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MARTIAN HYDROTHERMAL SYSTEMS: SOME PHYSICAL CONSIDERATIONS. 
V.C. Gulick and V.R. Baker, Department of Geosciences and Lunar and Planetary Laboratory, 
University of Arizona, Tucson AZ 85721 

We have previously reported initial numerical modelling results of hydrothermal systems 
associated with magmatic intrusions on Mars [1,2]. In this abstract, we consider some of the 
detailed physical aspects of the hydrothermal plumbing system. Specifically we address the 
height hydrothermal fluids may rise above the surrounding cold water table, the dependence of 
discharge on elevation, the degree of localization of hydrothermal discharge, and the behavior 
of a possible permafrost cap. Finally we compare the computed total volumes discharged and 
terrestrial erosion rates to determine if the hydrothermal flux is adequate to induce valley 
formation on Mars. 

The numerical models [1,2] assume a cylindrically symmetric region surrounding igneous 
intrusion of various volumes. The models did not consider topography, but rather calculated the 
discharge at the surface given various assumptions regarding the subsurface permeabilities, 
porosities, and intrusion volumes (Table I). The models also did not consider in detail how the 
rising subsurface plume interacts with the near surface environment and delivers fluid to the 
surface. The hydrothermal plume rises by buoyancy forces induced in the subsurface. Above 
the rising plume the water table will be elevated as the column of hot, less dense water balances 
the hydrostatic pressure of adjacent cold water. In an idealized system, the elevation of the water 
table Ah is given by Ah = h((pdpl) -I), where h is the depth of the system and pdpl is the 
ratio of density in the cold to the hot water plume. For a rising plume of 250°C water in a 6 krn 
deep hydrothermal system Ah = 1.5 km. This is an upper limit to the height which the water 
table above the rising plume will be elevated over the surrounding cold water. This behavior is 
often observed in real hydrothermal systems. Directly beneath the summit of Kilauea volcano, 
the water table is 600 m above sea level, several times higher than would be expected if the 
associated hydrothermal system were not present [3]. However the heated water itself is 
prevented from buoyantly rising significantly above sea level by a cold, meteoric cap [3]. Such 
a cap would most likely not be present on Mars. As in the case of any spring, the hydrothermal 
fluid will flow out onto the surface in locations where the topography intersects the water table. 

The rate at which the rising water discharges onto the surface is a function of the topography 
it encounters. In the hypothetical example discussed above, the discharge at a distance Az above 
the surrounding cold-water table is proportional to Chpo(l-pllpo) - plAz). At an elevation equal 
to the hydrostatic head of 1.5 km the discharge is zero since the water has just enough buoyancy 
to reach that level. At elevations of 1 and 0.5 km the discharge is 30% and 70%, respectively, 
of what it would be if the discharge zone was not elevated above the surrounding region. 

Direct fluid flow, however, is only one way which water may be transported to the near 
surface by a hydrothermal system. Depending on the exact thermodynamic path followed by the 
water, the ascending water may instead reach the surface in the form of vapor, fluid, or a mixture 
of both. Rising steam will condense in the cooler, near surface region. On Kilauea, perched 
ground-water flows in subsurface lava tubes are believed to be fed, at least partly, by this 
mechanism [3]. Thus delivery of water to the near surface does not depend on direct fluid flow, 
and may not be limited by topography. 
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Regardless of the state in which the water reaches the near surface, it will probably not be 
in a uniform, symmetric plume. In terrestrial hydrothermal plumes, local variations in 
permeability and topography typically induce a dendritic pattern as the plume nears the surface. 
The individual branches then further divide into discrete surficial sources. Calculated average 
discharges thus represent averages over individual sources. The Great Wairakei geyser, New 
Zealand, for example, had a discharge, averaged over individual eruptions, of about 9000 kghour 
or 3.2 kmlyear over its 25 m2 pool [4]. This is to be compared with the average discharge over 
the entire Wairakei hydrothermal region of several meters per year [4]. Discharges from martian 
hydrothermal systems would likely be similarly localized. 

If a permafrost zone exists above the intrusion, the resultant locally increased heatflow will 
act to melt it. For reasonable values of the martian heatflow and assuming an initial 2 krn thick 
permafrost zone, the heatflow associated with a 50 km3 intrusion will leave only a -100 meter 
thick permafrost cap in about 8,000 years, assuming a constant 215K surface temperature. 
Presumably inhomogeneities and fractures in such a region would permit egress of hydrothermal 
waters to the surface. 

Finally we address whether the computed discharges are sufficient to induce fluvial valley 
formation on Mars. Based on extrapolations from large terrestrial rivers, Goldspiel and Squyres 
[5] estimated ratios of water to sediment volume for martian valleys of 4:l. Based on our own 
analysis of fluvial erosion on terrestrial volcanoes, we believe ratios of 100:l to 1000:l may be 
more appropriate. These ratios are more similar to the most conservative cases considered in [5]. 
Preliminary estimates of eroded volumes for individual fluvial valleys on both Hecates Tholus 

9 3 and Alba Patera are near 10 m , implying total water volumes of lo9 to 1012 m3. The numerical 
models [1,2,Table I] give total discharged water volumes for 50 km3 intrusions of 10" to 1012 
m3; 500 km3 intrusion have total discharged water volumes an order of magnitude larger. Thus, 
depending on the choice of magma chamber volume, subsurface permeability, and surface 
erodibility, we conclude that hydrothermal activity associated with individual intrusive events can 
erode 10.' to l d  martian fluvial valleys. 

Table I: Total Water Volume Discharged 
Intrusion k (darcys) Q,,, (m3) Equiv. H,O depth (km) 

volume (km3) over discharge region 
5 0 .1 2 x 10" 
5 0 10 2 x 10l2 110 
5 0 loo0 4 x 10l2 210 

500 10 2 l0l3 640 
500 1000 4 x 1013 1 100 

5000 10 2 x 1014 4900 
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