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Abstract

Based on all state-of-the-art datasets and USGS-
mapping guidelines [1,2], we produced a
comprehensive photogeological map of the Hellas
basin floor and its immediate surroundings (scale
1:2,000,000; Fig. 1). We compiled a self-consistent
geologic history of the area, incorporating absolute
and relative dating of identified units, as well as
insights gained by previous investigations in and
around the Hellas basin [e.g., 3-5]. Based on their
ages, derived approximate volumes, as well as other
characteristics, we suggest potential circum-Hellas
source regions for specific basin floor units. Large
deposits and erosional units in the basin show ages
very similar to those of volcanic units in and around
Hellas (~3.7 Ga), which is in agreement with certain
volcanic outgassing models enabling liquid water
runoff during that time.

1. Wrinkle-ridged plains

Wrinkle-ridged plains (units Npwry, and Hpwr,) are
exposed on a third of the Hellas basin floor and
embay and partially superpose layered sequences
along the basin rim. Morphometric analyses of the
wrinkle ridges imply an average thickness D of the
“wrinkled” layer of ~2 km (D =~ 0.3 ridge width
[6]), and, thus, a combined volume of ~1.7 x 10° km?
(~4 x Deccan traps, Earth).

The lower wrinkle-ridged plains (Npwr;) show a
crater-size frequency distribution-based apparent
model age (AMA) of 3.78-3.82 Ga. Gamma Ray
Spectrometer (GRS) data shows higher average K,
Th, and Si concentrations than Hpwr, indicating a
formation by “lesser evolved” basalts (i.e., from a not
well differentiated mantle relatively rich in
incompatible elements [7]). Plausible sources are
Malea and Tyrrhena Paterae, which both have AMAs
[8-10] and Th-abundances similar to Npwr;.
Although Thyrrena Patera is located ~1,500 km away,

ancient lava flows have been shown to reach the
Hellas basin floor [11].

The upper wrinkle-ridged plains (Hpwr,) have an
AMA of 3.63-3.74 Ga. Their spatial extent correlates
well with a low-K / low to mid-Th /low to mid-Si
area in GRS data indicative of “evolved” basalts
derived from an already well-differentiated mantle
depleted in incompatible elements [7]. Plausible
sources are Hadriaca and Amphitrites Paterae, which
both show very similar ages [8,9] and elemental
abundances.

2. Interior formation (“Alpheus
plateau”)

Approximately one fifth of the entire basin floor is
covered by highly degraded, hummocky material
(mainly units Hih and Hik) superposing the wrinkle
ridged plains amongst others. Hih’s AMA of 3.67-
3.74 Ga overlaps that of the underlying Hpwr, as
well as of other dissected rim units (Hdy, and Hdp).
Numerous, up to ~300 m thick buttes and pedestal
crates, likely composed of Hih-material, indicate a
once complete coverage of the basin floor, implying
a volume of ~1.1 x 10° km?. The volume of material
removed from Hesperia Planum and the area between
it and Hellas Planitia has been suggested to be on the
order of 0.5- 1.5 x 10° km3 [12], thus being a
plausible main source for Hih. Large-scale lava-ice
interactions on Hesperia Planum around the AMA of
Hih have been suggested as the source of huge
amounts of meltwater [13], and might account for the
erosion and transport of such a large volume of
material. An interpretation of the interior formation
containing mafic materials transported from the
adjacent volcanic provinces into the Hellas basin by
fluvial activity, is also in agreement with the
detection of low-Ca pyroxene by OMEGA
(southwestern Hih) as well as hydrous minerals by
CRISM (northeastern Hih) [7,9,14,15,16].
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Honeycomb formation

Ap  Polygonal member: Degraded version of unit Am_: Clastic dikes, exposed by removal of volatile-rich matrix
Am: Mantle material (dark): Smooth, likely ice-rich, mantle deposit currently being removed by katabatic winds (unit Ap)
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Deformed honeycomb member| Unique landform of km-sized cells d by elevated rims displaying ductile g
Honeycomb member deformation-textures. Possibly tectonic upwelling (salt diapirism or impact melt?) g
Interior formation
Aar A ridg ial: Ambij unit; possibly degraded remnants of volatile-rich “banded terrain”

Furrowed member
 AHdf  Dissected valley-fill member
Chaotic member: Hummocky member (Hih) degraded by deflation and later heavily mantled
_ Smooth, lobate member (upper)] Lahar-like deposits by mud flow-like furthest
Hils;  Si h, lobate ber (lower) ion of Dao/Niger/Harmakhis Valles
He Etched material Volatile-rich material indurated by impact that formed nearby degraded pedestal crater
Hik  Knobby member Eroswnal remnant of Hih forming thin veneer over wrinkle ridged plains
Hih  Hi E; ive deposits modified by wind; material probably originates from Hesperia-Hellas trough
- Arcuate, Iayered member Deposits laid down in lacustrine/glacio-fluvial environment before formation of Hih
Plains sequence
Hpwr:  Wrinkle-ridged plains unit (upper): Basalts emplaced by more evolved lavas from Hadriaca and Amphitrites Paterae
Rough plains material: Basalts emplaced by Amphitrites and Peneus Paterae; covered by veneer of Hih and/or Hd,
Npwr, Wrinkle-ridged plains unit (rough)] Lesser evolved basalts emplaced by lavas from Tyrrhena Patera; later covered by
Npwr:  Wrinkle-ridged plains unit (lower) | Hih and then (partially) exhumed by persistent katabatic winds
High thermal inertia material: Highly consolidated, very low-lying material (upwelled mantle or impact melt?)
Rim Assemblage
Dissected units
AHvf  Younger valley-fan material: Fine grained alluvial fans deposited by Sungari Vallis and other nearby channels
u Harmakhis Vallis formation (undivided)
AHvo  Dao/Niger Vallis formation (undivided)
Hf  Elevated, fan-shaped landform: Delta- or alluvial fan-like deposits at mouths of several old, degraded channels
Hdu Dissected unit (Malea Planum) Wrinkle-ridged basalt plains modified by intense, short-term fluvial activity likely
Hd:  Dissected unit (Promethei Terra) | caused by melting bodies of ice
Layered rim sequence
NI Lobate, layered material: Deposits laid down by glacio-fluvial/phreatomagmatic processes
‘Nli Incised, layered material
Nld  Degraded, layered material
Basin rim units
AHr  Reticulate material: Remnants of mega-polygons similar to unit Ap; possibly also eolian deposits
Np  Smooth inter-mountain plains unit: Ambiguous unit; possibly mantled lower strata of the layered basin rim
Other units
Aa  Apron material
Am  Mantle material
AHc  Crater material (undivided)
[ Nm  Massif unit & older crater material (undivided)
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Figure 1: Simplified version of our photogeologic map of the Hellas basin floor (orthographic projection centered at 43°S,
69°E; background: THEMIS-IR Daytime 100 m Global Mosaic version 11.6) with highly condensed interpretations of all
units. On the right is a MOLA DTM-based profile illustrating our stratigraphic model of the basin floor (path shown in (A)).
Black arrows mark wrinkle ridges. Period extents for units labels based on [17].
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