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THE ARSlA MONS-OTI FOSSAE THERMAL ANOMALY: A REGION WITH A HIGHER 
THERMAL INERTIA THAN THE REST OF THARSIS. Kenneth S. Edgett, Oepalfmentof 
Geology, Arizona State University, Tempe, AZ 85287; and James R. Zlmbelman, Center for Earth 
and Planetary Studies, National Air and Space Museum, Washington, DC 20560. 

Global mapping of the thermal properties of the martian surface have shown that the Tharsis region is largely 
me red  by b w  thermal inertia materials; interpreted to be very fine (day and silt-sized), unconsolidated particles 
which may occur in accumulations up to 2 meters thick (1-41. Tharsis, Arabia, and Elysium are considered by 
Christensen [4] to be regions of net dust deposition following annual dust storms; and net dust transport is 
thought to switch from south->north to north->south approximately every million years. 

Nearly the entire Tharsis region appears to have a covering of dust; this is seen even in the highest spatial 
resolution Viking thermal infrared data [5-71. One area in Tharsis, located on the plains adjacent to the east- 
southeastern margin of Arsia Mons, has a consistently higher thermal inertia than the rest of Tharsis. This 
region, near the Oti Fossae fracture system, coven approximately 15,700 sq. km. The anomaly was first 
reported in an analysis of early data from the Viking Infrared Thermal Mapper (IRTh4)[8], an infrared scanning 
radiometer sensitive to five mid-IR bands centered on 7,9, 11,15, and 20 pm plus a visiblelnear-IR band from 0.3 
to 3.0 pm [9]. Kieffer et al. [a] reported that this region east of Arsia Mons is cool during the afternoon and w a n  
in the nighttime. The thermal anomaly appeared in subsequent moderate resolution thermal maps [1,2.10], but 
none attempted to explain the feature. The Oti Fossae thermal anomaly also appears in high resolution (3-5 km) 
IRTM data [5] and in a high resolution (2-3 km) Phobos 2 Thermoscan image obtained on 26 March 1989 [ I  1,121. 
It is clearly a surface phenomenon rather than an atmospheric anomaly. 

Figure 1 is a sketch of the anomalous region. The shaded area corresponds to a region of slightly lower albedo 
than its surroundings. We were not able to obtain a reliable figure for the albedo, as daytime observations in the 
region are commonly hampered by clouds and haze. The contoured track in Fig. 1 is a high resolution map of 
thermal inertias (units x 10'~cal ~ r n ' ~ s e c ' l / ~ ~ - l )  calculated from predawn 20pm brightness temperatures 
measured by the Viking 1 IRTM (orbit-sequences 461 -5 and 500-1) during Southern Summer after the 1977 dust 
storm. The highest thermal Inertias measured are around 8.0. Application of Christensen's (13,141 two- 
component block abundance model to the data gives a figure of - 0% blocks for all points in the high resolution 
sequences: on the anomaly, on the adjacent plains, and on the Arsia Mons shield. 

Viking photographs (Table 1) of the anomalous region do not reveal anything unusual about the area. The 
region appears as a darker spot relative to its surroundings only in the Viking images 641A85,52A07, and 52A09; 
the other images are hazy. The dark spot does not appear to be as dark as the upper slopes of Ania Mons. lt is - 

I 100 krn 

120° llsO 

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



THERMAL ANOMALY IN THARSIS: KS. Edgett and J.R ZImbelman 

possible that dust in the atmosphere causes the apparent difference between the dark shield surface seen at 
high elevations relative to the more hazy, dark anomalous feature which occurs at a bwer elevation. There are no 
Mariner 9 8-frame images of this region. 

Dmbelman [IS] observed that the thermal properties of the Oli Fossae anomaly are similar to surfaces on Solis 
Planum to the southeast. Assuming a model where there is cyclic removal and deposition of dust on a scale of 
one million years [4], both the anomalous surface and the surfaces of Solis Planum could be made up of indurated 
soils from a previous dimatic cycle. Zimbelman [IS] suggested that the Oti Fossae anomaly is a 'window" 
thmugh the present dust cover. To test the 'Lvindow" hypothesis and comparisons with Solis Planum, we chose 
two 0.14( 0.1" latitude~longitude bins, each along the high resolution track in Fg. 1, and each with a thermal inertia 
of 7.9. One location is in the anomalous region centered at -10.8°,1 16.g0, the other on Solis Planum at -23.3O, 
99.8". We calculated emissivities for the 11 and 20 pm bands, assuming that the 7 pm brightness temperature 
closely approximates the surface kinetic temperature (13,161. The 20 pm emissivities were both 0.94, while the 
11 pm emissivities were different by 0.04 (0.93 and 0.97, respectively). This is not conclusive evidence that the 
surfaces at these two locations are made up of similarcomposition materials, but neither does it weaken the 
proposed relationship. 

There are three possible explanations for the Oti Fossae region thermal anomaly which are consistent with the 
observations. The area is definitely a region where there Is no net dust deposition. It may be either an indurated 
soil (commonly termed "duricrust" in the literature [17,18]), a deposit of unconsolidated sand, or a surface where 
the dust cover is very thin, so that an underlying consolidated surface (bedrock or, "crust") contributes to the 
thermal behavior of the region. Because the region appears somewhat darker than its surroundings, this would 
argue against the third hypothesis, since only a thin coating of dust is needed to change the surface albedo. 

Under martian atmospheric pressure and temperature conditions, thermal inertia (I- (kpc)"" is strongly 
dependent upon thermal conductivity (k) [19,20], and both are closely related to unconsolidated particle size 
[20]. The thermal inertias observed for the Oti Fossae anomaly (5.0 to 8.0) are consistent with a surface of 
unconsolidated sand. If the anomaly results from sand, it may be difficult to explain the zonation of thermal 
inertias (Fig. I), indicating grain sizes increasing toward the center. A large field of sand would explain the 
presence of the anomaly in Tharsis; saltating grains can remove dust from sand sheets [21]. To determine if the 
anomalous region is a sand sheet will require images with very high res~lution~to search for duneforms. 

A surface composed of partially cemented fine particles might also be consistent with the observed thermal 
inertias [eg. 221 and low block abundance. Variations In thermal inertia may occur for a constant particle size (eg. 
'dust") if the thermal conductivity can be increased by bonding the grains [eg. 18,231. If the anomalous feature 
results from intergranular bonding of dust, the zonation of thermal inertias might result if either: (1) the feature 
results from wind stripping recently accumulated dust off the surface, where removal has been most complete 
toward the center, or (2) the zonation results from differing degrees of bonding between grains, suggesting that 
rather than a "window" to a past soil surface, the region could be undergoing cementation at the present. Testing 
the Pduricrust' hypothesis might be more difficult than testing for sand, since,it would likely require in situ 
observations for conclusive results. On the other hand, a lack of duneforms might be construed as further 
evidence for the crust hypothesis. The Mars ObserverThermal Emission Spectrometer should be able to detect 
the composition of the anomalous region, and could provide additional information about its surficial properties. 

TABLE 1: Viking Photographs Of The Anomalous Region 
Emme 
52A07,09 175 mlp 

mes 
dark spot visible, despite some clouds 

21 0A47-50 89 &P hazy, spot not visible 
641A85 287 mlp spot visible as mapped in Fig. 1 
42830,46 140,170 d p  hazy, spot not visible 
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