explosive plumes and 

the atmosphere and estimating the height to which such 

plumes can rise convectively and the expected down-

wind travel distance given a specific atmospheric profile 

[12-14]. Using plume rise-height information from these 

models, it is possible to expand the treatment of the fal-

ling ash particles by releasing them into a three-

dimensional Mars global circulation model (developed by 

the Laboratoire de Météorologie Dynamique, LMD-

GCM) [15]. A three-dimensional treatment of ash disper-

sal permits the modeling of ash dispersal from known 

volcanoes under specific atmospheric regimes. Using this 

model, we may explore the feasibility of the idea that 

some of the large fine-grained layered deposits are com-

posed of volcanic airfall. In addition, we may explore the 

potential contribution of volcanoes to the global budget 

of fine-grained material. 

Methods: Explosive volcanic plumes were simulated 

in the LMD-GCM using both modern and ancient atmos-

pheric conditions. The ancient martian atmosphere was 

modeled using a recently developed generalized form of 

the LMD Mars GCM [16]. This model uses a fully-

developed radiative-transfer scheme to more accurately 

model energy exchange in higher pressure atmospheres. 

For this investigation, the pressure in the model was var-

ied between 6 millibars and 2 bars. In the modern martian 

atmosphere, the convection height of volcanic plumes is 

limited by the atmospheric pressure: above ~20 km, there 

is too little atmosphere to entrain, and the plume cannot 

buoyantly rise any higher [14]. The combination of high 

subsurface driving pressures and low ambient atmos-

pheric pressures could create strong inertial plumes that 

would carry pyroclasts to heights in excess of 20 km; 

however, their horizontal motion while in the higher parts 

of the atmosphere would be small compared with their 

horizontal motion at heights less than 20 km [13]. For this 

reason, ash modeled in the modern martian atmosphere 

was released from approximately 20-km height. In a 

thicker atmosphere, the basal inertial parts of plumes 

would extend for a smaller vertical distance (due to drag) 

but would entrain more atmosphere, so that the upper, 

convecting parts of the plumes could extend to a greater 

height ([14] calculated a limit of 31 km for plumes in a 1-

bar atmosphere with an upper limit of 65 km for ex-

tremely high-rate eruptions). Figure 1 demonstrates the 

effect of atmospheric pressure on an eruption on a mar-

tian volcano (in this case Apollinaris Mons). The simula-

tions were run for one year as a way of averaging out the 

effects of seasonal winds. The one-year eruption is there-

fore a proxy for dozens of shorter eruptions that might 

have taken place over hundreds to millions of years dur-

ing random seasons. Eruptions were simulated from all 

volcanoes which have been hypothesized to be sources of 

pyroclastic ash. Resulting ash patterns were compared to 

the distributions of known fine-grained deposits [17]. 

Figure 2 shows the results from simulations of potential 

source volcanoes for the late Noachian Arabia Terra de-

posits. Table 1 summarizes the results from the analysis 

[17] of the friable layered deposits as identified by [6]. 

Finally, eruptions were simulated from all hypothesized 

volcanic sources to determine the distribution of fine 

grains that would result from ongoing volcanism early in 

the history of Mars (Figure 3). It was found that fine-

grained material would be distributed over much of the 

planet, but that it would be difficult to accumulate even 

small silt or sand-sized pyroclasts north of 60 N latitude. 

Future simulations will explore the radiative effects of 

both volcanic ash and volcanic gases on the climate of 

Mars.  
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Figure 1. The effect of pressure on the dispersal of pyroclastic ash. Figure titles indicate the volcano erupting (Apollinaris Mons), the dura-

tion of the simulated eruption (one year), the pressure of the simulated atmosphere, the height of release for the clasts, and the size of the ash 

released (35 µm). Contours are in meters of surface accumulation. 

 

 
Figure 2. Eruption of fine-grained (35 µm) pyroclasts from potential 

source volcanoes for the Arabia Terra deposits. The resulting distribu-

tions under a variety of parameters cannot easily emplace fine-grained 

material in the region of the Arabia Deposits. This simulation was 

done under current atmospheric conditions.  

 
Figure 3. The distribution of fine-grained (35 µm) that would result 

from the eruption of 1x106 km3 of material from each volcanic edifice 

on Mars. There is a marked paucity of material accumulating north of 

60 N.  
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Deposit Feasibility Best Sources 

Medusae Fossae 

Formation 

Very feasible Apollinaris 

Mons 

Arabia Deposits Not likely  N/A 

Hellas Deposits Possible Hadriacus Mons 

Electris Deposits Very feasible Local volcanoes 

Argyre Deposits Not likely N/A 

South Pole Lay-

ered Deposits 

Possible Malea Volcanic 

Province 

Table 1. 
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