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Pe3ome. HacTosioro n3cienBane pasriiesk/ia IpUIOKIMOCTTa Ha CATEIUTHH KOMIIO3HTHHU H300pakeHHs! U IIOJIyYeHH KaTo OTHOLIE-
HHSL MEXK]Ty CIIEKTpaIHuTe Kanaau oT uHctpyMeHTa ASTER 3a unentudunypane Ha y4acTbIM ¢ XHAPOTEPMAIHHA U3MECHEHUS Ha CKaIUTE
n pyaHu Haxozauma. Karo TectoB paifon e msnonsBan [laHarropckust pylaeH palioH, XapakTepH3Mpalll c€ ¢ XyMMIEH KJIMMAaT U I'bCTa
pacTuTesHa MOKpUBKa. M3cneBanu ca pa3IHYHU KOMIO3UTHU H300paKEHUs M MEKIyKaHAJIHU OTHOIICHUS, KaTO B CTaTHATA ca Hpen-
CTaBeHH BAapUAHTHUTE, NPEAOCTABSIIIN Hall-no0py pe3ynTaTd. KaTo [su1o mpocTuTe NBETHNH KOMIIO3UTHH M300paXkeHHsI Morar Ja Obaart
U3M0JI3BaHH 3a 110-00I110 pa3rpaHUUaBaHe HA 0OCKTUTE U MaTepHAIUTE OT 3eMHATa IIOBBPXHOCT, JOKATO H300PaKEHUATA, OTyIeHH KaTo
OTHOLICHHUS MEXTy KaHAIUTE MOTaT JIa CIy’KaT 3a I10-sICHA NACHTH(HUKAINS 32 HATMINETO Ha 30HHU C XUAPOTSPMAITHN H3MCHCHUSI X Py JHI
Haxonuma. Ha Hikon oT mosydeHuTe 4pe3 MexKIyKaHaTHU OTHOMICHUS H300pa)KeHUsI OTUSTIINBO CE PA3[O3HABAT OTKPUTHTE PYAHHIH Ha
noBeveTo MeHonophupHN Haxoaumia (kato Enanure, Acapen, Mezner, BralikoB BpbX 1 Jip.), KaKTO ¥ TEXHUTE XBOCTOXpaHmnia. Jloope
Pa3IMYUMU ca U HAKOU I10-Cc1a00 Pa3KpHUTH U TMOJ3EMHO eKCILloaTHpaHH Haxonuma (kato Kpacen, Panka, Enmmuna) u pynonposBiaeHus
(ITerenoBo, Cencka kopusi, [Ipunopa). Benpekn gocta npHOIH3UTETHUS XapaKTep, 4pe3 H3MO0I3BaHUs METOJ] MOTaT Jia ce II0IyJaBaT Obp-
3H, IICHOBO €()EKTUBHHU U YCIICIIHY PE3YNTATH O AUCTAHIIMOHHO WICHTH(HUINPAHE HA YIaCThIH C XUAPOTCPMAIIHI H3MCHCHUS U PYAHI
HaXOJMINA [IPU M3yYaBaHE HA OJIEMHU palioHU.

Kniouosu oymu: ASTER, OTHOIIEHUS MEXAY KaHAIUTE, XUAPOTEPMAIHU W3MEHEHUs, pPyAHH Haxonuuia, [laHarropcku
pyJeH palioH.

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 Vrah, 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

@ur. 1. I'eosiozkka kapta Ha [lanaropckus pyaen paiion (Popov, 2005)

1 — HEOTeHCKH M KBaTePHEPHU OTJIIOXKEHNS; 2 — aIeOreHCKH CeIMMEHTHH cKajin; 3 — ['opHOCeHOHCKa (TTOCTBYJIKAHCKA) CEAMMEH-
ToreHHa rpymna; 4 — Yenornenika CBUTa; 5 — TOpHOKpPEHH UHTPY3HBH; 6 — [TecoBeLKH BYJIKaHCKH KOMIUIEKC; 7 — Enmmmku 1my-
ToH; 8 — Enmmniku ByaKaHO-IUTyTOHHYEH Komiuieke; 9 — CBoOoa-OBYMXBIMCKI BYJIKAHO-IUTyTOHWYEH KoMIuieke; 10 — Acapen-
MeneTcku ByJIKaHO-IUTyTOHHYEH KoMIutekc; 11 — Bpankambkckn Byikancku koMiuiekc; 12 — Kpacen-IletenoBcku BysikaHO-1LTY-
ToHHYeH KomIuieke; 13 — Enarko-Yenonemmky ByIKaHO-TUTy TOHHYEeH KoMIuieke; 14 — TypoHcka TepureHHa rpyna; 15 — tpuackn
CeIMMEHTHHU cKanu; 16 — naneo3oiicku miytonu; 17 — Bucokomeramopduu ckanu; 18 — Bb3cen; /9 — nasnak; 20 — pa3nom; pyaHu
Haxozaua: 21 — MeHONMPUTHY, 22 — MeJHOOPGUPHH, 23 — TTOJIMMETAIHY KWIHH, 24 — 3naTHONOPUPHH, 25 — 3IaTHY KUITHH,
26 — OapUTOBH KITHH
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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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Table 1. Spectral ranges of ASTER bands

Tabauya 1. Cnexmpanen odxeam na Kananume

om uncmpymenma ASTER
(Srl::(Sjﬁ:ieomn) Band No Wavelength (pum)
0.52-0.60
VNIR 2 0.63-0.69
(15 m) 3N 0.78-0.86
3B 0.78-0.86
4 1.60-1.70
5 2.145-2.185
SWIR 6 2.185-2.225
(30 m) 7 2.235-2.285
8 2.295-2.365
9 2.360-2.430
10 8.125-8.475
11 8.475-8.825
(Tgl(l){m) 12 8.925-9.275
13 10.25-10.95
14 10.95-11.65

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.
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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 AI-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 (CO,). 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.
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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

®@ur. 2. Komounauus or ASTER kananm 12:3:5, npeacraBenu kato RGB uBerHo xomno3utHo uzodpaxxenue Ha Ilana-
TIOPCKHUSI PY/IeH paiioH

1 —xapuepa Ha Haxoaume Enanure; 2 — cenckoCcTOMaHCKH IUIONH 63 pacTHTEITHOCT; 3 — XBOocToXpaHmmnie benkoBcku; 4 — xBoc-
toxpanunuiie Yasaap; 5 — xsocroxpanmnuiie Kanero; 6 — kapuepa 1 XBOCTOXpaHWINIIE HA Haxoauie Acapel; 7 — Kapuepa Ha
Haxomuie Menet; 8 — rp. [lanartopuine; 9 — vaxoauie Kpacen; 10 — yuactosk Ha pynonposisieHusita Cencka kopus u [Ipunopa;
11 — xapuepa Ha Haxoaume BuaitkoB Bpbx; /2 — kapuepa Ha Haxoauie Lap Acen; 13 — o6manu; 14 — s30Bup IToToka
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Fig. 3. ASTER RGB color composite image of 5/6:7/6:7/5 band ratios, highlighting advanced argillic alterations (AI-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

®@ur. 3. [{BeTHO KOMIO3UTHO M300pa:keHue mo oTHomenust Me:xkay ASTER kananu 5/6:7/6:7/5, noguepraBano HHTEH3UBHO
apruyiu3uTosu usMenenus (mo A-OH munepann)

1 — xapuepa Ha naxoauuie Enmaumre; 2 — naxoaumie Yesoneu u pynonposisienue [lapino mepe; 3 — XBOCTOXpaHMIHUILE
benkoscku; 4 — xBoctoxpanununie Yasnap; 5 — xBocroxpanmnuine Kanero; 6 — kapuepa Ha Haxoauie Mexet; 7 — XBOCTO-
xpanuuie Jlonskosuna; 8 — kapuepa Ha Haxoaume Acaper; 9 — Haxoaume Kpacen; 10 — pynonposinennsita Cencka Kopust
u Ilpunopa; 11 — xapuepa na Haxoauiie Biaiikos Bpbx; 12 — kapuepa ua naxoaumuie lap Acen; 13 — sizoBup Crpenua 2; 14 —
si30Bup IloToka
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Table 2. Commonly mapped features by ASTER band ratios
(Gozzard, 2006)

Tabauya 2. Yecmo u3nonzeanu mMexicOyKaHaiHy OmHOueHus:
om ASTER 3a kapmupane na obexmu (Gozzard, 2006)

Feature Band ratio
Alunite-kaolinite-pyrophyllite (4+6)/5
Carbonate-chlorite-epidote (7+9)/8
Dolomite (6+8)/7
Ferric iron, Fe** 2/1
Ferrous iron, Fe?* 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)

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 AI-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 pwm absorbing
minerals like phengite (in red) from symmetric 2.2 pm
absorbing minerals like muscovite and illite (in green)
through to left asymmetric 2.2 um 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
compositeimage. 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 AI-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.
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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

®@ur. 4. [BeTHO KOMIIO3UTHO M300pakenue mo oTHowenus mexny ASTER kananu 7/6:6/5:6/4

1 — xapuepa Ha Haxoaumie Emammre; 2 — xBoctoxpaHmmnie beHkoBcky; 3 — xBoctoxpanmiuie Yapaap; 4 — XBOCTOXpaHUITUILE
Kaneto; 5 — kapuepa Ha Haxoauine Meer; 6 — XBOCTOXpaHHUJIMIIA ¥ Kapuepa Ha Haxoauiie Acapen; 7 — rp. [lanarropuie; 8 —
naxoxuie Kpacen; 9 — naxonumie Panka; 10 — kaprepa 1 XBOCTOXpaHWINIIE Ha Haxoumle Bialikos Bpbx 1 Haxoauie Emmmia;
11 — xapuepa u xBocTOXpaHunuie Ha Haxoauuie Llap Acen
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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

@ur. S. [IBeTHO KOMIIO3UTHO H300pa:keHHe M0 oTHowmeHus1 Mexk1y ASTER kananu 4/6:4/7:3/1

1 — xapuepa Ha Haxoxume Emannte; 2 — xBocToxpanmmmine benkoscku; 3 — xBoctoxpanmwimime Yasaap; 4 — XBOCTOXpaHHIIIAIIE
Kanero; 5 — xapuepa Ha Haxoaumie MezeT; 6 — XBOCTOXpaHWIIMINA U Kapuepa Ha Haxoauiie Acaper; 7 — rp. [lanartopuie; 8 —
naxonumie Kpacen; 9 — pynonposisnenue Ilerenoso; 10 — naxoaume Paaka; 11— kapuepa u XBOCTOXpAHMIIUILE HA HAXOIMIIE
BraiikoB Bpbx u Haxonuie Enmmina; /2 — kapuepa v xBocToxpaHuiuie Ha Haxoauuie Lap Acen
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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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