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MARTIAN PARTICLE SIZE BASED ON THERMAL INERTIA CORRECTED 
FOR ELEVATION-DEPENDENT ATMOSPHERIC PROPERTIES N.T. Bridges, 
U.S. Geological Survey, Menlo Park, CA 94025 

Thermal inertia is commonly used to derive physical properties of the Martian surface. If the 
surface is composed of loosely consolidated grains, then the thermal conductivity derived from the 
inertia can theoretically be used to compute the particle size [I]. However, one persistent difficulty 
associated with the interpretation of thermal inertia and the derivation of particle size from it has 
been the degree to which atmospheric properties affect both the radiation balance at the surface and 
the gas conductivity. These factors vary with atmospheric pressure so that derived thermal inertias 
and particle sizes are a function of elevation [2]. Here, by utilizing currently available thermal 
models and laboratory information, a fine component thermal inertia map [3] has been convolved 
with digital topography to produce particle size maps of the Martian surface corrected for these 
elevation-dependent effects. Such an approach is especially applicable for the highest elevations on 
Mars, where atmospheric back radiation and gas conductivity are low. 

The original Viking thermal model (VTM) [4] assumed a constant back radiation equal to 2% of 
the noontime insolation. In contrast, the Haberle and Jakosky thermal model (HJTM) [5 ]  takes 
into account the radiative properties of a time varying and dusty C Q  atmosphere. The larger back 
radiation in the HJTM results in lower thermal inertias and derived particle sizes than the VTM. 
However, neither model explicitly considers the decline in atmospheric back radiation with 
elevation. As back radiation decreases, the derived thermal inertia increases. Atmospheric dust 
increases back radiation in addition to that due to C02 alone and thus lowers the derived thermal 
inertia, with the magnitude of the this change increasing with pressure in proportion to the dust 
opacity. Finally, the particle size inferred from the thermal inertia depends mostly on the gas 
conductivity within the pore space gas [6]. The gas conductivity within the pores is a function of 
the spacing between adjacent particles and the atmospheric pressure, so that the particle size 
derived from the thermal inertia is proportional to surface pressure. 

To produce the particle size maps, the fine component thermal inertia and digital topography 
were compared to two lookup tables on a pixel by pixel basis. To compute the change in thermal 
inertia with elevation a lookup table from [7] that lists the change in thermal inertia with different 
amounts of back radiation was used. Two different computer runs, one using the VTM and 
another using an approximated version of the HJTM were conducted. For the VTM, back 
radiation was set to 2% at an elevation of 0 km and modeled to decay exponentially with a scale 
height of 10 km. For the HJTM, C02 back radiation independent of dust was modelled to decay 
with elevation as outlined in [2] from a value of 4% at -2 krn, which is the elevation of Viking 
Lander 1 where the original HJTM was applied. The dust component of the HJTM back radiation 
was set proportional to an opacity of 0.4 at -2 km, with the opacity decaying exponentially in 
proportion to the scale height. After the thermal inertias were corrected for elevation, they were 
converted to particle size by comparing them to another lookup table that listed particle size as a 
function of pressure (and hence elevation) and thermal inertia. This table was based on laboratory 
measurements reported in the literature [6,8- 121. 

The resulting particle size maps show that relative variations in thermal inertia across the 
Martian surface translate well to similar relative variations in particle size using both the VTM and 
HJTM for elevations near 0 krn. However, at high elevations, the elevation-corrected particle size 
can be up to 1-2 orders of magnitude larger than the uncorrected value. For example, the Tharsis 
shield volcanoes generally show an elevation-corrected particle size larger than dust, in contrast to 
previous interpretations of a thick dust mantle overlying these constructs (Figure 1). However, 
based on terrestrial experience, widespread sheets of sand-sized particles are implausible over these 
shield volcanoes. The high inferred particle size is more likely due to lava flows only partially 
andlor thinly mantled by dust. Dust within depressions separated by bedrock outcrops generally 
smaller than the 15 cm-size rocks modelled by [3] andlor bedrock covered by a veneer of dust 
thinner than the dust diurnal skin depth will have an average inferred particle size larger than dust. 
This model is consistent with the variable albedo of the Tharsis volcanoes, where changes in 
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brightness may be caused by erosion and deposition of dust on exposed rock outcrops [13-141. 
It also agrees with the strong diffuse radar backscatter of Tharsis that indicate a rough surface at the 
radar penetration depth [15]. The increase in apparent particle size with elevation may mean that 
the Tharsis volcanoes contain the least dust near their summits and the most toward their lower 
regions. 

References 
(1) Jakosky, B.M. (1986) Icarus, 66, 117-124. (2) Jakosky, B.M. (1979) Jour. Geophys. Res., 
84, 8252-8262. (3) Christensen, P.R. (1986) Icarus, 68, 217-238. (4) Kieffer, H.H. et al. 
(1977) Jour. Geophys. Res., 82,4249-4291. (5) Haberle, R.M. and Jakosky, B.M. (1991) 
Icarus, 90, 187-204. (6) Weschler, A.E. et al. (1972) Prog. Astronaut. Aeronaut., 28, 215-241. 
(7) Zimbelman, J.R. (1984) PhD Dissertation, Ariz. St. Univ., 302 pp. (8) Deissler, R.G and 
Boegli, J.S. (1958) Trans. Am. Soc. Mech. Eng., 80, 1417-1425. (9) Fountain, J.A. and West, 
E.A. (1970) Jour. Geophys. Res., 75,4063-4069. (10) Masamune, S. and Smith, J.M. (1963) 
Ind. Eng. Chem Fundam., 2, 136-143. (1 1) Weschler, A.E. and Glaser, P.E. (1965) Icarus, 4, 
335-352. (12) Woodside, W. and Messmer, J.H. (1961) Jour. Appl. Phys., 32, 1688-1699. 
(13) Lee, S.W. et al. (1982) Jour. Geophys. Res., 87, 10,025-10,041. (14) Christensen, P.R. 
(1986) Jour. Geophys. Res., 91, 3533-3545. (15) Simpson, R.A. et al. (1978) Icarus, 33, 102- 
1 1 <  

Figure 1. Particle size on Mars using the Viking thermal model corrected for elevation-dependent 
atmospheric properties. Map extends from 0' W on the right to 360°W on the left. Bright splotch 
at middle right, within dark region, is Olympus Mons. 
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