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MARTIAN VS. TERRESTRIAL VOLCANISM: ARE PARTIAL MELT PROPERTIES 
INFLUENTIAL? C.M. Bertka Geophysical Laboratory, Carnegie Institution of Washington, 5251 
Broad Branch Rd. N.W., Washington D.C. 20015 

INTRODUCTION: 
The melt compositions produced by partial melting of an anhydrous, iron-rich, Martian 

mantle have been experimentally determined by Bertka and Holloway (1,2), and Bertka, Mysen 
and Holloway (3). The melt compositions determined are primary melts, that is, liquid 
compositions in equilibrium with their mantle source region. It is unlikely that a primary melt will 
reach the surface of a planet without its composition being altered. However, in order to begin to 
explore the influence of melt properties on styles of volcanism on the Earth and Mars, the physical 
and chemical properties of anhydrous terrestrial and Martian primary melts are compared. 
Previous workers have shown that the density and viscosity of a magma, properties which vary 
with magma composition, are not necessarily the dominant control of volcanic style (e.g.456). 
For example, Walker (4) concluded that effusion rate may exert a stronger control on lava flow 
morphology than melt viscosity. Likewise, in a comparison of mass eruption rates between 
planets, Wilson and Head (5,6) suggested that differences in fissure width may be more 
important than differences in planetary gravity and at least as important as the rheological 
properties of the melts. Mass eruption rate, M, (massltime) is derived from the rise velocity of a 
magma through a fissure and is defined as 

M = W ~ L ~ ( W ~ A ~ - ~ ~ ) / ~ ~ Z  = effusion rate, (volumeAime) x magma density 
where w = fissure width, L = fissure length, p = magma density, g = planetary gravity, Ap = density 
difference between the rising magma and the surrounding rock, y = magma yield strength and 
z=magma viscosity (5,6). As a first approximation of the importance of melt properties to 
volcanism style, relative to planetary gravity and tectonic environment, the effusion rates of 
anhydrous terrestrial and Martian primary melts produced at 15 kbar are compared as a function of 
fissure width. 
PRIMARY MELT PROPERTIES: 

Primary melts produced from the Martian mantle are more picritic than terrestrial primary 
melts, that is, their normative olivine content is higher (1,2,3). With increasing degrees of partial 
melting terrestrial melts also become more picritic. As the picritic character of a melt increases its 
viscosity decreases. The Martian primary melts are also more iron-rich than terrestrial primary 
melts. Increasing the iron content of a melt increases its density and at a given temperature, 
decreases its viscosity. However, the liquidus temperature of the melt, the temperature which is 
petrologically relevant, is also decreased with increasing iron content and decreasing 
temperature increases melt viscosity. Ratios of primary melt viscosities for the Earth and Mars, 
with increasing degree of partial melting, are shown in Figure 1. Melt viscosities are calculated at 
source region temperatures (7). The primary melt data are from experimental partial melting 
studies; Martian, (8)  and terrestrial, up to 35% partial melting, (9). Terrestrial melt viscosities at 
larger degrees of partial melting are calculated from komatiitic compositions whose liquidus 
relations at mantle pressures have been determined (1 0,11). At large degrees of partial melting, 
the high liquidus temperatures of the terrestrial melts results in terrestrial melt viscosities which are 
equal to or lower than Martian melt viscosities. At small degrees of partial melting, terrestrial melt 
viscosities are 3x larger than Martian melt viscosities. Primary melt densities are also calculated at 
source region temperatures (12). Differences in melt densities, at any degree of partial melting, 
are of a much smaller magnitude than viscosity differences; the Martian melts are 0.2 g/cc to 0.1 
glcc denser than the terrestrial melts. 
EFFUSION RATE vs. FISSURE WIDTH: 

The relative effusion rates of the terrestrial and Martian primary melts are calculated, at 
increasing degrees of partial melting, as a function of fissure width by assuming fissure lengths are 
similar, magma yield strength is negligible and the magnitude of the density difference between 
the source region and the melt can be estimated from the density difference between the melt 
and the olivine composition that would be in equilibrium with the melt, (given an ollliq Fe/Mg 
Kd=0.34 at 15 kbar (13)). The density and viscosity of the melts, as well as the density of the 
equilibrium olivine, are calculated at the appropriate source region temperature (7,12). It is 
assumed that the effects of pressure on these variables are of a similar magnitude for both the 
Martian and terrestrial melts and can be ignored in a relative comparison. An exception to this 
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assumption is discussed below. The results of these calculations are illustrated in Figure 2. The 
horizontal line in Figure 2 is drawn to illustrate the ratio of fissure widths necessary for effusion 
rates to be equivalent at a given O/O of partial melting. Only at small percentages of partial melting, 
<lo%, can the effusion rates of the Martian primary melts be equivalent to the effusion rates of the 
terrestrial primary melts, given the same fissure width. At larger degrees of partial melting, the 
Martian fissure width must be larger than the terrestrial fissure width to obtain the same effusion 
rate. 
DISCUSSION: 

The planetary gravity of Mars is about 113 that of the Earth. The relative effusion rate 
calculations suggest that for melts produced at small degrees of partial melting, at 15 kbar, 
differences in melt viscosity can compensate for the difference in planetary gravity on the Earth 
and Mars and similar effusion rates can be obtained with similar fissure widths. However, at larger 
degrees of partial melting, where viscosity differences between the terrestrial and Martian primary 
melts decrease, differences in planetary gravity and fissure width exert a stronger control on 
effusion rate than melt viscosity. Furthermore, ignoring the effect of pressure on calculated melt 
viscosity may underestimate the importance of fissure width and planetary gravity on the effusion 
rates of melts produced at low degrees of partial melting. Increasing pressure decreases melt 
viscosity and does so at a greater rate for higher viscosity melts than lower viscosity melts(e.g.14). 

It has been suggested that effusion rates on Mars are higher than effusion rates on the 
Earth, up to 8x greater than the initial effusion rates of Hawaiian volcanoes (15). The primary melt 
effusion rate calculations suggest that the higher Martian effusion rates are probably not 
attributable to differences in partial melt properties. Maximum fissure widths feasible for the Earth 
and Mars have been calculated by Wilson and Parfitt (16). They conclude that fissure widths on 
Mars can be twice as large as fissure widths on the Earth. In Figure 2 a vertical line is drawn at 
equivalent fissure widths and at fissure widths on Mars=2x fissure widths on the Earth. Given a 
Martian fissure width twice as large as a terrestrial fissure width, then a Martian melt effusion rate 8x 
greater than the effusion rate of a terrestrial melt can be achieved for primary melts produced at 
small degrees of partial melting, <1Ook, (see Figure 2). However, at 35% partial melting, melt 
effusion rates only 4x greater are feasible, and by 50% partial melting the Martian melt effusion 
rates are only slightly greater than the terrestrial rates. 
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FQ. 1 .  Ratio of primary melt viscosities for the Earth and 
Mars vs. degree of partial melting 
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Fig. 2. Ratio of melt effusion rates on Mars and the Earth as a 
function of the ratio of fissure width on these planets, calculated for 
primary melt compositions produced at 5-lo%, 30-35%, 50-55%, 
and 70-75% partial melting. 
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