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Introduction:  At Sulfate Hill, in the Painted Desert, 
coexisting jarosite and gypsum has been identified, 
yielding a “doublet-type” signature in visible/near-in-
frared (VNIR) spectra with bands near 2.22 and 2.26 µm 
[1]. Here, we evaluate the Painted Desert as an analogue 
for determining the presence of coexisting jarosite and 
gypsum on Mars. We utilize the Compact Reconnais-
sance Imaging Spectrometer for Mars (CRISM) and 
VNIR spectroscopy of specific analog sites. On Mars, 
“doublet-type” spectroscopic signatures have been ob-
served in localities including Ius and Melas Chasma in 
Valles Marineris [2,3], Noctis Labyrinthus [4], and 
Mawrth Valles [5]; these spectral features could be at-
tributed to coexisting jarosite and gypsum, but may also 
result from other mineral mixtures.  

Previous investigations of the Painted Desert as an 
analog for Mawrth Vallis are due to expansive clay-rich 
horizons resembling the stratigraphy seen at Mawrth 
Vallis [6]. Recent discovery of gypsum and jarosite out-
crops at Sulfate Hill further establishes the Painted De-
sert as an intriguing analog for the Mawrth Vallis region 
[1]. Noctis Labyrinthus, located west of Valles Mari-
neris at the edge of the Tharsis Dome, contains a variety 
of hydrated minerals potentially indicating past active 
aqueous processes, including hydrothermal, and/or 
acidic, alteration of volcanic materials [4]. In Melas 
Chasma observations, “doublet-type” draping units 
were attributed to airfall deposits, potentially of vol-
canic ash [3]. This “doublet-type” material has also been 
observed at Ius Chasma in wallrock landslides, uncon-
formably overlying layered Fe/Mg smectite clays, and 
overlying sulfates [2]. “Doublet-type” materials at these 
Valles Marineris sites may be less analogous to the 
Painted Desert site. 
Painted Desert: Spanning from the Southeast rim of the 
Grand Canyon to the Petrified Forest National Park, Ar-
izona’s Painted Desert is characterized by badland mor-
phology containing a diverse stratigraphy of phyllosili-
cates, many of which formed from lacustrine and fluvial 
alteration of ash deposites, resulting in bentonite and an-
oxically buried organic materials [6].  This diverse min-
eralogy has been observed both in the field and re-
motely, showing a high variability on a scale of 10s of 
km [6]. 

Samples were collected and analyzed from Sulfate 
Hill in the Petrified Forest National Park [1]. Gypsum 
(CaSO4•2H2O) is present as a component of the surface 
crust material, in large tabular crystals, and in thin 
sheets of crystals 3-4 cm below the surface. One site 
also contains orange jarosite-rich soil with tan soil 

nearby. The soil samples were gently crushed and dry 
sieved to <125 µm and 125-1000 µm for this study. The 
white gypsum flakes of thin crystals were measured 
without grinding or sieving. VNIR spectra were meas-
ured in the lab using an ASD FieldSpecPro from 0.35-
2.5 µm [1]. Particulate 45-125 µm fractions were meas-
ured by XRD showing that the gypsum flakes are nearly 
pure; the orange soil contains a roughly 2:1 natrojaro-
site:gypsum ratio (+quartz, montmorillonite); and the 
tan soil contains quartz, gypsum and montmorillonite.  

The orange soil spectrum is characteristic of jarosite 
(KFe3(SO4)2(OH)6) / natrojarosite (NaFe3(SO4)2(OH)6) 
with bands at 0.44, 1.47, 1.85, 2.22, and 2.26 µm [7]; 
additional bands near 1.41 and 1.91 µm were attributed 
to montmorillonite. The spectrum of the white flakes 
contains multiple features consistent with gypsum in-
cluding a strong triplet at 1.45, 1.49, and 1.52 µm, a 
band at 1.76 µm and a doublet at 2.22 and 2.26 µm [8]. 

 
Fig. 1.  Mawrth Vallis “doublet-type” spectrum from 
CRISM image HRL000043EC compared with VNIR lab 
spectra of Painted Desert samples and lab mixtures. 
Grey lines mark features at 1.85, 2.22, and 2.26 µm. 
Mineral Mixtures: VNIR spectra of gypsum/jarosite 
[1], jarosite/nontronite [9] and gypsum/opal [10] mix-
tures were also used in this study. The gypsum/jarosite 
mixture spectrum contains 4 overlapping bands near 1.5 
µm due to a combination of the gypsum H2O stretching 
overtone triplet and the jarosite OH stretching overtone 
at 1.47 µm. The gypsum band at 1.75 µm is weaker in 
the mixture spectrum, but retains its shape, while the 
jarosite band at 1.85 µm is only present as a shoulder in 
the 50/50 wt.% mixture spectrum. OH combination 
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bands are present at 2.22 and 2.26 µm in spectra of both 
gypsum and jarosite, but these bands have different rel-
ative intensities in spectra of each mineral. The spec-
trum of gypsum has a stronger band at 2.22 µm and a 
weaker band at 2.26 µm, while jarosite has a stronger 
band at 2.26 µm with a shoulder at 2.22 µm. The mix-
ture spectrum exhibits a doublet here with a clearly dis-
tinguishable band at 2.22 and a stronger band at 2.26 
µm. In this study, we examine the 2.22 and 2.26 µm 
doublet as evidence for co-occurring jarosite and gyp-
sum, while considering the presence of the 1.85 µm 
band to bolster the case for the presence of jarosite. Our 
previous work showed that the 1.85 µm band is present 
as a defined shoulder in spectra of mixtures of 2/1 jaro-
site/gypsum but is greatly subdued in mixtures of 1/1 
jarosite/gypsum [1]. A similar result was observed for 
jarosite/nontronite mixtures [9]. Thus, the defined pres-
ence of this 1.85 µm band indicates that jarosite is likely 
a dominant component of the material measured. 

Results – Mawrth Vallis: Spectra were collected 
previously from multiple small sites in CRISM image 
HRL000043EC where “doublet-type” signatures were 
detected [5]. Four of these potential jarosite-bearing 2x2 
pixel sites were averaged together to create the “Mawrth 
Vallis” spectrum shown in Fig. 1 containing bands at 
1.85, 2.22, and 2.26 µm. Spectra of Painted Desert sam-
ples containing jarosite and gypsum are shown for com-
parison, as well as lab mixtures of jarosite/gypsum [1] 
and jarosite/nontronite [9]. The ~2/1 jarosite/gypsum 
Painted Desert spectrum provides the features most con-
sistent with this Mawrth Vallis spectrum. Similarly to 
the Painted Desert site, in the CRISM spectrum, the 2.26 
µm band depth is only slighted greater than that of the 
2.22 µm band. Spectra of both the 1/1 jarosite/gypsum 
and jarosite/nontronite samples exhibit much stronger 
2.26 µm bands. Jarosite has been identified elsewhere in 
the Mawrth Vallis region based on the 2.26 µm band 
[11,12,13].  Ca-sulfate basanite has also been identified 
[14]. Additionally, gypsum/opal mixtures could be con-
sistent with some doublet features observed at Mawrth 
Vallis [10]; doublet-type features could also result from 
jarosite/copiapite mixtures [15]. We suggest the “dou-
blet-type” signature evaluated from Mawrth Vallis (Fig. 
1) likely results from a jarosite-rich material that could 
contain gypsum or a poorly crystalline hydrated mate-
rial. A more detailed study of “doublet-type” units at 
Mawrth Vallis is underway to characterize these mate-
rials [16]. 
Results – Noctis Labyrinthus: A “doublet-type” spec-
trum from Noctis Labyrinthus [4] was compared to 
spectra of Painted Desert samples [1] and lab mixtures 
of jarosite/gypsum [1] and gypsum/opal [10] in Fig. 2. 
The Noctis spectrum shows a stronger band at 2.22 than 
2.26 µm, which is more consistent with spectra of the 

gypsum-rich Painted Desert sample and the gyp-
sum/opal mixture. The 1.75 µm band characteristic of 
gypsum is clearly present, while the 1.85 µm is not.  

 
Fig. 2.  Noctis Labyrinthus “doublet-type” spectrum 
from CRISM image FRT00007E28 compared with 
VNIR lab spectra of Painted Desert samples & lab mix-
tures. Grey lines mark 1.75, 2.22, and 2.26 µm features. 
Implications for Mars: This study provides insights for 
identification of jarosite- and gypsum-bearing samples 
on Mars using VNIR spectra of natural mixtures from 
the Painted Desert’s Sulfate Hill and lab mixtures. We 
show that VNIR spectra of jarosite-bearing samples is 
identifiable through the presence of bands at 1.85, 2.22, 
and 2.26 µm, with a stronger 2.26 band than 2.22 µm 
band. “Doublet-type” spectra with a stronger band at 
2.22 than 2.26 µm could be due to gypsum-bearing mix-
tures. Further studies of jarosite/gypsum and jaro-
site/hydrated silica mixtures from the Painted Desert, 
other evaporative sites and lab mixtures would help fur-
ther constrain orbital “doublet-type” signatures. 
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