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   Introduction: Phase II of the Bagnold Dune 
campaign conducted by the Mars Science Laboratory 
Curiosity rover included in situ relative reflectance 
observations of disturbed and undisturbed sands at four 
locations during Sols 1601-1653. The Chemistry and 
Camera (ChemCam) instrument was used to acquire 
point spectra (400-840 nm) and the Mast Camera 
(Mastcam) stereo imaging system obtained 
multispectral images (445-1012 nm). The intent for the 
Phase II campaign was to compare longitudinal dunes 
during an active wind season to the barchan dunes that 
were observed during the more quiescent Phase I [1]. 
   Methods/Data. We used the onboard ChemCam 
calibration target housing as a reflectance standard, 
and employed methods to calibrate radiance 
observations to relative reflectance as summarized in 
[2-3]. Mastcam image calibration involved conversion 
to radiance and relative reflectance via use of flat field 
images and onboard calibration targets [4]. 
Observations were acquired at four locations along the 
Phase II traverse: Mapleton, Sandy Point Beach, 
Southern Cove, and Ogunquit (where the rover 
scooped samples for onboard analyses). Targets 
included disturbed/scuffed areas and the crests and 
flanks of variably-sized ripple forms.  
   Results. Figure 1 shows ChemCam relative 
reflectance spectra for sands sampled in the four 
locations. Spectral differences among disturbed, 
undisturbed, and ripple crest/trough sands are marked 
by changes in the visible spectral slope, maximum 
reflectance position, and the steepness of the near-
infrared dropoff. These are due to variations in the 
relative abundance (and/or grain size) of mafic 
minerals (olivines, pyroxenes) versus finer-grained, 
more ferric materials, particularly in the disturbed 
sands [1]. In the Mapleton and Sandy Point Beach 
(Towow) areas, spectra are typical of reddish sands 
observed elsewhere throughout the mission. At 
Southern Cove, the crest of the Ripogenus ripple 
exhibited reflectance maxima at shorter wavelengths 
than the flank, consistent with more ferrous materials 
on the crest. The spectral shapes of nearby 
Spragueville2 sands were nearly identical to the 
Ripogenus flank. At Ogunquit, the Baxter Peak ripple 
target’s crest showed the strongest near-infrared 
downturn, consistent with more ferrous sands 
compared to the trough. 
   Figure 2 shows an M-34 Mastcam mosaic of an area 

called Hildreths in the Southern Cove area. The 
disturbed sand areas are shown as enhanced color M-
34 and M-100 images, along with the locations from 
which spectra were extracted (shown in Figure 3).  In 
the enhanced color images, the coarser disturbed sands 
appear bluish.  The corresponding Mastcam spectra 
show a maximum reflectance near 675 nm compared 
to the nearby redder sands’ maximum of ~750 nm. 
Similar shorter-wavelength maxima were observed for 
bluer regions at the Ogunquit area and the ripple crest 
target Scarboro_2 in the Mapleton area.  Meanwhile, 
redder sands in the troughs of scuff areas (e.g., 
Scarboro _1) and flanks of ripples (Scarboro_2) 
exhibited longer-wavelength maxima. 
   Figures 4 and 5 compare some spectral parameter 
trends of samples targeted during the Phase I campaign 
[1] to those from Phase II.  ChemCam 535 nm band 
depths are low and 600/700 nm ratios are high for the 
bluer, coarser-grained materials (e.g., Baxter Peak 
crest) but most Phase II samples cluster in the region 
associated with finer-grained, ferric materials (Fig. 4).  
Mastcam 527 nm band depths compared to 676/751 
nm ratios exhibit similar trends (Fig. 5), where the 
coarse-grained disturbed sands at Hildreths are distinct.   
   Summary.  Phase II investigations of the Bagnold 
Dune sands showed similar overall spectral trends to 
the Phase I campaign [1], but most sands were redder 
in the visible wavelengths.  The majority of locations 
exhibited lower red/infrared ratios, higher ~530 nm 
band depths, and higher red/blue ratios than Phase I 
samples, suggesting a greater proportion of redder, 
fine-grained/ferric surfaces in Phase II samples. This is 
consistent with Phase II samples’ greater proportion of 
hematite determined from CheMin analyses of the 
Ogunquit sample [5]. Although CheMin and CRISM 
orbital results suggest that Phase II sands are overall 
less mafic than Phase I [5], a few Phase II disturbed 
sands exhibited relatively high red/near-infrared ratios 
and low ~530 nm band depths, consistent with more 
mafic grains (e.g., Hildreths, Baxter Peak). 
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Figure 1. ChemCam relative reflectance spectra of 
Phase II dune sands.  Data in the 460-490 nm gap 
between spectrometers have been removed.  Thin lines 
are 50-channel averages of each spectrum; for clarity, 
only the averages are shown below 500 nm. 

 
Figure 2.  Mastcam M-34 mosaic of Hildreths (Sol 
1636, mcam08454) in the Southern Cove area, with 
insets showing enhanced color M-34 (left) and M-100 
(right) images. Colored polygons correspond to 
locations from which spectra were extracted (Fig. 3).  

 
Figure 3.  Mastcam relative reflectance spectra for 
colored polygons shown in Figure 2. Note shift in peak 
reflectance from ~675 nm for coarse sands (blue in 
Fig. 2) relative to ~750 nm for finer (redder) sands. 

 
 
Figure 4.  ChemCam spectra 535 nm band depths and 
600/700 nm ratios for sands analyzed from Bagnold 
Phase I [1] compared to Phase II samples.  Low 535 
nm values and high 600/700 nm ratios characterize the 
larger ripple crests (Baxter Peak, Ripogenus), whereas 
smaller crests and troughs/flanks fall at the opposite 
extreme. The orange line/symbols shows the trend 
from the top of the Baxter Peak crest to the trough, as 
illustrated in the M-100 image in the upper left, where 
each hole in the sand is ~4 mm in diameter. 
 

 
 
Figure 5.  MastCam spectra 527 nm band depths and 
676/751 nm ratios for sands analyzed from Bagnold 
Phase I [1] compared to Phase II samples, along with 
M-100 enhanced color images of some corresponding 
representative targets.  Low 527 nm values and high 
676/751 nm ratios characterize the coarser, bluer sand 
crests (e.g., Hildreths) compared to finer-grained, 
ferric sands (e.g., Scarboro). Annotations such as 
“(red)” refer to color of the (circled) polygon in M-100 
image from which Mastcam spectra were extracted. 
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