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Introduction: Ground penetrating radar (GPR) delineates shallow stratigraphy in a variety of 
terrestrial settings (1-6), including regions mantled by loess that may provide analogues to some of 
the fine-grained unconformable deposits on Mars (e.g., 7- 13). Specifically, analyses of GPR data 
from Argentine sandy loessoid deposits (32045's; 64015'W) reveal prominent reflections related to 
geomorphic and pedogenic processes whose character can be used to place constraints on the 
nature of the "stealth" region on Mars (e.g., 14-16). Results suggest that the near-surface of the 
"stealth" deposits may be devoid of some pedogenic features and is fairly uniform in character. 

Field Investigations: Deployment of a fully digital GSSI SIR-lOa GPR in a continuous 
mode along transects through the sandy loessoid deposits of the Pampean Formation delineate a 
range of reflectors to a depth of -3 m. The loessoid pedocomplex locally exceeds 15 m in thickness 
(17) and the modal grain size of 0.0625 rnm tightly brackets that most readily transported by 
terrestrial winds (18). GPR transects were completed using a 500 MHz (60 cm wavelength) 
monostatic transducer and ground truth confirms the dielectric constant of the loess is between 5.5 
and 1 1. Corresponding radar pulse travel time ranges between 9- 13 cm/ns. Variations in dielectric 
properties reflect changing moisture content, pedogenic character, grain size, and compaction. 

Reflectors revealed in the GPR data correspond to stratigraphic and pedogenic horizons 
occurring at widely varying scales. In one depression excavated in the loess (Fig. I), prominent 
reflections are correlated with a regional paleo-soil as well as local thin (<5 cm) oxidized horizons. 
Other local to regional reflections are created by differential compaction of the loess (Fig. I), 
bedforms within dunes, and by changing moisture and/or clay content in the subsurface. Finally, 
some reflections are process dependent: one occurs at the contact between older fluvially re-worked 
loess and overlying loess. 

Mars "Stealth" Deposits: Comparison of the range of radar reflectors detected in the 
Argentine loess with the radar character of the Martian "stealth" deposit has possible implications 
for the evolution of this and perhaps other Mars deposits. Earth-based radar imaging of Mars at 
wavelengths between 3.5 cm to 70 cm defines a number of broad scale features (14- 16,19,20) and 
data generally indicate radar reflectivity is inversely related to albedo. One large high albedo region 
on the southwest flank of Tharsis and along the equator, however, yields no radar echoes and is 
referred to as "stealth" (14-16). "Stealth" may be comprised of fine-grained deposits of dust or 
volcanic ash (7,8,10) and may have been emplaced as a thick (>2 m thick) underdense (<0.5 
gm/cm3) deposit by downslope winds from the nearby Tharsis volcanoes (14-16). While 
reasonable, such interpretations may not be unique (14). "Stealth" deposits may reflect orbitally 
forced air-fall deposition during past polar wandering (10). It remains unclear, however, why 
visually similar fine-grained deposits elsewhere in the viewed regions on Mars possess different 
radar signatures. 

Loess Versus "Stealth": First-order morphologic similarities between the Argentine loess 
and many of the Martian unconformable deposits suggest these GPR results can help constrain the 
character of the "stealth" region. Results demonstrate that radar reflections associated with 
variations in the type and/or intensity of depositional/erosional processes, water and clay content, 
and/or the organic and oxidation components of pedogenesis can create regional radar reflections 
(e.g., Fig. 1). Reflections created by differential compaction and bedding planes are typically more 
local phenomena; however, variations in regional deposition/exhumation rates and a regional 
orientation of bedding planes (e.g., dunes) may create more regional signatures. 

The absence of radar reflections in the "stealth deposits implies the upper few meters of the 
sequence record little variation in process, waterlice content, deposition and subsequent erosion 
rates, or oxidation state. Moreover, the paucity of reflections in the stealth materials suggests little 
contrast in grain size within the sequence (e.g., arising due to variations in intensity of 
deposition/erosion or interbedding of regional ejecta deposits) and/or a paucity of aligned dunes 
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capping the sequence. An absence of grain size variation implies emplacement occurred over a 
geologically brief interval, and that there is little in the way of graded or sequence bedding or lag 
deposits on a scale of 10's of cm thickness. Conversely, morphologic evidence suggests ample 
redistributed sediments associated with "stealth" that may mask such layers. Similarly, stratigraphy 
or lag deposits characterized by minimal lithologic and dielectric contrast could remain undetected. 

GPR analyses of terrestrial loess provide important clues related to the depositional and 
pedogenic character of the Martian "stealth" deposits. Although properties of the "stealth" deposits 
other than those described could account for their radar signature (e.g.,  the presence of some 
pedogenic carbonates, 21), the uniform characteristics implied are most characteristic of loess-like 
air-fall deposits. By analogy with terrestrial loess, the "stealth" accumulations were likely rapidly 
deposited, are of uniform grain size, thickly bedded, and relatively unmodified by some forms of 
pedogenic activity. Given their widespread occurrence, range in age, and variation in character, an 
understanding of the origin of differences between the "stealth" and other fine-grained deposits on 
Mars may help deconvolve the geologic andlor climatic history of the planet. 
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Fig. 1: GPR transect across a naturally excavated depression in the Pampean sandy loessoid deposits in Argentina. 
Transect completed from east to west using a 500 MHz transducer and reveals a number of prominent reflectors. The 
brightest reflection corresponds to a regional paleo-pedogenic oxidized B-horizon. Other, reflections correspond to thin 
(<5 cm) oxidized horizons in the rim of the depression, increased fine-grained sediments and moisture towards the center of 
the depression (dark reflection in center), and compacted loess just beyond the rim. Because data has not been migrated, 
topography over these flat to slightly inclined reflections appears inverted. 
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