
/

32

N89 - 1078 7 ,

MARS: CRUSTAL PORE VOIJ3ME, CRYOSPHERIC DEFI_, AND THEGLOBAL

OOC_ OF G_TER; Stephen M. Clifford, Lunar and Planetary Institute,

3303 NASA Rd. l, Houston, TX, 77058.

There is considerable photogeologic evidence which indicates that Mars,

like the Moon, underwent an early period of intense bombardment, producing a

"megaregolith" of crater ejecta, interbedded volcanics, weathering products,

sediments, and intensely fractured basement, that is likely to extend to

considerable depth (1,2). Evidence in support of this conclusion comes from

the seismic propagation characteristics of the outer layer of the lunar crust,

where P wave velocities increase with depth until they reach a local maximum

at about 20 km (3,4,5). This behavior is consistent with a reduction in

crustal porosity with increasing lithostatic pressure. The transition

between fractured and coherent lunar basement is believed to coincide with the

beginning of the constant velocity zone at a depth of 20 km, where lithostatic

pressure is thought to be sufficient (>i kbar) to completely close all

fracture and intergranular pore space (3,4,5).

Binder and Lange (5) argue that the seismic properties of the lunar

crust are best explained by an exponential decline in porosity with depth (to

less than 1% at 20 km). Thus, at a depth z, the porosity is given by

#(z) = #(O) exp (-z/K) (i)

where _(O) is the porosity of the crust at z=0 and K is the porosity decay

constant. Given that the density of the martian crust is comparable to its

lunar counterpart, the inferred value of the lunar porosity decay constant

(6.5 km) can be gravitationally scaled to find the value appropriate for Mars

(2.82 km) (5,6,7).

Applying Eq. (1) to Mars, two potential porosity profiles of the crust are

illustrated in Figure I. The first is based on a surface porosity of 20%, the

same value assumed for the Moon by Binder and Lange (5). This model yields a

self-compaction depth (the depth at which crustal porosity falls below 1%) of

approximately 8.5 km, and a total pore volume of roughly 7.8xi07 km 3 • This

pore volume is sufficient to store a global layer of water approximately 0.54

km deep. In the second profile, a surface porosity of 50% is assumed, a value

that may be appropriate given a significant degree of weathering. The

self-compaction depth predicted by this model is roughly ii km, while its

total pore volume is approximately 2x108 km 3 , a volume equivalent to a global

ocean sane 1.4 km deep. Of course, it is doubtful that weathering will

affect more than the upper 1-2 km of the martian crust; therefore, below this

depth, the porosity profile will most likely resemble the gravitationally

scaled lunar curve.

The fraction of the total pore volume of the martian crust that exists at

a temperature below freezing, places an upper limit on the amount of H20 that

can be stored within the crust as ice. This "ground ice capacity" is easily

calculated by combining the porosity profiles discussed above with a simple

thermal model of the crust (7).

The martian cryosphere has been definedas that region of the crust where

the temperature is below the freezing point of water (8). Assuming a solute-

free freezing point of 273 K, this condition is satisfied everywhere at the

martian surface, thus defining the cryosphere's upper bound. The depth to the

cryosphere's lower bound can be calculated from the steady-state one-

dimensional heat conduction equation:
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d = k (Tmp - Tms)/Qg (2)

where k is the thermal conductivity of the crust, Tms is the mean annual

surface temperature, TmD is the melting point temperature, and Qg is the

geothermal heat flux (118). Based on a melting point temperature of 273 K,

and reasonable estimates of thermal conductivity (8x104 erg cm -I s -1) and

geothermal heat (30 erg cm -2 s-l), the depth to the melting isotherm will vary

frc_n approximately 1 km at the equator to slightly in excess of 3 km at the

poles (Table i) (1,8). Of course, given the presence of salt in the regolith,

the possibility exists that the freezing point of H20 could be depressed well

below 273 K (9,10). For example, saturated solutions of NaCI and CaCI 2 have

associated freezing points of 252 K and 218 K respec- tively (i0). Clearly,

the presence of such potent freezing point depressors could reduce the depth

to the melting isotherm significantly (Table i).

Estimates of the total pore volume of the cryosphere can be obtained by

integrating the porosity profiles in Figure 1 down to the melting isotherm

depths presented in Table 1 for all latitudes. For the variety of possible

permutations, the total pore volume of the cryosphere is found to lie within

the range of 1.0xl07 - 9.6xi07 km3; while the quantity of H20 required to

saturate this pore volume is equivalent to a global layer of water approx-

imately 70 - 670 meters deep (Table 2).

Given a quantity of H20 sufficient to fill the available pore volume of

the cryosphere, how much additional H20 is required to produce an aquifer of

global proportions? Groundwater will drain to saturate the region of lowest

gravitational potential; therefore, the volume of water required to produce an

aquifer of a given thickness is calculated by integrating the pore volume

of the region between the self-compaction depth and the water table. For

example, a quantity of water equivalent to a global layer i0 meters deep is

sufficient to saturate the lowermost 0.85 km of the porosity profiles seen in

Figure i; while a quantity of water equal to a i00 meter layer would create an

aquifer nearly 4.3 km deep (Figure 2). These figures assume that Mars is a

perfect sphere whose porosity profile is everywhere described by Eq. (i). In

reality, the self-compaction depth undoubtedly exhibits a high degree of

variability, q_nerefore, because groundwater will collect in the lowermost

porous regions of the crust, the actual areal coverage of an aquifer may be

substantially less than 100%.

The above calculations suggest that if the planetary inventory of

outgassed H20 on Mars exceeds by more than a few percent the quantity required

to saturate the pore volume of the cryosphere, then a subpermafrost ground-

water system of substantial proportions will necessarily result (7). This

condition may be satisfied by an H20 inventory as small as i00 m, however, in

no event does it appear that it would require more than 700 m. The presences

of such a system may have a significant in_oact on the long-term cycling of

H20 on Mars (7).
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