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     Introduction:  Jezero crater is an ~45 km diameter 
impact crater that impacted regional, low-Ca pyrox-
ene basement lithologies in the Nili Fossa region of 
Mars [1]. Occurrences of fluvial inflow and outflow 
channel systems that breach the crater rim [2,3], as 
well as sedimentary deposition marked by spectrally 
diverse olivine and carbonate-bearing crater fill de-
posits, a high-Ca pyroxene-bearing unit, and low-
pyroxene fluvial-deltaic deposits [4] provide evidence 
that Jezero crater represents a paleolake basin with a 
potentially complex evolutionary history. 
 

 
Figure 1.  RGB composite of CRISM highlighting major miner-
alogical differences between Jezero Crater infill, specifically low-
Ca pyroxene signatures of the crater rim and delta (green), oli-
vine-carbonate signatures of the crater fill (red), and high-Ca 
pyroxene signatures of the mafic capping unit (blue) [4].  
 

Crater floor materials: Lithologic materials of 
the Jezero crater floor consist of two primary phases: 
a light-toned unit that carries spectral signatures of 
olivine and carbonate, and a dark-toned unit that has 
spectral signatures consistent with high-Ca pyroxene 
[Fig. 1]. Within Jezero crater, light-toned crater fill 
deposits are typically heavily fractured, have a 
smooth to pinnacled erosional expression, and only 
rarely contain well-preserved craters. These light-
toned deposits have been interpreted as both detrital 
deposition within the Jezero crater paleolake [5] and 
as exposures of a regional mantling unit that occurs 
throughout the Isidis-Nili Fossae region [6].     

By contrast, dark-toned crater floor deposits have 
a varied morphological expression that ranges from 
smooth to scalloped to rough, with rough expressions 

showing a high abundance of variably preserved cra-
ters. The origin of dark-toned deposits is uncertain, 
but lobate margins of the deposit, as well as the rela-
tively strong retention of craters, suggests that it 
might have originated as either a mafic flow [5,6] or 
regional, welded pyroclastic deposit [7]. 

Adding to the uncertainty of the origins of these 
two units is the uncertainty of their relative ages. A 
scarcity of preserved craters within light-toned mate-
rials could be interpreted as reflecting either a rela-
tively young age (i.e. light-toned materials are young-
er than associated dark-toned material, potentially 
infilling erosional depressions in the dark-toned crater 
floor) or the erosional removal of craters from a rela-
tively old deposit (i.e. light-toned materials are older 
than associated dark-toned material, and represent 
exposed basement). Uncertainty of the relationship 
between these units is further complicated by a dis-
parity of ages retrieved from crater counts on the 
dark-toned unit, which range from 3.45 Ga [3] to 2.6 
Ga [8] to 1.4 Ga [5].  

Hypothesis:  We argue that dark-toned materials 
of the Jezero crater floor represent a mantling of old-
er, underlying light-toned materials. In this model, 
partial mantling of craters within the underlying light-
toned unit aided in the preservation of craters in un-
derlying material, whereas the relative paucity of pre-
served craters within light-toned material exposed 
within embayments reflects the absence of mantling 
in these regions and a greater susceptibility to erosion 
of light-toned crater fill. 

Observations: Two discrete sets of observations 
drive the hypothesis proposed here: Gradations in the 
surficial expression of  the dark-toned unit and simi-
larity in tone and texture between outcrop exposures 
within dark-toned units and within light-toned em-
bayments; and topographic expressions of light-toned 
crater fill in embayments within dark-toned materials.   

Surficial expression of the dark-toned crater floor. 
Evidence that dark-toned crater floor material in 
Jezero crater represents a thin mantling unit derives, 
first, from the wide variety of intermixed surface tex-
tures  [Fig. 2]. The smoothest textures are most prom-
inent close to the edge of the western delta and show 
almost no indication of topographic variation outside 
of a regional low-angle slope [Fig. 2A], and little in-
dication of outcrop other than light-toned materials at 
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the edges of larger (>30 m diameter)  craters; other 
smooth regions show up to 5% light-toned outcrop 
and often retain shallow (<0.5 m deep), circular in-
dentations [Fig. 2B], suggesting near-complete burial, 
or mantling, of underlying cratered material. Such 
regions commonly grade into regions that show 5-
20% exposure of light-toned material and clear identi-
fication of 1-5 m deep, circular depressions with clear 
rims [Fig. 2C]. Preservation of distinct craters is even 
greater in rough phases of the dark-toned unit, which 
commonly contain 40-60% exposure of light-toned 
outcrop [Fig. 2D]. Other regions of the dark-toned 
floor unit show >60% exposure of light-toned out-
crop. Striated (wind-eroded?) surface morphologies, 
generally poor retention of craters and crater rims 
[Fig. 2E,F] in these regions are strikingly similar to 
textures of olivine-carbonate bearing materials that 
occur in embayed regions of light-toned crater fill.  

 

 
Figure 2. Surface expressions of the dark-toned crater floor in 
Jezero crater. (A) smooth, (B) heavily mantled, (C) mantled, (D) 
rough crater retaining, and (E,F) rough with poor retention of 
craters and crater rims. Scale in all images is 100 meters. 
 
     Topographical expression of light-toned crater fill. 
Light-toned crater fill materials, which broadly record 
olivine-carbonate spectral signatures [4], crop out 
around the edges of, and in distinct embayments with-
in, the dark-toned crater floor unit [Fig. 3].  
 

 
Figure 3. Relationship between light-toned crater fill and dark-
toned crater floor materials. (A-D) Embayment margins com-
monly show exposure of light-toned material, suggesting only a 
thin veneer of dark-toned cover over underlying bedrock. Scale 
is 100 meters in images A-D. (E) Perspective view of embayed 
regions showing topographic onlapping of dark-toned materials.  
 

Embayment margins commonly show exposure of 
light-toned material, indicating only a thin veneer of 
dark-toned cover overlying bedrock. These rims are 
often several meters higher than the regional elevation 
of the dark-toned unit, suggesting that a veneer of 
dark-toned material was sufficient to inhibit erosion 
of the underlying bedrock. Therefore, adjacent inliers 
of light-toned crater fill are interpreted as topographic 
highs at the time of the emplacement of dark-toned 
material, which remained unmantled. Embayment 
escarpments typically record 2-4 meters of erosional 
relief but can be as great as 12 meters. Evidence for 
only a thin veneer of dark-toned material, however, 
indicates that this erosional relief is unlikely to pro-
vide a true measure of the thickness of the dark-toned 
unit, but rather a measure of the minimum amount of 
erosional denudation of light-toned material within 
the inliers.  
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