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Introduction: One of the great challenges in plane-

tary science is creating spectral libraries that capture 

the scope and variability of all of the potential phases 

that may be encountered on other planets. The accura-

cy of identifications is dependent upon the presence of 

representative phases in the data set(s) used for com-

parison. This is especially true for planets like Venus 

or Mars where surface conditions make stable phases 

that are not encountered on Earth. Extensive databases 

exist for the minerals that form under Earth-like condi-

tions, but we are just beginning to characterize the 

phases that may be stable throughout our Solar System.  

To that end, the Laboratory for Iron Oxide 

Nanophases Spectroscopy and the Laboratory for 

Amorphous Martian Mineral Spectroscopy (LIONS 

and LAMMS) is exploring the largely XRD-

amorphous reaction products formed when concentrat-

ed ferric sulfate solutions are reacted with regolith ana-

logues and dehydrated under Mars-relevant conditions. 

One of the most fascinating features of these reaction 

products is that the ferric sulfate solution can facilitate 

formation of a concretion or glassy solid with the rego-

lith upon dehydration at low relative humidity (RH). 

These coated samples can be quite different spectrally 

than mixed samples [1,2]. Investigating the spectral 

differences between these solids and the associated 

reworked powders will help characterize spectral vari-

ability of rocky bodies in our Solar System.  

Methods: Six regolith-analog starting materials 

were used in this study: magnesite samples (stones 

Mag(S) and nuggets Mag(N)), gypsum (Gyp), hematite 

kidney ore (Hem), fresh Hawaii basalt (Bas), and 

nontronite sample Nau-1 (Non). Anhydrous ferric sul-

fate (AFS) was made by heating ferric sulfate hydrate 

at 350°C for 2 h. Mixtures consisted of 0.5 g of AFS 

and 0.5 g of one of the regolith analogues alone or with 

0.5 g. Mixtures were hydrated in individual containers 

buffered to 92% RH using DI water for 4 days, then 

dehydrated for 4 days either at 11% RH in individual 

LiCl-buffered containers or by vacuum (VAC). Sam-

ples were analyzed at the end of the hydration-

dehydration cycle using Raman, Fourier Transform 

infrared (FTIR) attenuated total reflectance (ATR), and 

visible and near infrared (VNIR) spectroscopies. Sam-

ples were then kept in 11% RH and monitored for 2.5 

months, at which time they were analyzed by x-ray 

diffraction (XRD) using Rigaku Smartlab II SE x-ray 

diffractometer (Bragg Brentano; Cu-K; 2-60 2). 

Raman data were acquired on samples in glass vi-

als under inert atmosphere using a Bruker Bravo 

(758+852 nm laser, 3 10s integrations). FTIR spectra 

were collected using a Bruker Alpha (diamond ATR 

crystal, 4 cm-1 resolution) spectrometer inside an an-

aerobic chamber. Bidirectional VNIR spectra were 

obtained using an ASD Fieldspec 4. Samples were 

illuminated through a 1000 m silicon fiber with an 

 
Fig. 1. VNIR spectra of Gyp+AFS (MIX A3) and 

Gyp+AFS+NaCl (MIX A6) along with reference spectra. 

Plot shows the difference between the VAC (red) and RH 

(purple) dehydrated powders and the top (green) and bottom 
(blue) of the concreted solids. Reference spectra are starting 

gypsum (gyp) and mikasaite (mik); Lane lausenite 102923 

(laus) and copiapite R6254 (cop) [3]; USGS coquimbite 
GDS22 (coq) and butlerite GDS25 (but) [4]; Sklute amor-

phous ferric sulfate (amFS), amorphous ferric sulfate+NaCl 

(amFSNaCl), and natrojarosite (Na-jar) [5,6]. 

2051.pdf51st Lunar and Planetary Science Conference (2020)



Ocean Optics HL-2000-HP tungsten halogen light 

source (30° incidence, 0° emittance through an 8° field 

of view foreoptic). VNIR sample prep and spectral 

acquisition exposed samples to air for <10 minutes. No 

hydration of samples was visually detectable during 

this time.  

Results and Discussion: Samples that solidify 

with minimal vertical inhomogeneity display only sub-

tle differences between concreted solids and ground 

powders. This is the case for Mag, Non, and Hem mix-

tures (data not shown). The major spectral differences 

in these cases are that overall reflectivity is generally 

higher and absorptions are generally deeper in ground 

samples versus concreted solids.  

Samples that solidify with significant vertical in-

homogeneity show far greater spectral differences be-

tween concreted solids and ground powders, as well as 

between the top and bottom of the concreted solids. 

This is the case for Gyp (Fig. 1) and Bas (Fig 2 and 

Fig 3) mixtures, with the greatest spectral differences 

seen in Bas + NaCl samples.  

In the VNIR (Fig 3), the Bas + AFS + NaCl pow-

dered RH sample and the bottom side of the chip from 

which the powder was made are spectrally flatter than 

the top side and VAC samples. They lack the promi-

nent VIS Fe3+ absorptions seen in most Fe3+ sulfates 

and oxides. In the mid-infrared the Bas + AFS + NaCl 

concreted solid sample displays absorption features 

shifted by up to 20 cm-1 from those of the powdered 

samples (Fig 3, 1103 and 1010 cm-1 absorptions).  

Conclusion: Basalt, halite, and AFS produce an in-

teresting spectral combination because basalt is dark 

and opaque, halite is bright and transparent, and both 

halite and AFS can produce thin coatings. It is not sur-

prising that VNIR spectra of solids and powders, 

where there is non-linear spectral mixing, would show 

spectral differences. That that feature positions change 

in the MIR, and the extent that VIS ferric features are 

masked in the VNIR, is intriguing.  
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Fig. 3. FTIR ATR spectra of bas+AFS (MIX A2) and 

bas+AFS+NaCl (MIX A5) along with reference spectra. 

Not all reference samples had accompanying FTIR spectra. 

Basalt, laus, amFS, amFSNaCl, cop, and mikasaite spectra 

are from the same samples. RRUFF amarantite R050153 is 

plotted instead of butlerite and RRUFF natrojarosite 
R050289 is plotted in place of synthetic natrojarosite [7].  

 
Fig. 2. VNIR spectra of bas+AFS (MIX A2) and 

bas+AFS+NaCl (MIX A5) along with reference spectra. 

Reference spectra and color coding as in Fig 1. 
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