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PE3IOME

Momnorpagusita ,,Meranorenus Ha bbarapus®, 3aeaHo ¢ NpUIOKEHUTE ,,MeTasoreHHa
kapta Ha bwirapus B M 1:500 000 u ,,Karanor Ha pyagHUTE HaxXOAMILA U PYyAONPOSBICHUSA ",
pasmiexxjaa pyAHMTE HaxoAuila B TepuTopusita Ha PenmyOmuka bbarapus, oOpa3dyBaHu B
CbOTBETHUTE MPOCTPAHCTBEHW M TEMIIOPAJHU TEOJOXKKH ycioBus. Ts e pa3zpaboTeHa Bb3
OCHOBa Ha MHOTOOpOMHM Hay4HM MoOHOrpaduu, Hay4dHM NyOnuKauuu U  (OHIOBU
reoJIOronpoy4BaTeIHy JOKIaAH, OTPa3sBallld CbBPEMEHHUTE JAHHU 3a FEOJ0XKKHUS CTPOEXK Ha
n3ydaBaHaTa TEPUTOPUS M 3a PYJHUTE HAXOAUIIA U MPOSBICHHUS, KAaTO MOCTUKEHHITA Ha
OT/IEJTHUTE aBTOPH Ca LIUTHUPAHHU B COTBETHUTE pa3ziesi Ha KHUrara. Monorpadusra oTpasssa
M3CIIEIBAHETO HAa METAJIOTEHHUTE MpolecH Ha 0a3ara Ha MajJeoTEeKTOHCKH MPUHIUIIH, KaTo ca
pasrpaHMUYCHH CKaJINTE, TEKTOHCKUTE CTPYKTYPH U aCOLIUUPALIUTE PYIHU MIPOSIBH, (POPMHUPAHH
MIpe3 OTAEIHUTE €TIOXU U CTaJIUU B TEOTEKTOHCKATa €BOIIOLIHS.

IIpencraBenara MeranorenHa kapra Ha bearapus B M 1:500 000 € cbcTaBeHa BbpPXY
re0JIOKKa OCHOBAa OT W3IOJI3BaHATa JUTMTAlM3MpaHa Bepcus Ha [eonokkara kapra Ha
bearapus M 1:500 000 ¢ penaxtopu Yemmres, KpaueB (1989), xaro ca HanpaBeHu pennna
HE0OXOMMH KOPEKIUH, OTpa3siBallld OCHOBHUTE ChbBPEMEHHU JaHHU. MeTanoreHHara Kapra €
OpUIpy’KeHa OT Karajor Ha IIOKa3aHUTE HAaxOAuIla, OTOeNs3Ball] TAXHaTa ToJIEMUHA
(MIKOHOMHUYECKO 3HAy€HHe), MPOMHUIUIEH M TeHeTHYeH THUI, IIaBHU M BTOPOCTENEHHU
eJIEMEeHTH, reorpad)cka MO3ULUS U MIPUHAIJICKHOCT KbM PYJIHO TOJIE U py/eH paiioH. B Tekcra
Ha MOHoTrpadusTa, KapTaTa 1 KaTajorbT c€ HUTUPAT KaTo NpuioKeHue 1 u npusioxeHue 2.

B monorpadusra ,,Meranorenuss Ha beiarapus® ce pasrpaHnuaBaT U XapakTepu3HpaT
OCHOBHUTEC CTPYKTYPHHU C€TaXH, BKIIIOUBAIK CCAUMCHTHHUTC, MAarMCHHUTC H MeTaMOp(‘bHI/ITe
CKaJTHH KOMIUIEKCH, (DOpMUpaHH Tpe3 ONPENETICHUTE CTaIuN OT T€OTEKTOHCKATa €BOIOIHS, B
ChOTBETHATa TEKTOHCKA W mayieoreorpadcka oocranoBka. Ha 6a3zaTa Ha MeTaJIOTeHEH aHAN3
Ce OMpEeNeNaT 0OCOOCHOCTUTE Ha T€OJIOKKUTE KOMIUIEKCH, KOHTPOJIUpAIX pyaooOpa3yBaiuTe
mnmponecu, mno3unuAaATa M CbCTaBa Ha MHHCPAJIHUTE HaxXoAWIa. PYJIHI/ITG Haxomguma #u
PYAOIIPOABIICHHUA Ca CHUCTCMATU3HUPAHHU U XAPAKTCPU3UPAHU, KATO CC€ OMNPCACIIAT TCXHUTC
TeHETHYHU TUTIOBE, BPB3KUTE C PYAOTCHEPUPAIIUTE U PYIOBMECTBAIINTE CKaJTHH KOMIUICKCH U



TEKTOHCKH CTPYKTYpH, BB3paCTTa, CTPYKTYPHUTE, MHUHEPAJIOKKUTE U MOPGOIOKKUTE
ocobeHocTn Ha pynHuTe Tena. IlocoyeHuTe KOMIUIEKCH ce 000co0sBaT B OTACTHH DPYIHU
MoJieTa U MO-KPYMHH METAJOreHHU €IWHUIMU (PYIHU pallOHH, METAJIOT€HHU 30HHU U JIp.),
¢dbopMHpaHH B paMKUTE Ha €IMHHH T€OJIOKKH Tpolecu. Bb3 0cHOBa Ha pa3rpaHUYaBaHETO Ha
CTPYKTYPHHUTE €TaXKU U TEXHUTE ocoOeHocTu ca nedunupanu Heonporeposoiicko-xepuHCcKa
U AnnuicKa T€OTEKTOHCKM M METAJOreHHU €IMOXH, KaTo B TAX C€ OTAENSAT ChOTBETHUTE
TEKTOHO-METAJIOTEHHU CTaJlH, KaT0 OKEaHCKH, CYOQYKIIMOHHHU, PUPTOreHHHU, KOJU3UOHHH,
MOCTKOJIU3UOHHU U T.H.

MoHorpadusiTta € IpuApy,eHa OT pa3lIUPeHO pe3toMe Ha aHIIMICKH €3HK, a TEKCTOBETE
Ha Qurypure ca Ha OBIrapcku W aHmMiicku. MeranoreHHara kapra u Karamorst Ha
HaxoAMIaTa M pPyAONPOSIBICHUATa ChUIO Ca HAJIMYHU KaKTO Ha OBIrapckd, Taka W Ha
AHITIMICKH €3UK.

Ha Meranorennara kapra ca noka3zaHu 768 Opos pyIHM HaxXoAMIla U IPOSBICHUS.
CrpIieBpeMeHHO, B TEKCTa U (pUrypuTe Ha MOHOTpadusaTa ca BKItoueHH o010 1274 6post pyaHu
O0EKTH, Karo rojiiMa 4YacT OT TAX ca ONHCAHM HAaKpaTKo. 3a OTIEJHUTE HaxoAMlla MU
PYZOIPOSIBICHUS Ca MPEICTABEHU JIaHHU 3a I'e0JIOKKATa MO3ULIKS, Bb3pacTTa U XapakTepa Ha
BMECTBAILUTE CKAJIM U CTPYKTYypH, MOP(OIOTrUaTa U MUHEPAIHUS CbCTaB HAa PyIHUTE Tela.
MoHorpadusita € chcTaBeHa OCHOBHO Ha 0a3ara Ha 1636 Op. nureparypau uztodnum u 308
Op. donpoBu noxnagu. C ToBa, HacTosaTa paboTa B rojisiMa CTENEH XapaKTepu3upa pyaHus
MIOTEHLIMAJ Ha CTpaHara, 0e3 J1a ce 1aBaT YMCIIOBU JIaHHU 3a PECYPCH U 3aIlacu.

ABSTRACT

The monograph “Metallogeny of Bulgaria”, together with the attached “Metallogenic
Map of Bulgaria in Scale 1:500 000" and the “Catalogue of the Ore Deposits and Occurrences”,
describes the ore deposits in the territory of Republic of Bulgaria, formed in the respective
spatial and temporal geological conditions. It has been developed on the basis of numerous
scientific monographs, scientific publications and geological research reports, representing the
current data on the geological structure of the examined territory and on the ore deposits and
occurrences, as the achievements of the individual authors are cited in the relevant sections of
the book. The monograph represents the study of metallogenic processes based on paleotectonic
principles, distinguishing the rocks, tectonic structures and associated ore manifestations
formed during different epochs and stages in the geotectonic evolution.

The attached Metallogenic Map of Bulgaria in Scale 1:500 000 is compiled on a
geological basis from the used digitalized version of the Geological Map of Bulgaria in Scale
1:500 000 (Cheshitev, Kanchev (eds.), 1989), as many necessary adjustments have been made
to reflect the main current data. The Metallogenic map is accompanied by Catalogue of the
shown deposits, noting their size (economic importance), economic and genetic type, major and
minor elements, geographical position and affiliation to the ore field and ore region. The Map
and the Catalogue are cited as Appendix 1 and Appendix 2 in the text of the book.

The monograph “Metallogeny of Bulgaria” distinguishes and characterizes the main
structural stages, including sedimentary, magmatic and metamorphic rock complexes formed
during the certain stages of geotectonic evolution, in the corresponding tectonic and
paleogeographic environment. Based on metallogenic analysis, the features of the geological
complexes which control the ore-forming processes, the position and the composition of the
mineral deposits are determined. The ore deposits and ore occurrences are systematized and
characterized by determining their genetic types, relationships with the ore-generating and ore-
hosting rock complexes and tectonic structures, the age, structural, mineralogical and
morphological features of the ore bodies. The noted complexes are differentiated into separate
ore fields and larger metallogenic units (ore regions, metallogenic zones, etc.), formed by the



same geological processes. Based on the distinction of the structural stages and their
characteristics are defined the Neoproterozoic — Hercynian and Alpine Geotectonic and
Metallogenic Epochs, in which the respective tectonic-metallogenic stages are distinguished,
such as ocean, subduction, rifting, collision, etc.

The book is written in Bulgarian, with extended English resume. The texts to the figures
are in both languages. The Metallogenic Map and the Catalogue of the ore deposits and
occurrences are also available in Bulgarian and English.

A total of 768 deposits and ore occurrences are shown on the Metallogenic map. Besides,
the text and figures of the monograph include a total of 1274 ore manifestations, most of which
are briefly described. Data for the geological position, age and character of the host rocks and
structures, the morphology and mineral composition of the ore bodies are presented for the
individual ore deposits and occurrences. The monograph is compiled mainly on the basis of
1636 literature sources and 308 National Geofund reports. Thus, the present book characterizes
to a great extent the ore potential of the country, without mentioning numerical data on ore
resources and reserves.

HAYYHMU ITYBJIUKALINUU B U3JAHUA, KOUTO CA PEOEPUPAHU N
NHAEKCUPAHU B CBETOBHOU3BECTHHU BA3U JAHHU C HAYYHA
NHOOPMALUA

I'7.36 Popov, K., D. Bakardjiev. 2014. Identification of Hydrothermal Alteration Areas in
the Panagyurishte Ore Region by Satellite ASTER Spectral Data. Comp. rend. I’Acad.
bulg. Sci., 67, 11, 1547-1554.

ITonos, K., /I. bakbpmkues. 2014. UaenTtudunupane Ha IIOMM ¢ XHAPOTEPMAJTHH
u3menenus B Ilanaropckusi pyaeHn paiion no cnexkrpajanu AaHHu ot careauta ASTER.
Hoknaou bAH, 67, 11, 1547-1554.

ABSTRACT

The aim of this study is to test the applicability and reliability of hydrothermal alteration
areas identification by ASTER images in humid and intensively vegetated areas. The
Panagyurishte Ore Region is chosen as test area because it is well studied, and it contains
numerous porphyry copper and epithermal deposits related to Upper Cretaceous magmatic
activity. A group of hydrothermal alterations and ore minerals described in field studies were
used in this research. Mineral detection approach was used as the spectral features of image
pixels were compared to the laboratory measured spectra. The image analysis was based on
Spectral Angle Mapper method determining the angular similarity between pixel and laboratory
spectra as very close vectors and small angles mean very good similarity and high possibility
of presence for given mineral in the pixel. The areas with highest presence probabilities for
studied minerals were mapped and interpreted. The open pits of Elatsite, Asarel, Medet,
Vlaykov Vruh and Tsar Asen porphyry copper deposits are excellently identified, as well as
outcropped areas with highest presence probability of hydrothermal and ore minerals. Despite
being the products of human activities, the tailing ponds and waste dumps are also well
identified on the ASTER image since their composition is similar to the deposit’s host rocks.
Some epithermal deposits like Krasen, Radka and Petelovo are also identified, but to a lesser
extent due to their lesser surface exposure. Several smaller areas with possible presence of the
studied minerals are determined within urban areas, dam lake coasts and along some roads, but
they are interpreted as probable “false anomalies” due to the spectral and spatial limitations of
the satellite instrument.



PE3IOME

Ilenta Ha HACTOAIIETO M3CIIEABAHE € J1a OLIEHU IMPUIOKUMOCTTA U JJOCTOBEPHOCTTA HA
pasno3HaBaneTo upe3 ASTER u300pakeHHs Ha ydacTBIUTE C XHJIPOTEPMAIHU MPOMEHU B
XyMUJHH paiiOHM C MHTEH3UBHA PACTHUTEIHOCT. 3a TECTOB pailoH Oe n30pan [laHarropckust
pylleH paiioH, mopaau 1o0para cu U3y4€HOCT U HAJIMYHETO Ha MHOXKECTBO MEHONOPHUPHU U
eNUTEpMAJIHU HaxoJulla, CBbP3aHU C TOPHOKPEOHUS MarMarusbM. B ToBa u3cienBaHe e
U3II0JI3BaHa CHBKYIHOCT OT XUAPOTEPMAJHU HM3MEHEHMs M PyAHU MUHEpaIM, ONMCBAHU B
MOJICBUTE M3ClieABaHUs. M3mon3BaH € moaxor 3a WACHTH(HIMpAHE HA MHUHEPAIUTE, KaTo
CIEKTPAIIHUTE XapAKTEPUCTUKHU Ha TUKCEIIUTE OT N300paKEHUETO Ca CPABHABAHM ChC CIIEKTPH,
U3MEPEHU B J1a0OpaTOpHH YCIOBHA. AHAIM3bT HAa M300paXKEHHETO € Oa3upaH Ha METO/a
Spectral Angle Mapper, upe3 KOWTO ce ompezess bIVIOBOTO CXOACTBO MEXIy MUKCEJIUTE U
nabopaTOpHUTE CIEKTPH, KaTO OIM30CTTA HA BEKTOPUTE U MAJIKUTE BIJIM MEXIY TAX O3HAYaBAT
I00pO CXOACTBO M ToJsIMa BEPOSATHOCT JaJeHUsl MUHEpal Ja HPUChCTBA B IHKCENA.
WHuTepnpeTpanu U o4epTaHU Ca y4acTBLUTE C Hall-BUCOKAa BEPOSTHOCT Ha IMPHUCHCTBUE HA
n30paHuTe MHMHEpadu. SICHO ce OoTiaMuyaBaT KapuepuTe Ha MeTHONOpGUPHUTE HaXOAWILA
Enanure, Acapen, Menet, BnaiikoB Bpbx u Llap AceH, KakTo M pa3KpUTH y4acTbLU C Haii-
BHCOKA BEPOSATHOCT 3a IPUCHCTBUE HA XUAPOTEPMAJIHU IPOMEHHU U PYIHU MUHEpau. Borpeku,
4ye ca NpoAyKTH Ha yoBenika AeHocT, Ha ASTER un3o0paxenusita 1o06pe ce uaeHtuduuupar
CBIIO U XBOCTOXPAHWIMIIATA, ThI KaTO TEXHUAT ChCTAaB € CXOJEH ChC CKAJIUTE B HAXOAMIIATA.
VYyacTpMTE HAa HAKOM ENMUTEPMAIHM Haxoauma, karo Kpacen, Paaka u Ilerenoso, chuio ca
UACHTU(GUIMPAHH, HO B [IO-OTPAHUYEHA CTENEH MOPaau TAXHOTO OTPAaHUYEHO pasKpUTHE Ha
MOBbpPXHOCTTA. HKOM IT0-MaJIKy y4acThLU C BEPOSTHO HAIMYUE HA U3yYaBaHUTE MUHEPAJIH Ce
UACHTUUIMPAT B HACETICHU MECTa, OperoBe Ha sI30BUPH U 110 MPOTEKEHUE HA HIKOM IIBTHILA,
HO T€ ca MHTEPHPETUPAHU Karo ,,(pajlnBU aHOMAJIMM‘, OBJDKAIIM CE HAa OTPaHUYEHUTE
CMEKTPAJIHU U MMPOCTPAHCTBEHU PAa3pPEIIUTEIHU CIIOCOOHOCTH Ha caTeIMTHATa arnaparypa.

I'7.37 Bakardjiev, D., K. Popov. 2015. ASTER spectral band ratios for detection of
hydrothermal alterations and ore deposits in the Panagyurishte Ore Region, Central
Srednogorie, Bulgaria. Rev. Bulg. Geol. Soc., vol. 76, 1, 79-88.

Baxkbpakues, ., K. Ilonos. 2015. Ilpu/ioxkenne Ha OTHOIIEHUSITA MEKIY CIEKTPAJTHUTE
kaHaiau Ha ASTER 3a pa3dnosHaBaHe Ha y4yacTbUHMTE ¢ XHAPOTEPMAJHH H3MCHCHHS M
pyaHu Haxoauuma B Ilanaropckusi pyaen paiion, Llentpaiano Cpennoropue, Bbiarapus.
Cnuc. bI'/], roa. 76, xu. 1, 79-88.

ABSTRACT

The present study discusses the applicability of ASTER color composite and spectral band
ratio satellite images for detection of hydrothermal alteration areas and ore deposits. The humid
and dense vegetated Panagyurishte Ore Region is used as a 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 occurrences (Petelovo, Selska Koria, Pripora) are also well detectable.
Although the considerable approximation, this method can produce quick, cost-effective and
successful results for hydrothermal alteration areas and ore deposits recognition over large
areas.



PE3IOME

HacTosmoro wu3cnenBaHe pasmiexja IPUIOKUMOCTTa Ha CATEIMTHU KOMIIO3UTHU
M300paKeHHsI ¥ TOJIYYEHH KaTO OTHOIICHHS MEXIY CIEKTPaJIHUTE KaHald OT MHCTPYMEHTA
ASTER 3a unentudunupane Ha y4acTblU ¢ XUAPOTEPMAIHN U3MEHEHUS HAa CKAJIUTE U PYIHH
Haxoauiua. Karo tectoB paiioH e uznonsBan [laHarropckus pyaeH pailoH, XapakTepusupaly ce
C XyYMHUJEH KJIMMAaT U I'bCTa pacTUTENIHA MOKpUBKa. M3cnenBaHu ca paziuyHU KOMIIO3UTHU
M300paxKeHHs] 1 MEXIyKaHAIHU OTHOILIEHHS, KaTO B CTAaTUATA ca MPEICTAaBEHU BapUAHTUTE,
MPeOCTaBIIN Hall-100pu pe3yarary. Karo 1s1o mpocTuTe IIBETHH KOMITO3UTHU N300paXkeHus
Morat na ObJaT M3IMOJ3BaHM 3a MO-00I0 pa3rpaHWYaBaHe HAa OOCKTHUTE W MAaTepUAIUTE OT
3eMHAaTa MOBBPXHOCT, JOKATO M300paKEHUATA, [TOJyY€HN KAaTO OTHOIIECHUS MEXy KaHAJIUTE
MoraT Jia Ciy’kaT 3a IO-sICHa WACHTU(UKAIMS 32 HAJIMYMETO Ha 30HU C XHAPOTEPMAIHU
W3MEHEHUsl U pyaHU Haxoauiua. Ha HAKOW OT MoydyeHuTe upe3 MeXAyKaHaaHU OTHOLIEHUS
M300paKeHHsI OTYETIUBO C€ Pa3l03HABAT OTKPUTUTE PYIHHUIIM HA MOBEYETO METHOMOP(PUPHU
Haxomuma (kato Emamute, Acapen, Mener, BnaiikoB BpbX H 1p.), KaKTO M TEXHUTE
xBocToxpanunumia. JoOpe pa3nuuumMu ca U HIKOM MO0-c1abo pas3KpuTH U IOI3EMHO
excrioarupann Haxonuma (kato Kpacen, Paaka, Emmmna) u pynonpossienus (Ilerenoso,
Cencka kopus, [Ipunopa). Bernpeku nocta mpuOIU3UTENTHUS XapaKTep, Ype3 U3MOI3BaHUS
METOJl MoraT Ja Ce TOoJy4aBaT Obp3H, IEHOBO €(QEKTHBHM W YCIEUIHH PE3YJITaTH IO
JUCTAHIIMOHHO HJEHTU(GUIMPAHEe Ha Y4YacTBIM C XHUIPOTEPMATHH H3MEHEHHS U DPyIHHU
HaxOJuIIa [PU U3y4yaBaHE Ha TOJIEMU PAOHHU.

I'7.38 Popov, K., D. Velichkov, P. Popov. 2015. The post-collisional Upper Thracian Rift
System (Bulgaria) and the formed exogenous wuranium deposits. Part 1 -
Lithostratigraphy and tectonic. Rev. Bulg. Geol. Soc., vol. 76, 2-3, 35-49.

ITomnos, K., /I. Beinuxos, I1. I[Tonos. 2015. IlocTtkosm3nonnara I'opaorpakuiicka pugrosa
cuctreMa (bbarapusi) u ¢opMupaHuTe eK30reHHM ypaHoBM Haxonuma. Yacr 1 —
JurocTpaturpagus u tekronnka. Cnuc. bI7], ron. 76, ku. 2-3, 35-49.

ABSTRACT

The Upper Thracian rift system is differentiated within the frame of the Balkan orogeny,
in the central parts of South Bulgaria. It was developed during the Middle Eocene—Quaternary
post-collisional extensional processes which remake the earlier collisional structures. The
Bartonian—Quaternary complex is deposited in the rift. The Bartonian—Priabonian, Priabonian—
Lower Oligocene, Upper Oligocene-Middle Miocene, Upper Miocene—Pliocene and
Quaternary groups are delimited within the complex, and they are separated by discordant and
discomfort boundaries. Numerous lithostratigraphic formations are distinguished in the groups.
The particular units are composed of terrigenous continental and less marine sediments, with
limited presence of carbonaceous, organic and volcanic deposits, as well as with coal beds.

The geological and geophysical investigations and satellite stereo-images interpretations
show a complex fault network, which determines the structure of the Upper Thracian rift
system. The differentiated faults are ESE, NNW, NNE and ENE, rare with meridional or
equatorial directions. The ESE structures are determinant and longitudinal towards the Balkan
system, and the NNW and NNE structures are diagonal.

The second rank structures of Plovdiv and Zagora Grabens, and Chirpan Step are noted
in the rift system. Numerous third rank structures as the Momino and Maritsa Grabens, Stryama
Horst, the Plovdiv and Brezovo Steps are distinguished within the Plovdiv Graben. The Opan
Graben, East Maritsa Step, St. Iliya Horst, Tundzha Step with the Elhovo Structural Depression,



Simeonovgrad Horst, Haskovo Graben and others, are noted within the Zagora Graben. Three
steps divided by ESE to subequatorial faults are formed within the Chirpan Step.

The Upper Thracian Uranium Ore Region is formed within the frame of the Upper
Thracian Rift System. This ore region is represented by exogenous uranium ore deposits formed
in the Tertiary sediments, and they will be described in the next paper.

PE3IOME

B annwuiickus bankancku oporeH, B LeHTpajdHuTe 4acTtu Ha lFOxxkHa bwarapus, ce
oboco0siBa [opHOTpakuiickata pudToBa cuctema. Ts ce (opmupa mpe3 CpeaHOCONECHCKO-
KBaTepHEPHUTE TOCTKOJU3UOHHM EKCTEH3HMOHHU MIPOLECH, Karo mpepaboTBa MO-paHHUTE
KOJIM3UOHHM CTPYKTYpHU. B pudroBara cuctema e oTI0KeH OapTOH-KBaTEPHEPSH KOMILICKC, B
KOHTO ce  o00oco0sBaT  OapTOHCKO-TIpHAOOHCKA,  MPUAOOHCKO-IOTHOOIMTOIICHCKA,
TOPHOOJIUTOIICHCKO-CPETHOMHUOIICHCKA, TOPHOMHOIIEHCKO-TUTHOIICHCKA ¥ KBaTepHEPHA TPYIIH,
KOHTO C€ OTACIAT C JUCKOPJAAHTHU WU TUCKOH(DOPMHU TpaHuly. B Te3u rpynu ce pa3nuyaBar
MOPEANIIA OT JIUTOCTPATUTPAPCKUA CBUTH WU 33apyTrH. OTICIHUTE €AMHULN Ca ChCTABEHHU OT
TEPUTeHHU KOHTHHEHTAIHM, I10-MaJIkO MOPCKM Haclard, C OrpaHUYeHO ydYacThe Ha
KapOOHATHH, OPTAHWYHU M BYJKAHCKU MaTepUaIH, KAKTO U C BHIJIUIIHU IJIACTOBE.

Bb3 ocHOBa Ha TEONOKKUTE M TeOPU3NYHUTE IMPOYYBAHUS W WHTEpIpETAlHsITa Ha
CaTeJINTHU CTEPEO-U300paKEHUsSI C€ YCTAHOBSIBA CIIOKHA pa3IOMHA MpEXka, OMpeessia
cTpykTypara Ha [opHoTpakuiickara pudToBa cuctema. O6ocobenu ca paznomu ¢ MIOU, CC3,
CCHU u UCH, psaxo c MepUIMOHAIIHU WM €KBAaTOpUAIHU HanpaBieHus. MI3TOK-Iorou3TouHnuTe
CTPYKTYPH Ca ONpeAessily U HaanbxHu crpsmo bankanuauute, a CC3 u CCU ca quaronanHu.

B pudroBara cucrema kato Bropopaspsiiau ce oroenszpaT [110BIMBCKHUAT U 3aropCKusiT
rpabenu u Yupnanckusat npar. Karo Tpetoctenennu crpykrypu B IlnoBnuBckus rpabeH ce
paznuuaBaT MoMUHCKUAT 1 Mapumkusr rpadenu, CTpSIMCKHUAT XOpCT, KakTo U [11oBauBckoTO
u bpesoBckoro crhmanmo. B 3aropckus rpaGen ca otaeneHn OmnaHckusAT TpaleH,
N3rounoMapHIKoTo cThiano, CBEeTHIINUCKUAT XOpcT, TyHIKAHCKOTO CThIIaio ¢ EaxoBckoTo
CTPYKTypHO TOHMXeHue, CHMEOHOBIPaJCKUAT XOpCT, XacKOBCKUAT rpabeH u 1p. B
YupnaHckus mpar ce oTaAensT 3 crpnana, pazaensnu no MIOU no cybexkBaropuanuu pa3iomu.

B rpanunute Ha ['opHOTpakuiickara pudToBa cucrema ce 060co0sBa [ opHOTpaKUNHCKUAT
ypaHoOB pyAeH paiioH. Toi e mpeicTaBeH OT ypaHOBH €K30T€HHHM Haxoauina, GopMHUpaHU B
TEPLUUEPHUTE CEAUMEHTH, KOUTO I1e ObJIaT ONMKUCAHU B CIIE/BAIlaTa CTaTHUsl.

I'7.39 Popov, K., D. Velichkov, P. Popov. 2016. The post-collisional Upper Thracian Rift
System (Bulgaria) and the formed exogenous uranium deposits. Part 2 — Metallogeny of
the Upper Thracian Uranium Ore Region. Rev. Bulg. Geol. Soc., vol. 77, 1, 51-64.

IIonos, K., /I. Beaimukos, I1. ITonos. 2016. IToctkomuznonnara l'opHorpakuiicka pugprosa
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64.

ABSTRACT

The post-collisional Upper Thracian Rift System, which is sedimentary complex of
Middle Eocene—Quaternary rocks, is determined within the Balkan orogeny. The Upper
Thracian Uranium Ore Region, formed in the Tertiary sediments, is distinguished in this rift
structure. The feeding province is marked by the surrounding mountains, as different granitoids
and high-grade metamorphic rocks are the sources of uranium. The ore forming is result of



epigenetic infiltration trough aquifers, in differentiated artesian basins. The position of ore
deposits is usually controlled by the fault zones or erosion windows, which discharge the water.
The ore bodies are localized within sandstone aquifer, less in aleurolite, tuff-sandstone, rare in
clay, within reducing or neutral conditions. The ore bodies are predominantly bed-like or lens-
like, rarely roll in shape. The ore mineralization is represented by ningyoite, coffinite,
phosphorus-bearing and vanadium-phosphorus-bearing coffinite, autunite and others. Momino,
Maritsa, Haskovo, Yambol, Orlov Dol and Navasen Ore Fields are determined within the Upper
Thracian Ore Region, and series of uranium economic deposits and ore occurrences are found
in these ore fields.

PE3IOME

B bankaHckusi oporeH e ycTaHOBEHa NOCTKOJMIM3HMOHHATa [opHOTpakumiicka pugToBa
CHCTEMa, B KOATO € OTJIOXKEH KOMIUIEKC OT CpPEeIHOEOLIEHCKO-KBAaTEpPHEPHHU CKamu. B Tasm
pudroBa cTpykTypa ce 0060cobsBa [OpHOTpaKHICKUAT ypaHOBOPYIACH pailoH, GOpMHpaH B
TCPUUCPHUTC OTIIOKCHUA. HOI[XpaHBaHIaTa IMPOBUHIUA CC 0eJIeKHU OT orpaxaamure IJIaHruHHU,
KaTo M3TOYHUK HAa ypaHa ca pa3IM4HU TPAaHUTOWAM M BUCOKOCTEIIEHHH METaMOpP(UTH.
PynooOpa3yBaHeTo ce OCBIIECTBSIBA B pE3yATaT HA ENHTCHETHYHA WHOWITpamus IO
BOJIOHOCHHTE IUIaCTOBE B 000COOEHHM apTe3uaHCKu OaceifHu. Pa3nmomuute 30HH WIH
€pO3MOHHUTE TPO30PIH, PA3TOBAPBAILIM BOIUTE, OOMKHOBEHO KOHTPOJIMPAT MO3UIMATA HA
PYOHHTE HaxoAuIna. PynHute Tena ca JOKanu3upaHu BbB BOJOHOCHH ISICBYHUIIM, TIO-PSAKO B
QJIEBPOJIUTH, TY(POISCHUHUIIM, PAIKO [IMHHU, B PEIyKIIMOHHA WM HEyTpaiHa cpeaa. Pynaure
Tela ca NPEJIMMHO IUIACTOBHJHM WJIM JICHIOBHIHH, PsIKO ¢ ponoBa (opma. Pynnara
MUHEpaNn3alusi € TPEeACTaBeHa OT HUHTHOMT, KOGUHHT, (ochopchabpikam u BaHAAWN-
dochopebabpkaml koGUHHUT, OTYHUT U Ap. B T'opHOTpakmiickus ypaHOBOpYyAEH paiioH ca
00ocobenn MomuHcko, Mapuiiko, XackoBcko, SAmOoicko, Opiosrosncko u HaBbceHCKo pynHU
M0JIeTa, KB/IETO Ca YCTAHOBEHM MOpeIulia OT IPOMUIIIEHH HAXOHUILA U PYAOIPOSIBICHHS.

I'7.40 Popov, K. 2016. 3D Modelling of the Geochemical Associations in the Assarel
Porphyry Copper Deposit (Bulgaria). Comp. rend. I’Acad. bulg. Sci., 69, 9, 1175-1182.

omnos, K. 2016. 3D moxesmpaHe HA reOXHMHYHHMTE ACOUMANMH B MeIHONMOPGUPHOTO
Haxonuiue Acapea (bwarapus). Joxnaou bAH, tom 69, Ne 9, 1175-1182.

ABSTRACT

The well core data of multielement contents from the Assarel porphyry copper deposit
are statistically processed mainly by factor analysis to investigate the existence of spatial
correlations between the chemical elements. Five groups of elements are determined in the
result: [Cu, Ag]; [Pb, Zn]; [Co, Sn]; ([Mo] As, Au) and (Ni, Ba). The elements in each group
possess similar spatial distributions, so these groups are interpreted as “geochemical
associations”. The [Cu, Ag] geochemical association is developed in the central parts of the
deposit and corresponds to the spreading of the main ore mineral associations. The [Pb, Zn]
group is observed along the periphery of the deposit, predominantly in the southern parts, and
represents the distribution of the quartz-galena-sphalerite mineral association. The [Co, Sn]
geochemical association is localized in the western and southwestern areas, within the andesitic
rocks. Higher concentrations of elements from the ([Mo] As, Au) group are observed in the
uppermost levels of the central area and in the western and southeastern periphery within the
andesite and probably represent mainly the quartz-molybdenite mineral association. The (Ni,
Ba) association is located in the highest central parts and in the lower northern and western
periphery, and together with [Co, Sn] group represent the development mainly of the quartz-
pyrite association within less hydrothermally altered host rocks. The elements’ composition and



the zonal distribution of the geochemical associations clearly mark the spatial geological
characteristics of the ore forming processes. The demonstrated method can be widely used in
the multicomponent investigations of mineral deposits, prospecting and exploration.

PE3IOME

W3cnenBaHo € HaJIM4METO Ha MPOCTPAHCTBEHA KOpesalUsl MEXIy eJIEeMEHTUTE B
MenHonopUpHOTO HaxoauIe Acapel upe3 CTaTucTHIecka 00paboTka, OCHOBHO C (haKTOpEH
aHalu3, Ha MHOTOEJIEMEHTHU COHJAXXHU AaHHU. B pesynrar ca 000coOeHM MET Ipynu OT
enementu: [Cu, Ag]; [Pb, Zn]; [Co, Sn]; ([Mo] As, Au) u (Ni, Ba). Enementute oT BCsika rpyrma
IIPUTEXKABAT CXOIHU IPOCTPAHCTBEHU pa3NpelesieHus, MOpagu KOeTo TIpynuTe ca
UHTEPIIPETUPAHU KaToO ,,l€OXMMHUYHU acouuanuu®. 'eoxumuunara aconumanus [Cu, Ag] e
pa3BuTa B LIEHTPAJHUTE YacTH HA HAXOIMILETO U CHOTBETCTBA Ha Pa3NPOCTPAHEHUETO HA
acoIManuuTe Ha IIABHUTE pyaHU MuUHepanu. [ pymara [Pb, Zn] ce HaGmonasa o nepudepusita
Ha HaXOAMUIETO, MPEIUMHO B FOKHUTE YacTH, U OTpa3sBa pa3lpOCTPAHEHHUETO Ha KBapIl-
rajieHuT-cganeputoBara acounanus. [eoxumuunara aconuanus [Co, Sn]| e nokanu3upaHa B
3aMa/IHUTE U F0ro3anaHuTe y4acTblid, Cpel] aHAEe3UTOBUTE cKalu. [loBHUILIEHH ChbpKAHUS HA
enemenTute ot ([Mo] As, Au) rpyna ce HaOMrOqaBaT B HAlH-TOPHUTE HUBA OT IICHTPATHATA YaCT,
KakTO M I10 3amajiHaTa M [orosanajHara nepudepus cpei aHIe3UTUTE U BEpOATHO OTpas3siBa
OCHOBHO KBapI-MoJn0aeHuToBara MuHepaita aconuanus. [ pynara (Ni, Ba) e pa3sura B Haii-
BHUCOKHTE IIEHTPAJIHU YacTU U B HMCKHUTE HMBA IO CEBEpHATa W 3amajHara nepudepus, Kato
3aeqHo ¢ aconumanusaTa [Co, Sn| mpeacTaBsT pa3sBUTHMETO IVIABHO Ha KBapl-IUpPUTOBATa
aconuanus cpeja Io-ciiabo XUAPOTEPMAIHO HW3MEHEHWTE BMecTBallU ckajlu. ChCTaBbT Ha
€JIIEMEHTUTE M 30HAJTHOTO PA3MPOCTPAHEHHWE HA TEOXMMHUYHHUTE ACOLMAIMM SICHO OYepTaBa
IIPOCTPAHCTBEHUTE TEOJIOKKM  XapaKTepUCTHKHM Ha  pyrooOpa3yBaTelHHs  IpOIeC.
[IpencraBeHusT METOM MOXKE 12 ObJ1€ IIMPOKO MPUIIaraH B MHOTOKOMITIOHEHTHHTE N3CIICIBAHHS
Ha MUHEPAJIHUTE HAXOJMUIIA, IPOYyYBAHETO U EKCILIOATAIHUTA.

I'7.41 Mapunos, H., H. Temenaxkmesn, II. JloitueB, K. Ilomos. 2018. ®dakrtopm,
KOHTPOJIMPAaIl Py1000pa3yBaTeJTHUTE NMPOLECH B 3JIaTHO-CPeObPHO Haxoguie MujinH
KaMbK, 3anaano Cpeanoropue. Cn. BI/1, ,,I'eonayku 2018, ron. 79, 3, 125-126.

Marinov, 1., N. Temelakiev, P. Doychev, K. Popov. 2018. Ore controlling factors at the
gold-silver deposit Milin Kamak, Western Srednogorie, Bulgaria. Rev. Bulg. Geol. Soc.,
vol. 79, 3, 125-126.

PE3IOME

3naro-cpedbpHOTO Haxomauile MwuiamH KaMbk Tomaaa B 3amamgHoto CpemgHoropue,
bearapus, gact ot Anycenu-banar-Tumok-CpeqHOropcKust MarMaTuyeH U METAJIOTEHEH MOsIC.
To ce Hamupa Ha TepuTopusiTa Ha oOuHa bpe3nuk, Ha 55 km ot Codus. Ocem pynHu 30HH ca
BMECTEHU CpeJl XUIPOTEPMATHO H3MEHEHM TOPHOKPEIHU BYJIKAHCKH Ty(H, JaluIOBH U
aromMepaToBU Ty(QH U BHEApEeHU 0a3aynToBH Aalku. [IpoBeAeHUIT B HAXOIUIIETO CTPYKTYpPEH
aHanmu3 JOBe/Ae J0 HOBa MHTEpIIpeTanus, npejacraBeHa Tyk. HaOmiomaBaT ce Tpu IVIaBHHU
Pa3JIOMHHM CUCTEMH: PYJOBMECTBAIIY PA3JIOMU C U3TOK-3anaiHO HanpaBieHue u cekymu CCHU-
0103 u CU-IO3 paznomu. Toa e mpeamocTaBka 3a 00pa3yBaHETO Ha PYAHU CTHIOOBE B
o0lacTUTe Ha MpEecHYaHe Ha PA3IOMHUTE OT Pa3IMyHUTE CUCTEeMH. BHCOKM ChIbp)kaHUs ce
HaOII01aBaT U B MPOHUIIAEMUTE yYacThLU Ha MPUOTBAPSIHE B TEKTOHCKUTE CTPYKTYpPHU, KOUTO
ce CBbp3BaT C MpOMsHA Ha HAKJIOHAa Ha pyIoBMecTBalluTe pa3iomMu. Crarusra pasmiexna
CTPYKTypHaTa pamMka U HeHHUsI KOHTPOJ BbPXY pa3Ipe/le]ICeHUETO Ha ChABP/KAHUATA B pyJara.

ABSTRACT



Milin Kamak gold-silver deposit is situated in Western Srednogorie, Bulgaria of the
Apuseni-Banat-Timok-Srednogorie magmatic and metallogenic belt. It is located in the area of
Breznik municipality, 55 km away from Sofia. Hydrothermally altered Upper Cretaceous
volcanoclastic tuffs, lapilli and agglomerate tuffs intruded by basaltic dykes hosted eight ore
zones. Structural analysis conducted at the Milin Kamak Au-Ag deposit has led to a new
interpretation presented here. Three main fault systems are observed: ore forming faults with
East-West direction and cross-cutting NNE-SSW and NE-SW faults. It suggests ore column
forming on the intersections of the fault systems. High-grade mineralization is hosted also in
permeable and opening place in the tectonic structures that associate with dip changing in ore
forming faults. The paper discusses the structural framework and its control over the ore grade
distribution.

I'7.42 Popov, K., P. Popov. 2019. The Alpine late collisional Rila-Rhodope Metallogenic
Zone of the Balkan Orogenic System. Rev. Bulg. Geol. Soc., vol. 80, 1, 55-79.

Ilomos, K., II. Ilomom. 2019. Aanmiickara KbCHOKOJIM3HOHHa Puiao-Pogoncka
MeTaJioreHHa 30Ha B bajikanckara oporenna cucrema. Cn. BI/], roa. 80, 1, 55-79.

ABSTRACT

During the Late Maastrichtian to the Lutetian time, a stage of collisional processes
occurred in the evolution of the Balkan Orogenic System, which is a part of the Alpine-
Himalayan belt. The subequatorial Kula-Obzor Foredeep with Paleocene—Lutetian shallow
marine rhythmic molasse is situated in the northern parts of the system, while the Bartonian—
Pliocene continental sediments are deposited to the south. Paleocene—Lutetian plutons are
developed in the southern parts of the orogenic system, and they are nominated as Rila-Rhodope
Upper Maastrichtian—Lutetian complex, intruded within the metamorphic rocks of the
basement. The collisional stage terminates with the Illyrian fold and thrust-nappe deformations.
The metallogenic processes are related to the Upper Maastrichtian—Lutetian magmatic
complex. Numerous ore deposits are formed, thus defining the position of the Rila-Rhodope
metallogenic zone. They are characterized by the predominant development of hydrothermal
W, Mo, U ores and fluorite. Fe, Sb (+Au), Bi, and rarely polymetallic, Au-polymetallic and Cu
mineralizations are represented as well. Often, they are in close spatial, temporal and
mineralogical-geochemical relations. Rila-Western Rhodope, Rakitovo-Bachkovo and Barutin-
Smilyan ore regions are defined, and individual ore fields or mineralized ore areas are
differentiated within them.

PE3IOME

B eBomonuaTa Ha bakaHckara oporeHHa cHCTEMa, Karo 4acT oT Anno-XuManaickus
TOSIC, C€ TIPOSIBSIBA CTAINK HA KOJIM3WOHHU MPOIECH, 0OXBaIay BpeMeTo oT MacTpuxra a0
Jlroreca. B ceBepHMTE uyacTM Ha CUCTeMaTa € pasloJokKeHO cyOekBaropuanHoro Kyma-
O030pck0 MPENIUIAaHUHCKO TOHMKEHHE C MaJCOLEH-JIIOTECKa IUIMTKOMOPCKa PUTMUYHA
Mojaca, a Ha oI — OapTOH-TUIMOIIEHCKM KOHTHMHEHTAJIHM Hacjard. B roxkHuTe 4actu Ha
OpOreHHaTa CHCcTeMa Ce BHEPSABAT IUTyTOHH, 000COOEHH KaTo TOPHOMACTPUXT-IIOTECKH Puito-
Poponcku koMIuiekc, BMECTEHH B MeTaMoppuTUTe OT (dyHAaMeHTa. Konn3noHHUAT craauit
3aBbpHiBa C HWIHPCKUTEC T'BHKOBHM H BB3CCAHO-HAaBJIAYHU }IerOpMaI_[I/II/I. MeTaioreHHHUTE
MIPOLIECH Ca CBBP3aHM C TOPHOMACTPHUXT-TIOTECKH MarMeH koMiuieke. OO0pa3yBaHa e mopeauiia
OT pyAHHU HaxOJAMINA, OIpenessany no3unusaTta Ha Puiio-Pononckara MeranorenHa 30Ha. Te ce
XapakTepu3upaT C MpeodIalaBalloTO Pa3BUTHUE HAa XUAPOTEPMAIHU pPyOu Ha Bosdpam,
MonuOaeH, ypaH U Ha (ayopur. OCBeH TOBa NPUCHCTBAT KEJIE3HH, 3/1aTO-aHTUMOHOBH,
6HCMYTOBI/I U MO-pAAKO MOJIUMCETAIHU, 3JIaTO-IIOJIMMCTAJIHU U MCIIHU MUHCPAJIU3alluH. Yecto



Te ca ¢ OJIM3KU POCTPAHCTBEHH, TEMIIOPATIHA M MUHEPAJIOr0-r€OXUMMHYHH Bpb3KU. OuepTaBar
ce Pwio-3anagHopononckusar, PakutoBo-baukoBckuar u  bapyTUH-CMWISHCKMAT pyIHU
paiioHH, B KOUTO ce 000cO0SIBAT OTAEIHU PyAHU NOJIETA WIN PYAHU MUHEPAIU3UPAHU ILIOLIH.

I'7.43 Marinov, 1., K. Popov, K. Ruskov, D. Nikolova. 2019. Factor analysis of the
geochemical associations in Milin Kamak ore deposit, Bulgaria. Rev. Bulg. Geol. Soc.,
“Geosciences 2019”, vol. 80, 3, 142-144.

Mapunos, U., K. IlonoB, K. Pyckos, /I. HukonoBa. 2019. ®daxkropeH aHaiu3 Ha
reOXMMUYHUTEe acounanuu B Haxoauine Muann Kambk, boarapusi. Cn. bI/1, ,, I eonayku
20194, roxa. 80, 3, 142-144.

ABSTRACT

The Milin Kamak deposit is located in the area of Western Srednogorie, municipality of
Breznik. To determine the spatial correlations between chemical elements and geochemical
associations in the deposit, the data of 36615 samples from 393 drill holes and 11 trenches were
used. Statistical processing based mainly on factor analysis, followed by 3D modelling were
applied to determine the geochemical associations and their spatial distributions. Six groups of
elements with similar spatial distributions and represented by the individual factor axes were
obtained as a result. The represented by factor 6 association of ([As] Au) Mn marks the
spreading of quartz-polymetallic stage and represents the ore zones 1 and 2. The association on
factor 1 [Cd, Zn, Pb] probably follows the distribution of quartz-galena-sphalerite mineral
association while ([Cu, Sb] Bi) Ag group on factor 4 clearly marks quartz-sulfosalt-pyrite-
galena-sphalerite association. The 3D modelling of the similarity in the spatial distributions of
the elements clearly shows that the groups of elements from factors 1, 4 and 6 are related to
hydrothermal ore-forming processes and represent the ore bodies. A certain spatial zoning is
also observed as [Cd, Zn, Pb] association is mainly located in the western parts of the ore zone
1, away from the geochemical associations ([Cu, Sb] Bi) and ([As] Au) Mn, and the latter two
associations overlap spatially to some extent.

PE3IOME

Haxonume MunuH kaMbk ce Hamupa B 3anaganoto CpenHoropue, obmirHa bpesnuk. 3a
ofpesieIiHE Ha MPOCTPAHCTBEHATa KOpelalus MeX/1y XUMUYHUTE eIEMEHTH U T€OXUMHYHUTE
acolMaIliy B HAXOAMILIETO ca U3IMONI3BaHU JaHHU OT 36615 mpobu ot 393 connaxa u 11 kaHaBu.
[Ipunoxenu ca craructuuecka oOpaboTka, Oa3upaHa OCHOBHO Ha (DAKTOpPEH aHaau3 |
MOCJIEIBAIL0 TPUU3MEPHO MOJIEIUPAHE 32 ONPEEIIIHE HA TEOXUMUYHUTE aCOIMAllUN TEXHUTE
MIPOCTPAHCTBEHH paslpocTpaHeHus. B pe3ynTar ca mojydyeHu mIecT rpynH OT €IeMEHTH ChC
CXOIHH TPOCTPAHCTBEHH paslpeleieHusl, OTYETEeHH OT OTIACIHUTE (PAKTOPHH OCH.
[IpencraBenara ot daktop 6 acomumanus ([As] Au) Mn Mapkupa pa3BHUTHETO Ha KBapll-
MOJIMMETATHUS eTamn U pyaauTte 30HU 1 u 2. Acounanusra [Cd, Zn, Pb] ot dakrop 1 BeposTHO
clieZiBa IPOCTPAHCTBEHOTO pa3NpPOCTPaHEHUE Ha KBapll-TaJleHUT-chajiepuT MUHEpaHa
acoranus, gokaro rpymnata ([Cu, Sb] Bi) Ag ot daxTop 4 Mapkupa sICHO KBapL-Cyl(OCOITHO-
MUPUT-TAJIEHUT-canepuToBaTa acouuanus. TpUU3MEPHOTO MOJEIMpPAaHE Ha CXOJCTBaTa B
MIPOCTPAHCTBEHUTE PA3MPOCTPAHEHUS HA €JIEMEHTHUTE SICHO MOKa3Ba, Ye TPYNUTE OT €JIEMEHTHU
ot ¢akTopi 1, 4 1 6 ca CBbp3aHU C XUAPOTEPMAIHUTE PY1000pa3yBally MPOLECH U IPEICTABIT
pynnute Tena. HabmiomaBa ce chlo U U3BECTHA 30HATHOCT, Kato acormanusaTa [Cd, Zn, Pb] e
pa3BuTa OCHOBHO 3alaIHATE YaCTH Ha pyaHa 30Ha 1, Bctpanu ot acormaruute ([Cu, Sb] Bi) n
([As] Au) Mn, kaTo mociaeHUTE JIB€ B U3BECTHA CTETICH CE 3aCThIIBAT MPOCTPAHCTBEHO.
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ABSTRACT

In the past years, the use of geostatistical methods has become common practice when
considering the possibility of investing in a new mining operation or deciding on expanding
current mining activities. The classical interpolation methods ignore the spatial anisotropy and
spatial correlation of the data, and as a result are considered as inaccurate. The kriging is one
of the most often used interpolation techniques for geostatistical estimation of the resources and
reserves as the Ordinary Kriging is the most widely used kriging method. This work is aimed
as a test whether the Dynamic Anisotropy grade interpolation method applied in Ordinary
Kriging estimation process could improve the grade estimation on the curved ore bodies in vein
type ore deposits. Pisani Skali gold occurrence has been chosen as object of study because it
consists of different ore bodies with large variations in their orientations. It is situated at about
25 km SW from the town of Velingrad and it is hosted in the Rila-Rhodope granite batholith.

The Dynamic Anisotropy technique allows each estimation block to have a different
orientation of the anisotropy’ ellipse, depending on the surrounding ore body geometry. To
achieve this, the trend surfaces that follow the changes in dip and dip direction of the
mineralization (as observed in the core logging) were created. In the block model were added
additional attributes to store the dip and dip direction from the surface’s geometry. Two models
were created and compared in this study: one — using the traditional Ordinary Kriging method
with uniform search parameters and other one — based on the Dynamic Anisotropy method. The
comparison between the results of both models shows that the usage of Dynamic Anisotropy
method in resource estimation process in vein type deposits could provide improved grade
estimates than the traditional geostatistical methods.

PE3IOME

[Ipunaranero Ha reoCTaTUCTUYECKH METOIU CE€ MPEBbpHA B OOMYaliHA MpPAKTHKA IMpe3
MOCJIEAHUTE TOOUHMU TPU pa3lIekJaHe Ha Bb3MOKHOCTTA 32 MHBECTHpPAHE B HOBU MHHHHU
0o0EKTM WJIM B3€MaHE Ha pEUIeHHE 3a pa3lIMpsBaHE Ha TEKyUIUTe MHUHHU JEHHOCTH.
Knacuueckute MeTonM 3a MHTEpPHOJALMSA HE OTYUTAT MPOCTPAHCTBEHATa aHU30TPONUS U
MIPOCTpPaHCTBEHATa KOpeaaus MeXIy JaHHUTE, TOpal KOETO Ce CUMTAT 3a Henpeluu3Hu. Enna
OT Hal-4€CTO M3IMOJI3BAaHUTE TEXHUKHU 3a T€OCTAaTUCTUYECKA OLICHKA Ha 3allaCUTE U PECYPCUTE
€ KpUTHHI'BT, KaTO OOMKHOBEHUS KPUTHHT € Hall-IIMPOKO U3I0JI3BaHaTa My pa3HOBUHOCT. ToBa
M3CcIe/IBaHe LENHN Ja TECTBA alli MHTEpIoJIalysTa [0 METOJa Ha AMHAMWYHA aHU30TPOIINS Ha
ChIIbP)KaHUATA, MPHUIOKEHA NpPU OOMKHOBEH KPUTMHI MOXE Ja NoJo0pH OLleHKaTa Ha
ChIbPIKAHUATA B U3BUTH PYIHH TeJa B KHUJIHU HaXoAMIIa. 3a 00EKT Ha U3cieBaHe 6e n30paHo
37IaTHOTO pynonposiBieHue Ilucanm ckanu, T Karo TO B HEro ce HaOlopaBaT rojaeMu
BapHUalMil B OPUEHTALIMUTE Ha Pa3NU4HUTE pyAHU Tena. To ce Hamupa Ha okoino 25 km
foro3anajHo ot Benunrpaz, B Puno-poaornckus rpaHuTeH OaToIuUT.

[ToxBaTbT Ha JUHAMHWYHA AHM30TPONMS IO3BOJISBA 32 BCEKM OLEHSABaH OJOK 1a ce
MPHUCHKA pa3TUIHA OPUCHTAITUS Ha eJIUTICaTa Ha aHM30TPOTIHS, B 3aBUCHIMOCT OT T€OMETPHSTA
Ha 3a00MKaJISIIOTO PYAHO TSI0. 3a Ta3M LEJ € Ch3/1aJeHa TPEH] MOBBPXHOCT, KOATO CIEABA
M3MEHEHMATA B HAKJIOHA U TIOCOKATa Ha HAKJIOHA HAa OPYSBAHETO (OTYUTAHU MPH OMHCAHUETO
Ha sjKata). B OnokoBus Mozpen ca J00aBeHU AONBIHUTEIHM aTpUOyTH ca ChbXpaHEHUE Ha



PIH(bOpMaI_[I/IHTa 3a HAKJIOHA MU ITIOCOKAara Ha HAKJIOHAa Ha TPCHA IMOBbPXHOCTTA. C”b3,[[aI[eHI/I ca
ABa MoJcya: CAUH — YpC3 HU3IOJ3BAHC HA TPAAULIMOHCH MCTOJ Ha OOMKHOBCHHS KpUTUHI' C
CAHAKBH IIapaMECTPU Ha TbPCCHE, U BTOPU — 6a3HpaH Ha MCTOJa Ha JUHaMHW4YHa aHU30TPOIIHA.
CpaBHeHI/ICTO MCIKAY PE3YyITAaTUTC OT JABaTa MOACJIA ITI0OKa3Bad, Y€ U3IIOJI3BAHCTO HA MCTOAA Ha
AWHAMHU4YHa aHU3O0TPOIIH: IIPHU KUJTHU HaXOAUIIla MOXE a ITOBUIINH IIPEHMU3HOCTTA B OLICHKATa
Ha CbAbprKaHuATa B CPABHCHUC C TPAAUITHUOHHHA I'COCTATUCTUICCKU MCTO/.

I'7.45 Stavrev, M., K. Popov, K. Ruskov, S. Chavdarova, A. Hikov, 1. Peytcheva. 2021.
Spatial distribution of the geochemical associations in the Babyak Mo-Ag-Au-W-Bi-base
metal deposit, Western Rhodopes (Bulgaria): application of factor analysis. Rev. Bulg.
Geol. Soc., “Geosciences 20217, vol. 82, 3, 67-69.

CraBpeB, M., K. Ilonos, K. PyckoB, C. YUaBnapoa, A. XukoB, U. IleiiueBa. 2021.
IIpocTpancTBeHO pasmnpeneeHMe HA reoOXMMUYHHTEe acouuanuu B Mo-Ag-Au-W-Bi-
nonuMerajHo Haxoaume badsk, 3anagum Pogonu (Bbarapus): npuiiokeHue Ha
¢axropen ananus. Cn. bI'/], ,,I eonayku 2021, ron. 82, 3, 67-69.

ABSTRACT

A new approach combining geochemical and mineralogical studies with statistical
methods in the Babyak Mo-Ag-Au-W-Bi-base metal deposit is presented. Seven groups of
elements are distinguished by factor analysis and are considered as the basic geochemical
associations. The association of ([Al, K, Ga, Na, T1] Ba, Sr) £Ti, V from factor 1 as well as ([P,
V, Ti, Mg] Fe, Co) +La, Sr, Ba, Ni in factor 2 does not show spatial dependence to the ore-
forming process in the area. The ([Zn, Cd] Pb, Cu) £Mn, Au, Fe geochemical association of
factor 3 and the ([Bi, Ag] Mo) +Pb, Sb association of factor 4 have similar spatial distribution
along the main ore zone. The elements from the [Cr, Ni] #Mg, Co association (factor 5) are
localized predominantly close to apophyses of the bigger ore zones and partly in the latter.
Factor 6 represents ([As, Au] Sb) association while factor 7 describes the ([Ca] =Mn, W) group.

The 3D modelling of the factors (excluding first and second) illustrates the spatial
zonation of the ore components. The development of higher temperature associations of
elements (factor 4, 7 and partly factor 5) mainly in the western and southern parts of the deposit
suggests that the precipitation of ore-bearing fluids begins in the fault zones of the granitoid
batholith and at the contacts with orthogneisses of the metamorphic basement. The location of
the other factors assumes that tectonic factors control the subsequent deposition of the lower
temperature ore minerals.

PE3IOME

[IpencraBeH € HOB METOAWYEH IOJXOJ, KOMOMHUpAI T€OXUMHUYHU U MHUHEPATIOKKHU
n3cnenBanus B Mo-Ag-Au-W-Bi-naxoaume babsk. Upe3 daxkropen aHanmu3 ca u3BIEUEHU
celleM TpylH OT €JIEMEHTH, MHTePIPEeTHUPaHH KAaTO T€OXMMHMYHH acOLMAIUHU. AcCOIUaluara
([Al, K, Ga, Na, Tl] Ba, Sr) £Ti, V ot daxrop 1, xkakto u ([P, V, Ti, Mg] Fe, Co) +La, Sr, Ba,
Ni ot ¢akTop 2 He MOKa3BaT MPOCTPAHCTBEHA BPB3Ka C PyH00Opa3yBaTEIHUTE IMPOLECH B
paitona. I'eoxumuunute acoruanuu ([Zn, Cd] Pb, Cu) +Mn, Au, Fe ot ¢akrop 3 u ([Bi, Ag]
Mo) +Pb, Sb ot pakTop 4 uMar cXo1HO NPOCTPAHCTBEHO PA3MPOCTPAHEHHUE 110 MIPOTEKEHUE HA
maBHata pynHa 3oHa. Enementure ot [Cr, Ni] £Mg, Co acoumanus (dakrop 5) ca pa3Butu
IPEIUMHO B OIM30CT 70 anogu3u Ha MO-TOJIEMUTE PyAHU 30HU M YaCTHYHO B TAX. PakTop 6
npexacrass ([As, Au] Sb) aconmanus, a gpakrop 7 onucsa rpymnara ([Ca] £Mn, W)

TpunsmepHoto mozpenupane Ha (axkropute (6e3 THPBUS W BTOPUS) HIIOCTpUpA
MIPOCTPAHCTBEHATa  30HAJIHOCT HA  pYyAHUTE  €JIeMeHTU. Pa3ButMeTo Ha  Mo-



BHUCOKOTEMIIEpAaTypHHUTE acollMaluu oT eneMeHTH (dakropu 4, 7 1 yacTU4HO (HaKkTop 5) IIIaBHO
B 3alIaJIHUTE U I0XKHUTE YaCTU Ha HAXOJUILIETO IIPEIIIO0JIara, ue IPOHUKBAHETO HA PyJJOHOCHUTE
diyuau 3amoyBa MO Pa3IOMHUTE 30HU Cpel TPAHUTHUSA OaTONUT M MO KOHTAKTHTE C
opTorHaiicure ot Meramop¢Hara mojuioxka. Pasnpocrpanenuero Ha apyrute (Gpakropu nasa
OCHOBaHHE J1a Ce MPEATNOI0KH, Y€ MOCIEeIBAIIOTO OTJIaraHe Ha HUCKOTEMIIEpaTypHUTE PYyIHU
MUHEpaJIX € KOHTPOJIMPAHO OT TEKTOHCKU (PaKTOPH.

I'7.46 Popov, K., K. Ruskov, G. Zlatkov. 2021. Factor analysis of the geochemical
associations in the Plavica ore deposit, Republic of North Macedonia. Rev. Bulg. Geol.
Soc., “Geosciences 20217, vol. 82, 3, 144-146.

ITomnos, K., K. Pyckos, I. 31arkoB. 2021. ®akTopeH aHAJIM3 HA TeOXMMUYHUTE aCONUAIUN
B Haxoauue [linaBuua, Penyonuka Cesepua Maxkenonusi. Cn. bI/], ,,'eonayku 2021, roa.
82, 3, 144-146.

ABSTRACT

The aim of this study is to investigate the geochemical associations in the Plavica deposit
in Republic of North Macedonia. The analyses of drill core samples from the detail exploration
works were statistically processed to determine the groups of chemical elements with common
spatial distributions. The resulting geochemical groups represent different stages of the ore
forming hydrothermal processes. The main ore elements are represented by geochemical
association of ([As, Sb, Au, Sn] Cu, Bi, Fe, Ag) which group outlines the ore bodies.

PE3IOME

[lenTa Ha TOBa M3cleABaHE € Jla C€ M3y4yaT T'€OXMMHYHHUTE ACOLMAIIMM B HAXOIHUIIE
[TnaBuna, Penybnuka CeBepna MakenoHus. AHalIW3UTe Ha MPOOW OT COHAAXKHATA SIKa OT
JETalIHOTO IPOYYBAHE ca CTATUCTUYECKU 00pabOTEeHH 3a ONpEeIIIHE HAa TPYIIUTE OT XUMUYHU
€JIEeMEHTH ChC CXOJHHU MPOCTPAHCTBEHU pasnpocTpaHeHus. [lonydeHnTe reoXuMUYHUA TPYIH
MPEACTABAT PA3INYHU CTAJAUHM OT PyA000pa3yBaTEeTHUTE XUAPOTEPMAIIHU TIpotiecH. [1aBHUTE
PYIHU €NEMEHTH ca MpeICTaBeHu OT reoxuMuyuHata acounanus ([As, Sb, Au, Sn] Cu, Bi, Fe,
Ag), KOSITO ONTMCBA PYJIHUTE Tea.

HAYYHA ITYBJIMKAIIA B HEPEOEPUPAHU CITMCAHUSA C HAYYHO
PEINEH3UPAHE UJIN B PEJJAKTUPAHU KOJTIEKTUBHHU TOMOBE

I'8.47 Popov, K. 2005. Lithostratigraphy of the Late Cretaceous Rocks in the
Panagyurishte Ore Region. Ann. Univ. Min. Geol., vol. 48, part. 1, 101-114.

ITomnog, K. 2005. JInutocTparurpadgus Ha KbCHOKpeaHuTe cKaau B Ilanaropckus pyaeH
paiion. 100. na MI'Y, 1. 48, cB. 1, 101-114.

ABSTRACT

The Late Cretaceous magmatism controls the evolution of the metallogenic processes in
the Panagyurishte ore region. The Upper Cretaceous sedimentary and volcanic rocks
transgressively overlay the basement of different older rocks. Turonian terrigenous complex,
Panagyurishte volcano-sedimentary Group and Popintsi sedimentary Group are distinguished
in the Upper Cretaceous section. The Coal-bearing and Sandstone suites are determined in the
Turonian terrigenous complex. The Panagyurishte volcano-sedimentary Group is divided into
Chelopech, Vozdol, Petelovo, Vrankamik, Assarel, Ovchepoltsi, Elshitsa and Pesovets
Formations. The Popintsi sedimentary Group is compounded by the known Mirkovo and



Chugovitsa Formations. The paleontological data about the age of the quoted lithostratigraphic
units are shown, as well as the data for their absolute age.

PE3IOME

KbCcHOKpeHUAT MarMaTu3bM KOHTPOJUPA €BOJIOLMATA HA METAJIOI€HHUTE MPOLECH B
[Tanarropckust pynaeH paioH. [OpHOKpPEOHUTE CEIMMEHTHU U BYJIKAHOICHHH CKalld Ce
pasnoiarar TPaHCTPECHBHO BHPXY (PyHIAMEHT OT pa3IMyHH MO-CTapy cKaju. B ropHokpenHus
paspe3 ce pasrpaHnyaBaT TypOHCKHM TEpUI€HEH KOMIUIEKC, [laHartopcka BYJIKAHOT€HHO-
cequMmeHTHa rpyna u IlonuHcka cegumenTorenHa rpyna. B TypOoHCKUSI TEpUT€HEH KOMILIEKC
C€ OTACIAT BBIVICHOCHA M ISICBYHUKOBA 3a1pyra. [laHarropckara ByJIKaHONC€HHO-CEAMMEHTHA
rpyna ce pasaenss Ha Yenomemika, Bozmoincka, IlerenoBcka, Bpankamukcka, Acaperncka,
Oguenoicka, Enmunika u [Tecoenka cButh. IlonnHckara cefMMEHTOreHHA IpyTia € ChbCTaBEeHa
oT u3BecTHUTE MupkoBcka u Uyrosumka cButu. [locodeHn ca najgeoHTONIOKKNATE JAHHU 3a
Bb3pACTTa HA LUTHPAHUTE JUTOCTPATUrpad)CKU EIUHHUIM, KAKTO U JaHHUTE 3a TIXHaTa
abCOIIOTHA BB3PACT.

I'8.48 Rouskov, K., K. Popov, S. Stoykov, Y. Yamaguchi. 2005. Some Applications Of The
Remote Sensing In Geology By Using Of ASTER Images. -In: “Scientific Conference
SPACE, ECOLOGY, SAFETY with International Participation”, 10-13 June 2005, Varna,
Bulgaria, BOOK SES' 2005, 167-173.

PyckoB, K., K. IlonoB, C. CroiikoB, I0. SfImaryuu. 2005. Hsaxou npujiokeHuss Ha
AMCTAHIMOHHUTE U3CJIeBAHNS B reoJiorusita ypes uznojssane Ha ASTER u3o0paxenus.
-B: ,,Hayuna xongpepenuyua Kocmoc, Exonozusa, Cuzypnocm c mexicoynapoono yvacmue*,
10-13 ronu, Bapua, ku. SES' 2005, 167-173.

ABSTRACT

ASTER (The Advanced Spaceborne Thermal Emission and Reflectance Radiometer) is a
research facility instrument, launched on NASA’s Terra satellite in December 1999. It is a
sensor system with a unique combination of wide spectral coverage and high spatial resolution.
The ASTER instrument has three spectral bands in the visible and near-infrared (VNIR), six
bands in the short-wave-infrared (SWIR), and five bands in the thermal infrared (TIR) regions
respectively. The ASTER also has a back-looking VNIR telescope, thus, stereoscopic images
are acquired at 15-m resolution. ASTER was built to serve different application areas such as
vegetation and ecosystem dynamics, hazard monitoring, geology and soils studies, land surface
climatology, hydrology, and land cover change. The main aim of this article is to illustrate
ASTER’s ability to provide an information for alteration minerals, which are valuable for
mineral prospecting and exploration activities. Several band ratio composite images,
highlighting the possible distributions of iron oxides and clay minerals in the area of Assarel
and Medet ore deposits are given. The iron and alteration minerals spread form two stripes,
related to the faulting zones which control the development of mineral deposits and numerous
ore occurrences in the studied area.

PE3IOME

ASTER (Advanced Spaceborne Thermal Emission and Reflectance Radiometer) e
M3CIIEIOBATEIICKM MHCTPYMEHT, KadeH Ha Oopna Ha carenuta Tepa nHa HACA, uscTpensH B
opburta npe3 nexkemBpu 1999 . Toil nmpezncTaisiBa CEeH30pHA CUCTEMa ¢ YHUKaJIHA KOMOUHAIIMS
OT IIMPOK CHEKTpajieH 00XBaT U BUCOKa MpocTpaHcTBeHa pe3omtouus. MucrpymentsT ASTER
¥Ma TpH CIIEKTpaJIHU KaHajla BbB BUJMMATa /10 Onu3Kara nHppauepBeHa o0acT, ecT KaHaia
B KbCOBBJIHOBaTa MH(padepBeHa 00JIaCT U MET KaHaja B TepMaliHaTa MH(ppadyepBeHa o01acT.



ASTER nputexaBa ChIllo ¥ HACOUEH Ha3aJl CEH30p B OMu3KaTa MH(padepBeHa 001acT, KOETO
JaBa BB3MOXHOCT 3a 3aCHEMaHE Ha CTepeo-u300pakeHust ¢ pesomtonus oT 15 m. ASTER e
KOHCTPYHpaH 32 M3BbPIIBAHE HAa W3CIECABAHUSA B PAa3IMYHU OOJIACTH, KATO PACTUTEIHOCT U
JTMHAMUKa HA €KOCUCTEMUTE, MOHUTOPUHT HA KPUTUYHU CUTYyAIUH, T€OJIOTHUS U MOYBO3HAHUE,
KJIMMATOJIOTHSI, XUJPOJIOTHS, TIPOMEHH B 3€MHOTO MOKpuTue U Ap. OCHOBHATa IieNl Ha Ta3u
cratusi € jga wmoctpupa Bb3MokHOcTUTe Ha ASTER 3a m3yuaBane Ha MeTacoMaTUYHUTE
M3MEHEHUs, KOETO € 0COOEHO MOJIE3HO MPU ThPCEHETO U MPOYYBAHETO HA MOJIE3HU U3KOIIAEMHU.
[IpencraBeHn ca HSAKOJIKO KOMIIO3HTHH H300paKEHUSs, MONYYCHU UYpPe3 OTHOLICHUS MEXIy
KaHaJUTe, MOAYEpTaBally IJIOIIUTE C BEPOSATHO HAJIMYME HA JKEJIE3HW OKUCHU M TIHMHECTU
MUHEpadu B pailoHa Ha Haxonumara Acapen u Mezaer. Pa3Butuero Ha >KelNe3HHUTE U
MeTacOMaTHYHUTE MUHEpaJIu ce HabJIo/1aBa B JIBE UBUIIU, CBbP3aHU C Pa3JIOMHUTE 30HU, KOUTO
KOHTpOIUpaT (OPMUPAHETO HA PYIHUTE HAXOMUINA W TMOPEAHIATa PYIONPOSBICHUS B
W3CIe/IBaHUS PaiioH.

I'8.49 Stoykov, S., K. Rouskov, Janko Gergikov, K. Popov. 2006. Photogeological
Interpretation of Satellite Images. -In: “Second Scientific Conference with International
Participation SPACE, ECOLOGY, NANOTECHNOLOGY, SAFETY”, 14-16 June 2006,
Varna, Bulgaria, CD SES' 2006, pp 7.

Croiikos, C., K. Pyckos, S1. I'epn:xukos, K. Ilonos. 2006. @oToreo/10:xka MHTEPNpeTAL U
HA caTeJUTHU u300paxkeHus. -BobB: ,,Bmopa nayuna xonghepenuyusn c mexncoynapoono
yuacmue Kocmoc, Exonozus, Hanomexuonozuu, Cucypnocm*, 14-16 rvonn, Bapuna, CD SES'
2006, 7 cTp.

ABSTRACT

Most of the geological information comes from detailed field investigation by geologists.
In addition, some of us use airborne and satellite remote sensing technology to supplement their
in situ investigations. The remotely sensed images are routinely interpreted to identify lithology,
structure, drainage pattern characteristics, and landforms.

ASTER (The Advanced Spaceborne Thermal Emission and Reflectance Radiometer) is a
research facility instrument. It is a sensor system with a unique combination of wide spectral
coverage and high spatial resolution. The ASTER instrument has three spectral bands in the
visible and near-infrared (VNIR), six bands in the short-wave-infrared (SWIR), and five bands
in the thermal infrared (TIR) regions respectively. The ASTER also has a back-looking VNIR
telescope, thus, stereoscopic images are acquired at 15-m resolution. The main aim of this
article is to illustrate ASTER’s ability to provide information for lithology and geological
structures and comparing the out coming data to those of the existing geological and structural
maps.

PE3IOME

BonmuHCTBOTO OT reonokkara MHQpOpMaIMs ce MojydyaBa OT JETalIHUTE IOJEBU
U3CJeIBaHMS OT T€0JI03UTe. B TOMIbIIHEHNE HAKOM OT HaC M3MOJI3BAT CAMOJIETHU WM CaTeITUTHU
JUCTAaHIIMOHHU METOIU Ja AOIBJIHIT TEPEHHUTE H3cCieqBaHus. [[MCTaHIIMOHHO 3aCHETUTE
n300pakeHHsl CTaHAAPTHO CE M3MOJI3BAT 3a MACHTHU(HUIMPAHE HA JUTOJOXKKH, CTPYKTYpPHH
npeHakHH Xapaktepuctuku W 3emMHU Qopmu. ASTER (Advanced Spaceborne Thermal
Emission and Reflectance Radiometer) e u3cnenoBaresicku MHCTpyMEHT. Toil € ceH30pHa
CHCTEMa, ChueTaBallla OT IIUPOK CHEKTpasieH 00XBaT M BUCOKA MPOCTPAHCTBEHA PE30TIOIUSI.
Wuctpymentst ASTER wuma Tpu CHeKTpalHM KaHala BBB BHIMMAara J0 Oiu3KaTa
nHppavepsena oomact (VNIR), mect kaHana B KbCOBBJIHOBaTa HHppadepBeHa oomact (SWIR)
U IIeT KaHasna B repmannara nadpayepBena oonact (TIR). ASTER nma u HacoueH Ha3aa CeH30p



B Onu3kara uHdpadepBeHa 061acT, KOETO MO3BOJISBA J]a C€ 3aCHEMAT Ha CTePe0-U300pakeHus
¢ pe3omonus oT 15 m. OcHOBHaTa 1ie]1 Ha Ta3M CTaTHs € Jja WICTPUpa Bb3MOXKHOCTUTE HA
ASTER 3a n3ydaBaHe Ha JIUTOJIOTUSTA U T€OJIOKKUTE CTPYKTYpH U Ja CPAaBHU TOJIyYEHUTE
JAHHU C HAJIMYHUTE FCOJI0KKH U CTPYKTYpPHU KapTH.

I'8.50 Bbakbpaxues, C., K. Ilonos, /I. Bakbpmxues, K. Pyckos. 2011. Ilpuioxenue Ha M-
()aKTOPHHMSI KPUTHMHI IPH pelylHpaHe HAa HeCTAllMOHAPDHUTe e(eKTH, BJHMsAClId Ha
NPOCTPaHCTBeHUTe NaHHU. 00. na MT'Y, 1. 54, cB. 1, 15-20.

Bakardjiev, S., K. Popov, D. Bakardjiev, K. Rouskov. 2011. Using the M-Factorial Kriging
for Reduce Nonstationary Effects Affecting to Spatial Data. Ann. Univ. Min. Geol., vol. 54,
part I, 15-20.

PE3IOME

M-(haKkTOpHUAT KPUTHHT MUMa BB3MOXKHOCT 3a HM35Ba Ha HECTAIlMOHAPHUTE €(PEKTH B
MPOCTPAHCTBCHHUTE JaHHW. Ta3u WHOBAaTHMBHA TEXHOJOTHS € MPWIOKHMA TPU H3siBaTa Ha
obektH upe3 mudpoara 00pabOTKa CIIEKTPaTHA KOCMUYECKH U aepo n3o0paxeHus. To3u B
KPUTHHT JIaBa MO-T00pH BH3MOXXHOCTH TPH I'€OCTATUCTHUSCKHSI Tporiec Ha (punTpupaHe Ha
nanaute. Kato pe3ynrar curHaisT U IyMbT CE MO-A00pe paszaeieHu. ToBa ce WitocTpupa npu
npwiaranero Ha M-(akTopHUsS KPUTHHT 33 peAyHHUpPaHETO Ha IMyma, pe3yirar ot
arMocdepHaTa nuHaMuKa. [Ipy onTuMH3anuaTa mapaMeTpuTe Ha T€OCTaTUCTHYCCKUSI MOJIET,
M-dakTOpHUS KPUTHHI TapaHTHpPA I0-100pa CHBMECTUMOCT MEXIY T€OCTaTHCTUYCCKUS
MoOJlen M JaHHWUTE. B u3sBeHaTa CTPyKTypa Ha pas3lpelesieHHe Ha IIyMa MOXe Ja HuMa
HECTAIlMOHAPHU OOJACTH TOPOJECHM HANpUMEpP OT CUTHajgHara al0copOlHUs, TEOJO0XKKaTa
CTPYKTypa, MPOCTpPAaHCTBEHATa BapHallisl HAa OTHOIICHHETO CHUTHAl KbM IIIyM, OTpa3eHU B
TEeOMETPUYHUTE OTHOIICHHSI Ha IrymMa. B Ta3m pabora ce BbBekIa M-(pakTopHHS KPUTHHT
(TeXHUKa Ha TUIB3TallOTO CE€ CPEAHO B IF€OCTATUCTHKATA) B M€OCTATUCTHUECKUTE MOJEINH, B
KOETO C€ OTYMTAT HECTAIlMOHApHU €(EKTH MpH JAUCTAHIIMOHHHTE METOAU 3a o0paboTka
WHTEpPIpETAIH Ha KOCMHUYECKH U aepo N300paxKeHHUs.

ABSTRACT

M-Factorial Kriging approach enables to capture nonstationary effects affecting spatial
data. This innovative approach, which can be applied on remote sensing technology — digital
processing of space and aero images. M-Factorial Kriging models ensure better efficiency of
the resulting geostatistical filtering process. As a consequence, signal and noise are better
separated. This is illustrated by applying M-Factorial Kriging to reduce a noisy result of
atmospheric dynamics. By optimizing spatially varying model parameters, M-Factorial Kriging
guarantees a better adequacy between geostatistical model and data. In the framework of noise
attenuation issues, sources of non-stationarity relate for example to signal absorption,
geological structure, spatial variations of signal-to-noise ratio or varying geometrical features
of noise. In this article we introduce M-Factorial Kriging models (Moving average techniques
in geostatistics), which allow accounting for non-stationary effects that are encountered within
remote sensing data sets.

I'8.51 Popov, K. 2011. Recognition of the Panagyurishte Ring Morphostructure by
satellite stereo-images. Ann. Univ. Min. Geol., vol. 54, part I, 81-88.

IHonos, K. lemu¢pupane Ha [lanariopckara Kpbropa MopgocTpykTypa 1o ciibTHUKOBH
uzoopaxkenus. I'oo. na MI'Y, 1. 54, cB. 1, 81-88.



ABSTRACT

The aim of this paper is the structural study of the Panagyurishte ring morpho structure
by interpretation of satellite stereo-images. Two types of data are used. The first type is stereo-
images, acquired directly by the ASTER instrument and the second type is combination of the
Landsat 7 ETM+ imagery with digital elevation model, acquired by the space shuttle (STRM
DEM). All data is prepared in anaglyph format to ensure stereoscopic visualization capability.
Specialized remote sensing software is used and the interpretation is done within a geographic
information system environment. The Panagyurishte ring morpho structure is clearly defined
by the relief and the drainage systems as well as by the linear structures. Typical radial-
concentric development of the lineaments and streams is observed. The radial structures are
very clear, while the concentric faulting is not so well developed. The NW-SE faults
predominate in its northwestern parts, while the NE-SW faults are more typical for the
northeastern and southwestern areas. The southeastern part of the morpho structure is lowered
and covered by young sediments, which mask the spreading of the faults. Two main
superimposed fault systems are determined — longitudinal and diagonal, which define the block
type development of the morpho structure. They are represented by mutually conjugated fault
groups, which partially inherit the radial-concentric faulting in the individual parts of the
morpho structure. The superimposed longitudinal E-SE oriented fault system crosses the central
parts of the Panagyurishte ring morpho structure. The later diagonal faults cut and displace the
longitudinal faults. The diagonal faults most obviously inherit the radial structures along the
periphery of the morpho structure. The areas of intersection between the faults from different
systems and groups are characterized by increased permeability and they control the
development of hydrothermal ore-forming processes.

PE3IOME

Cratusta pasmiexnaa CTpyKTypHHTe u3ciaenBaHus Ha Ilanarropckara Kpbrosa
Mop(docTpyKTypa Upe3 MHTEpIpETalys Ha CaTeIMTHU cTepeo-u3o0pakeHus. M3nons3sanu ca
JIBa TUNAa cTepeo-n3o0pakeHus. [IbpBusAT TN ca qupekTHO 3acHeTH oT uHcTpyMeHTa ASTER,
a BTOPHST THI TIpeacTaBisiBa komOuHaius ot Landsat 7 ETM+ u3o0paxenust u uudpoB Mozien
Ha peneda, 3acHeT OT kocmuueckara coBaika (SRTM DEM). 3a mnomydaBaHe Ha
CTEpEOCKOINNYeH e(eKT, BCHUKH JIaHHU Ca MOATOTBEHU BbB BUJ HA aHAMIM(HU U300paKeHUS.
W3non3BaH e cnenuanu3upad copTyep 3a JUCTAaHIIMOHHU U3CIICABAHNUS, @ MHTEPIIPETALUATA €
U3BBbpIIEHA B cpega Ha reorpadcka MHPoOpmanMoHHa cucrteMa. llanarropckara Kpbrosa
MOpOCTPYKTypa ce ouepTaBa SICHO KakTo OT peneda U JApEeHaKHUTE CUCTEMHU, Taka U OT
nuHeitHuTe cTpykTypu. HalmrogaBa ce XxapakTepHO paJMaliHO-KOHIIEHTPUYHO pa3BUTHE HaA
JUHEAMEHTUTE W TMoTouuTe. PaauanHuTe CTPYKTypu ca sCHO 000COoO€HH, JI0KaTo
KOHIIEHTPUYHOTO pa3joMsiBaHE MMa M0-OrpaHUYeHO pa3BuTHe. B ceBepo3anagHuTe yyacTblu
npeobnangasar C3-FOU opuentupanure paznomu, nokaro CU-KO3 paznomu ca mo-xapakTepHH
3a CEBEPOM3TOUHUTE U Forozanaanure yyactbliu. FOronsrounara yact Ha MOpGOCTpyKTypara e
MIOHMKEHA U MOKpPUTA OT MJIAJAM HAcJlark, KOETO MACKUpa pa3lpOCTPAHEHUETO HA PA3JIOMUTE.
O060co00sBaT ce 1B€ OCHOBHU HAJIOKEHU Pa3JIOMHU CUCTEMHU — HAJUThKHA U JHaroHaiHa, KOUTO
orpenessT OI0KOBHUS CTPOEK Ha MOp(hoCTpyKTyparta. Te ca ChCTaBeHU OT B3aUMHO CIIPETHATH
IpynH pa3ioMH, KOMUTO YAaCTUYHO YHACJENABAT PaJdalHO-KOHIIEHTPUYHOTO DPA3JIOMsBaHE B
OT/AEIHUTE YacTH Ha MopdocTpykrypara. LlenTpannure yactu Ha [lanarropckara Kpbrosa
Mop(docTpykTypa ca pa3cedeHu OT HaylokeHaTa HajurbxkHa M-IOU opuentupana paznomua
cucrema. [lo-KbCHUTE AMArOHadHW PA3JIOMH CEKaT M Pa3MECTBAT HAJIBKHUTE Pa3IOMHU.
JlnaroHamHuTe pa3ioOMH Ha-OTYETIIMBO YHACTIEISABAT paluaIHUTE CTPYKTYpH 110 nepudepusra
Ha MOp(OCTpYKTypara. Y4acThIUTE HAa MPECHYaHE HA PA3JIOMHUTE OT PA3IMYHUTE CUCTEMHU H
IPyIH CE€ XapaKTEpU3UpaT C MOBUILECHA IIPOHULIAEMOCT M UMAaT KOHTPOJIMPAILO 3HAYCHHE 32
Pa3BUTHETO HA XUAPOTEPMAIHUTE PyA000pa3yBaTEeIHH MPOLECH.



I'8.52 Bakardjiev, D., K. Popov. 2014. ASTER spectral band ratios for detection of
hydrothermal alterations and ore deposits in the Panagyurishte Ore Region, Central
Srednogorie. Bulg. Geol. Soc. Nat. Conf. “Geosciences 2014”,75-76.

bakbpaxues, /1., K. Ilonos. 2014. [Ipu/iokeHue HA OTHOMIEHUSITA MEKAY CHIEKTPAJIHUTE
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wleonayxku 2014, 75-76.

ABSTRACT

The present study discusses the applicability of ASTER color composite and spectral
band ratio satellite images for detection of hydrothermal alteration areas and ore deposits. The
humid and dense vegetated Panagyurishte Ore Region is used as a test area, because it is well
studied and characterized with numerous Upper Cretaceous porphyry copper and massive
sulphide epithermal deposits. 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
pits exploited porphyry copper deposits (such as Elatsite, Asarel, Medet, Vlaykov Vrah, etc.)
and their tailing ponds and waste dumps are certainly recognizable on presented band ratio
composite images. Although the considerable approximations, this method can produce quick,
cost-effective, and successful results for hydrothermal alteration areas and ore deposits
recognition over large areas.

PE3IOME

Hacrosmero wu3cnenBaHe pasmiekJa Bb3MOXKHOCTUTE 3@  paslO3HABaHE Ha
XUIPOTEPMAIIHU U3MEHEHUS U PyJHH HAXOUIIA Ype3 KOMIIO3UTHU N300pa’keHUsI U OTHOLLIEHUS
Mexay kaHaaute or ASTER carenutHM un3oOpaxkeHus. 3a TecToB pailoH e wu30paH
[TaHariopckusT pyAaeH pailoH, C THUNMYEH XyMHJIEH KIUMarl M TI'bCTa PACTUTEIHOCT,
XapaKkTepu3upall ce ¢ MOpeAulla OT FOPHOKPEIHH MEIHONOP(UPHU M MACUBHOCYI(UIHU
enuTepManHu Haxoauma. IIpocTuTe LBETHH KOMMO3UTHH H300pa’keHUs Morar na Objar
U3IOI3BaHU TJIABHO 3a MPHOJM3UTENHO pa3rpaHMyYaBaHEe Ha MOBBPXHOCTHUTE MaTepuul M
00€KTH, 1I0KaTO N300pakeHUATa MOTYUSHH UYpe3 MEKyKaHAJIHU OTHOILIEHUSI MOTar Jja CIIy>KaT
3a IO-ICHO Pa3NO3HaBaHE HA HAJUYMETO HA XUAPOTEPMAIIHU U3MEHEHMS U PYIHHU HaXOAMILA.
[ToBeueTo kapuepu 3a ekcruroaraius Ha MmeaHonoppupHu Haxonuma (karo Emanure, Acapen,
Mener, BnaiikoB BpbX W Jp.) M TEXHUTE XBOCTOXpPAHWIMIIA M HACUIHUINA Ca SCHO
pasno3HaBaeMH Ha MPEACTABEHUTE KOMIO3UTHM HU300paXeHHsS IO OTHOLIEHUS MEXIY
KaHaIuTe. Bbrpeku, ye € jpocTa NpuOIM3UTENCH, TO3H METOJ MOXKE Ja MperocTaBu Obp3H,
1IEHOBO-€()EeKTUBHHU U TIOJI€3HU PE3YATATH P Pa303HABAHETO HA YYACTHIM C XUAPOTEPMATIHU
MIPOMEHHU M PYIHU HAaXOJHIA B 00XBaTa HA TOJIEMH IIJIOMIH.

I'8.53 Petrov, D., K. Popov. 2015. Correlations between elements in ores from the gold-
copper deposit Chelopech, Bulgaria. Ann. Univ. Min. Geol., vol. 58, part I, 93-98.

Ierpos, ., K. [Tonos. 2015. KoperanuuoHun Bpb3KM MeXKAY eJieMEHTHTEe B pyauTe OT
3jaT0-MeHO Haxoauue Yemnoney, boarapus. 100. na MI'Y, 1. 58, cB. 1, 93-98.

ABSTRACT

The correlations between major and minor chemical elements in the ores from Chelopech
gold-copper deposit are established by statistical processing of 19,200 multi-element ICP



analyses of samples, analyzed for content of 36 elements (Ag, Al, As, Au, Ba, Be, Bi, Ca, Cd,
Co, Cr, Cu, Fe, Hg, K, La, Mg, Mn, Mo, Na, Ni, P, Pb, Rb, S, Sb, Sc, Se, Sn, Sr, Te, Ti, V, W,
Y and Zn). The studied elements are analyzed by computing of the correlation matrix, which
marks some well-developed relationships between pairs of elements, such as Fe-S, Cu-As, Cu-
Bi, Cu-Cd, Cd-As, K-Na and others. An inverse correlation of the elements involved in
composition of main ore minerals in the deposit (Fe, Cu, Au, As, S) and highly mobile elements
(K, P, Y, La, Rb), which are extracted from the rocks in the hydrothermal processes is observed.
The correlation scatterplots of some typical elements with strong, moderate and weak
relationships are prepared. Particular attention in the interpretation of results is paid to the
elements with high positive correlation coefficients and participating in composition of ore
minerals and mineral associations found in the deposit. Trends of correlation of typical trace
elements in primary and secondary ore minerals with main mineral-forming elements are
established (Cd-Cu, Cd-As, Co-Fe, Co-Au, etc.). The increased content of Cu in the sphalerite
from the central sectors of ore bodies in the deposit is the result of so called "chalcopyrite
disease", which is the most likely reason for the high correlation between the Cu and Cd.
Frequent impurities of Co, Te, and Se in pyrite are the reason for the average high correlation
of Fe with these elements. The results of present study indicate that the correlation analysis is
a powerful tool for establishing interdependences between the chemical elements, involved in
the composition of the ore and host rock minerals in Chelopech deposit.

PE3IOME

Kopenannonuute Bpb3KU MEXKIY INIABHU M CHITBTCTBAIIM XUMUYHH €IEMEHTH B PYIUTE
OT 3JIaTHO-MEHO HaxouIe Yenoned ca ycTaHOBEHH upe3 crarucTuuecka oopadorka Ha 19200
opost mynatuenemeHTHH [CP aHanu3u Ha mpoOu, U3cIenBaHu 3a ChAbpKaHUE Ha 36 eneMeHTa
(Ag, Al, As, Au, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe, Hg, K, La, Mg, Mn, Mo, Na, Ni, P, Pb, Rb,
S, Sb, Sc, Se, Sn, Sr, Te, Ti, V, W, Y u Zn). M3cnenBanure eneMeHTH ca aHAJIU3UPAHU 4Ype3
M3TOTBSHE HAa KOPEJIAIIMOHHA MATPHIIA, KOSATO MapKUpPa HIKOW U3SBCHH BPBH3KH MEKIY JBOMKU
enemenTu karo Fe-S, Cu-As, Cu-Bi, Cu-Cd, Cd-As, K-Na u npyru. HabnronaBa ce oGpatHa
KOpealMoHHa 3aBUCUMOCT MEXIY €JIEMEHTHTE, yJacTBAalld B CHhCTaBa HAa TIIABHU DPYIHU
muHepanu B HaxoauieTo (Fe, Cu, Au, As, S), u cunno mobunnute enementu (K, P, Y, La, Rb),
KOWTO CE M3BJIMYAT OT CKAIIMTE TIPH XUIPOTEPMAITHUTE Mpoiiech. I3roTBEHN ca KopenanuoHHN
auarpamMy Ha HSIKOW THIIMYHU €NIEMEHTH C M3SBEHA CHIIHA, cpelHa W ciaba B3aMOBpPBH3Ka.
Oco0eHo BHUMaHUE NIPU UHTEPIIpETAlMITa Ha pe3yATaTUTe € 0ObPHATO HA €JIEMEHTH C BUCOK
MOJIO’KUTENICH KOS(PHUIIMEHT Ha KOpenalys MOMEXIy CH, ¥ y4acTBallll B ChCTaBa HA PYIHUTE
MUHEpAJIM ¥ MHHEPAIHH aCOIMAINYA OTKPUTH B HAXOAMINETO. YCTAHOBCHH Ca TEHICHIIMU Ha
B3aMMOBPB3Ka HA THUIHYHU €JIEMEHTHU-TIPUMECH B INIABHU U BTOPOCTENICHHH PYIHU MUHEPATU
¢ ocHoBHH MuHepanoobpasyBamu enemeHtu (Cd-Cu, Cd-As, Co-Fe, Co-Au u apyrm).
[ToBumenure chabpkanus Ha Cu B cdajepuTa OT HEHTPATHUTE YYaCThIM Ha PyAHUTE Tela B
HaxOAMINETO Ca pe3yaTaT OT T. Hap. ,,XaJIKOIMHMPUTOBA OOJECT’, KOETO € Hail-BeposTHATa
npuurHa 3a Bucokara kopenamus mexxay Cu u Cd. Yectu npumecu ot Co, Te u Se B mupur ca
MpUYMHA 32 CPEIHO BHICOKAaTa B3aUMOBpB3Ka Ha Fe ¢ Te3m ememenTtu. Pesynmrarure ot
HACTOSIIIIOTO M3CJIEIBAHE IMOKA3BaT, Y€ KOPETAIlMOHHUAT aHalU3 € MOINEH HHCTPYMEHT 3a
YCTaHOBSIBAHE HAa B3aMMO3aBUCHUMOCTH MEXIy XMMHUYHHU €JIEMCHTH, YJacTBAIllld B ChCTaBa Ha
PYAHUTE MUHEpATN U BMECTBAIIUTE CKalli B HaxoAwuIe Yenormneu.

I'8.54 Popov, P., K. Popov. 2017. The Uranium-Polymetallic Deposits in the Sliven-
Tvarditsa Ore Region in the West Balkan Metallogenic Zone, Bulgaria. Journal of Mining
and Geological Sciences, Univ. Min. Geol., vol. 60, part I, 7-14.



IMonmos, II., K. Ilomos. 2017. YpaHoBo-nosumerajHute Haxoauma B CiiuBeH-
TBbpAMIIKUS pyleH paiioH OT 3anagHo0ATKAHCKATA MeTaJ0reHHa 30Ha, bbarapus.
Cnuc. Mun. I'eon. Hayku, MI'Y, 1. 60, cB. 1, 7-14.

ABSTRACT

Late Cretaceous hydrothermal uranium deposits are found in the West Balkan
Metallogenic Zone. Sliven-Tvarditsa Ore Region is outlined in the Central Balkan Mountain,
in which the Sliven and Shivachevo Ore Fields and the Yavorovets ore occurrence are
distinguished. The ore bodies are bed-like, metasomatic, in Triassic and Upper Cretaceous
carbonate rocks or in interbedding breccia. Besides, vein ore bodies are developed along the
faults in the Paleozoic basement rocks. The ore mineralization is of hydrothermal type, medium
to low temperature. The main ore minerals are pitchblende, galena, sphalerite and chalcopyrite,
and the non-ore are quartz and to a lesser extent dolomite, calcite and barite. Pyrite,
arsenopyrite, chalcocite, hydro pitchblende, chalcanthite, renardite, anglesite, uranospinite,
torbernite, cerussite, malachite, azurite, autunite, uranophane, hematite and limonite are more
rarely observed. Bornite, chalcocite, hydro pitchblende, uranium soot, chalcanthite, renardite,
anglesite, uranospinite, torbernite, cerussite, malachite, azurite, autunite, uranophane, hematite
and limonite are hypergenous. The hydrothermal alterations are represented by sericitization,
advanced argillization, pyritization, kaolinization and carbonization. The ore deposits are
formed in the frame of a non-volcanic island chain, adjacent to the Srednogorie Zone from the
Apuseni-Banat-Timok-Srednogorie Magmatic and Metallogenic Belt.

PE3IOME

B 3amagHoOankaHckara MeETaJOTEHHa 30HAa Ca YCTAaHOBEHHM  KBCHOKPETHH
XUApOTEpMaIHU ypaHoBM Haxoguiua. B llentpannus bankan ce okxontrypa CinBeH-
TBBpauIIKY pyJeH pailoH, B KOoHTO ce oTaensaT CiauBeHckoTo u llnBaueBckoTO pynHU mosnera,
KakTO U pynonposisieHue SIBoposen. Pynnute Tena ca miactooOpa3HH, METacCOMaTHYHU, B
TPUACKU U TOPHOKPEIHU KapOOHATHU CKajdM WM MEXIyIuiacToBu Opekun. OcCBeH ToBa ca
Pa3BUTH >KWIOOOPAa3HU PYIHH Tejla B PA3IOMUTE OT MaJECO030MCKU CKalM OT (yHIAMEHTa.
Pynnara MuHepanu3anus € OT XUApOTEpMAaJIeH TUII, CPEIHO- 10 HUCKOTeMIIeparypHa. [ 1aBHuTe
PYIIHU MMHEpPAJIM ca HACTypaH, FaJIeHUT, cpaepuT U XaJIKOMUPUT, a HEPYIHUTE — KBapIl U TO-
MaJKO JOJOMHT, KaiuuT u Oaput. Ilo-psako ce cpemar NUpUT, apCEHONMUPHUT, XaJIKO3MH,
TEHAHTUT, TeTpaeapUT U OOpHUT. XUIMEPreHHW ca OOPHUT, XaJKO3UH, XHUJIPOHACTypaH,
HAcTypaH, YPaHOBHM UYEPHWIKH, XaJIKaHTUT, PEHApIUT, aHIVIE3UT, YPAHOCIHHUT, TOPOEPHUT,
LEPYCUT, MaJaxuT, a3ypuT, OTYHHUT, ypaHO(paH, XeMaTUT U JIUMOHHUT. XHUAPOTEPMAIIHUTE
IIPOMEHM Ca MPEJICTABEHU OT CEPULMTU3ANMS, OKBAPIBaHE, MUPUTU3ANMS, KAOJUHHA3ALUSA U
kapOoHatu3anus. PyqHure Haxoauia ca oOpa3yBaHM B PaMKHUTE Ha HEBYJIKAaHCKa OCTPOBHA
Bepura, npuiexama kbM CpenHoropcka 30Ha oT AmnyceHu-banar-Tumok-CpenHoropckus
MarMaTH4eH U METaJIOT€HEH I10sIC.

I'8.55 Popov, K. 2018. The Hercynian Collisional Metallogeny in Bulgaria. Journal of
Mining and Geological Sciences, Univ. Min. Geol., vol. 61, part 1, 43-50.

IMonos, K. 2018. Xepunnckara koJu3noHHa MeTajiorennst B bwarapusi. Cnuc. Mun. I'eon.
Hayku, MTI'Y, 1. 61, cB. I, 43-50.

ABSTRACT

Ordovician — Lower Carboniferous sedimentation, calc-alkaline and potassium-alkaline
magmatism and tectonic deformations mark the Hercynian collisional stage within the frame of
the Neoproterozoic — Hercynian epoch. Mainly the magmatic processes define the metallogenic



characteristic. The calc-alkaline plutons control the Stara Planina Metallogenic Zone with iron,
lead, copper, gold, fluorite and other deposits. The potassium-alkaline magmatism defines the
Berkovitsa-Shipka Metallogenic Zone with uranium deposits as well as with tungsten, copper,
polymetallic and other ore occurrences.

PE3IOME

XepIUHCKHUAT KOJTM3UOHEH eTarl, B paMKuTe Ha HeompoTepo3oiicko-XepirHcKaTa ernoxa,
ce OeNeXd OT OPJOBHIIKO-IOTHOKAPOOHCKA CETUMEHTAIs, KaJllMeBO-aJKaJICH U KaJIUeBO-
aJKaJIeH MarmMaTtu3bM W TEKTOHCKU JedopMmanuu. MeranoreHHara XapaKTepUCTHKAa Ce
orpesielisi TIIABHO OT MarMaTHYHUTE Tporecu. KanueBo-alkaaHUTE ITyTOHH KOHTPOJHpAT
CraporuiaHMHCKaTa METAIOTeHHA 30HA C JKEJIC3HHU, OJIOBHU, METHH, 3JIaTHH, (DIyOPUTOBH U JIp.
Haxoauma.  KajweBo-amkanHHMAT ~ MarMatu3bMm  omnpexnens — bepkoscko-llIumyenckara
METAJIOTCHHA 30Ha C YPaHOBU HAXOJHWINA, KAKTO M BOJI(PPaMOBH, MEIHH, MMOJMMETAITHHA U JIp.
PYIIOTIPOSIBIICHUSI.

I'8.56 Marinov, I., K. Popov, N. Temelakiev. 2019. Volcanic ring morphostructures in the
Western Srednogorie, Bulgaria. Journal of Mining and Geological Sciences, Univ. Min.
Geol., vol. 62, part I, 5-10.

Mapunos, U., K. Ilonos, H. Temesnakues. 2019. Byjkancku Kpbroeu MOpgocTpyKTypH B
3anaagnoro Cpennoropue, boarapus. Cnuc. Mun. I'eon. Hayku, MI'Y, T. 62, cB. 1, 5-10.

ABSTRACT

The focus of this study is the interpretation of images obtained by the ASTER optical
instrument on the TERRA satellite. Its data is processed and presented in stereoscopic 3D
images. Anaglyphic glasses with red and cyan color filters are used to obtain the realistic effect
of the images. The structural analysis of the data shows two ring morpho structures with distinct
pattern of radial and concentric lineaments forming a clear circular morphology with a diameter
of up to 9 km, located around the town of Breznik and the Klisura village in the Western
Srednogorie, Bulgaria. The radial structures show clearer sharpness with respect to the drainage
system and the relief, compared to the concentric structures, and the radial pattern is
predominant. The ring morpho structures are formed among the volcanic rocks of the Breznik
and Klisura paleo-volcanoes, represented by lava flow, epiclastic and pyroclastic products. A
characteristic feature is the distribution of the proximal faces, represented by lava flows,
volcanic bomb, and lapilli tuff in the central parts of the morphological structure, which locate
the Breznik paleo-volcano approximately around the center of the ring morpho structure. It is
assumed that the radial and concentric lineaments are probably relatively well-preserved
remains of a volcanic cone. The tectonic events, which occurred during and after the final stage
of the most intense volcanic activity, led to the formation of radial and concentric faults. They
probably serve as channels for the movement of the ore hydrothermal fluid and ore hosting
structures for gold-silver Milin Kamak deposit and Klisura ore occurrence.

PE3IOME

B nacrosiiieTo uscieBaHe € U3BbPILEH aHAIN3 HAa U300paKEeHUsI, TIOYY€HU OT ONITUYHUS
uHcTpyMeHT ASTER Ha careaura TERRA. Jlanaute ot Hero ca o0pabOTeHN U MpeICTaBeHH
Kato crepeockonuuHu 3D wn300pakeHHs. 3a Moly4yaBaHE Ha peaTUCTHUEH e(eKT oT
M300paKeHHUATa ca W3MOJ3BaHU aHAIM(HU OuYMiIa, C YEepBEH U IIMaH IBETHU (HITPH.
CTpyKTypHUSAT aHaIW3 HAa JAHHUTE IOKa3BaT JBE KPBrOBU MOP(OCTPYKTYpU C OTYETIHB
PUCYHBK OT paJMalHA M KOHICHTPHUYHH JIMHEAMEHTHU CTPYKTYpH, OQOPMSIIN SCHO
000c00eHN KpBroBu MOPHOCTPYKTYPH ¢ IuaMeThp 10 9 km, cutyupanu okoso rpaa bpeznuk



u ceno Knucypa B 3anagnoro Cpennoropue, boirapus. Paguanaure pa3inomMu mokassar Io-
SICHO M3pa3eHa OTYETIIMBOCT MO0 OTHOLICHHUE Ha JPEeHa)KHATa CHCcTeMa U peneda, B CpaBHEHHUE C
KOHIIGHTPUYHUTE CTPYKTYpPH, KaTO paaualHUSAT PUCYHBK € mpeobnanasaml. Kpbrosure
MopdocTpykTypu ca ohopMeHHU cpen BYJIKaHCKHUTE MPOAYKTH Ha bpesnumkus u Knucypckus
NajeoBYyIKaHH, MPEACTaBEHU OT JIABOBU MOTOLM, EMUKIACTUYHU U MUPOKIACTUYHU MPOAYKTH.
XapakTepHa OCOOCHOCT € pa3NpeNeIeHUETO Ha MPOKCHMAIHUTE OKOJIOTBPIIOBU (amuecH,
MPEJICTaBEHU OT JaBOBHU MOTOLM, OOMOEHU U JIamWIOBU Ty(pH B LEHTPAIHUTE y4acTbLM Ha
Mop(docTpykTypara, KOHTO CUTyHpaT Dpe3HUINKHs TaJCOBYJIKAH TPHUOIMU3UTEITHO OKOJIO
ueHTbpa Ha MopdocTpykTyparta. [Ipuema ce, ye paauamHuUTe U KOHIEHTPUYHUTE JIMHEAMEHTU
BEpPOSITHO MPEJCTABISBAT OTHOCHUTEIIHO J00pe 3ama3eHd OCTaHKH OT BYJIKAHCKH KOHYC.
TexkroHckuTe CHOWUTHSA, BH3HUKHAIW IO BpeME U cClie/l 3aKJIIOUMTETHHS CTaaAuil Ha Hail-
WHTEH3VBHATA BYJKaHCKa JICHHOCT ca JOBEIH JI0 00pa3yBaHETO HA PAIUATHHA U KOHIIEHTPUYHU
pa3ioMu, KOMTO BEPOSTHO Ca MOCIYXHJIM KAaTo KaHalu 3a MPUABI)KBAHE Ha PYIOHOCHUTE
XUAPOTEPMAJIHA PA3TBOPU U PYAOBMECTBAIM CTPYKTYpPHU 3a 3JaTHO-CPEOBPHOTO HAXOAMIIEC
“MunnH KaMbK* 1 pyaonpossienue Knucypa.

I'8.57 Marinov, 1., K. Ruskov, K. Popov, N. Temelakiev. 2020. 3D implicit modelling of
alteration rocks and lithological units in the Milin Kamak Au-Ag deposit: results and
applications. Journal of Mining and Geological Sciences, Univ. Min. Geol., vol. 63, 226-
321.

Mapunos, U., K. Pyckos, K. Ilonos, H. Temenakues. 2020. 3D uMnianuuTHO MoAeTMpPaHe
HA XUJAPOTEpPMAJIHUTE TMPOMEHHM W JIMTOJOKKH Tejla B 3JAaTHO-CPeObPHO HAXOAUIIE
» MHJIHH KaMbK*: U3BOAM U nipuJioxkennst. Cnuc. Mun. I'eon. Hayku, MI'Y, T. 63, cB. 1, 226~
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ABSTRACT

The present study is focused on the interpretation of results received from implicit 3D
geological modelling. The analysis and technical possibilities allow the extraction and
interpretation of the main geological characteristics and spatial distributions of the alteration
rocks and lithological units. Advanced radial basic function (RBF) interpolation technique has
been used to define the geological boundaries and provide more accurate representation of 3D
isosurfaces. The implicit model is generated by non-numerical lithological data. According to
the results, the distribution of dykes and later sericitic and argillic alterations emphasize strictly
their common alignment in the space. This also shows that dykes and alteration rocks share
common hosting structures and are formed by the prior magmatic activity and subsequent ore
hydrothermal fluids. The structural analysis based on lineament extraction and 3D building of
fault surfaces shows three systems with NW-SE, NE-SW and E-W directions. The faults with
NE-SW and E-W directions can be marked out as main hosting structures for magmatic
products and hydrothermal fluids. The integration of structural data and body geometry analysis
allows better understanding and more accurate definition of the local structural trend and spatial
distribution of the alteration rocks and dykes.

PE3IOME

[IpenMer Ha HACTOSIIETO M3CJIEABAHE Ca PE3yITaTUTE MONYYEeHH OT 3D MMIUIMIIUTHO
MozenupaHe. AHamu3bT M TEXHUUYECKUTE BB3MOXHOCTH B TPUU3MEPHOTO MOAEIHUPAHE
IMO3BOJIABAT M3BJIMYAHEC W MHTCPIPCTALUA Ha NPOCTPAHCTBEHATA OPHUCHTAIUA U I'COJIOXKKUTC
OCOGGHOCTI/I Ha MNIaBHUTC JIMTOJIOXKU CAWMHUIIN U XUAPOTCPMAJIHU ITPOMCHHU, PA3KPUBAILHA CC
OKOJIO 3JIaTHO-CPeOBpHO HaxomuIe ,,MunuH kambk™, bpesnuk. C 11e1 mo-TouHo aeduHupaHe
Ha TCOJIOKKUTE TPAHUIM U MPENOCTaBIHE Ha MO-aKypareH OoOMMK Ha reHepupanute 3D



n3onoBbpxHuHM ¢ n3noi3BaHa RBF (Radial Basic Function) nHTepnonannonHa TeXHUKa. 3a
UMIUTMIUTHOTO MOJIENMPAHE Ca H3IMOJI3BAaHUM CUMBOJHHU (HOMHUHAJIHU) JIMTOJIOKKH JAaHHU.
Crnopen pesynrarute, MNPOCTPAHCTBEHOTO pa3NpelesieHne Ha JalkuTe U TMO-KbCHUTE
XUIPOTEPMAIIHU IPOMEHM, KaTO CEPULIMTU3ALMS U apTUIM3aLHs, ca C IOAYEPTaHO CbBMECTHO
pasmpeneieHe B MpoCTPaHCTBOTO. ToBa moka3Ba, 4e JaKUTe U XUIAPOTEPMAIHUTE POMEHU
CTOAENAT OOIIM PYIOBMECTBAIIM CTPYKTYPH U ca (pOpMHUpPaHU MPH NPUIBHKBAHETO HA MO-
paHHU MarMaTU4YHU MPOAYKTU U MO-KbCHU XuApoTepMaiHu Guyunud. CTpyKTYpHUST aHAIU3,
0a3upaH Ha JMHEAMEHTHOTO KapTHpaHe W MOCTposBaHe Ha 3D MOBBPXHMHU Ha Pa3IOMHHTE
HapylIeHUs, TTOKa3Ba TpU pa3aoMHu cucteMu ¢ nocoku C3-FOU, CU-KO3 u U-3. Paznomuure
HapyueHus cb¢ CH-FO3 n M-3 nocoku ce MapKupar Karo INIaBHU BMECTBAIIM CTPYKTYpH 3a
MarMaTU4HUTE MPOAYKTH M PYAOHOCHHUTE XHUAPOTEpMAIHU pa3TBopu. WHTerpamusita Ha
CTPYKTYPHUTE JJaHHU M AHAJIU3bT Ha MPOCTPAHCTBEHATa OPUEHTALMA HA I'EOJOXKKUTE Tela
MI03BOJISABAT [10-100p0 pa3bupaHe U Mo-aKypaTHO JepUHUpaHE HA IOKAIHUS CTPYKTYPEH TPEHT
U IPOCTPAHCTBEHOTO PA3NpeAeIeHUE Ha JaHKUTE U XUAPOTEPMATHUTE IPOMEHHU.

I'8.58 Popov, P., K. Popov. 2022. Metallogenic Evolution of Bulgaria. XXII International
Congress of the CBGA, Plovdiv, Bulgaria, 7-11 September 2022, Abstracts, 197.

IMomnos, I1., K. ITonos. 2022. MeTaJjiorenHa eposawouus Ha bvarapus. XXII Mexcoynapooen
konzpec na KbI'A, Ilnoeoue, bvnzapusa, 7-11 cenmemepu 2022, Pe3romera, 197.

ABSTRACT

The present metallogenic study is based on paleotectonic analysis, distinguishing the
rocks, tectonic structures and associated ore deposits and occurrences formed during different
epochs and stages in the geotectonic evolution of Bulgaria. Data from more than 1200 ore
deposits and occurrences were used. The ore deposits are systematized and characterized by
determining their genetic types, relationships with the ore-generating and ore-hosting rock
complexes and tectonic structures, the age, and the structural, mineralogical and morphological
features of the ore bodies. The Neoproterozoic—Hercynian and Alpine geotectonic and
metallogenic epochs and the respective tectonic-metallogenic stages, such as ocean, subduction,
rifting, collision, etc., are distinguished in the metallogenic evolution of Bulgaria.

The Neoproterozoic—Hercynian Tectonic and Metallogenic Epoch in Bulgaria is marked
by Ocean Spreading Stage (Neoproterozoic) with podiform chromite, copper-nickel, magnetite-
ilmenite and metamorphic iron ore deposits and occurrences; Subduction and Magmatic-Arc
Stage (Neoproterozoic—Cambrian) with mainly iron and copper-nickel ores; Collisional Stage
(Ordovician—Early Carboniferous) with skarn iron and hydrothermal lead-zinc, fluorite, copper,
gold, iron, polymetallic, molybdenum and uranium mineralizations and Post-Collisional Stage
(Late Carboniferous—Permian) with copper, lead-zinc, gold, molybdenum, uranium and barite
deposits and occurrences.

The evolution of the Alpine Tectonic and Metallogenic Epoch in Bulgaria is marked by
Intracontinental Rifting Stage (Triassic) with hydrothermally reworked SEDEX (?) iron ore
deposits; Ocean Rifting Stage (Jurassic) with sedimentary iron deposits; Subduction and Early
Collision Stage (Tithonian—Neocomian) with hydrothermal lead-zinc and barite deposits and
weathering bauxite and iron-nickel occurrences; Intra-Collisional Rifting Stage (Late
Cretaceous) with variety of porphyry copper (£Au, Mo), VMS copper-pyrite (+Au), iron (+=Cu)
skarn, copper and polymetallic (Pb-Zn-Cu) vein and carbonate replacement type, uranium,
barite, etc. deposits; Late Collisional Stage (Maastrichtian—Lutetian) with pegmatites, iron
skarn and hydrothermal predominantly tungsten, molybdenum, fluorite occurrences and



uranium deposits and Post-Collisional Stage (Bartonian—Quaternary) with hydrothermal mainly
lead-zinc and uranium, sedimentary manganese and exogenous uranium deposits.

PE3IOME

Hacrosiimoro metanoreHHO wu3cieqBaHe € 0a3upaHO Ha NAJCOTEKTOHCKH aHaJU3,
pasrpaHuYaBall CKaJUTe, TEKTOHCKUTE CTPYKTYPH M aCOIMUPAIINATE PyIHH HAXOAUIIA W
pynonposiBieHus, (GOpPMUPAHH IO BpeMe HA PA3IMYHUTE €IMOXHU U CTAIUU OT I€OTEKTOHCKATa
eBotonusl Ha bwarapus. M3non3Banu ca manHu ot Haj 1200 Haxoaumia U pyAONpPOsBICHHUS.
Pynuute Haxomuiia ca CHUCTEMaTHU3MpPAaHU M XapaKTePU3UpPAHU 10 TEHETUYEH THII,
B3aUMOBPB3KH C PynooOpasyBaIluTe ¥ PYIOBMECTBAIIM CKATHHM KOMIUIEKCH M TEKTOHCKH
CTPYKTYPH, BB3pacCT, KAKTO U CTPYKTYPHH, MHHEPAIOKKH U MOPQOJIOKKH OCOOCHOCTH Ha
pyaHuTe Tena. B MmerajoreHHata eBOJIOIMSA  HA bbarapus ca  pa3rpaHHYCHH
Heomnporepo3oiicko-xepuimHcka ¥ AJNUNACKa TEOTEKTOHCKM W METAJIOTCHHH €MOXH ChC
CHOTBETHUTE TEKTOHO-METAJIOTeHHHM CTaJliH, KaTO OKEAaHCKH, CYOAYKIMOHHU, pU(PTOTEHHH,
KOJIM3UOHHH, ITOCTKOJIM3UOHHU U T.H.

Heomnpotepo3oiicko-XxepuuHcKara TEKTOHCKa M MeETalloreHHa ernoxa B beiarapus ce
MapKHupa OH CTaaui Ha okeaHcku cnpeauHr (Heompoteposoil) ¢ moaudopMHU XPOMHUTOBH,
ME/IHO-HUKEJIOBH, ~MAarHeTUT-WIMEHUTOBU U  MeTaMOp(HHU IKEJIe3HM HaxoAuua H
PYZOIPOSBIECHUS; cTaauil Ha cyOaykuus U marmMatuunu aeru (Heomporepozoii—Kamopuit) ¢
IVIABHO KEJIC3HU U METHO-HUKEJIOBU MHHEpalu3aluy; Koau3uoHeH ctaauil (OpaoBuk—Panen
KapOoH) cbhc CKapHOBHU KENE3HU W XHIPOTEPMATHH OJOBHO-IIMHKOBH, (IIyOPUTOBH, MEIHH,
37IaTHU, KEJIe3HH, MTOJUMETATHU, MOJIMOICHOBU U YPAaHOBU NPOSBH, KAaKO U MOCTKOJIM3HOHEH
craguii (Kscen Kapo6ou—Ilepm) ¢ MenHU, OJIOBHO-ITUHKOBH, 3J71aTHH, MOJIMOZCHOBH, YPAaHOBHU U
0apUTOBH HAXOJMILA U MTPOSIBICHUSL.

EBonronusara Ha AnmuiickaTta TEKTOHCKA M METAJIOT€HHA enoxa B beirapus ce Mmapkupa
OT CTaJAUi Ha MHTpPAKOHTHHEHTaJeH pu¢THHr (Tpuac) ¢ XuapoTepMalHO NPepadOTEeHH THII
SEDEX (?) xene3Hu Haxoiuiua; craauii Ha okeaHcku pudrtunr (KOpa) cbc cenumeHTHH
KEJe30pYy/IHU HaxoJWIa; CTaauid Ha cyOmnykuus W paHHa konmusus (Turton—Heokom) c
XUIPOTEPMAIIHU OJIOBHO-LIMHKOBM M OapuUTOBM HaXOAMILA U HM3BETPUTEITHH OOKCUTOBH U
KEJSI30-HUKEJIOBH TPOSBIEHUS; CTaguii Ha uHTpakonusuoHeH pudTtuHr (KecHa Kpena) c
pazHooOpasue or MeaHonopdupHu (+Au, Mo), ByJKaHOT€HHU MAaCHUBHOCYI(QHUIHU MEIHO-
nuputHu (£Au), xenesnu (+Cu) ckapHu, menHu u nonumeraiddu (Pb-Zn-Cu) xumm u
IUIACTOBUAHM Tela B KapOOHaTHU CKajldM, YypaHOBH, OapuTOBM M Jp. HaXOAMILA;
KbCHOKOJM3MOHEH craauii (Mactpuxt—JItotec) ¢ merMatuTd HKelNe3HH CKapHU U
XUIPOTEPMAIIHU MPEAUMHO BOJI(pPaMOBU, MOJTMOIEHOBH, (DIIyOPUTOBU MIPOSIBIICHUS U YPaHOBU
HaXO/AMIIA, KaTo U MOCTKoNMu3noHeH ctaauit (bapron—KBarepHep) ¢ xunporepmMaaHu IPeAUMHO
OJIOBHO-IIUHKOBU U YPAaHOBH, CEAMMEHTHU MaHTaHOBU M €K30T€HHHU YPAHOBU HaXOAMILA.

I'8.59 Klimentov, S., K. Ruskov, K. Popov, I. Marinov. 2022. Factor analysis of the
geochemical associations in Sedefche epithermal ore deposit, Bulgaria. XXII International
Congress of the CBGA, Plovdiv, Bulgaria, 7—-11 September 2022, Abstracts, 270.

Kaumentos, C., K. Pyckos, K. Ilonos, U. Mapunos. 2022. XXII Mesxcoynapooen kouzpec
na KbI'A, IInosous, bvazapusa, 7—11 cenmemepu 2022, Pe3romera, 270.

ABSTRACT

The geochemical associations and spatial distribution of chemical elements in the
Sedefche deposit are studied in this paper. The low sulphidation epithermal Au-Ag Sedefche
deposit is in the most eastern part of the Zvezdel-Pcheloyad ore field, Momchilgrad depression.



Factor analysis was applied to determine the geochemical associations composed of groups of
elements with similar spatial distribution. A total of 28 elements were included for the statistical
data processing (Au, Ag, Pb, Zn, Al, As, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, Hg, K, Mg, Mn, Mo,
Na, Ni, P, S, Sb, Sr, Ti, T1, V). Some of the analyzed elements which are not typical of the ore-
forming processes, or their contents are below the detection limit of the analysis are excluded
from further statistical processing. The methodology to determine geochemical associations by
factor analysis is applied to evaluate the spatial correlation of the elements and the 3D modelling
of the factor loadings. The results of the factor analysis reveal the total variation is decomposed
on 7 factor axes. Thus, the obtained geochemical associations of elements with similar spatial
distribution presented by each factor are as follows:

Factor 1: ([Mn, Be, Co, Zn, Fe] Al, Ni, T1).
Factor 2: ([Ag, Pb, Sb, Au] Cu, As, Cd).
Factor 3: ([Hg, T1, Mo, As] S, Au, K, Sb).
Factor 4: (AL, V, K, S, P), -(|Ca, Mg]).
Factor 5: ([Ni, Cr] Ti), -(Ba).

Factor 6: ([Na, Ti] V, K, Ba), -(S).

Factor 7: ([Sr, P] V, Al).

Based on the factor analysis, the scores for each sample in the given factor can be
calculated. This approach allows to perform further 3D modelling concerning that the factor
scores represent the spatial relationship between elements. The first factor considers the
behavior of the group of elements Mn, Be, Co, Zn and Fe. The lower weights of Al, Ni and Tl
mark their tendency to connect to this group. This factor follows the spatial distribution of the
main ore zone. The second factor represents the distribution of the main ore elements in the
Sedefche epithermal deposit, joined in association of Ag, Pb, Au and Sb, as well as As, Cd, and
Cu with lower loadings. This factor follows the spatial distribution of all ore zones. The
association with core of Hg, T1, Mo and As, which have a high correlation with each other, is
described by the third factor is. Elements Au, K, S and Sb also join here with lower weights.
The development of this group of elements also falls within the limits of the main ore body, as
their distribution is much more fragmented than factor 2.

PE3IOME

Tasm mnyOnukamus mnpeacTaBs UW3CIEABAHUATA HA TEOXUMHYHUTE AacolUallud U
MPOCTPAHCTBEHOTO paslpe/ieiicHHe Ha XWMUYHHTE elleMeHTH B Haxomuiie Cenedue.
Huckocyndumaoro enurepmanto Au-Ag Haxoauiie Cenedue ce HamMmupa B Hail-M3TOYHATA YacT
Ha 3Be3nen-Iluenosnckoro pyagHo moje, B MoMumiIrpajckara aenpecus. 3a onpeiessiHe Ha
TE€OXUMUYHUTE aCOIUAINH, CbCTABEHU OT TPYIH OT €NEMEHTH ChC CXOIHU MPOCTPAHCTBEHU
pasmpeneneHus € u3noi3BaH GakropeH aHanu3. Ha ctatuctudecka oOpaboTka ca MomaIoKeHn
JaHHWUTE TI0 ChAbpKaHUsATa Ha o0mmo 28 enementa (Au, Ag, Pb, Zn, Al, As, Ba, Be, Ca, Cd,
Co, Cr, Cu, Fe, Hg, K, Mg, Mn, Mo, Na, Ni, P, S, Sb, Sr, Ti, Tl, V). Hakou ot enemenTure,
KOWTO HE Ca XapaKTepPHH 3a Py1000pa3yBaTEIHUTE MPOIIECH B HAXOAHILETO, UITH ChABPKAHUATA
UM ca 1Ol M OKOJIO YyBCTBHUTEIHOCTTa HA aHajiW3a ca W3KIIOYCHH OT IOcjeaBamia
cTaTucTUYecKa 00paboTKa. 3a OlIEHKA Ha MPOCTPAHCTBEHUTE KOPENAIUU MKy EIEMEHTHUTE €
M3I0JI3BaHa METOJIMKA 3a OIpeieITHe Ha TCOXUMUYHHTE aCOIMAINN 9pe3 (aKTOpeH aHaIHu3 U
TPUU3MEPHO MoJenupaHe Ha (akTopHuTe Teria. B pesynrar ot ¢akropHus aHamus obIiara
JHCTIepCcusl € pas3siokeHa Ha cefieM QakTopHH ocu. Taka, moJyyeHUTe TeOXUMUYHU acollualiuu
OT €JIEMEHTH ChC CXOIHH MPOCTPAHCTBEHH PA3IIPOCTPAHECHHUS U IPECTABEHU OT BCEKU (PaKTOP
ca KakTo cje/Ba:



®axrop 1: ([Mn, Be, Co, Zn, Fe] Al, Ni, Tl).
daktop 2: ([Ag, Pb, Sb, Au] Cu, As, Cd).
®daxrop 3: ([Hg, T1, Mo, As] S, Au, K, Sb).
daktop 4: (AL, V, K, S, P), -([Ca, Mg])).
®daxrop 5: ([Ni, Cr] Ti), -(Ba).

daktop 6: ([Na, Ti] V, K, Ba), -(S).

®daxrop 7: ([Sr, P] V, Al).

[Tpu akropHUs aHATU3 MOTAT J1a ObJIaT IPECMETHATH TEIJIaTa Ha BCSIKA MTPo0a B TaJICHUS
¢dakrop. ToBa mo3BONsIBA Jla C€ W3BBPUIM MOCIEABALIO TPUHU3MEPHO MOJEIUpaHe Ha
(haKTOpHUTE TeTJIa, KOUTO MPEACTABST MPOCTPAHCTBEHUTE B3aUMOBPB3KH MEXKITY CIICMECHTHUTE.
[IbpBUAT QakTOp OTUMTA MOBEACHUETO Ha eneMeHTuTe oT rpymara Mn, Be, Co, Zn u Fe.
Huckure Terna Ha Al, Ni u Tl ca ykazanue, ye Te UMar mo-c1ado MPUCHCTBUE B Ta3H Ipymia.
To3u ¢akrop ciensa MpoCTPaHCTBEHOTO pa3NpOCTpaHEHUE Ha INIaBHATA pyJaHa 30Ha. BTropust
(dakTop mMpencTaBs pPa3MpPENSIICHUETO Ha IJIABHUTE PYIHU C€JIEMCHTH B CIHUTESPMAITHOTO
naxonuiie Cenedue, cBbp3anu B aconuanus or Ag, Pb, Au u Sb, xakto u As, Cd, u Cuc mno-
Hucku Tera. To3u ¢akrop cienBa MPOCTPAHCTBEHOTO Pa3BUTHE HA BCUYKU PYIHU 30HHU.
Aconunanusra ¢ sapo ot Hg, Tl, Mo u As, KOUTO UMaT BHCOKHM KOpEJIaluy MOMEXAY CH, €
ordyeTeHa ot Tpetus ¢akrop. Enementure Au, K, S u Sb cbio ce oruyurar TOHSIKBAC OT TO3U
¢dakTop, ¢ Mo-HUCKH Teria. Pa3BUTHETO HA Ta3M Tpyla OT €JIEMEHTH ChIIO MOMa/la B paMKHUTE
Ha TJIABHOTO PYIHO TSUIO, KaTO TSAXHOTO PAa3NpOCTPAaHCHHE € MHOTOo Mo-(pparMeHTHpaHo,
OTKOJIKOTO Ha €JIEMEHTHUTE OT (akTop 2.

IIYBJINKYBAHU ITTABH OT KOJIEKTUBHA MOHOI'PA®OUSA

1'9.60-81 [Tomog, II., C. Crpamumupos, K. Tlonmos, M. Kanasupcku, K. bornanos, P.
Paguues, C. lumoBcku, C. Croiikos. 2012. ['eonocus u memanozenus na Ilanazropckus pyoen
pation. 3n. Munno-I'eonoxku Yausepcutet “Cs. UBan Puncku”, Codus, 13-22. ISBN 978-
954-353-181-3

PE3IOME

[lanarropckusT pyaeH pailoH € 4YacT oT AnyceHu-banar-Tumok-CpenHoropckus
MarMaTH4eH M METAJIOTeHEH IMO0siC, KOUTO € eneMeHT OT annuiickara Kapmaro-bankancka
TeKTOHCKa cucteMa. [loschT e (opmupaH B pesynTraT Ha pU(TOreHHA EKCTEH3US Clel
Bappapuanara cyonykuus u ABcTpuiickara konus3us. B pailoHa, KakTo W B 1iesus MosC ce
NpOsiBSIBA MHTEH3MBEH TOPHOKpeleH e(y3WBEeH M IUIyTOHWYEH MarMaTu3bM, MPEAHMHO C
BHCOKOKAJIMEB KaJllUEBO AaJKaJleH M CcyOalKajJeH XapakTep. MarmMoreHepupaHeTo e
OCBIIIECTBEHO B 00OrareHa ropHa MaHTHs C BApUPAILO YIaCTHE HA KOPOB KOMITOHEHT.

MeranorenHara xapakTepucThka Ha [laHarropckusi pyaeH pailioH ce ompeaens OT
Pa3BUTUETO HA LIMPOK CIEKTHP OT pa3iMyHU II0 TUI PYIHHU Haxomuuia. Boxema pois umar
MeaHonopupHUTE M MacuBHOCYN(uAHWUTE MenHu Haxomuma. Cpexa mnoppupHuTe ce
pas3nuyaBat MOJIMOICHOBO-MEIHOMOP(PUPHH, COOCTBEHO MEIHOMOP(GUPHU U 3I1aTOCHIbPHKALII
MeaHonopdupHu. B macuBHOCynduIHNTE HaXoAMIla Ce pa3rpaHU4YaBaT METHO-TIUPHUTHH,
3JIaTOCHABbPKAILHA MEAHO-IUPUTHU U 3J1aTO-MEIHO-NIUPUTHHU. [10-Mako 3Ha4eHUE UMAT JKUITHU
WIK JKAJI000pa3HU  371aTO-MEIHO-OJIOBHO-LIMHKOBH, 3JIaTO-OJIOBHO-IIMHKOBM, 3JaTHU U
O6apuroBu Haxoauiia. OCBEH TOBa ca YCTAaHOBEHHM EMHUTEPMAIHU ILIOKBEPKOBU 3JIaTOPYIHU
Haxo[MIIA M BYJKAHOI€HHO-CEJIMMEHTHH MAaHIaHOBU MposiBiIeHUs. PopMupaHeTO Ha



IIOCOYCHUTE THUIIOBE PYIHU HAXOJUILA € TACHO CBbP3aHO C KbCHOKPEAHHS MarMaTusbM. Te ca
€JIEMEHTH OT CTpOEXa M €BOJIOLMATA HA OTIACIHUTE BYJIKAHO-IUIYyTOHUYHU KOMIUIEKCH. B
CBHOTBETCTBUE € TOBA ce pasrpannyasar Enaniko-Yenonemxkoro, Acapen-Menerckoro, Kpacen-
[lerenoBckoro, PaakuHckoTo M ENIMIIKOTO pyaHM IMOJeTa, KOUTO OOXBAIIaT ChOTBETHUTE
BYJIKQHO-IUTyTOHUYHH KOMILIEKCH.

CBBMECTHOTO MPOCTPAHCTBEHO PA3IOJIOKEHUE Ha OMMCAHUTE IIO-TOPE JBa TUIIA MEIHU
HAXOJUIIA U ACOLMHUPALIUTE C TAX KWIHM HaXOAWIla B paMKUTE Ha OTYETIUBO 000COOEHU
PYIHH TIOJNIETa € eIHA XapaKTepHa ocoOeHOoCT Ha [laHarropckust pylaeH pailoH, MOjaCKa3Balia
€IMHEH U3TOYHUK U OIpe/esieHa MOCIeI0BaTeTHOCT B Pa3BUTHUETO HA PyI000pa3yBaTeIHUTE
CUCTEMHM, OTJIOKWIM PA3IMYHUTE MUHEpPAIU3alUMU B OTACIHUTE pyIHU mnoisera. M3oTonHuTe
u3cneaBanus Ha (GuyuaHuTe cuctemu B Haxoaumia Panka, Emmmna u BnaiikoB BpbX maBat
yOeauTenHu Jo0Kas3areicTBa 3a €AUHHM pyAHO-MarMaTM4HU CHUCTEMH B TIpaHMLINUTE Ha
OTACIHUTE PYIHH MOJeTa (BYJIKaHO-TUTyTOHUYHH KOMILIEKCH). B paMKkuTe Ha Te3U CUCTEMU Cce
OCBIIIECTBSABA CHBMECTHO (popMupaHe HA MEAHONOPPHUPHU W EMUTEPMAIHU HAXOJHINA KaTO
MPOAYKTH Ha IMOCJIENOBAaTeIHO pa3BHBAIlM CE€ BBB BpeMeTo mpoiecu. Karo usno mpu
MUTpalMsATa Ha MarMeHara akTUBHOCT OT CEBEp Ha IOI, B OTACIHUTE PYIOHOCHHU BYJIKaHO-
TUTYTOHMYHU KOMILIEKCH ce Ha0esI3Ba BCe MO-TOJIIMO YYacTHe Ha KOPOB MaTepuaj B MarMara,
KOETO MapKupa NO-IUIMTKM HHBa Ha MarmooOpa3yBaHe. BeposTHO ¢ 1O-IbJIOOYMHHO
reHepupaHe Ha MarMHUTE B CEBEPHUTE YacTu Ha paiioHa (Enamiko-YenonenxkoTo pyaHo moje) e
CBbp3aHO 3HAUUTEIHOTO YYaCTHE Ha 3J1aTO B PyAHUTE MUHEPAIU3ALUHU, KAKTO U IPUCHCTBUETO
Ha MUHEpalld Ha eJeMEHTH OT IUIaTMHOBaTa rpyna. B Haxomumiara oT pyaHHUTE IojeTa B
I0’KHATa 4acT yYacCTHETO Ha 371aTO B CUCTEMUTE OYEBUIHO HAMAJISIBA, a MUHEPAJIN Ha €JIEMEHTU
OT IUTATUHOBATA TPYIIa HE CE YCTAaHOBSBAT.

B wmoHorpadusta ca pasmienanu Han 150 pynHuM Haxonuiia, pyAOINpPOSIBICHUS U
MUHEpaJIHU UHIUKAIIMU, KaTo € U3Moia3BaHa HHpopManus ot 436 nureparypHyd U3TOYHHUIIA U
32 dhougoBu goKIana.

ABSTRACT

The Panagyurishte Ore Region is part of the Apuseni-Banat-Timok-Srednogorie (ABTS)
Magmatic and Metallogenic Belt, which is an element of the Alpine Carpathian-Balkan tectonic
system. The belt is formed as a result of riftogenic extension after the Vardar zone subduction
and the Austrian collision. Intensive Upper Cretaceous effusive and plutonic magmatic activity
with dominantly high of potassium Ca-alkaline and sub-alkaline character is widespread in the
region as well as in the whole ABTS belt. Magma generation occurs in enriched upper mantle
with variable crust component input.

The metallogenic characteristics of the Panagyurishte Ore Region are determined by the
development of a wide range of different types of ore deposits. The porphyry copper and
massive sulfide copper deposits possess a leading role. Molybdenum-copper, copper and gold-
bearing copper mineralization types are distinguished among the porphyry deposits. Copper-
pyrite, gold-bearing copper-pyrite and gold-copper-pyrite mineralization styles are
differentiated in the massive-sulphide deposits. Less important are vein or vein-like gold-
copper-lead-zinc, gold-lead-zinc, gold and barite deposits. In addition, epithermal stockwork
gold ore deposits and volcanogenic-sedimentary manganese occurrences are found. The
development of the noted ore deposit types is closely related to the Late Cretaceous magmatism.
They are elements of the setting and evolution of the individual volcanic-plutonic complexes.
Accordingly, the Elatsite-Chelopech, Asarel-Medet, Krasen-Petelovo, Radka and Elshitsa Ore
Fields are distinguished, and they cover the corresponding volcano-plutonic complexes.



The joint spatial location of the two types of copper deposits described above and the
associated vein deposits within distinctly outlined ore fields is a characteristic feature of the
Panagyurishte Ore Region. This suggests a single source and a certain sequence in the
development of the ore-forming systems that deposited the different mineralizations in the
individual ore fields. The isotopic studies of the fluid systems in the Radka, Elshitsa and
Vlaikov Vrah deposits provide convincing evidence for unified ore-magmatic systems within
the boundaries of individual ore fields (volcano-plutonic complexes). Within these systems, co-
formation of porphyry copper and epithermal deposits takes place as products of sequentially
developing processes over time. In general, during the migration of magmatic activity from
north to south, in the individual ore-bearing volcano-plutonic complexes is observed an
increasing involvement of crustal material in the magma, which marks shallower levels of
magma generation. The significant participation of gold in ore mineralization, as well as the
presence of minerals of the platinum group elements, is probably related to a deeper magma
generation in the northern parts of the area (Elatsite-Chelopech Ore Field). In the deposits of
the ore fields in the southern part, the participation of gold in the systems is clearly decreasing,
and minerals of the platinum group elements are not found.

The monograph examines over 150 ore deposits, ore occurrences and mineral indications,
using information from 436 literary sources and 32 National Geofund reports.
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PE3IOME

Jlexuuure o MeranoreHus ca IpeIHa3HaYeHU 3a CTyAEHTUTE OT MuHHO-IeonoxKkus
VYuusepcurer “C. MBan Puncku”. Opranusupanu ca B JBe 4acTu: ,,OCHOBM Ha
MeTrajnorenusTa u ,,Meranorenus Ha beirapusa‘.

B mppBara yacT HaKpaTko ca IMPEACTABEHU TEOPETUYHUTE OCHOBU HA METAJIOICHHUSA
aHanu3.  Pasmienanm ca TEOTEKTOHCKMTE M CTPYKTYpHUTE,  MarMaTU4yHUTE,
CeIMMEHTALMOHHUTE, MeTaMOppHUTE M TIeOXMMUYHHUTE (HAKTOpPH, M3y4aBaHH OT
MeTaJIOreHUsITa. 3acerHaTy ca MeTOANTE Ha METaJIOTeHHUSI aHAIU3 (MCTOPUYECKH, PETHOHATIEH
U T.H.), 00paboTkaTa Ha MH(OpMAIHMATA U ChCTABSIHETO HAa METAJIOTEHHH KapTH.

Btopara wact Ha neknuuTe oOxBamia MetaimoreHusiTa Ha bearapus. Ts e pazpaboreHa
KaTo CbKpaTeH BapMaHT Ha MOHorpadmusra ,Meranorenus Ha bwarapus® ¢ aBropu Iletko
[Tono u Kamen Ilonos (2022), BkmtouBamia ,,MeranorenHa kapta Ha bearapus B mamad
1:500 000*. 3a mo-meraiiiHa MH(OPMAIMS OTHOCHO pa3IMYHUTE METAJOTCHHU €MOXH U
EIMHUIIM U OTICITHUTE HAXOHUINA W PYIOIIPOSBICHUS, KAKTO U 3a IThJIHA JINTEPATypHA CIIpaBKa
aBTOPUTE CHBETBAT J1a Ce M0J13Ba MOHOTpadusTa.

OcaeH 3a cTyneHTUTe 0T MUHHO-I' €0IOKKHS YHUBEPCUTET, TE3U JIEKIIMA MOTaT Ja Obaar
MOJIE3HH 332 BCUYKHU T'€OJO3HM W JIPYTH CIEUUAINCTH, padoTemu B cdepara Ha ThPCEHETO U
MPOYYBAHETO HA PYIHU MOJE3HU U3KOIMACMHU.

ABSTRACT



The Lectures on Metallogeny are intended for the students at the University of Mining
and Geology “St. Ivan Rilski”. They are organized in two parts: “Basics of the Metallogeny”
and “Metallogeny of Bulgaria”.

The theoretical basics of metallogeny are briefly represented in the first part. The
geotectonic, structural, magmatic, sedimentary, metamorphic and geochemical factors studied
by metallogeny are considered. The methods of metallogenic analysis (historical, regional, etc.),
the information processing and the map reparation are described.

The second part of lectures covers the metallogeny of Bulgaria. It is developed as a
shortened version of the monograph “Metallogeny of Bulgaria” with authors Petko Popov and
Kamen Popov (2022), including “Metallogenic Map of Bulgaria in Scale 1:500 000”. The
authors recommend using the monograph for more detailed information about the different
metallogenic epochs and units and individual deposits and ore occurrences, as well as for a
complete literature reference.

Except for the students from the University of Mining and Geology, these lectures can be
useful to all geologists and other specialists working in the field of prospecting and exploration
of ore minerals.

E23.83 Ilonos, K. 2022. Ynpasrxxcnenua no zeozpaghcku ungpopmayuonnu cucmemu. U3n.
»MI'Y CB. UBan Pusicku", Codus, 89 ctp.

Popov, K. 2022. Exercises on Geographic Information Systems. Publ. “Univ. Min. Geol. St.
Ivan Rilski”, Sofia, pp. 89.

PE3IOME

Hacrosure ynpaxxHeHus ca pa3paboTeHM C Liesl ycBosiBaHe paborara ¢ 'eorpadcku
Nudpopmanmonnn Cucremu (I'MC). Te mnokpuBar NpakTUUYECKUTE TEMH, pas3IvielaHd B
yuebnuka ,Kypc mno Teorpapcku HWupopmanmonnun Cucremu” (K. Ilomos, 2006).
[IpencraBeHuTe TYK yrpakHEHHs ca OChbBPEMEHEHH TaKa, 4e J1a MOTaT J1a C€ U3ITBJIHABAT C I10-
HoBuTe Bepcuu 10.x Ha copTyepa ArcGIS.

3agaunTe U TIAXHOTO H3MBIHEHHWE ca TMPEACTaBeHW B MOApoOHa (opma, KaTo 3a
JOMBIHUTETHA UH(OPMAITUS 32 BB3MOXKHOCTUTE Ha cohTyepa KbM BCAKO YIPAKHEHUE MOKETE
Ja TIONI3BaTeé CHOTBETHATa IJlaBa OT Y4YeOHWKAa WJIM PBKOBOJICTBATA, MPHIPYKABAIU
mporpamMara.

VYrpaxHeHusita ca pazpaborenu Ha 6azara Ha copryepa ESRI ArcGIS Bepcus 10.x, napen
Ha MI'Y or ESRI bbarapus, a 3a npuMepHM HaHHM ca U3IO0J3BaHM OCHOBHO JAaHHH,
pasnpocTpaHsiBaHU 3ae1HO ¢ To3u codryep. LlenTta Ha ynpakHeHUTA € CTyACHTUTE /1a MOTaT B
roJIsIMa CTETNIEH CAMOCTOSITENIHO J1a YCBOSIT OCHOBHUMTE IIOXBATH U aHaIN3H, u3non3sanu B ['HIC.

ABSTRACT

The present exercises have been developed with the aim of learning Geographic
Information Systems (GIS). They covered the practical themes from the textbook “Course on
Geographic Information Systems” (Popov, K., 2006). The exercises included here are updated
so that they can run with newer versions 10.x of ArcGIS software.

The tasks and their implementations are presented in a detailed form, and for additional
information about the capabilities of the software for each exercise you can use the
corresponding chapter of the textbook or the manuals accompanying the software.



The exercises are developed on the basis of ESRI ArcGIS version 10.x, donated to UMG
from ESRI Bulgaria, and data distributed with this software is mainly used as examples. The
aim of the exercises is for the students to be able mostly independently to learn the basic
concepts and analyzes used in GIS.
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PE3IOME

Hacrosimure ynpakHeHu ca npeaHa3HadeHH 3a CTYIEHTUTE OT [ eooro-npoyyBaTenHus
¢dakynrer Ha MunHo-leonoxkuss VYauepcurer “CB. MBanm Puicku”, wu3ydaBamm
JUCIUILUIMHATA “JIMCTaHIMOHHU METOAM B Ie0JI0THATA .

B Te3u 3anucku ca pasmieaHd OCHOBHMTE METOAM 3a IpeaBapuTeiaHa oOpaboTka Ha
CaTeNUTHHU N300paKeHUS M IPUHIIMIIUTE Ha TAXHATA BU3yallHA U KOMITIOTbPHA UHTEPIPETAIHS.
OcBeH HAacTOALIOTO PBKOBOJCTBO, CTYJIEHTUTE Cj€lBa Ja IOoJay4yaT OT IpernojaBaTens M
HeoOxoaumus coTyep U IaHHU 32 U3II'BJIHEHUE Ha YIPAKHEHUSTA.

OcgeH 3a crynenTuTe oT MuHHO-I €0105KK1ST YHUBEPCUTET, T€3U 3aITUCKU MOTaT Ja Ob1at
TMOJIE3HU 32 BCUYKH T'€0JI03U U APYTH CHEIHAIMCTH, JKEIAelIH /1a Ce 3a03HaiAT ¢ 00paboTkaTa
Y MHTEPIIPETANNATA HA CATCITUTHH U300PaKCHHMSI.

ABSTRACT

The present exercises are intended for the students of the Faculty of Geology and
Exploration at the University of Mining and Geology “St. Ivan Rilski”, learning the discipline
“Remote Sensing Methods in Geology™.

The basic methods for pre-processing of satellite images and the principles of their visual
and computer interpretation are described in these notes. Apart from this manual the students
should also receive from the teacher the necessary software and data to perform the exercises.

Except the students at the University of Mining and Geology, these notes can be useful
for all geologists and other specialists wishing to learn about the processing and interpretation
of satellite images.
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