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Introduction:  Jezero crater is a ~45-km-diameter 

impact crater located along the western margin of Isidis 

basin. The site is noted for landforms associated with 

fluvial-lacustrine activity that occurred during the Late 

Noachian to Early Hesperian [1,2]. The location was 

selected as the final landing site for the Mars2020 rov-

er due to its astrobiological interest and the diversity of 

terrains for sample caching and potential sample return.   

A dark-toned, mafic unit drapes the floor at the cen-

ter of the crater [2-4]. This unit may be a target for 

sample collection and is proposed to be volcanic in 

origin (possibly effusive or pyroclastic), although its 

lithology remains ambiguous. It contains spectral sig-

natures of both low and high calcium pyroxene, has 

lobate margins, and embays or superposes landforms 

associated with fluvial-lacustrine activity [2-4]. Interest 

in sampling the mafic floor unit stems from the possi-

bility of (1) constraining the geochemistry of martian 

volcanics and (2) establishing a tie between the size-

frequency distribution of superposed craters with radi-

ometric ages obtained from igneous samples. Crater 

statistics from the mafic floor unit suggest a formation 

age spanning the Hesperian to Early Amazonian [4-6].  

Here, we provide preliminary results from a study 

of the morphometry of small, simple impact craters on 

the mafic floor unit. The goal of this study is to use the 

craters to evaluate near surface stratigraphy and the 

relative resistance of the mafic floor unit to degradation 

by surface processes (to infer lithology). Simple craters 

follow a continuum of degradation through time that 

results in rim lowering, rim slope reduction, and infil-

ling [7,8].  The rate of crater degradation is controlled 

by the vigor of the surface processes as well as the 

strength of the target lithology.  

We compare the results from Jezero to the landing 

site of the Interior Exploration using Seismic Investiga-

tions, Geodesy, and Heat Transport (InSight) mission. 

InSight landed at 4.502°N, 135.623°E in Western Ely-

sium Planitia [8] on an Early Amazonian-age, regolith-

covered basaltic lava plain [9]. Here, the composition 

and near surface stratigraphy is well constrained and is 

similar to the proposed lithology of the mafic floor 

unit. This location serves as a type example of a lava 

plain that has experienced surface modification limited 

to impact, eolian, and local slope processes [7-10].  

Methods: All impact craters with diameters (D) ≥ 

50 m in diameter were mapped within an ~81 km2 re-

gion on Jezero’s mafic floor unit using a single HiRISE 

(25 cm/pixel) image and a 1 m DEM (Fig. 1). Crater 

diameter, depth, rim height, rim slope, floor slope, rim 

curvature (derivative of rim slope), floor curvature, 

floor roughness (standard deviation (σ) of elevation), 

and ejecta roughness were measured for each crater 

following a semi-automated approach in ArcGIS de-

scribed by [7]. A similar methodology was used to map 

and measure craters with D ≥ 50 m in a ~21 km2 region 

surrounding the InSight lander (Fig. 1).  

 
Fig. 1: Location and extent of the craters used in this analy-

sis. The mafic floor unit is outlined in red within Jezero 

crater on the left image. In the right image, the red area out-

lines the local region of the InSight landing site. 

Results: Fig. 2 highlights the morphology of cra-

ters on the Jezero mafic floor unit and the InSight land-

ing site. At the 100-m-scale (Fig. 2a,c), craters at both 

locations have rocky ejecta and rocky rims, indicating 

excavation of rockier materials from depth. Smaller, 

10-m-scale craters on Jezero’s mafic floor unit also 

exhibit rocky ejecta and rocky rims (Fig. 2b).  By com-

parison, craters of this size at InSight generally lack 

observable rocks (Fig. 2d), although a few boulder-size 

blocks may be present. Fresh, non-rocky craters that 

are 30 m to 60 m in diameter are ubiquitous across the 

InSight landing site and imply a ~ 2 to 5 m thick granu-

lar (relatively rock-free) regolith that was produced by 

impact fragmentation with limited eolian modification 

[8,9]. In contrast, the observation of small rocky craters 

on the Jezero mafic unit implies that a fines-dominated 

regolith is not present at this location.  

The morphometric data reveal that fresher craters 

on the Jezero floor mafic unit are slightly shallower 

than fresh craters at InSight, although there is signifi-

cant statistical overlap between the two populations. 

The freshest impact crater at Jezero has a depth (d) to 

diameter (D) ratio of 0.067 while the freshest example 

at InSight has a ratio of 0.084. In both cases, the d/D 

values are low relative to the pristine ratio for simple 

craters of ~0.20, owing to degradation [10]. Fig. 2 re-

veals that even relatively fresh craters at Jezero have 
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Fig 2. a,b. HiRISE images of relatively fresh craters on the 

mafic floor unit of Jezero crater. c.d. HiRISE images of rela-

tively fresh craters at the InSight landing site.  

significant eolian infill. At InSight, the mobile sand 

supply is limited and fresh craters are generally less 

filled, although meter-scale bedforms are also present. 

Average floor slope, floor curvature, and floor rough-

ness values are nearly identical at both locations and 

track the presence of bedforms at various scales and 

stages of degradation. 

The rim morphology at both locations is more dis-

similar. The average rim height (h) to diameter (D) 

ratio at Jezero is 0.032 (σ = 0.019). At InSight, the h/D 

ratio is 0.023 (σ = 0.012). In general, crater rims at 

Jezero are higher, steeper, and less convex in cross-

sectional morphology. The average maximum rim 

slope at Jezero is 23.5° (σ = 7.5), while at InSight the 

average rim slope is 16.2° (σ = 7.2). The average cur-

vature of the crater rims at Jezero is 0.19 (σ = 0.50). At 

InSight, the average curvature is 0.69 (σ = 0.68), indi-

cating a more rounded, convex-up form.  

Discussion: The presence of ejected rocks and the 

overall morphology of craters on the Jezero mafic floor 

unit are consistent with impact into a rocky unit. How-

ever, the presence of rocky ejecta does not exclude 

competent volcanoclastic or sedimentary origins for the 

target rock.  More significantly, the Jezero mafic unit 

lacks an impact-generated granular regolith that is typi-

cal of Hesperian to Early Amazonian basaltic lava 

plains on Mars [8,9,11]. Small, 10-m-scale impact cra-

ters at Jezero preserve boulders in their ejecta, on their 

rims, and hold steeper and more linear rim slopes when 

compared to small craters at InSight that have largely 

impacted into a regolith and have shallower rims that 

are more rounded in form. The lack of regolith on 

Jezero’s mafic floor unit requires that the impact-

generated fines that are formed during impact fragmen-

tation were removed from the landscape [12]. If the 

target lithology of the mafic floor unit is comparable to 

InSight (basaltic lava) then the observations here re-

quire more vigorous surface processes to strip the land-

scape and expose rock (e.g. stronger wind or late stage 

fluvial activity). If the surface process rates are compa-

rable to the inferred, low global rates for the Hesperian 

to Amazonian [13], the target lithology must have a 

lower resistance to fragmentation, eolian transport, and 

regolith removal. The latter interpretation opens the 

door for a clastic origin for the mafic floor unit.  

The freshest and most degraded 200 m diameter 

craters on the Jezero mafic floor unit have depths of 

12.8 m and 4.6 m, respectively. Using the maximum 

crater retention age of 2.6 Ga determined by [6] and 

the total amount of depth degradation between these 

craters (8.2 m), we estimate a crater degradation rate of 

~10-3 m Myr-1. The total estimated rim reduction be-

tween these craters is 5.6 m, which results in a similar 

rim erosion rate of ~10-3 m Myr-1. For comparison, the 

maximum retention age of 200-m-size craters at the 

InSight landing site is ~1.7 Ga [9]. The total estimated 

depth and rim height degradation of 200-m-size craters 

indicates similar rates to Jezero of 10-3 m Myr-1.  

Conclusion: The similarity in crater degradation 

and erosion rates at the two locations, yet lack of rego-

lith at Jezero, could be accommodated by the combina-

tion of weaker lithology and lower surface process 

rates at Jezero relative to InSight. Impact fragmentation 

into cemented clastic rocks could generate a fines-

dominated regolith that can be more easily transported 

by even slow or intermittent eolian activity [14]. In 

contrast, the granular regolith at InSight contains sand, 

but is also dominated by pebbles and cobble-size frag-

ments [8] that are immobile and likely do not break 

down by eolian abrasion as readily as clastic rocks. 

Surface process rates and erosion rates that are lower 

than those seen at InSight have been estimated by [13] 

on the Gusev lava plains – a location that unlike 

Jezero, also retains a fines-dominated surficial regolith. 
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