JOURNAL OF MINING AND GEOLOGICAL SCIENCES, Vol. 61, Part I, Geology and Geophysics, 2018

SPECTRAL REFERENCE LIBRARY FILLED WITH REFLECTANCE ROCK FEATURES

Denitsa Borisova', Banush Banushev?, Doyno Petkov’

TSpace 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 applied often in Earth observations. It includes acquiring, processing, and interpreting images and multispectral data, acquired from
optical sensors mounted on airborne and satellite platforms. For better object-oriented interpretation of remotely sensed data the reference spectral features of well-
described objects are required from laboratory, field, and satellite sensors. In-situ laboratory and field remote sensing measurements provide a significant part of the
spectral data for interpreting spectral images with different spatial resolution and creating thematic spectral reference libraries. Including data from different
experiments into an accessible reference spectral library ensures their continued exploitation, provides a basis for their qualitative assessment, and allows them to be
exchanged between specialists from different research and applied sciences. Creating, updating and maintaining a spectral reference library requires periodic
laboratory and field experiments, including spectrometric and other type of measurements, in this case, of rocks. The reflectance rock features are used for updating
regularly the library with the necessary information. This study suggests that collected spectral data from the field spectrometric measurements of the different
exposed rocks and laboratory spectral measurements of the samples collected in the field campaign will be used for filling in the reference spectral library. The
obtained spectral reflectance features could be used in airborne and satellite image classification and for comparison with reference reflectance spectra from other
spectral libraries. To obtain the data for filling in the presented spectral reference library, spectrometric systems, assembled in the Department of Remote Sensing
Systems at the Space Research and Technology Institute of the Bulgarian Academy of Sciences, based on models of Ocean Optics spectrometers Inc. were used.
The spectrometric system TOMS /Thematically Oriented Multi-Channel Spectrometer/ was used to perform laboratory and field spectrometric measurements. Field
spectrometric measurements were performed during petrology training on established geological routes. Laboratory spectrometric measurements were performed in
the Spectral and Photometric Measurements Laboratory of the Remote Sensing Systems section. The resulting reflecting spectra can be used to classify satellite
images and compare them with the reference reflection spectra from other spectral libraries.
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PE3IOME. W3BecTHO €, Ye 3a M3yyaBaHe Ha nnaHeTy, Ce M3Non3saT pasnuiHN SUCTaHLMOHHW METOAM Ha u3cneaBaHe. Chluo Taka, npu HabrogeHusTa Ha 3emsata
JUCTaHLMOHHUTE M3CNeaBaHUs ca YecTo M3nonasaHu. Te BKMKOYBAT MpoLecuTe Ha nonyyaBaHe, 06paboTka M MHTepnpeTaums Ha U306paxeHUst U MHOrOKaHamHm
CnekTpanHu aHHW, PerMCTPUPaHI OT ONTUYHW CEH30PH, KOUTO Ca MOHTMPAHU Ha CAMOMETHW U CTbTHUKOBM NaThopmu. 3a NoBULIABaHe HA TOYHOCTTa NpW 0BEKTHO-
OpUEHTMpaHa UHTEPNPETaLMS Ha JaHHUTE OT AUCTaHLMOHHUTE U3CTeBaHNs Ha U3ydYeHnTe W JoBpe onucaHu 0GEKTH Ce M3NCKBA MPOBEXAAHETO HA U3MepBaHus Ha
€TaroHHW CMEeKTPanHU XapaKTepUCTUKM, KOUTO Ce MomnyyaBaT OT NlabopaTOpHW, MONEBW W CMBbTHUKOBM CEH30pU. JlabopaTopHUTEe M MOMEBUM AMCTAHLMOHHM
U3MepBaHUs OCUrypsiBaT 3HAUUTENHA YacT OT CrIEKTPasHUTE [aHHWU 3a MHTEPNPeTUPaHe Ha CMeKTpanHu u3obpaxeHus ¢ pasnuyHa NpoCcTPaHCTBEHa paspenuTenHa
CnocoBHOCT W 3a Cb3faBaHe Ha TeMATUYHM CNIEKTPanHu pechepeHTHU BUBNMoTekW. BkiouBaHETO HA AaHHM OT Pa3fUYHM eKCrIEPUMEHTU B AOCTBMHA pedhepeHTHa
cnekTpanHa GrbnuoTeka rapaHTVpa TAXHATa NPOLbIDKUTENHA EKCoaTaLys, OCUrypsiBa OCHOBA 3a TAXHATa KayecTBEHa OLiEHKa 1 N03BONSIBA MOMYYEHUTE faHHM Aa
ce OOMeHSIT Mexay CheuvanucTit oT pasmuyHu HayyHu W NpuUnoxHW obnact. Cb3paBaHeTo, aKTyanuaupaHeTo U MOLAbpkKaHeTo Ha pedepeHTHa TemaTuyHa
crnekTpanHa pedepeHTHa GubnuoTeka U3MCKBa NEPUOANYHI NAaBGOPaTOPHY W MONEBM EKCMIEPUMEHTM, BKMIOUUTENHO CMIEKTPOMETPUYHM U ApYTi BUSOBE U3MEPBaHUS
Ha OTANeEHW 0BEKTU Ha U3CNeABaHe, B KOHKPETHUS Cryyaii - Ha ckanu. CneKTpanHuTe OTpaxaTernHW XxapakTepuCTUKA Ha Ckani Ce M3Non3BaT 3a PeoBHO NoMbBaHe
Ha CcbafasaHaTa GubnuoTeka ¢ HeobxoaumaTa uHGopMaums. TakbB BUA U3CefBaHe npeanonara U3MepBaHeTo Ha CMeKTpanHu OTPaxaTenHu XapakTepUCTUKM Ha
CKanu npy TEPEHHU EKCIEPUMEHTM Ha PasrNiHU CKaHU PasKpUTUsS U MPOBEXAaHe Ha NabopaTopHU CEKTPOMETPUYHI U3MEPBaHM Ha CkanH1 06pasuy, Cbbpanu oT
MecTaTa Ha MpoBeXAaHe Ha TEPEHHUTE M3MepBaHWs. B HacTosWMs [oknaf aBTOPUTE MPELCTABAT eTanuTe 3a MONyYaBaHETO Ha [aHHWTe, FeHEpUPaHETO Ha
cnekTpanHata pedepeHTHa GubnuoTeka BbB BMA Ha Gasa OT AaHHW W 3aMbiBAHETO M C MOMyuYeHWUTe CEKTpanHu OTpaxaTernHu XapakTepucTuku Ha ckanu. 3a
nonyyaBaHe Ha [aHHUTE, C KOWTO Lie ObAe 3ambfiHeHa MpefcTaBeHaTa cnekTpanHa pedepeHTHa GMGNMOTEKa, Ca M3NOM3BaHW CNEKTPOMETPUYHU CUCTEMM,
acembnvpaHy B cexuusi ,CUCTEMM 3@ AVCTaHLMOHHM M3CreaBaHus” B VIHCTUTYTa 3a KOCMUYECKN U3CefBaHNs U TEXHONOMMM KbM Bbrirapcka akagemmus Ha Haykute,
6a3svpanm Ha mMopenu Ha cnekpomeTpu Ha Ocean Optics Inc. Cbc cnektpometpuyHata cuctema TOMS /Thematically Oriented Multi-channel Spectrometer/ ca
npoBefeHn nabopaTopHU 1 NOMEBN (TEpPeHHM) CNEKTPOMETPUYHU M3MepBaHs. TEPEHHUTE CNEKTPOMETPUYHIM U3MEPBAHUS Ca peanuaupaHyu no Bpeme Ha y4eGHU
NpaKTMKK MO NeTporpacms No YTBLPAEHU TeoNoXKN MapLpyTh. NlaGopaTopHuUTe CNEKTPOMETPUYHN M3MEepBaHNs ca OCbLIECTBEHW B Nabopatopus ,CnekTpantu u
(hOTOMETPUYHY U3MepBaHUS” KbM Cekums ,CUCTEMM 3a INCTAHLMOHHM u3cneaBanus”. MonyyeHuTe oTpaxkaTesHu CNeKTpU MoraT fia ce U3nonaeat 3a Knacudukaums
Ha CITbTHUKOBI N306paXeHIst 1 ia Ce CPABHAT C PEPEPEHTHUTE OTPaXaTENHIU CEKTPU OT APYI CMIEKTPanHN GubnuoTeku.

Knio4yoBn gymu: OMCTAHUMOHHM U3CrefBaHusi Ha 3emsiTa M MiaHeTUTe, HabniogeHus Ha 3emsita, nabopaTOpHU U TEPEHHU CMIEKTPOMETPUYHM U3MEPBaHMS,
CreKTpanHu aHHu, CriekTpanHn 6uénuoteku
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Introduction

The in-situ reference spectral data are very important in
Earth observations for supporting mineral exploration and
mapping geology, for recognizing minerals and rocks by their
spectral signatures, and for the future planning of satellite
missions. Remote sensing measurements made in laboratory
and on the field (in-situ) provide helpful information for
research studies and for analyzing data from sensors located
on airborne and satellite platforms. Analysis of spectral data
obtained in the laboratory and on the field, and from various
other platforms, requires a knowledge base that consists of
different spectral features for known and well-described
different objects.

The U.S. Geological Survey (USGS) spectral library is the
biggest one and is related both to Earth observations and
spacecraft mission planning (Kokaly et al., 2017). The USGS
spectral library presents a knowledge base for the
characterization and mapping of materials and provides
important compositional standards. As part of the spectral
library and at the same time as independent thematic spectral
libraries  the  Jet  Propulsion  Laboratory  (JPL)
(https://speclib.jpl.nasa.gov/documents/jpl_desc, July 2018),
John Hopkins University (JHU)
(https://speclib.jpl.nasa.gov/documents/jhu_desc, July 2018),
Arizona State University (ASU)
(http:/ites.asu.edu/spectral/library/index.html, July 2018), the
ASTER/ECOSTRESS projects  (https://speclib.jpl.nasa.gov/,
July 2018), collect spectral data from laboratory and field
spectrometric measurements. The JPL and JHU libraries
contain reflectance spectra, the ASU library contains emittance
spectra and the ASTER library contains both of them. Another
spectral library for the storage of spectrometer data and
associated metadata is the SPECCHIO spectral database
system (Hueni et al., 2011). Spectroscopic data are also
acquired at the Keck/NASA RELAB (Reflectance Experiment
Laboratory) supported by NASA as a multi-user spectroscopy
facility (http://www.planetary.brown.edu/relab/, July 2018) and
these data are used for filling in the RELAB Spectral Database
(http://www.planetary.brown.edu/relabdocs/relab_disclaimer.ht
m, July 2018)

For processing the spectral data from the ASTER Spectral
Library and the ENVI Spectral Libraries Spectral Python (SPy)
a pure Python module is used. SPy is free, open source
software distributed under the GNU General Public License
(http:/iwww.spectralpython.net/, July 2018). Thematic spectral
libraries in ENVI software could be created using the Spectral
Library Builder from a variety of spectra sources, including
ASCII files, spectral files produced by spectrometers, other
spectral libraries, and spectral profiles and plots. The collected
spectra are automatically resampled to an input wavelength
space using Full-Width Half-Maximum /FWHM/ information
(https:/lwww.harrisgeospatial.com/docs/spectrallibraries.html,
July 2018). In the RELAB the Modified Gaussian Model (MGM)
software is used (http://www.planetary.brown.edu/mgm/, July
2018).

The USGS spectral library contains information about
spectral features and characteristics mainly of minerals and
rocks but also of soil and vegetation. Based on the specifics of
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the researched object, thematically oriented spectral libraries
started to be created (Ruby and Fischer, 2002; Fang et al.,
2007; Rivard et al., 2008).

The thematic spectral libraries have a significant application
in the integration of in-situ measured spectra and specific
properties of the studied objects and remotely sensed spectral
data (Tits et al., 2013). Applications of the spectral libraries
using various methods for processing and interpreting of
spectral data have been made (Rivard et al., 2008; Xu et al.,
2018).

Laboratory and field spectrometric measurements of rocks
have been continuing for more than 30 years performed by
different teams from the Space Research and Technology
Institute at the Bulgarian Academy of Sciences /SRTI-BAS/.
The authors of this study aimed to collect spectral data both
from previous own experiments (Avanesov et al., 1989;
Borisova, 2002, 2003, 2004, 2013, 2015; Borisova and
Kancheva, 2005; Bopucosa, 2007; Bopucosa u ap., 2008,
2009; Borisova and lliev, 2008; Borisova et al., 2009, 2010;
Borisova and Petkov, 2014), from colleagues' previous
experiments  with their agreement (Spiridonov  and
Chervenyashka, 1984; Lukina et al., 1992; Kancheva, 1999;
Stoimenov et al., 2014) and from new ones in order to create
a reference thematic spectral library filled with reflectance rock
features. It consists of spectral data with metadata and
additional information for better interpretation of spacecraft
images with different spatial resolution.

The reflectance spectra of representative samples of
magmatic rocks from different regions in Bulgaria (Rila
Mountain, Stara Planina Mountain, Sredna Gora Mountain) are
studied as an example in the present paper. The study
proposes collected spectral data from field spectrometric
measurements of different rocks and from laboratory
spectrometric measurements of the samples collected during
the same field campaigns to be used for filling the reference
spectral library. For easy access to the spectral library without
specialized programs, simple text versions of the spectral data,
their visualizations, and text files in HyperText Markup
Language (HTML) format with the metadata and additional
information are planned to be used. The authors aim to offer
the possibility for using the spectral data to specialists working
in different research and applied sciences following the
procedures for accessing the spectral library and downloading
the spectral data.

Materials and Methods

The information for the proposed spectral library will include
description of: field and laboratory spectrometric instruments;
short petrographic description of the region and studied objects
(in this case — rocks); field and laboratory spectrometric
measurements.

Field and laboratory instruments

The spectrometric measurements of rock reflectance spectra
are performed using laboratory and field spectrometer. The
used spectral instrument works in the wavelengths covering
the spectral ranges from the visible /VIS/ to the near infrared
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INIR/. The spectrometer used to measure reflectance rock
spectra for filling in the reference spectral library is based on
models of Ocean Optics Inc. covering the spectral range from
400 to 900 nm. Spectrometric measurements of representative
samples of rocks are made in laboratory and field conditions.
In some cases, samples were purified, so that the unique
spectral features of the studied objects could be related to their
typical structure. The field reflectance spectral signatures were
obtained with a TOMS /Thematically Oriented Multi-channel
Spectrometer/ assembled at the Remote Sensing System
Department at SRTI-BAS in collaboration with Alabama State
University, USA (Petkov et al., 2005).

In the spectral libraries each spectral characteristic has a
description, called also metadata, associated with the obtained
spectrum. The metadata describe what was measured and can
include details about the measurements made and other
supporting information about the nature and composition of the
studied object.

Short petrographic description

The area of the locality Kirilova polyana (Rila Mountain)
consists of high-grade metamorphic rocks, metamorphosed
ultrabasic and basic igneous rocks, called South Bulgarian
granitoids, aplite-pegmatoid granites and fine-grained biotite
granites. (Oumutposa, 1960; Koxyxapos, 1984; Kamenov et
al., 1999)

Spectrometric studies were made of the fine-grained biotite
granite. They expose near Kirilova polyana in the west
direction and form the Monastic Body. Fine-grained biotite
granites are light gray with massive structure and
hypidiomorphic  texture. The rock-forming minerals are
magmatic K-feldspar, quartz, plagioclase, biotite and zircon
and secondary - sericite, chlorite and clay minerals (BaHywes
u ap., 2012).

On the road to the village Barziya, about 3 km after the
Petrohan pass in Stara Planina Mountain, are revealed
magmatic rocks from the Petrohan pluton. It is a complex
magma body emplaced into rocks of Berkovska and
Dalgidelska groups. It is made of several magmatic phases:
the first is gabbro, widespread in the northern part of the pluton
near Berkovitsa; the second is represented by diorites, and the
third - by granodiorites. The largest areas are occupied by
diorites and granodiorites. (YyHeB u gp., 1965; XaigyTos,
1979; XanpyTtos n ap., 2012)

Field spectrometric studies have been made of the diorites.
They are gray, grey-greenish, medium-grained, and uniform-
grained. Their structure is massive, and the texture — prismatic
granular. The main rock-forming minerals are plagioclase
(andesine) and amphibole, secondary — biotite and augite, and
accessory - titanite and magnetite (banywes u ap., 2012).

About 10 km south of the town Zlatitsa in Sredna Gora
Mountain on the road to Panagyurishte, outcrop of the South
Bulgarian granitoids is embedded in metamorphic rocks of the
Prarodopska group. To the South there are Bulgarian
granitoids intrusive bodies of Palaeozoic age, of different sizes
and composition, divided into three intrusive complexes. The
first set includes intrusive granites, granodiorites and small
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bodies of diorite and quartz-diorites. In this complex the
Smilovenski, Hisarski and Poibrenski plutons are included. The
composition of the second intrusive complex includes
amphibole-biotite,  biotite and  light granites. The
Koprivshtenski, Klisurski and Matenishki plutons belong to this
complex. The third intrusive complex is represented by
granular biotite, biotite-muscovite and pegmatite granitoids.
The Strelchenski, Karavelovski, Lesichovski and Varshilski
plutons are presented in this complex. (Ja6oscku u gp.., 1972;
Myp6ar u 3aropues, 1983; 3aropueB u Mypbar, 1986;
Peycheva et al., 2004)

At the point of the field measurement biotite granites of the
Northwest Koprivshtenski 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 (baHywwes n gp., 2012).

Field and laboratory measurements

The results from the terrain spectrometric measurements of
pure surface of granites, granodiorites and diorites in the
Mountains of Rila, Stara Planina and Sredna Gora in Bulgaria
for the period 2007-2017 will be used for filling in the reference
thematic spectral library. As a result of these measurements
spectral features of the investigated objects will be acquired.
The obtained data are processed statistically, and the
registration of 100 spectra and their average values is set in
the company software used on the spectrometer.

The reference spectral library will also include data from
laboratory measurements. The laboratory spectrometric
measurements using the TOMS spectrometer are performed
by the Remote Sensing Systems Department at SRTI-BAS.
The reference spectral library will be filled in with reflectance
rock features.

Example of the structure and content of the
presented spectral reference library

Spectral data

Since this will be a spectral library, first come the spectral
data, i.e. the results from the spectrometric measurements,
both on the field and in the laboratory, for filling in the proposed
spectral reference library.

The results of the performed laboratory and field
spectrometric measurements are presented as text files
containing description of the measured rocks in the presented
example: granite, granodiorite and diorite. These spectral data
are visualized as plots of spectra. The examples of the spectral
reflectance signatures as a result of the laboratory and field
measurement are shown on Figure 1 (a,b).

Metadata
The next information needed for filling in the proposed
spectral reference library is the metadata.

The metadata include information about each measurement
such as: dark spectrum, reference spectrum, number of
sampled component spectra, integration time, spectra



JOURNAL OF MINING AND GEOLOGICAL SCIENCES, Vol. 61, Part I, Geology and Geophysics, 2018

averaged, correction for electrical dark, number of pixels in
processed spectrum, etc. The description of each studied
object is also included. Petrographic description of each rock
sample, chemical composition of minerals, etc. are given for

the presented example. The metadata will be presented in
separate text files.

Additional information
In some cases it is possible to collect more information for

filing in the proposed spectral reference library called
additional information.

The photographs of the studied objects could also be added
in the reference spectral library. The photos will be included as
files in related image formats (.jpg, .gif).
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Fig. 1a. Plot of spectral reflectance signatures of granites (white line),

granodiorites (grey line) and diorites (black line) acquired during the
laboratory measurements.
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Fig. 1b. Plot of spectral reflectance signatures of granites (white line),
granodiorites (gray line) and diorites (black line) acquired during the field
measurements (all on pure rock surface).

Samples of granite (a,b) studied in the laboratory are (@)
presented on Figure 2. Photos of the granites studied in some
field measurements are shown on Figure 3.
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Fig. 3. Granites in (a) Sredna Gora and (b) Rila Mountains in Bulgaria.

The main aim of the performed spectrometric measurements
is to acquire and collect spectral data, in this case - about
rocks, for the creation of a specialized thematic reference
spectral library and the possibility for exchanging information
between existing open access spectral libraries.

Conclusions

In-situ laboratory and field spectrometric measurements
provide a significant part of the spectral data for interpreting
spectral images with different spatial resolution and in creating
thematic reference spectral libraries, in this case — of rocks.
Including data from different experiments into an accessible
spectral library ensures their continued exploitation, provides a
basis for their qualitative assessment, and allows them to be
exchanged between specialists from different fundamental and
applied sciences. Therefore, it is necessary to have the
possibility for complementing the spectral libraries in short
periods of time depending on the subject of the survey.
Creating, updating and maintaining a reference spectral library
requires periodic laboratory and field experiments, including
spectrometric and other type of measurements.

At the same time, laboratory and field spectrometric
measurements are part of an integrated system for Earth and
planets remote sensing and ground observations. In-situ
spectrometric measurements have potential for long-term
practical application when used to verify data which increases
their accuracy. This leads to an optimal correlation between
the different methods for measuring and observing the different
types of land cover: soils, vegetation, water, rocks, minerals,
etc. The creation of a spectral library increases the
effectiveness of scientific research in the field of remote
sensing on the Earth's and planets’ surfaces, creates synergy
between different scientific fields and helps the exchange of
information.

For future work, the authors suggest collecting field
reflectance spectral features of different rocks and laboratory
spectrometric measurements of the samples collected in the
field campaign. The obtained spectra could be used for
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airborne image classification and comparison of the results
with the reference spectra of the USGS and other spectral
libraries.

References

Banywes, b., C. Mpucrasosa, P. Koctos, P. Masgepos, H.
LlaHkoBa, E. Paesa, C. ManuHoBa. PubkoBogcTBO 3a
y4ebHM MpaKTvku Nno MuHepanorus u netporpacgms. UK
“Cs. MBan Puncku’, C., 2012. -144 c. (Banushev, B., S.
Pristavova, R. Kostov, R. Pazderov, N. Tsankova, E.
Raeva, S. Malinova. Rakovodstvo za uchebni praktiki po
mineralogia i petrografia. IK “Sv. Ivan Rilski", S., 2012. -
144 s,

Bopucosa, [I. CpaBHeHWe mMexay oTpaxaTenHuTe CrekTpu Ha
TPaHUTM MOMYYEHM C  pasfnyHa  CMEeKTPOMETPHYHA
anaparypa. - loguwhwk Ha MI'Y “Cs.Me.Puncku”, 50, Ce. I
leonorus u reodmsmka, 2007. - 139-143. (Borisova, D.
Sravnenie mezhdu ofrazhatelnite spektri na graniti
polucheni s razlichna spektrometrichna aparatura. -
Godishnik na MGU “Sv.Iv.Rilski”, 50, Sv. I: Geologia i
geofizika, 2007. - 139-143.)

bopucosa, ., b. baHywes, WN. Annes. AHanus cnektpanbHbIX
Xapaktepuctuk rpanutoB bonrapumn. - COOPHUK HayuHbIX
crateil  “CoBpemeHHble  Mpobnembl  ANUCTaHLMOHHOMO
30HOMpoBaHus 3emnu u3 kocmoca’, 5(1), OO0 Asbyka-
2000, M., 2008. - 325-329. (Borisova, D., B. Banusheyv, I.
lliev. Analiz spektralynyh harakteristik granitov Bolgarii. -
Sbornik  nauchnyh statey  “Sovremennye problemy
distantsionnogo zondirovania Zemli iz kosmosa®, 5(1),
000 Azbuka-2000, M., 2008. - 325-329.)

bopucoea, [l., b. banywes, W. Wnues. [uctaHuMoHHOE
30HOMpOBaHWe rpaHUToB Bonrapum B nabopaTopHbIX W
nonesblx ycnosusx. - Proceedings of International
Conference ‘Fundamental Space Research 2009’
Bulgaria, 2009. - 61-63. (Borisova, D., B. Banushev, I. lliev.
Distantsionnoe  zondirovanie  granitov  Bolgarii v
laboratornyh i polevyh usloviiah. - Proceedings of
International Conference “Fundamental Space Research
2009", Bulgaria, 2009. - 61-63.)

Haboscku, X., M. 3aropueB, M. PyceBa, [l. YyHes.
Maneosoncku rpanutouan B ColumHcka CpepgHa ropa. -
Fop. YIM, 16, 1972. - 57-92. (Dabovski, H., I. Zagorchev,
M. Ruseva, D. Chunev. Paleozoiski granitoidi v Sashtinska
Sredna gora. - God. UGP, 16, 1972. - 57-92.)

OumntpoBa, E. [leTponornsi Ha KpUCTaMMHHMA LOKBS Ha
ceBeposanagHa Puna nnavuna. — Tp. reon. bunr., Cepus
l'eoxum. 1 non. uskon., 1, 1960. — 199-257. (Dimitrova, E.
Petrologia na kristalinnia tsokal na severozapadna Rila
planina. — Tr. geol. Balg., Seria Geohim. i pol. izkop., 1,
1960. — 199-257.)

3aropueB, W., C. Mypbar. [atvpaHe Ha rpaHUTOWAHMS
marmatuabm B CbuwuHcka CpepHa ropa no pybuaneso-
CTPOHLMEBMS N30XPOHEH MeToa. — Cn. bwnr. reon. a-Bo,
47(1), 1986. - 1-10. (Zagorcheyv, 1., S. Murbat. Datirane na
granitoidnia magmatizam v Sashtinska Sredna gora po
rubidievo-strontsievia izohronen metod. — Sp. Balg. geol. d-
vo, 47(1), 1986. — 1-10)

KoxyxapoB, [.  JlutocTpaturpacus  gOKaMBOPUIACKNX
meTamopduyeckux nopor Pogonckoi cyneprpynnel B



JOURNAL OF MINING AND GEOLOGICAL SCIENCES, Vol. 61, Part I, Geology and Geophysics, 2018

LleHTpaneHbix Pogonax. — Geologica Balc., 14(1), 1984. —
43-88. (Kozhuharov, D. Litostratigrafia dokambriyskih
metamorficheskin porod Rodopskoy supergruppbl v
Tsentralyneih Rodopah. — Geologica Balc., 14(1), 1984. —

43-88.)
Mypbar, C., 1. 3aropyeB. PybuaneBo-cTpoHLeBble AaHHbI O
BO3pacTe  MEpBOro rPaHUTOMZHOTO  KOMMnekca

(CmunoBeHckuin 1 XucapCkuin nnyToHbl) B ChILUTUHCKON
CpepnHoit rope. — Geologica Balc., 13(3), 1983. - 3-14.
(Murbat, S., I. Zagorchev. Rubidievo-strontsevbie dannbl o
vozraste pervogo granitoidnogo kompleksa (Smilovenskiy i
Hisarskiy plutonsl) v Sekishtinskoy Srednoy gore. -
Geologica Balc., 13(3), 1983. - 3-14.)

XangytoB, W. MurmatMyHu u aHaTeKTUYHU SBREHWs B
CraponnaHuHckaTa narneosoncka €eBreoCuHKNHana (no
npumepa Ha Bbp3nnCKMs MUrMaTUYEH MacuB). — e0TexT.,
TEKTOH(U3. U reognHam., 8-9, 1979. - 39-54. (Haydutov, |.
Migmatichni i anatektichni yavlenia v Staroplaninskata
paleozoyska evgeosinklinala (po primera na Barziyskia
migmatichen masiv). — Geotekt., tektonfiz. i geodinam., 8-
9,1979. - 39-54.)

XaigyTos, W., C. Mpuctasosa, J1. [aHeBa. KbcHoHeonpoTte-
pO30iicka-paHHOManeo3oncka esomoLmMs Ha bankaHckus
TepeH (KOW EBpona) — BepositeH 6rok oT okeaHa Anetyc. -
WK “Cs. VBaH Puncku’, C., 2012. -132 c. (Haydutov, 1., S.
Pristavova, L. Daneva.  Kasnoneoprote-rozoyska-
rannopaleozoyska evolyutsia na Balkanskia teren (Yul
Evropa) — veroyaten blok ot okeana Yapetus. - IK “Sv. Ivan
Rilski”, S., 2012. -132 s.)

UyHes, M., K. Konyesa, K. AHkynosa. MnagonaneosumckuaTt
BynkaHusbM B bepkoscka Ctapa nnanuHa. — log. CVY.
l'eon.-reorp. dak., 53(1), 1965. — 177-197. (Chunev, D., K.
Kolcheva, K. Yankulova. Mladopaleoziyskiyat vulkanizam v
Berkovska Stara planina. — God. SU. Geol.-geogr. fak.,
53(1), 1965. - 177-197.)

Avanesov, G. A., B. Bonev, F. Kempe, A. Bazilevsky, V.
Boycheva, K. Chikov, M. Danz, D. Dimrtrov, T. Duxbury, P.
Gromatikov, D. Halmann, J. Head,V. Heifets, V. Kolev, V.
Kostenko, V. Kottsov, V. Krasavtsev, V. Krasikov, A.
Krumov, A. Kuzmin, K. Losev, K. Lumme, D. Mishev, D.
Mohlmann, K. Muinonen, V. Murav'ev, S. Murchie, B.
Murray, W. Neumann, L. Paul, D. Petkov, . Petuchova, W.
Possel, B. Rebel, Yu. Shkuratov, S. Simeonov, B. Smith,
A. Totev, V. Fedotov, G.-G. Weide, H. Zapfe, B. Zhukov,
Ya. Ziman. Television observations of Phobos. - Nature,
341, 1989. - 585-587.

Borisova, D. Contrast coefficients of granites and
granodiorites. - Proceed. Ninth National Conference with
International Participation “Contemporary Problems of
Solar-Terrestrial Influences”, Sofia, 2002. - 149-152.

Borisova, D. Spectrometric measurements of granites and
study of surface effects. - Annual UMG “St.Iv.Rilski”, 46,
Part I: Geology and Geophysics, Publ House “St.Iv.Rilski”,
Sofia, 2003. - 327-329.

Borisova, D. Granite reflectance spectra behaviour depends to
its rock-forming minerals. - Annual UMG “St. Ivan Rilski”,
47, Part I: Geology and Geophysics, Publishing House “St.
Ivan Rilski”, Sofia, 2004. - 233-236.

Borisova, D. Field spectrometric measurements of rocks. Proc.
of Eighth Sci. Conf. with International Participation "Space,
Ecology, Safety" (SES'2012), Sofia, 2013. - 322-327.

102

Borisova, D. Study of spectral reflectance characteristics of
rocks. - PhD thesis, 2015. - 105 p.

Borisova, D., H. Nikolov, B. Banushev. In-situ and ex-situ
measurements of igneous, sedimentary and metamorphic
rocks for earth observation data base complementation.
Annual of UMG “St. Ivan Rilski”, 52, Part I: Geology and
Geophysics, Publishing House “St. Ivan Rilski”’, Sofia,
2009. - 137-140.

Borisova, D., H. Nikolov, B. Banushev, D. Petkov. In-situ
spectrometric measurements in open stone mine
“Smolsko” for multispectral data analysis. Proc. of the Sixth
National Geophysical Conf., CD © Bulgarian Geophysical
Society, 2010. 16.pdf.

Borisova, D., R. Kancheva. Spectroscopy of terrestrial and
lunar basalt. - Aerospace Research in Bulgaria, 2, 2005. -
43-46.

Borisova, D., I. lliev. Measured and modeled granite
reflectance spectra. - Annual of UMG “St. Ivan Rilski”, 51,
Part I: Geology and Geophysics, Publishing House “St.
Ivan Rilski”, Sofia, 2008. - 129-131.

Borisova, D., D. Petkov. Analysis of spectrometric optical data
from different devices. - Proc. SPIE 9245, 2014. - 92450B-
1-92450B-7.

Fang, L., S. Chen, X. Zhou, S. Liao, and L. Chen. A web-based
spectrum library for remote sensing applications of Poyang
lake wetland. - Geographic Information Sciences: A
Journal of the Association of Chinese Professionals in
Geographic Information Systems, 13(1-2), 2007. - 3-9.

Hueni, A., T. Malthus, M. Kneubuehler, and M. Schaepman.
Data exchange between distributed spectral databases. -
Computers & Geosciences, 37(7), 2011. - 861-873.

Kamenov, B., I. Klain, K. Arsova, Y. Kostitsin, E. Salnikova.
Rila-West  Rhodopes  Batholith: ~ Petrological  and
geochemical constraints for its composite character. —
Geochem., Miner. Petrol., 36, 1999. — 3-27.

Kancheva, R. State assessment of the soil-vegetation system
using spectrometric data. - PhD thesis, 1999. - 142 p.

Kokaly, R., R. Clark, G. Swayze, K. Livo, T. Hoefen, N.
Pearson, R. Wise, W. Benzel, H. Lowers, R. Driscoll, and
A. Klein. USGS Spectral Library Version 7: U.S. Geological
Survey Data Series 1035. - USGS, 2017. - 61 p.

Lukina, N., V. Lyalko, V. Makarov, S. Skobelev, H. Spiridonov,
Y. Shekhtova, and M. chervenyashka. Preliminary results
of a spectrometric study of the Faizabad fault zone and the
Frunze test area (Tien-Shan-Interkosmos-88 International
aerospace experiment). Soviet Journal of Remote Sensing,
9(6), 1992. - 1022-1037.

Petkov, D., H. Nikolov, G. Georgiev. Thematically Oriented
Multichannel Spectrometer (TOMS). — Aerospace Res. in
Bulgaria, 20, 2005. - 51-54.

Peycheva, I., A. Quadt, M. Frank, R. Nedialkov, B. Kamenov,
C. Heinrich. Timing and magma evolution of Upper
Cretaceous rocks in Medet cuporphyry deposit: isotope-
geochronological and geochemical constraints. Bul. Geol.
Soc., Ann. Scientific Conf. “Geology 2004, 2004. — 57-59.

Rivard, B., J. Feng, A. Gallie, and A. Sanchez-Azofeifa.
Continuous wavelets for the improved use of spectral
libraries and hyperspectral data. - Remote Sensing of
Environment, 112(6), 2008. - 2850-2862.

Ruby, J., and R. Fischer. Spectral signatures database for
remote sensing applications. - Proc. SPIE 4816, 2002. -
156-163.



JOURNAL OF MINING AND GEOLOGICAL SCIENCES, Vol. 61, Part I, Geology and Geophysics, 2018

Spiridonov, H., M. Chervenyashka. Results and interpretation
of spectral reflectance coefficient of various genetic types
of rocks and ores. Proceedings of the 27th Intern. Geol.
Congress, Remote sensing, 18, VNU Sci. Press BV,
Utrecht, the Netherlands, 1984. - 57-73

Stoimenov, A., R. Koleva, V. Dimitrov, Y. Tepeliev, T. Lubenov,
and J. Kroumova. Satellite mapping of Bulgarian land
cover — CORINE 2012 project. - Forestry ideas, 20(2),
2014. - 189-196.

Tits, L., B. Somers, J. Stuckens, J. Farifteh, and P. Coppin.
Integration of in situ measured soil status and remotely
sensed hyperspectral data to improve plant production
system monitoring: Concept, perspectives and limitations. -
Remote Sensing of Environment, 128, 2013. - 197-211.

103

Xu, X, J. Li, C. Wu, and A. Plaza. Regional clustering-based
spatial preprocessing for hyperspectral unmixing. - Remote
Sensing of Environment, 204, 2018. - 333-346.

https://speclib.jpl.nasa.gov/, July 2018

https://speclib.jpl.nasa.gov/documents/jhu_desc, July 2018

https://speclib.jpl.nasa.gov/documents/jpl_desc, July 2018

http://tes.asu.edu/spectral/library/index.html, July 2018

https://www.harrisgeospatial.com/docs/spectrallibraries.html,

July 2018

http://www.planetary.brown.edu/mgm/, July 2018

http://lwww.planetary.brown.edu/relab/, July 2018

http://www.planetary.brown.edu/relabdocs/relab_disclaimer.ht

m, July 2018

http://lwww.spectralpython.net/, July 2018



