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 Introduction: Gamma ray and neutron 

spectroscopy have found hydrogen in the near-surface 
of Mars in equatorial regions due to hydrous minerals 
[1, 2]. Specific minerals containing H2O- and OH- 
phases have also been observed on the surface of Mars 
with a variety of techniques, including infrared, x-ray, 
and evolved gas analyses [3, 4, 5]. While the presence 
of water/OH has been detected by multiple 
observational instruments, the different ways that water 
can be incorporated into minerals and mixtures of 
different minerals makes it not straightforward to 
estimate and constrain the water content in the minerals 
because different techniques have different sensitivities. 
Understanding how water in minerals appears to 
different techniques is essential to obtain a consistent 
understanding of surface hydrated mineralogy. 

The NASA Mars 2020 Perseverance rover is 
equipped with a remote infrared spectrometer 
(SuperCam; 1.3-2.6 µm spectral range) and an in situ 
deep-ultraviolet Raman spectrometer (SHERLOC; 400-
3700 cm-1), both of which can be used to study hydrated 
mineralogy of the terrains of Jezero crater. Previous 
studies on the estimation of water content of minerals 
from OH/H2O features from near-infrared reflectance 
spectra showed that the 3-µm absorption feature of H2O 
increases with increasing water content, independent of 
the mineral while the 1.9-µm absorption feature is not 
fully independent of the mineral [6].  

With orbital instruments and SuperCam making 
measurements in the 1.3-2.6 µm spectral region, here, 
we present near-infrared (NIR) laboratory spectra of 
various mineral phases and further examine the 
relationship between the integrated band areas of the 
1.4- (due to OH/H2O) and 1.9- µm (due to H2O) 
absorptions and absolute water content. We also 
compare the integrated band areas of the 1.4- and 1.9- 
µm absorptions and the 3000-3700 cm-1 OH/H2O 
absorption from deep-ultraviolet (DUV) Raman spectra 
to understand how the content of water in minerals is 
expressed across instrument approaches. 

Methods: Measured samples: Mineral phases 
covering a range of water content and representing each 
of hydrated, hydroxylated, and nominally anhydrous 
endmembers were diluted in mixtures with nominally 
anhydrous basalt and pressed into pellets by [7]. 
Samples analyzed thus far from natural basaltic rocks 
and these synthetic mixtures are shown in Table 1. 

Infrared spectroscopy: Bidirectional reflectance 
spectra of each sample in the range 0.4-2.5 µm were 

obtained with an ASD spectrometer. A halogen light 
source illuminates the sample at 30°, and the detector 
collects the light reflected from the sample at 0° with 
respect to the normal of the surface of the sample. 
Integrated band areas at the 1.4-µm absorption due to 
OH and H2O and the 1.9-µm absorption due to H2O 
were calculated using the methods of [8]. 

 Raman spectroscopy: DUV Raman spectra of a 
subset of the same samples were obtained from [9], who 
used the SHERLOC Brassboard instrument at the 
NASA Jet Propulsion Laboratory, which has an optical 
design similar to SHERLOC. It uses a DUV excitation 
source of a pulsed NeCU 248.6 nm laser. The data were 
acquired with settings of 800 pulses per point at 15 A.  

Sample water content: The data for the total water 
content and water content lost below 150°C of minerals 
needed to determine the relationship between the 
integrated band areas of the 1.4- and 1.9- µm 
absorptions and absolute water content were obtained 
from thermogravimetric analysis (TGA) conducted in 
[7]. 

Initial Results: With increasing sample water 
content, integrated band area of the 1.9 µm and 1.4 µm 
increases (Fig. 1(a), 2). However, no single relationship 
is observed between the integrated band area of the 1.9- 
µm and 1.4- µm water absorption and the total water 
content of the minerals (Fig. 1(a), 2). This is to be 
expected because the x-axis of the total water content in 
the mineral does not differentiate between and includes 
all states of water in the mineral, whether it is adsorbed 
on the surface or coordinated to other ions, while the IR 

Table 1. List of samples characterized thus far. 
Sample [7] Total OH/H2O 

content (relative 
to each other) 

Composition 

Opal1 Low Hydrated 
Gypsum1 Moderate 
Brucite1 High Hydroxylated 
Alunite Low 
Serpentine1 Moderate 
NAu-2 
nontronite1 

Moderate Hydroxylated/ 
hydrated 

Magnesite Very low Nominally 
anhydrous 

K1919 Very low Basalt 
hvalfj 054 Low 
hvalfj 017 Low 
hvalfj 025 Very low 
1 In addition to endmember phases, mixtures of these phases with 
basalt were also measured at 0.5 (except gypsum), 5, 10, 30, 50, 70 
wt. %. 
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spectroscopic features are sensitive to the different 
forms and sites in which water exists in different 
minerals. This is illustrated clearly in the data of brucite 
in Fig. 1(a), where its total water content consists of 
structural OH, and would not show high absorption in 
1.9 µm, which is an H2O vibrational absorption. 

To attempt a better constraint on the x-axis, Fig. 1(b) 
plots only the amount of water content lost below 150°C, 
which is typically adsorbed (non-structural) H2O or 
waters of hydration in salts. While this improves the 
data, accounting for brucite, the nontronite NAu-2 
shows higher band areas than gypsum at the same 
moderate water content. NAu-2 has both hydroxyl and 
H2O, and some of its interlayer H2O is released at 
temperatures higher than 150°C [10], suggesting 
additional work will be needed to differentiate H2O 
versus OH content in the sample set to develop band 
area vs. water content relationships. 

Despite DUV Raman and IR measuring different 
phenomena at different scattering wavelengths and so 
having different sensitivities as a result of different 
factors such as scattering cross-sections and 
transparencies, the integrated band areas of the 3000-
3700 cm-1 peaks from DUV Raman spectra plotted 
against the 1.9- and 1.4- µm NIR water absorptions 
show a promising correlation (Fig. 3). This implies that 
the integrated band areas obtained independently from 
the NIR and DUV Raman spectra for these minerals 
indicate the actual differences in water content in the 
different minerals, so data from SuperCam and 
SHERLOC can potentially be used to create a consistent 
understanding of surface hydrated mineralogy. 

Future work: We will continue to investigate 
additional samples with OH/H2O of relevance to Mars. 
In addition to mineral compositions, surface properties 
such as mineral texture can affect the interaction of 
water with the mineral. Future work will study how 
differences in mineral texture change observed spectral 
features, and how such changes manifest in different 
spectroscopic techniques, to develop a model to 
estimate the water content of the surface of Mars that 
reconciles results from different measuring instruments 
that generally reveal different properties.  
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Figure 1. Plot of integrated band area of the H2O absorption 
at 1.9 µm versus (a) total water content, (b) water released 
below 150°C measured from TGA in [7]. Dotted line 
represents the logarithmic best fit curve to (a) the data 
excluding brucite and (b) all data. 

 
Figure 2. Plot of integrated band area of the OH/H2O 
absorption at 1.4 µm versus total water content measured from 
TGA in [7]. Dotted line represents the logarithmic best fit 
curve to the data excluding brucite. 

 
Figure 3. Plot of integrated band area of the OH/H2O 
absorption (3000-3700 cm-1) from DUV Raman spectra [8] 
versus integrated band area of the H2O absorption at 1.9 µm 
(left) and 1.4 µm (right) from IR spectra. Dotted line 
represents line of y=x as a guide to how integrated band area 
of the OH/H2O absorption from DUV Raman spectra relates 
to that from IR spectra. 
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