
Figure 1. Comparison of the mafic unit and its relationship with 

olivine-carbonate-bearing unit at A) NE Syrtis, B) on Jezero’s 

rim, and C) on Jezero’s floor. Locations are indicated in Fig. 2.  
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Introduction: The landing site for the Mars 2020 

rover was recently selected to be Jezero crater, a 50 km 

impact crater preserving an ancient lake environment 

and deltaic deposits1-3. The ancient Noachian terrains 

outside Jezero host two other landing site candidates: 

Northeast (NE) Syrtis4-6 and Midway, a site with NE 

Syrtis-like terrains that Mars 2020 may have the oppor-

tunity to explore during its extended mission. 

The geologic units and history preserved at both 

Jezero and Midway/NE Syrtis may be related, and 

some units may be correlative, given the close proximi-

ty of these two areas. Geologic units with similar mor-

phologic characteristics and mineralogy have been 

identified at both sites (Fig. 1)1-6. Despite the similari-

ties between these Jezero and NE Syrtis units, the two 

sites have been hypothesized to represent different, and 

generally unrelated, ancient habitable settings, with 

Jezero representing surface habitability1-3 and NE Syr-

tis representing subsurface habitability4-7. 

Here we present work mapping the morphologic 

and mineralogic units at Jezero and NE Syrtis/Midway 

to assess their distribution throughout this region (Fig. 

2) and constrain their origins. In particular, we propose 

that the dark mafic unit present on the Jezero crater 

floor (previously hypothesized to be a volcanic flow3; 

Fig. 1C) and the mafic capping unit in the NE Syrtis 

terrains (Fig. 1A) may represent the same regional unit 

and were perhaps emplaced via the same mechanism or 

in the same event.  

Identifying the distribution and continuity of this 

mafic unit, and other common geologic units, through-

out this region will help our understanding of:  

1) The complete geologic history in this region.  

2) The relationship between habitable environments 

in different settings (surface vs. subsurface). 

3) The diversity and distribution of habitable envi-

ronments that may be explored by the Mars 2020 rover.  

Methods: This work marks the start of a recently-

funded effort to produce a USGS SIM geologic map of 

the Jezero-NE Syrtis region. We produce a geologic 

map spanning the Jezero and NE Syrtis localities at a 

consistent high-resolution map scale, expanding on 

previous mapping work3,6,8,9. Mapping is performed in 

ArcGIS on recently acquired HiRISE and CTX images. 

CRISM analyses are also performed to confirm miner-

alogy associated with the morphologic units.  

Results: We focus on two major geologic units that 

are identified at both localities and share similarities 

based on their morphology and mineralogy: the light-

toned olivine-carbonate-bearing fractured bedrock and 

the mafic crater-retaining unit (Fig. 1).  

Olivine-Carbonate Unit: Light-toned fractured 

bedrock containing olivine and carbonate is consistent-

ly present throughout this region. Previous studies have 

suggested that the carbonate units inside and outside 

Jezero could be the same unit3,6. The olivine-carbonate 

unit may be a continuous unit that was emplaced in the 

same event across the Jezero-NE Syrtis region: 1) The 

unit consistently contains olivine and/or carbonate 

(though in varying proportions), 2) The unit overall 

exhibits similar morphology throughout (although there 

do exist textural variations10), and 3) The unit is exten-

sive across this region (Fig. 2) and also occurs on 

Jezero’s rim, suggesting a draping emplacement mech-

anism (e.g., as an ashfall deposit11).  
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A Common Regional Mafic Unit?: Both Jezero 

and NE Syrtis localities contain a crater-retaining, 

mafic unit that exhibits lobate edges and can be dark-

toned. The mafic floor unit at Jezero has been hypothe-

sized to represent a volcanic flow3, whereas the mafic 

capping unit in the NE Syrtis terrains commonly forms 

mesas with the olivine-carbonate unit and has an un-

known, though presumed volcanic, origin6. Mapping 

shows that the mafic cap unit is also present on 

Jezero’s rim (Figs. 1B, 2B)3, indicating that the cap-

ping unit was emplaced after the Jezero impact.  

Several observations suggest that the Jezero floor 

unit and the NE Syrtis cap unit may be lithologically 

similar and possibly time correlative: 1) Similar mor-

phologic (crater-retaining, rubbly) and mineralogic 

(mafic) properties, 2) The proximity of the mafic cap 

unit to the Jezero mafic floor unit, and 3) The mafic 

unit’s proximal relationship with the (possibly region-

al) olivine-carbonate unit; the mafic unit is stratigraph-

ically above the NE Syrtis ol-carb unit (Fig. 1A) and is 

adjacent to the Jezero floor ol-carb unit (Fig. 1B).  

If so, the presence of this mafic unit across a large 

regional extent and its draping occurrence on topo-

graphic slopes (especially on Jezero’s rim) is highly 

suggestive of clastic deposition, perhaps via airfall, 

rather than by a volcanic flow origin.  

Conclusions and Implications: Mapping of the 

Jezero-NE Syrtis region suggests that the olivine-

carbonate and mafic units present at both localities may 

be the same based on their morphologic and mineralog-

ic similarities and their broad spatial extent throughout 

this region. In particular, Jezero’s mafic floor unit ex-

hibits similar morphologic and textural properties as 

the NE Syrtis mafic cap unit, which is also present on 

the rim of Jezero crater. If the mafic unit is indeed the 

same unit at both NE Syrtis and Jezero, then this would 

likely preclude a volcanic flow origin3 and instead fa-

vor a draping emplacement mechanism, such as ashfall 

deposition or other clastic sedimentary mechanism. 

Linking the Jezero mafic floor unit with the regional 

mafic capping unit at NE Syrtis would also provide 

constraints on the formation of this unit relative to flu-

vial activity and the formation 

of the deltaic deposits at 

Jezero. These hypotheses can 

be tested with in situ observa-

tions by Mars 2020 during its 

primary and extended mis-

sions.  
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Figure 2. Preliminary map of the mafic and 

ol-carb units in the Jezero-Midway-NE Syr-

tis region. Landing ellipses are outlined in 

white. We note that the Jezero mafic floor 

unit and olivine-carbonate-bearing units 

exhibit textural variations8,10, but are 

mapped here as singular units.  
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