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Introduction: Mars 2020 will land in Jezero crater 

in February 2021, and will seek to investigate the past 
habitability, biosignature preservation potential, and ge-
ology of the landing site. Mars 2020 will also collect a 
suite of rock, soil, and atmosphere samples for eventual 
sample return, providing a new and unique window into 
the history of life and geology on Mars. Jezero crater 
was selected as the Mars 2020 landing site because it 
represents a rare combination of: (1) clear evidence for 
a sustained habitable lacustrine environment based on a 
well-preserved delta [1]; (2) access to widespread Noa-
chian carbonate-bearing terrains that will provide a lith-
ologic record of the carbon cycle and atmosphere on 
early Mars [2]; (3) a mafic floor unit that may be vol-
canic in origin and could provide a critical constraint on 
crater age dates [3]; and (4) clear context within and ex-
tended mission access to diverse Noachian bedrock and 
crust [4]. Based on these characteristics, Mars 2020 and 
sample return from Jezero crater will provide major in-
sight into the geology and astrobiology of ancient Mars. 

One remaining question about Jezero is: are any of 
the carbonates related to past lacustrine activity? This 
distinction is critical for evaluating the astrobiological 

potential of the site, as lacustrine carbonates on Earth 
are capable of preserving biosignatures at scales that 
may be detectable by Mars 2020. In this study, we con-
duct a detailed investigation of the mineralogical and 
morphological properties of geological units and fea-
tures within Jezero crater in order to better constrain the 
origin of carbonates in the basin and their timing relative 
to fluvio-lacustrine activity [5]. 

Methods: We have used all available CRISM 
MTRDR  cubes (18-36 m/pixel) over Jezero to investi-
gate the VNIR (0.70-2.65 μm) spectral parameters of 
Jezero crater. MTRDR cubes have been processed to 
suppress atmospheric and instrumental effects [6], and 
are delivered with pre-calculated spectral parameters, 
refined to reduce noise [7]. We used RGB combinations 
of these spectral parameters to assess spectral diversity 
(Fig. 1). Ratio spectra cubes were created by ratioing to 
an average of all spectra in the cube with low values of 
CRISM spectral parameters that typically indicate igne-
ous and alteration minerals [5]. HiRISE imagery was 
used to investigate fine-scale morphology, and HRSC 
elevation models were used to evaluate topographic re-
lationships. 

Figure 1: CRISM RGB combination, BD1300/BDI1000IR/MIN_2295_480, where cyan indicates strong car-
bonates along western margin. Ratioed CRISM spectra of various carbonate units. 
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Marginal Carbonates: Past studies [2] split the car-
bonate-bearing terrains in Jezero into the Mottled Ter-
rain, which corresponds to the regionally extensive oli-
vine/carbonate-bearing unit and drapes the northern rim 
and inner rim of Jezero, and the Light-Toned Floor, 
which is a basin fill unit that underlies the delta and 
mafic floor. These units are generally similar in mor-
phology and spectral properties. Both units exhibit a 
light-toned and fractured surface, with some fine-scale 
differences that may be related to differences in em-
placement or erosion histories. Both units exhibit spec-
tral signatures consistent with olivine, hydrated miner-
als (likely Fe/Mg-smectites), and carbonates, although 
the LTF is a more significant source of olivine sand. 

However, there is significant spectral variability 
within the Mottled Terrain (Fig. 1). In particular, the re-
gion between the inner margin of the western crater rim 
and the delta exhibits much stronger carbonate signa-
tures than elsewhere in the crater. While these strong 
carbonate signatures are associated with similarly 
strong olivine and hydration signatures near and to the 
north of the western inlet, the olivine/hydration signa-
ture signatures decrease south of the inlet while car-
bonate signatures remain strong. Indeed, the southern-
most extent of these “Marginal Carbonates” does not 
exhibit olivine and clay signatures, and instead exhibits 
absorptions at 2.0, 2.3, and 2.5 μm that are consistent 
specifically with hydromagnesite (Fig. 2).  

This region also exhibits slightly different fine-scale 
textures, appearing smooth at CTX scale and heavily 
fractured and blocky at HiRISE scale, with a more “rub-
bly” appearance than most exposures of the Mottled 
Terrain. But perhaps the strongest evidence that the 
Marginal Carbonates might be part of a distinct unit is 
the observation that the strong carbonate signatures are 
restricted to a narrow range of elevations, between -
2420 to -2260 m (Fig. 2). 

 
Figure 2: Topographic restriction of the marginal car-
bonates. 

Discussion: The subtle textural differences and en-
hanced strength of the carbonate bands in the Marginal 

Carbonates are not sufficient on their own to differenti-
ate the Marginal Carbonates from other olivine/car-
bonate terrains in the region. However, the presence of 
hydromagnesite and the narrow elevation range of the 
Marginal Carbonates could suggest a history distinct 
from other carbonates in Jezero. 

Unlike the other units, the Marginal Carbonates are 
largely restricted to elevations between the break in 
slope associated with the crater rim (-2260 m) and the 
breach elevation (-2395 m) for the outlet valley  [8]. 
This range corresponds to likely lakeshore elevations 
during the early closed-basin phase of the Jezero paleo-
lake, prior to the breach [8]. In addition, hydromagnesite 
is the most common precipitate in alkaline and perennial 
closed-basin lakes in mafic and ultramafic terrains on 
Earth [9]. Thus, together, the topographic and spectral 
properties of the Marginal Carbonates could be con-
sistent with a fluvial/lacustrine deposit along a paleo-
lake shoreline in Jezero crater. These materials may 
have been derived from fluvial erosion and weathering 
of the regional olivine/carbonate unit, causing deposi-
tion of detrital sediments along with lacustrine car-
bonate deposition. 

But we can’t rule out other possible origin scenarios 
based on orbital data alone. For example, the Marginal 
Carbonates may have been deposited as part of the re-
gional olivine/carbonate unit, and are only distinct be-
cause of later physical or aqueous processes (diagenesis, 
erosion, etc.). Or, in an intermediate scenario, the Mar-
ginal Carbonates may represent minor fluvial reworking 
of an in place deposit along with some lacustrine car-
bonate deposition. 

Implications: Mars 2020 will be able to investigate 
the Marginal Carbonates in situ and constrain their 
origin. If the carbonates in these deposits are indeed par-
tially lacustrine in origin, this has major implications for 
biosignature preservation. Near-shore lacustrine car-
bonate deposits on Earth are commonly biologically 
mediated (e.g., microbialites and perhaps tufa) [10,11]. 
But most importantly, regardless of the influence of mi-
crobes, carbonate precipitation is an excellent mecha-
nism for biosignature preservation [e.g., 12]. Thus, the 
Marginal Carbonates will be a high priority target for 
Mars 2020 and sample return. 
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