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Introduction: Evaporites are formed where net 

evaporation exceeds net inflow of solute-bearing waters 

and thus can be used as an indicator of ancient arid cli-

mates and seasonal changes. The Curiosity rover at Gale 

crater, Mars, observed sulfate-rich discrete beds of het-

erolithic mudstone-sandstone facies with limited lateral 

extent, interpreted as having been deposited within mul-

tiple ponds fed by a distributive channel system or 

groundwater at the shallow lake margins [1]. The Che-

Min X-ray diffractometer on Curiosity identified gyp-

sum, bassanite, and anhydrite as common minerals at 

Gale crater [2]. Recent orbital studies also suggest that 

the geological history of the landing site of the Perse-

verance rover, Noachian-aged open basin paleolake 

Jezero crater, is much more complex than previously 

hypothesized and records different hydrological epi-

sodes [3]. The ExoMars rover, Rosalind Franklin, will 

have a unique capability to drill up to two meters into 

the surface of Mars and will most likely land on yet an-

other paleolacustrine bed (Oxia Planum). The drill on 

ExoMars is equipped with a Visible and Near Infrared 

(VNIR) spectrometer to identify the mineralogy of the 

subsurface [4]. The observations from Gale crater and 

those expected from future missions highlight the im-

portance of more mineralogical and spectral studies of 

saline-alkaline lake deposits on the Earth. We have con-

ducted mineralogical and spectral analysis of shallow 

core and surface evaporites from a small pond fed by 

springs and groundwater at the margin of Panamint Ba-

sin, California to demonstrate the capabilities and limi-

tations of VNIR spectroscopy for identification of evap-

orites in natural environments. 

 

Methods: A 30-cm deep core (P01) and twelve sur-

face evaporite samples were collected from a small 

pond at the margin of the Panamint evaporite basin in 

southeastern California. The core was taken from the 

middle of a shallow pond while surface evaporites were 

collected from different locations of the pond and its 

margin targeting different evaporite textures. The core 

was divided into fifteen samples each representing 2 cm 

depth. All samples were air-dried, hand-ground and 

sieved through 150 μm, after removing any organic ma-

terial present. The mineral composition of each sample 

was determined using X-ray diffraction (XRD), and 

based on the mineral assemblage, five distinct samples 

from the core and six samples from the surface evapo-

rites were selected for VNIR spectral analysis. 

 

Results and discussion: XRD results for the surface 

evaporites and core P01 are shown in Table 1. Figures 1 

and 2 show the spectral characteristics of the selected 

evaporite samples and five selected samples from Core 

P01, respectively. Spectral plot (a) in both figures show 

the general shape of the spectra. P01 surface evaporite 

sample contains halite, gypsum and anhydrite. Anhy-

drite does not have characteristic absorption features in 

the VNIR wavelength region. Hydrated Ca-sulfates 

have a characteristic triplet around 1.4 μm (Fig. 1 (b) 

and Fig. 2 (b)) and strong absorption features around 1.9 

μm (Fig. 1 (c) and Fig. 2 (c)) [5]. Spectral plot (b) of 

Figures 1 and 2 show the triplet of gypsum, which oc-

curs at 1.446, 1.490 and 1.538 μm [5]. Another triplet of 

gypsum can be observed at 2.17 μm, 2.21 μm, and 2.26 

μm [5]. Surface samples P03, P05, and P11 contain bas-

sanite in addition to gypsum (Table 1). Bassanite exhib-

its absorption features at 1.428 μm, 1.476 μm, and 1.540 

μm [5]. However, it not evident in spectra presented in 

Figure 2 (b) likely due to its low abundance. Halite has 

absorption features around 1.432 μm and 1.936 μm [6]. 

Halite absorption features are visible in surface samples 

P02, P03 and P11 (Fig 1 (b, c) and core sample P01H 

Table 1. Mineral composition of selected samples identified by XRD. 
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(Fig 2 (b,c)), all samples in which gypsum is absent. 

These features overlap with strong gypsum absorption 

features, making halite difficult to identify using spec-

tral data where gypsum is present. Glauberite and poly-

halite were identified as minor minerals in XRD pat-

terns in surface samples P03 and P11, respectively. 

However, our spectra do not show evidence for these 

minerals. The P01 core has two distinct gypsum layers, 

one at the surface and another at the bottom of the core 

(Table 1). The P01H spectra has its lowest absorption 

band depths at around 1.4 μm and 1.9 μm, since this 

sample contains halite but not gypsum. Absorption band 

depths for the triplet and absorption band depth at 1.942 

μm increase with the abundance of gypsum in the sam-

ple. 

 

Conclusion: The spectral results depict the gypsum 

in surface evaporites and layers in the core as identified 

using XRD. It is difficult to identify halite from the 

spectra alone when halite is associated with gypsum or 

other hydrated minerals. Since most of the minerals 

form in lacustrine settings are hydrated minerals, their 

absorption features overlap with each other creating dif-

ficulties to identify them. In addition, 

identification of minerals using spectroscopy is compli-

cated by mixture of minerals, which is common in evap-

oritic environments. The study demonstrates the appli-

cations and limitations of VNIR spectroscopy for the 

identification of evaporitic minerals in lacustrine set-

tings, which is one of the high priority environments to 

look for past habitability on Mars. 
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Figure 1 (left). Visible to Near-in-

frared (VNIR) spectra of surface 

evaporite samples (a), Continuum 

removed spectra in the ~ 1400 nm 

wavelength region (b), ~1900 nm 

wavelength region (c), and ~ 2200 

nm wavelength region (d). 

Figure 2 (right). Visible to Near-in-

frared (VNIR) spectra of core sam-

ples (a), Continuum removed spec-

tra in the ~ 1400 nm wavelength re-

gion (b), ~1900 nm wavelength re-

gion (c), and ~ 2200 nm wavelength 

region (d). 
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