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Introduction: Jezero crater (18.4° N, 77.7° E) is 

an approximately 45 km diameter impact crater. Flu-
vial inflow and outflow channel systems that breach 
the crater rim as well as evidence for mineralogically 
diverse crater deposits [1] provide evidence that 
Jezero crater represents a paleolake basin with a po-
tentially complex evolutionary history [2,3]. 

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]. Light-toned deposits have been interpreted as 
both crater-filling material unique to Jezero crater [3] 
and as exposures of a regional mantling unit that oc-
curs throughout the Isidis-Nili Fossae region [4].  

The origin of dark-toned crater floor deposits re-
mains uncertain, but is most commonly interpreted as 
a volcanic resurfacing unit [4,5]. A volcanic origin is 
typically inferred by the unit’s topographic smooth-
ness, low regional slope, and lobate margins that em-
bay underlying light-toned crater fill, indicating depo-
sition along a gravitational equipotential surface, such 
as a volcanic flow; high thermal inertia, retention of 
small craters, and a regional escarpment along lobate 
margins, additionally suggest a strongly competent 
material; and spectral signatures derived from CRISM 
show absorption features near 1 and 2 µm that are 
consistent with olivine and pyroxene mineralogy.  

 

 
Figure 1. Deposits of the Jezero crater floor include light-toned, 
olivine-carbonate bearing materials that are regionally mantled 
by dark-toned, olivine-pyroxene bearing materials.  
 
A non-flow origin of dark-toned materials: Here we 
propose a possible non-flow origin for the dark-toned  

crater floor materials in Jezero crater, and suggest that 
characteristics are more consistent with airfall deposi-
tion such as volcanic ash [6], dust, or aeolian sand.  

Surface textures, part 1. Dark-toned crater floor 
materials in Jezero crater are anomalously lacking in 
surface textures observed in other volcanic units on 
Mars [Fig. 2]. Amazonian-aged lava flows in the Cer-
berus region, along the flanks of Elysium and Olym-
pus Mons and within Kasei Valles, all show complex 
textures, that include ridges or platy textures [7-11] 
Hesperian to Noachian aged units observed within the 
Eridania paleolake basin have surface textures more 
consistent with those observed in Jezero, although 
these units also regularly contain wrinkle ridges [12].  

 

 
Figure 2. Comparison of surface textures. (A) Platy surface tex-
ture of the Athabasca flow; (B) Rough surface and strongly scal-
loped lobate margin of flows on the Cerberus plains; (C) Rela-
tively smooth flow with wrinkle ridges in Ariadnes Colles; (D) 
Smooth region of dark-toned crater floor materials, Jezero 
crater. Scale bar is 1 km in all images.   

 
Surface textures, part 2. Closer inspection of the 

dark-toned crater floor material in Jezero crater re-
veals a variety of intermixed surface textures [Fig. 3]. 
The smoothest textures are most prominent close to 
the edge of the western delta, and show almost no 
indication of topographic variation outside of a re-
gional low-angle slope [Fig. 3A]. Smooth regions 
grade into regions that expose up to 5% light-toned 
outcrop and often retain shallow (<0.5 m deep), circu-
lar indentations, suggesting near complete burial of 
underlying cratered material [Fig. 3B]. Concentrations 
of strongly mantled regions occur in a 6 km2 topo-
graphic depression that lies approximately 4 km SE of 
the western delta front. Heavily mantled regions 
commonly grade into regions that show increasingly 
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more exposure of light-toned material and clear 
preservation of distinct craters [Fig. 3C, 3D]. Other 
regions of the dark-toned floor unit show >60% expo-
sure of light-toned outcrop, with abundant evidence of 
surficial erosion and degradation of craters and crater 
rims [Fig. 3E]. Exposure of light-toned material is 
also reflected in a strengthening of CRISM signatures 
consistent with olivine bearing materials and a weak-
ening of CRISM signatures consistent with pyroxene, 
suggesting that mineralogical signatures of dark-toned 
material is predominantly that of pyroxene [cf. 13]. 

 

 
 
Airfall deposition. Observations highlighted above 

suggest that the dark-toned crater floor materials rep-
resent a relatively thin unit that differentially mantles 
strongly cratered, light-toned, olivine-bearing crater 
fill. Together, the absence of textures typical of vol-
canic flows, enhanced mantling in regional topo-
graphic lows, and embayment of topographically high 
regions of crater fill [3,14], are consistent with depo-
sition via a non-viscous flow mechanism, such as vol-
canic airfall or aeolian transport [6].  

 
Rheological behavior and thickness: Despite the 

absence of features indicative of volcanic flows, dark-
toned materials appear to be substantially more re-
sistant to erosion than underlying light-toned crater 
fill. Previously, interpretation of rheological compe-
tence, or erosional resistance, was based on the reten-

tion of small-diameter craters. Surface textures [Fig. 
3] suggest that mantling of dark-toned material aids in 
the preservation of craters, indicating a greater re-
sistance to erosion than underlying material, and that 
many of these craters pre-date deposition of the man-
tling unit. Preservation of craters older than the sur-
face likely also is reflected in the wide variety of ages 
resulting from crater counts on the unit [e.g. 3,4,15]  

Enhanced erosional resistance of underlying crater 
fill provided by dark-toned materials also belies the 
apparent thickness of these materials. Initial estimates 
placed the thickness of the dark-toned unit at 10-30 m 
[3,4,15], based on the topographic relief of the es-
carpment where the unit embays underlying light-
toned material. Detailed investigation of these mar-
gins, however, reveal that these margins are often 
topographically elevated over the main dark-toned 
crater floor material, and commonly contain expo-
sures of underlying light toned material [14]. These 
observations are consistent with thinning of the dark-
toned mantle at the edges of (once) topographically 
higher regions of light-toned crater fill. This thin ve-
neer aided in the retention of the underlying topogra-
phy, and suggests that the escarpment, rather than 
thickness of mantling materials, represents the differ-
ential erosion of mantled and un-mantled regions of 
crater fill. By measuring diameters of heavily mantled 
simple craters [Fig 3B] and estimating depth-to-
diameter relationships [16], we estimate that dark-
toned crater floor material is typically less than 5 m 
thick.  

Enhanced resistance to erosion appears, then to be 
a fundamental feature of this unit. If the unit originat-
ed as a volcanic ash fall, resistance to erosion may 
indicate welding of the initial deposit. If the unit is 
aeolian in origin, enhanced resistance to erosion may 
reflect cementation (as well as possible burial and 
erosional exhumation) of this unit.   
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