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C h a p t e r  5  

FUTURE WORK 

There is more work is planned for these projects. Some of the proposed future 

work fell out of the questions and problems that arise while first attempting to 

solve a problem. Some of it was originally intended to be encompassed in the 

thesis work, but work at an earlier stage grew to dominate the project as a result 

of the sheer volume of data available.  

Many questions were left unanswered in the work described in Chapter 4. It is 

not clear why the MM5 does not predict the secondary winds that clearly must 

exist in the current wind regime. These winds do not appear in GFDL GCM 

model runs, and they may not exist in any current atmospheric model. It is 

possible that they are produced by rare storms (i.e., storms that occur once a 

decade or century), and I would like to look into the possibility of observing or 

predicting these storms. 

The MM5 also does not predict winds strong enough to lift basaltic grains into 

saltation. This may simply be a problem of model resolution, and it is not a 

difficult prospect to run the model at a higher resolution and/or to output the 

strongest hourly winds at each grid point rather than the winds at the top of each 

hour. There is also the problem that the MM5 is meant to hold subgrids that are 

no more than three times smaller than their parent grids – and yet our model runs 

at a scale of 10 km were more than an order of magnitude higher resolution than 

the parent grid. It is unlikely that this large resolution step caused serious error in 

model output. However, for the sake of thoroughness, it would be wise to nest 
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grids with proper resolution steps in order to be certain that winds are modeled 

correctly. 

One planned extension of Chapters 3 and 4 involves looking beyond just Proctor 

Crater to the surrounding region. This part of the research was funded by the 

MDAP, so it must be completed in any case. The study of Proctor Crater alone 

proved to be so interesting and fruitful that I never had a chance to look far 

beyond Proctor Crater, although I did spend a good amount of time preparing 

topographic maps and processing images for this task. A quick glance at these 

images reveals that the dunes in nearby craters (Kaiser, Rabe, etc.) are of similar 

size, composition, and complexity as those in Proctor Crater. The orientations of 

these dune slipfaces are similar to those of Proctor Crater, although the relative 

strengths of these winds (i.e., their prevalence in the dunefield) vary from crater to 

crater. A regional study will reveal spatial trends in dune morphology, wind 

circulation patterns, sand sediment volumes, and possibly sand source locations. 

This work will benefit from the detailed study of Proctor Crater, which may be 

regarded as a single precise and well-defined reference for the many points of 

interest in a regional study.   

Finally, mesoscale models are rarely put to use for the study of terrestrial 

dunefields. Even the models focusing on dust lifting are done so ultimately to 

better constrain the radiative effects of atmospheric dust, not for estimates of 

surface erosion or deposition. I would like to apply the terrestrial MM5 to the 

area over a few well-studied dunefields to determine how realistic the modeled 

stress and wind orientations are. First it should be applied over a simple barchan 

field, where deviations from the expected results may be more easily understood. 

Then it may be applied over a dunefield with atmospheric conditions similar to 

the convergent wind regime of the Proctor Crater dunes. A prime and well-

studied example is the Kelso Dunefield in California, which are reversing 
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transverse dunes like those of Proctor Crater, and situated in a valley that 

experiences two or three opposing winds. Projects such as these will clear up a 

number of gaps in our understanding of how atmospheric models translate to 

another planet, and how our interpretations vary from one case to another. 



 205

 

BIBLIOGRAPHY 

Anderson, F. S., R. Greeley, P. Xu, E. Lo, D. G. Blumberg, R. M. Haberle, and J. 
R. Murphy, Assessing the Martian surface distribution of aeolian sand using a 
Mars general circulation model, J. Geophys. Res., 104, 18,991-19,002, 1999. 

Anderson, R. S. and P. K. Haff, Simulation of eolian saltation, Science, 241, 820-
823, 1988. 

Arvidson, R. E., Wind-blown streaks, splotches, and associated craters on Mars: 
Statistical analysis of Mariner 9 photographs, Icarus, 21, 12-27, 1974. 

Bagnold, R. A., The Physics of Blown Sand and Desert Dunes,Methuen, New 
York, 1941. 

Bandfield, J. L., Global mineral distributions on Mars, J. Geophys. Res., 107,
10.1029/2001JE001510, 2002. 

Bandfield, J. L., K. S. Edgett, and P. R. Christensen, Spectroscopic study of the 
Moses Lake dune field, WA: Determination of compositional distributions 
and source lithologies, Submitted to J. Geophys. Res., 2002. 

Bandfield, J. L., V. E. Hamilton, and P. R. Christensen, A global view of Martian 
surface compositions from MGS-TES, Science, 287, 1626–1630, 2000. 

Bandfield, J. L. and M. D. Smith, Multiple emission angle surface-atmosphere 
separations of Thermal Emission Spectrometer data, Icarus, In press, 2002. 

Bell, J. F. III, P. C. Thomas, M. J. Wolff, S. W. Lee, and P. B. James, Mineralogy 
of the Martian north polar sand sea from 1995 Hubble Space Telescope near-
IR observations, In Lunar and Planet. Sci. XXVIII, 87–88, 1996. 

Blount, G., M. O. Smith, J. B. Adams, R. Greeley, and P. R. Christensen, 
Regional aeolian dynamics and sand mixing in the Gran Desierto: Evidence 
from Landsat Thematic Mapper images, J. Geophys. Res., 95, 15,463–15,482, 
1990. 

Breed, C. S., Terrestrial analogs of the Hellespontus Dunes, Mars, Icarus, 30, 326-
340, 1977. 

Breed, C. S., M. J. Grolier, and J. F. McCauley, Morphology and distribution of 
common ‘sand’ dunes on Mars: Comparison with the Earth, J. Geophys. Res., 
84, 8183-8204, 1979. 

Breed, C. S. and T. Grow, Morphology and distribution of dunes in sand seas 
observed by remote sensing, USGS Prof. Pap., 1052, 253-304, 1979. 

Bridges, N. T., R. Greeley, A. F. C. Haldemann, K. E. Herkenhoff, M. Kraft, T. J. 
Parker, and A. W. Ward, Ventifacts at the Pathfinder landing site, J. Geophys. 
Res., 104, 8595-8615, 1999. 

Bridges, N. T., K. E. Herkenhoff, T. N. Titus, and H. H. Kieffer, Ephemeral dark 
spots associated with Martian gullies, In Lunar and Planet. Sci. XXXII, Abst 
#2126, LPI, Houston (CD-ROM), 2001. 



 206

Calkin, P. E. and R. H. Rutford, The sand dunes of Victoria Valley, Antarctica, 
Geograph. Rev., 64, 189-216, 1974. 

Chicarro, A. F., P. H. Schultz, and P. Masson, Global and regional ridge patterns 
on Mars, Icarus, 63, 153-174, 1985. 

Christensen, P. R. Eolian intracrater deposits on Mars: Physical properties and 
Global distribution, Icarus, 56, 496-518, 1983. 

Christensen, P. R., J. L. Bandfield, M. D. Smith, V. E. Hamilton, and R. N. Clark, 
Identification of a basaltic component on the Martian surface from Thermal 
Emission Spectrometer data, J. Geophys. Res., 105, 9609–9621, 2000a. 

Christensen, P. R., J. L. Bandfield, V. E. Hamilton, D. A. Howard, M. D. Lane, J. 
L., Piatek, S. W. Ruff, and W. L. Stefanov, A thermal emission spectral library 
of rock-forming minerals, J. Geophys. Res., 105, 9735–9739, 2000b. 

Christensen P.R., J. L. Bandfield, R. N. Clark, K. S. Edgett, V. E. Hamilton, T. 
Hoefen, H. H. Kieffer, R. O. Kuzmin, M. D. Lane, M. C. Malin, R. V. 
Morris, J. C. Pearl, R. Pearson, T. L. Roush, S. W. Ruff, M. D. Smith, 
Detection of crystalline hematite mineralization on Mars by the Thermal 
Emission Spectrometer: Evidence for near-surface water, J. Geophys. Res., 105, 
9623-9642, 2000c. 

Clancy, R. T. and S. W. Lee, A new look at dust and clouds in the Mars 
atmosphere - Analysis of emission-phase-function sequences from global 
Viking IRTM observations, Icarus, 92, 135-158, 1991. 

Clark, R. N., T Hoefen, and J. Moore, Martian olivine global distribution and 
stratification using spectral feature mapping of Mars Global Surveyor 
Thermal Emission Spectrometer data, DPS Abst. Birmingham meeting Oct 
6-11, 2002. #3.06. 

Cutts, J. A. and R. S. U. Smith, Aeolian deposits and dunes on Mars, J. Geophys. 
Res., 78, 4139-4154, 1973. 

Edgett, K. S. and P. R. Christensen, The Particle size of Martian aeolian dunes, J. 
Geophys. Res., 96, 22,765-22,776, 1991. 

Edgett, K. S. and P. R. Christensen, Mars aeolian sand: Regional variations 
among dark-hued crater floor features, J. Geophys. Res., 99, 1997-2018, 1994. 

Edgett, K. S. and N. Lancaster, Volcaniclastic aeolian dunes: terrestrial examples 
and application to martian sands, J. Arid Environ., 25, 271-297, 1993. 

Edgett, K. S. and M. C. Malin, New views of Mars eolian activity, materials, and 
surface properties: Three vignettes from the Mars Global Surveyor Mars 
Orbiter Camera, J. Geophys. Res., 105, 1623-1650, 2000. 

Eluszkiewicz, J. On the microphysical state of the Martian seasonal caps, Icarus, 
103, 43-48, 1993. 

Farr, T. G. and M. Kobrick, Shuttle Radar Topography Mission produces a 
wealth of data, Eos Trans., 81, 583-585, 2000. 

Fenton, L. K. Aeolian Processes in Proctor Crater on Mars: Sedimentary history 
as analyzed from multiple data sets, submitted to J. Geophys. Res., 2003. 



 207

Fenton, L. K. and M. I. Richardson, In Lunar and Planetary Science XXXII, 
Abstract #1995, Lunar and Planetary Institute, Houston (CD-ROM), 2001a. 

Fenton, L. K. and M. I. Richardson, Martian surface winds: Insensitivity to orbital 
changes and implications for aeolian processes, Submitted to J. Geophys. 
Res., 2001b. 

Flynn, G. J. and D. S. McKay, An assessment of the meteoric contribution to the 
Martian soil, J. Geophys. Res., 95, 14,497-14,509, 1990. 

Garvin, J. B., J. J. Frawley, S. E. H. Sakimoto, and C. Schnetzler, Global 
geometric properties of Martian impact craters: An assessment from Mars 
Orbiter Laser Altimeter (MOLA) digital elevation models, in Lunar and 
Planetary Science XXXI, Abstract #1619, Lunar and Planetary Institute, 
Houston (CD-ROM), 2000. 

Garvin, J. B., S. E. H. Sakimoto, J. J. Frawley, and C. Schnetzler, Gobal geometric 
properties of Martian impact craters, in Lunar and Planetary Science XXXIII, 
Abstract #1255, Lunar and Planetary Institute, Houston (CD-ROM), 2002. 

Gault, D. E., E. M. Shoemaker, and H. J. Moore, Spray ejected from the lunar 
surface by meteoroid impact, NASA TN D-1767, 39 pp., 1963. 

Golombek, M. P., J. B. Plescia, and B. J. Franklin, Faulting and folding in the 
formation of planetary wrinkle ridges, Proc. Lunar Planet. Sci. Conf. 21st, 679-
693, 1991. 

Golombek, M. P., F. S. Anderson, and M. T. Zuber, Martian wrinkle ridge 
topography: Evidence for subsurface faults from MOLA, J. Geophys. Res., 106, 
23,811-23,822, 2001. 

Gooding, J. L. Petrology of dune sand derived from basalt on the Ka’u Desert, 
Hawaii, J. Geology, 90, 97-108, 1982. 

Grant, J. A. and P. H. Shultz, Possible tornado-like tracks on Mars, Science, 237, 
883-885, 1987. 

Greeley, R. Silt-clay aggregates on Mars, J. Geophys. Res., 84, 6248-6254, 1979. 
Greeley, R. and J. D. Iversen, Wind as a geological process on Earth, Mars, Venus and 

Titan, Cambridge Univ. Press, Oxford, U.K., 1985. 
Greeley, R. and M. D. Kraft, Survivability of aggregate sands on Mars, in Lunar 

and Planetary Science XXXII, Abstract #1839, Lunar and Planetary Institute, 
Houston (CD-ROM), 2001. 

Greeley, R., M. D. Kraft, R. O. Kuzmin, and N. T. Bridges, Mars Pathfinder 
landing site:  Evidence for a change in wind regime from lander and orbiter 
data, J. Geophys. Res. 105, 1829-1840, 2000. 

Greeley, R., M. Kraft, R. Sullivan, G. Wilson, N. Bridges, K. Herkenhoff, R. O. 
Kuzmin, M. Malin, and W. Ward, Aeolian features and processes at the Mars 
Pathfinder site, J. Geophys. Res., 104, 8573-8584, 1999. 

Greeley, R., N. Lancaster, S. Lee, and P. Thomas, Martian aeolian processes, 
sediments, and features, in Mars, edited by H. H. Kieffer et al., pp. 730-766, 
Univ. of Ariz. Press, Tucson, 1992. 



 208

Greeley, R., R. Leach, B. White, J. Iversen, and J. Pollack, Threshold windspeeds 
for sand on Mars: Wind tunnel simulations, Geophys. Res. Lett, 7, 121-124, 
1980. 

Greeley, R., S. C. R. Rafkin, R. M. Haberle, R. O. Kuzmin, Topography and 
aeolian features: Dunes and streaks compared with global and meso scale 
wind predictions, In Lunar and Planet. Sci. XXXII, Abstract #2003, LPI, 
Houston (CD-ROM), 2001. 

Greeley, R., A. Skypeck, and J. B. Pollack, Martian aeolian features and deposits: 
Comparisons with general circulation model results, J. Geophys. Res., 98, 
p. 3183-3196, 1993. 

Haberle, R. M. and B. M. Jakosky, Atmospheric effect on the remote 
determination of thermal inertia on Mars, Icarus, 90, 187-204, 1991. 

Haberle, R. M., C. B. Leovy, and J. B. Pollack, Some effects of global dust storms 
on the atmospheric circulation of Mars, Icarus, 50, 322-367, 1982. 

Hale, W. and R. A. F. Grieve, Volumetric analysis of complex lunar craters: 
Implications for basin ring formation, J. Geophys. Res,  87, A65-A76, 1982. 

Hartmann, W. K., J. Anguita, M. A. de la Casa, D. C. Berman, and E. V. Ryan, 
Martian cratering 7: The role of impact gardening, Icarus, 149, 37-53, 2001. 

Herkenhoff, K. E. and A. R. Vasavada, Dark material in the polar layered 
deposits and dunes on Mars, J. Geophys. Res., 104, 16,487-16,500, 1999. 

Hess, S. L., R. M. Henry, C. B. Leovy, J. A. Ryan, and J. E. Tillman, 
Meteorological results from the surface of Mars: Viking 1 and 2, J. Geophys. 
Res., 82, 4559-4574, 1977. 

Holton, J. F., An Introduction to Dynamic Meteorology, 511 pp., Academic, Sand 
Diego, Calif., 1992. 

Hong, S.-Y. and H.-L. Pan, Nonlocal boundary layer vertical diffusion in a 
medium-range forecast model, Mon. Wea. Rev., 124, 2322-2339, 1996. 

Howard, A. D., The role of eolian processes in forming surface features of the 
martian polar layered deposits, Icarus, 144, p. 267-288, 2000. 

Hunter, R. E., B. M. Richmond, and T. R. Alpha, Storm-controlled oblique dunes 
of the Oregon coast, Geol. Soc. Am. Bull., 94, 1450-1465, 1983. 

Iversen, J. D., R. Greeley, J. B. Pollack, and B. R. White, Simulation of Martian 
aeolian phenomena in the atmospheric wind tunnel, Proc. 7th Conf. Space 
Simulation, NASA SP-336, 191-213, 1973. 

Iversen, J. D., J. B. Pollack, R. Greeley, and B. R. White, Saltation threshold on 
Mars: the effect of interparticle force, surface roughness, and low 
atmospheric density, Icarus, 29, 318-393, 1976. 

Iversen, J. D. and B. R. White, Saltation threshold on Earth, Mars and Venus, 
Sediment., 29, 111-119, 1982. 

Jakosky, B. M., Mellon, M. T., H. H. Kieffer, P. R. Christensen, E. S. Varnes, and 
S. W. Lee, The thermal inertia of Mars from the Mars Global Surveyor 
Thermal Emission Spectrometer, J. Geophys. Res., 105, 9643-9652, 2000. 



 209

James, P. B., H. H. Kieffer, and D. A. Paige, The seasonal cycle of carbon dioxide 
on Mars, In Mars, pp. 934-968, Univ. of Ariz. Press, Tucson, AZ, 1992.  

Joshi, M. M., S.R. Lewis, S.R., P.L. Read, and D.C. Catling, Western boundary 
currents in the Martian atmosphere: Numerical simulations and observational 
evidence, J. Geophys. Res., 100, 5485-5500, 1995. 

Joshi, M. M., R. M. Haberle, J. R. Barnes, J. R. Murphy, and J. Schaeffer, Low--
level jets in the NASA Ames Mars general circulation model, J. Geophys. Res., 
102, 6511-6523, 1997. 

Kieffer, H. H., S. C. Chase, Jr., E. Miner, G. Münch, and G. Neugebauer, 
Preliminary report on infrared radiometer measurements from the Mariner 9 
spacecraft, J. Geophys. Res., 78, 4291-4312, 1973. 

Kieffer, H. H., T. Z. Martin, A. R. Peterfreund, B. M. Jakosky, E. D. Miner, and 
F. D. Palluconi, Thermal and albedo mapping of Mars during the Viking 
primary mission, J. Geophys. Res., 82, 4249-4291, 1977. 

Kocurek, G., K. G Havholm, M. Deynoux, and R. C Blakey, Amalgamated 
accumulations resulting from climatic and eustatic changes, Akchar Erg, 
Maritania, Sedimentology, 38, 751-772, 1991. 

Koster, E. A. and Dijkmans, J. W. A. Niveo-aeolian deposits and denivation 
forms, with special reference to the Great Kobuk Sand Dunes, northwestern 
Alaska, Earth Surf. Proc. Landf., 13, 153-170, 1988. 

Kuenen, P. H., Experimental abrasion 4: Eolian action, Geology, 68, 427-449, 
1960a. 

Kuenen, P. H., Sand, Scientific American, 202, 94-110, 1960b. 
Kuzmin, R. O., R. Greeley, S. C. R. Rafkin, and R. Haberle, Wind-related 

modification of some small impact craters on Mars, Icarus, 153, 61-70, 2001. 
Lanagan, P. D., A. S. McEwen, L. P. Keszthelyi, and T. Thordarson, Rootless 

cones on Mars indicating the presence of shallow equatorial ground ice in 
recent times, Geophys. Res. Lett., 28, 2365-2367, 2001. 

Lancaster, N. Variations in wind velocity and sand transport rates on the 
windward flanks of desert sand dunes, Sedimentology, 32, 581-593, 1985. 

Lancaster, N. Controls of eolian dune size and spacing, Geology, 16, 972-975, 
1988. 

Lancaster, N. The Namib Sand Sea, Rotterdam: Balkema, 1989. 
Lancaster, N. Development of Kelso Dunes, Mojave Desert, California, Res. and 

Explor., 9, 444-459, 1993. 
Lancaster, N. Geomorphology of Desert Dunes, New York: Routledge, 1995. 
Lancaster, N. and R. Greeley, Mars: Morphology of southern hemisphere 

intracrater dunefields, NASA Tech. Mem. 89810, 264-265, 1987. 
Lancaster, N. and R. Greeley, Sediment volume in the north polar sand seas of 

Mars, J. Geophys. Res., 95, 10921-10927, 1990. 
Lee, P. and P. C. Thomas, Longitudinal dunes on Mars: Relation to current with 

regimes, J. Geophys. Res., 100, 5381-5395, 1995. 



 210

Lindsay, J. F. Lunar Stratigraphy and Sedimentology. Elsevier, Amsterdam, 302 pp., 
1976. 

Liu, J., M. I. Richardson, and J. Wilson, Submitted to J. Geophys. Res., 2002. 
Liu, M. and D. L. Westphal, A study of the sensitivity of simulated mineral dust 

production to model resolution, J. Geophys. Res., 106, 18,099-18,122, 2001. 
Magalhães, J. A., The Martian Hadley circulation: Comparison of “viscous” 

model predictions to observations, Icarus, 70, 442-468, 1987. 
Magalhães, J. A., and R. E. Young, Downslope windstorms in the lee of ridges on 

Mars, Icarus, 113, 277-294, 1995. 
Mainguet, M and L. Cossus, Sand circulation in the Sahara: Geomorphological 

relations between the Sahara Desert and its margins, Paleoecology of Africa and of 
the surrounding Islands and Antarctica, 12, 69-78, 1980. 

Malin, M. C. and K. S. Edgett, Sedimentary rocks of early Mars, Science, 290, 1927-
1937, 2000a. 

Malin, M. C. and K. S. Edgett, Frosting and defrosting of Martian polar dunes, In 
Lunar and Planet. Sci. XXXI, Abst #1056, LPI, Houston (CD-ROM), 2000b. 

Malin, M. C. and K. S. Edgett, Mars Global Surveyor Mars Orbiter Camera: 
Interplanetary cruise through primary mission, J. Geophys. Res., 106, 23,429-
23,570, 2001. 

Mangold, N., P. Allemand, and P. G. Thomas, Wrinkle ridges of Mars: Structural 
analysis and evidence for shallow deformation controlled by ice-rich 
décollements, Planet. Space Sci., 46, 345-356, 1998. 

McCauley, J. F., M. H. Carr, J. A. Cutts, W. K. Hartmann, H. Masursky, D. J. 
Milton, R. P. Sharp, and D. E. Wilhelms, Preliminary Mariner 9 report on the 
geology of Mars, Icarus, 17, 289-327, 1972. 

Mellon, M. T., B. M. Jakosky, H. H. Kieffer, and P. R. Christensen, High 
resolution thermal inertia mapping from the Mars Global Surveyor Thermal 
Emission Spectrometer, Icarus, 148, 437-455, 2000. 

Metzger, S. M., J. R. Carr, J. R. Johnson, M. Lemmon, and T. J. Parker, Sediment 
flux from dust devils on Mars – Initial calculations, In Lunar and Planet. Sci. 
XXX, Abst #2022, LPI, Houston (CD-ROM), 1999. 

Molnar, P., and K. A. Emanuel, Temperature profiles in radiative-convective 
equilibrium above surfaces at different heights, J. Geophys. Res., 104, 24,265-
24,271, 1999. 

Murray, B., M. Koutnik, S. Byrne, L. Soderblom, K. Herkenhoff, and K. L. 
Tanaka, Preliminary geological assessment of the northern edge of Ultimi 
Lobe, Mars south polar layered deposits, Icarus, 154, 80-97, 2001. 

Noe Dobrea, E. Z. and J. F. Bell III, Composition and mineralogy of the Martian 
north polar dune deposits: Constraints from TES and HST observations, In 
Lunar and Planet. Sci. XXXII, Abstract #2099, LPI, Houston (CD-ROM), 
2001. 



 211

Paige, D. A., J. E. Bachman, and K. D. Keegan, Thermal and albedo mapping of 
the polar regions of Mars using Viking thermal mapper observations. 1. 
North polar region, J. Geophys. Res., 99, 25,959-25,991,1994.  

Paige, D. A., and K. D. Keegan, Thermal and albedo mapping of the polar 
regions of Mars using Viking thermal mapper observations. 2. South polar 
region, J. Geophys. Res., 99, 25,993-26,013, 1994. 

Palluconi, F. D. and H. H. Kieffer, Thermal inertia mapping of Mars for 60˚ S to 
60˚ N, Icarus, 45, 415-426, 1981. 

Pelkey, S. M., B. M. Jakosky, and M. T. Mellon, Thermal inertia of crater-related 
wind streaks on Mars, J. Geophys. Res., 106, 23,909-23,920, 2001. 

Peterson, J. E., Geologic Map of the Noachis Quadrangle of Mars, U.S. Geol. 
Surv. Misc. Geol. Inv. Map I-910, 1977. 

Pike, R. J. and P. D. Spudis, Basin-ring spacing on the Moon, Mercury, and Mars, 
Earth, Moon and Planets, 39 129-194, 1987. 

Piqueux, S., S. Byrne, and M. I. Richardon, The sublimation of Mars’ southern 
seasonal CO2 ice cap and the formation of “spiders,” submitted to J. Geophys. 
Res., 2002. 

Plescia, J. B. and M. P. Golombek, Origin of planetary wrinkle ridges based on 
the study of terrestrial analogs, Geol. Soc. Am. Bull., 97, 1289-1299, 1986. 

Pleskot, L. K., and E. D. Miner, Time variability of Martian bolometric albedo, 
Icarus, 45, 179-201, 1981. 

Pollock, J. B., D. S. Colburn, F. M. Flasar, R. Kahn, C. E. Carlston, and D. Pidek, 
Properties and effects of dust particles suspended in the Martian atmosphere, 
J. Geophys. Res., 84, 2929-2945, 1979. 

Porter, M. L., Sedimentary record of erg migration, Geology, 14, 497-500, 1986. 
Presley, M. A. and P. R. Christensen, Thermal conductivity measurements of 

particulate materials. 2. Results, J. Geophys. Res., 102, 6551-6566, 1997a. 
Presley, M. A. and P. R. Christensen, The effect of bulk density and particle size 

sorting on the thermal conductivity of particulate materials under Martian 
atmospheric pressures, J. Geophys. Res., 102, 9221-9229, 1997b. 

Ramsey, M. S., P. R. Christensen, N. Lancaster, and D. A. Howard, Identification 
of sand sources and transport pathways at the Kelso Dunes, California, using 
thermal infrared remote sensing, GSA Bull., 111, 646–662, 1999. 

Richardson, M. I., A general circulation model study of the Mars water cycle, 
Ph.D. thesis, 220 pp., Univ. of Calif. At Los Angeles, May 1999. 

Rogers, D., J. L. Bandfield, P. R. Christensen, Identification of small isolated 
basalt regions in the northern hemisphere of Mars, DPS Abst Pasadena 
meeting Oct 23-27, 2000. #59.04. 

Rogers, J. J. W., W. C. Krueger, and M. Krog, Sizes of naturally abraded 
materials, in J. Sediment. Petrol., 33, 628-632, 1963. 

Rubin, D. M. and R. E. Hunter, Bedform climbing in theory and nature, 
Sedimentology, 29, 121-138, 1982. 



 212

Ruff, S. Christensen PR, Clark RN, Kieffer HH, Malin MC, Bandfield JL, Jakosky 
BM, Lane MD, Mellon MT, Presley MA, Mars' “White Rock” feature lacks 
evidence of an aqueous origin: Results from Mars Global Surveyor, J. Geophys. 
Res., 106, 23,921-23,927, 2001. 

Sagan, C., J. Veverka, P. Fox, L. Quam, R. Tucker, J. B. Pollack, and B. A. Smith, 
Variable features on Mars: Preliminary Mariner 9 television results, Icarus, 17, 
p. 346-372, 1972. 

Schofield, J. T., J. R. Barnes, D. Crisp, R. M. Haberle, S. Larsen, J. A. Magalhaes, 
J. R. Murphy, A. Seiff, and G. Wilson, The Mars Pathfinder atmospheric 
structure investigation/meteorology (ASI/MET) experiment, Science, 278, 
1752-1757, 1997. 

Sharp, R. P. Wind ripples, J. Geology, 71, 617-636,1963. 
Sharp, R. Wind-driven sand in the Coachella Valley, California, Geol. Soc. Am. 

Bull., 75, 785-804, 1964. 
Sharp, R. P. Kelso Dunes, Mojave Desert, California, Geol. Soc. Am. Bull., 77, 

1045-1074, 1966. 
Sharp, R., Wind-driven sand in the Coachella Valley, California: Further data, 

Geol. Soc. Am. Bull., 91, 724-730, 1980. 
Sharpton, V. L. and J. W. Head III, Lunar mare ridges: Analysis of ridge-crater 

intersections and implications for the tectonic origin of mare ridges, Proc. 
Lunar Planet Sci. Conf, 18, 307-317, 1988. 

Smith, D. E., M.T. Zuber, H.V. Frey, J.B. Garvin, J.W. Head, D.O. Muhleman, 
G.H. Pettengill, R.J. Phillips, S.C. Solomon, H.J. Zwally, W.B. Banerdt, T.C. 
Duxbury, M.P. Golombek, F.G. Lemoine, G.A. Neumann, D.D. Rowlands, 
O. Aharonson, P.G. Ford, A.B. Ivanov, P.J. McGovern, J.B.Abshire, R.S. 
Afzal, and X. Sun, The global topography of Mars and implications for 
surface evolution, Science, 284, 1495-1503, 1999. 

Smith, D.E., M.T. Zuber, H.V. Frey, J.B. Garvin, J.W. Head, D.O. Muhleman, 
G.H. Pettengill, R.J. Phillips, S.C. Solomon, H.J. Zwally, W.B. Banerdt, T.C. 
Duxbury, M.P. Golombek, F.G. Lemoine, G.A. Neumann, D.D. Rowlands, 
O. Aharonson, P.G. Ford, A.B. Ivanov, P.J. McGovern, J.B.Abshire, R.S. 
Afzal, and X. Sun, Mars Orbiter Laser Altimeter (MOLA): Experiment 
summary after the first year of global mapping of Mars, J. Geophys. Res, 106, 
23689-23722, 2001. 

Smith, H. T. U., Aeolian deposition in Martian craters, Nature - Physical Science, 
238, 72-74, 1972.  

Smith, M. D., J. L Bandfield, and P. R. Christensen, Separation of atmospheric 
and surface spectral features in Mars Global Surveyor Thermal Emission 
Spectra (TES) spectra, J. Geophys. Res, 105, 9589-9607, 2000. 

Steidtmann, J. R., Ice and snow in eolian sand dunes of southwestern Wyoming, 
Science, 179, 796-798, 1973. 



 213

Sutton, J. L., C. B. Leovy, and J. E. Tillman, Diurnal variations of the Martian 
surface layer meteorological parameters during the first 45 sols at two Viking 
lander sites, J. Atmos. Sci., 35, 2346-2355, 1978. 

Thomas, P. Present wind activity on Mars: Relation to large latitudinally zoned 
sediment deposits, J. Geophys. Res., 87, 9999-10,008, 1982. 

Thomas, P. Martian intracrater splotches: Occurrence, morphology, and colors, 
Icarus, 57, 205-227, 1984. 

Thomas, P., and J. Veverka, Seasonal and secular variation of wind streaks on 
Mars:  An analysis of Mariner 9 and Viking Data, J. Geophys. Res., 84, 8131-
8146, 1979. 

Thomas, P. and J. Veverka, Red/violet contrast reversal on Mars: Significance for 
eolian sediments, Icarus, 66, 39-55, 1986. 

Thomas, P., J. Veverka, D. Gineris, and L. Wong, “Dust” streaks on Mars, Icarus, 
60, 161-179, 1984. 

Thomas, P., J. Veverka, S. Lee, and A. Bloom, Classification of wind streaks on 
Mars, Icarus, 45, 124-153, 1981. 

Toigo, A. D. Behavior of dust in the Martian atmosphere, Ph.D. Thesis, 
California Institute of Technology, 139 pp., 2001. 

Toigo, A. D., M. I. Richardson, R. J. Wilson, H. Wang, and A. P. Ingersoll, A first 
look at dust lifting and dust storms near the south pole of Mars with a 
mesoscale model, J. Geophys. Res., 107, 10.1029/2001JE001592, 2002a. 

Toigo, A. D., M. I. Richardson, S. P. Ewald, P. J. Gierasch, and R. J. Wilson, 
Numerical simulation of Martian dust devils, submitted to J. Geophys. Res., 
2002b. 

Toigo, A. and M. I. Richardson, Comparison of a Mars mesoscale model to 
Martian Lander meteorological data, paper presented at Division for 
Planetary Sciences Meeting, Div. for Planet. Sci., Am. Astron. Soc., Pasadena, 
Calif., Oct. 23-27, 2000. 

Vasavada, A. R., J.-P. Williams, D. A. Paige, K. E. Herkenhoff, N. T. Bridges, R. 
Greeley, B. C. Murray, D. S. Bass, and K. S. McBride, Surface properties of 
Mars’ polar layered deposits and polar landing sites, J. Geophys. Res, 105, 6961-
6970, 2000. 

Vaucouleurs, G. H. de, Physics of the Planet Mars, An Introduction to Aerophysics, 
London: Faber and Faber, 1954. 

Veverka, J., P. Gierasch, and P. Thomas, Wind streaks on Mars: Meteorological 
control of occurrence and mode of formation, Icarus, 45, 154-166, 1981. 

Ward, A. W., K. B. Doyle, P. J. Helm, M. K. Weisman, and N. E. Witbeck, 
Global map of eolian features on Mars, J. Geophys. Res., 90, 2038-2056, 1985. 

Ward, A. W., Yardangs on Mars: Evidence of recent wind erosion, J. Geophys. Res., 
84, 8147-8166, 1979. 

Ward, W. R., Long-term orbital and spin dynamics of Mars, in Mars, edited by H. 
H. Kieffer et al., pp. 298-320, Univ. of Ariz. Press, Tucson, 1992. 



 214

Wasson R. J. and R. Hyde, Factors determining desert dune type, Nature, 304, 
337-339, 1983. 

Watters, T. R. Wrinkle ridge assemblages on the terrestrial planets, J. Geophys. Res., 
89, 10,236-10,254, 1988. 

White, B. R. Soil transport by winds on Mars, J. Geophys. Res., 84, 4643-4651, 
1979. 

Williams, S. H., J. R. Zimbelman, A. W. Ward, Large ripples on Earth and Mars, 
In Lunar and Planet. Sci. XXXIII, Abst #1508, LPI, Houston (CD-ROM), 
2002. 

Wilson, I. G., Desert sandflow basins and a model for the development of ergs, 
Geographical Journal, 137, 180-199, 1971. 

Wilson, I. G., Aeolian bedforms — their development and origins, Sedimentology, 
19, 173-210, 1972. 

Wilson, I. G. Ergs, Sediment. Geol., 10, 77-106, 1973. 
Wilson, R. J., A general circulation model simulation of the Martian polar 

warming, Geophys. Res. Lett., 24, 123-126, 1997. 
Wilson, R. J., and K. Hamilton, Comprehensive model simulation of thermal 

tides in the Martian atmosphere, J. Atmos. Sci., 53, 1290-1326, 1996. 
Wilson, R. J., and M. I. Richardson, Comparison of Mars GCM dust storm 

simulations with Viking Mission observations, The Fifth International 
Conference on Mars [CD-ROM], LPI Contrib. 972, abstract 6234, Lunar 
Planet. Inst., Houston, Tex., 1999. 

Wilson, R. J., and M. I. Richardson, The Martian atmosphere during the Viking 
Mission, 1:  Infrared measurements of atmospheric temperatures revisited, 
Icarus, 145, 555-579, 2000. 

Wood, C. A. and J. W. Head, Comparison of impact basins on Mercury, Mars, 
and the Moon, Proc. Lunar Sci. Conf. VII, 3629-3651, 1976. 

Wyatt, M. B., J. L. Bandfield, H. Y. McSween, Jr., and P. R. Christensen, 
Compositions of low albedo intracrater materials and wind streaks on Mars: 
Examination of MGS TES data in western Arabia Terra, In Lunar and Planet. 
Sci. XXXII, Abst #1872, LPI, Houston (CD-ROM), 2001. 

Wyatt, M. B., and H. Y. McSween, Jr., Spectral evidence for weathered basalt as 
an alternative to andesite in the northern lowlands of Mars, Nature, 417, 263-
266, 2002. 

Zimbleman, J. R., S. H. Williams, and V. P. Tchakerian, Sand transport paths in 
the Mojave desert, Southwestern United States, In Desert Aeolian Processes, 
edited by V. P. Tchakerian, pp. 101-130, St. Edmundsbury Press, Bury St. 
Edmonds, 1995.  

Zimbleman, J. R. and S. Wilson, Ripples and dunes in the Syrtis Major region of 
Mars, as revealed in MOC images, In Lunar and Planet. Sci. XXXIII, Abst 
#1514, LPI, Houston (CD-ROM), 2002. 



 215

Zurek, R. W., J. R. Barnes, R. M. Haberle, J. B. Pollock, J. E. Tillman, and C. B. 
Leovy, Dynamics of the atmosphere of Mars, in Mars, pp. 835-933, Univ. of 
Ariz. Press, Tucson, 1992 


