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Introduction: The Hellas impact basin is among the
deepest depressions known in the Solar System [1] and was
formed very early in the Martian geological record [2].
Thus, Hellas has served as a major sink for various
materials during the entire Mars' history. In order to
understand the history of filling of Hellas, detailed studies
of Martian volcanism and erosion along with possible paths
of transport of material and mode of its deposition are
required [3]. In this study, we consider different aspects of
depositional history that has led to accumulation of a suite
of material units on the floor of Hellas [4].

Method: We analyzed details of the two large regions,
Hellas basin and Hesperia Planum, thought to have been
coupled in  their geologic evolution [e.g. 5]. As the basis of
our analysis we used the hi-res MOLA topography and
imagery from Viking through THEMIS to MOC. The
results will be supplemented with the MEX-HRSC data.

Previous studies: Four large outflow channels, Dao,
Niger, Harmakhis, and Reull Vallis were emptied into the
Hellas basin and delivered materials on its floor. The
estimated total volume of materials eroded from the
channels, ~38,200 km3, is, however, about 3.8 times
smaller than the apparent volume of the uppermost deposits
seen in the eastern part of Hellas, ~145,000 km3 [6]. This
disbalance in volumes requires additional material sources.

The source regions of Dao, Niger, and Harmakhis
Valles are well defined. Reull Vallis could represent
possible additional source of materials delivered from the
southern Hesperia Planum (Prometei Terra). A debris apron
covers the lower reach of Reull where it may have been
connected with Harmakhis Vallis [7] and participated in the
filling of Hellas basin. The smooth NE to E inner walls of
Hellas suggest that important erosional event(s) took place
there and may have also delivered material into the basin.

Hesperia Planum: The dendritic valley networks that
cut the Noachian terrains around Hesperia Planum are
oriented toward the Planum and abruptly terminated by its
boundary. In places, a distinct scarp, which is up to several
hundred meters high, outlines interior of Hesperia. There is
strong evidence for embayment of both the valley networks
and the scarp by the lava plains (unit Hr) of Hesperia
Planum. Thus, the area, now occupied by Hesperia Planum,
has served as a basin that collected flows from the
surrounding highland before emplacement of the lava
plains. The average Hesperia lava surface is ~500 m lower
than the highlands around it except for its SW corner where
the lava plains are up to 2 km lower than the uplands.

These observations suggest that materials collected in
the area around Hesperia Planum were stored in a closed

basin where a large standing body of water or ice may have
been formed. The basin was probably breached in one place
(SW of Hesperia Planum) where the average Noachian
surface appears to be the lowest. Through the breach, the
fluidized material flowed down into Hellas Basin where it
should form a layer of deposits.

Hesperia Planum has numerous rim crests of craters
almost completely flooded by the Hr lavas as well as
circular wrinkle ridges interpreted as structures deforming a
relatively thin layer of lava over completely flooded
craters. These features allow to estimate [8] the maximum
thickness of Hesperia lavas to be ~500 m with the average
value of ~300 m +/- 70 m. The estimated total depth of the
ancient Hesperia Planum depression (~800 m) is the sum of
the mean thickness of the unit Hr (~300 m) and the mean
difference between the Hr surface and surrounding uplands
(~500 m). The area of Hesperia Planum is about 5.1 x 106

km2 and, thus, the total volume of the Hesperia Planum
depression is estimated to be ~4 x106 km3.

Hellas Basin: The dimensions of the Hellas basin,
~2300 km in diameter and 4-9 km in depth, make it to be
the most prominent topographic feature in the southern
hemisphere of Mars. The MOLA data allows the first
accurate assessment of the fine-scale topography of Hellas.
The basin has two distinct topographic units on its floor.

The first topographic unit appears as smooth plains that
mostly occupy a donut-shaped area at the periphery of the
floor. In places, these plains are deformed by structures
resembling wrinkle ridges. In the eastern portion of the
floor, there are smooth and gently undulating deposits that
partly cover wrinkle ridges and are cut by the lowermost
reaches of Dao and Harmakhis Valles [9]. In the NW to
SW portions of the Hellas floor there is a discontinuous
annular band of plains that are locally gradational with
plateau and rim units and cut by a few small channels.
Rims of larger and older craters are subdued there [9].

The second topographic unit forms smooth to
hummocky to knobbed areas outlined by a distinct scarp.
This unit (Central Massif, CM, corresponds to Alpheus
Colles Plateau) occupies the central portion of the floor. In
places, CM displays equidimensional lows in which the
surface appears to be topographically smoother and
sometimes is deformed by wrinkle ridges.

The topographic profiles across the Hellas floor and the
shaded topography map show that the floor has very
uneven relief. The donut-shaped exposures of smooth
wrinkle ridged plains occur at lower elevations and tilted
toward the center of Hellas. Topography of CM is
characterized by numerous highs and lows with amplitude
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of 500-800 m. The surface of the equidimensional lows is
almost the same (~ -7000 m) across the CM unit.

Morphology of materials on the floor of Hellas:
Analysis of CM with the high-resolution MOC images
shows that similar morphologic features characterize
materials of CM. The most important features are fine-scale
parallel to sub-parallel curvilinear lineaments (low scarps
and ridges) that commonly form a nested pattern of
structures on walls of topographic features. This strongly
suggests that the materials of CM are layered. Additional
characteristics include scarcity of impact craters, relatively
high albedo, surface smoothness, and smoothed edges of
topographic features such as scarps and ridges.

The surface of smooth wrinkle ridged plains around
CM shows clearly different morphology. The plains have
rough rugged texture with numerous irregular pits and/or
low ridges. Impact craters typically occur on the surface of
the plains. Topographic features within the plains are less
smooth and often have sharp and jagged edges. On walls of
larger scarps, the plains display layered texture but the
layers are much thicker and rougher than in the case of CM.
Morphology of the Hellas’ wrinkle ridged plains is similar
to that seen in typical lava plains of Hesperia Planum.

Topographic units of the Hellas’ floor: Topography
of the Hellas floor reveals two major morphological units
(wrinkle ridged plains and Central Massif) that have
consistent morphology throughout Hellas. The similarity of
the wrinkle ridged plains in Hellas and in Hesperia Planum
suggests that the plains inside Hellas are volcanic and most
likely lava flows from Hesperia Planum and Malea Planum.

The finely layered Central Massif material appears to
be fragile and heavily eroded by wind, which is consistent
with the sedimentary origin of it. The characteristic
topographic profiles across CM suggest that its distinct
peaks represent less eroded relicts of its material. Thus, the
initial thickness of CM material could correspond to typical
500-800 m amplitude of highs and lows seen in the
profiles. The area occupied by the thickest portion of
Central Massif is ~0.5 x 106 km2, thus the total volume of
CM material is estimated to be ~0.3-0.4 x 106 km3.

Possible extent of CM-type material: Morphological
characteristics of material near the lowermost part of
Harmakhis Vallis (layers, high albedo, smooth surface,
smooth edges of topographic features, scarcity of impact
craters) are similar to those of the CM rocks. Such a
similarity strongly suggests that the layered material at the
Harmakhis mouth is an extension of CM. Harmakhis Vallis
cuts the layered material implying a young channel age.
This is in agreement with the time relationships shown in
[10]. At the middle section of Dao Vallis, material
morphologically similar to lava plains is exposed on the
channel walls. The surface close to the channel has two
units, darker and brighter. The darker material corresponds
to lava plains and the brighter is similar to the CM material

by having a spot-like distribution typical to that. In the
middle of Reull Vallis, a bright and heavily eroded CM-
type material is superposed on the lava surface. The Reull
canyon walls, however, do not display exposures of bright
material.

Conclusions: The general history of the Hellas’ filling
appears to have the following event sequence. The earliest
recognizable episode (late Noachian/early Hesperian) is
related to deposition of materials from the Hesperia Planum
area before emplacement of vast lava flows of the unit Hr.
Although this process does not require massive erosion of
materials from the Hellas rim [5], such erosion is consistent
with and could greatly facilitate flow of pre-Hr materials
into Hellas. Possible thickness of this material on the floor
of Hellas is estimated to be ~4 km. During massive
Hesperian volcanism in Hesperia Planum and Malea
Planum a layer of wrinkle ridged plains was emplaced on
the floor. The scarcity of craters embayed by these lavas
impedes estimates their thickness, thus, we tentatively
assume the thickness to be as in Hesperia Planum, ~0.5 km.
The late Hesperian/early Amazonian episode of deposition
has left a layer (0.5-0.8 km thick) of the Central Massif
materials on the floor. The exact deposition mechanism of
these materials is most disputable. The latest episodes of
deposition (presumably, Amazonian) are related to
formation of major outflow channels [10] that, however,
delivered small amount of material into Hellas [6].

The layered CM material predates the outflow channel
excavation and is not a result of their formation. Evidences
show  this material to extend high into the eastern Hellas
rim as a thin veneer of deposits superposed on the upland
surface. The inferred sedimentary nature of CM-type
materials may be explained by at least four hypotheses: 1)
Deposits from a large standing body of water in Hellas [3];
2) Deposits related to glacier(s) that entered Hellas from E
and S; 3) Remnants of ancient polar cap; 4) Accumulations
redeposited by wind from the rim onto the Hellas’ floor.

The evidence for the layer unconformity within CM-
material is poorly consistent with the first hypothesis, and
makes it less plausible. The wind hypothesis is also poorly
consistent with occurrences of the CM-type material well
within the uplands, and, thus, this hypothesis is also less
plausible. The ice-related hypotheses (glacier to polar cap)
appear to be more favorable but they have to be studied in
details with additional data, approaches, and methods.
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