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Introduction:  Gale crater is a 154 km crater locat-

ed at 5.4°S 137.8°E on Mars and is thought to have 

formed between 3.5 and 3.8 Ga [1]. The crater is of 

particular interest because of its location along the 

Martian dichotomy, the presence of a large interior 

mound, Mt. Sharp, of sulfate- and phyllosilicate-

bearing sediment [2, 3], and because it is the landing 

site for the Curiosity rover  [4]. Multiple fluvial chan-

nels lead into Gale crater and promptly terminate with-

out large fans; it has been proposed that the channels 

fed into a large, stranding body of water [5, 6].  Previ-

ous analyses of the region show that most of the crater 

is covered in dust, which obscures the underlying bed-

rock composition. Visible/near-infrared data from the 

Observatoire pour la Minéralogie, l’Eau, les Glaces, et 

l’Activité (OMEGA) instrument and orbital data from 

the Thermal Emission Spectrometer (TES) have 

shown, however, that the southern portion of Gale 

lacks this dusty layer and reveals underlying materials 

which contain low and high calcium pyroxenes [7].   

Determining the bedrock mineralogy allows us to 

make inferences about the past and present environ-

ments at Gale. Moreover, determining the bedrock of 

the surrounding region is critical for assessing the 

provenance and nature of alteration of Mt. Sharp sedi-

ments, i.e., whether they originated from erosion and 

transport of the regional bedrock or whether the source 

was airfall deposition of materials derived from else-

where [e.g. [8]]. The Curiosity rover landing site is 

located far from the crater walls where bedrock is best 

exposed; hence, orbital data must be employed to in-

form this investigation. Here we describe our prelimi-

nary results of the likely mineralogy of Gale crater 

bedrock based on a spectral analysis using images 

from the Compact Reconnaissance Imaging Spectrom-

eter for Mars (CRISM) onboard the Mars Reconnais-

sance Orbiter.   

Datasets & Methods:   We analyzed full and half 

resolution targeted CRISM images as well as multi-

spectral reduced data tiles in and around Gale crater.  

Using the publicly available CAT ENVI toolset we 

corrected CRISM images in and around Gale by apply-

ing a cosine i photometric correction as well as doing 

division by a scaled atmospheric transmission spec-

trum, which was empirically optimized for the specific 

scene [9]. We then examined standard summary pa-

rameters [10] to determine regions of interest.  We 

analyzed individual spectra as well as spectra from 

averaged regions of interest. Residual calibration arti-

facts were removed and distinctive absorptions diag-

nostic of particular minerals were isolated by dividing 

spectra from a region of interest by a spectra from a 

relatively bland portion of the scene.  We then com-

pared these ratioed spectra to the spectra from known 

minerals to identify particular phases. We also com-

pared these scenes with available images from the 

High Resolution Imaging Science Experiment 

(HiRISE) [11] for more detailed examination of the 

surface morphology. This investigation focused exclu-

sively on rim materials, rather than the composition of 

the sedimentary mound which has been previously 

studied [2, 3]. 

Results: We have identified olivine, pyroxene, and 

hydrated minerals within rocks of the Gale crater rim 

(Fig. 1). Olivine-bearing rocks are found in five imag-

es along the Gale crater rim (Fig. 1).  In two of these 

scenes (1791F and B5A3) the olivine coincides with 

the rim and ejecta blanket of smaller craters.  In image 

C95A the olivine appears on an outcrop along the edge 

of the Gale rim (Fig. 2)  In image 9D8A the olivine 

appears in a sand dune and in channels leading down 

to the dunes near the base of the Gale rim; pyroxene 

was also identified in these deposits.   

Fig. 1. Digital image mosaic from Mars Global sur-

veyor showing locations of CRISM scenes along the 

rim of Gale crater and the materials identified in these 

images.   

 

     Hydrated material was also identified in the rims 

and ejecta blankets of the smaller craters in images 

1791F and B5A3 [in agreement with [12]].  The hy-

drated material appears in close proximity to the oli-

vine in these ejecta blankets. The particular mineral 
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has not been identified but the spectra show absorp-

tions at  ~1.9 μm.  

     There are many channels which lead into Gale from 

the surrounding region but so far these channels have 

not shown distinct mineral signatures.  Rather, scarps 

and small craters are the locations where the mineralo-

gy of underlying bedrock can be discerned beneath the 

dust.  

 

 

 

 

 
 

Discussion: The occurrence of olivine and hydrat-

ed minerals in and around smaller craters suggests that 

these minerals are likely from the bedrock in Gale as 

opposed to dust and fines.  The olivine and hydrated 

minerals associated with the two craters where olivine 

was identified lie near the base of Gale crater. This 

could suggest the stratigraphic location of an olivine 

bearing unit is near the crater floor. Since olivine was 

also identified on the Gale crater rim it is possible that 

the olivine bearing unit was partially ejected during 

excavation of Gale crater. Alternatively there may be 

two olivine bearing units or a nearly homogenous oli-

vine-bearing bedrock that is only patchily exposed. 

Interestingly, the hydrated minerals are only found on 

these lower exposures (so far), and it is not yet clear 

whether the hydrated minerals are sourced from the 

bedrock, as is the case elsewhere in the southern high-

lands [e.g.[13]], or are from outlying remnants of a 

once more extensive mound of sediments.    

Future Work: Work is currently in progress to 

create parameters which are more unique to the indi-

vidual minerals and to use additional processing tech-

niques to isolate weak signatures. These parameter 

maps will hopefully lead to the identification of addi-

tional exposures where the mineral signatures were too 

subtle to be picked up by the current techniques..We 

will refine the composition of the olivine and pyroxene 

identified using Modified Gaussian Modeling [e.g.[14, 

15]]. Additionally, we will expand regional coverage, 

examining CRISM images of the nearby craters 

Knobel and Sharp and the mineral spectra will be 

compared to those found in Gale.  If the minerals 

found in these nearby craters match those found in 

Gale, we will attempt to map the units stratigraphically 

or by correlating them another observed phenomenon 

such as the thermal inertia.    
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Fig. 2A) Comparison 

of spectra collected 

from various CRISM 

images with spectra of 

known minerals.  The 

similarities in the 

spectra show that oli-

vine and a hydrated 

phase are likely pre-

sent in the Gale crater 

rim. B) False color 

CRISM images indi-

cating the locations of 

the collected spectra. 
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