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Introduction:  The presence of water on Mars dur-

ing the Noachian is evidenced by multiple studies and 
datasets [e.g., 1,2] including data taken by the Com-
pact Reconnaissance Imaging Spectrometer for Mars 
(CRISM) [3]. CRISM has vast coverage of the Martian 
surface, making it a valuable scientific asset for reveal-
ing the fluvial history of our celestial neighbor. Hema-
tite is often used to analyze water alteration and dia-
genesis on Mars through the detection of the gray, 
coarse-grained phase [4]. Hematite/Goethite ratios 
(Hm/Gt) also have been used terrestrially to assess 
short-term variations in aridity [5], but the detection of 
goethite using CRISM is difficult due to the detector 
boundary around 650 nm. Here we attempt to explore 
the feasibility of using the 530 nm band center to ana-
lyze hydroclimate at the time of formation by looking 
at an area with known hematite detections: Gale 
Crater.  

Background: The 530 nm band parameter 
(BD530) has been traditionally used to assess the de-
gree of oxidation of iron oxides on the surface of Mars, 
whereas the 860 nm signature has been used to inform 
the degree of crystallinity and grain size [6].  

A study on the Earth in the North American red 
beds observed a correlation between the 530 nm band 
center and visual color in pigmentary hematite core 
samples, and surmised that the change was due to rela-
tive aridity as the pattern corresponded to intermittent 
monsoonal events [7]. A chemical analysis was done 
on the core sample to reveal that the observed trends 
were most likely not due to Al substitution for Fe with-
in the hematite octahedral structure, but instead corre-
sponded to grain size differences due to crystal growth 
and interaction with water. This suggests that the loca-
tion of the band center may be tied to paleoclimate 
through grain size [7]. Another study on Namib dune 
sands also noticed a correlation between the 530 nm 
band center and visual color using remote sensing [8]. 

The band center of hematite has been speculated to 
shift between ~535 nm and ~570 nm depending on the 
surface area of individual hematite grains [9]. Larger 
grain sizes have colors in the blue/violet range of the 
visible spectrum due to an absorption of yellow light, 
and red/yellowish phases of hematite are correspond-
ingly associated with smaller grain sizes and absorp-
tions <550 nm [9]. Essentially, this means that larger 
grain sizes may correspond to more water interaction 
and a redder band center, whereas smaller grain sizes 
should correspond to less water interaction (a more 
arid environment) and bluer band centers.  

Vera Rubin Ridge (VRR) is on the northwest flank 
of Mount Sharp in Gale Crater and contains a spectral 
‘hotspot’ of hematite that has been studied both orbit-
ally and in situ [10]. Evidence of both red (fine 
grained) and gray (specularite, with larger grains) 
hematite phases have been detected on VRR, making it 
a prime target for investigating potential spectral band 
center differences due to fluid diagenesis. Evidence for 
grain size differences was found primarily through the 
band depth at 530 nm and 860 nm [11], where a shal-
lower absorption band indicates gray, coarser-grained 
hematite, and deeper absorption bands correlated to 
more fine-grained red hematite.  

Fraeman et al. (2020) [11] proposed that the differ-
ence in hematite grain sizes was due to late-stage dia-
genetic fluid alteration, which could potentially be 
corroborated using the band center method described 
here.  

Methods: The data used in this study were full-
resolution targeted (FRT) map-projected (TRR3) im-
ages in the visible range of CRISM [3]. One image has 
been assessed thus far (FRT00021C92). The focus of 
this study was to test whether there is a visible differ-
ence in the band center of the 530 nm absorption band 
in images with hematite present that could correspond 
to diagenetic alteration or paleoclimate.  

Data were selected based on existing literature that 
cited the presence of hematite using ground-based and 
orbital studies [10,11]. CRISM images were down-
loaded from the PDS and processed using the CAT 
software on ENVI. Processing included a step to cor-
rect for solar incidence angle and cube continuum re-
moval.  

The FRTs were then spectrally inverted and run 
through a peak finding algorithm that isolated peaks of 
width 0.05 nm or larger in order to filter out noise. The 
wavelength location of the selected peaks was identi-
fied and assigned as the pixel value in the new image. 
Band depths were also calculated using the peak find-
ing algorithm by finding the prominence of the 530 nm 
band.  

Preliminary Results:  Results from [11] showed 
that VRR has an abundance of deeper ~860 nm absorp-
tions, which are most likely reflective of the grain size 
variation and not the abundance of ferric crystalline 
phases. With a variation in grain size due to late-stage 
diagenetic fluids, we should theoretically see a marked 
difference in the 530 nm band center, based on the 
study from [7]. Vera Rubin Ridge appears to have ele-
vated 530 nm band depth values, reflective of its 
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hematite content, but so far, we see no significant vari-
ations in the band center positions of the 530 nm ab-
sorption band at VRR (see Figure 1).   

Discussion: There appears to be little correlation so 
far between the calculated 530 nm band center and the 
530 nm band depth (see Figure 1). It is possible that 
the resolution needed for this kind of study is unob-
tainable using the spatial resolution of orbital satellite 
data, however, a terrestrial remote sensing study of the 
Namib dunes was able to detect this band center shift 
[8]. Perhaps the data needs to be processed further to 
remove atmospheric effects. The Earth-based study [7] 
was shown to work on hematite-rich beds in core sam-
ples (outcrop scale), so doing this analysis from space 

may require larger and more coherent units. New MSV 
products generated from CRISM data [12,13] may 
allow us to better assess the correlation between 
BD530 and the 530 nm band center globally, or re-
gionally over areas of interest. 

We intend to increase our case study to include 
more areas, like the Meridiani region, and utilize the 
DISORT model to better process the data. 
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Figure 1: The 530 nm band depth map of FRT00021C92 (above) and the 530 nm band center map produced by this 
work (below) with the hematite ridge [9] marked by a red arrow.  
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