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Introduction: Identified aqueous alteration minerals in 

ancient deposits on Mars have been used to hypothesize a 
warmer, wetter early Mars [e.g., 1,2]. However, recent 
work has suggested that these hydrated minerals may have 
formed in the martian subsurface, thus not requiring a sub-
stantially warmer, and wetter climate for prolonged periods 
[3]. Nonetheless, there is strong geomorphic evidence for 
at least a transient period of flowing liquid water on the 
surface of early Mars [e.g., 4-8]. Therefore, it remains an 
open question as to whether this period of fluvial activity is 
genetically linked to the formation of the alteration miner-
als observed on the martian surface. 

Here we present new work addressing this question 
through the study of the catchment and delta deposit min-
eralogy of the Jezero crater (18.38oN, 77.70oE) paleolake 
system [7,9], which has previously been observed to con-
tain alteration minerals in its delta deposits [10,11]. Previ-
ous workers have suggested that the alteration minerals 
observed within the deltas are primarily transported in na-
ture [10,11], a hypothesis that is tested here using new 
observations. 

Methods: To address the source to sink mineralogy 
hypothesis for these delta deposits, we have employed a 
combined approach of geomorphic mapping and composi-
tional analysis with visible to near-infrared (VNIR) hyper-
spectral reflectance data. Geomorphic mapping was com-
pleted for the Jezero crater paleolake basin and watershed 

defined by modern, stereo-derived topography from High 
Resolution Stereo Camera (HRSC) images [12,13]. Map-
ping was completed at a 1:100,000 scale using a mosaic of 
~6 m/pixel Context Camera (CTX) images [14]. The min-
eralogy of the major identified units was then determined 
with Compact Reconnaissance Imaging Spectrometer for 
Mars (CRISM) VNIR reflectance data [15].  

Major Geomorphic Units: Intra-basin Units. The 
primary units of interest within the Jezero crater paleolake 
are the two delta deposits (Figure 1), located at the mouths 
of the N and W inlet valleys [7,9], which have distinct 
spectral signatures [10,11] (Figure 2). 

The N Delta deposit has a spectral signature with a 
broad absorption feature centered near ~1 µm, as well as an 
absorption feature centered near ~1.92 µm, and a paired set 
of absorptions centered near ~2.31 and ~2.51 µm (Figure 
2). The ~1 µm absorption is interpreted to be due to a crys-
tal field electronic transition from Fe2+ in olivine [16,17], 
while the paired absorptions at ~2.31 and 2.51 µm are in-
terpreted to be due to an overtone of a fundamental vibra-
tional mode of CO3 in a Mg-carbonate [18,19]. The ~1.92 
µm absorption is interpreted to be caused by a combination 
tone of the OH stretch and H-O-H bend in structural H2O 
[20]. This spectral signature of a mixture of olivine and 
Mg-carbonate (Figure 2) is seen everywhere on the ex-
posed portions of the N Delta deposit. 

 
Figure 1. Geomorphic map of the Jezero crater paleolake basin (indicated by labeled arrow) and its surrounding watershed 
(indicated by thick, black outlines). Watershed outlines shown are separated into the N Delta watershed and W Delta watershed, 
both identified by labeled arrows. Legend for all map units is shown on the right, listed in relative stratigraphic order with the 
youngest units at the top. Background is the global Thermal Emission Imaging System (THEMIS) 100 m/pixel daytime infrared 
mosaic [21]. See text for discussion of major units. 
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Figure 2: Representative CRISM spectra of the major geo-
morphic units in the Jezero crater paleolake watershed (top 
plot) and of the two delta deposits in the Jezero crater basin 
(bottom plot). See Figure 1 for spatial distribution of these 
units. Dashed lines are at ~1.4, 1.92, 2.3 and 2.5 µm. 

The spectral signature of the W Delta deposit varies 
across its surface. While some locations on the W Delta 
deposit show spectra indicating a mixture of olivine and 
Mg-carbonate, as is seen on the N Delta deposit, the main 
spectral signature observed is different (Figure 2). These 
spectra show narrow absorptions centered near ~1.42, 1.92 
and 2.31 µm, interpreted to be due to the first overtone of 
the OH stretch, a combination tone of OH stretch and H-O-
H bend, and a combination tone of OH stretch and metal-
OH bend respectively, in an Fe- or Mg-bearing smectite, 
such as nontronite or saponite [20,22]. These spectra also 
show a subtle spectral shoulder near ~2.51 µm, which may 
be due to an overtone of CO3 from minor amounts of car-
bonate. Therefore, the W Delta deposit is spectrally domi-
nated by Fe/Mg-bearing smectites, with variable amounts 
of olivine and Mg-carbonate. 

Watershed Units. The stratigraphically oldest unit of 
interest in the watershed is the Altered Basement unit 
(Figure 1), which has a spectral signature with narrow 
absorptions centered near ~1.41, 1.92 and 2.30-2.31 µm 
(Figure 2), and is interpreted to be the source of the 
Fe/Mg-bearing smectite observed in the delta deposits. 

There are two units emplaced upon the Altered Base-
ment unit that occupy the same stratigraphic position: the 
Mafic Cap unit and the Mottled Terrain unit (Figure 1). 
The Mafic Cap unit has a spectral signature dominated by 
broad absorptions centered near ~1 and 2 µm (Figure 2), 
interpreted to be a combination of bands due to Fe2+ in the 
mineral structures of pyroxene and olivine [16,17,23]. The 

Mafic Cap unit is thin, and in many locations the valley 
networks feeding the Jezero crater paleolake cut through 
this unit and erode down into the Altered Basement unit. 

The Mottled Terrain unit has a spectral signature with a 
broad absorption feature centered near ~1 µm, as well as an 
absorption centered near ~1.92 µm, and paired absorptions 
centered near ~2.31 and 2.51 µm (Figure 2), and so is in-
terpreted to be the source of the olivine and Mg-carbonate 
phases observed in the delta deposits. 

Discussion: The two delta deposits within the Jezero 
crater paleolake have distinct mineralogies based on their 
VNIR spectral signatures. Therefore, if the alteration min-
erals contained within these two delta deposits are primari-
ly transported in nature, it would be expected that this dif-
ference in mineralogy is also reflected in a difference in the 
mineralogy of the units present within the watersheds of 
the two respective deltas.  

To test this hypothesis, we have looked at the distribu-
tion of the major identified geomorphic units in the differ-
ent watersheds of the two deltas in the Jezero crater paleo-
lake (Figure 1). We have put the major geomorphic units 
into two groups: an olivine- and carbonate-bearing group, 
and a smectite-bearing group. The olivine- and carbonate-
bearing group contains the Mottled Terrain unit, and covers 
~2275 km2 in the N Delta watershed and ~725 km2 in the 
W Delta watershed. The smectite-bearing group consists of 
the Altered Basement unit and the Mafic Cap unit, as this 
unit is thin and is eroded through by valley networks in 
many locations to expose the Altered Basement unit. This 
group covers ~3850 km2 in the N Delta watershed and 
~5365 km2 in the W Delta watershed. It is apparent that the 
difference in delta mineralogy is reflected in the coverage 
and mineralogy of units within their respective watersheds. 
This supports a primarily transported origin for the altera-
tion minerals within the two delta deposits, as has been 
suggested by previous workers [10,11]. 

Conclusions: Based on the geomorphic mapping and 
VNIR spectral analysis presented here, it appears that the 
alteration minerals observed within the two Jezero crater 
delta deposits are primarily transported in origin. There-
fore, at this study site, the formation of the observed altera-
tion minerals does not appear to be genetically linked to 
the fluvial activity that formed the Jezero crater paleolake. 

References: [1] Poulet, F., et al. (2005), Nature, 438:623. [2] 
Bibring, J.-P., et al. (2006), Science, 312:400. [3] Ehlmann, B., et al. 
(2011), Nature, 479:53. [4] Carr, M. (1987), Nature, 326:30. [5] How-
ard, A., et al. (2005), JGR, 110:E12S14. [6] Irwin, R., et al. (2005), 
JGR, 110:E12S15. [7] Fassett, C. and Head, J. (2005), GRL, 
32:L14201. [8] Fassett, C. and Head, J. (2008), Icarus, 198:37. [9] 
Schon, S., et al. (2012), PSS, 67:28. [10] Ehlmann, B., et al. (2008), 
Nat. Geosci., 1:355. [11] Ehlmann, B., et al. (2008), Science, 
322:1828. [12] Neukum, G. et al. (2004) ESA Spec. Pub, ESA SP-
1240:17. [13] Gwinner, K., et al. (2010) EPSL, 294:506. [14] Malin, 
M. et al. (2007) JGR. 112:E05S04. [15] Murchie, S. et al. (2007) JGR. 
112:E05S03. [16] Burns, R. (1970) Mineralogic Applications of Crys-
tal Field Theory. Cambridge Univ. Press. [17] King, T. and Ridley, 
W. (1987) JGR, 92:11,457. [18] Hunt, G. and Salisbury, J. (1971), 
Mod. Geol., 2:23. [19] Gaffey, S. (1987), JGR, 92:1429. [20] Clark, 
R., et al. (1990), JGR, 95:12,653. [21] Christensen, P. et al. (2004) 
Space Sci. Rev. 110:85. [22] Frost, R., et al. (2002), Spec. Acta, 
58:1657. [23] Adams, J. (1974) JGR, 79:4829. 

1164.pdf45th Lunar and Planetary Science Conference (2014)


