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Introduction. Geologic mapping at 1:5,000,000 scale [I]  and other studies indicate that 
the Hellas region has undergone a long and eventful eolian history. The major factor controlling 
this history has been the huge impact basin formed during Early Noachian time [2] and largely 
preserved until the present. This basin, about 2,500 km across, has relief of 9 km [3] and is the 
deepest basin on Mars. It was partly filled, apparently with eolian material, during the Early 
Hesperian; the sources of the material probably include volcanic ash and clastic debris generated by 
erosion of highland materials. We propose that eolian mantles came and went throughout the 
Hesperian and Amazonian. High obliquities and availability of dust and silt may have been 
responsible for occasional periods of greater deposition of eolian material. At present, dunes, frost 
and dust splotches, and high winds evidenced by dust storms indicate that the Hellas region is the 
site of one of the most active eolian regimes on Mars. We describe here the probable eolian 
deposits in the Hellas region and discuss their depositional styles and modification histories. 

Lower Hesperian interior deposit. On the floor of the Hellas basin, a thick, highly 
degraded deposit covers about 106 km2. Although its thickness has not been precisely deter- 
mined, it may be as thick as 2 km. One of the tallest erosional scarps within the unit has a height 
(determined by shadow measurement) of about 700 m. Erosional landforms within the deposit in- 
clude steep scarps, hummocky and knobby terrains, and deeply etched margins and hollows. The 
unit overlies an Upper Noachian ridged plains unit (age determined by density of craters >8 km in 
diameter), and it is embayed by alluvial and eolian materials of Late Hesperian and Amazonian age. 
The crater-density distribution for the interior deposit is difficult to interpret because of very deep 
erosion in most places. Relatively uneroded areas of the deposit generally appear blanketed by the 
ejecta of larger impact craters; presumably, the ejecta provide armoring against erosion. In any 
case, Hesperian to Amazonian crater densities are obtained for three mapped subunits of the 
deposit (these subunits represent varied degradational states of the bulk interior deposit). The 
crater distributions also show that the smaller the crater-size range, the younger the crater age. 
This result, along with the observed erosional features, may indicate that initial erosion hundreds 
of meters deep during the Early or Late Hesperian was followed by relatively modest erosion 
(typically, tens of meters deep) through the Late Hesperian and Amazonian. 

Hesperian-Amazonian rim mantles. On the upper slopes and rim of the Hellas basin, 
smooth, flat, irregularly shaped mantles are locally preserved. These mantles (tens to hundreds of 
meters thick) occur (1) in shallow topographic traps (such as within Amphitrites and Peneus 
Paterae and on smooth plains surrounded by wrinkle ridges), (2) on broad plains (such as south of 
Hamarkhis and Reull Valles), (3) within large craters, and (4) as pedestals beneath impact ejecta. 
Because pedestal craters of fairly high density occur on Malea Planum and small craters of 
moderate density superpose some of the mantles within craters, at least some of the mantles are 
probably Hesperian [see 41. However, other mantles appear uncratered (at 200-300 mlpixel 
resolution) and are likely to be Amazonian. These young mantles commonly appear etched, e.g., 
the material that thinly blankets the northern parts of Peneus Patera and the dissected slopes of 
northern Malea Planum. Also, some of the crater-fill mantles have pits hundreds of meters deep 
(such as in the large crater Terby, lat 28OS., long 286'; see also [5]). Pits and etched features 
indicate the poorly indurated, friable nature of these mantles. 

Hesperian-Amazonian interior mantles. Along the south edge of the floor of Hellas, in a 
topographic low between the Lower Hesperian interior deposit and the north edge of Malea 
Planum, deposits of relatively low albedo form a fairly continuous blanket. The blanket is made 
up of smooth, broad (>70 km across), rolling mounds having mostly gently sloping margins that 
embay or feather into adjacent units. The blanket appears to be covered locally by dunes, and thus 
it may be made up of thick sequences of dune material. Its crater density indicates a Late Hesperian 
or Early Amazonian age. In addition, possible eolian mantles that are wind sculptured and similar 
in age to the blanket form generally sharp edged, etched, irregular mesas near the center and the 
northwest edge of the Lower Hesperian interior deposit. 
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Upper Amazonian dunes. Occurrences of dunes in the Hellas region are indicated by (1) 
linear, arcurate, and reticulate patterns of low ridges in the central, northern, and western parts of 
the Hellas floor; (2) a ripple pattern of linear ridges, spaced about 1 km apart, on interior mantle 
material at lat 51' S., long 291'; and (3) individual ridges (perhaps climbing dunes) on the top and 
flanks of some irregular mesas within the Hellas basin. Also, dark dunes occur within craters west 
of the Hellas basin [5]. 

Transient bright and dark splotches. Some Viking images reveal seasonal, surficial, bright 
and dark splotches in various areas of the Hellas region; the splotches have been interpreted to be 
eolian frost and sand deposits [5,6]. Some of these features are elongated and lineated, indicating 
prevailing wind directions. 

Discussion. We conclude that the Hellas basin has served as a major center of eolian 
activity on Mars throughout much of the Hesperian and Amazonian. Under present conditions, 
some of the highest wind stresses are predicted along the southern and northern margins of the 
basin [7]. These stresses have been attributed to broad slopes, high solar insolation during 
southern summer, and high atmospheric density within the basin, and they are sufficient to induce 
saltation of fine sand [7]. Saltation and dust devils are primary mechanisms of kicking up dust into 
the atmosphere, thereby initiating dust storms [8]. The identification of probable dune fields both 
within and outside the Hellas basin shows that saltation does occur in this region (which coincides 
with observations that Hellas is a major source region for regional and global dust storms on Mars 
[9]). The interior deposit is deeply eroded, perhaps by mass wasting and collapse. Eroded debris 
was probably removed by eolian transport. If so, the materials of the interior deposit would have 
been friable, fine, and poorly consolidated (they could include ice), which is in agreement with an 
interpretation made from Viking IRTM data [lo]. However, because of the depletion of fines that 
would likely result from eolian deflation, much of the interior deposit may now be covered by a lag 
deposit of largely sand grains that is perhaps indurated [lo]. Although at present dust is likely 
being removed from Hellas [lo] and accumulating in equatorial regions [ l l ] ,  depositional cycles of 
105-106 years [8, 111 may reverse this transfer and perhaps result in cyclic formation of dust 
deposits as much as a few meters thick. 

Periods of heightened net deposition and erosion are indicated by our stratigraphic 
interpretations of the Hellas region. We do not preclude a late (Early to Middle Amazonian) 
glaciation event in Hellas as proposed by [12]; however, much of the sedimentary and erosional 
activity at Hellas occurred at different times and periodically over a much broader region than that 
discussed by [12]. The Hesperian-Amazonian rim mantles throughout the region may have been 
emplaced during periods of high obliquity, when polar layered deposits may have been deeply 
eroded, thus making available greater amounts of dust to form extensive, thick mantles. The 
Hesperian-Amazonian interior mantles coincide in age with the formation of deep valley systems 
along the northeastern slope of the basin, and thus they may be made up of clastic material derived 
from that activity. The Lower Hesperian interior deposit has great volume (-106 km3), which 
could be due in part to pyroclastic activity and erosion of the paterae on the northeast and south 
sides of the rim. However, erosion of these features (to depths of no more than -200 m) probably 
has produced <lo5 km3 of debris. Thus a much larger source of fines is required. A good 
candidate would be the eroded rocks along the highlandJlowland boundary, where glacial-like 
erosion and mass wasting may have produced a large volume of fines during the Early Hesperian 
[2]. Other sources of fines are the many highland valleys of this age [13, 141. 

References cited: [I] Leonard, G.J., and Tanaka, K.L., 1993, work in progress. [2] Tanaka, K.L., 1986, PLPSC 
17, JGR 91, E139-E158. [3] USGS, 1991, USGS Map 1-2160. [4] Tanaka, K.L., and Scott, D.H., 1987, USGS 
Map I-1807-C. 151 Thomas, P., 1984, Icarus 57, 205-227. [6] Thomas, P. et al., 1979, JGR 84, 4621-4633. [7] 
Greeley, R. et al., 1993, JGR 98, 3183-3196. [8] Greeley, R. et al., 1992, in Mars (H.H. Kieffer et al., eds.), ch. 
22. [9] Martin, L.J., and Zurek, R.W., JGR 98, 3221-3246. [lo] Moore, J.M., and Edgett, K.S., 1993, GRL 20, 
1599-1602. [I l l  Christensen, P.R., 1986, Icarus 68, 217-238. [12] Kargel, J.S., and Strom, R.G., 1992, Geology 
20, 3-7. [I31 Wilhelms, D.E., and Baldwin, R.J., 1989, PLPSC 19, 355-365. [14] Craddock, R.A., and Maxwell, 
T.A., 1993, JGR 98, 3453-3468. 

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


