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Introduction: Remnant ancient delta deposits have 

been documented on Mars [e.g., 1-5], and are amongst the 
best geologic evidence for sustained fluvial activity in the 
early history of Mars. One of the most striking examples of 
paleolacustrine deltas are those contained within Jezero 
crater (18.38oN, 77.70oE) in the Nili Fossae region [4,6]. 
The Jezero crater paleolake is especially intriguing because 
of the identification of Fe/Mg-smectite and carbonate with-
in the basin. These materials have previously been inter-
preted as detrital as opposed to having formed in situ [7,8]. 
Here we present a more detailed analysis of the morpholo-
gy and mineralogy of the Jezero crater paleolake basin and 
its immediate surroundings using high-spatial and spectral 
resolution data acquired since the initial studies of [7] and 
[8]. Our goal is to further assess the provenance of the de-
tected minerals (i.e., transported vs. authigenic).  

Methods: Geomorphic Mapping. Geomorphic units 
were defined and their stratigraphic relationships studied in 
an ~70 x 70 km study area surrounding the Jezero crater at 
a 1:50,000 scale using a combination of Context Camera 
(CTX) images at ~6 m/pixel [9], High-Resolution Stereo 
Camera (HRSC)-derived topography at ~100 m/pixel 
[10,11], and ~0.25 m/pixel High Resolution Imaging Sci-
ence Experiment (HiRISE) images [12]. 

Compositional Analyses. The composition of the main 
geomorphic units identified based on the morphologic 
mapping were assessed using hyperspectral reflectance 
data from the Compact Reconnaissance Imaging Spec-
trometer for Mars (CRISM) instrument [13]. Due to the 
excellent coverage, only high spatial and spectral resolu-
tion targeted CRISM data were analyzed in this work. 

Results: Geomorphic Map. Results from the geo-
morphic mapping show a complex, morphologically di-
verse terrain (Figure 1). Here we briefly describe the ma-
jor surface units identified in the study area. Defining 
much of the actual crater (except in the northern reaches of 
the crater) are the Jezero Rim and Wall units – blocky ma-
terials, with steeply sloped walls that we interpret to be 
associated with the Jezero impact crater. There are also 
large areas within and exterior to the basin that are covered 
by Aeolian Dunes. The central portion of the crater floor 
contains a unit that has high crater retention, and embays 
older terrain within the crater. We interpret this to be a 
resurfacing Volcanic Floor Unit, in agreement with previ-
ous studies [6,14]. Another prominent unit within the crater 
is the Light-Toned Floor unit that is exposed both around 
the edges of the Volcanic Floor Unit, and in erosional win-
dows within the Volcanic Floor Unit. The Light-Toned 
Floor unit appears relatively bright and polygonally frac-
tured based on HiRISE images; however, in almost all 
exposures, large dune fields cover parts of this unit. 

 
Figure 1: Geomorphic map of the area surrounding the Jezero crater 
paleolake overlain on a mosaic of CTX images P17_007714_2001, 
P15_007068_1971, P06_003521_1971, P04_002664_1988, and 
P06_003376_1987. See text for major unit descriptions. 

Two inlet Valley Networks also cut the Jezero crater 
rim; at the terminus of each valley is a delta deposit [4,6]. 
The Western Delta deposit is well preserved, contains evi-
dence for paleochannels, ancient scroll bars and extensive 
layering [4,6,7]. The Northern Delta, however, is much 
more poorly preserved, with no observable channels, alt-
hough there is clear layering [4]. The final major unit in the 
study area is what we have termed ‘Mottled Terrain’. This 
material is light-toned, and has a pitted, mottled texture. 
This unit is widespread throughout the study area, and has 
variable degrees of exposure – in some areas it is dusty and 
dune covered, while in other areas it appears highly eroded. 
Within the Jezero crater, the Mottled Terrain is draped onto 
older, underlying material, suggesting that, at least within 
the basin, the Mottled Terrain unit is depositional in nature. 

Unit Composition. Each of the major units described 
above was analyzed using targeted CRISM data, and repre-
sentative spectra of the spectrally distinct major units are 
shown in Figure 2. The spectra shown have been ratioed to 
spectrally bland terrain from the same image column in 
order to bring out the full spectral contrast of each unit, as 
is commonly done with CRISM data [e.g., 7,8,15,16]. 
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Figure 2: Representative spectra of the spectrally distinct major units 
from the geomorphic map of the Jezero crater paleolake and sur-
rounding area (Figure 1). Spectra are: 1) Dusty Mottled Terrain, 2) 
Mottled Terrain (within Jezero crater), 3) Mottled Terrain (exterior to 
Jezero crater), 4) Northern Delta, 5) Western Delta, 6) Western Delta 
remnants, 7) Light-Toned Floor, 8) Aeolian Dunes, and 9) Volcanic 
Floor Unit [14]. Spectra 2, 3, 5, and 7 are from CRISM observation 
HRL000040FF, Spectra 4 and 6 are from FRT000047A3, Spectra 1, 8, 
and 9 are from FRT0001C558, HRL00010963, and FRT0001FB74 
respectively. Spectra are all 9x9 pixel averages. Dashed lines are 
located at ~1.4, 1.92, 2.31 and 2.51 µm. 

These spectra represent several different mineralogies, 
and we outline below interpretations of these spectral sig-
natures. The Mottled Terrain and Northern Delta spectra 
have sharp absorptions at ~1.9 µm, and a paired absorption 
at ~2.31 and 2.51 µm. The 1.9 µm absorption is due to a 
combination overtone of structurally bound H2O, while the 
paired 2.31, 2.51 µm absorption is due to overtones of a 
fundamental carbonate absorption [17,18], indicative of an 
Mg-carbonate, consistent with previous results [8]. The 
Dusty Mottled Terrain, however, shows no 2.31 or 2.51 
µm absorption, although there is a weak 1.9 µm absorp-
tion; however, based on morphologic similarity, we sug-
gest the main difference between the two units is simply 
exposure. The Western Delta has distinct absorptions cen-
tered at ~1.4, 1.9 and 2.3 µm, which we interpret to be due 
to combinations and overtones of fundamental absorptions 
of OH, OH/H2O, and metal-OH respectively [19,20]. We 
interpret this unit to contain Fe/Mg-smectite based on these 
absorptions and the position of the metal-OH band [7]. The 
Light-Toned Floor, Aeolian Dunes and Volcanic Floor 
Unit all have a combination of broad absorptions in the 1 to 
2 µm range, due to electronic crystal field transitions of 
Fe2+ present in the mineral structure of olivine (absorption 
centered at ~1 µm) and pyroxene (absorptions centered at 

~1 and 2 µm) [21-23]. The Light-Toned Floor unit only 
exhibits absorptions due to olivine (lacks a 2 µm absorp-
tion), while the Aeolian Dunes and Volcanic Floor Unit 
contain a mixture of olivine and pyroxene based on the 
strength and broad shape of the 1 µm absorption, coupled 
with a weaker, broad 2 µm absorption. 

While the spectral signatures shown in Figure 2 are de-
scribed as representative spectra of the major geomorphic 
units, it is possible that a single mapped unit has variable 
spectral signatures in different areas due to either composi-
tional differences, mixing with other units, or differences 
in exposure (e.g., Mottled Terrain vs. Dusty Mottled Ter-
rain); however, the spectra we have shown here represent 
the best possible spectrum that can be extracted from each 
of the units. Based on the morphologic similarity between 
different exposures of the mapped units, we think it is rea-
sonable to approximate the first-order mineralogic signa-
ture of each unit based on these representative spectra. 

Discussion: Our results clearly indicate the morpholog-
ic and mineralogic diversity present within the study area, 
as is similarly noted for much of the Nili Fossae region 
[e.g., 16,24-26]. The combined morphologic and mineral-
ogic analyses presented here also seem to suggest that the 
carbonate unit associated with the Jezero crater paleolake 
[8] is widespread, occurring both exterior to the crater, and 
within the crater as a depositional unit. Carbonate also 
makes up the majority of the northern delta in the Jezero 
crater paleolake. Based on terrestrial analogs, detrital car-
bonate is almost exclusively observed in lakes with exteri-
or terrains very rich in carbonate [e.g., 27], and so our ob-
servations support the conclusion that the carbonate ob-
served within Jezero crater is transported in origin [8]. The 
difference in composition between the western and north-
ern deltas is also very interesting, and may suggest that the 
watershed for the northern delta is richer in carbonate, a 
hypothesis that will be tested by future work mapping the 
Jezero crater paleolake watershed at a scale of 1:100,000, 
along with compositional analyses of the identified units.  
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