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Results

Introduction
Searching for evidence of past life on Mars is perhaps the greatest scientific goal of
martian study. With these same convictions, the European Space Agency (ESA) is
sending a rover in 2020 to Oxia Planum, a clay bearing unit southwest of Mawrth Vallis
and northeast of Ares Vallis, near Coogoon Valles (figure 1). This area was chosen
due to the presence of recently exposed smectites (clay minerals), which had
previously been covered by a volcanic capping unit. Preliminary studies estimate that
these clay units have been exposed only for ~100 my (Quantin et al, 2016). Clays help
preserve biosignatures that can be detected by a rover, however cosmic radiation
tends to destroy these signatures over the eons. The formation mechanism presented
by ESA scientists for smectites in this area is consistent with terrestrial formation
mechanisms; standing bodies of neutral/alkaline water in long term contact with
basaltic parent material (Carter et al, 2016). However, evidence presented in this
study offers other explanations such as impact and volcanic driven processes. While
long standing water bodies may have present in some areas, not all occurrences of
smectites on Mars are necessarily derived from long term contact with neutral/alkaline
water (Peretyazkho et al, 2016). Identifying specific areas within Oxia Planum where
long term water/rock contact occurred will help constrain rover path, and possibly result
in a higher scientific return.
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Figure 5a-b. “North Fan Deposit” scene. North is up. Image
window 18km x 18km. Center near 18.270°N, 335.845°E
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“North Fan Deposit” Scene
“North Fan Deposit” scene lies ~50km north of the fan deposit, and gives us insight to
the stratigraphy of this area via its craters. It should be noted that this CRISM data is
corrupted such that spectral noise is comparably greater than the other scenes.
Nevertheless, spectral trends can still be readily observed. In the northeast portion of
the scene, a dark crater can be seen. The crater, as well as its ejecta blanket, are
shown to be comprised Fe/Mg phyllosilicates (fig. 5a-b). However, the crater/ejecta
blanket that lies ~10km to the south is shown to be comprised of low calcium pyroxene,
and does not appear to be hydrated. In addition to this, the southernmost crater in the
CRISM scene shows signatures of low calcium pyroxene, but has an ejecta blanket
comprised of Fe/Mg phyllosilicates. These phyllosilicates are confirmed to be Fe/Mg
smectites when compared to laboratory spectra (fig. 5c).

“South Fan Deposit” Scene
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Figure 1. Greater area Oxia Planum. North is up. Center near 17.520ºN, 336.660ºE. THEMIS
Daytime IR against MOLA colorized elevation data. Mars Globe inset figure from NASA/USGS.
Oxia Planum lies within an area that appears to have drained this region of Mars around 3.5
billion years ago (Quantin et al, 2016).
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Figure 6a-b. “South Fan Deposit” scene. North is up. Image
window 18km x 18km. Center near 16.800°N, 336.880°E

Discussion

CTX gathers visible light data in high spatial resolution; 6 meters per pixel. CRISM is a
spectrometer with hyperspectral resolution, and gathers data across 544 spectral
channels from the visible and near IR range (0.362 - 3.92µm). CRISM images used in
this study are Full Target Resolution (FRT) at 20 meters per pixel. THEMIS is a
multispectral spectrometer, and data used in this study was collected from 6.78 to
14.88µm at 100 meters per pixel. MOLA is an altimeter that collects elevation data at
128 pixel per degree.
Spectral signatures from CRISM data were derived using the CRISM Analysis Tool
(CAT) within the software ENVI (Environment for Visualizing Images). Derived CRISM
images, CTX imagery, as well as THEMIS and MOLA data were imported and
analyzed within ArcMap Desktop. Bands parameters for RGB combinations used in
this study are described in (Viviano-Beck, 2014). By displaying different spectral
bands as either red, green, or blue, we can create false color images that highlight the
location of certain minerals. The mineral type is validated by spectral plots gathered
from areas of interest. These plots are then compared to spectra from specimens
measured under laboratory conditions by the United States Geological Society
(USGS). When comparing in-situ spectra to laboratory spectra, we look for similar
absorption features. These features are areas within the spectral plot where surface
reflectance (y-axis) drops sharply at certain stretches of wavelengths (x-axis) due to
the radiation absorbed within the atoms and molecular structure. Because absorption
features are unique to certain minerals and mineral groups, they can be used as
diagnostic tools to confirm findings.
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“South Fan Deposit” scene is located ~100km to the southwest of the fan deposit, and
exists at a higher elevation than the previous scenes. This scene is also located near an
in filled crater, near a mouth where it has appeared to have once spilled over. The area
it spills into is a large catchment basin, whose channels feed the areas of lower elevation
to the northwest. There is significant evidence for long term water/rock contact here.
Low calcium pyroxene has been altered by water up to a certain elevation point (fig. 6a).
Along with this, aluminum bearing phyllosilicates can be seen trending along the ridge in
the southern portion of the scene, and around other features as well (fig. 6b). Spectra
from these areas coincide with laboratory spectra gathered from aluminum smectites,
such as montmorillonite (fig. 6c).
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Data used in this study were collected by Context Camera (CTX) [Malin et al, 2007],
and Compact Reconnaissance Imaging Spectrometer for Mars (CRISM) aboard the
Mars Reconnaissance Orbiter (Murchie et al, 2007). Additional datasets from Thermal
Emission Imaging System (THEMIS) aboard Mars Odyssey (Christensen et al, 2004),
and Mars Orbital Laser Altimeter (MOLA) aboard the Mars Global Surveyor (Smith et
al, 2001).
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“Northwest Fan Deposit” scene is located ~50km northwest of the fan deposit, and it is
also the location of the eroding volcanic capping unit mentioned in (Quantin et al, 2016).
This capping unit appears to have originated from impact driven processes from the
crater to the southeast of this image, seen in figure 2. The volcanic flow, as well as
magma spots in this scene, are comprised of low calcium pyroxene (fig 4a). It is around
the borders of these features that we can observe Fe/Mg phyllosilicates (fig 4b). Once
again, spectral analysis reveals that these signatures are consistent with that of Fe/Mg
smectites (fig 4c). The smectite trend in this scene appears to match the outline of the
darker capping unit, however not all of the borderline is marked by smectites.
Figure 4a-b. “Northwest Fan Deposit” scene. North is up. Image
window 18km x 18km. Center near 18.2515°N, 335.5125°E
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Figures 3c, 4c, 5c, 6c.
Average spectra for Fe/Mg
phyllosilicates (fig. 3b, 4b,
and 5b, turquoise) compared
to USGS sample NBJB26
Nontronite. In-situ spectra
are collected, and then
ratioed against spectrally
bland areas within the same
pixel column to help remove
spectral artifacts. Therefore,
reflectance in these figures
are relative, and plots are
offset for clarity. Diagnostic
absorption features in the
VNIR range for Fe/Mg
smectites are located at 1.4,
1.9, and 2.29-2.31 microns.
The absorption features at
1.4 and 1.9 are due to
vibrational absorptions
caused by water within the
molecular structure.
Smectites that are rich in
iron will have an absorption
feature closer to 2.29
microns, whereas magnesium
rich smectites have a
diagnostic feature closer to
2.31. It is common on Mars
for these spectra to have
broad absorption around
2.30 microns, due to mixing
and the spatial resolution of
CRISM (Ehlmann, 2009).
Additionally, the relative
depth of the absorption at 1.9
is indicative of the degree of
hydration, and the 1.4
feature can shift from
1.39-1.43 depending on the
ions present within the
phyllosilicate structure
(Ehlmann, 2009). In figure
6c, average spectra for
smectites in the “South Fan
Deposit” are differentiated
between Fe/Mg and
aluminum bearing. While the
absorption features near 1.4
and 1.9 microns do not vary,
aluminum bearing smectites
have their third diagnostic
feature near 2.22 microns.
Average spectra for Al
smectites in this figure are
compared to USGS CAJB13,
montmorillonite. Certain
ranges of in-situ spectra
within these plots have been
deleted so as to not be
confused as absorption
features.
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“Fan Deposit” scene lies just a few kilometers south of the prominent, deltaic fan deposit
feature mentioned in preliminary studies of this area (Quantinet al, 2016). This is the
direction in which the ExoMars rover is slated to travel after landing further to the
north/northwest (Quantin et al, 2016). The southern half of the fan deposit is visible in
this scene, and CRISM data overlaps a small portion of it. The deposit itself does not
show signs of having been altered by water, and spectral signatures seem to indicate
that it is a low calcium pyroxene (fig. 3a). It should be noted that LCP also makes up
most of the CRISM scene, as well as the dominant crater and its ejecta blanket.
Phyllosilicates do appear in this scene; largely around that same crater, and at varying
elevations (fig 3b). Spectral analysis of these phyllosilicates reveals that they are Fe/Mg
smectites when compared to spectra from nontronite, an iron-rich smectite (fig 3c).

Figure 3a-b. “Fan Deposit” scene. North is up. Image
window 18km x 18km. Center near 17.750°N, 336.075°E
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Spectral Plots
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Figure 2. Oxia Planum (NW) and Coogoon Valles (SE). North is up. Center near
17.520ºN, 336.660ºE. THEMIS Daytime IR data against MOLA colorized elevation
data. Highlighted are the outlines of the CRISM scenes used in this study, as well as
their respective nomenclature.

In preliminary studies, it was noted that Oxia Planum is a relatively flat, clay
bearing unit that possibly could have been formed by a large standing body of water,
similar to terrestrial processes (Carter et al 2016, Quantin et al 2016). In the north
fan deposit scene, CRISM data and crater activity reveals a stratigraphy we might
expect from such a formation mechanism; Fe/Mg smectites overlying basaltic parent
material. In the northwest fan deposit scene, we see the concentration of smectites
occurring near past lava flows. In the fan deposit scene, we can see smectites
around the crater in the middle of the image, however not in the same pattern that
we might expect to see an ejecta blanket. What might cause this?
On Mars, subsurface ice is a common feature. A common formation of the
martian landscape is chaos terrain; huge areas of jagged, sunken surface material
collapsed inward due to the melting of a subsurface ice deposit. Of course,
subsurface ice adjacent to lava is subject to melting. It can also cause melt water to
become very hot and chemically active, meaning it will more readily alter
surrounding parent material to form smectites (Peretyazkho et al, 2016). Asteroid
impacts can also create these conditions. It seems that smectites trend around
areas where we can see these processes to have occurred. The fan deposit itself
does not show signs of having been altered by water, it is not likely that a large
standing water body existed here for a long period of time, and the fan deposit itself
could simply be a lava flow.
The south fan deposit scene provides strong evidence that water existed here
for a long time. A pattern of widespread alteration of basaltic parent material is
apparent, and aluminum bearing smectites are also present. When Fe/Mg smectites
continue to be exposed to water, the Fe and Mg ions will continually be removed
from the molecular structure, leaving aluminum as the dominant cation. The scene
is located at the mouth of an inlet that appears to feed a much larger catchment
basin. Further CRISM data should be collected from this catchment.
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