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Preface

Introduction to special issue on geologic remote sensing

A B S T R A C T

Herein we provide an overview of science and technology involved in remote sensing, and outlines some practical constraints in applications to geological problems.
We further summarize diagnostic spectral features of important geological material that can be detected using satellite- and air-borne remote sensing. Finally, the
papers contained in the special issue are briefly introduced.

1. Introduction

Remote sensing involves remote measurement of electromagnetic
radiation reflected or emitted by Earth’s surface using space-borne, air-
borne and ground-based sensors. More formally, remote sensing in-
volves the measurement of solar electromagnetic radiance reflected or
electromagnetic radiance emitted by Earth’s surficial material in a given
wave length band and is measured in the units of Watts/m−2/sr−1.
Most modern remote sensing instruments employ electro-optical sen-
sors comprising photon detectors (charged coupled devices, CCDs) that
convert the incoming radiance to electrical signal, and use pre-
determined transformation functions to transform the analogue elec-
trical signal to discrete digital numbers. These digital numbers are
imaged, georegistered and distributed in form of remote sensing
images.

Although the remote sensing technology evolved over a period of
more than a thousand years, the modern satellite-based remote sensing
systems evolved directly from early orbital missions to photograph
inner planets including Earth, Mars, Venus and the moon from the
space. Geologic remote sensing of Earth can be considered to initiate in
1972 with the launch of ERTS-1 (the first Earth Resources Technology
Satellite), later renamed as LANDSAT 1, by NASA. LANDSAT 1 marked
the beginning of the LANDSAT series, which is the longest satellite data
record of Earth’s land surface, culminating in the currently operational
LANDSAT 8. LANDSAT 1 was followed by several remote sensing pro-
grammes by various countries. From the point of view of geological
remote sensing, two outstanding and widely used satellite-borne in-
struments are the multispectral Advanced Space-borne Thermal
Emittance and Reflection Radiometer (ASTER; Abrams, 2000,
Yamaguchi et al., 1998, Abrams and Hook, 1995) on-board Terra and
hyperspectral Hyperion on-board EO-1 (Pearlman et al., 2003).

Depending on whether the reflected or emitted radiation is mea-
sured, a remote sensing system is classified into optical remote sensing
system or emittance remote sensing system (Colwell, 1983). The former
type measures the solar electromagnetic radiance reflected by Earth’s
surficial material, while the latter type measures the electromagnetic
radiance emitted by Earth’s surface. Every geologic material has unique
reflectance and emittance (see next section), and therefore, in principle,
it should be possible to characterize all surficial geologic materials by

optical or emittance remote sensing (Hunt, 1977; Clark, 1999; Cooper
et al., 2002). However, in practice this is not possible because of two
reasons.

First and foremost, the amount of energy available for reflectance
and emittance remote sensing varies with wavelength, and hence it is
not possible to derive continuous reflectance or emittance spectra from
gamma ray wavelengths to radio waves. As a result, in practice, it is
possible to characterize only those geologic materials through remote
sensing that show diagnostic spectral features in the wavelengths for
which there is sufficient energy available. According to the Plank’s
Equation for black body radiation, these wavelengths are 0.3–2.5 μm
(that is near Ultraviolet – Visible – Near Infrared – Short Wave Infrared
or UV-VNIR-SWIR region of the electromagnetic spectrum) for optical
remote sensing and 3 to 14 μm (that is, thermal infrared or TIR region of
the electromagnetic spectrum) for thermal emittance (or TIR) remote
sensing.

Secondly, not all electromagnetic radiation within the UV-VNIR-
SWIR and TIR regions listed above are transmitted by the atmosphere
(Elachi and Zyl, 2006). Atmospheric gases such as water vapor, ozone,
carbon dioxide, methane, oxygen and nitrous oxide absorb many of the
wavelengths within the above region, and therefore the atmosphere
becomes opaque with respect to radiation corresponding to these wa-
velengths (Fig. 1, Elachi and Zyl, 2006). As a result, there are very few
atmospheric windows available for remote sensing. Satellite- borne and
air-borne remote sensing is used to characterize and map only those
geologic materials that show diagnostic spectral features within the
above atmospheric windows.

2. Origin of spectral features of geologic materials

2.1. Visible-Near Infrared-Shortwave infrared region

Spectral features in a reflectance spectrum over the VNIR-SWIR
Region record the interaction of the surface of a solid material with the
incident electromagnetic energy. In the context of geologic remote
sensing, the main interaction mechanisms are (1) electronic excitations
and (2) vibrational excitations, which lead to transitions in the elec-
tronic and molecular vibration energy levels, respectively (Gaffey et al.,
1997; Elachi and Zyl, 2006). Because all energy levels in nature are
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quantized, each transition to a higher energy level involves absorption
of specific quantum of energy (or, energy of specific wavelength) that is
characteristic of the electronic and molecular configuration of the
material. As a result, every geologic material has a unique set of ab-
sorption features depending on its chemical composition, and/or mo-
lecular and crystal structure.

Transitions in electronic energy states typically involve high energy
and, therefore, the spectral absorption features caused by the changes
in the electronic energy states appear in the VNIR-SWIR region. The
main mechanisms involving electronic transition are (Burns, 1997): (1)
crystal field transitions of electrons, that is, transitions of electrons
between non-degenerate d orbitals in transition metal (mainly, Fe)
bearing silicate minerals, (2) metal-to-metal or intervalence charge
transfer (IVCT transitions) between adjacent cations in the silicate
crystal structure, and (3) oxygen-to-metal charge transfer (OMCT
transitions) in the silicate crystal structure. The most important elec-
tronic transition mechanism in geologic materials is crystal field split-
ting, which refers to the loss of degeneracy of the five d-orbitals of
transition metals in the presence of a legend field in a coordination
compound (Burns, 1970). Silicate minerals are essentially coordination
compounds comprising exceedingly strong complex ions, the silicate
anions (SiO4)−4, held together by a variety of metal cations ranging
from transition metal cations (mainly Fe+2) to alkaline earth metals
cations (mainly Mg+2, Ca+2) and alkali metals cations (mainly Na+,
K+). However, crystal field splitting can occur only in Fe+2 bearing
silicate minerals, and therefore, only the mafic silicate minerals such as
olivine, pyroxene and amphiboles show absorption features caused by
crystal field splitting. The crystal field splitting energy depends on the
coordination geometry and the ionic radius and charge of the central
metal cation. As a result, the substitution of Fe+2 by smaller cations
such as Mg+2 results in a more compact coordination geometry and
hence higher crystal field splitting energy, while the substitution of
Fe+2 by larger cations such as Ca+2 results in a less compact co-
ordination geometry and hence lower crystal field splitting energy
(Burns, 1997; Gaffey et al., 1997). These substitutions cause, respec-
tively, blue shift and red shift in the corresponding absorption features
(Burns, 1997). Felsic silicates do not contain transition metals and
therefore are not easily detected from optical remote sensing.

All molecules at temperatures above the absolute zero are in a state
of perpetual motion. These motions are of two types (Gaffey et al.,
1997): (1) internal vibrational motions which are characterized by
changes in the lengths and angles of the bonds between the constituent
atoms; and (2) external translational and rotational motions in which
the molecule as a whole translates and rotates along the x, y and z axes.
The vibrational, translational and rotational energies associated with
each of these modes of motion is unique for every molecule depending
on its chemical composition and bond geometry and, like all energies in
nature, quantized. Any incident electromagnetic energy causes the

molecule to absorb specific amount of energy and transit to higher
energy levels, giving rise to absorption features in reflectance spectra.
The translational and rotational energy transitions require smaller en-
ergy, and hence the absorption features caused by these transitions
appear in Far Infrared and Microwave region. However, the transitions
in the vibrational energy levels of most molecules found in geologic
materials correspond to VNIR-SWIR and TIR regions. The first excited
vibrational energy level is called fundamental, and subsequent levels
are called overtones. The fundamental energy states for most molecular
vibrations generally occur in TIR and MIR (Mid Infrared) region;
however, their overtones can occur in SWIR and VNIR region (Gaffey
et al., 1997).

2.2. Thermal infrared region

The property of interest for remote compositional mapping of geo-
logic materials in the TIR region is thermal emissivity, a wavelength
specific quantity that is defined as the ratio of the radiance emitted by
the body to the radiance emitted by an ideal black body at the same
temperature (Hapke, 1993). The latter is estimated from the Plank’s
Equation for black body radiation. The emissivity of a body varies with
wavelength, and an emissivity spectrum shows the variation of emis-
sivity with wavelength. According to the Kirchoff’s Law, emissivity of a
given body at a given wavelength is equal to its absorptance at the same
wavelength, and therefore an emissivity spectrum can also be con-
sidered to indirectly record the interaction of a body with the electro-
magnetic radiation. In particular, strong absorption bands are asso-
ciated with high reflectance because of the Reststrahlen Effect
(Salisbury, 1997; Elachi and Zyl, 2006), and therefore coincide with
minima in emissivity spectra. In the case of silicate minerals, spectral
absorption features due to transition of the vibrational energy of the Si-
O asymmetric stretching to the fundamental occur between 8 and
12 μm (Kahle et al., 1997; Salisbury, 1997). Typically, the Si-O funda-
mental absorption features shift to shorter wavelengths as the bond
strength within the crystal lattice increases because of increasing
polymerization of the silica tetrahedra (Vincent and Thomson, 1972;
Hunt and Salisbury, 1974). Thus, the Si-O fundamental absorption
features and the corresponding Reststrahlen minima in emissivity
spectra display a blue shift from 11.5 μm in the case of nesosilicates to
9 μm in the case of tectosilicates (Vickers and Lyon, 1967; Hunt and
Salisbury, 1974; Hunt, 1980). Because 8 and 12 μm falls with the TIR
atmospheric window, the emissivity spectra obtained from TIR remote
sensing can be used to remotely map both felsic and mafic silicates.

3. Geologic remote sensing: Practical limitations

A large body of literature is available on geological applications of
remote sensing, including remote mapping of geological material from

Fig. 1. Atmospheric windows for remote sensing (Modified after Elachi and Zyl, 2006).
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Table 1
Diagnostic spectral features of minerals that can be detected using multispectral and hyperspectral remote sensing.

Mineral Family Mineral NIR – SWIR Range TIR Range

Diagnostic Feature (μm) Attribution Diagnostic Feature (μm) Attribution

Olivine Forsterite ∼1.04 Crystal Field Effects (CFE) ∼10.00
∼10.98
∼11.76

Fundamental vibration (Si – O
stretching)

Fayalite ∼1.08 CFE ∼10.50
∼12.10

Fundamental vibration (Si – O
stretching)

Pyroxene Bronzite ∼0.90
∼1.85

CFE

Ferrosilite ∼1.17 CFE
Pigeonite 0.8–0.95

1.90–2.20
CFE (Distorted Octahedra)

Augite 0.70–0.80
2.10–2.30

Charge Transfer (Fe+2–Fe+3)
Crystal Field Effects (CFE)

∼10.00,
∼10.52
∼14.28

Fundamental vibration (Si – O
stretching)

Diopside ∼0.85
∼1.05
∼2.30

Charge Transfer (Fe+2–Fe+3)
CFE

∼10.00
∼10.52–11.00
∼14.28

Fundamental vibration (Si – O
stretching)

Hedenbergite ∼0.98
∼1.18
∼1.03
∼2.03

CFE (Fe at M1 Site) Weak
CFE (Fe at M2 Site) Intense

∼8.70
∼10.00
∼10.52–11.00
∼14.28

Fundamental vibration (Si – O
stretching)

Orthopyroxene 0.90–0.94
1.85–2.04

CFE (Fe at M1 Site)
CFE (Fe at M2 Site)

Amphibole Hornblende ∼0.65
∼1.45
2.25–2.35
∼1.00, 2.30

Charge Transfer (Fe)
Vibrational (OH)
Vibrational (Fe-OH)
CFE (Fe+2)

∼8.50
∼12.25

Fundamental vibration (Si – O
stretching)

Mica Biotite ∼1.10
2.30–2.40

CFE (Fe+2)
Vibrational (Mg-OH) Doublet

Muscovite ∼1.40
∼2.80
2.25–2.40

Vibrational (OH)
Vibrational (Al-OH) Triplet

∼10.00,
∼13.30

Fundamental vibration (Si – O
stretching)

Clays Illite ∼0.80
∼1.20
∼1.40
∼2.80 and
∼1.90
2.25–2.40

Charge Transfer or CFE (Fe+2)
Vibrational (OH) and (H2O)
Vibrational (Al-OH) Triplet

Gibbsite ∼1.55
2.30–2.50

Vibrational (OH)
Vibrational (Al-OH)

Kaolinite ∼1.50
∼1.90
2.30–2.40

Vibrational (OH), (H2O) Weak
Vibrational (Al-OH) Triplet

∼10.00
∼10.96
∼14.5

Fundamental vibration (Si – O
stretching)

Dickite ∼1.45
2.30–2.40

Vibrational (OH) Intense
Vibrational (Al-OH) Triplet

∼9.09,
∼10.00,
∼10.50,
∼12.50

Fundamental vibration (Si – O
stretching)

Lizardite ∼1.45
2.00–2.20, 2.30–2.50

Vibrational (OH)
Vibrational (Mg-OH)

∼9.00–11.50,
∼14.25

Fundamental vibration (Si – O
stretching)

Pyrophyllite ∼1.40
2.10–2.40

Vibrational (OH) Narrow & Sharp
Vibrational (Al-OH) Triplet

∼9.50–11.50,
∼12.50

Fundamental vibration (Si – O
stretching)

Montmorillonite ∼1.45, ∼1.90
2.10–2.30

Vibrational (OH) & (H2O)
Vibrational (Al-OH) Triplet

∼9.00,
∼12.50

Fundamental vibration (Si – O
stretching)

Nontronite ∼1.0
∼1.45, ∼1.90
2.20–2.40

CFE (Fe3+ )
Vibrational (OH) & (H2O)
Vibrational (Al-OH) Triplet

∼10.00,
∼12.50

Fundamental vibration (Si – O
stretching)

(continued on next page)
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satellite-borne remote sensing images. The major application areas are
surface lithological and regolith mapping (Fraser et al., 1997;
Schetselaar et al., 2000; Rowan and Mars, 2003; Hewson et al., 2005;
Gomez et al., 2005; Watts et al., 2005; Vaughan et al., 2005; Gad and
Kusky, 2006; Li et al., 2007; Khan et al., 2007; Rockwell and Hofstra,
2008; Qari et al., 2008; Massironi et al., 2008); hydrothermal alteration
mapping (Kruse et al., 1990; Crosta et al., 1998; Rowan et al., 2000;
Hubbard et al., 2003; Yamaguchi and Naito, 2003; Kavak, 2005;
Vaughan et al., 2005; van der Meer, 2006; Kruse et al., 2006; Mars and
Rowan, 2006, 2010, 2011; Zhang et al., 2007; Chen et al., 2007;
Gersman et al., 2008; Carranza et al., 2008; Bedini et al., 2009; Madani
and Emam, 2011; Oztan and Suzen, 2011), structural mapping (Yesou
et al., 1993; Boccaletti et al., 1998); detection of hydrocarbon seeps
(Macdonald et al., 1993; van der Meer et al., 2002); and geothermal
energy systems (Vaughan et al., 2005; Yang et al., 2000, 2001; Kratt
et al., 2010; Hellman and Ramsey, 2004). Hydrated and hydrothermal
minerals have also been mapped on the Martian surface using orbital
remote sensing data (Wang et al., 2006; Aubrey et al., 2006; Loizeau
et al., 2007; Mangold et al., 2008; Mustard et al., 2008; Ehlmann et al.,
2009; Bishop et al., 2016; Singh et al., 2017 (this issue). In the past two
decades, hyperspectral data which are characterized by large numbers
of narrow (∼10 nm), contiguous bands and, therefore, provide con-
tinues spectra over the entire VNIR-SWIR range, have become widely
available. Air-borne and space-borne hyperspectral sensors, most of
which are commercial, have been widely used for geological mapping
and exploration targeting, and have proved to be highly effective
(Goetz et al., 1985; Goetz and Kindel, 1996; Cudahy et al., 2002; Kruse
et al., 1993, 1999, 2003; Kruse, 1988, 2008, 2012, 2015; Van der Meer
et al., 2012).

However, notwithstanding the strong theoretical basis outlined in
Section 2 above and numerous successful case studies, geologic remote
sensing has several limitations in practice:

(1) Short wavelength electromagnetic radiation has no penetration and
therefore optical remote sensing gives information about only the
surface, which is a severe limitation in the areas with low outcrop
density. In case of in-situ regolith, the composition of regolith can
be used to gain insights into the composition of underlying rocks,
but transported regolith or soil cover or wind-blown sand cover can
completely hide the geology; and

(2) Even in the case of outcropping area, spectral mixing is a major
problem. Geologic material typically is a heterogeneous mixture of

a variety of minerals, and the mixing is microscopic. As a result, the
incident solar radiation is reflected multiple times by different
constituents of the geologic material before it is directed to the
satellite-borne or air-borne sensor. The radiance that is received at
the sensor is therefore the integrated response of multiple minerals.
The inversion of the radiance received at the sensor to obtain the
response of the individual minerals is non-trivial, and no good
unmixing models are available for geological material. The spectral
mixing problem is further compounded by limitations in spatial
resolutions of remote sensing images – the larger the pixel size, the
higher the spectral mixing. If, in order to decrease spectral mixing,
the spatial resolution is increased by reducing the instantaneous
field of view (IFOV) of the sensor as in the case of multispectral
sensors, the spectral resolution is compromised to maintain good
signal to noise ratio. At low spectral resolutions of wide band
multispectral images such as LANDSAT and ASTER, it is difficult to
resolve the narrow diagnostic absorption features of geological
material, and compositional mapping cannot be efficiently carried
out.

However, notwithstanding the limitations, a large number of mi-
nerals can be remotely detected using the existing multispectral and
hyperspectral sensors. Table 1 summarizes the spectral features of mi-
nerals that can be detected with high degree of confidence from open
file available remote sensing data.

4. The way forward

The biggest advantage of remote sensing data is synoptic and un-
biased coverage of large areas. However, it is important to realize that
these data provide information only about the spectral and thermal
properties of the top few millimeters of the Earth’s surface. In the field
of mineral exploration in areas of cover such as Australia, large parts of
India, China and West Africa, and in order to make optimal utilization
of remote sensing data, it is important to integrate the spectral data
with the geological context provided by the surface geochemistry,
geophysics, reolith, basement structures, geology, sedimentary systems
and landscape evolution (e.g., Anand and Butt, 2010; Anand 2015; Butt,
2016; González-Álvarez et al., 2016; Lampinen et al., 2017). This in-
tegration provides the framework and a more geological meaningful
interpretation to the remote sensing data interpretations.

The protocol to use remote sensing datasets should be established

Table 1 (continued)

Mineral Family Mineral NIR – SWIR Range TIR Range

Diagnostic Feature (μm) Attribution Diagnostic Feature (μm) Attribution

Others Hematite ∼0.885
∼0.64

Laporte-forbidden transitions ∼9.50
∼11.00
∼14.00

Magnetite ∼0.20–2.0 (except
∼0.8)

Causes are not agreed upon for very low
reflectance

∼8.3
∼10.00
∼14.00

Ileminite ∼0.50 and 1.23 CFE of Ti3+ or to (Fe2+–Ti3+)

Calcite ∼2.00 and
∼2.30

Vibrational (CO3) Intense Triad ∼10.00
∼11.50
∼14.00

Fundamental Vibration (CO3)

Dolomite ∼2.00 and
∼2.30

Vibrational (CO3) Weak at 1.9 ∼8.50,
∼11.50,
∼13.50

Fundamental Vibration (CO3)

Gypsum ∼1.50 and
∼1.90

Vibrational (H2O) Intense ∼8.00
9.00∼10.00

Fundamental vibration (S – O)

Quartz – No Diagnostic Features (∼7.50, ∼8.50)
(∼12.00, ∼12.5)

Fundamental vibration (Si – O
stretching)

Syenite 2.5–3.5 Vibrational (H20 & OH) ∼8.00
∼0.90

Fundamental vibration (Si – O
stretching)

Sources: Gaffey et al. (1997); spectral libraries compiled by Clark, 1999 and Lafuente et al. (2015).
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and include ground cross-reference, not just at the end of the exercise
but in three phases: (1) preliminary assessment to establish what there
is for observation and the best technique to apply for this; (2) CA/CQ
tuning of the preliminary results by ground-truthing to tune the ap-
proach and constraining the interpretations by the parameters imposed
by geological context (or any other context type) where the technique is
applied; and (3) ground-truthing of the final assessment. Each remote
sensing interpretation should have an assessment on uncertainty of the
observation, data processing and interpreted results.

In terms of technology, there is surge of interest in UAV-based hy-
perspectral and ultraspectral remote sensing. Because of lower flying
heights, it is possible to obtain high spectral and spatial resolution
images from these sensors without compromising on signal to noise
ratios (Colomina and Molina, 2014; Pajares, 2015). Although the
technology is nascent and the images require significant corrections
before they can be interpreted, algorithms are being developed for
corrections and interpretations of these images (Turner et al., 2014;
Aasen et al., 2015; Conte at al., 2018; Tayara et al., 2018; Sledz et al.,
2018). UAV-based remote sensing can potentially revolutionize geo-
logic remote sensing in the next decade.

5. Summary of research papers in the special issue

This Special Issue of Ore Geology Reviews on Geologic Remote
Sensing contains 9 papers on a variety of geological applications of
remote sensing.

Shevyrev (2018) (this issue) uses in-situ observations with geological
mapping data, Landsat 8 images and SRTM DEMs to study the tectonic
deformation and ore controlling structures associated with the Mnogo-
vershinnoe epithermal gold-silver deposit and the related multiphase
Paleogene Bekchiul granitoid pluton located in the northern part of the
East Sikhote-Alin magmatic belt, North-East Russia. The author also
analysed isostatic upliftment and erosion levels in streams in the study
area using base level modelling to identify local uplifts that are associated
with the core part of the Bekchiul massif and also with gold placers. In-
fusing all information and data, the author reconstructed the neotectonics
of the Bekchiul volcanic-plutonic center and the evolution of its relief and
tectonic structures since the Upper Cretaceous. He further used isotopic
dating of Neogene-Quaternary processes to conclude that the Mesozoic
tectonic activity continued into the Cenozoic.

Vasuki et al. (2018) (this issue) apply machine learning algorithms
to Landsat time series data to study spatial and temporal changes in
land cover associated with clearing, excavation and rehabilitation ac-
tivities related to bauxite mining in the Darling Range in Western
Australia. The authors used support vector machine, random forest and
Naïve Bayes machine learning algorithms, among which Random forest
achieved the highest accuracy of 95%. The results were validated using
the records of rehabilitation and land clearing kept by the mining
companies. A close correlation was observed between the automated
analysis outputs and the company’s records. Their paper demonstrates
the potential use of machine analysis in improving the accuracy of
spatial data related to land clearing; and in monitoring vegetation re-
covery of closed and rehabilitated mines.

Sankaran et al. (this issue) review published literature on applica-
tions of ASTER data for mapping various types of mineralized zones and
industrial rocks in the Sultanate of Oman, which is characterized by
arid desertic terrains. The authors summarise and review various image
processing techniques and spectral indices that have been used for
demarcation of chromite, manganese, Ni-magnesioferrite–magneti-
te–awaruite and volcanic massive sulfide (VMS) deposits and as well as
industrial rocks such as limestone, dolomite, clay and marble in the
Sultanate of Oman. These techniques can be used to identify similar
deposits in arid regions across the world.

Ninomiya and Fu (2018) (this issue) review geologic applications of
thermal infrared data collected by ASTER and other thermal infrared
sensors. They discuss the spectroscopic basis of analyzing and

interpreting the multispectral thermal infrared remote sensing data,
and include a review of the historical studies, methodology of spectral
measurements and comparison of laboratory/field spectra with those
measured remotely. They further review previous studies on litholo-
gical and mineralogical napping using TIR multispectral remote sensing
data. A major highlight of the paper is a summary of spectral indices for
extracting information on the mineralogy and chemistry of geological
materials.

Kumar et al. (2018) (this issue) propose a novel method of spectral
mapping of phosphate deposits in dolomitic and carbonatic rocks by
applying reflectance spectroscopy and ASTER data processing. The
study exercise delineates dolomite-hosted rock phosphate around
Udaipur City, Western India. The images were enhanced by ACE and
MF methods applied to ASTER SWIR bands and delineated rock-phos-
phate-rich zones within the carbonates rock suites. The results were
ground-truth in the field by a qualitative colorimetric method and
comparing image spectra of anomalous zones with the ASTER labora-
tory spectra of rock phosphate samples. The authors present a solid
methodology applicable to mineral exploration of phosphate-rich rocks
in similar geological contexts in different continents.

Zhao et al. (2018) (this issue) discuss the applicability of Landsat
Operational Land Imager data to identify rock outcrops in a covered-
dominated terrain of loess (97% cover) in the northern Baoji district,
China. The authors focussed on the interpretation of strata, fractures
and lineaments. The methodology applied was to clipp the area of in-
terest using slope and topographical analysis, the band ratio (B4/B2),
fractal summation algorithms, spatial clumping and hot-spot analysis to
filter for false anomalies. In parallel, high-resolution Worldview 2 data
was used for visual direct interpretation. The authors report a new
criterion to identify rocky outcrops in the Baoji district which is not
based on spectral features but spatial clustering. This research has
special application and impact in the mineral exploration undercover
space.

Singh et al. (2017) (this issue) present a comprehensive review on
impact-related hydrothermal activity in Martian craters by the identi-
fication of hydrous and hydrated minerals. The datasets used to detect
and map these mineralogies are orbital imaging spectroscopic and high-
resolution panchromatic and digital elevation data. The detection span
from phyllosilicates such as smectites, kaolinites, prehnites, chlorites,
and mica, to tectosilicates (hydrated silica). The authors interpreted the
presence of reported chlorites, Fe/Mg smectites and prehnite as the
result of sub-surface alteration, whereas Al-phyllosilicates as the result
of near-surface fluid activity. All the mineralogical features described
were interpreted to be related to processes within the craters. This study
offers important insights on the Martian palaeoclimate and pa-
laeoenvironment evolution.

Beiranvand et al. (2017) (this issue) investigates the applications of
ASTER to extract geological information for lithological and alteration
mineral mapping as a geological tool for field mapping in remote re-
gions or areas with poorly exposed lithologies, such as the Graham
Land, Antarctic Peninsula. They establish a remote sensing satellite-
based approach based on qualitative image processing procedures (red,
green, blue) composites and band ratios and Principal Components
Analysis, by applying matched filter processing to the reflective and
thermal bands of ASTER to discriminate mineral assemblages and li-
thological units. This work supports the efficiency of Landsat-8 and
ASTER datasets for extrapolating satellite-based imagery from well-
mapped areas into regions with limited map coverage.

Chen (2017) (this issue)proposes a methodology for exploration of
in coal-bed methane reservoirs at large scale by mapping mineral al-
teration in areas with vegetation extracting information using open file
Sentinel-2 data in the Southern Qishui Basin, China. In this study, the
feature extraction of iron and clay minerals were the most precise when
compared with known reference data. The accuracy of the results in this
study was cross-referenced its results with Hyperion data and X-ray
diffraction analysis. This research demonstrates the possibilities of
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remote sensing techniques as a low-cost and accurate alternative to
explore for coal-bed methane reservoirs.
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