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Introduction:  The High Energy Neutron Spectrometer 

(HEND) and Neutron Specrometer, part of the Mars Odyssey 
Gamma Ray Spectrometer suite of instruments, measured 
anomalously low epithermal neutron flux in two low-latitude 
areas, Terra Arabia and SW of Olympus Mons (SWOM) [3, 
5, 12]. The low epithermal neutron flux, an indirect measure 
of Hydrogen abundance, is indicative of relatively high water 
content (in this case up to ~8 mass % [6]) in the upper 1-2 m 
of the surface layer. The epithermal flux within the ±60o 
latitude zone does not correlate with bedrock geology or 
topography but partially correlates (for Arabia) with thermal 
inertia (Fig. 1, upper and lower left). According to theoretical 
estimates [see e.g., 11] for the current geologic epoch, 
ground ice should not be stable at this depth at these low 
latitudes so it was concluded that the anomalies are due to 
the presence of chemically bound water (e.g. clays, hydrox-
ides or hydrosalts) [1, 2]. Fast neutron flux, which is indica-
tive of the presence of water at 20-30 cm depth, does not 
correlate in this latitude zone with the epithermal neutron 
flux (Fig. 1, middle left). 

As a further step of the analysis a geotraverse including 
study of 152 high resolution MOC images within the Arabia 
anomaly was done by [13] to find out if the area inside the 
anomaly differs from the neighboring areas by the presence 
of fluvial channels and layered deposits (possible links to 
chemically bound water) or in thickness and apparent texture 
of the surface layer. No differences were found. 

This study approach. Because the HEND measurements 
(as many other data) contain stochastic noise, in this study of 
the Terra Arabia anomaly we were searching for differences 
in the observed characteristics of the surface between the 
“wet” and “dry” spots most stable during the time of obser-
vations (so-called sigma approach [8]). These persistently 
wet and dry spots have been selected using the map of statis-
tical deviations with time from the mean value of the HEND-
measured epithermal neutron flux (Fig. 1, right). The latest 
version of the sigma map for the Arabia anomaly can be 
found in [8]. On the map shown on Fig. 1 (right) the wet 
spots selected for geologic analysis are blue and outlined in 
red, the dry spots are red and outlined in blue. 

The results:  We have studied 122 narrow-angle MOC 
images  available for this area: 47 for the wet and 75 for the 
dry spots. Their resolution varies from 1.5 to 12 m/px. At the 
first stage of the study we analyzed only images with resolu-
tion of 3 m/pxl, 16 for wet areas and 22 for dry. Some pref-
erential association of localities showing layered deposits 
(seen as mesas and steps in the relief) with the wet areas was 
found. 

 

Figure 1. Left: The study area (white box) on the background of 
Terra Arabia anomaly; upper-left shows epithermal neutonl flux 
(prominent anomaly), middle-left - fast neutron flux (no anomaly), 
lower-left – thermal inertia. Right: The sigma map of epithermal 
neutron flux. On all maps of this paper, green and blue correspond 
to low values, yellow and red, to high ones. 

Then we expanded our analysis to all 122 available nar-
row-angle MOC images of the area. The study of this larger 
sample of images did not support the apparent correlation 
between the wet spots and presence of  layered deposits. We 
found layered deposits with approximately the same fre-
quency both in wet and dry spots. However, by noting other 
characteristics of the surfaces, we found that the layered 
deposits can be divided into two types. Type 1 deposits ap-
pear similar in brightness to their surroundings (Figure 2a). 
Type 2 deposits are brighter (being probably equivalent to 
the light-toned strata described by [9]) and surrounded by 
darker material (Figure 2b). Presence of the Type 1 deposits 
was found to correlate with the persistently wet spots while 
Type 2 deposits, tend to correlate with the persistently dry 
spots. 

 

 
Figure 2. Examples of the Type 1 (left) and Type 2 (right) layered 
deposits. 250 x 200 px fragments of MOC images SP2-39103 (6.13 
m/px) and . E05-03422 (2.91 m/px). 
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We hypothesize that the difference in appearance is due 
primarily to the presence (Type 1) or absence (Type 2) of 
dust covering the layered deposits and their vicinities. It is 
well seen on Figure 3, which shows the approximate position 
of the studied images in the wet and dry spots as well as the 
wet and dry spots themselves, on the background of TES 
albedo [4] and TES thermal inertia [10], both indicative of 
the presence of dust.   

 

 

 
Figure 3. Maps of albedo (left) and thermal inertia (right). Top: the 

approximate positions of MOC images showing presence of layers 

of Type 1 (white bricks) and Type 2 (grey bricks) or no any layers 

(black bricks); bottom: positions of persistently wet (blue outlined 

white) and persistently dry spots (red outlined white). 
This study, as well as [1, 2, 13], did not reveal any links 

between the Terra Arabia anomaly and the bedrock and sur-
face geology, but revealed a link between the anomaly and 
the presence of dust. Interestingly, a recently described area 
of ancient persistent flow and aqueous sedimentation [9] 
shows a high flux of epithermal neutrons and intermediate 
values of thermal inertia (see maps in [2, 5,12]). 

Discussion:  What is responsible for the correlation be-
tween low thermal neutron flux and surface dust?  

The reason may be meteorological rather than geological. 
As described in the GSM simulations[14] , global-scale sta-
tionary atmospheric waves controlled by the large-scale 
planet topography may generate in the equatorial zone of 
Mars two antipodal areas of preferential sinks of dust and 
water from the atmosphere. If so, the water responsible for 
the anomalies can be gradually accumulating in the subsur-
face of these areas either in the form of subsurface ice in the 
regolith pores or in chemically bound form through reactions 
with the regolith material [15].  

But we cannot reject the idea that the anomalies are re-
sidual formations. According to [7], in geologically recent 
time (105-106 years ago) on Mars there was an ice age during 
which a now degrading ice-dust mantle formed at mid-
latitudes. Because the geographical position of the atmos-
pheric waves is controlled by large-scale topography, rather 
stable for the last 2-3 b.y., the sink of water and dust during 
that time in these two areas could be even more effective. 

This hypothesis explains the antipodality of the Arabia 
and SWOM anomalies and the correlation of the Arabia 
anomaly with the presence of dust. But, it does not explain 
why there is no correlation with thermal inertia for the 
SWOM. Because the surface layer responsible for the ther-
mal inertia parameter is only 1-2 cm thick, this situation with 
the SWOM anomaly may be due to very recent removal of 
surface dust from some parts of that area.  

Also with this hypothesis it is difficult to explain why the 
fast neutron flux (20-30 cm depth) does not show the higher 
water content in these two areas while the epithermal flux (1-
2 m depth) does. Water coming from the atmosphere should 
be accumulating closer to the surface This contradiction 
might be resolved by assuming that at 20-30 cm depth, ice 
accumulated during the ice age has gone back to the atmos-
phere while at greater depth it is still preserved. This expla-
nation, however, comes into conflict with the calculations of 
[11 and others], which for years were considered as realistic.  

If the water responsible for the epithermal flux anomalies 
is chemically bound, the high fast neutron flux in these areas 
may be due to the action of some surface processes that de-
hydrate the water-bearing minerals [2].  

Conclusions:  This and earlier studies did not find links 
between the Arabia low epithermal neutron flux anomaly and 
the bedrock and surface geology or topography but did find a 
link with the presence of surface dust. The link with dust 
may be due to a preferential sink of dust and water from the 
atmosphere in places determined by global-scale stationary 
waves. For the SWOM anomaly, partial removal of surface 
dust might have occurred recently. 
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