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Identification of hydrated minerals has been of prime interest for understanding

the aqueous activity, geological processes and to address science questions of the

Martian surface. The present study detects and map the major rock-forming and

hydrated minerals in the Libya Montes region using Mars Reconnaissance

Orbiter (MRO) Compact Reconnaissance Imaging Spectrometer for Mars

(CRISM) hyperspectral data. The study incorporates CRISM data pre-processing,

and spectral summary products to highlight the main mineralogical composition

and hydrated minerals in the region. The pixels that show a positive response to

the indices were targeted for further spectral interpretation using the USGS

mineral spectral library. MRO Context Imager (CTX) and High-Resolution

Stereo Camera (HRSC) datasets which have been used to map the surface

morphology and terrain characteristics (such as layering and structure)

associated with hydrated minerals in the region. The region hosts Fe/Mg-

smectites minerals that show the diagnostic absorption feature at ~2.31 and

2.39 µm caused by vibrational processes. The olivine and pyroxene indices

successfully highlighted the olivine, low Ca and high Ca pyroxene in the regions.

The distribution of Fe/Mg-smectites minerals shows strong association with

olivine-rich layered units in the region. These regions are also substituted with

crystalline Fe2+ silicates and plagioclase. The Fe/Mg-smectites around the Hashir

region may have evolved due to near-surface alteration through impact-induced

low-temperature hydrothermal alteration processes in ancient bedrock materials.

Background and Study Area

Libya Montes is situated in the southern rim of the Isidis impact basin and

hosts various pieces of evidence of fluvial, lacustrine, aeolian, volcanic, and

hydrothermal process [1].

The present study has been conducted on the part of Libya Montes, situated

between ~3 to 4 degree North and 84.50 to 85.50 degree E (Fig. 1).

Libya Montes provides a geologically diverse setting for which hyperspectral

observations are useful for interpreting the complex geological and aqueous

alteration history of this region to understand the global picture of the evolution

and climatic condition of the planet [1].

Identification of hydrated minerals has been used as a proxies for studying the

Martian surface, to address science questions and improve our understanding of

the geological processes that have acted in the past [2].

Fig. 1: Geographic location and  topography of the Libya 

Montes

The diagnostic spectral

signatures of these minerals

in the Visible-Near and

Shortwave Infrared enable

hyperspectral data to detect

and discrimination them

with adequate accuracy.

Smectites are usually detected by absorption features produced by water

molecules at ~1.4 and 1.9 µm and the position of the metal-OH band from 2.2

to 2.4 µm, where the exact position depends on the mineral types [3].

The absorption at ~2.2 µm indicates the Al-rich smectites, whereas Fe/Mg-rich

smectites are identified by absorptions from 2.28 to 2.35 µm [3].

Smectites can also occur in mixing with other minerals, which can lead to the

generation of different absorption features.

Research Scope & Objective

Datasets & Methods

 To map the regional mineralogical composition of Libya Montes.

 To detect the hydrated minerals and to study the associated geomorphic

features in the region.

 Several Mars Orbiters datasets such as MRO CRISM hyperspectral data,

CTX, and Mars Express HRSC have been exploited in this study (Table 1),

downloaded from PDS Geoscience Node at Mars Orbital Data Explorer.

Datasets Resolution Utility

MRO CRISM 

hyperspectral data 

18 m/pixel;                    

6.5 nm/channel

Minerals identification

MRO CTX 6 m/pixel Morphological characteristics

MER HRSC 50 m/pixel Terrain Characteristics

 The study incorporates preprocessing (spectral subset, atmospheric and

geometric correction), derivation of spectral summary products, and spectral

interpretation [4,5] of the regions of hydrated minerals in conjunction with

geomorphic and terrain feature characteristics (such as layering & surface

structure) mapping using high-resolution CTX & HRSC datasets (Fig. 2).

Table 1. Specification and utilities of Mars Orbiter datasets

Methods:

Datasets:

Fig. 2: A brief workflow chart of adopted methodology in this study.
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Indices Summary Products/ Target Minerals

OLINDEX Olivine Index

LCPINDEX Low Ca Pyroxene index

HCPINDEX High Ca Pyroxene index

BDI1000IR Crystalline Fe2+ silicates

BD1300 Plagioclase with Fe2+ substitutions

ISLOPE1 Ferric coating on dark rock

BD2190 Kaolinite group of minerals

BD2000 Pyroxene

BD2290 Mg/Fe-OH minerals

D2300 Phyllosilicates such as mica, chlorite, talc and serpentine

Table 2. Description of mineral indices used in this study [5]

Spectral Summary Parameters:

Results & Discussion

Fe/Mg-Smectite Fig. 4: Spectral curve of Fe/Mg-

smectite showing the diagnostic

absorption features at ~2.31 and

2.39 µm caused by vibrational

process, extracted from the higher

index value of BD2290 (Fig.3 (g))

and D2300 (Fig.3(h)).

Morphological and Terrain Characteristics: 

(a) (b)

(c) (d)

Fig. 5: High-resolution CTX images showing the morphological and terrain characteristics

of Libya Montes. (a) The overall view of the surface; (b)-(d) Zoomed view of the region

showing higher index values of BD1300, BD2290 & D2300 demarcated with rectangle

shaped annotation in the Fig. 3 (h).

Summary

 The selected Libya Montes CRISM hyperspectral scenes display high

values of the aforementioned indices (Table 2) and highlight the regional

composition of minerals as olivine, pyroxene, Fe-bearing and Fe/Mg-

smectites minerals in the regional bedrock (Fig. 3, 4, 5).

 The distribution of Fe/Mg-smectites minerals shows strong association with

olivine-rich layered units in the region. These regions are also substituted

with crystalline Fe2+ silicates and plagioclase (Fig. 3 (f-h)).

 The Fe/Mg-smectites around Hashir region may have evolved due to near-

surface alteration through impact-induced low-temperature hydrothermal

alteration processes in ancient bedrock materials [1].
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Fig. 3: Spectral summary products highlights the major mineralogical composition and

distribution of hydrated minerals (overlaid on the digital terrain model of HRSC ) in the

region of Libya Montes. Red & blue color indicates the higher probability of the minerals

& background/non-target respectively.
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 The high and low Ca pyroxene and olivine-rich units (Fig. 3 (a, b)),

showing the regional composition of the area, have been successfully

highlighted using the composite of HCPINDEX, LCPINDEX, and

OLINDEX indices.

 The distributions of crystalline Fe2+ silicates (Fig. 3 (c)) and plagioclase

with Fe2+ substitutions (Fig. 3(d)) have been highlighted using BDI1100IR

and BD1300 indices respectively.

 The ferric coating on the rocks (Fig. 3 (e)) has been highlighted using

ISLOPE 1 indices.

 The distributions of kaolinite group (Fig. 3 (f)), Mg/Fe-OH bearing

minerals (Fig. 3 (g)) and phyllosilicates ((Fig. 3 (h))) have been highlighted

using BD2190, BD2290 and D2300 indices respectively. These regions

have been selected to study the morphological and terrain characteristics

associated with these minerals (Fig. 5).


