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Introduction: “Follow the water” continues to be a 
mainstay of the scientific investigation of Mars, as water 
plays key role in the evolution of climate, geophysics, 
habitability, and in situ resource utilization [1]. 
Geological arguments place the Noachian water 
inventory within 100-1,500 m GEL (global equivalent 
layer) [2, 3], and different models suggest that such a 
reservoir suffered two phases of loss, one in the 
Noachian through the Early Hesperian, and another 
from the Hesperian through the Amazonian. Deuterium-
to-Hydrogen ratio (D/H), measured and found to be 
enriched with respect to terrestrial standard mean ocean 
water, suggests a partial degree of loss (20-220 m GEL 
[4, 5]) of martian water and constrains evolutionary 
models. Another reservoir of martian water exists as ice 
in the polar cap and within the ground at shallow depths 
(22-46 m GEL [3]). The potential for ground liquid 
water beneath the surface exists, but the depth to such a 
reservoir is latitude dependent and is controlled by the 
thermal environment of the martian subsurface and the 
chemistry of the water. Under certain thermal profiles 
and salinity values, it is possible that ground water could 
be present in the shallow subsurface, but for more 
moderate thermal gradients and salinity, the depth to 
freezing temperature could be several to ~10 km deep in 
the equatorial band [6, 7]. Factors such as trapping 
beneath a cryospheric seal or via permanent 
mineralization can lead to distinct scenarios for the 
present-day water day [7, 8].  
TH2OR: Sounding the subsurface for liquid water will 
be an important step in constraining hydrologic models 
of Mars. The MARSIS radar instrument [9] has been the 
first major effort in this direction, but after more than a 
decade of observations, no clear indication for ground 
water has been observed. Radar sounding is an excellent 
technique for probing ice and the shallow crust, but its 
susceptibility to absorption and scattering losses limits 
penetration depth. Low-frequency electromagnetic 
methods are uniquely suited to detecting deep aquifers 
on Mars due to the expected high electrical conductivity 
of these targets. The Transient Electromagnetic (TEM) 
method—commonly used in terrestrial groundwater 
exploration—has been selected for advanced 
development at JPL. The Transmissive H2O 
Reconnaissance (TH2OR) instrument [10] extends the 
capability of a previous prototype developed by SwRI 
and partners [11]. As part of this effort, we are 
beginning test the TH2OR prototype in the field, with 
particular attention to appropriate Mars analogs. 

Geoelectrical Analogy for Mars: Analogy for Mars in 
terms of using TEM to detect ground water is predicated 
on the geoelectric profile of the subsurface. In the 
majority of models, the uppermost section of the 
subsurface comprises permafrost. Dry or bearing ice, 
the permafrost is likely to be quite resistive [12], with 
any liquid water occurring beneath it, and the subsurface 
of Mars can be generally represented by a resistive layer 
overlaying a conductive layer. Local variations may 
occur due to the presence of salts and adsorbed water. 
Many desert or permafrost sites on Earth used as Mars 
surface analogs are not suitable geoelectrical analogs 
due to the lack of a resistive overburden. 
Current Analog Sites: The Arroyo Seco sedimentary 
basin abuts JPL. This is not only an extremely 
convenient location for testing instruments outdoors, 
but it is also a site that likely mimics Mars 
geoelectrically in a compact scale. We have conducted 
both resistivity and TEM soundings of the Arroyo and 
compared our results to data from nearby monitoring 
wells. All of those data indicate a mostly resistive (few 
1000 Ω×m) overburden that is approximately 40-m 
thick, underlain by a conductive (50 Ω×m) layer 
consistent with the local shallow aquifer. 
The island of Maui represents another Mars geoelectric 
analog where we will test TH2OR. On the western, drier 
side, the basaltic overburden has high electrical 
resistivity and is a good approximation to Mars shallow 
subsurface. Seawater underlies the island and is 
isostatically depressed by overlying fresh water.  The 
depth to seawater increases farther upslope, allowing 
testing of instrument performance and scaling to Mars. 
Conclusion: The TEM method, developed as TH2OR, 
is optimal for searching deep groundwater on Mars and 
could be implemented using multiple low-cost landers. 
Terrestrial analogs for Mars EM sounding may differ 
from those that are suitable for geology. 
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