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Introduction: Some scientific questions about wa-

ter on Mars cannot be answered readily with either 
surface rover (due to limited roving distances) or or-
bital platforms (due to poor spatial resolution).  Several 
such questions are: How is near-surface ground ice 
distributed in the key transition region at 50º-60º lati-
tude? Does the observed distribution agree with our 
understanding of stable ground ice in diffusive equilib-
rium with water vapor in Mars’ atmosphere?  What is 
the relationship between surface hydrogen enhance-
ments, hydrated mineral deposits, and geologic fea-
tures? 

The Aerial Regional Survey (ARES) Mars airplane 
mission will carry a neutron spectrometer to search for 
near-surface hydrogen variations in the Science Target 
Area (STA).  Depending on the flight path, these NS 
observations relate to the physics of either ground ice 
emplacement and stability in the recent Mars climate, 
or the distribution of hydrated minerals such as 
evaporites.   

The Gamma Ray and Neutron Spectrometer in-
strument suite aboard Mars Odyssey has revealed an 
unexpectedly rich diversity in the distribution and 
abundance of hydrogen on Mars’ surface.  Extensive 
ice-rich deposits are found at high latitudes, while 
large reservoirs of hydrogen-bearing materials exist 
within ±30º of the equator [1,2,3].  Poleward of ~50°, 
water-equivalent hydrogen abundances (WEH) of 
more than 50 wt% are found, while the mid-latitude 
deposits peak at ~10 wt% WEH [4,5]. The enhance-
ments at low and mid-latitudes could potentially be 
related to hydrated evaporite deposits that are stable in 
Mars current climate [6,7].  As shown in Figure 1, the 
ARES STA covers terrain that likely contains both ice-
rich and hydrated mineral deposits.  In the latitude 
range from ~30°S to 45°S WEH abundances as low as 
3 wt% are seen. 

The region between 50ºS and 60ºS latitude marks 
the key transition from locales where near-surface wa-
ter ice is unstable to higher latitude locations where 
ground ice is stable near the surface.  Measurements of 
atmospheric water vapor and surface temperature dur-
ing flight would provide a critical information to allow 
an assay of the stability of ground ice at present at-
mospheric and surface thermal conditions.  Finding 
significant disequilibrium when neutron measurements 
indicate the presence of water molecules will force re-

examination of our ideas about recent changes in Mars 
water inventory. 

If a lower-latitude flight path is chosen, the ARES 
NS can investigate the distribution of hydrated miner-
als in locations “upstream” of the drainage into Gusev 
Crater.  Poleward of 30ºS latitude, viscous flow fea-
tures, gullies and dissected terrain point to a meters-
thick ice-rich dust mantle, perhaps emplaced during 
times of higher obliquity more than 300,000 Mars 
years ago [8,9].   

The High-latitude Ice Transition Zone: The tran-
sition from relatively desiccated mid-latitude terrain to 
the high-WEH (presumably ice-rich) polar provinces 
can be seen in the southern half of Figure 1.  Only the 
largest scale variations, spanning hundreds of kilome-
ters, can be detected with the orbital Odyssey NS data.  
In contrast, Figure 2 shows a model of the depth to 
ground ice that is in stable equilibrium with 20 precipi-
table micrometers (pr µm) of water vapor (at 0 km 
elevation) in today’s Mars atmosphere (after [10]). The 
spatial resolution of this map is 1/16° (3.7 km). The 
depth color scale saturates at 50 cm; near-surface sta-
ble ice is only found poleward of ~ 50°S in this longi-
tude range.  The model is based on ice filling the avail-
able pore space in soils (at most about 40% by volume 

 
Fig. 1. Water-equivalent hydrogen (WEH) abundance 
(wt%) in the ARES STA portion of the southern high-
lands, according to the Mars Odyssey neutron spec-
trometer [2]. High abundances poleward of ~50°S 
indicate the presence of ground ice; the low latitude 
enhancement equatorward of ~30°S is probably due to 
hydrous minerals [6,7]. 
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at the Viking landing sites, corresponding to ~ 19% by 
weight H2O) [10].  The model of stable ground ice 
depth depends on thermal inertia, albedo, local slopes, 
annual mean surface temperature and the abundance of 
water vapor in Mars’ atmosphere.  The thermal inertia 
data from MGS/TES have incomplete coverage; this 
gives the serrated effect seen in the depth model map.  
Stable ice depth increases very rapidly equatorward of 
50°S latitude - no near-surface ice should exist there.  
But there is clearly considerable small-scale (few km) 
inhomogeneity in ice depth due to these variations in 
albedo, thermal inertia, and slope. 

The combination of thermal and epithermal neutron 
measurements from the ARES NS help constrain the 
stratigraphy of near-surface hydrogen. Figure 3 shows 
the modeled relationship between Odyssey thermal and 
epithermal neutrons for water abundances between 1 

and 100 wt% and burial depths between 0 and 100 
g/cm2, assuming soils with Pathfinder-like composi-
tion. [4,5].  For example, measured Odyssey NS ther-
mal and epithermal count rates of 3.7 and 5.3 
counts/sec, respectively, would be consistent with a 
soil containing ~20 wt% H2O buried under ~30 g/cm2 
of 2 wt% WEH Pathfinder soil (18 cm depth for a 1.65 
g/cm3 soil).  Major element composition influences the 
thermal neutron count rates as well, so in general only 
upper and lower bounds can be placed on water abun-
dance and depth.  The maximum uncertainties in esti-
mated depth are likely <25%, based on the extremes in 
composition found at the MER landing site soils and 
rocks [11].  The dust mantle in the STA may be fairly 
uniform in composition.   

Assuming Pathfinder and Viking soil compositions 
are representative of a global dust layer, and that the 
ARES STA soils are similar, we can use the model of 
[10] shown in Figure 2 to predict the epithermal and 
thermal leakage fluxes that the ARES neutron spec-
trometer might observe.  A map of the predicted epi-

thermal count rates are shown in Figure 4, assuming 
19-wt% H2O (filling all available soil pore space) and 
both thermal and epithermal rates are shown along a 
transect in Figure 5.  The epithermal leakage flux de-
creases monotonically as ice depth decreases (cf. Fig-
ure 3), while the thermal flux at first decreases with 
burial depth and then increases again for a given WEH 
abundance.  Using the pore ice model [10], we can 
predict the neutron counting rates that the ARES NS 
would observe in flying over the terrain identified in 
the ARES STA.    

Figure 5 shows 4 parameters along the ARES tran-
sect: at the bottom is depth to stable ice table from the 
model, with a scale ranging from 0 to 100 cm.  Above 

 
 
Fig. 4. ARES NS estimated epithermal neutron count 
rates predicted on the basis of the ice-depth model of  
[10].  

 
Fig. 3.  Odyssey NS thermal and epithermal neutron 
leakage currents as a function of burial depth (blue) 
and water abundance (orange) of an assumed lower 
layer.  The upper layer is assumed to be Pathfinder 
soil with 2-wt% WEH. (Adapted from [5]). 

 
Fig. 2. Modeled depth (cm) to stable ground ice for 
155°E to 205°E longitude, 50ºS to 60ºS latitude, 
from [10].  Depths > 50 cm are not colored. 
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that, in red, is a trace of the MOLA topography along 
the ground track.  Finally, the blue and gold symboled 
lines denote the predicted epithemal and thermal neu-
tron count rates for the ARES NS in this locale given 
the model ice and soil parameters.  The neutron flux 
variations are large and provide good statistics. Thus, 
the ARES neutron spectrometer will test the predic-
tions of such a model, and will help us better under-
stand Mars’ water inventory today and in the past. 

The Low-Latitude Hydrous Mineral Zone:  The 
biggest challenge to interpreting Odyssey neutron 
spectrometer data is the spatial footprint size of ~600 
km.  The view from orbit is a highly smeared-out ver-
sion of WEH abundance variations on much smaller 
scales, tied to local geology and mineralogy as well as 
past and present climatic conditions for those loca-
tions. The lower latitudes of the ARES STA may in-
clude hydrated minerals (eg., evaporites) where they 
are present near the surface, and not covered by a thick 
(~1 meter) eolian dust mantle.  With the spatial resolu-
tion possible from ARES altitudes, the mapped hydro-
gen abundance can be directly related to km-scale geo-
logic features along the flight path.  

The stability of various hydrous minerals, including 
clays and sulfate salts, has been studied to try to ex-
plain the low-latitude WEH signatures on Mars. In the 
ARES STA kieserite and epsomite are only stable 
poleward of about 35°S and 40°S, respectively.  Thus 
these mineral phases cannot explain the WEH signa-
ture that has been observed equatorward of 35°S.  Of 
course, other hydrous minerals may be stable there.  
The ARES NS will obtain much higher spatial resolu-
tion estimates of WEH in this transitional stability 
range, and will place limits on the abundance of hy-
drous minerals (eg. gypsum and jarosite, in addition to 

the magnesium sulfates) required to produce the hy-
drogen signature observed from 1500 meters above the 
surface. 

Mid-Latitude Features Related to Past Climate 
Change: Past variations in planetary obliquity, eccen-
tricity and argument of perihelion (e.g., [12]) support 
theories of significant climate change and the resulting 
large scale redistribution of water from the poles to 
ice-rich deposits at lower latitudes (e.g. [13]).  As dis-
cussed earlier, near-surface (< 1 m depth) ground ice is 
unstable equatorward of ~50ºS in the current climate, 
and has long been lost from the top 1 to 2 meters of 
deposits emplaced hundreds of thousands of years ago.  
One example of an ice-rich terrain undergoing dissec-
tion is shown in Figure 6, from [9].  The dissected 
terrain is interpreted to be an atmospherically deposited 
ice-dust mantle from which the ice has sublimated, 
leaving behind a loosely cemented loess-like material. 
Strong winds strip away the desiccated material, result-
ing in the dissected texture. 

On the other hand, the mean annual atmospheric 
water vapor content may have been higher in the rela-
tively recent past.  The “permanent” south polar CO2 
ice cap shows signs of loss even today (ongoing devel-
opment of the “Swiss-cheese” terrain, [14]), and if it 
had disappeared altogether sometime in the last 100 to 
1000 years, some amount of the south polar water ice 
would be lost during southern summer. Atmospheric 
humidity would be raised to the point where even some 

 
 

Fig. 5.  Expected ARES NS count rate variations for a 
flight over the pore ice model of [10], with depth-to-
ice and topography along 180.2 E longitude.  The N-S 
traverse extent is shown at the top.  Localized varia-
tions in ice depth drive large changes in neutron leak-
age flux along the transect. 

 
Fig. 6.  Example of dissected mantle terrain as identi-
fied by [8,9]. Here i is smooth, intact ice-dust mantle, 
d is dissected areas, and r is removed. MOC image 
FHA-01450, 43.7 S, 239.6 W. The image is 2.8 km 
across.  
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mid-latitude soils may be re-charged with ice from 
atmospheric water vapor [15].  Based on the pore ice 
model [10], the time scale to lose 30 cm of ice from 
soils with mean annual temperatures of 210 K (as is 
found in some lower-latitude parts of the ARES STA) 
is ~7,000 years.  This is very short compared to obliq-
uity variation time scales but could be within the time 
scales for southern CO2 cap disappearance and re-
appearance.  However, the observed changes in the 
CO2 cap may not reflect a net uncovering of a water-
ice-rich substrate, but rather a redistribution of CO2 
frost, in which case the buried water ice would not 
necessarily be exposed and liberated to the atmosphere 
in southern summer [15].   

By overflying such mid-latitude features, the ARES 
NS will determine the hydrogen abundance in the up-
per ~1 meter of dust mantle.  This abundance distribu-
tion can then be compared to what is expected for hy-
drous minerals in those locations, or alternatively can 
place limits on the amount of atmospherically-derived 
water ice (pore ice recharge from a recent high-
humidity epoch) currently residing in the upper meter 
of soil and dust. The ARES NS experiment could help 
to check and refine current models of the recharge of 
the observed water content of near-surface layers. 
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