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Introduction: Mars is largely a volcanic planet 

with a fairly wide range of volcanic compositions in-

cluding granitic [1], olivine-rich basalt [2-6], and dac-

itic materials [7].  However two compositions are pre-

dominant on Mars, a basalt and a basaltic-andesite [8] 

which have been further characterized into four pri-

mary sub-components [9].  While many areas have 

been characterized by their compositional data and 

physical nature, a large portion of these areas, both 

discovered and undiscovered, remain unstudied. 

The area of interest for this study is the Ganges and 

Eos Chasma area on the eastern end of Vallis Marin-

eris.  This area was chosen because the diversity in 

basaltic material identified by Christensen et al. [2] has 

remained largely unstudied.  Several localized outcrops 

of olivine-rich bedrock have previously been identified 

in this location with the Thermal Emission Imaging 

System (THEMIS) onboard the Mars Odyssey Space-

craft.  The extent of this outcrop was previously 

mapped in Ganges Chasma for a relatively short dis-

tance (~100 km) using THEMIS multi-spectral images 

[2].   Thermal Emission Spectrometer (TES) spectra 

have corroborated the findings of the THEMIS infrared 

data (through the use of spectral ratios of the unit in 

question to the surrounding country material) and have 

identified the unit as an olivine-rich basalt [2].  The 

objective of this study was to determine the extent of 

this unit and better understand its mode of origin. 

 

 

Figure 1: a) Interpreted outcrop locations (red) identified from the THEMIS multi-spectral 100m spatial sampling 

mosaic. b) Decorrelation stretch  (bands 8, 7, and 5) mosaic of eastern site. c) Decorrelation stretch  (bands 8, 7, and 

5) mosaic of southern most site.  
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Method: A 100 meter per pixel spatial sampling 

multi-spectral THEMIS infrared daytime mosaic was 

created, using bands 8, 7, and 5 (11.79!m, 11.04!m 

and 9.35!m wavelength bands respectively).  These 

bands were chosen intentionally to emphasize the 

strong absorption in band 7 that is lacking in the sur-

rounding basalt units.  With this band combination, the 

olivine-rich unit appears purple in the decorrelation 

stretch.  This mosaic was created on a much larger 

scale than mosaics in previous studies [2] with an area 

of approximately 1.2 x 10
6
 km

2
.  

An interpreted geologic map (Figure 1a) was con-

structed by outlining and coloring outcrops after they 

were identified in the original multi-spectral mosaic.  

Two examples of smaller decorrelation stretch mosaics 

with the same band configuration as the large mosaic 

are shown in Figures 1b-c.  

Throughout the entire Mars Odyssey mission there 

have been no significant dust storm events, and atmos-

pheric dust contents have remained low and relatively 

similar.  The differences in dust content for the pur-

pose of this study are small enough that they can be 

considered insignificant; therefore no atmospheric cor-

rection has been performed on the THEMIS data.  

Also, since this olivine-rich unit is approximately hori-

zontal and near the bottom of a relatively flat canyon, 

the atmospheric path lengths are nearly the same.   

After the outcrops were identified and outlined, 

they were registered to Mars Orbiter Laser Altimeter 

(MOLA) elevation data for both binned and single shot 

MOLA elevation data [10].  The average elevation of 

approximately 60 of the largest in-place rock outcrops 

was measured from the binned elevation data based on 

locations from the interpreted geologic map.  The sin-

gle point elevation data were used to ensure that the 

binned values were representative of the actual outcrop 

elevations.  A topographic cross-section was created 

(Figure 2a,b), as this proved to be the most useful way 

to display the three-dimensional MOLA data.  How-

ever, the effectiveness of the cross section would be 

lost if only the points that fell along the topographic 

profile line were used, so a bin of points was used (~50 

km away from the topographic profile line).  The ele-

vation of each of these points was extracted and then 

projected orthogonally to the defined topographic cross 

section line.  This method seems to accurately show 

the elevation of the outcrops, but in some instances it 

can cause errors.  Instances where this becomes a prob-

lem occur if the cross section elevation line crosses a 

high hill or a low point in the canyon and the points 

remain in the walls of the canyon.  These points would 

appear below and above the topographic profile line, 

respectively.  It is the overall trend of the points that is 

the most significant and useful data and not necessarily 

their relationship to the topographic profile. 

 

 
Figure 2a: Cross section location (A-A’’’) with aver-

age outcrop elevation locations on MOLA elevation 

data. The solid line is the topographic profile line, the 

dashed line is the 50 km bin boundary, and the dots are 

locations of average outcrop elevations. 

 
Figure 2b: Cross section A-A’’’ taken through the 

bottom of the main canyon plotted with the average 

outcrop elevation, MOLA elevation and a trend line. 

Results/Observations: Through the use of MOLA 

elevation data and the THEMIS compositional data, it 

was possible to gain three-dimensional information on 

the outcrops. By plotting the elevation data along with 

the location on the planet it is possible to determine the 

continuity of the layer. Figure 2 shows one cross sec-

tion that provides the means to assess the continuity of 

the layer, where the average elevations of many out-

crops along a defined topographic profile are plotted. 

This unit outcrops near the canyon floor, often times 

forming benches that are elevated above the canyon 
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floor.  Cross section A-A’’’ which runs down the mid-

dle of the entire canyon (Figure 2b) illustrates that the 

topographic profile of the canyon floor, depicted as the 

solid line, is nearly always lower than the points of 

average elevation for each of the outcrops.  The topog-

raphic profile line was also included to give a sense of 

the overall regional dip of the canyon. 

Estimates of the thickness can be made in each out-

crop location.  This thickness is estimated from the 

minimum and maximum elevations of each outcrop 

and the standard deviations of all of the individual bin-

ned outcrop elevations.  The estimated thicknesses 

range from ~40m to ~110m. 

The dip and dip direction of this unit are other im-

portant properties because they can help constrain both 

the emplacement mechanism and the amount of crustal 

deformation the area has undergone.  Through the 

analysis of several cross sections, the layer is found to 

dip slightly to the northeast.  By using the best linear 

fit to the A-A’’’ data, the actual dip of the layer is de-

termined to be 0.013 degrees to the northeast, which is 

functionally negligible.  Since there are smaller scale 

variations in the data, it can be assumed that this layer 

is flat lying over large distances.  This measured dip 

also corresponds with the large scale MOLA topogra-

phy where the highest part in this scene occurs in the 

southwest corner and the lowest occurs in the northeast 

section.  

Typically, these outcrops are exposed in small hills 

or slightly raised areas near the sides of the canyons, as 

well as in the walls of the canyon.  They also fre-

quently occur in a linear arrangement with small re-

peated and elongated outcrops occurring within rela-

tively short distances.  These groups of small outcrops 

range from several km up to 50 km and more in size. 

The outcrops are often elongated parallel to the direc-

tion of the canyon walls.  The unit does not always 

outcrop in a linear fashion, as seen in Figures 1b and 

1c where the unit forms a large flat area.  This unit also 

outcrops in a side canyon in the north of Figure 1 as a 

larger bench. 

The regional THEMIS mosaic (Figure 1a) shows 

the full extent of the olivine-rich basalt unit. This unit 

appears to be continuous over >1,100 km in the walls 

of the canyon. 

Through preliminary work utilizing Mars Orbiter 

Camera (MOC) high-resolution imagery, it can be seen 

that the olivine-rich outcrops have a relatively higher 

albedo than the surrounding canyon floor, yet do not 

appear to be mantled by dust or other regolith material.   

Figures 1b and c are some of the only areas covered 

with high-resolution data (~1.5-3m/pixel) so it is diffi-

cult to ascertain the small-scale morphologies for many 

of the outcrop locations.  The MOC visible images 

show a fairly rough and pitted surface.  However, there 

are areas that have been infilled with some amount of 

aeolian materials, which are identified by small-scale 

dunes. 

The physical nature of the outcrops has also been 

characterized using thermal inertia. Thermal inertia 

data were calculated for individual THEMIS nighttime 

temperature images [11] that covered several of the 

outcrops under investigation, including Figures 1b,c.  

Many of these outcrops have much higher thermal in-

ertia than the surrounding floor material, which typi-

cally range from  ~300 to ~600 J K
-1 

m
-2 

s
-1/2

, with out-

crop values of ~600 J K
-1 

m
-2 

s
-1/2

 and greater.   This 

high thermal inertia indicates that this unit is in-place 

and is not a mobile aeolian material. 

Discussion: The identification and mapping of this 

unit poses some interesting questions as to the continu-

ity, volume and origin of the unit. 

Continuity. Through the use of cross sections and 

elevation plots (Figure 2b), it can be seen that the layer 

lies mostly on the same surface, which appears to be 

slightly dipping (0.013 degrees) toward the northeast.  

However, this surface does not appear to lie on a per-

fect plane.  One possible explanation for the variations 

in the average elevation data is that this was a lava 

flow that filled in pre-existing canyons, grabens or 

craters, thus resulting in the variations in elevation 

seen in the cross sections.  If the unit is a sill, these 

irregularities can be attributed to the magma preferen-

tially following weaknesses in the country rock. An-

other possible explanation is some slight tectonic de-

formation, such as faulting, which could account for 

these variations as well.   

The elevation variations for this unit are within the 

expected amount of variation for a continuous layer of 

this extent. The linear arrangement of outcrops also 

helps affirm that the unit is a continuous layer within 

the canyon walls.  The outcrops that occur outside of 

the main canyon system suggest a more extensive layer 

that extends under the high plateau and only outcrops 

at specific elevations.   

Volume. Assuming that the maximum extent of the 

unit corresponds to the maximum extent of the ob-

served outcrops, a rough estimate of the volume of 

olivine-rich material can be estimated by fitting an 

ellipse to the region where all of the identified outcrops 

are included by the smallest possible ellipse.  The area 

of this ellipse of maximum extent is ~6.6x10
5
 km

2
.  By 

assuming a thickness of 100m a volume of ~6.6x10
4
 

km
3
 has been estimated. 

Large igneous provinces on Earth, for example the 

Siberian Traps or the Deccan Traps, have total magma 

emplacement volumes of 4x10
6
 km

3
 [12] and 2x10

6
 

km
3
 [13] respectively.  These volumes are more than 
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an order of magnitude larger than the estimated vol-

ume of the Ganges unit. These terrestrial cases, how-

ever, represent the total volume erupted, whereas the 

Martian case is only a single unit within what has been 

interpreted as a massive sequence of lava flows ex-

posed in the canyon walls [14].  

Origin and source. The final question that must be 

asked is that of the source of this layer. Three possible 

sources include: a sill intrusion, volcanism associated 

with rifting, or a large flood lava or a volcaniclastic 

deposit. The sill mechanism for emplacement does not 

adequately explain the different composition of this 

unit, nor the remarkably widespread occurrence. It 

seems unlikely that the emplacement of this unit would 

be due to rifting, as outcrops are seen outside of the 

main canyon system (Figure 2a).  If this unit was em-

placed by a rifting event, it would be expected to only 

outcrop near the canyon floor. The third possibility is 

that this was a flood lava erupted or a pyroclastic flow 

deposited on the surface of Mars in a relatively short 

time period, which has since been buried under a large 

sequence of flows [14].  This hypothesis can effec-

tively explain the variations in outcrop elevations and 

the seemingly single layered nature of the unit. There 

is no evident source for these flows, but on Earth and 

the Moon the source vents are typically buried.  The 

mechanism by which a relatively thin olivine-rich flow 

or pyroclastic deposit is produced likely involves some 

degree of internal magmatic differentiation or frac-

tional crystallization process. 

Conclusions:  

1. An in situ, stratagraphic layer has been identi-

fied, which extends for >1,100km and has a minimum 

volume of ~6.6x10
4
 km

3
. This unit was characterized 

and identified utilizing TES spectra and THEMIS 

multi-spectral images, along with THEMIS nighttime 

temperature data to determine the thermophysical 

properties of the outcrops.  Many outcrops have a 

thermal inertia of ~600 J K
-1 

m
-2 

s
-1/2

 and greater which 

indicates that this unit is not a mobile sediment. 

2. This layer is continuous over >1,000 km and the 

outcrops seem to describe a surface that dips slightly 

(0.013 degrees) to the northeast. This unit is one of the 

largest continuous units found on Mars. 

3. Three possibilities for the source of the olivine-

rich unit include: a basaltic sill, a rift valley, or a large 

flood lava or a pyroclastic deposit. The most likely 

explanation for the source of this unit is a basaltic 

flood lava or a pyroclastic flow. 
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