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Introduction:  Recently, the Mars Science Labora-

tory (MSL) was sent to Gale crater on Mars with the 

primary goal of assessing past habitability in the re-

gion. Gale crater was selected primarily because of a 

large interior mountain, informally known as Mt. 

Sharp, made of roughly flat lying strata which may 

preserve great changes in the Martian environment  

[1].  A wide range of hypotheses have been proposed 

to explain the Mt. Sharp sediments ranging from depo-

sition in a lacustrine environment to ash fall [2-10].  

Measurements taken by MSL have thus far shown that 

Mt Sharp hosts an unexpectedly wide range in compo-

sitions and rock types [11-14].   

Rocks analyzed by the Alpha Particle X-ray Spec-

trometer (APXS) and laser-induced breakdown spec-

trometer, ChemCam, near the MSL landing site 

demonstrate a high alkalinity and abundance of feld-

spars in several samples, mostly of float rock [11, 14].  

The proximity of Bradbury rise to an alluvial fan 

named Peace Vallis led to initial interpretation that 

these rocks originated from fractured bedrock in the 

rim of Gale.  This composition is unexpected because 

Gale is presumed to have been emplaced in basalt 

similar in composition to basalts observed by the MER 

rovers[11, 14].  Analyses by the on-board X-ray dif-

fraction instrument, CheMin, at points dubbed 

Rocknest and Yellowknife Bay revealed significantly 

more mafic compositions  [12, 13].   Yellowknife Bay 

mudstones had small amounts of olivine but a large 

proportion of hydrated phases, in comparison to 

Rocknest aeolian bedform sands [14].   The complexity 

evidenced by the changes in composition as well as the 

unexpected mineralogy of the samples  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

clearly demonstrates the need for a better understand-

ing of the regional compositional heterogeneity. 

Methods:  Because MSL will not reach any of the 

bedrock in the Gale crater rim and walls it is necessary 

to study the bedrock composition of the Gale region 

through remote sensing data.  We have analyzed full 

and half resolution targeted spectroscopic scenes from 

the Compact Reconnaissance Imaging Spectrometer 

for Mars (CRISM) in the Gale wall and rim as well as 

in the nearby craters Sharp and Knobel [15, 16].  In 

order to better understand the morphology and context 

of mineral detections, we have followed up using im-

agery from the High Resolution Imaging Science Ex-

periment (HiRISE) and the Context Camera (CTX).  

Because mafic minerals such as olivine are prevalent 

on Mt. Sharp and in the greater Gale region we have 

paired our remote sensing investigation with one in the 

laboratory.  We have acquired olivines of varying grain 

sizes and compositions to aid in a better quantitative 

understanding of the remote sensing mineral detections 

we have made [17].    

Results: Olivine was identified in three CRISM 

scenes- two on the walls of Gale crater and one on the 

rim.  In the wall detections, hydrated minerals were 

also found associated with ejecta blankets of small 

craters, in agreement with work done by [18].  Most of 

the CRISM data available along the Gale rim and wall 

are spectrally bland due to dust cover or poor atmos-

pheric conditions.  In nearby Sharp and Knobel craters 

we have detected mafic minerals in 8 CRISM scenes.  

Hydrated phases are also associated with some of the 

mafic detections.  Figure 1 indicates our mineral detec-

tions in the Gale region.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1:  

Mars Global Surveyor digital 

color mosaic of the greater 

Gale region with our mineral 

detections indicated.   White 

outlines indicate CRISM cov-

erage.  In Gale crater we only 

looked at CRISM images of 

the wall and rim.  Lack of de-

tections in some CRISM im-

ages are due to scene wide 

dust coverage, spectrally bland 

areas, or strong atmospheric 

effects.   
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Interpretation:  Visual comparison of the mineral 

signatures between Sharp and Gale craters reveral po-

tential compositional similarities.  For example, as 

demonstrated in Figure 2, the olivine spectra for the 

Mt. Sharp sand dune and that of the southern Gale wall 

are strikingly similar.  It has been demonstrated previ-

ously that as iron content in olivine changes, the three 

absorption bands which make up the olivine signature 

systematically shift to longer wavelengths [19].  The 

troughs and inflection points of these two detections 

appear to match in wavelength position, suggesting 

they are compositionally similar.  Unlike on Earth 

where high-Mg olivines dominate, olivines from 

forsteritic to fayalitic compositions are abundant on the 

Martian surface and can be used to discriminate geo-

logic units.   

In hydrated phases, the position of absorption 

bands between 2.2 and 2.4 µm shifts to longer wave-

lengths for heavier metal ions [20].  Our hydrated 

phase detections between Sharp crater and the Gale 

wall are Fe/Mg phyllsoilicates, though the particular 

phase is not uniquely identifiable through band center 

position.   

Many of our detections in the Sharp/Knobel region 

are within a channel leading into the southern rim of 

Sharp Crater.  Layered deposits are found throughout 

the channel with both mafics and hydrated signatures.  

The channel terminates in a large alluvial fan where 

mafic and hydrated sediments are found along the pe-

rimeter of the fan [16].  This channel is one of several 

emanating from a watershed which feeds the Gale re-

gion.  By tracing the sediment transport in this water-

shed and observing any potential alteration of mafic 

minerals from the basin into Sharp crater we may gain 

insight into similar processes likely at work in Gale.  

No mineral detections have been made thus far in the 

channels leading to Gale due to dust coverage.   

Future Work:  We will utilize the various other 

remote sensing datasets which exist in the Gale region.  

In particular, full coverage of the Gale region exists 

with the Observatoire pour la Minéralogie, l'Eau, les 

Glaces et l'Activité (OMEGA) although the spatial 

resolution is reduced compared to CRISM.  Infrared 

data available from the Thermal Emission Imaging 

System (THEMIS) orbiting on Mars Odyssey.  Ther-

mal infrared data are useful for discriminating between 

different precipitates such as carbonates, sulfates, and 

phosphates as well as for differentiating silicate miner-

als based on silica content [21].  THEMIS data ac-

quired in the night can be used to inspect other thermal 

physical properties of surfaces such as grain size.  We 

are also in the processes of improving upon spectral 

deconvolution techniques through our laboratory 

study.  Spectral deconvolution will enable us to quanti-

tatively compare the chemical composition of the 

mafic minerals we have detected.   
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Figure 2: Comparison of olivine detections 

Spectral similarities between the three olivine de-

tections shown suggest compositional similarities 

as well. The 1-µm absorption and the 1.3 µm in-

flection point appear to lie at the same wavelength 

with all three remote sensing data detections, while 

the library olivine inflection point is at a longer 

wavelength.  The library olivine used in this exam-

ple is approximately Fo 90.   
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