Hydrological History of a Complex Lake and
Valley System in Western Arabia Terra, Mars

3. Palaeolake Identification
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High-definition digital
elevation models (DEMs)
were generated from
stereo CTX and HiRISE
imagery, and
supplemented with lower
resolution HRSC and
MOLA topography
datasets.
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The linked valleys and lakes define two distinct systems
(A’-A’’ and B) that drain into the northern lowlands at different
locations. Despite the close proximity of the largest palaeolakes
in each system, a topographic rise between the two precludes
any past linkage of waterbodies. It is however notable that both
bodies share a common surface elevation.
Neither system has large inlet valleys or extensive tributary
systems that might account for the water source. The drainage
catchment areas over which surface flow could accumulate are
small for both systems compared to the combined surface area
of water bodies (Fig.4).
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Incised Valley
Hydrological activity began as ① upwelling
groundwater filled the largest basin to form a Flow Direction
palaeolake, ② which then spilt over to incise
an outlet valley. ③ This valley terminated at the
4
edge of another palaeolake and formed a
sedimentary fan. ④ This second palaeolake
then filled and overflowed to form another
outlet valley.
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As the system aged, ⑤ a new valley incised
the former palaeolake floor and drained into a
smaller palaeolake. ⑥ The lowered palaeolake
was the result of incision of the outlet valley
which continued to drain the palaeolake. ⑦
The valley incised through the original
sedimentary fan to reach a lower palaeolake
level, ⑧ where a new sedimentary fan was
formed. ⑨ Like the first lake, the level of this
lake dropped due to continued incision of the
outlet valley.
At the latest stage, ⑩ the palaeolake levels
were too low to drain through the outlet valleys.
Although a small amount of flow may have
incised down into these closed basins.
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The lack of large inlet valleys and branching tributaries, and the comparatively small drainage catchment areas suggests
that these hydrological systems were fed by groundwater rather than accumulation of surface flow. The three palaeolake
levels described are interpreted as representing progressively lower levels caused by incision and drainage through outlet
valleys, with the lowest level representing hydrologically closed lakes. Below is a representative summation of the systems
hydrological history (Fig.5):
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5. Hydrological History
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4. Drainage Patterns
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A combined ~166 km of fluvial valleys were mapped across the
study area with the longest section being ~43 km with a maximum
width and depth of ~1 km and ~250 m. Valley heads are generally
characterised as being shallowly incised and beginning within basins,
with the few tributary branches beginning in box canyons.
In addition, 5 sedimentary fans were identified by morphology,
topography, and fine sedimentary structure. The largest fan is ~13 km
across and empties into the northern lowlands, while three of the
others are situated at the edge of closed basins. In one example (Fig.2)
a sedimentary fan (i) at the edge of a basin is incised through by a
valley which then ends in another sedimentary fan (ii).
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2. Geomorphological Features

Analysis of the topography (Fig.1c) revealed 7 basins with outlet valleys.
Possible palaeolake extents (Fig.3a) were inferred by tracing three different
outlet valley elevations onto the current topography (Fig.3b): (i) spill-over
over the top of the valley bank, (ii) spill-over along the valley base, (iii) and
at the start of the outlet valley. Repeating this method across the study
area revealed that in all cases the palaeolake extents defined by outlet
Fig.3a
valleys were good matches for inlet valleys and sedimentary fans along
other edges of the basin, forming a connected chain of lakes and valleys.
The longest system can be traced 160 km from the highest palaeolake to
Fig.3b
the base of the large sedimentary fan, a drop of 630 m (Fig.3c - A’-A’’).
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This study focuses on an area of the planetary
dichotomy between the southern highlands and
northern lowlands. Previous works have mapped
possible ocean shorelines along this steep scarp
(1-5), as well as other lake systems to the
north-east (6), and the entire region of western
Arabia Terra has been indicated as the possible
site of groundwater upwelling (7). The goal of this
study is to reconstruct past hydrological processes
relevant to the region and the nearby ExoMars
landing site at Oxia Planum.
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