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Резюме. Настоящото изследване разглежда приложимостта на сателитни композитни изображения и получени като отноше-
ния между спектралните канали от инструмента ASTER за идентифициране на участъци с хидротермални изменения на скалите 
и рудни находища. Като тестов район е използван Панагюрския руден район, характеризиращ се с хумиден климат и гъста 
растителна покривка. Изследвани са различни композитни изображения и междуканални отношения, като в статията са пред-
ставени вариантите, предоставящи най-добри резултати. Като цяло простите цветни композитни изображения могат да бъдат 
използвани за по-общо разграничаване на обектите и материалите от земната повърхност, докато изображенията, получени като 
отношения между каналите могат да служат за по-ясна идентификация за наличието на зони с хидротермални изменения и рудни 
находища. На някои от получените чрез междуканални отношения изображения отчетливо се разпознават откритите рудници на 
повечето меднопорфирни находища (като Елаците, Асарел, Медет, Влайков връх и др.), както и техните хвостохранилища. Добре 
различими са и някои по-слабо разкрити и подземно експлоатирани находища (като Красен, Радка, Елшица) и рудопроявления 
(Петелово, Селска кория, Припора). Въпреки доста приблизителния характер, чрез използвания метод могат да се получават бър-
зи, ценово ефективни и успешни резултати по дистанционно идентифициране на участъци с хидротермални изменения и рудни 
находища при изучаване на големи райони. 

Ключови думи: ASTER, отношения между каналите, хидротермални изменения, рудни находища, Панагюрски 
руден район.

Abstract. The present study discusses the applicability of ASTER color composite and spectral band ratio satellite images for detec-
tion of hydrothermal alteration areas and ore deposits. The humid and dense vegetated Panagyurishte Ore Region is used as test area. 
Numerous color composites and band ratio variants were investigated and the best result images are present in this paper. Generally, the 
simple color composite images can be used mainly for rough delineation of surface materials and objects, while the band ratio images can 
serve for more clear detection of the presence of hydrothermal alterations and ore deposits. Most of the open pit exploited porphyry copper 
deposits (such as Elatsite, Asarel, Medet, Vlaykov Vrаh, etc.) and their tailing ponds and waste dumps are certainly recognizable on some 
band ratio composite images. Some of the less outcropped and underground mined deposits (as Krasen, Radka, Elshitsa) and ore occur-
rences (Petelovo, Selska Koria, Pripora) are also well detectable. Although the considerable approximateness, this method can produce 
quick, cost-effective and successful results for hydrothermal alteration areas and ore deposits recognition over large areas. 

Key words: ASTER, band ratios, hydrothermal alterations, ore deposits, Panagyurishte Ore Region.

Introduction 

The remote seining images acquired by satellite sys-
tems are widely used in geology for lithological 
mapping and mineral resources investigations. The 
successful geological application of different satel-
lite imagery is well argued in numerous papers and 
studies especially over arid and well outcropped ar-
eas. The present study is focused on the applicabil-

ity of band ratio images from ASTER instrument for 
detection of hydrothermal alterations and ore deposits 
in humid and intense vegetated areas. The well-stud-
ied Panagyurishte Ore Region with numerous Upper 
Cretaceous porphyry copper and massive sulphide de-
posits is chosen as test area. Many of the described in 
the literature color composite and band ratio images 
were prepared and their possibilities for hydrothermal 
alterations and ore deposits detection were examined. 
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The image variants which show best results were rep-
resent and discussed in this paper. 

Geological setting

The Panagyurishte Ore Region covers parts from the 
Central Srednogorie and Stara Planina Mountains. 
It is characterized by the development of Upper 
Cretaceous volcanic and intrusive rocks and as-
sociated mineral deposits (Popov et al., 2012). The 
Pre-Upper Cretaceous rocks represent mainly by 
high-metamorphic rocks and Upper Paleozoic South-
Bulgarian (Srednogorie) granitoide plutons. The 
Post-Upper Cretaceous cover is set up by Paleocene, 
Pliocene and Quaternary terrigenous sediments. 
The Upper Cretaceous rocks set up 3 lithostrati-
graphic groups: Turronian Terrigenous Complex, 
Panagyurishte Volcano-Sedimentary Group and 
Popintsi Sedimentary Group. The Panagyurishte 
Volcano-Sedimentary Group (Popov, 2005) rep-
resents the Upper Cretaceous magmatic rocks and 
is composed by volcanic rocks in different facies, 
which associate with co-magmatic subvolcanic to hy-
pabyssal plutons and dykes. Evolution of distinct and 
overlapping centers of magmatic activity is the main 
reason of the formation of these volcano-plutonic 
complexes. Elatsite–Chelopech, Krasen–Petelovo, 
Asarel–Medet, Svoboda–Ovchi Halm, Elshitsa, Vran 
Kamak and Pesovets Volcano-Plutonic Complexes 
are determined (Fig. 1). 

The Panagyurishte Ore Region is characterized 
whit the development of porphyry copper and epither-
mal deposits related to the Late Cretaceous magmatic 
activity. The porphyry copper deposits are represent 
by Medet, Asarel, Elatsite, Vlaykov Vrah and Tsar 

Asen deposits. Massive sulphide ores are developed 
in the Chelopech, Krasen, Radka, Elshitsa, Chervena 
Mogila epithermal deposits. Also there are numer-
ous other non-commercial porphyry and sulphide ore 
occurrences. 

The pre-ore alterations in porphyry copper deposits 
are usually present by two phases (Popov et al., 2012). 
The first one is characterized by K-silicate alteration 
type in the central parts of the plutons and propylitic 
alteration along the margins. The alterations are in epi-
thermal stage during the second phase. This stage is 
developed at the upper parts of porphyry systems and 
includes sericitic and advanced argillic and sporadi-
cally argillic types of alterations. 

Host rock alterations in the epithermal sulphide 
deposits in the Panagyurishte Ore Region could be as-
signed to the quartz-sericite metasomatic formation or 
to the secondary quartzites formation. The first forma-
tion is associated with Radka, Elshitsa and Chervena 
Mogila deposits and the second – with Chelopech, 
Krasen, Petelovo, Chervena Mogila deposits. Different 
alterations types such as propylitic, propylitic-sericitic, 
sericitic, propylitic-argillic, sericitic-advanced argil-
lic, acid-chlorine and acid-sulphate advanced argillic 
ones have been found in these deposits.

ASTER data

The Advanced Spaceborne Thermal Emission and 
Reflection Radiometer (ASTER) is a multispectral in-
strument, which was launched on board of NASA’s 
Terra satellite in December, 1999 (ASTER Ref. Guide, 
2003). ASTER instrument detects the light reflected 
from the Earth’ surface in wide spectral range from 
the visible to near infrared region (VNIR), the short-

Fig. 1. Geological map of the Panagyurishte Ore Region (Popov, 2005) 
1, Neogene and Quaternary sediments; 2, Paleogene sediments; 3, Upper Senonian (post-volcanic) sedimentary group; 4, Chelopech 
Formation; 5, Upper Cretaceous plutons; 6, Pesovets volcanic complex; 7, Elshitsa pluton; 8, Elshitsa volcano-plutonic complex; 
9, Svoboda-Ovchi Halm volcano-plutonic complex; 10, Asarel-Medet volcano-plutonic complex; 11, Vran Kamak volcanic com-
plex; 12, Krasen-Petelovo volcano-plutonic complex; 13, Elatsite-Chelopech volcano-plutonic complex; 14, Turonian terrigenous 
group; 15, Triassic sediments; 16, Paleozoic plutons, 17, high-grade metamorphic rocks; 18, reverse slip fault; 19, overthrust;  
20, fault; ore deposits: 21, copper-pyrite, 22, porphyry copper, 23, copper-lead-zinc vein, 24, porphyry gold, 25, gold vein,  
26, barite vein

Фиг. 1. Геоложка карта на Панагюрския руден район (Popov, 2005)
1 – неогенски и кватернерни отложения; 2 – палеогенски седиментни скали; 3 – Горносенонска (поствулканска) седимен-
тогенна група; 4 – Челопешка свита; 5 – горнокредни интрузиви; 6 – Песовецки вулкански комплекс; 7 – Елшишки плу-
тон; 8 – Елшишки вулкано-плутоничен комплекс; 9 – Свобода-Овчихълмски вулкано-плутоничен комплекс; 10 – Асарел-
Медетски вулкано-плутоничен комплекс; 11 – Вранкамъкски вулкански комплекс; 12 – Красен-Петеловски вулкано-плу-
тоничен комплекс; 13 – Елашко-Челопешки вулкано-плутоничен комплекс; 14 – Туронска теригенна група; 15 – триаски 
седиментни скали; 16 – палеозойски плутони; 17 – високометаморфни скали; 18 – възсед; 19 – навлак; 20 – разлом; рудни 
находища: 21 – меднопиритни, 22 – меднопорфирни, 23 – полиметални жилни, 24 – златнопорфирни, 25 – златни жилни, 
26 – баритови жилни

→
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wave infrared region (SWIR) and the thermal infrared 
region (TIR). Thus the instrument consists of 3 sub-
systems with a total of 14 bands (Table 1). 

Two ASTER scenes acquired on October 15, 
2007 and covering the studied region were used in 

the presented study. The images with less cloud cov-
erage were selected from the EOSDIS archive. The 
mosaic of ASTER images was clipped within the 
Panagyurishte Ore Region border as it is shown on 
Fig. 1. The bands from VNIR, SWIR and TIR sub-
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systems were merged into single 14-band image data 
set, which allows many band combinations for quick 
analysis and interpretation. 

Data pre-processing

The image pre-processing objectives are to geo-ref-
erence the scenes and to reduce the negative effects 
of atmospheric scattering, clouds presence and veg-
etation cover, etc. The following pre-processing tasks 
were applied on the investigated ASTER image:

– Ortho-rectification using the build RPC coeffi-
cients and 90 m SRTM-3 v.2.1 global relief. 

– Mosaicking of two neighbor scenes from the 
same satellite pass and stacking all bands into single 
image data set. 

– Cloud masking by manually drawing over the 
clouds and their shadows and assigning of “no data” 
value to these cloud areas. Cloud masking is neces-
sary in band ratio analyses because the clouds’ high 
albedo can lead to the false anomalies appearance dur-
ing band ratio calculations. 

– Vegetation masking by calculating NDVI image. 
The areas with moderate and intensive vegetation were 
threshold and masked with “no data” value. Although 
the vegetation presence rarely can lead to false anoma-
lies, the vegetation cover hides the rock and soil sur-
face properties. So the vegetation masking and leav-
ing only weak or non-vegetated areas into analysis is 
useful for more easily and clear image interpretation. 

The areas with high and moderate vegetation cover are 
shown with green tones on Fig. 2 (mostly mountain 
areas), and these areas are masked with black (“no 
data”) on Fig. 3, 4, and 5. 

– Atmospheric correction was done by applying 
FLAASH method (Kaufman et al., 1997) to the VNIR 
and SWIR bands and Thermal Atmospheric Correction 
to the TIR bands. The aim is to reduce the influence 
effects of interaction of detected electromagnetic ra-
diation with atmosphere.

ASTER band combinations and ratios  
and interpretation

The abilities to measure spectral reflectance at differ-
ent wavelength bands are the main goal of the multi-
spectral instruments, such is ASTER. Every material 
is characterized by specific reflectance features at dif-
ferent wavelengths based on its physical and chemical 
properties. So the material will show higher reflec-
tance at some wavelengths and lower – in other ones. 
The color combinations or mathematical operations 
between bands with distinctive reflectance properties 
are often used method to highlight the presence of in-
dividual materials over the studied area. One of the 
quickest and simple approaches is to represent band 
combination in red, green and blue as color composite 
(RGB) image, where the color nuance emphasizes the 
higher reflectance in particular band. Other very effec-
tive approach is the mathematical division of highest 
reflectance band pixel values as numerator with the 
lowest reflectance band pixel values as denominator. 
Gozzard (2006) presented useful review of ASTER 
band ratios and combinations for emphasizing spec-
tral characteristics of certain rocks and minerals and 
for lithological mapping (Table 2). The resulting band 
ratio images also can be combined and represented as 
RGB color composites. It should be noted that the gen-
eral applicability of band ratios is based on reflectance 
studies of investigated minerals and rocks but the ef-
fectiveness of every band ratio may vary in accordance 
to the specific global and local conditions like climate, 
atmospheric influence, vegetation intensity and phase, 
local rock and soil properties, etc. 

In general, ASTER band 1 and band 3 absorption 
features could detect Fe-oxides mainly; ASTER band 
5 and band 6 absorption could detect Al-OH caused 
by clay minerals, alunite and/or muscovite/sericite; 
ASTER band 7 detects Fe-OH caused mainly by ja-
rosite and/or Fe-bearing micas and ASTER band 8 
detects Mg-OH caused mainly by chlorite, epidote 
and/or carbonates (CO3). The optimal band selection 
for ratio images depends on the spectral properties of 
the studied surface material. Many variations of band 
combinations and ratios for discrimination and surface 
mapping of hydrothermal alterations and ore miner-
als were tested in this study and the most effective of 
them are described below. 

Table 1. Spectral ranges of ASTER bands

Таблица 1. Спектрален обхват на каналите  
от инструмента ASTER

Subsystem
(resolution) Band No Wavelength (μm)

VNIR
(15 m)

1 0.52–0.60
2 0.63–0.69

3N 0.78–0.86
3B 0.78–0.86

SWIR
(30 m)

4 1.60–1.70
5 2.145–2.185
6 2.185–2.225
7 2.235–2.285
8 2.295–2.365
9 2.360–2.430

TIR
(90 m)

10 8.125–8.475
11 8.475–8.825
12 8.925–9.275
13 10.25–10.95
14 10.95–11.65
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Fig. 2. ASTER bands 12:3:5 displayed as RGB color composite image of the Panagyurishte Ore Region
1, Elatsite open pit; 2, non-vegetated agricultural fields; 3, Benkovski tailing pond; 4, Chavdar tailing pond; 5, Kaleto tailing pond; 
6, Asarel tailing pond and open pit; 7, Medet open pit; 8, the town of Panagyurishte; 9, Krasen deposit area; 10, area of the Selska 
Koria and Pripora ore occurrences; 11, Vlaykov Vrah open pit; 12, Tsar Asen open pit; 13, cloud masks; 14, Potoka dam lake

Фиг. 2. Комбинация от ASTER канали 12:3:5, представени като RGB цветно композитно изображение на Пана­
гюрския руден район
1 – кариера на находище Елаците; 2 – селскостопански площи без растителност; 3 – хвостохранилище Бенковски; 4 – хвос-
тохранилище Чавдар; 5 – хвостохранилище Калето; 6 – кариера и хвостохранилище на находище Асарел; 7 – кариера на 
находище Медет; 8 – гр. Панагюрище; 9 – находище Красен; 10 – участък на рудопроявленията Селска кория и Припора; 
11 – кариера на находище Влайков връх; 12 – кариера на находище Цар Асен; 13 – облаци; 14 – язовир Потока
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Fig. 3. ASTER RGB color composite image of 5/6:7/6:7/5 band ratios, highlighting advanced argillic alterations (Al–OH 
minerals)
1, Elatsite open pit; 2, Chelopech deposit and Sharlo Dere area; 3, Benkovski tailing pond; 4, Chavdar tailing pond; 5, Kaleto tail-
ing pond; 6, Medet open pit; 7, Lyulyakovitsa tailing pond and Asarel western waste dump; 8, Asarel open pit; 9, Krasen deposit 
area; 10, area of the Selska Koria and Pripora ore occurrences; 11, Vlaykov Vrah open pit; 12, Tsar Asen open pit; 13, Strelcha 2 
dam lake; 14, Potoka dam lake

Фиг. 3. Цветно композитно изображение по отношения между ASTER канали 5/6:7/6:7/5, подчертаващо интензивно 
аргилизитови изменения (по Al–OH минерали)
1 – кариера на находище Елаците; 2 – находище Челопеч и рудопроявление Шарло дере; 3 – хвостохранилище 
Бенковски; 4 – хвостохранилище Чавдар; 5 – хвостохранилище Калето; 6 – кариера на находище Медет; 7 – хвосто-
хранилище Люляковица; 8 – кариера на находище Асарел; 9 – находище Красен; 10 – рудопроявленията Селска кория 
и Припора; 11 – кариера на находище Влайков връх; 12 – кариера на находище Цар Асен; 13 – язовир Стрелча 2; 14 – 
язовир Потока



85

Composite image of bands 12:5:3. This image 
combines the least correlated bands and could high-
light the presence of quartz and iron oxides, kaolinite, 
and green vegetation. Band 12 assists identification of 
high quartz content, band 5 responds to the variations 
mainly between iron oxide and clay and band 3 has a 
very low response to the Fe-Mg silicates associated 
with the mafic rocks (Gozzard, 2006). Band combina-
tion 12:3:5 as RGB (Fig. 2) is preferred in this paper, 
as band 3 highlights the intensively vegetated areas in 
green, so the image looks closer to the natural colors. 
This image is particularly useful for discrimination 
of moderate to intensively vegetated areas (in green) 
from soil and rock outcrop areas (in reddish to pink nu-
ances). The urban areas are shown in bluish to violet nu-
ance and the lakes and dams are red to brawn. The older 
granite and metamorphic rocks from the basement, 
widespread in the central parts of the region, possess 
more pinkish to violet nuance on this band combina-
tion, while the Upper Cretaceous volcanic and plutonic 
rocks and covering soils show more reddish to pinkish 
colors. Although not well distinguished by this com-
posite image, some ore deposits and occurrences are 
notable such as Elatsite (in dark blue), Benkovski and 
Asarel tailing pods (in brown-yellowish colors), Selska 
Koria and Pripora area (in dark pink). 

Band ratios 5/6:7/6:7/5 displayed as RGB color 
composite image. This image (Fig. 3) could high-
light the advanced argillic alteration areas, based on 
the compositional nature of the Al-OH mineralogy 
(Hewson et al., 2004; Gozzard, 2006). Band ratio 5/6 

could highlight host rocks, 7/6 could show the musco-
vite presence and 7/5 could highlight kaolinite pres-
ence. According Hewson et al. (2004) this combination 
in theory separates right asymmetric 2.2 μm absorbing 
minerals like phengite (in red) from symmetric 2.2 μm 
absorbing minerals like muscovite and illite (in green) 
through to left asymmetric 2.2 μm absorbing miner-
als like pyrophyllite, alunite, dickite, and kaolinite (in 
blue). This change in symmetry is related to the loss 
of aluminum in the white mica and the substitution of 
silica, magnesium, or iron. Thus, red to green tones are 
theoretically related to areas rich in longer (Al-poor) 
to shorter wavelength (Al-rich) white mica, whereas 
blue areas show a contribution of kaolinite. 

The 5/6:7/6:7/5 band ratio image of Panagyurishte 
Ore Region (Fig. 3) highlights very well the ore de-
posits and mining sites areas where the hydrothermal 
alterations are outcropped. Almost all ore deposits and 
mining areas are colored in vivid yellow to red colors 
in combination with light blue. The shady northern 
slopes of Stara Planina Mountains located in the north-
ern part of the region are colored in more reddish to 
yellow tones and could be confused with hydrother-
mal alteration areas, so they can be marked as “false 
anomalies”. Some dam lakes like Potoka and Strelcha 
2 are also colored in bright yellow tones. 

Band ratios 7/6:6/5:6/4 displayed as RGB color 
composite image. This band ratio combination (Wolters 
et al., 2005; Gad, Kusky, 2007) is somewhat similar to 
the previously described 5/6:7/6:7/5 composite image 
and could be useful for alteration mineral mapping. 
Numerous ore deposits and mining sites are well de-
tectable on 7/6:6/5:6/4 composite image (Fig. 4). Here 
they are clearly observed in pink to blue colors (Elatsite 
deposit) often in combination with yellow to reddish 
colored areas (Asarel and Medet deposits). The more 
distant Benkovski, Chavdar and Kaleto tailing ponds 
are well detectable with pinkish and grey nuances. The 
smaller Vlaikov Vrah and Tsar Asen open pits to the 
south and even Krasen and Radka underground mined 
deposits areas are clearly identifiable. 

Band ratios 4/6, 4/7, 3/1 displayed as RGB color 
composite image. This image could be useful for 
lithological discrimination and alteration mapping as 
it could enhance the Al–OH response in band 6 and 
Fe–OH response in band 7 (Di Tommaso, Rubinstein, 
2007). As it is demonstrated on Fig. 5, this band ratio 
image is also useful for hydrothermal alteration zones 
and ore deposits recognition. The Asarel and Medet 
deposits and Benkovski, Chavdar and Kaleto tailing 
ponds are clearly distinguishable here with bright 
yellow to pale brown colors. Smaller in size Radka, 
Vlaykov Vrah and Tsar Asen to the south are also no-
table. On this and the previous images the northern 
located Elatsite porphyry copper deposit is somewhat 
differ from Asarel and Medet porphyry copper depos-
its, which could be due to differences in the hydro-
thermal alteration mineralogy or its northern slope (in 
shade) position. 

Table 2. Commonly mapped features by ASTER band ratios 
(Gozzard, 2006)

Таблица 2. Често използвани междуканални отношения 
от ASTER за картиране на обекти (Gozzard, 2006)

Feature Band ratio

Alunite-kaolinite-pyrophyllite (4+6)/5

Carbonate-chlorite-epidote (7+9)/8

Dolomite (6+8)/7

Ferric iron, Fe3+ 2/1

Ferrous iron, Fe2+ 5/3 + 1/2

Kaolinite 7/5

MgOH-carbonate (6+9)/8

Muscovite 7/6

Phengite 5/6

Quartz abundance 13/10

Sericite-muscovite-illite-smectite (5+7)/6

Vegetation (3–2)/(3+2)
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Fig. 4. ASTER RGB color composite image of 7/6:6/5:6/4 band ratios
1, Elatsite open pit; 2, Benkovski tailing pond; 3, Chavdar tailing pond; 4, Kaleto tailing pond; 5, Medet open pit, 6, Asarel open 
pit, tailing pond and western waste dump; 7, the town of Panagyurishte; 8, Krasen deposit area; 9, Radka deposit area; 10, Vlaykov 
Vrah open pit and waste dump and Elshitsa deposit; 11, Tsar Asen open pit and waste dump

Фиг. 4. Цветно композитно изображение по отношения между ASTER канали 7/6:6/5:6/4
1 – кариера на находище Елаците; 2 – хвостохранилище Бенковски; 3 – хвостохранилище Чавдар; 4 – хвостохранилище 
Калето; 5 – кариера на находище Медет; 6 – хвостохранилища и кариера на находище Асарел; 7 – гр. Панагюрище; 8 – 
находище Красен; 9 – находище Радка; 10 – кариера и хвостохранилище на находище Влайков връх и находище Елшица; 
11 – кариера и хвостохранилище на находище Цар Асен
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Fig. 5. ASTER RGB color composite image of 4/6:4/7:3/1 band ratios
1, Elatsite open pit; 2, Benkovski tailing pond; 3, Chavdar tailing pond; 4, Kaleto tailing pond; 5, Medet open pit; 6, Asarel open 
pit, tailing pond and western waste dump; 7, the town of Panagyurishte; 8, Krasen deposit area; 9, Petelovo deposit area; 10, Radka 
deposit area; 11, Vlaykov Vrah open pit and waste dump and Elshitsa deposit; 12, Tsar Asen open pit and waste dump

Фиг. 5. Цветно композитно изображение по отношения между ASTER канали 4/6:4/7:3/1
1 – кариера на находище Елаците; 2 – хвостохранилище Бенковски; 3 – хвостохранилище Чавдар; 4 – хвостохранилище 
Калето; 5 – кариера на находище Медет; 6 – хвостохранилища и кариера на находище Асарел; 7 – гр. Панагюрище; 8 – 
находище Красен; 9 – рудопроявление Петелово; 10 – находище Радка; 11– кариера и хвостохранилище на находище 
Влайков връх и находище Елшица; 12 – кариера и хвостохранилище на находище Цар Асен
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Conclusions

The color composite and band ratio images are quick 
and cost-effective method for distinguishing and map-
ping of hydrothermal alterations and lithology by 
multispectral remote sensed data. This approach is 
based on the materials’ optical features and the satel-
lite sensor spectral resolution. Although it is validated 
in general, the effectiveness of the individual band 
ratios and color composite images may vary depend-
ing on the image acquiring conditions and local sur-
face characteristics as climate, vegetation, water and 
morphological features, etc. This paper illustrates the 
good applicability of ASTER band ratio images in the 
area of well-studied Panagyuristhe Ore Region which 
is humid in climate, with dense vegetation cover and 
it is characterized with numerous porphyry copper 
and massive sulphide epithermal deposits. The simple 
band combinations (like 12:3:5 composite image on 
Fig. 2) are usually less effective and they can be useful 
for general discrimination of surface materials. More 

effective for hydrothermal alteration areas and ore de-
posits detection are the band ratios composite images. 
Most of the open pit mined porphyry copper deposits 
in Panagyurishte Ore Region (such as Elatsite, Asarel, 
Medet, Vlaykov Vrah and Tsar Asen) are clearly de-
tectable on band ratio images (Fig. 3, 4, 5). Even some 
of the less outcropped and underground mined mas-
sive sulphide deposits (as Krasen and Radka) and ore 
occurrences (Petelovo, Selska Koria and Pripora) are 
also well recognizable. Of course, the tailing ponds 
and waste dumps are also detectable as they host ma-
terials from the ore deposits. 

The examined approach is somewhat approximate 
because of the restrictions in spectral resolution of the 
satellite sensors. As it is demonstrated on the studied 
region, some dam lakes, northern shady slopes or oth-
er surface features can produce “false anomalies” on 
some band ratios. So the data preprocessing such as 
clouds and vegetation areas exclusion and the careful 
interpretation can be very important for the successful 
application of the method. 
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