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aBstract: This article presents a literature review of studies utilising reflectance spectroscopy in geological research. 
We describe a variety of available spectral libraries together with providing examples of spectral reflectance diagrams, 
and explain the basic spectral ranges. Geologists can use different methods of data collection, for example, sensors 
mounted on satellites, airborne [including unmanned aerial vehicle (UAV) platforms] or portable spectroradiometers, 
and different ways of data processing. Most geological mapping based on reflectance spectroscopy is performed in the 
Arctic region, where vegetation does not obscure images. However, mineral mapping, studies of hot spring deposits, 
and rock/soil weathering alterations are also performed in lower latitudes. The development, combination and unifi-
cation of all spectral data acquisition methods open up new possibilities for applications in a variety of geological and 
soil studies.
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Introduction

Spectroscopy is the precise study of a spec-
trum of electromagnetic radiation that has been 
emitted, reflected or scattered from any type 
of surface. There are a variety of spectroscop-
ic techniques using different types of radiation 
with different ways of interaction with rocks or 
soils. This allows obtaining a variety of infor-
mation on the atomic, ion or mineral compo-
sition of the study surfaces. Spectral measure-
ment devices are referred to as spectrometers, 
spectrophotometers, spectrographs or spectral 
analysers, and are widely used in many fields 
of Earth sciences, usually in association with re-
mote sensing (e.g. sensors mounted on satellites 

or airplanes). However, this method seems to be 
relatively neglected in geological research (sensu 
largo) or soil studies in many parts of the world. 
Spectroscopic information about the mineral 
content of the ground, whether soft sediment, 
regolith or hard rock, constitutes a great tool in 
numerous geological, geomorphological and soil 
studies. It includes mapping of rocks and min-
eral outcrops, assessment of rock weathering 
degree, soil studies, analysis of minerals, pro-
tection of the natural environment, analyses of 
geothermal deposits and studies of meteorites. 
This article aims to present a literature review 
of the use of reflectance spectroscopy, which 
focuses on light wavelengths that have been re-
flected by hard rocks, sediments, regolith or soils 
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(kortüm 1969) in geological and soil studies and 
to highlight the most important current study 
directions in this field. Our review does not aim 
to encompass studies dealing with the full range 
of spectrometric techniques, including RAMAN, 
atomic absorption, X-ray, gas chromatography, 
optical emission, and gamma-ray spectrosco-
py, but rather to focus on those studies dealing 
with the most popular spectrometric technique 
deployed in Earth sciences and remote sensing, 
namely reflectance spectroscopy, which has not 
yet been fully studied by researchers.

Beginnings, spectral libraries and 
manuals

The study of electromagnetic wavelength 
absorption or reflectance by minerals, soils or 
solid rock surfaces has been intensively used in 
geology since the 1970s, when significant devel-
opments in this matter were published by Hunt 
(1970), Hunt and Salisbury (1971) and Hunt et al. 
(1971a, b, 1972, 1973), to be finally summarised by 
Hunt (1977). The works mentioned provided the 
first comprehensive sets of visible and near-in-
frared (VNIR) spectra of minerals and rocks. The 
advantages of spectroscopy in geological studies, 
based on aircraft and satellites, as a technically 
feasible method, were highlighted by Goetz et 
al. (1985). This marked the onset of a remarkable 
development in geological remote sensing. Clark 
et al. (1990) emphasised the need for focusing on 
the spectral range between 0.4 µm and 2.5 µm in 
the deployment of VNIR and shortwave-infrared 
(SWIR) because it contains the most important 
spectral features of hydroxyl-bearing minerals, 
sulphates and carbonates common to many ge-
ologic units.

Nowadays, collections of thousands of spec-
tral reflectance curves are assembled in spectral 
libraries to facilitate laboratory observations, 
field spectroscopy and remote sensing for identi-
fying and mapping various surface units in rela-
tion to the Earth. For the recognition of minerals 
or rocks, several reference databases have been 
created in mineral spectral libraries, as well as 
for the analysis and matching of unknown fea-
tures (Mulder et al. 2013). Mineral or rock spec-
tral data (Fig. 1) are stored in different spectral 
libraries worldwide (e.g. Grove et al. 1992, clark 

et al. 1993, Tong et al. 1998, kokaly et al. 2017), 
which unfortunately, has resulted in differenc-
es in various experimental parameters, such as 
measurement conditions, particle size and geo-
desic structures (Li 2008). Xie et al. (2020) under-
took a trial to design and develop an integrated 
mineral spectral library collected from the shared 
data worldwide with special software (Table 1).

Version 2 of the Advanced Spaceborne 
Thermal emission and Reflection Radiometer 
(ASTeR) Spectral Library includes additions to 
the mineral and rock spectra and provides one 
of the most comprehensive collections of spectra 
available for geologists, geomorphologists and 
soil scientists (Baldridge et al. 2009). However, 
the use of different spectral resolutions in dif-
ferent libraries, different mineral categories and 
measurement parameters can still impede their 
application in field investigation, mineral identi-
fication, land cover classification and geological 
mapping.

Principles of spectroscopy of rocks and miner-
als are described in the manuals relating to spec-
tral libraries, such as the United State Geological 

Fig. 1. examples of spectral reflectance diagrams for 
fresh and weathered basaltic rocks and pyroxene 

(based on kokaly et al. 2017, zhou and Wang 2017, 
modified). Selected spectral features are marked acc. 

to zhou and Wang (2017).
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Survey user’s manual for program SPECPR 
(clark 1993, 1999). To understand spectroscopy, 
one needs to understand some basic terms such 
as spectral range, spectral bandwidth, spectral 
resolution and sampling and signal-to-noise ratio 
(S/N). The spectral range is the range of wave-
lengths that each spectrometer can measure. 
Several ranges can be distinguished:
a) ultraviolet (UV): 0.1–0.4 µm,
b) visible radiation: 0.38–0.76 µm,
c) near-infrared (NIR): 0.75–1.4 µm,
d) short wavelength infrared (SWIR): 1.4–3 µm,
e) mid-wavelength infrared (MWIR): 3–8 µm,
f) long-wavelength infrared (LWIR): 8–15 µm, 

and
g) far-infrared (FIR): 15–1000 µm.

Ranges covering wavelengths of 0.75–15 µm 
(NIR + SWIR + MWIR + LWIR) are called thermal 
infrared (TIR) due to the properties of non-con-
tact temperature measurements. The visible and 
NIR radiation range together are called visible 
near-infrared (VNIR), and this has been mostly 
used in geological and soil studies. The spectral 
bandwidth informs about the width of a specific 
reflectance maximum. Spectral sampling resolu-
tion is the maximum separating or discriminat-
ing power of measurement, and spectral frequen-
cy informs the frequency of the data collection. 
The S/N compares the level of the desired signal 
with the level of background noise (unwanted 
fluctuation in a signal).

Hyperspectral data processing of satellite or 
aerial images requires extraction of endmem-
bers, which are diagnostic signatures used to 
specify a spectral class. Different algorithms of 

endmember extraction (e.g. linear unmixing 
model) and image classification techniques are 
described in suitable detail by Peyghambari and 
Zhang (2021).

Spectrometry in geological mapping

The beginnings of the application of spec-
trometry for mineral mapping took place in the 
1970s with the use of aerial scanning in Nevada 
(Abrams et al. 1977). The Airborne Imaging 
Spectrometer (AIS) provided, for the first time, 
the possibility of obtaining mineralogical maps 
of the earth’s surface (Goetz, Srivastava 1985). 
The development of the first spectral libraries 
and algorithm methods automated and facili-
tated the mapping of minerals (kruse, Lefkoff 
1994). Later, the ASTeR sensor aboard the earth 
Observing System (eOS) Terra satellite launched 
in 2000 provided revolutionary new capabilities 
for cost-effective mineral and land cover map-
ping over large areas. The ASTER sensor ac-
quires multispectral data in 14 bands, including 
4 bands in VNIR (0.52–0.86 µm), 5 bands in the 
SWIR (1.6–2.43 µm) and 5 bands in TIR (thermal 
region (8125–11.65 µm).

Hellman and Ramsey (2004) used the ASTER 
and Airborne Visible/IR Image Spectrometer 
(AVIRIS) data to characterise hot spring depos-
its in Yellowstone National Park. Using images 
based on VNIR and TIR radiation, they were able 
to locate areas of thermal alteration, an abun-
dance of alteration minerals and a comparison 
of active, near-extinct and extinct geysers. This 

Table 1. A selection of current widely available spectral libraries (based on Xie et al. 2020, modified).
Release year Spectral library Institution

1978 Infrared spectrogram database Shanghai institute of organic chemistry, Chinese 
Academy of Sciences

1981 jPL spectral library jet propulsion laboratory jPL,  
California Institute of Technology

1990 IcGP-264 spectral library United States Geological Survey USGS
1990 Ground object reflectance spectral characteristics 

database
Institute of optical machinery,  
Chinese Academy of Sciences

1991 jHU spectral library Johns Hopkins University JHU
1993 USGS spectral library United States Geological Survey USGS

1998, 2008 ASTeR spectral library (version 1 and 2) America’s space agency, NASA
2000 ASU Thermal infrared spectrum library Arizona State University ASU
2002 china typical feature spectrum library Beijing Normal University
2007 National typical ground object spectrum database 

for e-government
Institute of Remote Sensing Earth, Chinese Acad-
emy of Sciences
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study proved that spectroscopy can be used in 
studies of extinct mineralised hydrothermal de-
posits on both earth and Mars. As proven by 
Rockwell and Hofstra (2008), the TIR data of 
ASTER are vital for detecting non-hydrous varie-
ties of quartz that are not spectrally identifiable in 
the visible, near-infrared and shortwave-infrared 
(SWIR) spectral regions owing to a lack of diag-
nostic absorption features. In kumar et al. (2020), 
another example has been provided of the use 
of the ASTeR library in accompaniment with an 
airborne spectrometer (AVRIS-NG), where the 
researchers proposed an automated lithological 
mapping of the gold-bearing granite-greenstone 
belt of Hutti area.

Mapping gold deposits or other hydrothermal 
alteration of rocks using ASTeR and/or Landsat 
sensors has become very common in Africa in re-
cent years (Traore et al. 2020, Andongma et al. 
2021, El-Desoky et al. 2022).

Salehi et al. (2019) compared two different 
multispectral datasets obtained from (1) ASTeR 
and (2) Sentinel-2, during the mapping of ge-
ological units in NE Greenland. The study out-
comes proved that ASTeR data are more suitable 
for discriminating between various lithological 
units, owing to the reasons that: (1) ASTER has 
six SWIR bands in comparison with just two 
bands offered by Sentinel-2 and (2) Sentinel-2 
does not contain TIR bands. However, the latter 
Sentinel-2 provided better data for the detection 
of iron-bearing minerals due to several bands 
covering the 0.9 µm iron absorption feature 
(much more than ASTER).

There are different methods of spectral data 
processing. Rogge et al. (2007) used the spa-
tial-spectral endmember extraction tool (SSee), 
which works by analyzing a scene in parts (sub-
sets), and allows increasing the spectral contrast 
of low-contrast rock endmembers. The study 
was performed on images obtained over Nevada 
and Baffin Island and showed that the SSee 
method was an effective approach for extracting 
endmembers.

In SW Greenland, lithologies were mapped 
by Bedini et al. (2009) with use of the HyMAP 
airborne hyperspectral imaging system and 
unsupervised clustering algorithm, the Self 
Organising Maps (SOM) and a hierarchical tree. 
The resulting lithological map showed the spatial 
distribution of dolomite carbonatite, søvite, fenite 

with abundant carbonatite dykes, and fenite and 
hematised gneiss (marginal alteration zone).

Field data collection proved that the map based 
on spectral data was accurate and suitable for the 
mapping of carbonatite lithologies. HyMAP im-
ages, obtained over the Spanish Gabo de Gata 
volcanic area, were also used by van der Meer 
et al. (2018). The study proved that Wavelength 
Mapper and QuanTools are algorithms that can 
be effectively used to produce consistent, compa-
rable and reproducible maps.

Identification of spectral indices that can di-
rectly reflect the ratio of the rock and lichen in 
hyperspectral data was a focus of studies per-
formed in Greenland by Salehi et al. (2016, 2017, 
2020) and Salehi (2018). By analysing HyMAP im-
ages, they investigated how lichen cover affects 
the characteristics of SWIR mineral absorption 

Fig. 2. A – Averaged spectra of kimberlite rock 
with and without crustose lichen cover, B – The 

corresponding hull quotient (clark, Roush 1984) with 
spectra associated with the antigorite absorption 

feature (acc. to Salehi et al. 2017, modified).
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features and developed an automated absorption 
feature extraction algorithm. Figure 2 shows the 
obtained wavelength displacement of charac-
teristic absorption features for a kimberlite rock 
with different percentages of crustose lichen cov-
er. The studies of the above-mentioned authors 
emphasise the importance of a careful selection 
of wavelengths for image analysis in environ-
ments where bedrock is significantly overgrown 
with lichens, which is a common situation in the 
subpolar and polar zones.

The study of Pal et al. (2020) can be mentioned 
as an example of lithological classification using 
several multi- and hyperspectral space-borne 
sensors. They used VNIR and SWIR bands of 
Hyperion, ASTeR and Landsat 8 images. In a 
study of the Udaipur area (India), they success-
fully discriminated different sedimentary and 
metamorphic lithoclasses, including quartzite, 
phyllite, graywacke, dolomite, mafic-metavol-
canics, migmatite, graphitic metapelites and 
quartzite-arkose-conglomerate.

Major lithologies of the karkonosze Mountains 
(Poland) were studied in-field with the use of the 
ASd FieldSpec spectrometer and images were ob-
tained from VITO’s Airborne Prism eXperiment 
(APeX) scanner (Mierczyk et al. 2016). Bare rock 
surfaces were difficult to detect due to coverage 
by lichens or vascular plants. However, hyper-
spectral airborne imagery allowed for subpixel 
classifications of different types of granites, horn-
fels and mica schist after the implementation 
of advanced algorithms such as Spectral Angle 
Mapper, Linear Spectral Unmixing and Matched 
Filtering (the latter being the most effective).

The development of technology in the past 
decade allows the construction of multispectral 
sensors for unmanned aerial vehicles (UAVs). The 
first sensors allowed the mapping of iron-bearing 
minerals such as hematite, jarosite and goethite 
that have characteristic spectral features in the 
visible near-infrared (Gupta 2018). The research 
scenario in relation to UAV-borne multispectral 
surveys is progressing quickly and promisingly, 
and it is largely anticipated that subsequent re-
search would bring forth better and better spec-
tral resolutions (Heinicke et al. 2019). Geological 
mapping from the UAVs allows for quick data 
acquisition from small and intermediate areas, 
bridging the gap between field observations and 
airborne surveys (Martlet et al. 2021).

Parish (2016) evaluated reflectance spectros-
copy as a method of determining chert prove-
nance, and the implications of this research carry 
significance for forthcoming archaeological re-
search. He analysed 2430 samples from 81 depos-
its collectively representing seven chert types in 
the Midwestern and South-eastern United States, 
and concluded that the combined use of VNIR 
and Fourier transform infrared (FTIR) reflectance 
spectroscopy is an accurate and fast method for 
characterisation of chert deposits. The capability 
of reflectance spectroscopy to accurately assign a 
chert source can be of great importance in track-
ing the movement and behaviour of prehistoric 
(Stone Age) people.

Spectrometry in rock weathering 
studies

Reflectance spectroscopy together with 
colourimetry can be used in the determina-
tion of the rock weathering stage. Nagano and 
Nakashima (1989) used these methods to de-
termine the degree of weathering of powdered 
granitic rocks in Japan, rightly assuming that an 
increase in the yellow-brownish FeO(OH) con-
tent testifies to a more advanced stage of weath-
ering. This was further supported by Younis et 
al. (1997), who measured spectral characteristics 
(VNIR) of sedimentary and igneous rocks (sam-
pled in Spain) with various degrees of weather-
ing. They found that brightness and presence of 
characteristic absorption features result mainly 
from the iron oxides that had precipitated dur-
ing weathering.

zhang et al. (2007) utilised ASTeR images 
(VNIR and SWIR) showing parts of california to 
elaborate four rock weathering alteration indices 
from the six SWIR channels and determined al-
teration zones using a PCA-transformed miner-
alogic indices approach. Spectrally mapped flood 
basalt, quartz-biotite gneiss, muscovite schist 
and granitic, volcanic and metasedimentary rock 
units showed very good overlapping with the 
reference geologic map (the overall classification 
accuracy was 82%). The constrained energy min-
imisation technique (a subpixel unmixing algo-
rithm) was used to detect significant alteration 
minerals such as alunite, kaolinite, muscovite 
and montmorillonite.
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Variations in rock brightness, presence and in-
tensity of characteristic absorption features, and 
the spectral slope were detected also by zhou 
and Wang (2017), who studied rock samples col-
lected in Xinjiang (china). The mineral compo-
sition of the weathered surfaces was determined 
by a BjkF-II portable NIR mineral analyser 
(Nanjing Instrument co. Nanjing, china), and 
reflectance spectra were measured with the use 
of a portable spectroradiometer, ASd FieldSpec 
(Malvern Panalytical Ltd, Malvern, Uk).). The 
spectral resolution was 0.003 µm at band ranges 
of 0.350–1.0 µm and 0.008 µm at 1.0–2.5 µm. They 
found that spectral differences between weath-
ered and fresh rock surfaces were small for rhy-
olite, granite and tuffaceous sandstone, but large 
for andesite, basalt (Fig. 1) and diorite. Spectral 
changes in the 0.35–1 µm wavelength region 
were attributed to weathering of iron-rich miner-
als. However, the region of 1–2.5 µm shows O–H 
vibrations, and features at 2.2–2.5 µm can be sole-
ly attributed to hydroxyl groups. The strongest 
Al–OH bands appear near 2.2 µm, while Mg–OH 
bands were found near 2.3 µm and 2.35 µm.

Park and kim (2019) successfully used nar-
row-band multispectral (NBMS) analysis and 
a spectral index classification algorithm to de-
tect weathered features on rock surfaces on Mt. 
Lemmon in Arizona. Spectral images were col-
lected from rock slopes using a portable VNIR 
hyperspectral camera. Wavelength ratios of 

0.601–0.550 µm and 0.993–0.450 µm were used to 
delineate weathered and aperture areas, respec-
tively, on the rock mass. The weathering degree 
of rocks was then elaborated using thematic im-
ages. The percentages of the weathered and ap-
erture areas were used in a modified Geological 
Strength Index (GSI) evaluation.

Schaefer et al. (2021) presented the use of re-
flectance spectroscopy to estimate rock proper-
ties in the volcanic area of Mt. Ruapehu (New 
Zealand). They could determine connected po-
rosity, strength, magnetic susceptibility and elas-
ticity using the SWIR parts of the electromagnetic 
spectrum. They attributed this correlation to the 
presence or degradation (i.e. weathering or hy-
drothermal alteration) of iron-bearing minerals 
such as pyroxene, magnetite and pyrite, which 
reflect changes to both rock properties and spec-
tral reflectance data.

The authors of this article currently investigate 
(data in elaboration) rock spectral reflectance in a 
sequence of test sites running from contemporary 
glacial margins to Little Ice Age moraines in the 
Alps and Svalbard using ASd FieldSpec (Fig. 3). 
They search for reflectance curve characteristics 
indicative of advancing weathering in different 
petrographic conditions and different climatic 
zones (initial results are promising).

From the very beginning of spectroscopic ap-
plication in Earth sciences, geologists have suc-
cessfully used this method to study meteorites. 

Fig. 3. The spectroradiometer ASD FieldSpec used in weathering studies in front of Hallstätter Glacier in the 
Alps (photo M. dąbski).
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Terrestrial weathering of chondrites (stony me-
teorites) was researched by Salisbury and Hunt 
(1974). They found excellent correlation between 
steepening of slope in the visible radiation and 
a deepening of the 3 µm band, consistent with a 
progressively greater abundance of weathering 
products (hydrate and hydroxyl). Spectral reflec-
tance (VNIR) of a variety of meteorites has been 
also measured by Gaffey (1976), who grouped 
meteorites into: (1) those with strong spectral fea-
tures (ordinary chondrites, basaltic achondrites, 
diogenites, nakhlites, angrites and chassignites), 
(2) those with weak features (ureilites, black 
chondrites, stony-irons and some of the carbona-
ceous chondrites) (3) and those which are feature-
less (iron meteorites, enstatite chondrites, achon-
drites and some of the carbonaceous chondrites). 
Gaffey (1976) concentrated on unweathered 
meteorites; however, in one case, he noticed an 
evident signature of terrestrial wreathing: Alais, 
a carbonaceous chondrite, exhibited a spectral 
water-related feature at 1.9 µm, which must have 
resulted from terrestrially absorbed water.

Spectrometry in soils studies

Hyperspectral and multispectral images (en-
compassing radiation spectrum from visible radi-
ation to MWIR) constitute the basis for soil stud-
ies and precision agriculture. Satellite or airborne 
remote sensing is increasingly used for proper 
application of fertilisers, pesticides and irriga-
tion, because this technique provides up-to-date 
information on soil moisture, type of crop cov-
er and crop health (Liaghat, Balasundram 2010). 
Reflectance spectroscopy (satellite and aerial im-
aging, and in situ or laboratory measurements) is 
intensively used in the mapping of a variety of 
soil characteristics, for example, soil erosion, ex-
haustion, salinisation and mineral composition.

A comprehensive study was published by 
de jong (1994), who used airborne and labora-
tory VNIR images to delineate areas effaced by 
or potentially vulnerable to soil degradation by 
gully erosion in southern France. A multivariate 
approach, visual interpretation, and convex-hull 
transformation on the spectral curves were used. 
However, the spectral images obtained did not 
correlate well with the pattern derived from clas-
sic soil erosion models, and this was attributed to 

vegetation, which impeded the proper interpre-
tation of spectral data.

Hyperspectral imagery can be effectively used 
to map a deep weathering front (regolith depth) 
and different degrees of weathering on granite 
rock (Riaza et al. 1997). Spectral images provid-
ed by airborne spectrometer dAIS 7915 (72 chan-
nels in 2.5–4 µm, and 7 in 8–12.5 µm bandwidths) 
were used to produce maps highlighting areas of 
significant erosion associated with landforms, to-
pography and climate. Such maps contribute to 
understanding factors responsible for soil gran-
ulometry and soil depth and, consequently, help 
to elaborate soil loss and soil conservation maps.

Spectral characteristics of wet-sieved soil sam-
ples (representing relatively undisturbed soil) 
were compared with the characteristics of dry-
sieved samples (represented disturbed soils) by 
johnson et al. (1998). They used a portable µFT-
IR field spectrometer that detects 3–5 µm and 
7–14 µm bandwidths. The study found that the 
undisturbed soil samples had greater spectral 
contrast in the region near 9 µm, probably re-
sulting from the removal of fine-grain coating, 
mainly kaolinitic clay, upon the action of rain 
(or snowmelt) water or wind deflation occurring 
naturally in nature.

demattê and Garcia (1999) measured spec-
tral reflectances (VNIR) of soil samples collected 
at 0–0.2 m and 0.4–0.6 m depths with the use of 
Infra-Red Intelligent Spectroradiometer (IRIS). 
The soils included arguidolls, rhodudalfs and 
hapludox developed on basalts in the Paraná 
state. In general, the deeper soil horizons exhib-
ited higher reflectance intensities than the upper 
ones. Soil organic matter was responsible for low-
ering of reflectance intensity in the entire spec-
trum; however, amorphous and crystalline Fe 
influenced reflectance differently. Multivariate 
analysis demonstrated that the content of clay, 
silt, kaolinite, crystalline Fe, amorphous Fe and 
Mg can be determined by analysis of the reflected 
energy of the soils. The study proved that soils 
can be separated at the soil-type level based on 
the reflectance intensities in various absorption 
bands.

Multivariate statistical analysis was applied by 
Leone and Sommer (2000) to high-resolution lab-
oratory reflectance spectra of soil samples reflect-
ing the range of soil development in the southern 
Apennines. They found that the brightness and 
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VNIR slope of the spectra are important spectral 
characteristics that can be used to discriminate 
soil development, most importantly carbonate 
content, organic matter and soil texture. Soil 
types could be further separated based on the 
iron oxide features and the two main water and 
hydroxyl absorption bands at 1.4 µm and 1.9 µm.

VNIR has been used in soil studies to eval-
uate soil horizons and processes in various soil 
types (e.g. message, decalcification, dessilica-
tion and ferralisation), chronosequences and 
morphoclimatic zones. Reflectance spectrome-
try of soil samples can provide quantified infor-
mation about colour, organic carbon, moisture, 
exchangeable calcium and magnesium cation 
(Varshney, Arora 2004). An interesting study was 
performed by Michalski et al. (2006), who com-
pared fresh and weathered basalts sampled in 
Washington state (USA) using VNIR and thermal 
emission (6–30 µm) spectral ranges. They found 
that weathered basalt surfaces exhibit increased 
reddening and brightening (observed in VNIR), 
and increased silica and clay content (observed 
in thermal IR). Their results can have significant 
implications for studies of chemical weathering 
processes on Mars, because spectral images of 
the Red Planet show variably oxidised surfaces 
and the presence of amorphous silica and clay-
like materials in the TIR.

Selected Brazilian soils (oxisols and ultisols in 
Goiás state) were mapped together with quanti-
fication of their mineralogical components with 
use of the AVIRIS sensor (VNIR) by Baptista et al. 
(2011). By applying the spectral index RcGb [ka-
olinite/(kaolinite + gibbsite) ratio], the authors 
were able to effectively determine the weather-
ing degree of the soils and the transition between 
oxisols and ultisols. The detected kaolinite and 
gibbsite content of the soils was checked against 
laboratory mineralogical quantification.

Mohanty et al. (2016) demonstrated a new ap-
proach to estimating weathering indices in soils 
in West Bengal and Odisha states (India). VNIR 
and MIR radiation spectra were used and spec-
tral measurements were made with use of a port-
able spectroradiometer, ASd FieldSpec (VNIR), 
and an FTIR spectrometer (Nicolet 6700) for MIR. 
The robustness of spectral models was checked 
by the residual prediction deviation (RPd). MIR 
data provided superior estimation capability 
for all weathering indices compared with VNIR 

data. The best prediction was obtained for in-
dex of laterisation in the MIR and MgIndex in 
VNIR. The variable importance projection (VIP) 
approach produced the best results when both 
spectral ranges were combined, especially for a 
chemical index of alteration, mafic index of alter-
ation, index of lateralisation and weathering in-
dex of Parker. This study provided further argu-
ments that soils may be estimated in a rapid and 
non-destructive way in situ.

Chemical, physical and mineralogical proper-
ties of soil change over time and these trends ex-
hibit rates and directions of pedogenic processes. 
zheng et al. (2019) studied a soil chronosequence 
derived from 1000-year-old calcareous marine 
sediments in Northern Jiangsu Province with use 
of a portable spectrometer, ASd FieldSpec. They 
showed that soil organic matter accumulation, 
CaCO3 leaching and clay migration can be iden-
tified in the millennium chronosequence using 
the reflectance intensity and absorption features. 
However, the absorption features of Fe did not 
exhibit evident changes with age in the studied 
soil chronosequence.

A similar study, based on soil samples and 
ASD FieldSpec measurements, was performed 
by chang et al. (2020) in order to determine the 
spatial pattern of soil degradation (mostly salini-
sation and alkalisation) in the Yellow River delta. 
They created a soil degradation index (SdI) us-
ing the entropy weight method based on a va-
riety of soil indices (pH, SSC, OM, AN, AP and 
Ak). The overall reflectance spectra increased 
together with increased level of soil degradation. 
correlation between SdI and selected spectral 
parameters was determined.

Conclusion

Reflectance spectroscopy is a rapidly evolving 
science that can be used in geology-related ap-
plications and soil sciences where other methods 
are impossible, troublesome or time-consuming. 
Owing to the availability of open access to es-
tablished spectral libraries offering spectral dia-
grams for a wide variety of rocks and minerals, 
and an abundance of relevant literature, mineral-
ogical and petrographic structures are becoming 
easily determined at various scales and locations. 
The method can be used directly in-field (owing 
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to the advent of portable spectrometers), under 
laboratory conditions (e.g. focusing on rock or 
soil samples) or by processing and interpreting 
UAV surveys, airborne or satellite images. The 
development, combination and unification of 
all these data sources open up new possibilities 
for application in a variety of geological studies, 
including mapping of minerals, rocks of various 
petrographic composition, soils and weathering 
alterations.
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