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   Introduction: The Chemistry and Camera 
(ChemCam) instrument on the Mars Science 
Laboratory (MSL) rover Curiosity uses three 
dispersive spectrometers to obtain Laser-Induced 
Breakdown Spectrometer (LIBS) data. These cover 
240-342 nm (UV), 382-469 nm (VIO) and 474-906 nm 
(VNIR) spectral regions at high spectral (< 1 nm) and 
spatial (0.65 mrad) resolution. In active LIBS mode, 
light emitted from a laser-generated plasma is 
dispersed onto these spectrometers and used to detect 
elemental emission lines [1]. However, ChemCam 
spectrometers exhibit sufficient sensitivity to allow 
collection of surface spectral reflectance in passive 
mode (i.e., without using the laser) [2]. Radiance 
observations of calibration targets on the Curiosity 
rover were used to calculate relative reflectance (400-
840 nm) for surface targets near the rover (~2-7 m) by 
[2]. These observations revealed six spectral 
endmembers among the rocks sampled by ChemCam, 
characterized by variations in ferrous and ferric 
components. In this work we investigated landforms 2-
8 km from the rover with ChemCam. Observations of 
dark-toned, dominantly basaltic dunes and hematite-
bearing materials 1-5 km south of the rover’s traverse 
[3-4] were acquired between Sols 432 and 505. 
Mastcam multispectral images (445-1013 nm; 12 
wavelengths) [5] also were acquired to provide greater 
spatial and spectral context to ChemCam spectra.   
   Data and Methods. On Sol 432 a passive ChemCam 
raster observation was acquired to cover a portion of 
the southern dune field at ~2-3 km distance.  Spectra 
also were acquired of the “Hematite Ridge” area [4] on 
Sols 467 and 475 (~5 km), along with multispectral 
Mastcam images. Observations of potential 
phyllosilicate-bearing light-toned mounds ~1 km south 
of “Hematite Ridge” and apparent fan deposits at the 
base of Mt. Sharp (~7-7.5 km) were made on Sol 492.  
Light-toned materials east of the rover near the base of 
Mt. Sharp (~4.5 km) were observed on Sol 505.   
   Exposure times of 30 ms and 400 ms were used to 
increase the signal-to-noise ratio for the ChemCam 
VNIR and VIO detectors, respectively.  We used the 
methods of [2] to calibrate the passive spectra to 
relative reflectance.  The observations benefitted from 
low atmospheric opacity during this time, which 
minimized the normally obscuring effects of 

atmospheric haze at long distance.  Effective spatial 
resolutions varied with distance from ~1 m to ~5 m per 
observation. Mastcam multispectral images were 
calibrated to preliminary relative reflectance via the 
methods of [5]. 
   Results. Fig. 1 shows an enhanced false-color 
Mastcam M100 image along with 908-1013 nm ratio 
and slope images that emphasize the “Hematite Ridge” 
and light-toned mounds.  Fig. 2 shows an example 
RMI image from Sol 492 and 10 locations for which 
passive spectra (Fig. 3) were acquired on these units.  
Location #3 on “Hematite Ridge” exhibits features 
consistent with hematite: an enhanced 535 nm band 
(indicative of crystalline Fe3+), a minor 670 nm band, 
and a reflectance peak ~750 nm followed by a 
downturn. Locations #7-9 show low relative 
reflectance and broad near-infrared downturns typical 
of ferrous minerals such as pyroxene and/or olivine. 
Location #10 occurs on the lighter-toned apparent 
“fan” materials and exhibits similar features. Fig. 4 
uses 440-to-670 nm and 750-to-840 nm spectral slope 
parameters to emphasize the differences between these 
materials and compared to typical dusty surfaces. 
     Conclusions. Long-distance ChemCam passive 
(400-840 nm) and Mastcam multispectral (445-1013 
nm) observations (Fig. 5) provide complementary 
relative reflectance measurements at variable scales. 
Dune materials are spectrally distinct from typical 
dusty Mars terrain, and exhibit a prominent fall-off > 
750 nm. This is similar to the near-field, less dusty 
rocks, and some lighter-toned “fan materials” near the 
base of Mt. Sharp.  The “Hematite Ridge” area exhibits 
spectral features consistent with hematite. Light-toned 
mounds/layers exhibit the highest visible wavelength 
slopes, intermediate ~535 nm bands, and negative near 
infrared slopes and ratios. Future work will sample 
more materials near the entrance area to Mt. Sharp for 
both traverse planning purposes and for comparison to 
CRISM, OMEGA, and HiRISE orbital data. 
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Fig. 3. ChemCam pas-
sive spectra (30 msec 
exposures) for ten loca-
tions shown in Fig. 2.   

Fig. 4. Spectral 
slopes from 750-
840 nm (S7584) 
and 440-670 nm 
(S6744) for all 
spectra.  Ovals 
encompass differ-
ent unit types; 
numbers corre-
spond to different 
locations in each 
ChemCam raster. 

Fig. 1. (top) Mastcam M100 enhanced false-
color image (805, 527, 447 nm) from Sol 475 
(Image ID: 0475MR0018870000302889E01) 
pointed south. Colored boxes are regions of 
spectra shown in Fig. 5. (center/bottom) Ratio 
and slope images show distinctive low 
980/1013 nm ratio values of the “Hematite 
Ridge” area, and low 908-1013 nm slope val-
ues for the light-toned mounds. 

Fig. 5. Preliminary 
Mastcam spectra for 
regions shown in 
Fig. 1 (top): light-
toned mounds, “fan” 
materials”, “Hema-
tite Ridge”, dune 
materials, and near-
field, less dusty 
rocks. 

Fig. 2. Sol 492 Chem-
Cam RMI image of 
light-toned mound cir-
cled in Fig. 1, showing 
10 locations of spectra 
color-coded to those in 
Fig. 3. (Image ID: CR0_ 
441165845EDR_F0240
408CCAM01492M1).
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