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Introduction

Earth observation applications in the mining indus-
try include the production of thematic maps for
ground inspection and mineral alteration maps for
exploitation. The exploitation of mineral resources
is always associated with change of the land cover.
Thorough monitoring of degraded areas is an essen-
tial task for effective management of surface mine
recovery (Parks et al., 1987). The geological explora-
tion of the iron deposit in the Kremikovtsi region
started in the late 50-ies of 20-th century. As a result
the mining plant “Kremikovtsi” was built who start-
ed its production 1963. The main activity of this
plant is extraction and recovery of iron together with
all relevant engineering and commercial actions. The
experience for exploration and mine plant construc-
tion gained on this site was implemented on other
mine plants across Bulgaria during 60 and 70-ies of
same century. In both cases the ore deposits are deve-
loped by open pit mining and together with the dump
areas are one of the largest pollutants of the environ-
ment in this region. That is the reason to start monito-
ring and rehabilitation activities for the whole re-
gion. Correct estimation of the iron distribution in open
pit mines and the neighboring regions is a key issue
for the ecological state assessment of land cover.

Materials and Methods

To estimate the impact of the mining activities on
the environment as major indicator of the ecologi-
cal state the areas covered by vegetation and the top
soil chemical composition in the region under study
was adopted. The main assumption in this case is
that using spectral properties of main types of land
cover their current state could be estimated with ac-
ceptable error (Mishev, 1986). Especially for the
mentioned types this holds to be true since their spec-
tral reflectance is quite dissimilar (Clark, 1999).
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As a main indicator for the ecological state of
the investigated areas the density or presence of the
vegetation cover was chosen. The two reasons for
this decision are: (i) it can be reliably estimated by
remotely sensed data and (ii) we obtained extensive
knowledge, mainly from geographic and ordnance
surveying sources, about the state of these areas be-
fore the exploitation had started.

The main source for airborne data for the spec-
tral reflectance of the land cover was the freely avail-
able data sets from Landsat TM/ETM+ instrument
(GLCE 2005). The acquisition dates for both scenes
are in first decade of June which guarantees equal
illumination conditions and phenological state of
the vegetation.

Since the region under study falls into edges of
two adjacent scenes from different dates of year 1987
first a mosaic of them was made and a subset of this
data was produced. After this procedure the geo-
metric and radiometric properties were not distort-
ed which resulted in correct data. From this dataset
the two target areas (open mine and dumps) were
extracted by their visual discrimination from the
surroundings. The same procedure was applied on
data from year 2000. This way the data necessary
for change detection procedure were created.

The accuracy of the digital numbers comprising
these data sets was verified comparing them with
laboratory reference reflectance spectra of the simi-
lar types of land cover acquired in a field campaign.
Even in case of mixed pixels (which is the case for
pixels from the borders of the areas) implementing
the methodology of the unmixing theory (Kancheva,
Borisova, 2003; Borisova et al., 2005) on the data the
vegetation/soil proportion was determined easily thus
increasing the precision in determining the areas
covered by a specific end-member (mine, dump, veg-
etation). This approach was implemented in our re-
search eliminating more than 15% of incorrectly



taken pixels for dump sites and 8% for the mine
region.

Samples from field explorations were collected
near Kremikovtsi open pit mine and slag dump. The
iron content was determined by:

— laboratory analysis: chemical analysis per-
formed in the laboratories of UMG, multispectral
data obtained with field instrument TOMS (assem-
bled in STIL-BAS) in visible range and part of NIR
range of EMS, emissive spectra carried out using
instrument Thermal Infrared Emissivity Spectrome-
ter (TIRES) of Institute of Electronics (Bulgarian
Academy of Sciences) in TIR range. Laboratory mea-
surements of the spectral properties of goethite, he-
matite and siderite (5 samples each) were performed
with multi-channel spectrometers TOMS-1 (Petkov
et al., 2005). The TOMS-1 instrument provides data
in the spectral range 0.4-0.95 pm with programma-
ble number of bandwidths. The reliability of this data
is guaranteed by integrating 10 spectra per sample
per measurement. In the stated range we put focus
on NIR range (0.7-0.95 um) since for iron-contain-
ing ore minerals there is a specific minimum in the
reflectance curve. The measurements of the emissive
spectra of mineral and rock samples are performed
in TIR range (8-14 pm) with resolution of 0.2 um.
The system reliability and accuracy are tested by mul-
tiple calibration measurements and statistical pro-
cedures;

— field spectrometric measurements — they were
resulted to be of little use since more informative
wavelength for the minerals studied was out of its
operational range. They were considered only as ref-
erence data with the laboratory ones;

— airborne — ETM+ data were obtained from
GLCF for June of year 2000 (path 183/row 30 and
path 184/row 30 of WRS of Landsat) which is be-
lieved to deliver enough spectral information for the
objects included in this research. Before processing
the data the ortho and geo rectification had already
been applied. This allowed us to make direct visual
selection of the Rol thus incorporating more a prio-
ri knowledge in the unmixing process. From the
whole dataset the data corresponding to the thermal
band was extracted and not considered in the pro-
cessing.

Results

Chemical analysis of the collected mineral samples
was made to estimate the iron content. In figures 1
and 2 the absorption at 0.8-1.1 um range (local min-
imum) corresponding to the iron content in ore min-
erals (hematite, goethite and siderite) and basalt (as
reference iron-containing rock) is observed in the
laboratory spectra as well as in TM spectra. Spectral
data were obtained with field version of the TOMS-1
instrument in the visible range of the electromagnet-
ic spectrum.

Data for the studied minerals obtained under
laboratory conditions with TIRES (fig. 3) exhibit
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Fig. 1. Reflectance spectra of iron-containing ore
minerals and basalt measured with TOMS-1
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Fig. 3. Emissive spectra measured with TIRES

coincidence with similar data from other sources
(Christensen et al., 2000; Hamilton, 1999). These
promising results guarantee that the data from
TIRES are reliable and could be used in mineral
composition investigation.
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Conclusions

In this paper a practical approach to establish cor-
respondence between laboratory, field and airborne
measurements for ore minerals has been discussed.
The conclusion of this study is that a consistent and
reliable methodology for estimation of the area of
the regions of mines and dumps using remotely
sensed data with relatively moderate spatial resolu-
tion. The above results prove that methodology for
spectral decomposition technique is capable of esti-
mating the end-member fractions quite accurately.
The main advantage of the presented technique is
that mixed pixels are used during the training phase.
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KomOuHMpaHo u3noJi3BaHe Ha JUCTAHIIMOHHU TAHHU
B pa3JIMYHM JUANA30HM 34 ollpe/ie/isiHe Ha Pa3npoCcTPaHEeHHeTo

HA KeJIf30 B MUHHM PaiiloHU

Henuya bopucosa,
Mapzapuma Toxkmakuuesa, banyw banyuiee

Pe3rome. KopekTHOTO onpeesisiHe Ha pa3npocTpa-
HEHHMETO Ha XeJISI30TO B pa3jinyHu GOpMU B OTKpU-
TH MHUHHU PaliOHU M NpPUJIEXKAIIU TEPUTOPHUU €
CBIIECTBEHA 33Ja4a [IPU OLIEHKATa HA ChCTOSHUE-
TO Ha OKOJIHATa cpena. To3u mpobiieM e oT ocobeHa
3HAYMMOCT 3a paiioHa Ha KpeMuKoBIH, THI KaTO €
pas3mnoJIokeH B 6JIM30CT O MHOTO HACEJICHH MECTA.
3a HacTOSIIETO M3CjenBaHe OsXxa U3MOJ3BAHU
CbBMECTHO MHoOrocuekTpajnu nanau (Landsat
ETM+, BKIIOUMTETHO ¥ TEPMAJTHHS KaHaJ), JaHHHA
OT HOJIEBU U JIaOOPATOPHU EKCHEPUMEHTH C IIeJ
ompezessiHe Ha CbCTOSIHUETO HAa OKOJIHATA CPElia B
palioHa Ha 3aTBOPEHWM MHMHHHU paszpaborku. Me-
TOJ'BT Ha CIIEKTPaJIHATA IEKOMIO3uIus Oe moa0paH
¢ meJ iacudunupaHe Ha 3eMHOTO mokputue. 1o
BpeMe Ha IoJIeBaTa KaMIIaHUS B M3CIEIBAHUS pa-
1oH Osixa chOpaHu 00pa3u OT MUHEPAJIH, CKAJIA U
MIOYBH C LEJI CTATUCTHYECKAa KOPEKTHOCT Ha NaH-
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Xpucmo Hukoaoe, Mupocaae Jlanos, Buuko Ilanes,

Hute. JlabopaTtopHuTe M3CIeABaHKs HA Te31 00pas-
nu O6sixa maBa Tuma: 1) TpaaAWIMOHEH XMMHYEH U
MUHEPAJIOTUYECH aHAJIU3 U 2) CIEKTPOMETPHUpPaHE
BBB BUAMMUES ¥ Onu3kus nadppavepsed (TOMS, 0.45-
0.9 um) u Tomuanus (TIRES, 8-14 pm) nuanazonu
C pa3JINYHU CIHEKTPOMETPHUYHU CHUCTEMHU. Bcuuku
JIabOpaTOPHM M MOJIEBU JJaHHH 0s51Xa U3MOJI3BaHU 32
Ch3/IaBaHE Ha MOJEJ 32 ONpeNesiHE Ha ChIbpiKa-
HUETO Ha XKEeJIA30TO B uscieaBanure oopasuu. Crex
TOBa Oe pa3paboTeH MOJel 3a NOTBbPXKIaBaHEe Ha
maaute oT Landsat ETM+, kaTto manuHuTe Osxa
noAOpaHu OT MPEACTABUTEIHU ITMKCEITU 33 U3CJIE -
BaHATa TEPUTOPHUS, KbIETO PACTUTEIHOCTTA € O
40%. IMonydeHnuTe pe3yaTaTH IOKa3BaT mo00Opa Ko-
penanus MeXIy MOAEIUPAHUTE U PEATTHUTE MHO-
TFOCIEKTPAJIHN NTaHHU. 32 TepMaJHUTE HaHHU Oe
TECTBAaH IPAKTUYECKU METOJl 32 KOHBEPTUPAHE HA
JIIaHHUTE OT U3JIbYBAHETO KBM TEMIEpaTypa.



