
MULTISCALE AND MULTISPECTRAL CHARACTERIZATION OF MINERALOGY WITH THE 
EXOMARS 2020 REMOTE SENSING PAYLOAD.  E. J. Allender1, C. R. Cousins1, M. D. Gunn2, C. M. Caudill3 
1University of St Andrews, School of Earth and Environmental Sciences, Irvine Building, North Street, St Andrews, 
UK, KY16 8JT (ea63@st-andrews.ac.uk, crc9@st-andrews.ac.uk), 2Aberystwyth University, Department of Physics, 
Penglais Campus, Aberystwyth, UK, SY23 3BZ (mmg@aber.ac.uk), 3University of Western Ontario, Centre for 
Planetary Science and Exploration (CPSX), 1151 Richmond St, London, ON, Canada, N6A 5B7 
(christy.marie.caudill@gmail.com).  

 
 
Introduction:  In 2020, the European Space Agen-

cy and Roscosmos will launch the ExoMars rover with 
the  scientific objective to detect evidence of life within 
the martian surface via the deployment of a 2 meter 
drill. The ExoMars Pasteur payload contains several 
imaging and spectroscopic instruments key to this ob-
jective: the Panoramic Camera (PanCam)[1] and High-
Resolution Camera (HRC)[1], the Infrared Spectrome-
ter for ExoMars (ISEM)[2], and the Close-UP Imager 
(CLUPI)[3]. These instruments are able to collect data 
at a variety of spatial (sub-mm to decimeter) and spec-
tral (3.3 to 120 nm) resolutions across the 440 to 3300 
nm wavelength range and collectively will form a pic-
ture of the geological and morphological characteristics 
of the surface terrain surrounding the rover. The Exo-
Mars rover will be the first mission to combine imagers 
covering three different spatial scales (including stereo; 
[4]) in combination with a point infrared spectrometer, 
in situ at the martian surface. This combination pre-
sents a huge range of potential data products with 
which to investigate the geology along the rover trav-
erse. 

As prolonged, aqueous martian environments may 
have been able to host microorganisms [5] we de-
ployed instrument of the ExoMars imaging instrument 
suite emulators (the Aberystwyth University PanCam 
Emulator (AUPE3), HRC-E, ISEM-E, and CLUPI-E 
respectively) at terrestrial analogue sites to test their 
ability to detect and characterize science targets from 
sites that formed in a range of aqueous environments 
including: large-scale sedimentary depositional systems 
(Torrey, USA; Tjörnes, Iceland) and systems display-
ing authigenic low-temperature alteration of basalt 
(Námafjall, Iceland) which include deposits of phyllo-
silicates, sulfates, zeolites, and iron oxides [6,7,8]. We 
test the ability of the emulator suite in characterising 
the terrain surrounding the rover, providing mineralog-
ical and lithological context for tactical and strategic 
planning operations (Hanksville, USA). We report on: 
(i) the detection of hydrothermal alteration minerals 
including Fe-smectites and gypsum from basaltic sub-
strates, (ii) the detection of late-stage diagenetic gyp-
sum veins embedded in exposures of sedimentary mud-
stone, (iii) multispectral evidence of compositional 
differences detected from fossiliferous mudstones, and 

(iv) approaches to cross-referencing multi-scale and 
multi-resolution data. These findings aid in the devel-
opment of data products and analysis toolkits whose 
results will inform the ExoMars rover mission and fu-
ture exploration missions with remote sensing payloads 
such as NASAs Mars2020, JAXAs Mars Moon Ex-
plorer, and ESAs JUICE. 

Methodology: After imaging was completed in the 
field all AUPE3 images were processed to R* reflec-
tance (defined by [9]) and spectral parameters generat-
ed using the ExoMars Spectral Analysis Tool (Exo-
Spec) developed by [10]. Spectral parameter maps 
enable band depths and shoulders to be visualized, 
which can indicate broad mineralogical composition, 
abundance, or grain size fluctuations. These parameters 
have proven effective for the MER Pancams [11, 12, 
13, 14] and for orbital imagers like the Compact Re-
connaissance Imager for Mars (CRISM) [15,16]. We 
integrated this multispectral data with hyperspectral 
ISEM-E results, HRC-E textural information, and 
CLUPI-E high-resolution information (such as grain 
size) to form a comprehensive record of each studied 
outcrop and its surrounding environment. 

Results: 
Cross-cutting vein features. Outcrops at Iceland 

and Utah all feature either high albedo cross-cutting 
mineral veins or distinct carbonate mineral features. 
Using radiometrically corrected AUPE3 true and false 
color images and customized spectral parameters in 
combination with ISEM-E spectra we were able to 
identify and characterize these features regardless of 
emplacement environment (Fig. 1). Additional detec-
tion methods like the Reed-Xiaoli Detector (RXD) 
algorithm, Principal Component Analysis (PCA), and 
decorrelation stretching were also able to highlight 
mineral targets of interest. At the Torrey site in Utah, 
late-stage diagenetic gypsum veins embedded in expo-
sures of sedimentary mudstone were successfully iso-
lated using a spectral parameter measuring the negative 
slope across the 950-1000 nm range  which can indi-
cate the presence of the edge of a hydration feature at 
around 1000 nm [13] . 

Phyllosilicates and mudstones. We identified the 
Fe-smectite nontronite using AUPE3 spectral parame-
ters in the VNIR and confirmed its presence using di-
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agnostic absorptions in the SWIR using ISEM-E – its 
presence suggests pervasive alteration of the basaltic 
substrate at our Námafjall field site in Iceland. Within 
the large-scale sedimentary system at Tjörnes we de-
lineated darker and lighter mudstone strata beyond a 
simple difference in albedo. Darker sedimentary layers 
corresponded to a deeper absorption at 610 nm, where-
as the lighter toned layers had a steeper slope between 
438 and 610 nm. CLUPI-E imaging (0.11 mm/pixel at 
a working distance of 1 m) at this site also allowed 
coarse sand grain sizes to be resolvable and revealed 
fine-scale calcite deposits, sedimentary structures, and 
mudstone/sandstone identification. At the Torrey site, 
multiple Mg-smectites were detected using the 
AUPE3/ISEM-E emulators.  

Oxidation state. Spectral parameter combinations 
were used to highlight spectral diversity at a Hanksville 
inverted channel outcrop with respect to oxidation 
states. We identified Fe3+ bearing minerals such as 
hematite by measuring AUPE3 reflectance at 1000, 
850, and 740 nm to identify the presence of a 900 nm 
absorption feature. 

Multi-scale utility. By combining AUPE3 RGB da-
ta, spectral parameter combinations, ISEM-E infor-
mation, and HRC-E and CLUPI-E textural and grain 
size information we constructed a stratigraphic section 
(Fig. 2) from which mineralogical characteristics at the 
Hanksville site were interpreted, revealing detailed 
multiscale spatial and spectral information about the 
outcrop and its surrounding environment. 
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Figure 1: Detection of cross-cutting high-albedo mineral fea-

tures with AUPE3 true and false color combinations. All false color 
images are constructed using S532_610, R671_438, BD610 as RGB 
respectively [10]. Colored circles depict regions from which AUPE3 
and ISEM-E spectra have been taken. Scale bars = 20 cm. A: Pillow 
outcrop, Námafjall, Iceland. B: Altered Pillow outcrop, Námafjall, 
Iceland. C: Torrey gypsum outcrop, USA. D: Tjörnes mudstone 
outcrop, Iceland. E: AUPE3 (dashed line) and ISEM-E spectra from 
each of the colored circles in A - D, with absorption bands marked. 

 
Figure 2: A: AUPE3 true color of an inverted channel outcrop at 
Hanksville. B: AUPE3 spectral parameter comprised of S532_610, 
S671_438, BD610 as RGB respectively [10], highlighting oxidized 
and reduced clay unit boundaries. C: HRC-E vertical mosaic illus-
trating that grain sizes and textures are able to be resolved with this 
instrument. D: Stratigraphic log derived from the information in A-
C. Regions targeted with ISEM-E are shown with white circles. E: 
CLUPI-E image of veins highlighted in AUPE3 and HRC-E images, 
green circles show locations targeted with ISEM-E. Imaged at 2 m 
(0.23 mm/pixel). F: Sandstone/clay conglomerate imaged with 
CLUPI-E at a distance of 20 cm (0.02mm/pixel). Blue circle shows 
the location targeted with ISEM-E. G: AUPE3 and ISEM-E spectra 
taken from the locations specified in D, colors correspond to their 
units given in that stratigraphic section. 
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