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Introduction: Understanding the transitions be-

tween mineral assemblages in Mars’ sedimentary rock 
record can provide insights into global-scale processes 
and the climatic history of early Mars, and can help us 
to understand the planet’s evolution as a potential envi-
ronment for early life. Mt. Sharp, the ~5 km high 
mound of sedimentary rocks within Gale Crater, exhib-
its a complex mineralogical and stratigraphic diversity 
[1-2], the depositional context of which remains uncer-
tain (lacustrine, aeolian, or pyroclastic settings have all 
been proposed [1-4]). The possibility of Mt. Sharp 
recording multiple environmental transitions, and the 
potential of the phyllosilicate-bearing units to preserve 
biosignatures, has led to the selection of Gale Craer as 
the landing site for the Mars Science Laboratory 
(MSL) rover mission [5]. However, the precise nature 
of the transition from the phyllosilicate-bearing se-
quences to the sulfate-bearing sequences remains 
poorly understood. 

To interpret complex mineral stratigraphies on 
Mars, such as that at Mt. Sharp, a precise co-
registration of hyperspectral datasets with high-
resolution images is required. For example, correlating 
mineral transitions observed in Compact Reconnais-

sance Imaging Spectrometer for Mars (CRISM) data to 
geomorphologic transitions observed in High Resolu-
tion Imaging Science Experiment (HiRISE) data is 
critical to interpreting the nature of the stratigraphy. 
However, precise correlations have been difficult be-
cause of differences in the spatial resolution of the 
instruments (~72 times higher for HiRISE) and discre-
pencies in the standard map projections. CRISM imag-
ing data are typically map-projected using the 128-
pixel per degree Mars Orbiter Laser Altimeter 
(MOLA) shape model of Mars, while HiRISE image 
projections typically use the MOLA ellipsoid (which 
does not account for local shape).  

Here we present a new methodology for co-
registering CRISM and HiRISE observations. This 
precise co-registration allows for better correlations of 
mineral detections with geomorphologic/topographic 
features at Mt. Sharp than was previously possible.  

Data: We use coordinated observations from the 
CRISM [6] and HiRISE [7] instruments onboard the 
Mars Reconnaissance Orbiter (MRO) spacecraft. 
CRISM observations (~18 m/pix) provide high spectral 
resolution and broad wavelength coverage while 
HiRISE RED observations provide high spatial resolu-

Figure 1. Examples of orthorectified products from the COSI-Corr registration of CRISM observation FRT0000B6F1 with the 
HiRISE DTM made from observations PSP_009149_1750 and PSP_009294_1750: (a) HiRISE_RED observation 
PSP_009149_1750; (b) CRISM VIS false color image (R=0.7 µm; G=0.6 µm; B=0.5 µm); (c) CRISM hydrated mineral map 
(R=mafics (OLINDEX2); G=Fe/Mg phyllosilicates (D2300); B=hydrated minerals (D1900)), mineralogy initially reported by [1], 
parameters modified from [14] and [15]; (d) CRISM Fe mineralogy map (R=Fe oxides (BD530); G=olivine (OLINDEX2); B= 
pyroxene (HCPINDEX)), parameters from [15]. All show 50 m contours from the reference DTM. 
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tion (~25 cm/pix). CRISM full resolution targeted 
(FRT) data are acquired using two detectors: a VNIR 
detector covering 0.36 to 1.05 µm and an IR detector 
covering 1.00 to 3.92 µm [6]. The data have been cali-
brated and corrected for known instrumental artifacts 
and atmospheric effects using methods developed by 
the CRISM team [8].  

Co-registration of CRISM and HiRISE: We 
have applied the Co-Registration of Optically Sensed 
Images and Correlation (COSI-Corr) methodology 
developed at the Caltech Tectonics Observatory to 
CRISM and HiRISE. The technique was created to 
measure coseismic displacements from pre- and post-
earthquake images with a sub-pixel accuracy [9-10]. 
For Mars, COSI-Corr has previously been applied to 
repeated HiRISE observations to monitor dune migra-
tion at sub-pixel resolution [11-12]. 

A high resolution DTM extracted from a stereo 
HiRISE pair [13] along with the orthorectified stereo 
HiRISE images (by-products of the DTM extraction) 
were used as the references to co-register the CRISM 
image. One of the orthorectified stereo HiRISE im-
ages, which is perfectly co-registered to the DTM by 
construction, was downsampled to 18m/pixel, the 
nominal CRISM image resolution. The CRISM ge-
ometry was implemented in COSI-Corr in order to co-
register the CRISM image to the orthorectified and 
downsampled HiRISE image (the ‘reference’). 

The process of CRISM image registration is as fol-
lows (and peformed separately for the VIS and IR 
data): Tie points are selected on stable features be-
tween the raw CRISM image and the reference image. 
Tie points are optimized using sub-pixel correlation, 
and converted into ground-control points (GCPs) using 
the reference image for planimetric coordinates and the 
DTM for elevation. The procedure then applies a cor-
rection, based on the GCPs, to the rigorous model of 
the CRISM acquisition geometry. The CRISM image 
is orthorectified on the same sampling grid as the ref-
erence. However, some mis-registration between the 
reference image and the orthorectified CRISM remain 
due to unmodeled gimbal jitter, MRO spacecraft jitter, 
and camera geometry calibration residuals. An addi-
tional co-registration step is therefore carried out ap-
plying dense correlation between the reference and the 
orthorectified CRISM, followed by a re-wrapping ac-
cording to the disparity map obtained. In order to 
minimize pixel mixing during the various resampling 
steps, the final co-registered CRISM image is only 
resampled once from the raw image by cumulating the 
successive transforms. 

Results: The output of the COSI-Corr process is a 
very accurately co-registered observation set (HiRISE 
RED orthoimage, HiRISE DTM and CRISM VNIR 

and IR spectral qubs) that can be used for correlating 
mineral identifications with high-resolution stratigra-
phy. Fig. 1 shows example products from a co-
registration of CRISM observation FRT0000B6F1 
with the HiRISE DTM made from observations 
PSP_009149_1750 and PSP_009294_1750. This ob-
servation of the lower portion of Mt. Sharp, southwest 
of the MSL landing site, includes the transition from 
phyllosilicate- to sulfate-bearing strata. 

Diagnostic mineral absorptions observed in CRISM 
data can be parameterized and mapped spatially (e.g., 
by calculating absorption band depth for each pixel in 
an image). Fig. 1c shows a hydrated mineral map made 
from the co-registered CRISM observation (using pa-
rameters defined by [14]), with the spatial extents of 
Fe/Mg phyllosilicate and other hydrated mineral detec-
tions precisely coaligned with the HiRISE image and 
DTM. A map of iron mineralogy (Fig. 1d, parameters 
defined by [15]) shows how iron oxides, olivine and 
pyroxene compositions vary with the Mt. Sharp strati-
graphy. 

Within Gale Crater, there are 14 additional sets of 
coordinated CRISM/HiRISE observations with 
HiRISE stereo pairs for which this co-registration tech-
nique can be applied. The resulting datasets allow for 
precise correlations of mineral composition with 
topographic features such as slope (angle of repose), 
stratigraphic features such as marker beds and uncon-
formities, and geomorphologic features such as spe-
cific outcrops, channels or drift deposits. These prod-
ucts also help in ruling out false mineral detections via 
more precise correlation with shadows. 

Summary: We have successfully applied the 
COSI-Corr image co-registration technique to CRISM 
and HiRISE coordinated observations. The resulting 
datasets allow for better interpretations of the complex 
mineral stratigraphies at Mt. Sharp and other locations. 
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