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INTRACRATER SAND ON MARS: PHYSICAL PROPERTIES 
RELATED TO REGIONAL WINDS, SEDIMENT SUPPLY. Kenneth S. Edgett 
and Philip R. Christensen, Department of Geology, Arizona State University, Tempe, 
MWM 85287. 

On Mars, localized accumulations of dark materials on crater floors, commonly termed 
"splotches" [1,2], appear to be relatively free of dust 131; and thereby provide an excellent 
opportunity to assess their physical and compositional properties using photographic and 
thermal infrared data [3-53. Most intracrater deposits apparently consist of sand, and some have 
visible dunes [3,4,6-81. The purpose of this study is to search for regional versus local 
Herences in the physical and compositional properties of materials comprising the splotches, 
in order to make inferences concerning the location, morphology, sources, and global 
distribution of sand. 

Intracrater splotches commonly have a lower albedo than their surroundings [I-4,9], 
little or no incorporated dust [3,10], or rocks (> 30 cm) [4], and they invariably have a higher 
thermal inertia than the regional average [4]. Photographs fiom both Mariner 9 and Viking have 
been examined to determine the morphology and bedforms on the splotches. Viking Infrared 
Thermal Mapper @TM) 20 pm brightness temperatures were used to calculate thermal inertia. 
Thermal inertia (in units x 10-3 cal cm-2 sec-ln K-I), at martian atmospheric pressures and 
temperatures, can be used to estimate the average grain size of unconsolidated materials such as 
sand [I 1,121. The IRTM data were constrained to avoid dust storms, clouds, surface frosts, 
surface roughness, and emissivity effects. The best IRTM data used was taken at night 
between Ls 344' to 125'. The resolution of IRTM data was also constrained, so that only data 

' 

points which lie exactly on a splotch were used. 
Figure 1 shows the range of thermal inertia values and average grain sizes for 175 

splotches in 13 geographic regions; each region has a different mean albedo and albedo 
patterns. The overall mean thermal inertia for the splotches is 10.2 (very coarse sand, - 1.1 
mm). The mean thermal inertia, however, is different in each region; implying that there are 
regional clusters of a given grain size. The finest-grained intracrater deposits occur in Northern 
Arabia (NA), where the mean, I= 3.9, indicates the presence of fine sand (- 130 pm). The 
coarsest splotches occur in the Margaritifer Sinus (MM) region, where the mean thermal inertia 
is 14.5 (granules, -3 mm diam.). 

Regions with the highest thermal inertia splotches (largest grain sizes) correlate well 
with regions of high surface wind stress as predicted by the Mars General Circulation Model 
(GCM) [eg. 13,141. Greeley et al. (1989) [14] showed that there is a correlation between high 
surface wind stress and high rock abundance, suggesting that the strong winds remove finer 
particles from those regions [14,15]. We speculate that the same may occur on the sandy, rock- 
free splotches. In regions where surface wind stress is high, finer sands are winnowed out, 
leaving behind very coarse sand, granules, and sometimes pebbles. In Northern Arabia, where 
splotch-forming sands are very fine, the winds are correspondingly low. 

The left portion of Fig. 1 shows a comparison between the thermal inertia and grain 
sizes of known inmcrater dunefields. These dunes occur in three regions: Oxia Palus (mean I= 
11.5), Hellespontus (mean I= 9.1), and the south polar region (mean I= 5.6). For comparison, 
the north polar erg sands are thought to have an average thermal inertia of -6.5 [16]. Because 
of complications in modeling thermal inertia at high latitudes, combined with the moderate 
resolution of the data, the mean thermal inertia of 5.6 (fine sand -200 pm) for the south polar 
dunes is probably the lower limit. The Hellespontus dunes have higher thermal inertias than 
were expected on the basis of previous studies [4,5,8]. A mean thermal inertia of 9.2 for the 
large, thick Hellespontus dunes indicates an average particle size of -750 pm (coarse sand). 
The Oxia Palus dunes have a higher thermal inertia (I= 11.5, very coarse sand -1.5 mm), 
However, high resoluaon images of the Oxia Palus dunes show that they are mostly barchans 
spaced -50 f 10 m apart. As is common on Earth, the intradune substrate in Oxia Palus is 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



314 LPSC XXI 

INTRACRATER SANDS ON MARS: K.S. Edgett and P.R. Christensen 

likely to be coarser than the unconsolidated dunes themselves. The combined thermal 
properties of isolated barchans and a coarse intradune substrate would raise the effective themal 
inertia of the splotches. It is possible, therefore, that the Oxia and Hellespontus dunes are 
composed of similar-sized sands. Wasson and Hyde (1983) 1171 suggested that barchans 
commonly occur where there is relatively little sand and nearly unidirectional winds, while 
transverse dunes, as in Hellespontus, may occur where sand is abundant and the winds are 
moderately variable; these ideas appear to apply well to the Oxia Palus and Hellespontus dunes, 

In summary, examination of the highest quality fRTM data shows that there are definite 
regional groupings of splotch grain sizes. Most spotches are composed of sand, the mean, 
1~10.2, is very coarse sand -1.1 mm in diameter. There is a conelation between the strength of 
regional winds and the apparent thermal inertia and grain size of splotches, suggesting that finer 
grained materials are removed from splotches in regions of high wind stress. The south polar 
dunefields are definitely composed of sand, as inferred from photographs [.18]. The 
Hellespontus dunes are more coarse-grained than previously thought, and may not be much 
different (in terms of grain size) from the Oxia Palus dunes. Differences in morphology, 
orientation, and observed thermal inertia between Oxia Palus and Hellespontus dunes probably 
reflect sediment supply and wind regime differences. Examination of the compositional 
properties sf the intracrater splotches is in progress. Preliminary analysis of 3-point mid-IR 
emission spectra suggest that there are regional differences in composition as well as grain size, 
perhaps reflecting differences in bedrock mineralogy. 
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FIGURE 1. Regional variation of splotch thennal inertia. The tan reprwmthe m g e  of splotch thermal inmi~rlgnin sizu in 
a given rcgioa The dar -resent the mun vllue; mbm above a& line are the number of splotches exmined 'The regions ue: mA] 
Nonhem Anbi [SA] Saubem Arrbiq [OP] Oxia Palus, M a r g ~ e r ~  Teme, [m Holdm Cnterl NW Noachk T m ,  [WN] 
Wc.stua Norchir. [HP] Hellupand Epctern Norchic, [NTl NE Norohis and W. Tyrrhena Terrae, [SS] rcgian south of Synu Major. [NC] 
Nonhan Cinnnaia, [NS] Nonha'S ium.  [SP] South Palar duns re&; [OTHERS]: (A) crater N. of Tempe Tern, (B) cnrm on Ash 
Planitia. (C) aaur WWZ of Lyor. @) Lp, (E) Morcax. @) Mie, (G) Copemiau, (H) Arrfieniur. 
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