JOURNAL OF MINING AND GEOLOGICAL SCIENCES, VOL. 60, PART I, Geology and Geophysics, 2017

HYPERSPECTRAL MEASUREMENTS OF ROCKS AND SOILS IN CENTRAL
SREDNOGORIE

Denitsa Borisoval, Banush Banushev?, Hristo Nikolovt, Roumen Nedkov 1, Daniela Avetisyan?

1Space Research and Technology Institute, Bulgarian Academy of Sciences /SRTI-BAS/, 1113 Sofia; dborisova@stil.bas.bg
2University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; banushev@mgu.bg

ABSTRACT. Remote sensing is the technique of acquiring, processing, and interpreting images and multi channels spectral data, acquired from optical imager
sensors mounted on aircraft and satellite platforms recording the interaction between investigated objects and electromagnetic energy. Remote sensing application in
Earth observation begins with the design and development of equipment for carrying out research of the monitored objects remotely and without disturbing their
integrity. Ground-truth data in Earth observation of the environment and in the remote sensing investigations are very important. In this work, remote sensing images
are used for mineral exploration in different applications for mapping geology and recognizing soils and rocks by their spectral signatures. We used Landsat, ASTER,
and Sentinel satellites images to interpret structures, soils and rocks. For data verification, the hyper-spectral systems USB 2000 and NIRQUEST 512.2 of Ocean
Optics Inc. are used in laboratory and field spectrometric measurements. They make it possible to define the finest spectral characteristics of soil minerals and rocks
for their identification. The obtained spectral data are compared with similar data from different instruments for Earth observation included in the spectral libraries.
They correspond to the shape of the spectral signature in the same spectral range obtained with other spectrometers. These promising results encourage us to plan
the next campaigns for the field spectroscopy measurements in different regions of Bulgaria.
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PE3IOME. [luctaHUMOHHUTE M3credBaHus ca TexHuka 3a nonyyaBaHe, 0bpaboTka W MHTepnpeTauus Ha M300paeHUs M MHOTOKaHamHW CrEeKTpanHu LaHHu,
npuaoGMTI OT OMTUYHM CEH30PU, MOHTUPaHW HA CaMONeTV W CaTenUTHU NNaTOpMK, KOUTO PerucTpupat B3aUMOAENCTBUETO Mexay W3cneaBaHuTe obekTn
€eNeKTPOMarHuTHaTa eHepris. [punoxeHneTo Ha ANCTaHLMOHHUTE W3CneaBaHNs B HabnioaeHneTo Ha 3emsTa 3anoyBa C MPOEKTUPaHeTo M pa3paboTBaHEeTo Ha
obopyaBaHe 3a M3BbPLUBAHE Ha M3cnefBaHnsTa Ha HabniogasaHuTe 0bekTM OT pascTosiHue 1 6e3 Aa ce HapyllaBa TsxHaTa LAnocT. HaseMHuTe faHHM ca MHOro
BaXHu npu HabntogeHneTo Ha 3emsiTa. B Tasu pabota u3obpaxeHnsTa OT AUCTAHLMOHHUTE HabMIOLEHNS Ce M3MON3BaT B Pa3niyHu NPUMOXEHWS - 3a NPoy4BaHe Ha
MWHeparHn pecypc, 3a reonioxku kapTorpadupaHe W 3a pasno3HaBaHe Ha MOYBMTE W CKanuTe Ype3 TEXHWUTE CMeKTparnHu XapakTepucTuku. Vanonssanu ca
CITBTHUKOBM N306paxeHnst OT pecypHUTe CibTHUHLM Landsat, ASTER u Sentinel, ¢ Lien pa3no3HaBaHe Ha CkanHu paskputus 1 Noyeu. 3a npoBepka Ha faHHUTe ca
13M0N3BaHu cnekTpoMeTpuyHuTe cuctemn USB 2000 m NIRQUEST 512.2 Ha Ocean Optics Inc., Ype3 kouTo ca npoBedeHn nabopaTopHu W nonesu
CNEKTPOMETPUYHN U3MepBaHUs. Te ocurypsiBaT OnpedensHETO Ha Hail-4obpuUTe CNeKTpanHi XapakTepucTMK Ha MUHepanuTe B MOYBUTE U Ha CKanuTe, KOWTO Aa
nocryxar 3a pasno3HaBaHETO WM MpU MHTEprpeTaLusita Ha CMbTHUKOBUTE M306paxeHus. MonyyeHuTe CneKTpanHu AaHHW Ce CpaBHsIBAT C MOAOGHW AaHHW OT
pa3NnYHN MHCTPYMEHTU 3a HabnioaeHue Ha 3emsTa, BKMKOYEHU B CnekTpanHu 6ubnuoteku. Te CbOTBETCTBAT Ha (popMaTa Ha CNEeKTpanHUTe XapakTepucTuki B
CbLUNS CMeKTPaneH AuanasoH, NomyyeH ¢ Apyrv cnekTpomeTpu. Tesn obeluaBally pesynTaTi HU HacbpyaBaT fa NnaHupame crefpallnTe kamnaHui 3a nonesu
CNEKTPOMETPUYHI U3MEPBaHWS B Pa3NUYHI PETYOHN Ha Bbarapus.

KniouoBu AYMU. ANCTaAHLMOHHW U3cCneaBaHus, in-situ CNeKTPOMETPUYHU U3MEPBaHNA, CNIEeKTPanHu AaHHK, HabniopeHus Ha 3emsTa, BepI/ICbI/IKaL[I/Iﬂ Ha AaHHU

Introduction spectrometric measurements. They provide spectral data for
defining the finest spectral characteristics of soil minerals and
rocks for their identification. The obtained spectral data are
compared with similar data from different instruments for Earth
observation included in the spectral libraries, such as USGS
and JPL data base. They correspond to the shape of the
spectral signature in the same spectral range obtained with

Ground-truth data in Earth observation of the environment
and in the remote sensing investigations are very important.
Remote sensing images are used in the present paper for
supporting mineral exploration and mapping geology and for

recognizing soils and rocks by their spectral signatures. We o
used ASTER, Landsat, and Sentinel satellites images for other spectrometers. These promising results encourage us to

interpreting both, rocks and soils. For data verification, the plan the next campaigns for collecting mineral, rock, and soi

hyper-spectral systems USB 2000 and NIRQUEST 512.2 of samples for the laboratory and for the field spectrometric
Ocean Optics Inc. are applied for in-situ (laboratory and field) ~ Measurements in different regions of Bulgaria.
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MATERIALS AND METHODS

Landsat 8 Operational Land Imager

Landsat 8 Operational Land Imager (OLI) images consist of
nine spectral bands with a spatial resolution of 30 meters for
Bands 1 to 7 and 9. The ultra blue Band 1 is useful for coastal
and aerosol studies. Band 9 is useful for cirrus cloud detection.
The resolution for Band 8 (panchromatic) is 15 meters. The
approximate scene size is 170 km north-south by 183 km east-
west (106 mi by 114 mi) (https://landsat.usgs.gov/iwhat-are-
band-designations-landsat-satellites, July 2017).

ASTER Instrument

The Advanced Spaceborne Thermal Emission and Reflection
Radiometer (ASTER) is an imaging instrument onboard Terra,
the satellite of NASA's Earth Observing System (EOS)
launched in December 1999. ASTER is a cooperative effort
between NASA, Japan's Ministry of Economy, Trade and
Industry (METI), and Japan Space Systems (J-spacesystems).
ASTER data is used to create detailed maps of land surface
temperature, reflectance, and elevation. The coordinated
system of EOS satellites, including Terra, is a major
component of NASA's Science Mission Directorate and the
Earth Science Division. The goal of NASA Earth Science is to
develop a scientific understanding of the Earth as an integrated
system, its response to change, and to better predict variability
and trends in climate, weather, and natural hazards
(http://asterweb.jpl.nasa.gov/index.asp, July 2017).

The ASTER instrument consists of three separate instrument
subsystems. Each subsystem operates in a different spectral
region, has its own telescope(s), and was built by a different
Japanese company. ASTER's three subsystems are: the
Visible and Near Infrared (VNIR), the Shortwave Infrared
(SWIR), and the Thermal Infrared (TIR). In our study, were
used data from the subsystem in the SWIR region.

SENTINEL-2 Multispectral Instrument

The Sentinel-2 Multispectral Instrument (MSI) will sample 13
spectral bands: four bands at 10 metres, six bands at 20
meters, and three bands at 60-meter spatial resolution. The
acquired data, mission coverage and high revisit frequency
provides for the generation of geo-information at local,
regional, national, and international scales. The data is
designed to be modified and adapted by users interested in
thematic areas (https:/learth.esa.int/web/sentinel/user-
guides/sentinel-2-msi/overview, July 2017).

Instruments Characteristics
The ASTER bands are overlaid on the atmosphere model
presented on Figure 1.
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Fig. 1. ASTER bands (http://asterweb.jpl.nasa.gov/iimages/spectrum.jpg,
July 2017)
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SENTINEL-2 data is complementary to existing missions
including LANDSAT (Fig. 2) and SPOT.
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Fig. 2. Sentinel-2 and Landsat spectral bands
(https:/learth.esa.int/web/sentinel/user-guides/sentinel-2-msi/overview,
July 2017)

Field and laboratory instruments

For data verification, the hyper-spectral systems USB 2000
(TOMS) and NIRQuest 512.2 of Ocean Optics Inc. are used in
the field and the laboratory (in-situ) spectrometric
measurements. The field reflectance spectral signatures were
obtained with a TOMS (Thematically Oriented Multi-channel
Spectrometer) designed and constructed in the Remote
Sensing System Department at the Space Research and
Technology Institute — Bulgarian Academy of Sciences in
collaboration with Alabama State University USA (Petkov et al.,
2005). A high-performance optical bench, low-noise
electronics, and various grating options make NIRQuest
Spectrometers the best choice for modular NIR spectroscopy.
This small footprint spectrometer is available in several
different models that cover various wavelength ranges
between 900 nm and 2500 nm. As with most Ocean Optics
designs, the NIRQuest can be customized for your specific
application with various grating, slit and mirror options. The
NIRQuest is ideal for applications ranging from analyzing
moisture content in food and beverage products to analyzing
trace metals in wastewater and laser characterization among
others. The NIRQuest 512.2 was used in the laboratory
spectrometric  measurements  (https://oceanoptics.com/wp-
content/uploads/OEM-Data-Sheet-NIRQuest.pdf, July 2017).

ASTER Spectral Library

The ASTER spectral library includes data from three other
spectral libraries: the Johns Hopkins University (JHU) Spectral
Library, the Jet Propulsion Laboratory (JPL) Spectral Library,
and the United States Geological Survey (USGS - Reston)
Spectral Library.

In the present study, we used data from the ASTER spectral
library for comparing the obtained infrared spectral data from
ASTER instrument onboard of the airborne platform and the
same data from laboratory measurements for the same rock
samples included in the spectral libraries (Baldridge et al.,
20009).

Region of Interest (Rol)

The total area of the said region is about 600 km? located in
the central part of Bulgaria. In this work, the region of interest
is Central Srednogorie (Fig. 3). This zone is located in the
central part of Bulgaria and belongs to Apuseni-Banat-Timok-
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Srednogorie belt, into which one of Europe’s richest porphyry
Cu and Cu-Au epithermal deposits are located (Strashimirov et
al., 2002; Popov et al, 2012). In the Srednogorie zone,
situated 60-90 km east of Sofia, the ore deposits exploited
contain mainly Cu and Cu-Au-Mo. In this region, 150 ore
deposits, ore occurrences and mineral indications are found
and documented.
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Fig. 3. Metallogenic zones in Bulgaria (after Bogdanov, 1982; Bird et al.,
2010)

About 10 km south of the town of Zlatitsa, on the road to
Panagyurishte, an outcrop of the South Bulgarian granitoids
are embedded in metamorphic rocks of the Proto-Rhodope
group. To the South, Bulgarian granitoids intrusive bodies
concerned with Palaeozoic ages, different sizes and
composition, are divided into three intrusive complexes. The
first set includes intrusive granites, grano-diorites, and small
bodies of diorite and quartz-diorites. The Smilovene, Hissar
and Poibrene plutons are included in this complex. The
composition of the second intrusive complex includes
amphibole-biotite, biotite, and light granites. The Koprivshtitsa,
Klissura, and Matenitsa plutons belong to this complex. The
third intrusive complex is represented by granular biotite,
biotite-muscovite, and pegmatite granitoids. In this complex,
the Strelcha, Karavelovo, Lesichovo, and Varshilo plutons are
presented (Dabovski et al., 1972). In the point of field
measurement, biotite granites of the Northwest Koprivshtitsa
pluton are revealed. They are light gray, sometimes rusty
colored by iron hydroxides, medium- to coarse-grained, with a
clear lineal porphyroid parallelism. They are formed by K-
feldspar, plagioclase, quartz, biotite, apatite, and zircon
(Banushev et al., 2012).

Results and Discussion

Reference spectra

Reference spectra of granites, grano-diorites, and related soil
types were obtained from the USGS and JPL spectral libraries.
The USGS spectral library contains reference spectra for rocks
and soils that represent different localities around the world but

most of them are presented in one particle size (Clark et al.,
2007).

Spectral analysis

According to specific features of the spectral signatures, the
USGS and JPL reference spectra of granites, grano-diorites,
and related soil types that are closest to granites, grano-
diorites and related soil types in the Rol were analyzed.

In Figure 4a, the spectral reflectance signatures of granite
(blue line reflects 23-33%), brown soils (brown line reflects 2-
29%), and grass as green vegetation (green line typical
reflective maximum at 0.55 zm and (0.76-0.85) gmand at

least 0.67 gm) taken from the USGS spectral library

(Baldridge et al., 2009) are presented. They represent
reference spectral reflectance characteristics and are used for
comparative interpretation of the results acquired during the
field hyper-spectral measurements.
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Fig. 4. Plot of spectral reflectance signatures of granites, related soil

types and green vegetation obtained from: (a) ASTER reference library
(Baldridge et al., 2009) and (b) TOMS field hyper-spectral measurements
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Figure 4b shows the spectral reflectance characteristics of
granite, brown forest soil, and green vegetation obtained in the
field hyper-spectral measurements using the TOMS
spectrometric system. The reflectance spectra of granites and
brown forest soil show significant differences in value range
(0.6-0.8) xm.

The infrared spectra of granite have increased water vapor,
which causes a observable saw tooth appearance in the short
wavelength region of the spectra (2-3) £m . Results show that

it has an absorption feature around 1.9 #m (Fig. 5). The 1.9
pMm feature is covered by atmospheric (water) absorption

(Curran et al., 2001). This minimum in the spectral
characteristics could be found in laboratory spectral data
because of the higher amount of energy reaching the
instrument detector.
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Fig. 5. Plots of infrared spectra of: (a) granites, grano-diorites, and

related soil from ASTER library (Baldridge et al., 2009); (b) Rol from
ASTER instrument

The ASTER spectra of exposed granites in Rol (green line in
Figure 5) have the same trend as reference spectra from the
spectral library. Since there are no detectors in the spectral
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range (1.8-2.1) um, the missing spectral data could be the

cause for misinterpretation of the infrared spectral data.
Therefore, additional in-situ laboratory and field spectrometric
measurements in this spectral range have to be planned and
performed.

Figure 6a presents a Landsat 8 image (November 2015) of
the Rol with three ground control points /GCPs/ for studied
land covers. The GCPs include soil and rocks. Figure 6b
demonstrates the spectral reflectance curves for each GCP
obtained from Landsat 8. For better interpretation and
classification of soils and rocks in mountain regions, the
described measurements complete the methodologies
explained in Avetisyan (2015) and Avetisyan and Nedkov
(2015).
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Fig. 6. Landsat 8 image of the Rol in 2015 with GCPs (1-3) (a) and relating
spectral signatures (b)

A Sentinel-2 MSI image (August 2015) of the Rol with three
ground control points /GCPs/ for studied land covers that are
identical as those on Landsat 8 image is presented in Figure
7a. GCP1 and GCP2 include mainly soil and rocks. In GCP3,
the three main land cover types — rocks, soils, and vegetation —
are included. Figure 7b demonstrates the spectral reflectance
curves for each GCP obtained from Sentinel-2 MSI.
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Fig. 7. Sentinel-2 MSI image of the Rol in 2015 with GCPs (1-3) (a) and
relating spectral signatures (b)

Conclusions

Multispectral data from three different spectrometric systems
— ASTER on satellite Terra, OLI on satellite Landsat 8, and
MSI on satellite Sentinel-2 - were used in this study to identify
exposed rocks and soils in the Central Srednogorie region,
Bulgaria. For data verification, the hyper-spectral systems
TOMS (USB 2000) and NIRQuest 512.2 of Ocean Optics Inc.
were used in performing in-situ (the laboratory and the field)
spectrometric measurements. The results show that the
suggested methods for analyzing the spectral data could be
useful for identifying exposed rocks and soils. Theoretical and
analytical techniques that have been developed for the
analysis of the laboratory spectral data were also applied to
field spectral data. The shape of the spectral curves acquired
during the laboratory and the field measurements confirmed
this promising technique in satellite data verification.
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