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Introduction:  The ExoMars rover is due to land at 

Oxia Planum in 2021, and a key mission objective is to 
sample and analyse deposits with a prolonged aqueous 
history for the presence of biosignatures [1]. The area 
of the landing site meets these criteria as it (1) exhibits 
extensive outcrops of phyllosilicate mineralogy, and 
(2) is situated in the lowlands adjacent to a sedimentary 
fan and the termination of a highland valley network at 
the planetary dichotomy. However, clay bearing units 
in the landing ellipse may represent allochthonous 
and/or autochthonous deposits [2], and a better under-
standing of possible sediment sources in the drainage 
catchment area will be crucial to understanding Oxia 
Planum. 

Numerous studies in western Arabia Terra have 
identified fluvial and palaeolake systems near the di-
chotomy [3, 4, 5], and others indicate the dichotomy in 
this region as the site of past groundwater upwelling [6, 
7] or the palaeoshoreline of an ocean [8]. Possible pal-
aeolakes have been identified in the Oxia Planum 
catchment, and noted as particularly relevant to the 
detection of biosignatures, as ancient lacustrine envi-
ronments could have hosted habitable conditions and 
contributed organic material to sediment sinks at the 
landing site [9, 10]. This work focusses on an area 
identified in previous studies of the ~1.5x105 km2 Oxia 
Planum catchment area [9, 10], and will (1) survey the 
area for further palaeolakes, (2) conduct a detailed 
analysis of a multi-crater palaeolake system, and (3) 
examine potential shallow intercrater lakes. 

 
Observations:  Geomorphological features were 

mapped from CTX, HiRISE, and THEMIS images 
using ArcMap GIS software. Topographic data aided 
feature mapping and has been mosaicked from 465 
m/pixel MOLA and 50-200 m/pixel HRSC digital ele-
vation models (DEMs), supplemented by 20 m/pixel 
CTX DEMs derived from stereo images and created 
using ISIS and SOCET SET software. 

Potential fluvial valleys and sediment fans were 
mapped in the study area. Valley segments beginning 
within closed basins or those that breached the 
downslope edge of basins were interpreted as being 
outlet valleys of open-basin palaeolakes, and the ex-
tents of these palaeolakes were then estimated based on 
the elevation required for spillover through an outflow 
valley (Fig.1). 

 
Figure 1. Study area with the ExoMars rover landing 
ellipses (red ovals) at Oxia Planum. Possible palaeo-
lake extents (blue areas) within the drainage catch-
ment are mapped where valleys (green lines) begin 
within impact-crater basins (a&b) or shallow inter-
crater basins (c). More subtle candidate palaeolake 
basins (dashed blue outline, d&e) require further in-
vestigation with high resolution topography. (THEMIS 
Day imagery with MOLA topography) 
 

Crater hosted palaeolakes.  Two of the possible 
palaeolakes (Fig.1 – a & b) identified in previous stud-
ies [9,10] are hosted within smooth, flat floored impact 
craters with single outflow valleys and no inlet valleys. 
The larger of these (Fig.2) is contained within four 
overlapping impact craters, and is referred to as the 
‘multi-crater palaeolake’. The greatest extent of the 
multi-crater palaeolake is indicated by the elevation of 
the outflow valley at -2410 m. The interior north walls 
of the two largest craters exhibit shallow channels slop-
ing inwards, and oriented radially. The terminations of 
these radial channels are concentrated at elevations of -
3600 m and -3400 m for the East and West crater, and 
below this level crater floors are flat and smooth. 
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Figure 2. Detail map (top) and profile (bottom) of 
multi-crater palaeolake, with maximum palaeolake 
extent (light blue line, -2410 m) defined by the over-
flow elevation of the outlet valley (green line), and 
possible lower residual palaeolake extents (dark blue 
lines, -3600 m & -3400 m) defined by the terminations 
of inward sloping radial channels (purple lines). (CTX 
imagery with MOLA topography, profile plot is 20 
m/pixel CTX DEM topography) 
 

Crater floor layering.  An irregular pit in the floor 
of the largest crater in the multi-crater palaeolake 
(Fig.2) reveals >120 m thick layered deposits. Layering 
is exhibited on two scales, with major (~4-40 m thick-
ness) layers appearing as resistant scarps shedding 
boulders, and finer layers (~1 m thickness) within the 
major layers presenting as albedo contrasts. The major 
layers are not observed to dip steeply and have similar 
thicknesses on either side of the pit, suggesting that 
they are sub-horizontal beds. 

Intercrater palaeolakes.  A number of possible pal-
aeolakes are also identified in more subtle, shallow, 
intercrater basins. The largest (Fig.1 – c) is situated 
along the Coogoon Vallis network, and the palaeolake 
extent indicated by the elevation of the outflow valley 
is a good match for the termination of two inlet valleys. 
Two other potential intercrater palaeolake basins (Fig.1 
d & e) defined on the current topography are partially 
or wholly outside the Oxia Planum Catchment as 
mapped by [9,10]. 

 
Discussion:  The multi-crater palaeolake system 

(Fig.2) is the focus of an ongoing detailed mineralogi-
cal and sedimentary study to determine the history of 
filling and spillover events. A maximum palaeolake fill 
depth (~1530 m) is indicated by the elevation of the 
valley that breached the crater wall and formed a large 

sediment fan, which presumably formed during partial 
draining of the palaeolake. The elevations of radial 
channel terminations may represent a standing water 
body, and therefore minimum palaeolake depths of 
~190 m and ~220 m for the East and West craters re-
spectively. This lower palaeolake level may represent 
an early phase of palaeolake filling before the complete 
filling and breach of the palaeolake, or a residual pal-
aeolake fill level at a time postdating the breaching 
event. The radial channels may therefore represent a 
later stage of fluvial activity independent of the over-
flow event, and continuing work will focus on defining 
an order of events. 

The sub-horizontal, regularly bedded deposits with-
in the floor of the multi-crater palaeolake are consistent 
with finely bedded lacustrine deposits, but other pro-
cesses including volcanic emplacement are also possi-
ble. Further efforts will be made to map and define 
variations in layer thickness, composition and dip 
across the entire crater floor, with the goal of defining 
a depositional sequence. 

Preliminary results indicate some new intercrater 
open-basin palaeolakes which have not been identified 
in previous studies and catalogues. These possible pal-
aeolakes are shallow and hosted within intercrater ba-
sins. Some are situated within the Oxia Planum catch-
ment and are therefore possible sources of material that 
ultimately could have been deposited at the landing site 
in the lowlands. However, one example (Fig.1 – e) falls 
outside the catchment area defined on the current to-
pography, and more high resolution DEMs will be pro-
duced to determine the hydrological relationship of this 
basin to the catchment area. 
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