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[Ipen Hac e x0o6HAeHHOTO 50-ro0 usnanue Ha M'oagMIIHHKA Ha HauaTa
MHHHAa U reonokka Aama Marep.

B roguHuTE, C pa3BUTHETO Ha HAIIETO BUCIIIE YUYHAUIIE, C Pa3BUTHETO Ha
F€OAOTOIIPOYYBATEAHOTO [EAO0 W MHHHAaTa IIPOMHUIIAEHOCT, CE pa3BHUBa U
FogumHUKBT Ha MUHHO-Tre0A0KKUd YyHUBepcuTeT “CB. UBan Puacku’”.

Or BpemeTo, KOraTo H3AH3a IIbPBOTO H3AaHWE, ChaAbpKAIo 12
IIyOAMKAaIlMM Ha Y4YeHUTE, OCHOBATEAW Ha YHuBepcureTa, [OQUIITHUKBT
IIpeThpPIsaBa ChIIECTBEHH IIpoMeHU. HapacTBa OpodT Ha Yy4YacCTHHIIUTE,
HapacTBa OpoST M KadyeCTBOTO Ha HAyYHUTE U3CA€ABAHUA U IIyOAMKAIIUU.
[TogBaBaT ce IBPPBUTE YyKAECTPAHHU yYaCTHUIM, 3a Ja C€ OOCTHUTHE OO0
JHEIITHUS My BH[, CBCTOMII] CE OT YETHUPHU CBHUTHKA, TIOKPUBAII HAYIHOTO U
HH(OPMAIIMOHHOTO O0CAyKBaHe Ha oTpachad, ChObpKAIIM cpenHo 125
rmyoankarmu Ha 200 aBTopa.

C dgect u ropmoct orbeag3Bame, ye B Te3u SO m3maHusa ca IIyOAUKyBaHU
Hag 3500 Hay4yHU Tpyda, IpeacTaBsiyd H3caeaBaHusaTa Ha Han 6000 Hamiu
aBTopa — Yy4deHHM U ImpousBoacTBeHunu. B 450 ot Te3um Tpyma ca
npencraBeHn Han S90 Koaerm or uyxkOuHa. [lyOAMKyBaHU ca cTaThuHd 3a
u3nbAHEHU Han 5500 HaIlMOHAaAHM B MEXAYHApPOAHU HAYYHOU3CAEIO-
BaTEACKH IIpoeKTH, oT Kouto 2700 ca BHeApeHU B IIPOU3BOACTBOTO.
OtneyaTaHu ca MyOAMKAIlUM, CBBP3aHH C YCIEUTHOTO 3ammraBaHe Ha 530
JUCepTalluy Ha JOKTOPHU U IATH.

[Hec, yecTBaKHU TO3U 00MAeeH ['OMUNIHUK, Ce IIPEKAAHSAME C IIOYUT U
OPU3HATEAHOCT IPEA MOEAOTO Ha YYEHUTE, TBOPHUAM U H3CAE€OBAAU IIPEIU
Hac, IIpea TeXHUTe IIPUHOCU U aKTUBHA NpodecruoHasHa AeHHOCT, Ch3oaAr
yCAOBHATA 3a IIPEBPBIIAHE Ha HANINS YHUBEPCUTET B CBHBPEMEHEH
KOMIIAEKCEH y4deOeH U H3CA€JOBATEACKH IIEHTHP C aBTOPUTET y Hac, B
pEerrvoHa U CBeTa.

Lloy. 0-p BeHyucnas HeaHos

3am. Pexkmop



The jubilee 50" edition of the Annual of our mining Alma Mater is in
front of us.

During the years, with the development of our high school, of the geological
exploration and the mining industry, the Annual of the University of Mining
and Geology “St. Ivan Rilski” has developed as well.

Since the moment, when the first issue containing 12 publications of the
scientists - founders of the University has been printed, the Annual
undergoes significant changes. There is a growth in the number of
participants and in the quality of the scientific research and publications.
The first foreign participants appear and its current description consists of
four scrolls covering the scientific and informational service, comprising on
average 125 papers by 200 authors.

With honor and pride, we record that over 3500 scientific papers,
representing the research of more than 6000 authors of ours — scientists
and engineers have been published in these 50 issues.

Implementation of more than 5500 national and international scientific
and research projects, 2700 of which have been introduced in practice,
have been published. A number of papers connected with the successful
defenses of 530 PhD and DSc dissertations have been published.

Today, celebrating this jubilee Annual, with respect and gratitude, we bow
down to the contributions and active professional activity, to the life-work
of the scientists, who have been working and studying before us, creating
the conditions for the transformation of our University into a modern
complex educational and research centre, prestigious in Bulgaria, the
region and the world.

Assoc. Prof. Dr. Ventzislav Ivanov

Vice-rector
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rOAVLIHWK HA MMHHO-TEONOXKAA YHUBEPCUTET “CB. BAH PUNCKI”, Tom 50, Ce. |, F'eonorus u reocmsmka, 2007
ANNUAL OF THE UNIVERSITY OF MINING AND GEOLOGY “ST. IVAN RILSKT", Val. 50, Part I, Geology and Geophysics, 2007

FEONOXKU NPEANOCTABKW 3A CbXPAHABAHE HA NMPUPOJEH N'A3 BbB
BOAOHOCHU CTPYKTYPU B NANEOrEHCKWA PA3PE3 OT BAPHEHCKATA
MOHOKINWUHANA U [ONHOKAMYUMUCKOTO MOHWXEHUE (MPUHLIMMK U
METOAWYHM NOAXOAWN)

Bacun banuHoe, MapuaHa [JoHyeea, Eqppocuma 3aHesa-fJobpaHosa

MurHo-eeonoxku yHugepcumem ,Cs. MeaH Puncku”, Cogpus 1700; geoenergy@mgu.bg

PE3KOME. MoasemHoTO CbXpaHaBaHe Ha NPUPOAEH ra3 BbB BOAOHOHW NnacToBe npeacTaensaBa NepcnekTuBeH METoA 3a yCnoBuATa Ha E'bnrapvm. I'IpmnaraHeTo My
€ CBbP3aHO CbC 3Ha4YUTENHU pUCKOBE, MPOU3TUYALLM OT CbLUHOCTTa Ha MeToda — Cb3flaBaHe Ha U3KYCTBEHa ra3oBa akymynauua, KOATo Aa 0TroBaps Ha onpeaeneHu
KpuTepuanHu nokasaTenu, XxapakTepHu 3a NoA3eMHUTE ra3oBu XpaHunuLla. Tean nokasatenu umat CBou CI'IeLLM(*)MHHM 0cobeHoOCTH 1 U3MEpPEHNA Npu KOHKPETHU
reonoXKn ycnosnsa v npu 3agafgeHn TeXHONOIMYHU U TeXHWKO-MKOHOMUYECKWN MoKasaTenu Ha NoTeHUWanHWTe rasoBu XpaHunuilia. B HacToAlaTa pa60Ta, Ha
npuMepa Ha naneoreHckUTe Hacnarn OT M3TOYHaTa 4acT Ha Mwu3suiickata nnaT(bopma (BapHeHCKaTa MOHOKNMHana 1 [lonHokaMuuickoTo I'IOHVI)KeHI/Ie) ca
npeacTaBeHW OCHOBHWUTE NMPUHUMNW U METOAMYHUTE noaxodu npu uU3yvyaBaHe Ha Bb3MOXHOCTUTE W NEePCneKTMBUTE 3a U3rpaxdaHe Ha NOA3eMHU XpaHunulia.
PaSpaGOTeHM Ca OCHOBHWTE NPUHLMNK 3a OLEHKa, aHanus n 0606|.LLaBaHe Ha MH(i)OpMaLlMFITa, KOUTO Ca OCHOBaHW Ha NnorukaTa Ha u3cnefoBaTesnickua npouec. 3a
Lenute Ha KkomnnekCHaTa OLUeHKa Ha noTeHuuanHu obekT, KouTo OTroBapAT Ha paapa60TeHMTe KpuTepuanHu nokasatenu, ca npeanoxeHun KJ'IaCI/Id.)VIKaLtI/IOHHI/I
CXEeMM Mo Hskomnko 6a3oBK nokasaTenu: KanauuTUBHN Bb3MOXHOCTU Ha NOTEHLWanHUa NpoayKTMBEH XOPU3OHT, CTeNeH Ha U3y4eHOCT U CTeneH Ha NOAroTBeHOCT 3a
ONUTHO-NPOMULLNEHO HarHeTaBaHe.

GEOLOGICAL PRECONDITIONS FOR NATURAL GAS STORAGE IN WATER-BEARING STRUCTURES
IN PALEOGENE IN THE VARNA MONOKLINALE AND THE DOLNA KAMCHIA DEPRESION
(PRINCIPLES AND METHODIC APPROACHES)

Vassil Balinov, Mariana Doncheva, Efrosima Zaneva-Dobranova
University of Mining and Geology “St. Ivan Rilski”, Sofia 1700; geoenergy@mgu.bg

ABSTRACT. The underground storage of natural gas in water-bearing layers is a perspective method for the conditions of Bulgaria. Its applying is connected with
significant risks resulting from the essence of the method - creating an artificial gas accumulation that corresponds to certain criteria parameters characteristic of the
underground gas storages. This parameters show specific features and dimensions under concrete geological conditions and at given technological and technical-
economical parameters of the potential gas storages. In the present work, the basic principles and the methodic approaches in studying the possibilities and the
perspectives for building underground storages are presented after the example of the Paleogene deposits from the eastern part of the Moesian platform (Varna
monocline and Dolna Kamchia depression). The basic principles of evaluation, analysis and generalization of the information are worked out. They are based on the
logics of the investigation process. For the purposes of the complex evaluation of potential objects that correspond to the worked out criteria parameters, classification
schemes based on several basic parameters are proposed: capacitive possibilities of the potential productive horizon; degree of studying and degree of preparation
for empirical-industrial injection.

BbBeaeHue 1 CbC creyndmkaTa Ha reornoxK1Te ycroBus, NpesnocTassLLm
n3bopa Ha NOOXOOAWM 33 LenTa NpUpPOAHM  KanaHw.
CnepBaiiku Tasw noruka, CleumanHo BHUMaHue ce 0Taens Ha
OCHOBHMTE KpUTEpUAIHY NokasaTenu npu n3bopa Ha obekTuTte
3a HarHeTsiBaHe Ha ras. Te ca CbobpaseHn ¢ ocobeHocTUTe Ha
mMeToauTe 3a umarpaxgaHe Ha [MX W reonoxkus puck npu
Cb3[aBaHETO Ha U3KyCTBEHU ra30BM akyMynaLum.

MMpobnembT 3a NOA3EMHOTO CbXpaHsBaHe Ha MPUPOLEH ras,
B YCIOBUSITA HA OMHAMUYHO pa3BMBaLLWs Ce ra3oB masap, €
W3KMIYMTENHO akTyaneH. Bbnrapus 3aema crtpaternyecko
MSICTO B TpaH3WUTHUS npeHoc 3a OankaHckuTe, a B Bruska
nepcrekTMBa W 3a €BPOMENCcKUTe CTpaHW. ToBa Hanara
M3rpa4aHeTo Ha HOBM XpaHUIKLLA Y Hac. B ToBa OTHOLIEHWE
MepecnekTVBEH, 3a YCMOBMATA HA HawaTta CTpaHa, € MeTogbT
3a CbXpaHsiBaHe Ha NPUPOZEH ra3 BbB BOJOHOCH! NNacToBe.

MonyyeHaTa Ha pasnyHW eTanu oT reonoronpOyYBaTENHATE
W U3CnepoBaTenckiTe paboTi MHGOPMALMS e aHannaMpaHa n
OLEHeHa OT [MedHa Toyka HA  MOCTABEHUTE  LEi.
CneuuanHuTe nacrieaBaHus ca NMPOBEEHW Ha OCHOBaTa Ha
CbBPEMEHHUTE MpeacTaBM 3a [ObNOOYMHHWS CTPOeX Ha
pasrnexagaHara TepuTopusi, nuTocTpaTurpadekata noasnda
Ha TepUMepHUTE Hacnark U CBbp3aHUTE C TSX pe3epBOapHM
cuctemn. Ypes cbrocTaBsiHe Ha CTPYKTYPHUTE MnaHoBE MO

B Hactosiwata paGoTa ca  W3NOKEHW MPUHLMMHUTE
MOCTAHOBKM 1 METOAUYHUTE MOAX0AM, KOUTO Ca MPUIOXEHM 33
KOHKpETEH pailoH OT TeputopusTa Ha Bbrrapus. Te ca
cboBpaseHn ¢ rorvkaTa Ha 13cnefoBaTenckist NpoLec, KakTo
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onpedeneHn  crpaturpadckm  HuBa, € AeduHupaHuTe
NPUPOOHM pe3epBOapy, Ca OYepTaHW IOKanHUTe CTPYKTYpH,
KbM KOWUTO Ca MPWUBBLP3aHW NPUPOAHK KanaHu OT CTPYKTYpeH
Tin (ur. 1). Te npeactaBnasat noTeHuManHu obekTi 3a
uarpaxgaHe Ha INrx.

310y,
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®ur. 1. TeKTOHCKa CXeMa W NOKanHU CTPYKTYpu

Ha 6asata Ha NpueTy KpuTepranHu NokasaTenum e HanpaseH

npengapuTeneH 13bop Ha Bb3MOXHO NEPCMEKTUBHI KanaHu, a
OLieHsIBaHMTE MOKanHW CTPYKTYpU Cca  Knacudpuumpasn no
CTeneH Ha nepcnekTMBHOCT. OKOHYATENHWUTE OLEHKM ca
W3BbPLEHN cred [eTailnHu M3cnedBaHusl Ha  Bb3MOXHO
NepcrnekTUBHUTE KanmaHW. Ha ocHoBaTa Ha M3BbPLIEHMS
CpaBHWTENEH aHanM3 W3y4YaBaHWTE NPUPOJHM KanmaHu ca
KnacudMumpaHy no CTEMeH Ha MPUrO4HOCT 33 CbXpaHsiBaHe
Ha NPUPOAEH ras, No KanauuTMBHU Bb3MOXHOCTM 1 NO CTeneH
Ha MOLTOTBEHOCT 3a OMUTHO-MPOMMLLNIEHO HarHeTsBaHe W
uarpaxgare Ha IMrx.

OueHka Ha MHhopMaumaTa

M3nonsBaHaTta B HacTOALETO W3cneasaHe MHGopmaums e
nonyyeHa B pe3ynTaT Ha MPOBEAEHWTE B  3HAYMTENEH
wHTepBan ot Bpeme (50-55 roguHK) reornoronpoyyBaTenHu,
uacnenosatencku 1 obobwutenHn pabotu. Mopaan ToBa T4
Ce XapakTepusupa C pasnnyHa CTeneH Ha aKTyarHocT,
MPEACTaBUTENHOCT W [ETalNHOCT; HEPaBHOMEPHOCT Mo
OTHOLLEHWe Ha u3yyaBanuTe obekTn u ap. Kato mnoctpaums
e MOCOYMM  HSKOMKO — mpumepa: 1)  HeepgHO3HauHa
WHTEPNPETALMS HA CeM3MWYHWUTE W3CMEABaHMS OT PasnuyHu
aBTOPY; 2) OTCBCTBME HA JOCTaTbyeH 06em MHGopmaums 3a
TEKTOHCKATa HAapYLWEHOCT Ha JOKanHWTe  CTPYKTypy; 3)
HEe[HO3HaYHOCT (4eCTO M MPOTMBOPEYMBOCT) Ha yYacT OT

XMIpOreonoxkaTa W XuApoXuMWYHaTa MHdopmauus, 4)
pasNuyHa CTENeH Ha M3y4eHOCT Ha NoKarnHuTe CTPYKTYpH; 5)
OTCbCTBME UMM HEMpedCTaBUTENHOCT Ha  AeTaiinHuTe
reodn31YHM U3CrNeaBaHns B No-TonsMara YacT OT COHAAXUTE;
6) OTCBbCTBME MNMW KpalHO HeocTaTbyHa WMHAopMauus 3a
W30NMpaLLMTE CBOWCTBA Ha MOKpuBKUTE U ap. MocoueHuTte
06CTOATENCTBA HararaT NPOBEXOaHETO Ha 3HauuTeneH obem
OOMbMHUTENHM  M3CTedBaHMs, C  W3non3BaHe  Ha
CbllecTByBalljaTa M HOBa MbpBMYHA MH(opmauus. Te ce
OTHacaT OCHOBHO no peuHTepnpeTaLms Ha
eneKTPOMETPUYHUTE U3CMedBaHUA B COHOAXHUTE paspesut:
aKTyanuaauus Ha NUTONOXKOTO PasuneHeHne Ha COHAAXHUTE
pa3pesn U yTouHsIBAHE Ha XPOHO- W nuUTOCTpaTUrpadckuTe
rpaHuUy;  akTyanusauuMs — Ha  MMTONOro-chu3MYHOTO
pasuneHeHe Ha COHOAXHWTE paspe3d U  YTOuHABaHE
MoBeJEHNETO Ha AethMHUPAHUTE PEe3epBOapHi  CUCTEMM
(nebenuHu,  MMOWHO  pasBuUTME M MPOCTPAHCTBEHM
B3AUMOOTHOLLIEHMS); U3ACHABAHE Ha CTPYKTYPHOTO NOMOXEHMe
Ha pesepBOapHUTE CUCTEMMW; U3yyaBaHe CTpoexa Ha
MOTEHLMANHUTE NPOAYKTUBHM XOPU3OHTW W M30NMpaLLMTE T
MOKPUBKM; OLIeHKa Ha MOpecTocTTa W edieKTUBHUTE AebenuHu
Ha NOTEHLUaNHO NPOAYKTUBHITE XOPU3OHTY 1 Ap.

Ha ¢wur. 2, B Ka4yecTBOTO Ha WMKCTpauus, € nokasaH
CTPOEXbT Ha MNOTEHUManHO nNpPOAYKTUBEH XOPU3OHT OT
naneoreHckuss paspe3 B [IONHOKAMUMIACKOTO MOHUKEHME.
BsanmooTHoLWeHusTa mexay npoH1LaemuTe u
TPYSHOMPOHUL@EMUTE CKanu Ca WM3AICHEHW B pesynTaT Ha
NPOBEAEHOTO AETANIHO NUTONOrO-(hU3NYHO pasyneHeHne Ha
COHOAXHUTE pa3pesu.

KputepuanHu nokasarenu

1360pbT Ha BOLOHOCHW CTPYKTYpWU 3@ CbXpaHsiBaHE Ha
npupogeH ras e cbobpaseH C W3BECTHUTE B CbBPEMEHHaTa
Teopus 1 npakTuka uancksanus (Lmpkosckui, 3agopa, 1974;
Mpasuna, 1986; Epmunos u ap., 1996; Study..., 1999;
KasapsH, 2006), npousTiyalm OT CbLIHOCTTA Ha MeToga W oT
cneunduyHMTe  TeomnOXKM OCODEHOCTM Ha W3yvaBaHaTa
Teputopus. o  CbliecTBO MeTogbT Cce cBexga [ao
Cb3[aBaHETO Ha W3KYCTBEHW akymyraLum, Ypes HarHeTsiBaHe
Ha npupodeH ra3 OT MarucTpanHus ras3onpoBO4 BbB
BOAOHOCHM nnactoBe. OOpasyBaHMAT ra3oB 3anex ce
obopyaBa 3a UyKnNMYHa ekcrnoataums (4obuB 1 HarHeTsBaHe).
ToBa onpegens cneuudgukata no OTHOLLEHWE Ha KpUTepunte
3a 13bop Ha nogxoaswy 06eKTH, B CPaBHEHWE C ECTECTBEHUTE
BbIIEBOAOPOAHM  akykymynaumu. Te wmoraT fga Gbgar
OTHECEeHM KbM [Be rpynu. [TbpBaTa obxBalia OCHOBHWUTE
NPEANnoCTaBky, CBbP3aHN C Bb3MOXHOCTUTE 3a (hOpMUPaHE Ha
NPOMULLNIEHN Ta30BM akymynauuu. Btoparta rpyna kputepun
ca aHanmornyHu unn 6ImMsku 4O M3NOn3BaHUTE Mpu 13bopa Ha
NOAXOASALLM 0OEKTH, CBbP3aHN C U3TOLLEHN UM HAMUPALLM ce
B eKcnnoataums Haxoguua.

Kem nbpeama epyna ce OTHacAT: a) HanmuuueTo Ha
NPUpOaHN KanaHu, CnocobHW Aa akymynupaT NpOMMLLIIEHM
Konmyectea npupogeH ra3; 0) TUMLT Ha KanaHwTe; B)
XMIPOreonoXKUTE YCIOBYS.
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®ur. 2. CTpoex Ha NoOTeHUUanHo NPOAYKTUBEH XOPU3OHT, NPUBBLP3aH KbM JloKanHa CTPYKTypa B naneoreHCKus paspes ot [l0fHOKaM4MINCKOTO NOHNXKEHUE

HannuneTo Ha NOAXOAsLM NPUPOOHU KanaHu B U3y4aBaHuTe

CEOMMEHTHM pa3pesn ce OMpenens OT TeoNioKKUTe YCIOBUS:
MPUCLCTBME HA MPOHML@EMM U TPYAHOMPOHWLAEMN CKanK C
OnaronpusTHA  KOMEKTOPHM M M30NMpalLy  KayecTBa;
BnaronpusTHA NPOCTPAHCTBEHM B3aMMOOTHOLLEHWS MeXay
KONIeKTOpHUTE U M30nMpalmTe  ckanu, obesnevaBaluy
(hOpMUPaAHETO Ha pPe3epBoapHu CUCTEMM; GriaronpusiTHu
CTPYKTYPHO-TEKTOHCKM YCrOBUs, 0BycraBsawm hopMupaHeTo
Ha MpWUpOOHM KanmaHu; OraronpusiTHO CbyeTaHWe Ha
TeorioXKMTE  yCroBusl, OOYCraBAlM  XepMETUYHOCT  Ha
MPUPOZHUTE KanaHw.

BbamoxHOCTUTE 32  aKymynupaHe Ha  MPOMMLUIIEHM
KonuyecTBa a3 Ce OMPedenaT oOT: reoMmeTpuaTta Ha
NPUPOLHUTE KamaHu; CTpoexa M (PU3NYHUTE CBOWCTBA Ha
KOMEKTOPHUTE CKalM U Bb3MOXHOCTUTE 3a peanusvpaHe Ha
HeODXOQUMWUTE HamnsraHWs Ha HarHeTsiBaHe Ha rasa,
MPEeBWLLABALLM XMOPOCTATUYHOTO HansraHe.

MocoyeHUTe MokasaTeny ONpedensT B 3HauMTerHa CTeneH
Bb3MOXHUAT  edhekTMBEH 00eM  Ha  MOTeHUManHuTe
MPOAYKTVUBHU XOPW3OHTM, 00EMUTE Ha CbXpaHsiBaHWs ras U
MPOV3BOAMTENHOCTTA HA  EKCNoAaTalMOHHUTE  COHOaW.
MpomMuLLNeHaTa XapaKTepucTVKa Ha MOTEHUMarHuTe rasosu
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aKymyrialun 3aBuCH, CblLO Taka, OT YCroBWSTA HA TsixHaTa
peanusauus (MpyW 3aKpUTa WM OTKPUTA BOAOHAMOPHA
cucTema.

M360pbT Ha noaxodsl, mun npupodHU KanaHU € CBbp3aH
OCHOBHO CbC 3HAYMTEMNHMSI PUCK Npu uarpaxgaHeto Ha MI'X
BbB BOJOHOCHM nracToBe. [opaan ToBa T03W puck Tpsbea aa
Obge Bb3MOXHO HaW-MambK. TakuBa Bb3MOXHOCTU ce
ovYepTaBaT MpW MPUPOLHWTE KamaHW, YUMMTO XapaKTepuUCTHKM
MOANEXaT Ha MPOrHO3uWpaHe MNpy reonoronpoyyBaTenHuTe
paboTu. TakuBa ca KnacuyeckuTe KamaHu OT CTPYKTYPEH Tun,
MPUBBLP3aHN KbM MO3UTUBHU CTPYKTYpU, MPU OTCLCTBME Ha
TEKTOHCKA HapyweHocT. OTKMOHEHWsiTa OT Tean YCroBus W
0COBEHO HanMYMETO Ha TEKTOHCKM HapyLUEHWs MOCTaBsAT MOA
CbMHEH/E XEpPMETWYHOCTTA Ha KanaHute W yBenuyasar
reonoxkns puck. B owwe no-ronsma cTeneH TOBa Baxw 3a
KanaHWTe OT HECTPYKTYPeH Tun (cTpaturpaddCcki, NMTOMNOXKMA
OrpaHuyeHu, KOMBOWUHMPaHM), KOWTO He MOAMEXaT Ha pearnHu
MPOTHO3HM OLIEHKM, OTHOCHO Bb3MOXHOCTUTE 3a CbXpaHsiBaHe
Ha NpuvpogeH ra3 B TsaAX. [lopagn TOBa, B HACTOALETO
n3crnegsaHe, ODEKT Ha OLEHKM Ca MPUPOLHWTE KamaHu OT
CTPYKTYPEH Tn.



Xudpozeonoxkume ycriogusi Ha NOKanmHUTEe CTPYKTYpU W
CBbP3aHUTE C TAX MPUPOLHN KanaHW UrpasT BaxHa pons npu
TAXHaTa OLEHKA KaTo MOTeHUWanHn obekTu 3a CbXpaHsiBaHe
Ha npupogeH ra3. OcBeH OT rregHa Touka Ha YCnoBusTa M
Bb3MOXHOCTUTE 3a (POPMUPaHE W CbXpaHsiBaHe Ha ras3oBu
aKymynawuy Tasv pons e BaxHa v npu obocHoBkaTa v usbopa
Ha MeTof 3a usrpaxgaHe Ha IMX. B ycriosusTa Ha 0TBOpeHa B
XMOPOOWHAMUYHO  OTHOLLEHWe  BOLOHaNoOpHa  CUCTeMa,
(OpMUPaHETO Ha rasoBM akymyrauum ce oCbluecTBsBa 3a
CMeTKa Ha W3TNackBaHeTo Ha BojaTa KbM MecTata Ha
ApeHupane  (pastoBapeaHe). [lpn  Tean  ycrosus
ekcnnoatauusTa Ha noteHuuannute MMX ce u3BbpwBa Npu
BOAOHANopeH pexum. [pu 3aTBOpeHa B XWUOPOAMHAMUYHO
OTHOLLIEHWe BOAOHANOPHa cucTemMa, (POPMUPAHETO Ha ra3osu
akymyrnaumum ce OCbLLUECTBSBA 3a CMETKa Ha enacTudyHuTe
CBOWCTBA Ha nnacrtoBata cuctema. [lpu Tesn ycnosws
Oboewmte MMX ce ekcnnoatMpat npW enactuyeH umw
enacTUyHo-BofdOHanopeH  pexum. B 3aBucumoct  oT

KOHKPETHUTE TEOJI0XKKM YCnoBuA (bOpMI/IpaHeTO Ha TrasoBsu
aKymynauum, npu 3aTBOpeHN BOAOHANOPHN CUCTEMU, MOXE A
Ce peanuanpa ”n 4pe3 ApeHupaHe NOCPEeACTBOM COHAAXM,
pa3nonoXeHn N3BbH KOHTYPUTE Ha NPUPOAHUA KanaH.

B ycnoBusiTa Ha U3KIIOYUTENHO CNOXHUS FEONOXKU CTPOEX
Ha naneoreHcKWUTe Hacnmaru B W3yyaBaHaTa TEPUTOPUS, Hal-
4eCTO NOCOYEHUTE reONOXKM NPeanocTaBKki 3a U3rpaxaaHe Ha
MrX BbB BOJOHOCHW MNAcTOBE, He Ce HamupaTt B 0CODEHO
BnaronpusaTHu cbuyeTaHus. Hesaeucumo OT ToBa MoraT fa
Obpat HabenssaHn peguua, pasnuyaBally ce Mo CTEMeH Ha
NPUrOGHOCT CTPYKTYPU W CBBP3aHW C TAX MPUPOLHW KanaHw,
KOMTO NpefcTaBnaBat onpeseneH uHtepec. Kato untocrpauus
Ha cur. 3 ca nokasaHu Bb3MOXHO NEPCMEKTUBHW NPUPOAHU
KanaHu NpUBBbP3aHW KbM NOKanHa CTPYKTypa B NaneoreHckus
pa3pe3 oT [JoNHOKaMYUIACKOTO MOHKEHME.
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®ur. 3. MepcneKkTUBHU NPUPOAHN KanaHU, NPUBBLP3aHA KbM NOKanHa CTPYKTypa B naneoreHCKus pa3pes oT [loNIHOKaM4MNCKOTO NOHMkeHM (1-coHpax; 2-
cTpaTurpadcka rpaHuua; a-HopManHa; 6-pasmMuBHa; 3-rpaHuua mexayEoc2-Eoc3; 4-rpaHuua Mexay npeobnafaBallo NPOHULAEMO U TPYAHONPOHULIAEMO
TAN0; 5-NoTeHUManHa razoBa akymynauus; 6-nporHo3eH BOA0-ra3oB KOHTaKT; 7-Nnpeo6nagaBalyo TpyAHONPOHULIAEMO NTUTONOr0-(hU3NYHO TANO)

Mo cTeneH Ha MepPCreKTMBHOCT, OT rregHa Toyka Ha
MpUCLCTBME B CEAMMEHTHWS paspe3 Ha MPUPOLHM kanaHu,
OTroBapsilt HAa OCHOBHWTE W3WUCKBAHWS W KpUTEpUANHUTE
nokasaTeNnn 3a CbXpaHsiBaHe Ha MPWUPOAEH ras, JIoKanHuUTe
CTPYKTYpY ca KnacuduLmMpaHm No cregHata cxema:

1) NepcneKkTUBHU: C MPUCHCTBME B pa3pe3a Ha eduH Wiu
noBeye MOAXOASWM MPUPOOHM  KanaHu, paskputn ¢
[OCTaTbyeH Gpoit coHpay;
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2) Bb3MOXHO NEPCTEKTUBHU: C Bb3MOXHO MPUCLCTBUE B
paspesa Ha eduH WK NoBeYe NOAXOMALLM NPUPOAHN KanaHu,
PasKpUTH C eOMHUYHN COHORKM;

3) C HeussiCHeHa MEpCMeKTUBHOCT: YCTAHOBEHU MO
CEM3MWYHM [aHHW W TPU  HANMYMETO HA  TEONOXKKM
MpeanocTaBki 3a MPUCLCTBME Ha NOAXOOAWM MPUPOAHM
KanaHu;



4) 603ﬂepCﬂeKTVIBHVIZ C [0Ka3aHO Mo COHAaXHW AaHHWU Unn
Nno  reonoxKku Cb06pa)KeHVIFI OTCbCTBME HaA NOAXOOALLN
MPUPOAHN KanaHW.

Kem emopama epyna npegnoctaBku 3a u3bop Ha
NOAXOASALM BOOOHOCHM CTPYKTYpW 3a CbXpaHsiBaHe Ha
NMPMPOZEH ra3 ce OTHACAT: a) mMawabute Ha NoTeHUManHuTe
MrX; 6) reorpadckoTO MOMOXEHME Ha  BOAOHOCHWTE
CTPYKTYpW; B) [ObnbounHaTa Ha NpPUPOJHUTE KamaHu; )
OvaKkBaHaTa NpoJyKTUBHA XapaKTepucTika Ha NnoTeHuuanHuTe
MrX; £) Bb3MOXHOCTUTE 3a W3MON3BaHEe Ha CbLUECTBYBALUUTE
npoyyYBaTENHN COHAAXM NPK U3rpaxaaHeTto Ha MrX.

Mawabume Ha noTeHunanHute rasosu 3anexu, (MrX), ce
ONMPEeensT OT XapaKTepucTukata Ha NPUPOAHWUTE KamaHu:
reoMeTpusiTa Ha KanaHa, Bb3MOXHOTO Haii-HUCKO HMBO Ha
BOZI0-TA30BMS1 KOHTaKT; MeTofa 3a (popMupaHe Ha rasoeata
akymynauusi; edqeKkTMBHUS  KanauuTuBeH noTeHuMan Ha
KOMEKTOPHOTO TANO; CbOTHOLUEHMETO MEXOY aKTMBHUS U
Oycbephus ras m pgp. Te TpsbBa [a OTroBapsT Ha
notpebHocTMTE Ha noTpebuTenuTe WM fa YaoBNeTBOpsiBAT
ONpefeneHmn TEXHUKO-MKOHOMUYECKM U3WNCKBAHMS.

OT rmegHa TouKka Ha MOTEHUMANHUTE  KanauuTUBHW
Bb3MOXHOCTH (MPOrHO3HMS 06eM Ha rasa) NpupoaHNUTE KanaHu
ca KnacueuumpaHu no criegHara cxema:

1. MNepcnekTUBHK: @) C BUCOKW KanauuTUBHU Bb3MOXHOCTY:
nporHoseH obem Hag 2.10° m3; 6) ¢ OTHOCUTENHO BWCOKM
KanauuTWBHW Bb3MOXHOCTU: NporHoseH obem ot 1.10° go
210° ms; B) CbC CPedHU KanauuTUBHU Bb3MOXHOCTM:
nporHoseH obem ot 500.108 go 1.10° m3; B) C HMCKM
KanauuTMBHWN Bb3MOXHOCTW: nporHoseH obem ot 100.106 go
500.108 m3,

2. besnepcnekTvBHM: C MHOMO  HUCKM
Bb3MOXHOCTH (porHo3eH o6em nog 100.108 m3).

KanayuTneHK

MpennoxeHaTta KnacugukaLMOHHA Cxema e BanugHa 3a
ycnosusTa Ha bunrapus n e cbobpasena cbe: cneuudnyHuTe
rEeoNoXKM OCODEHOCTM Ha pe3epBOApHUTE  CUCTEMM W
NPUPOAHUTE KanaHW B NaNeoreHckus paspes OT M3yvaBaHaTa
TEPUTOPUS; CbLUHOCTTA HAa MeTofa 3a CbXpaHsBaHe Ha
NPUPOAEH ra3 BbB BOJOHOCHW MNAcToOBE; CLCTOSHWETO Ha
rasoBusi nasap B Gbnrapusi; notpebHOCTUTE Ha AOCTaBYMLMTE
Ha NpWPOLEH ra3 1 ap.

[eozpagbckomo  nonoxeHue Ha noteHumanHute [10X,
CMpsSIMO  rasonpeHocHata Mpexa W LEHTpoBeTE  3a
notpebneHne Ha NPUPOOEH a3, € BaxeH KpuTepuii npu
n3bopa Ha NOAXOAALUM BOLOHOCHM CTPYKTYpU. Hapeg ¢ apyru
nokasartenu, otganeveHoctta Ha [MX or 719X Bnusie
CbLUECTBEHO BBPXY TEXHWUKO-MKOHOMUYECKUTE MOKasaTenw.
[vnboyurama Ha noteHumanHute [MIMX cbwo Taka Brusie
CbLUECTBEHO BbPXY TEXHWUKO-MKOHOMUYECKUTE MokasaTenu. 3a
onTUManeH ce cMsita abndounHeH utepsan 400-700 m, Ho B
3aBMCMMOCT OT KOHKPETHWUTE YCMOBMWS TOI MOXe fa JOCTUTHe
2000 m u noseue.

lMporHosHuTe OLIEHKM Ha debumume u
npoussodumenHocmma Ha COHOaXume Ce W3BbPLUBAT Ha
GasaTa Ha M3CregBaHMsATa Ha  COHO@XW, Paskpunm

BOJOHOCHUTE XOPU3OHTH.
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Kato ce uma npeasua obaye BpemeTo Ha NpoBexaaHe Ha
COHOa@XHUTe paboTu MOXe Aa Ce CMATa, Ye HanuyHusm
CoHOaxeH (hoHO (B HAKOWM Cryyan KpaiHO OrpaHuueH) e B
Heobpo TEXHUYECKO CbCTOSHME.

MporHo3Hu nokasatenu

OCHOBHWUTE MPOrHO3HW MOKa3aTenu, Heobxogumu npw
OLieHKaTa Ha NepCreKTUBHWTE NTOKamHM CTPYKTYPU U NPUPOLAHN
kanaHn U 3a LEeNWTe Ha NPOEKTUPAHETO Ha  OMWUTHO-
NPOMULLNEHOTO HArHETSABaHe, ca CBbP3aHu C:

1) XapakTepucTkaTa Ha CTpyKTypaTa W kKanaHa: Twm;
MeCTOMoNoXeHne W ObnbounHa; TreoMeTpus; Bb3MOXHA
TEKTOHCKA HapYLUEHOCT.

2) reomeTpusitTa Ha Obgelata rasoea akymynauws:
Bb3MOXHO Hal-HACKOTO XMNCOMETPUYHO nonoxeHue Ha BIK;
TUN Ha 3anexa; BMCOYMHA Ha akymynauusTta, nmiow Ha
3anexa; cpegHa aebennHa Ha NpoayKTMBHIUS XOPU3OHT (obLua
1 echekTMBHA); 00eM Ha 3anexa (00w v edekTmBeH); 0bem Ha
npasHuHuTE (061 M eChEKTUBEH).

3) nuTonoro-huanyHaTa XapakTepuUCTMKa Ha KOMEKTOPHOTO
TANO  (MPOAYKTUBHUS  XOPW3OHT): CTPOEX U NIMTOMOXKKN
0COBEeHOCTM; TWM Ha KOMeKTopa; (HWU3MYHM MoKasaTenu
(NopecTocT, MPOHWLL@EMOCT, OCTaTbyHa BOAOHACMTEHOCT,
obemHa enacTu4HoOCT u ap.).

4) wu3onupallata xapakTepucTMka Ha MOKpuBKaTa W
NoasoxXKaTa: CTPOEX M NUTONOXKM ocobeHocTw; aebenuHa;
Bb3MOXHA HamnykaHOCT; IM3UYHU NoKasaTenu (CTpyKTypa Ha
NOPHUTE KaHann 1 NOPOMETPUYHU NOKasaTenw, nmd)yavaHa
NPOHMLIAEMOCT, HansraHe Ha npobuea).

5) xwpporeonoxkata XxapakTepucTuka Ha  fokanHuTe
CTPYKTYPY W MPUPOOHWTE KanaHW: CTaTW4HO HUBO Ha BoAaTa B
COHOA@XMTE;  Ha4yarHO  XWAPOCTATWYHO  HamsraHe  Ha
BOAOHOCHUTE ~ XOPW3OHTY; (PUNTPALMOHHM MoKasaTenu U
NPOOYKTMBHA XapaKTepucThka Ha BOAOHOCHWTE nnacToBe
(XMOpoOnNpOBOAHOCT,  MME30MPOBOAHOCT,  KOE(UUMEHT  Ha
NPOOYKTMBHOCT W [p.); CTeMeH Ha  W30nmMpaHoCT
(cbobLLyaeMOCT) Ha BOLOHOCHWTE XOPWU3OHTU U Bb3MOXHOCTU
3a [JpeHupaHe; WOHHO-COMEBW CbCTaB Ha  BOAWTE;
ra30HaCUTEHOCT Ha MOA3EMHWTE BOAM W CbCTaB Ha
pa3TBOPEHNS ra3; (hM3N4HW CBOMCTBA Ha BogaTa (MITbTHOCT,
BUCKO3MTET,  0DEMHa  €enacTuyHOCT);  TepmobapuyHa
XapaKkTepucTuka (no Boaara).

6) ycToiumBocTTa Ha npusaboiHaTa 30Ha Ha COHOAXMTE
(pm3nko-MexaHNYHUTE CBOMCTBA Ha NPOLYKTHBHIS XOPU3OHT);

7) eHepreTMYHa XapaKTepucTUka Ha MoTeHUuanHata rasosa
akymyrnauws (HayamHO NnacToBO HansraHe, NpeBWLIABALLO
HansraHe, pexmum);

8) mawabute Ha noTeHumanHata rasosa akymynauus (MNrX)
- 0bem Ha rasa.

3a u3cneaBaHNUTE NoKanHW CTPYKTYPU W MPUPOAHM KanaHu
pasrnefaHuTe  KauyeCTBeHM W KONMMYECTBEHM  MPOrHO3HM
nokasaTenu MMat pasnuyHa npeacTaBuTENHOCT, NPoM3THUYaLLa
OT pasnuyHnuTe 06eMn Ha CoHaaxHaTa MHGopMaLms. 3a BCeku
NepCneKkTUBEH NPUPOAEH KanaH TS e OLEHeHa OT rMeAHa Touka
Ha HeiHaTa A0CTaTbYHOCT 3a LIENNTE Ha NPOEKTUPaHETO.

Mo cremeH Ha NOATOTBEHOCT 3a OMUTHO-MPOMMLLAEHO
HarHeTsBaHe Ha npupodeH ras U npoektupaHe Ha [MX
MEepCNeKTUBHUTE MPUPOAHM KamaHu ca KnacvuduuupaHu no
crepgHata cxema:



1) ¢ MHOrO BMCOKa CTeneH Ha NOLATOTBEHOCT: NPK HanM4yne Ha
JocTtatbyeH 06em MHGopMaLs 3a MPOEKTUPaHE;

2) C BWCOKA CTeMeH Ha NOATOTBEHOCT: MPU HamMyve Ha
3HauuTeneH obem uMHGopmauus. 3a  MpoekTUpaHe e
HeoOXxo4MMa YTOuHsIBaLLa MH(bOpMaLus;

3) cbC cpefHa CTeneH Ha MOArOTBEHOCT: MPW HamMyne Ha
HegoctaTbyeH o0eM wHopmauus. 3a MpoekTUpaHe €
HeoOXoauMa [OMbMHUTENHA WHGOPMaUns B 3HAYMTENEH
obewm;

4) ¢ HMCKa CTeneH Ha MOATOTBEHOCT. NPW OTCLCTBME HA
3HauuTeneH obem uMHGopmauus. 3a  MpoekTupaHe e
HeoOXxogumMa HOBa  WHGopMauus  OT  LOMbIHUTENHM
reosioronpoyyBaTenHu LEeNHOCTY.

3aknioyeHune

MMpeanoXeHUTe  MPUHLMMHU  NOCTAHOBKM U METOAMYHM
noaXoau ca NPUNOXeEHN NpU U3SICHSIBaHe Ha Bb3MOXHOCTUTE U
NepcrnekTMBATE 3a CbXpaHsiBaHE Ha NpUPOZeH ra3 BbB
BOJOHOCHM MNacToBe B TepLMEepHWs paspe3 Ha BapHeHckaTa
MOHOKNMMHaNa 1 [lonHoKamyuinckoto  noHwxenwe. OT

MpenopbyaHa 3a nybnukyBaHe ot
Katenpa “Teonorus u npoyysaHe Ha nonesxu ukonaemu”, Mo
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uacrneasaHuTe 15 nokanHu CTpykTypu 1 19 NpupoaHK KanaHw,
KaTO MepcrnekTUBHM 3a uarpaxgaHe Ha IMMX ca oueHeHn 8
obekta. Te ce XapakTepuaupaT C pasfnyHa CTeneH Ha
NepCneKTMBHOCT, OT rrefHa ToYKa Ha TEXHWUTE KamauuTUBHM
Bb3MOXHOCTH, CTENeHTa Ha U3y4eHOCT M NOArOTBEHOCTTa UM
3a NpoeKkTMpaHe. 3a BCeKM OT TsX Ca HanpaBeHu Npenopbku 3a
Heobxogumus 06em uscnefoBaTesncku paboTy.
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XUANOKNACTUTW OT BUCKAP NNAHWHA, 3ANAQHO CPEAHOIOPUE
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PE3IOME. W3cneaBaHu ca MWHEPanHWAT CbCTaB, CTPOEXa, XMMM3Ma W MPOMEHUTE HA XManmoknactutu oT Bucksp nnaHuHa, 3anagHo CpepHoropye.
XuaroknacTuTute ca nog opmaTa Ha OTAENHW NELOBUAHM Tena W HeU3AbPXKaHW ManoMoLyH noToun. Te ca NPOCTPaHCTBEHO W FeHETUYHO CBLP3aHN NaTUToBM
MUNOY-NaBoBM MOTOLM W 3aeMaT TEXHUTE YErHM, TOPHU W [OMHW YacTu. MarpapeHn ca oT TbMHOKadsiBM 40 YEPHU CTbKMEHW CCHEPOMAM M CTBKMEHW KnacTu.
CdbeponaunTe ca ¢ BUTPONOpdMpHa CTPYKTYpa, CbCTaBEHWU OT (HEHOKPUCTANM Ha MNarvioknasu, asruT, psako OfIMBUH M OCHOBHA Maca OT ByNKaHCKO CTbkro. B
nepucpepHUTE YacTu Ha HsAKOW OT TAX e 3anaseHa kadsiBa NanaroHUToBa O6BMBKA. 3ambriBalloTO BELECTBO Mexay Chepouaute e OT XbhTokadssn W
3eneHoKadsiBI CTBKIEHM KNacTV C NepANUTHA HanyKaHOCT W (heHOKPUCTanM OT nnarioknasu v aeruT. MPOMeHUTE Ha ByNKaHCKOTO CTBKIO Ce CBEXAAT A0 0bpasyBaHe
Ha ManaroHuT, MOHTMOPWMOHWT, 3€OMUTU, XTOPUT-MOHTMOPWUIOHAT U XNMOPUT. B XWUMM4YEH acmekT M3MEHEeHWsTa Ha CTBbKIOTO Ca CBbp3aHM C HamanssaHe
cbabpkanusTa Ha SiOz, Na20 n K20 n nosuwwasaHe Ha H20. Xuanoknactutute ca 06pasyBaHi B CybakBanHu ycrosus, B pesynTat Ha rnobynauus, dparMeHTaLms,
(hoHTaHMpaHe Ha TonumkaTa U Npy paspyLLlaBaHe Ha OCTBbKNEHUTE NOBBLPXHOCTHU YacTy Ha MUMOY-NaBuTe.

HYALOCLASTITES FROM THE VISKIAR MOUNTAIN, WESTERN SREDNA GORA
Banush Banushev?, Strahil Banushev?

T University of Mining and Geology “St. Ivan Rilski®, Sofia 1700, banushev@mgu.bg
2Mladost 2, bl. 208, Sofia 1799

ABSTRACT. The mineral composition, fabric, chemistry and the changes of hyaloclastites from Viskiar Mountain, Western Sredna Gora have been studied. The
hyaloclastites are in the shape of separate lenticular bodies and unsteady low flows, spatially and genetically connected latite pillow lava flows and take up their front,
upper and low parts. They are built of dark-brown to black glassy spheroids and glassy clasts. The spheroids are with vitroporhyritic texture, consisting of phenocrysts
of plagioclases, augite, rarely olivine and groundmass of volcanic glass. A brown palagonite coating is retained in the peripheral parts of some of them. The filling
substance among the spheroids is from yellow-brown and green-brown glassy clasts with perlitic cracking and phenocrysts from plagioclases and augite. The
changes in the volcanic glass brought to formation of palagonite, montmorillonite, zeolites, chlorite- montmorillonite and chlorite. In chemical aspect, the changes in
the glass brought to decrease in the contents of SiO2, Na.O and K:0 and increase in H20. The hyaloclastites are formed in subaqual conditions, as a result of
globulation, fragmentation, fontanation of the melt and at destruction of the pillow lava glassy surface parts.

BbBegeHue TpaxuaHaesuToBN NaBOBM MOTOLM “pa3feneHn OT Newy ot
TUNUYHK xuanoknacTuti’. CneumanuanpaHnte M3cneaBaHus
XuanoknacTuTuTe ca NaBOKMNaCTMYHM CKanW XapakTepHW 3a Ha Te3u xapakTepHuW 3a BYyNKaHCKWTE pailoHM Ckanu Ot
06MacTv CbC CbBPEMEHEH 1 APEBEH BYMKaHU3bM. B Bbirapust WaTouHoTo 1 3anapHoTo CpepHoropue AaTupar ot kpast Ha XX
Te MMaT LMPOKO Pa3npOCTPaHEHMe B CEBEPHUTE YacT Ha Bek (baryLes, 1993, 1998, 1999, 2000; Banushev, 1999).
MaTtouHoTo CpepHoropue, a B 3anagHoTto CpegHoropue ca no-
peakn. Bbnpeku, ue xwanoknactutute npeacTaBnsBar OO0exT Ha n3cneapaHe ca YCTaHOBEHUTE XNanoknacTutTh BbB
NETPONOXKM WHTEPEC BbB BPb3Ka C Bb3MOXHOCTUTE, KOUTO Bucksip nnatuHa, paitoHa Ha c. To3, bpesHuwko. Llenta Ha
NPEeLOCTaBSAT 3@ NETPOreHETUYHI VHTEPMPETALMM, B YaCTHOCT HacToslata pabota e fAa MpeAcTaBd  MbpBOHAYANHM
Xapaktepa W TuNa Ha W3pUrBaHWUATA, BUCKOSUTETLT W CBefeHNA 3a BelleCcTBEeHMA CbCTaB, CTpoexa, XMMU3Ma W
ra30HaCMTEHOCTTa Ha Marmara, Te BCe OLLE Ca HeAoCTaTbyHO NPOMEHWUTE Ha Te3n ckanu U [Oa W3BLPLWKM CPABHUTENHA
u3yyeHu. B nwnTepaTypata Ca ONMCBAHW KaTto pPasfnyHu XapakTepucTMka C XuaroknactutuTe OT ApYrv pailoHu Ha
BMOOBE Ty(hU CbC CTHKIEHM KbCOBe, obcuanaHoBn Gpekun u 3anagHoto CpeaHoropue.

Ap. B Ta3n Bpb3ka OTHACSHETO MM KbM MMPOKMACTUTATE BOAM
[0 MOrPeLLHN VHTepNPeTaLymm Ha reonoxkaTa 06CTaHOBKA BbB

BYNKaHCKUTe panoHn. KpaTkn cBeeHus 3a XManoknactuuTe B Marepuan u metoam

MatouHoTo CpepHoropue Hammpame B paboTute Ha Bopucos

(1965), Cranuwesa u Bacunes (1966), Ctanuwesa (1989). Wacnegsawn ca 30 obpaseua OT xuamoknactutn -
WMHdbopmaumaTa  3a  xuanoknactutute ot - 3anagHoTo ceponau M CTbKMeHM  knactuh.  MsacHeHn  ca
CpegHoropue e owe no-ockbaHa. benes (1960) cbobuiasa 3a pasnpoCTPaHEHWETO, TEKCTYPUTE M B3aWMOOTHOLLEHMSATA Ha
“kbnOOBMOHM  YMCTO  CTbkneHn  obpasyBaHusd” B XWarnoknacTMTUTE C  OKOMHWTE  BynkaHuTh.  CbCTaBwbT,
TpaxuaHgeautute, a 3aropyeB M ap.  (1995) 3a CTPYKTYPHWUTE 1 MUKPOTEKCTYPHUTE OCODEHOCTM Ha CkanuTe ca
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onpegeneHn ¢ NonspusaLmoHHn Mukpockon Amplival u Leitz
Orthoplan-Pol.  PeHTreHOCTpYKTYpHUTE ~ M3crefBaHns  Ha
BTOPUYHWUTE MPOMEHWUTENHU MPOJYKTU Ca OCHLUECTBEHU C
pudpaktomeTsp [APOH-1 (CuKow mbyenue, Ni duntsp, 35 kV,
24 mA) Ha dpakymm nog 2 u Sum BbpXy HEOPUEHTUPAHU W
OpUMEHTUpaHU NpenapaTi, BbB Bb3AYLUIHO CYXO CbCTOSIHUME,
HacUTeHW C rnuuepuH W Harpetn o 550° C. XumuyHuTe
aHanu3M ca W3BbPLIEHW MO MeToda ONTUKO EeMUCKOHHA
CMEKTPOCKOMUS C  M3TOYHWMK Ha Bb30YyKOaHe WHOYKTUBHO
cBbp3aHa nnasma (OES-ICP), ¢ anapat SPECTRO Analytical
instruments (Germany).

leonoxka o6cTaHOBKa

W3cnegpaHnat  paioH  ce  OTHacs KbM  3anagHoTo
CpegHorope M e u3rpageH OT pa3HOoOpasHM BYMKAHWTH,
NAPOKNAcTUTM W CeOMMEHTHM ckanu. Bynkauutute 1
NAPOKNacTUTMTE  yyacTBaT B CbCTaBa Ha ropHaTta
BYJIKGHOreHHo-ceAuMeHTHa 3agpyra (3aropyes u ap., 1995),
M3BECTHA B NUTEpaTypaTa KaTo BTOPK XOPMU3OHT Ha MacTpuxTa
(UaHkoB u gp., 1960), ropeH xopu3oHT (Benes, 1960),
MacTpuxt TpeTu xopu3oHT (benes, 1967), ropHa 4YacT Ha
Tyho-TepponaHo kapboHaTeH reokomnnekc (HayeB w gp.,
1981), ropHa BynkaHoreHHa 3agpyra (Benutos u gp., 1983. C
Hall-lUMpokO ~ pasnpocTpaHeHue B obnactta  ca
NUpoKnacTuTuTe, npeacraBeHn OT arnomepatu, nanunHu u
nenenHn Ty ¢ GasanTtoB,  aHpesuTobasanTos,
TpaxvaHaeanTobasanToB 1 TPaxmMaHAE3UTOB CbCTaB.

®ur. 1. Meonoxka KapTa Ha yactT oT 3anagHoto CpepHoropue (no
3aropues u gp., 1991), ¢ usmeHenus: 1 — KsatepHep; 2-3 — Maneorex, 2 -
MbeTpouBeTHa 3aapyra, 3 — KoHrnomepato-nacbyHuKoBa 3aapyra; 4-12 —
FopHa Kpepa, 4 - MacbyHukoBo-MeprenHa 3agpyra, 5 — lMacbyHMKOBO-
KOHFNMomepaTHa 3appyra, 6 - ®nuwka 3agpyra, 7 - 3agpyra Ha
amgubonosute U 6Guotut-amdubonosute angesutn, 8 - TopHa
BYNKaHOTeHHO-CEAMMEHTHa 3aapyra (armomeparu, nenenHn Tydu u
Tepponphn  ckanu), 9 - TpaxuaHpesuToBu  (naTMToBM) M
TpaxuaHae3uTo6a3anToBu NaBOBW pas3nMBM W MOCNOWHM Tena, 10 -
3appyra Ha TechponpaHus ¢nmw 11 - [lonHa BynkaHOreHHO-CeANMEHTHa
3agpyra (arnomepartu, nenenHu Tydwm u TedpoupHu ckanm), 12 -
BasanToBu, aHpe3nTo6a3anToBu, TpaxubasanTtoBu,
TpaxuaHae3uTo6a3anToBU UM TpaxuaHAe3UTOBM IaBOBU  Pa3NuBH,
NOCMNOHN Tena U arnomepartu

16

Arnowmeparute ca HEsICHOCINIOECTH O MACKBHY, Pa3noNOXEHN
B 6NM30CT [0 NaneoByrKaHCKUTE LIEHTPOBE, C OTAaneyaBaHe
OT KOMTO Ce yBeru4yaBsa AenbT Ha NenenHute Tygpu M Ha
TedponpHuTe ckanu. BynkaHuTuTe ca npegcraBeHu  oT
TpaxvuaHoesuToBn M TpaxwuaHgeautobasanToBu - NTaBOBY
pasnuBM W yObIMKEHW NOCNONHU Tena ¢ AbmkiHa 10 8-10 km u
wupuHa Hag 200 m CcbC ceBepo3anap — trou3ToyHa nocoka
(3aropyes u gp., 1995) (dur. 1). B eguHuyHu cnyyvau ce
HabniogaBaT aHpe3nToBu nasu. CeouMeHTHWTE ckamu ca
NpeacTaBeHn OT ThbHKOCIMOMHWM MHOrOKpaTHO pedysaluy ce
NACYHMLM, MEPTEN W IMHECTW BapoBuMLM, 000cobeHM B Taka
Hap. ¢nuwka 3agpyra. B 3anagHuTe yacTu Ha paiioHa ce
pasKpuBaT NaneoreHckM CEeOMMEHTHU CKanu, yyacTealn B
CbCTaBa Ha KOHIMOMepaTo-NsiCbYHMKOBaTa, OGUTYMMHO3HATA
(HedpTOLMCTHA) M MbCTpoLBeTHA 3aapyrn. CeBepou3TOYHUTE
YaCTM Ha paioHa Ca M3rpafeHu OT BynkaHWTM (Basantu,
aHpeantobasanty, aHaesuTu, Tpaxubazantu,
TpaxuaHgeautobasanTt W TpaxuaHgesuTh), MUPOKNaCcTUTH
(Tydm n KceHOTycbu) M TepoMOHW CKanum OTHECEHU KbM
[JonHaTa ByNkaHoreHHO-CeaUMEHTHa 3aapyra.

Metporpachcka xapakTepucTuka

VacnenBaHusT palioH e W3rpafeH OT MUPOKNacTUTM K
BYNKaHUTU - JTaTUTOBU nunoy-nasoBu norouu n
XNanoknactTuTu OTHacAlKM Ce KbM ropHata BYNKaHOreHHo-
cefMMeHTHa 3agpyra. [vpoknacTuTuTe ca npefcTaBeHn ot
HEe3aKOHOMEPHO pedyBally Ce arnomepati, nanuiHu U
nenenHu Tycgm ¢ aebenvHa Ha oTgenHute nadku 5-10 m.
KbcoBusaT cbeTaB B arnomepature e oT 6asantu, 6asantosu
aHgeantn, K-tpaxubasant n aHAesuTn, a MaTpukcbT e OT
LIANOCTHO MPOMEHEHM CTHKIMEHM KNaCTW, CPABHUTENHO CBEXM
MIUTOKNACTM CbC CblMS CbCTAB M KPUCTanoknactu O
nnaruoknasu W aerut. basantoBute  nuTOKMacTM  ca
TbMHO3EMEHN [0 YepHM, NOPMPHM C MacuBHa M MUHOANHA
TekcTypa. ®PeHokpuctanute (15-35%) ca oT nnaruoknasm,
KMWHOMWPOKCEHM M ONMBMH, 4eCTO BbB  BWA  Ha
rrnomeponopdupHu cTpynBaHus. Mnarnoknasute (Ansszs) ca,
30HanHX,  MpU3MaTUYHM M MAOYECTH,  YaCTWYHO
CEpULMTU3NPaHN U KapboHaTU3upaHW, No-psAKO METHMCTO W
HepaBHOMEpHO  anbutuampaHn.  KnuHommpokcenute  ca
BrefoseneHn, KbCOMPU3MATUYHK, CBEXM, B HAKOW Cryyaum
WHTEH3NBHO KapboHaTuampaHu. OnueuHbT (3-5%) € Ham-
PSADBK, 3aCTbMeH CaMO B HAKOWM NMTOKNAcTW. 3amecTeH e
n3uAmno ot kapboHaT U cepneHTuH ¢ oTaeneHn Fe xuapokenam
no uemuTenHute noBbpxHMHWM. OcHoBHaTa Maca ¢
WHTEpcepTanHa CTPYKTypa € CbCTaBEHa MMKPOMMUTU Ha
MNarvoknasn n KIMHOMMUPOKCEHM, MarHETUT, NPaLIeCT pyaHM
MWHEpanM W TbMHOCMBO, 4aCTUYHO AEBUTPUPMLMPAHO
BYynKaHcko CcTbkno. Cpen Hes ce Habmiopasar MuHZanm
3aMbIIHEHN CbC CENagoHMT, XMOPWUT, CMEKTUTW, 3€0MNTW W
kanuut.  BasanToBMTE  a@HOE3NTM  MakKpOCKOMCKM  ca
HeoTnMuMMK OT BasanTute. M3rpageHu ca ot deHokpucTanu
(20-25%) Ha nnarvoknasn 1 KIMHOMMPOKCEHW. 3a pasnuka ot
Gasantute B TAX JMNCBAaT ONMBWMHOBM (DEHOKPUCTamM.
OcHoBHaTa Maca C rnomeponopdupHa U MHTEpCepTanHa

CTpyKTypa €  W3rpajeHa  OT  MNarvoknasosu W
KMWHOMWPOKCEHOBN ~ MUKPOMUTK,  MarHeTUT U YacTU4YHO
[eBUTPUMUMPAHO  BYMKAHCKO — CTbkno. MwuHpgarmte ca

3aMbfHEHN OT NepudIepHUTE KbM LIEHTPANHUTE YacTu C
XMOPUT, CMEKTUTA W 3€0MNUTU WM CbC CMEKTUTH, 3e0NUTH U
Kanuut. JluToKmactuTe OT  aHaesuT (MMPOKCEHOBU W



amnGOmn-NMPOKCEHOBH) Ca MO-PEeakY, 3aCTbNEHU NPEAUMHO B
Mo-BICOKUTE HMBA Ha ropHaTa BYNKAHOTEHHO-CeAUMEHTHa
3agpyra. 3eneHn [0 TbMHOCMBO3EMEHM, ApeBGHOnopdUpHM,
MacuBHW. M3arpageHn ca oT (heHOKPUCTanW Ha Mnarioknasu,
amubonu W aBrUT, W OCHOBHa Maca OT 0e3LBeTHO [0
GNefoOXbNTEHUKABO — BYFKAHCKO  CTBKMO,  MMaroKnasoBu
MUKDPONUTYA W pyaHU MUHepanu. Habniogasat ce u MuHOanu
3aMbJIHEHN C XMOPUT, CMeKTUTW 1 3eonuTi. Kbcoeete oT K-
Tpax1ba3anTu ca TbMHO3ENEHW [0 YepHW, MOpdUpHU C
MacBHAa M MuHOanHa TekcTypa. (eHokpucTanute ca oT
nnarvoknasi, KIMMHOMMPOKCEHW, +OMMBUH M OCHOBHA Maca C
WHTEepcepTanHa  CTPYKTypa  OT  BYFKAHCKO  CTBKIO,
NNarvoknasoBu 1 KNMHOMUPOKCEHOBM MMKPOMUTH,  PYaHU

MUHEpanM U He3HaYUTENHO KONMW4YecTBO KceHomopdeH K-
tenpwnar. lenenHute Tydw ca 3eneHW, TbMHO3ENEHU,
MacMBHW WIN HEACHOCNOECTU, KPUCTaNOBUTPOKNIACTUYHU K
B cbctaBa uMm yyacTat

KPUCTanoBUTPONUTOKNACTUYHMN.

CTbKMEHM KnacTu C Mopecta W MuKpodnywaanHa TekcTypa,
NPOMEHEHM B pasnMyHa CTENEH B XJIOPUT, CMEKTUTU U
3€0MINTW, NIUTOKNACTU OT (heHobasanTu U heHoaHaesnTn W
KpUCTanoKknact 0T  NNaruoknasy,  KIMHOMMPOKCEHW U
amdmbonn.

Xwanoknactutute 0OEKT Ha HaCTOALOTO W3CnedBaHe ca
ycTaHoBeHn Ha okono 0.5 km ceseponsTouHo oT c. 03,
BpesHuwwko. Te ca NPOCTPAHCTBEHO W FEHETUYHO CBBP3aHM C
NaTuToOBK NABOBM W NUIOY-NABOBM MOTOLW W 3aemMaT TeXHWUTe
YenHW, TOpHU 1 A0MNHU YacTu. Hai-yecTo ca nog dopmara Ha
OTAENHW NELOBUaHN Tena ¢ pasmepu 5-15 m cped nunoy-
nasuTe (cpur. 2a, b). B no-pepku cnyyam ca kato HemsabpKaHuU
ManoMOLLHW NOTOLUM C TPYOHO OnpedenuMu pasmepu nopaau
3aKpUTOCT Ha TepeHa. M3rpageHu ca oT CTbKNeHn cdeponam v
MaTPUKC OT CTBKIEHN KnacTu (cur. 2c, d).

®ur. 2. XanoknacTuTi oT paioHa Ha Buckap nnaHuHa: a — XManoknacTMTM U ManomoLLEeH NaBoB MOTOK; b — KOHTAKT MeXAy XManoknactTuT U numnoy-
naBoB NOTOK; C-€ — CTbKNEHU cpepouamn U 3anbnBalyo BelwecTBO OT NPpOMeHeHN BUTpoknacTy; f — cdepounn ¢ BUTponopdUpHa CTpykTypa
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®ur. 3. MukpodhoTorpachum Ha XManoknacTuTi ot paitoHa Ha Bucksap nnaHuHa: a — BynkaHcko cTbkno (Vg) u nanaronut (Pal) oT nepudepHuTe Yactu Ha
cchepouau; b — cpepnyHu M enuncomaHn Tena oT NPOMeHeHo B CMeKTUTH (Sm) u xnoput (Chl) BynKkaHCKO CTLKNO; C — BYNKAHCKO CTHKNO C NepnuTHO
HanykBaHe; d — LleHTpanHu MbIHOKPUCTaNNHHKU YacTu Ha cdepomnam; e — rnomeponopdupHa cTpykTypa; f — UIANOCTHO NPOMeHeH B GOYNMHIMT ONUBUH C
BKMNIOYEHUSA OT anatuT; g, h — HaNbNHO NPOMeHeH! B 3bPHECTV U BNAKHECTU 3e0nMTH (ZI), CMEKTUTU M XNOPUT CTLKNEHW KNacTy

Cdheponante ca KOHLEHTPUYHO-30HAMHM, C BUTPONopdupHa
CTpykTYypa (chur. 2f), ToMHOKahBM 0O YEpHM, C pasmepn 5-8
cm, psgko 0o 40-50 cm ¢ kpucTanuampanu LeHTpanHn 4yactu ¢
BMO Ha TUNWYHa BynkaHcka ckana (cpur. 3d). Mo-gpebrute ca
W3rpageHu OT CBEXO, M3OTPOMHO WM MPOMEHEHO B pasnnyHa
CTEMEH aHW30TPOMHO BYNKAHCKO CTBKNO, HEPaBHOMEPHO
ManaroHUTU3MPaHo, CMEKTUTU3MPAHO W 3e0NUTU3MPaHO (cbur.
3a). Mo-egpute (no 40-50 cm) chheponan ca ¢ SCHO 13paseH
KOHLIEHTPUYHO-30HaneH CTpoexX. B nepudepHute M yactu ce
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HabniogaBa HeusgbpkaHa KbNTokadsBa [0  KadsBa
nanaroHuToBa obBuBKa ¢ gedenuHa okorno 1 cm. Cneapa 3oHa
(2-4 cm) OT BYMKAHCKO CTBKMNO C Manku CHEPUYHW WK
€NMNCoMAHN aHW30TPOMHW Tena C arperatHa nonspusaumus u
pasmepyn 0.02-0.08 mm, psigko go 0.3 mm. Te ca eauHUYHM
UMW TPYNUPaHK MO HSKOMKO, Ha MecTa ce crmBaT 1 obxsaLat
no-ronemu 3oHm (cur. 3b). PesynTat ca Ha HauyanHa NpoMsHa
Ha CTbKNOTO B CMEKTUTM MW  XnopuT. [lpexogbT KbM
BbTPELIHUTE MO-CBEXM YacTU OT CBETOKA(SIBO M3OTPOMHO



CTBKIO ce benexu ¢ HamansBaHe Ha aHU30TPONHMTE Tena u
nosieata Ha kpucranutu (cur. 3c). BbTpewHute yactu ca
MbIHOKPUCTANMHHKA, C MMUKPONUTOBa CTpyKTypa (chur. 3d).
M3rpageHn ca oT kceHomopdeH K-henalinat, nnarioknasosu
MWKPOMUTW 1 KkpucTamuT. Ha Mecta ce Habniogasat
CMEKTUTU3MPaAHU Yy4yacTblUyM pesyntaT Ha HepaBHOMEPHA
NPOMsIHA Ha BYTNKAHCKO CTbKMO. PeHokpuctanuTe (okono 15%)
B c(heponauTe ca OT NNarkoknasu, KMMHOMMPOKCEHU W ONUBMH,
Ha Mecta B rnoMeponopdupHu cTpynsaHus (cur. 3e).
Mnarvoknaaute (Ans4s) ca npeobnagasaliyt, HO B HSKOM
cryyam ca npubNM3MTENHO PaBHW Ha KNMHOMUPOKCEHUTE.
MpuamatidyHm (¢ pasmepu 4o 2-3 X 1 mm), 30HamnHU, CBEXM
WM HE3HAUMTENHO CepuuMTU3MpaH W KapboHaTuaupaHu.
CbabpkaT BKMIOYEHUS OT anaTuT, OMNMBMH, KCEHOMOPEH
KIMHOMMPOKCEH, eauHuyHu apebHu GuoTuToBM ntocmM 1
kacpeHMKaBO BYMKAHCKO CTBKMO, Pa3rONOXEHO 30HANHO M
MapkuMpalo 30HW Ha pacTex. KnuHomupokceHute ca
KbCOMpU3MaT4HK, 6refo3eneHn C BKIIOYEHUS! OT MarHeTuT,
BYJIKAHCKO CTHKIMO, ONMBMH W anaTtut. ONMBUHBLT € Hail-psiabK,
npeacTaBeH OT 3aobneHn cybnopdmpu (okono 0.6 mm) c
BKIIOYEHWs1 OT anaTtuT. LIAnocTHO npoMeHeH B 3eneH,
BMaKkHECT BOYNMWHIUT, MO-PSAKO B OPaHXEB WAMHICUT W
kapboHaT. 3anbnBaLoTO BELYECTBO MeXay CthepomauTe e oT
XbATOKA(ABM  (MAnNarOHUTU3UPaHU U CMEKTUTU3MPaHKM) W
3eneHokasiBu  (XNOPUTU3MPaHM)  CTBKMNEHM  Knactu, C
(beHoKpuCTanM OT NNarMoKnasu 1 aBruT.

B xuanoknactutute OT paioHa Ce YCTAHOBSIBAT 3eMeHM,
WHTEH3WBHO  XWAPOTEpPMarnHO MPOMEHeHU cdepouan U
CTBKIMEHW KNacTU C SICHO M3Pa3eHO MEPNUTHO HamykBaHe W
pasHoobpasHa opmMa —  M3OMETPUYHA,  YOBIDKEHA,
HenpaswsIHa, No-psaaKo cchepuyHa. MNpomeHeHu ca usuano, 6es
PenuKTM B ApeOHO3bPHECT arperar OT aHWU30TPOMHU, 3bPHECTH
W BNaKHECTU PafMarnHOMbYeCTV 3€0NUTU U TakvBa C MHOTO
HUCKM, TBMHOCMBMW MHTEP(EPEHLIMOHHM LiBETOBE, KadeHWKaBm
CMEKTUTH, a MO NykHaTMHWTE ce HabniogaeaT XmopuT W
cenagonut (cpur. 3g, h). [laHHUTE OT PEHTTEHOCTPYKTYpHUTE
aHarnuau nokaseaT, Ye BTOpWYHATA MMHepasnHa acouuauus e
npeacTaBeHa OT 3e0NUTU (XeMNaHAMT, MOPAEHUT, aHanuum),
CenagoHuUT, XIOPWT, KBapL, U CMeKTUTK (dur. 4e). CTbkneHuTe
KnacTW CbAbpKaT (eHOKpUCTanM OT nnaruoknasn (Ansss),
aBMUT, aKUECOPeH anatut W MarHetut. Hai-xapaktepHata
0Cc06€eHOCT 3a (hEHOKPUCTANUTE € KNaCTUYHUS UM XapakTep —
T€ Ca OCTPOBIbIHU U 3HAYNTENHO HATPOLLEHN.

U3meHeHus Ha BYJIKAHCKOTO CTBHKNO

BynkaHCcKOTO CTBKIIO € MpeoxnageHa CunmkatHa Tonunka ¢
HenogpedeHa BbTPELIHa CTPYKTypa, CbC cnabo CBbp3aHu
SiO2 TeTpaegpy M 3HAUMTENHW  MEXOYMONEKYNSPHN
npoctpaHctBa  (Fisher, ~ Schmincke, 1984). To e
TEPMOAMHAMUYHO HEYCTOMYMBO 1 Ce MPOMEHST 3HAYNUTENHO Mo-
Obp30 OT BKIOYEHWUTE B HEro (heHOKpUCTanu. YCTaHOBEHO e,
Ye xapaKTepa 1 Xxofa Ha U3MeHeHUsATa Ha 6a3nYHOTO U CPesHO
Mo CbCTaB CTHKIO Ca CXOLHM 1 CE OCBLLECTBSABAT MO CXemara:
BY/IKAHCKO CTBKNIO —> MANaroHUT —> MOHTMOPWIOHUT —>
XMOPUT-MOHTMOPUIOHMT ~ —  xmopuT  (BaHywes, 1998).
[POMEHUTE Ha CTBKMOTO OT BYNKAHWUTUTE OT Buckap nnaHuHa
ca pasHooOpasHW M Cce cBexgaT [0  CTPYKTYpHW
npeobpasyBanuns, GOPMMpaHe Ha HOBM MUHepanHu asu u
M3MEHEHNE B XMMM3Ma Ha CKamnuTe.
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CTPYKTYpHM U3MEHEHUA

lpoMeHUTe  Ha  BYNMKAHCKOTO  CTBKNO  W3rpaxaallo
cepouaute M CTbKNeHWTe  knact  HabmogasaHu
MUKPOCKOMNCKM ce cBexzaT A0 (hopMUpaHe Ha nanaroHwT,
KOWTO XapakTepusuMpa HayanHus eTan  Ha  NpoMmsHa.
MwuKpocKonckW Ce ycTaHoBABa TbHKA ManaroHUToBa WBULA,
oTZeneHa ¢ psAsKa rpaHuLa oT CBEXOTO CTbkMo. ocneaHara
ce Habntoaasa B NepudhepHUTE YacTh Ha CTHKIEHNUTE KNacTy,
KOHLEHTPUYHUTE U paguanHW NyKHaTUHW, KakTo W no
CTBbKIIEHWUTE CTEHU Ha ra3oBuUTE MexypyeTa (nopute) (cour. 3a).
C HanpegBaHe cTeneHtTa Ha MNpoMsHa NanaroHUTLT ce
NpeBpbLLa B aHU30TPONEH arperart, pesyntar Ha opmupaqe
Ha HOBM MuHepanHu hasn — CMEKTUTH, CMECEHOCMOECTU
obpa3syBaHus, 3eonuTi 1 xnopuT (cur. 3b).

MuHepanoxku nameHeHus

MuHepanoxkuTe  M3MEHEHWS  Ha  XWanoKNacTuTuTe
paskpuBaly ce okono cenara Mano ByuuHo u Babuuya ca
TBbpAE CXOAHM C Te3n OT panoHa Ha c. 03, BpesHuLuko.

PEHTreHOCTPYKTYpHUTE AaHHN nokasBar, ye
HOBOOGpa3yBaHaTa MUHepasHa acouualus B
nanaroHMTU3MpaHuTe  cdoepouan e  npefcTaseHa  OT
MOHTMOPUIOHUT,  XMIOPUT-MOHTMOPUMOHUT U WANT-

MOHTMOPUIOHUT. YacT oT pednekcute ca Ha nnaruoknasm u
aBruT, MpUCHCTBAWM KaTO (HEHOKPUCTanNM B  CTBKIOTO.
Mpeobnagasa MoHTMopuUnonuTbT (d[A] = 15.50; 4.50; 3.78-
3.76; 3.32; 3.03-3.01; 2.56), pechnekcwt (001), Ha koiTo ce
yBenuyasa 0 17.67 A npu HacuujaHe ¢ rnuuepuH. Xnopur-
MOHTMOPUIOHUTBLT Ce perucTpupa ot cnabute pednekcu npu
dA] = 29.45; 14.98-14.87; 7.61; 4.99-497; 4.54-4.53,
BasanHusT pechriekc, Ha KoiTo ce yBenuyasa Ao 32.24 A npu
HacvLL@He C FM1LEepUH 1 Hamansiea Ao 27.89 A npu Harpsisaxe
(cur. 4a, b).

BTopuyHata  MuHepanmHa  acouuauus,  pesynTar  Ha
fnpomMsHaTa  Ha  CTbKMEHUTE  KnacTu  3ambrBaly
MPOCTPaHCTBOTO  MEXAy Cdeponaute e OT  XIopuT-

MoHTMopunonnt (d[A] = 30.46; 15.34-14.60; 7.43; 4.57),
MoHTMopunonuT (d[A] = 15.78-15.69; 4.47; 3.78-3.76; 3.02-
3.00; 2.52), cenaponmt (d[A] = 10.30; 4.52; 4.37-4.34; 3.64-
3.63; 3.35 1 2.58-2.57), xnopuT (d[A] = 7.25, 3.54) 1t MopAeHUT
(dur. 4c, d). B cTbkneHute KknacTu ce YCTaHOBSBAT M
pedriekc Ha MbpBMYHM  MuHepanu — aBrut.  Cpen
XManoKnacTUTUTe Ca YCTaHOBEHU HEWU3AbPKAHM CeKyL
XUnku ¢ gebenuHa 1-2 cm ¢ xugpoTepmarnia MUHepanusaums
npeacTaBeHa OT 3e0NUTU (MOPLAEHWT, NMOAYUHEHO KOMMYECTBO
XeMnaHauT), kanuuT v keapy (cur. 2 f).

OcHoBHMAT npobnem npu un3cnenBaHe NPOMEHUTE Ha
BYNKAHCKOTO CTBbKMO € pasrpaHnyaBaHe Ha  HSKOMKO
MWHEpanHM asnm  (CMEKTUTH, CMECEHOCTOECT  XIIOpMT-
MOHTMOPWIOHNT, UNUT-MOHTMOPWIOHNT, CENMaaoHNT U XITOpUT)
npuchbcTBalm B obpasuuTte, C 6nM3KKM, B HAKOW Criyvau
MPUMOKPMBALLM Ce pediekcH, KOWTO YCMOXHSBAT TBbPAE
MHOTO  AMPaKUMOHHUTE  KapTuHW.  Taka  Hanpumep
KOHcpUrypaLusiTa Ha pechnexcute npu 14-16 A (cur. 4a, d) e
YKa3aHWe 3a Hanu4ume Kakto Ha MOHTMOPWUITOHUTOBA, Taka U Ha
cmeceHocnoecta (hasa. OT gpyra cTpaHa OTpaxeHwsTa mpu
11-12 A n cnabute pecnekcu npu 25-26 A, kakto B
nanaroHUTU3NpaHuTe CHeponam, Taka u B CTbKIEHUTE KNacTu
Hal-BEPOSITHO Ca HA MAMT-MOHTMOPUITOHWT (cpur.4a-C).
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®ur. 4. Oudpaktorpamm Ha Xuamnoknactutu OT paloHa Ha Buckap nnaHuHa: a-b - nanaroHuTMavpanu ccepompy; c-d — CTbKNEHM Knactu; e —
XMapoTepManHo npoMeHeHu cdreponay; f — KUNKkM ¢ xmgpoTepmanHa MUHepanu3aumsa B XManoknacTuTuTe
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XMMUYHM U3MeHeHus

MMpeBpbLUAHETO Ha BYNKAHCKOTO CTBKMO B ManaroHnT e
CbMPOBOAEHO C NpepasnpefeneHne Ha rmaBHUTE NETPOreHHH
okcuan — usHacsHe Ha K20, Na20, CaO, MgO u SiO2 (Hay,
lijima 1968; lentHep, 1977; T'enTHep n gp., 1984). Hsikom
aBTopu 0Tbenaseat, 4e CbabpkaHueto Ha KO e
NPOMEHNNBO, KOETO Ce [MOb/KM Ha  ManaroHUTW3auus
OCbLLecTBeHa B cybakBanHa (yBenuyaBaHe CbbpXaHusTa Ha

K:0) wnu cybaepanHa ofcTaHoBka (HamansBaHe Ha
cvabpxanusTa) (Fisher, Schmincke, 1984).
Tabnuua 1
XUMUYHU aHanu3u Ha yrKaHCKO CMBKIO U hanagoHum
(mean. %)

BynkaHcko CTbKno lManaronut
Oxenan | WS-57 |WS-56 | WS-57/1 |WS-62| WS-62/1 | WS-60
SiO2 57.73 | 57.67 | 58.36 | 53.53 | 53.67 54.85
TiO2 0.61 | 0.58 0.73 0.64 0.69 0.61
Al203 17.81 | 1758 | 16.94 | 18.94 | 17.99 18.88
Fe:03 452 | 4.26 5.17 5.08 5.67 4.84
FeO 1.58 | 1.49 1.39 1.23 0.66 0.78
MnO 0.10 | 0.1 0.12 0.1 0.13 0.10
MgO 1.59 | 1.32 1.64 1.22 1.63 1.86
Ca0 6.29 | 6.61 7.21 6.45 7.06 6.87
Na20 2.66 | 2.98 2.78 1.71 1.41 1.51
K20 416 | 3.93 3.15 2.93 1.85 2.30
P20s 024 | 0.23 0.26 0.23 0.25 0.24
3H 247 | 2.88 1.88 7.58 8.91 6.88
Cyma 99.76 | 99.64 | 99.63 |99.65| 99.92 99.72

Mpw HacTosLMTE U3CTeaBaHMUs e YCTaHOBEHO, Ye B npoLeca
Ha nanaroHMTU3aUmMs HamansaeaTt cbabpxaHusTa Ha Na:0 (oo
45%), K20 (36%) n SiO2 ¢ okono 6%. Al.Os ce ysenuyasa ¢
6%, a BogaTa HapacTBa gpactuyHo — Hag 200% (tabn 1).
PenbT Ha moaBuxHOCT Ha komnoHeHTuTe € Na > K > Si.
CoabpxanusTa Ha TiOz, MnO, MgO u P20s ca oTHocuTenHO
MOCTOSIHHM, 0e3 3HAYUTENHW OTKMOHEHWS B CbCTaBUTE Ha
CTbKNOTO M manaronuta. B nosevyeto cnyvam CaO cbuio
HamansBa, HO OOMKHOBEHO TOW Ce OTnara Kato Mo-KbCHY
kapboHaTK, KOETO € NPUYMHA 33 CPABHUTENHO NOCTOSAHHUS MY
cbeTa. ChbObpxaHWsTa Ha Xenss3o ce 3anasear, C Tasu
ocobeHocT, Ye ce HabnpaBa TeHAEHUMS 3a yBENnUYaBaHe Ha
TpuBaneHTHaTa dhopMa 3a cMeTka Ha [ByBaneHTHaTa.

3aknioyeHune

Xuanoknactutute oT Buckap nnaHwHa, okono c. [03,
bpesHuKko Cca uM3rpageHn OT CTbKMEHM cepouan K
3aMbfiBallO BeWecTBO OT MPOMEHEHW BUTPOKnacTu. Te ca
MPOCTPAHCTBEHO M TEHETUYHO CBbP3aHu C NaTUTOBM MMIOY-
NaBoBM MOTOUM M 3aemaT TEXHUTE YEerHW, TOPHW W JOMHM
yacT. M3crnegBaHuTe  XManoknactuTi nokassaT  bmmako
CXOACTBO MO OTHOLIEHME HA CbCTaB, CTPYKTYPHO-TEKCTYPHM
0COBEHOCTM, XMMIU3BM 1 TPOMEHN C Te3U OT paiioHa Ha cenata
Mano ByunHo 1 Babuua. YcTaHoBeHWTe 1 B apyrit paiioHm Ha
3anagHoto CpepHoropue xuanoknactut (bawywes, 2000),
[aBaT OCHOBaHWe [a Ce MPeanonoxu, Ye Tesn ckanum ca no-
LUMPOKO PA3MpOCTPaHEHH, HO MOPaaM 3aKpPUTOCT Ha TepeHa ca
C MO-OrpaHnYeHm NMPOSIBY Ha MOBbPXHOCTTA.

Xvanoknactutute ca oGpasyBaHu B cyGaKBanHu YCroBUS B
pesynTaT Ha (parmeHTauus, rnobynauusi Ha Tomuskara W
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pa3pyLLaBaHETO Ha OCTLKIEHUTE NEPUPEPH YacTW Ha NUMoY-
nasute. OT CblIECTBEHO 3HayeHWe 3a (HOPMUPAHETO Ha
XManoknacTuTi 1 Nuroy-nasn e BUCKO3UTETBT Ha TONMUIKara B
MOMEHTa Ha mnomagaHeTo 1 BbB BogaTa (Bonatti, 1965),
CKOPOCTTa Ha [ABWXEHWe Ha naBaTa, CbOTHOLIEHUETO Ha
BbTPELLHOTO W BLHIUHOTO HansraHe. C He no-Marko 3HaueHue
ca ¥ daktopute, OT KOWTO 3aBUCM BUCKO3UTETA —
TeMneparypa, HansraHe, HanmuyMe Ha NETNMBW BELLECTBa.
Monagaikn B cybakBanHa cpefa, B YCnoBus Ha 6bp30
MOBMLIABAHE HA BWCKO3WUTETA, B YENHWTE, TOPHW U OOMHM
4acTu Ha noToka ce obpasysat rnobynu (cepounam), KouTo no
CbLUECTBO NpeacTaensasaT “naBoBW Kanku'. B pesynTat Ha
Obp30TO NpeoxnaxaaHe no-MankuTe OT TSX CE OCTbKIsBaT
nsuano. BbTpewHute YactTM Ha no-egpute  ceponam
KpucTanuaupart, GrnarogapeHne Ha usonupaliata ponst Ha
nepudepHaTa CTbkneHa 3oHa. Butpoknactute ce dopmupar
npu paspyLuaBaHe 1 JeckeaMmaLus Ha CTbKNeHUTe nepudepHm
4acTh Ha MWMoy-naBuTe WU CHepouanTe npu SBUKEHNETO Ha
noToKa.

OU3NKOXMMUYHITE YCIOBMS HA ManaroHWTM3auusTa ca Bce
Ole [MCKYCMOHHW. Bbnpeku pasnuyHUTe CTaHOBWLWA MO
BbNpoOca, MOXe Aa Ce npuemMe, Ye NanarcHUTLT ce opmupa
no Bpeme Mnu Manko Cref MsnvBaHe Ha naBaTta BbB BoaaTa.
Mo-KbCHWTE  NPOMEHW Ha  BYNKAHCKOTO  CTbKNO B
xwanoknactutute ot 3anagHoto CpegHoropue ca pesynTar Ha
HUCKOTEMNEpaTypHUTe npeobpasyBaHus Ha CTbKMNOTO U
HanmoxeHaTta  xwugpoTepManHa  feiHocT.  Pondta  Ha
NOBWLLIEHUTE  TeMnepaTypu M Bb3OEUCTBUETO  Ha
XuapoTepmarnHu pasteopu ce NOTBbPXAABA U OT HaNWU4METO
Ha VHTEH3WBHO XWAPOTEPMarnHoO MpOMEHeHU cdeponan U
CTbKMEHW  KNacTu,  pasrnonioXeHW  OKOMO  MO-BMCOKO
NPOHMLaeMu 30HW. B Te3n yyacTbuy CTBKIOTO € LANOCTHO
NPOMEHEHO, C pa3HoobpasHa xugpoTepManHa MuHepanHa
acouuauus OT XeWnaHauT, MOPAEHWT, KBapl, CenapoHuT W
Xnoput. M3meHeHusiTa Cca  OCbLLECTBEHM MO Cxemara:
BYNMKAHCKO CTBKMO —> NanaroHUT —> MOHTMOPWMOHUT —>
XMOPUT-MOHTMOPMIOHUT —> XMOPWT U Ca CXOLHM C MPOMEHUTE
Ha CTBbKMOTO OT BynkaHutuTe OT M3TouHoTo CpepHoropue.
MoTBbPKAABA Ce CTaHOBWLLETO M3ka3aHo OT Jonson (1961),

Yye nanaroHnTu3auusa npotMd4a B Pa3NIUYHM  TEONOXKK
06cTaHoBKM, HaBCAKbAe KbAETO ce ocbLlecTBABa
CbMPUKOCHOBEHWE HAa CTbKNOTO C BOAaTa, Kakto W

TBbPAEHMETO, Ye ManaroHUTbT ce obpasya He camo Mo
©a314HOTO, HO M MO CPENHOTO MO CbCTaB BYMKAHCKO CTBKIO
(Banywes, 1998).
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AXATOBUTEOOU OT PAWOHA HA C. TATAPEBO, U3TOYHU POOOMNNU
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PE3IOME. V/3cneaBaHu ca MAHEParHUAT CbCTaB M TEKCTYPHUTE 0COBEHOCTW Ha reoloB TUN axaTu OT paiioHa Ha c. TaTapeso, M3Tounn Pogonu, nokanusupanm B
NaneoreHCkN KUCENM ByNKaHWUTU (BUCOKOKANMEBM PUONITM) HA 3adpyraTta Ha BTOPW KUCEN BYMKaHW3bM. [eoauTe ca NpeavuMHO MITbTHU C aTp akTUBHU JeKopaTUBHU
Ka4ecTBa, Ab/KalM Ce Ha KOHLIEHTPUYHO-MBUYECTUTE M NapanenHu CNoeBe, U3rpafieHu oT pasnuyHu ¢asu Ha SiOz, KOHTPACTHO N3MbKBALUM HA (OHA HA TbMHUTE
(TbMHOCMBM [0 YepHW) LBETOBE Ha XanLefoHoBaTa MaTpuua. MukpockonckuTe U3cneaBaHus NokassaT, Ye MUHEparnHus CbCTaB Ha axaTuTe BKIKOYBA OCHOBHO (hasu
Ha SiOz, cpeq kouTo Npeobnagasa xanueaoH OT PasfuyHN MUKPOCTPYKTYPHW TUMOBe. Bb3 0CHOBA Ha MONy4YeHUTE JaHHM € U3Ka3aHa XunoTesa, Ye uacrnefBaHuTe
axaTu ca 0bpa3yBaHW OT HUCKOTEMNepaTypHU pasTBOpW pe3ynTaT Ha mocTMarmMaTiyHaTa XuapoTepMarHa feiHocT B paitoHa. CneumdmyHute ocobeHocTv B
OL|BETSIBAHETO UM Ce LbIiKaT Ha LMKIMYHOTO oboraTsiBaHe Ha Tesu pasteopyu ¢ Fe u Mn.

AGATE GEODES FROM THE TATAREVO VILLAGE REGION, EASTERN RHODOPES

Banush Banushev', Zdravko Tsintsov?

TUniversity of Mining and Geology “St. Ivan Rilski”, Sofia 1700; banushev@mgu.bg

2 Central Laboratory of Mineralogy and Crystallography “Acad. Ivan Kostov”, BAS, Sofia 1113; ztsintsov@mail.bg

ABSTRACT. The mineralogical features and structural characteristics of geode type agates from theTatarevo village region, localized in Paleogene acid volcanics
(high-K rhyolite) from the formation of the Il acid volcanism are studied. The geodes are predominantly dense and of attractive decoration qualities due to the
concentric-stripe and parallel layers of different phases of SiO2, which protrude in respect to the dark colors (dark gray up to black) of the chalcedony matrix. The
macroscopic studies show that the mineral composition of the agates includes mainly phases of SiO2, among which different microstructural types of chalcedony are
prevailing. On the basis of the obtained data is suggested a hypothesis, that the studied agates have been formed from low temperature solutions as a result of the
postmagmatic hydrothermal activity in the region. The specific characteristics in its colouration is result of the cyclic dressing of these solutions with Fe and Mn.

BbBeaeHue

AxaTute C TAXHOTO TEKCTYPHO MHoroobpaswe npusnnyart
BHMMaHMETO Ha XxopaTa OT Han-gbnboka APEeBHOCT, a
XUMUYECKUTE U (DU3MKOMEXAHUYHNTE WM XapaKTEPUCTUKM
HanpaBuxa YCMELHO TAXHOTO MPUNOXEHNWe B peauua
MPOMULLMEHN HanpaBneHus.. HesaBMCMMO OT MOBMLUEHNS
MHTEPeC KbM Te3n MpupodHW obpasyBaHus, reHesuca M
reonorusTa Ha TeXHWTe Haxoaulla Bce owe ca Hepobpe
nayyeHn OTHOCHO reHe3uca Ha axaTuTe ca W3Ka3aHu
MHOKECTBO XMNOTE3M, HO 0 MOMEHTA HUTO eAHa OT TsX He
00sicHsIBa 3a0OBONUTENHO BCUYKM acrekTu Ha npobnema
(Moxon, 1996). BeposTHO ToBa OKa3Ba HebIarompusTHO
BNMSIHUE NpU pa3paboTBAHETO Ha CTPOMHA cucTema OT
KpUTEpUM 3a OLIEHKA W MpOrHO3a 3a TbPCEHe Ha TEeXHWTe
HaxoaMwa. B cblOTO BpeMe NPOMMLLNEHUTE HAaXOAMLa Ha
axaTu ce CBbp3BaT OCHOBHO C BYNKaHWTM (rmaBHO 6asanTw,
Mo-pSAKO aHAE3NTW 1 HaN-PSBKO PUONMTK), KaTo OCTaHanuTe
FEHETUYHM TUNOBE HAXOOMWA Ca CWUMHO MOAUEHEHU K
u3crefBaHnaTa B TAX Ca KPalHO orpaHuyeHu (T00BMKOB W
ap., 1987). Axat ¢ NPOMULLNEHN KOHLEHTpaLmMn B KCENH
BYNIKAHCKM CKanu Ce CpelLaT CpaBHUTENHO PSAKO, KaTo B
CbLLOTO BpEME Te CbLIECTBEHO Ce OTNMYaBaT no opma,
pasmepy M TEKCTYpHU OCODEHOCTM OT axatute B 6asanTtu
unn aHgesutn (Knesnenko, CeHkesuy, 1976). Helwo noseve,

Npu OMMCaHWETO Ha XanuenoHOoBM oOpasyBaHus (axaTu) OT
TakMBa CKanu C XapakTepHu 0CobeHOCTM BbB hopmara W
noebpxHoctta, B CALl 3a npbB nmbT  wM3nonsear
HaumeHoBaHMeTO “thunder eggs” (‘rpbmosn snua’). Cnopen
KueeneHko n CeHkeny (1976) Tean axaTu ce OT/IMYaBaT C
KOHTPaCTHW LIBETHW CMOEBE W NpUTEXaBaT BUCOKA tOBENUPHA
konekuymoHHa cToiHocT. C  aHanmorMyHu  kayectBa  ce
XapaktepuaupaT axatute OT KUCEeNWTE BYNKAHWTM OT eduH
CpaBHWTENHO crabo M3BECTEH BCE OWe paloH Yy Hac,
pa3snonoXeH B 3eMAINLLETO Ha C. TaTapeBo, XacKkoBCKO.

CpaBHuTenHo cnabaTa monynspHOCT Ha axaTute OT paiioHa
Ha C. TaTapeBO BEPOSITHO Ce ObITKM KaKTO Ha OTAaneveHocTTa
My OT OCHOBHMTE NposiBNieHust B MaTouHuTe Pogonn Taka v Ha
CpaBHWTENHO OrpaHMyeHaTa My Mol W PegKnTe Haxomkw,
KOMTO Ce HamWpaT B rpaHMLUTE Ha NposiBneHueTo. Hesasucumo
oT ToBa 0baye, nopagw W3KMKYUTENHO aTPaKTUBHUTE W1 BUCOKN
[EKOpaTUBHM KayecTBa Ha Te3n axaTW, TAXHOTO TbPCeHe,
0coBEeHO OT CTpaHa Ha KONeKLMOHEpHTe Ha MUHeparnHmu obpasum
B bbrrapus HenpekbcHaTo HapacTBa. Hal-BeposiTHO ToBa ce
ObITKM Ha ODCTOSATENCTBOTO, Y€ A0 MOMEHTa MpOsIBNEHNE
“TaTapeB0” € €AMHCTBEHOTO KOMMAKTHO axaTonposiBheHue Y
Hac, B KOETO 4acT OT obpasuute HOcsT Benesnte Ha TUMNYHK
OHWKCOBW axaTu 1 TBbPAE € Bb3MOXHO Npu 3a4bNID0YEHOTO My
n3crnegBaHe [a Ce YCTaHOBW, Ye CTpaHata HW pasmonara ¢
TaKbB TUM axaTw.
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Lenta Ha npegnaraHata pabota e [fa npencTasy
MbpPBOHAYaHM 4aHHWN OTHOCHO MUHEPANOXKUTE U TEKCTYPHU
0COBEHOCTM Ha axaToBWUTE reoau OT KUCENWUTE BYNKAHUTW OT
paioHa Ha c. TaTapeBo, XackoBcko. [eoaute 00eKT Ha
HaCTOALLOTO W3CMeABaHe Ca MW3rpajeHu OCHOBHO OT
pasnuuHn pasHoBugHocT Ha SiOz, npw ONUCaHWETO Ha
KOUTO € Bb3npueTa HOMeHKNaTypata W CbKpaTeHuTe
03HayeHus npeanoxenn ot Florke et al. (1991). B burrapus
Tasn HOMeHknarypa e BbBeAeHa ot Tsintsov et al. (2001) u
Ce uM3non3sa npu crneuvanuanpaHuTe u3cneaBaHus Ha
axarute y Hac (LmHuos v ap., 2006; Tsintsov et al., 2002).

leonoxka o6¢cTaHOBKa

B CTpYKTYpHO OTHOLLEHWE M3CrenBaHNAT paloH ce 0THacs
KbM CeBepousTouHaTa nepudpepHa yacT Ha BoposuiikaTa
kangepa B M3TOYHOPOZONCKOTO ManeoreHCKO MOHUKEHWE.
MarmaTuambT, NETPONOKKMTE W NETPOrEHETUYHU aCMekTH,
KaKTO CTPOEXbT M MOpdonorusiTa Ha BynKaHCKuTE Tena ca
pobpe n3yyenn (VeaHos, 1963; Axes 1 ap., 1983; BosiHOB 1
ap., 1990, 1995; MaHTesa, 1996; Xapkoscka u ap., 1997;
Yanev, 1998). PaitoHbT okono ¢. TaTapeBo e W3rpageH ot
KMCEnW BYNKaHWTW (3aApyra Ha BTOPW KWUCEN BYNKaHWU3bM),
yyacTBally B CbCTaBa Ha TaTapeBckaTta ByrKaHO-TEKTOHCKa
cTpyktypa. Onucann ca amcumbonosu puonutn (/1BaHoB,
1963), TpaxupuoZaUMTOBM W  PUONMTOBM “KynomM Ha
M3CTUCKBaHE" C NepnuTu B NepudepHnTe UM Yactu (FHeB u
ap., 1983), TpaxupuogauunTy, puogaunti u nepnutu (bosHos
u op., 1990; 1995). B obnacTtra 3anagHo WU CEBEPHO OT C.
TatapeBo ce paskpuBaT BYNKaHUTK (NATUTHK), NMPOKMACTUTH
W BYNKAHOTEHHO-CEOMMEHTHW CKanW yyacTBalyv B CbCTaBa

Ha 3afpyrara Ha BTOPWU CPEAHOKUCEN BYNKaHU3bM, a B HOXHUTE
Yactn un pa3Hoo6pa3HM CeAUMEHTHW CKanu.

Mopchonoxku n TEKCTYpHU 0COBEHOCTH

Axatute OT nposiBneHne “TatapeBo” ce HaMmupaT Hail-4ecTo B
enyBusi, NO-psaKO B AENyBus U anyBus Ha cnabo passutaTta
peYHa Mpexa B paiioHa U MHOrO psiAko B KOPEHHWUTE BYTKAHUTY.
lMpeacTaBeHun ca OT reoau ¢ OBarHa, M3OMETPUYHA WUnn cnabo
yobnxeHa ¢opma ¢ pasMep No Hai-gbfrata oc o 8 cm.
lonsiMa 4acT OT reoguTe ca HanykaHu U Ta3u ocobeHocT e
npaBo NponopuuoHanHa Ha TexHuTe pasmepu. [oBbPXHOCTTA
UM e HepaBHa W rpyba, a Ha OTAenHM obpasun nokputa ¢
ApebHu kaBepHu. [locnegHute ca C HenpaBWnHa, brioBaTta
copma 4 pasMep 4O 6 mm U ca pas3npoOCTPaHEHU BbLB
BbTPELHATE YaCTW Ha TeoguTe KaTo CTEHMTE WM ca
‘06nuuoBaHN" C MITbTEH KBapL, WNM KpUCTamW OT CbLUS
MuHepan. B oTmenHu kaBepHu ce HabniopgaBaT HenpaBWmHW
XanuenoHoBn  ofpasyBaHMst  CbC  CKeneTeH  cToex. B
nepucepHUTe 4YacTu Ha Mo-ronsiMa 4vacT OT reogute ce
HabniogaBaT penukT OT BMECTBALLMTE M KUCENW BYNKaHWTK,
KOWUTO Ha OTZenHn Mmecta ca C OpekyeBuaeH xapaktep,
obycnoBeH OT “UMnperHaumaTa’ um ¢ xanuegoH. ATpakTUBHUTE
kayecTBa Ha axaTuTe Ce M3pa3siBaT MHOrO 40Ope B MonvpaHu
Cpe3oBe M Ce ObIKaT Ha KOHTPACTHWUTE KOHLEHTPUYHW WM
napanenHu (OHWKCOB TWM) CMOeBe OT CHexHobsn o 6exos
onarn, KOWTO MHOTO SICHO KOHTpacTupaT Ha (oHa Ha yepHata
xanuegoHosa matpuua (cur. 1). OHMKCoBaTa TEKCTYpa Npum Yact
oT obpasuute ce obycnaBs OT HanM4METO Ha anTepHUpaLlu
yepHo-benu cnoese ¢ pebernvHa npegumHo ot 1 go 4 mm. B
MHOTO pegkn crnyyam ce HabniogaeaT — HepaBHOMEPHO

pa3npefeneHn B xanuUeaoHa yqacTbLy unv JOpu Lenu crioese ¢
KapHEONOBO (YePBEHOKAhSBO) OLIBETSBAHE.

®ur. 1. TekcTypHM 0COBEHOCTM Ha axaTOBM reoam OT paioHa Ha c. TatapeBo. Mapkep: a-r—2 cm
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MeTporpadhcka xapaktepucTmka

AxaTOBOTO MPOsIBNEHWe OT pailoHa Ha C. TaTapeBo €
NOKanuanupaHo B KUCENM BYNKAHUTK (PUOMATY) OTHACALLM Ce
KbM 3agpyrata Ha BTOPW K1CeNn BymKkaHU3bM. Pronutute ca
PO30BM [0 CBeTNOKadsBM, NOPGUPHM C MACUBHA TEKCTYpa.
W3rpapenn ca ot deHokpuctanm (15-30%) Ha nnaruoknasu,
caHWauH, KkBapy, Guotut, amcubon u aeBUTPUPMUMPAHO
BYNKAHCKO CTBbKNO. [1narnoknasute (Anz.ss — ONMroknas-
aHgesuH) ca okono 40-50% o1 deHokpucTanute. Caexy,
30HanHW, NpU3MaTUYHM W NNOYECTW, NPEACcTaBeHu OT
nopcoupu ¢ paamepu go 5 X 0.8 mm u cy6nopdompu (0.35 X
0.15 mm). Hsakon CbabpKaT MHOTOYMCNEHU BKIHOYEHWS OT
AEBUTPUDULMPAHO BYTKAHCKO CTBKNO 1 61oTuT. CaHnouHbT
(2 X 2.5 mm) e BucTbp € NpaBobIbHA W KBaZpaTHa hopma,
C BKMoYeHWs OT cybnopdmpHu nnarvoknasu. KeapubT e
npeacTaBeH OT  eOuHWYHM  3a0bneHn  kpuctamn ¢
PaBHOMEPHO MOTbMHEHMe W pasvepu o 1.3 mm.
MaduuHute muHepanm (10-15%) ca ot 6uotut 1 amdmbon,
kaTo MbpBMAT npeobnagaBa. BUOTUTLT € CBEX, CUIHO
YOBIKEH A0 WIMECT, C BKIYEHMs OT anatut. Ha mecta e
NPOTOKNACTUYHO OrbHaT. [MpuTexasa CUMEH MNEOXpou3bM
OT CBETNOXBNTOKAAB N0 X, 40 TbMHOKa(siB, NOYTH YepeH
no Z=Y. Cxemara Ha abcopbuns e Z= Y > X. Amcmbonute
Cca  3efleHM, B HAKOM  chyyan  3eneHokadssw,
THHKOMPU3MATUYHK, YOBIKEHM [0 2 mm. XapakTepHa
0COGEHOCT Ca HaTpoLleHuTe (heHOKpUCTanM OT Keapl,
naarvoknasm u amgubonu, Kakto 1 Takuea CbC cregn ot
MarmaTiiyHa Koposusi. AKLIECOpHUTE MuHepann ca ot
NpU3MaTUyeH anaTuT, LMPKOH, TUTAHWT U MarHeTuT.

Tabnuua 1
XUMUYHU aHanusu Ha KUcesu 8ynikaHumu om palioHa Ha C.
Tamapeso (mean. %)

Oxkcuam ER-79 ER-80 ER-81 ER-81/1
SiO2 71.23 71.73 72.35 72.51
TiO2 0.32 0.29 0.28 0.30
Al203 14.19 13.95 13.51 13.64
Fe203 2.34 222 2.30 1.98
FeO 0.41 0.38 0.40 0.52
MnO 0.07 0.04 0.03 0.05
MgO 0.76 0.57 0.54 0.66
Ca0 1.79 1.91 1.78 1.91
Na:0 2.96 297 2.69 2.75
K20 4.68 4.86 4.58 443
P20s 0.20 0.17 0.42 0.36
3H 0.77 0.74 0.91 0.79
Cyma 99.72 99.83 99.79 99.90
K/Na 1.58 1.64 1.70 1.61
P.l. 0.70 0.73 0.69 0.68

HopmatueeH cuetas no CIPW
Q 31.99 31.64 36.03 35.72
Or 27.98 29.01 27.40 26.44
Ab 25.28 25.33 22.99 23.45
An 7.79 8.56 6.44 743
C 1.43 0.68 1.80 1.62
Hy 1.92 1.44 1.37 1.66
Mt 0.63 0.52 0.58 0.98
Hm 1.93 1.88 1.93 1.32
Il 0.61 0.56 0.54 0.58
Ap 0.44 0.37 0.93 0.79

KINa = K,0/Na;0; P.l. = Na20 + K.0/Al203 (mol)

OcHoBHaTa Maca C MukpodpenauToBa, chenautosa W
ccheponuToBa CTPYKTypa € OT  CBETNOXbNToKasso Ao
CBeTNoKagsBo BYTKaHCKO CTBKIO, HepaBHOMEpHO
AeBUTPUUUMPaHO B MMKPO3bpHECT kBaply — K-benpwnatos
arperat. HabniogasaT ce U cdeporMTM € BNAKHECT,
paguanHombyecT CTPOEX, MPOCTPaHCTBOTO MeXAy KOoUTO e
3ambHeHO ¢ ApebHO3bpHeCT arperart oT K-genpawunar v keapy, ¢
(henanuToBa CTpyKTypa.

B  npupasnomHWTe  MO-BUCOKO  MpOHWUaemMu  3a
XMAPOTEPMarHIUTE PasTBOPU 30HU, PUONUTUTE Ca NMPOLENeHN OT
MHOXECTBO KBapLOBM U XarLefOHOBM XUNku, ¢ AebennHa o 2
cm u gbnxkuHa go 80 cm, KOWTO Ha MecTa npexoxgaTr B
HenpaeWMHW No c¢opma neLwoBuaHu Tena. Habniopasar ce
HepaBHOMEPHO pasnpefeneH PLKANBOKASBM MUrMEHTALMN
oT Fe xuppokcugn. CkanoobpasyBaluuTe MWHEpanu BbB
BYNKaHUTUTE OT Te3W 30HM Ca 3HAYUTENHO MPOMEHEHMW.
lMnar1oknasute ca 3aMecTeHM MO MyKHATWHW OT KBapy W
XanuenoH, a Mam4HUTE MUHEpPani ca LiSnoCTHO NPOMEHeHM —
OuotMTbT € 00e3uBeTeH U nNpeBbpHaT B  W30TPOMHA
Be3cTpykTypHa mMaca, a amgnbonuTe ca 3aMecTeHn OT KBapL, U
XanuenoH. B ocHoBHata MukpodensuToea maca npuchbcTBat
MHOXeCTBO 6e3LlBeTHVI, M3OMETPUMHN U YOBIIKEHW Tena
uarpagenn ot usotponHu SiO2 dhasn, BeposTHO onan. B Tesu
XMOpOTEPMarHo MPOMEHeHW yyacTbuu ce Habniopasar
MUHZaNW 3anbiHeHn cbe SiO2 asm — npeauMHO XanueacH, B
Nno-Marnka CcTeneH KeapuuH, onan W MUKPOKBapL, KOUTO NO
CbWeCTBO  MpeAcTaBnsBaT  CBOeoOpasHM  MuKpoaxaTy.
PenysaHeTo Ha  pasnuyHUTE  MUKPOCTPYKTYPHM  TUMOBE
xanuegoH n SiO2 asn oT nepudepHUTE KbM LIEHTPanHuTeE
yactu Ha mukpoaxatute € ot Tuna: CHr — CHis — MQ u CH-
Hir — CHir — CHis — +MQ. B apyru cnyyam cpeg macvseH
XanuegoH ce HabntogaBa BRaKHECT M CHEPUYHO-BMAKHECT
XanueaoH C MWKPOPUTMMYHOCT, KaKTO W U3OMETPUYHW K
HenpaBunHm Tena ¢ pasmepn 0.01-0.2 mm OT onTUyecku
WN30TPONeH onar.

Ha knacudmkaumonHata TAS guarpama (Le Bas et al., 1986)
W3cnenBaHWUTE BYMKaHUTW MOMafaT B MONETO Ha PUONKTMTE
(dur. 2a), a cnopep avarpamata Ha Peccerillo & Taylor (1976),
pombrnHeHa ot Dabovski et al. (1991) Te ca Bucokokanmesm
prnogauutn u Tpaxupuogauuti (cur. 26). Bynkanutute ca
BMCOKOKanueBmn (cpur. 3), NpecuTeHn ¢ HopMaTMBEH KBapl, U
BMCOKOKamNMeBO KanLueBo-asnkarnHa v LWOLIOHUTOBA CEPUasHOCT.
CvotHowenneto K2O/Na:0 e mexgy 158 wn 1.70, a
nepankanHusT nHaexkc e ot 0.68 go 0.73 (tabn. 1).

Na20+K20wt% a| 6 LKOws— T~ 6
‘ TR
TRD |
R| 57T . 1‘# -
Y HKCA
| HKR
4 HKRD |
Si02wt% I sio2wtt%
68 73 78

®ur. 2. a - AnkanHo-cunuumeBa knacudukaumoHnHa guarpama (no Le Bas
et al., 1986) ¢ pasnonoxeHne Ha purypaTUBHMTE TOYKN Ha BYJIKAHUTMTE OT
panoHa Ha c. TatapeBo: D - paumut; R — puonut; T - Tpaxut; TD -
Tpaxupaumt; 6 — [uarpama Ha Peccerillo & Taylor (1976), gonbnHeHa ot
Dabovski et al. (1991): HKRD - BucokokanueB puogauut; HKR -
BucokokanueB puonuTt; TRD - Tpaxupmnogaumt; TR - Tpaxupuonut; Cepuu:
HKCA - BucokokanueBo KanuueBo-ankanHa; SH — wowoHuToBa
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K20 Wt%
[ ]

4l BUcoKo-K

cpegHo-K

HUCKo-K
Si02 wt%

65 69 73

1

®ur. 3. flnarpama Ha Le Maitre et al. (1989) 3a nogensiHe Ha puonuTuTe
Ha HUCKOKanmeBHU, cpeiHOKanueBn U BUCOKOKaNueBm

W3cnengaHuTe axatw OT paiioHa Ha C. TaTtapeBo ca
U3rpageHn OT MHOMOKpaTHO W pUTMUYHO peaysalum ce SiOz
asM — npeguMHO XanuedoH, B MO-Manka  CTeneH
MWUKPOKBapL, ¥ onan. XanuegoHbT € NMPeauMHO YepeH, no-
psagko yepeeHokadsiB M OesupeTeH. YepHute  mBULM
uarpaxgar no-ronsgmMa 4act OT axaTute W OBWKHOBEHO
3aemat nepudepHute MM vactu. [log mukpockon ce
yCTaHOBSBAT PeayBally ce uBuuM ¢ aebenuHa ot nopsiabka
Ha 0.02-0.5 mm oT pasnMyHN MUKPOCTPYKTYPHU TUMOBE
xanuegoH - CH-Ww, CH-Hr, CHr wu CHw.
UepeeHokadsieute ca ot CH-Hir (cchepuyHo-BnakHeCT u
Xopu3oHTanHu cnoese) U CHir, a 6esuseTtHute ot CH-Wir
(ur.  4a-6). PasnuuHuTe  MUKPOCTPYKTYPHM  TUMOBE
XanueaoH ce peayeaT B pasnnyeH nopsabk. MepudepHute
4acTu ca U3rpageHn 0T MHOroKpaTHO peayBaLyy ce UBULM OT
BMAKHECT W NapabonnyHO-BNaKHECT XanuedoH ¢ aebenvHa
0.3-0.5 mm, a BbTpeLlwHnTe YacTu — oT MukpokBsapl, (CHLF —
CH-Wir > CH-Hir — CH-Wir — MQ). B gpyrv criyvam B
YepHUTe XanuedoHoBM MBMUM ce Habniogaea OnTUYECKM
cnabo aHM30TpOMeH onarn, Cped KOMTO MNOKamHO U
HEepaBHOMEPHO Ca AMcneprupaHn kadsieu U pbxanBokadsien
Fe xuopokeuay acouumpally C rAMHECTM MuUHepanu (dowr.
4B). CtpyktypHute gaHHu (XRD wn3cnegsaHus v PamaHoBa
CMEKTPOCKONWS) MOKa3BaT, Ye aHW3oTponusaTa Ha onana ce
ObIDKA Ha HamMuMeTo B HEr0 Ha CTPYKTYPHWU AOMEHM OT
npeobnagaeallo KpucTobanuToB, TPUAUMMTOB UM CMECEH
(KpMCTOBANUT-TPUAMMUTOB)  KOMMOHEHT.  XanuedoHoBUTe
MBMLM OKOJIO Onara ca W3rpadeHun OT peayBall ce BnakHeCT
XanuemgoH € fACHO  M3paseHa  MMKPOPUTMWUYHOCT,
napabonnyHo-BMakHECT M MacuBeH XanuegoH (dwr. 4B).
BbTpelHuTe yacti Ha Te3n axaTi ca OT MacvBeH XanuemgoH
M MUKPOKBApL, C Bapupalio KOMWYEeCTBO XarmLemoHOBW
cpeponutn cpeg Tax. PedyBaHeTo Ha  pasnuyHuTe
MWKPOCTPYKTYPHW Tunose xanuegoH u SiO2 ¢asm e: O —
CHir —» CH-Wir — CHw — CHir — CHum 1 MQ £ CH-Hir.
B HSIKOM KOHLEHTPUYHO-30HANHW axaTu OCBEH OnMCaHuTe
MHOrOKpaTHO pedyBalj Ce MWUKPOCTPYKTYPHWM TUMOBE
XanuefoH ce HabnopaBaT  xanuegoHoBu - CheponuTy,
MPOCTPAHCTBOTO MeXAy KouTo e 3ambiHeHo ¢ CHu. AgpoTo
um e oT Fe xuapokcwau, MWKpOKBapy M onan, a
nepudepHute yactu ca ot CH-Hir u CH-Wir (cwr. 4r).

OuBeTsiBAHETO Ha axaTWTe Ce AbIKM Ha pasnuyHata
KOHLieHTpauus 1 pasnpegeneHue Ha Fe cyndmaun, Fe u Mn
oKCUaW M Xmapokcwau B xanuegoHa (ur. 44). Te ca
MpeacTaBeHn OCHOBHO OT MUPUT, NMUPOTMH, Fe okcuan w
XWMOPOKCMAM W €OMHUYHM Haxogkn OT Mn okcuanm wnm

Xvppokeuaun. Vimat HenpasunHa, M3OMETpUYHa Mnu brnosata
chopma ¥ pasMepu NpeauMHO Nog 2 um, MHOMO PsaKo 40 8 um
no Hai-gbrrata oc. YecTo YepHUTE MBMLM ca OCOPMEHN W
OLBETEHM OT 3aKOHOMEPHO PAa3NONiOXeHW B  eLanoHHa
nogpenba pambonam Ha Fe cynduan ¢ pasmepu nog 1 pm,
MHOrO psigko Jocturawm fo 5 pm. Wmar noytu wugeantHa
cchepuyHa opMa 1 MHOTO psiko nmokaseaT Hefobpe passuTy
KpUCTarnHu CTeHu. YepeeHokadsBuTe MBULM Ca NUrMEHTUPaHH
oT Fe okeuau v xuapokeuau, NpeAcTaBeHun oT Tena Cbe cbliaTa
Mopdororus U pasmMepu, HO C PbXAOWBOKA(ABO OLBETSBAHE
(dur. 4p). B Hsakom cnyysam cpeg CHwm ce ycraHoesBat
HepaBHOMEpPHO pasnpegenexu pbXaMBOKaSBY,
LeHapuTOBUAHW Fe okenan 1 xuapokenan (covr. 4e), a B apyrv —
WBMLM OT NITLTHO NoapeaeHn dpambonam Ha Fe cyndmam
OKCUAW W XMOPOKCMAM C PasfiuyHW pasmep 1 Mopdonorus
(our.  4x), KouTO pa3mEnaT PasnUYHUTE  MUKPOCTPYKTYPHN
TMNOBe xanuegoH. B onpepenenn ydyactbum dpambouaonte
MMaT HepaBHOMEpPHA KOHLIEHTpaLUS W pasnpefeneHne B YepHus
XanuenoH (cowur. 43). BeposaTHO B ONpeaeneHn cnyvam YepHOTO
OLBETSABaHe Ha xanuedoHa ce ObmkuU Ha (DWUHO aucneprpaqn
cpeg Hero Mn okcuam unm xuapokeuau. XapaktepHa ocobeHocT
€ IoKanu3auusTa Ha NUrMeHTUpaLLMs KOMMOHEHT B onpeaeneH
MWUKPOCTPYKTYPEH TUN XanuedoH, B rpaHUUMTE Ha KOWTO
KOHLEHTpauusTa U1 pasnpegeneHueTto My e CPaBHUTENHO
NOCTOSIHHO. B Ta3n Bpb3ka pedyBaHEToO Ha MBMLUM C NO-BMCOKA
KoHUeHTpauns Ha Fe cyndwman, Fe u Mn okeugn wwnu
XMOPOKCUOW W TakMBa C MO-HUCKA HACWTEHOCT, KakTo U
HanuumeTo Ha onan oBycnaBAT KOHTPACTHOTO OLBETSBaHE Ha
axatute.

FeHeTMYHU ocobeHoCTH

['eHe3ncHbT Ha axaTuTe OT paiioHa Ha . TaTapeBo credsa aa
ce 0bBbpXKE C NocTMarMaTMyHaTa XugpoTepMarnHa akTUBHOCT B
W3tounute  Popmonn.  XugpoTepmanHata — AeMHOCT €
HepaBHOMEpPHO NposiBEHa, MO-MHTEH3MBHO OKono
NpUPasnoMHATE MO-BUCOKO MPOHWLAEMW 30HM, Kato W B
KaTaknasmMpaHu W TEKTOHM3MpaHM YyyacTbuu. B Tesn 30HM
oborateHute Ha SiO2 HMUCKOTEMNEpaTypHW pa3TBopKM ca
3aMb/IHUMKN MyKHATUHW, KaBEPHW W PasfuyHM NO ronemMuHa u
MopONor1s ra3oBu MpasHWHU BbB BYNKAHUTWUTE, OTNaraiiku B
1ax SiO2 ¢hasm u opmupankn KakTo MUKpoaxaTW, Taka 1
pasnnyHM No ronemuHa u dopma reogu. MHOrokpaTHOTO
peayeaHe Ha uBMUM OT pasnuuynm SiO2 asn e ykasaHue 3a
cTaguiiHOCT B MuHepanoobpasyBaTenHute  npouecy,
obycnoBeHa OT myncauusTa Ha pasTBOpUTE M MpOMsHATa Ha
(OU3NKOXMMUYHUTE YCIIOBUS. B nokanHu yyacTbum pasteopuTe
ca VManuM noBuweHa S (YTUTMBHOCT W 3HAYUTENHO
cbObpxaHue Ha Fe 1oHW, koeTo e 6uno npegnoctaska 3a
obpasysaHe  Ha  cyndwmgute. C  paseuTMETO  Ha
KpUCTan13aumoHHMs Npouec Te ca mpuaobunn OKUCTIMTENEH
XapakTep, B pesynTaT Ha KOWTO ca popmupaHu onpefeneHa
yact oT okcugnte W xugpokempute. OcCTaHamuTe OT THX
BEPOSITHO Ca pesynTaT OT CynepreHHata NMpoMmsiHa Ha 4acT oT
mbpauyHuTe cyndman. Cnopeg Sunagawa and Ohta (1976),
XOpU3OHTarnHaTa napanenHo-MBUYECTa 30HAMHOCT NpK axaTuTte
Oenexu 3aKnUMTENHUS CTaguin Ha TAXHOTO (opmupaHe. B
HalMst Cry4an Ta3u 30HaNHOCT € M3rpafeHa OT peayBaHeTo Ha
ONanoBW U XanuedoHOBM CroeBe C pasnnyHa AebenvHa u e
yKa3aHWe KakTo 3a (huHarnHWsa CTaauii Ha axatoobpasyBaHETO B
paficHa, Taka M 3a  NyfAcauuoHWs  XapakTep  Ha
MWHEpanuaupaHuTe pasTBOPU W MPOMEHUTE B  TEXHWUTE
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KAINUMUEB ®UNNOMAHIAHAT (PAHCUEWT) OT XXENE3OPYAHOTO HAXOOWULLE
KPEMUKOBLIU

Mapzapuma Bacunesa, KanuH Pyckoe

MurHo-eeonoxku yHugepcumem ,Cs. MeaH Puncku”, Cogpus 1700
E-mail: marvas@mgu.bg; rouskov@mgu.bg

PE3KOME. Hanuuue Ha Ca-chunomaHraHat (paHcuenT) e yCTaHOBEHO B IMMOHUTUTE OT XKene3opyaHOTO Haxoauiie KpeMuKkoBLy 1 cpes BMECTBALLMTE OpYAsiBaHETO
kapBoHaTHu ckanu. PaHcuenTbT e HabniofasaH B TicHa acouuauus ¢ Fe u Mn okcuam 1 xuapokeuam (rbOTUT, NENUAOKPOKUT, BTOPUYEH XEMATUT, POMaHeLLNT, (aau
OT W30CTPYKTYpHaTa CEpYst KpUNTOMENAH-X0NaHANT-KOPOHAANUT, TOJOPOKUT 1 Ap.), cynepreHeH kanuut v 6apur. MposeneHu ca CEM u TEM, pygHa mMukpockonus,
PEHTFEHOCTPYKTYPHW aHamnuau, KONMMYECTBEHN PEHTTEHOCTIEKTPAHN MiKpoaHanuan n UYC, 3a usyyaBaHe Ha MOPGONOXKUTE OCOBEHOCTH, CTPYKTypaTa, XMMU3Ma 1
CMEKTPOCKONCKUTE XapaKTEPUCTUKW Ha paHcuenTa. MpaxoBuTe PEHTTEHOBM AaHHU Ha u3cnefBaHaTa asa CboTBETCTBAT Ha eTanoHHuTe (JCPDS 22-718). B Hsikom
OT aHanuaupaHuTe paHCUeMTOBN 0Bpa3un e YCTaHOBEHO MPUCHCTBME Ha MPUMEC OT TOAOPOKWT. [laHHuTe oT u3sbpleHuTe EMPA nokassat, ye OCHOBHUTE
KOMMOHEHT B paHcuenTa ca npeactaseHn oT Mn u Ca, Ho ce HabriopaBaT M3BECTHU Bapuauun B ChAbpkaHueTo Ha Ca. YcTaHOBsSIBaT CE W MOBULLEHU
KoHLeHTpaLum Ha Mg u Ba. Peructpupanust MUC ce cwvrnacysa fobpe ¢ ny6nvkysaHuTe B nutepaTtypaTa cnekTpu Ha paHcuenT (Potter and Rossman, 1979) u ce
XapaKkTepuaupa ¢ NpUCLCTBMETO Ha €[HAa OCHOBHA WMBMLA Ha MormbluaHe npu 440-445 cm-', no-cnabo mapaseHa meuua npu 505 cm-' n pamo npu 685 cm-'. B
NIUMOHUTUTE OT XEeNe30pyAHOTO HaxoamLe KpeMUKOBLW paHCUeUTbT UMa cynepreHeH npouaxod. MuHepansT npeAcTaBnsiBa KbCHO 06pasyBaHue U Hail-BEPOSITHO e
OTFNOXEH NPe3 NOCTNAMOLEHCKIS OKUCIIUTENEH CTafni OT hopMUPaHETO Ha 30HaTa Ha cynepreHesa.

CA-PHYLLOMANGANATE (RANCIEITE) FROM THE KREMIKOVTSI IRON DEPOSIT
Margarita Vassileva, Kalin Ruskov

University of Mining and Geology “St. Ivan Rilski”, Sofia 1700

E-mail: marvas@mgu.bg; rouskov@mgu.bg

ABSTRACT. Ca-phyllomanganate (rancieite) was detected in the limonites from the Kremikovtsi iron deposit, as well as within the host carbonate rocks. The mineral
was found in an association with Fe and Mn oxides and hydroxides (goethite, lepidocrocite, secondary hematite, romanechite, phases from the isostructural series
cryptomelane-hollandite-coronadite, todorokite and other), supergene calcite and barite. The morphology, structural features, chemical composition and spectroscopic
characteristic of rancieite were studied by standard techniques including SEM, TEM, reflected light microscopy, XRD, EMPA and IRS. The powder-diffraction data
correspond with the standards (JCPDS 22-178). Todorokite impurity phase is found in some of the analysed rancieite samples. Data from EMPA suggest that the
main components in rancieite are presented by Mn and Ca, but some variations in the Ca content are obsreved. Enriched Mg and Ba content is found as well. The IR
spectrum corresponds well to the rancieite spectra reported by Potter and Rossman, (1979). It is characterized by the presence of a main absorption band with
maxima at 440 — 445 cm-', a secondary band at 505 cm-! and a shoulder at 685 cm-'. Rancieite is of a secondary origin in the oxidation zone from the Kremikovtsi iron
deposit. The mineral is formed at the end of mineralization process and most probably has been precipitated during the post Pliocene oxidation stage of the oxidation
zone formation.

BbBeaeHue N30CTPYKTYpHUTE hasu BWUPHECUT, PaHCUEUT W TaKaHemwT,
YMMTO CbCTaB MOXe Ja Obae m3paseH ¢ obwara dopmyna
PaHCUENTBT € HefocTaTbyHo [06pe u3ydeH XvapaTupa (Na,Ca,Mnz)Mn74014.2,8H.0. B npupoaxn ycnosust ca
Ca-Mn okeua cbe CbCTaB, CbOTBETCTRALL Ha UaeanManpaHaTa YCTaHOBEHW TBBLPAM Pa3TBOPWU Ha PaHCUEUT C TaKkaHemnuT
dopmyna (Ca,Mn)Mns0s3H.0 (Richmond et al., 1969) unm (Mn2*,Ca)Mn*4093H:0, a HeotpasHa B L. Kopesi 3a mpbe
Ca:Mne#*01.6H0 (Uyxpoe u ap., 1979). Muepamst MbT € € OTKPUT W Zn-aHanor Ha paHcuenTa — MUHEpambT
npuTexasa cnoucta CTPYKTYPpa, aHanornyHa Ha YnmoonTt (Zn,Ca)Mn44+Og.3,85HzO (Kim, 1991, 1993, 2002)
OupHecuTOBaTa, OCHOBAHA Ha CrOEBe OT CbeAMHEHW NO
CTpaHMyHMTe UM pebpa [MnOs| oKTaeapu, ¢ pasnonoxXeHn B dunomaHraHatute ot bupHecuToBaTa rpyna ce cpeuiart B
MeXaycroeBeTe KaTuoHM 1 Monekynu Boga (Bardossy and OKMCTIATENHITE 30HW Ha Mn-CbbpXalLy pyaHn Haxoauuia, B
Brindley, 1978; Potter and Rossman, 1979; Yyxpos u ap., okeaHckute Fe-Mn KkoHkpeuuu W nousuTe, Hait-4ecto nog
1979; Ertl et al., 2005). Cnopes Yyxpos 1 ap., (1979), Post and dopmMata  Ha  KpUNTOKPUCTaNHM [0  (PUHOAMCMIEPCHM
Veblen, (1990) 6upHecuToBaTa CTPYKTYpa € OT XankohaHUToB obpasyBaHus, ~ KOETO  3aTpyAHsBa  U3y4YaBaHeTo  Ha
TUM, HO CE OTNMYaBa C MPUCLCTBMETO Ha HenodpeaeHu KpUCTanoxmMmmnyHuTe UM ocobeHocTu. basanHoto
BaKkaHUMM B OKTaedpW4HWUTE CroeBe, BWAA W NO3NULMMTE Ha MeXQYnnockocTHo ~ pa3cTosHue doot Ha  MpUpOAHUTE U
MEXOyCrioeBATE  KaTMOHM M MOMeKynHata  Bopa. CUMHTETUYHM (hasn OT Tasu rpyna e okono 7A, HO nokassa
BupHecutOoBaTa rpyna MuHepanW, O3HayaBaHu OLie KaTo “3BECTHM  Bapuauum B 3aBUCMMOCT  OT  BMWOdA Ha

cunomaHraHatn,  cnopeg  Post  (1999)  BknouBa
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MEXOYCIIOeBUTe KaTUOHK M MOneKynHaTa Boga (Yyxpos u ap.,
1979; Chukhrov et al., 1980; Kim, 1991, 1993).

lMpes nocnegHUTe [OeceTWHa T[OOMHW Ce  M3BbpLUBaT
WHTEH3WMBHW U3CNEBaHNS HA CUHTETUYHU (PUINOMaHraHaTti ot
OMPHECUTOB TUN (BKIIOYUTENHO UM HA XUMUYHO U CTPYKTYPHO
MoauduLmMpaHy), Tbid-kaTo Te NpeacTaBnsBar MUKPOMOPECTM
matepuanu, C orfief CbBPEMEHHOTO WM  WHOYCTPUAIHO
NPUNOXEHNE KaTO MOHHM 1 MOMEKYHM CUTa, KOHOOBMEHHNLM,
COPOEHTN Ha TEXKM MeTanu W paguoakTUBHU ENEMEHTH,
katanusatopu, katoau u ap. (Post, 1999; Feng et al., 1999).
CuHTeaVpaHy ca 7A cunomaHraHatin oT paHCUeUToB Twr, 3a
U3y4aBaHe NPUNOXMMOCTTa UM KaTo KaToaM 3a MHOrOKpaTHO
3apexgawyu ce nuTueBn Oatepun, 3a  NpeHOCUMMTE
MUKPOENeKTPOHHM ycTporcTaa (Leroux et al., 1995; Woo et al.,
2003). ExkcnepumeHTanHuTe uscnensanus, nposeaeHn ot Duff
et al. (1999), Bish et al. (2003) nokassat, 4ye NpPUPOSHUAT
paHcueuT € MHoro Jo6bp cenekTueeH copbeHT Ha Pu u uma
W3KMIOYUTENHO BAXHO 3HAYEHWE, KaTo KOMMOHEHT Ha
reofioxkata cpega, nogxogdlla 3a  JeroHupaHe  Ha
BUCOKOAKTUBHU W ABITOKMBYLUM PaaMOAKTUBHU OTNagbLM.
BB Bpb3ka C M3rpaxdaHeTo Ha MOA3EMHO XpaHWnulie 3a
BMCOKOAKTMBHM OTMagbly 1 OTPabOTEHO SApeHO ropueo B
Yucca Mountain, Heeaga, CALL, cblmTte aBTopu u3yyasat
BMECTBALUWTE CKanu, NPeAcTaBeHn OT  3e0NnUTU3MPaHu
PUONUTOBM Ty(U, CbObPXKALLM HE3HAYMTENHW KONUYECTBa OT
cmekTuTi, Fe n Mn okenau (paHcuent). Te ycTaHoBsBaT, Ye 3a
pasnuka OT  3e0NUTWUTE, KOMTO ca  CopbeHTM Ha
KpaTKOXMBYLIMTE paguoHyknuan 137Cs u 90Sr, npucbCTBaLmaT
B TyuTe paHCUEUT € CenekTuBeH COopbeHT Ha Obnro-
KUBYLMTE aKTMHUOW U NpeacTaBnsBa eekTMBHA NpupoaHa,
reonoxka bapuepa, Bb3NpensTCTBaLla MUrpaLmsTa um.

[lBe HaxoaKM Ha paHCMEMT Ca YCTaHOBSIBaHW B CTPaHaTa Hy -
B OKACTIUTENHATA 30Ha Ha KENe3opyAHOTO Haxopuiie
Kpemukosun (PagoHoBa w pgp., 1967; Bacuneea, Pyckos,
2006) u B M3touHoto CpepgHoropve, B MaHraHoeata
MWHEpanu3aumMs  cpes  TOPHOKPEOHW  BYNKAHOTEHHO-
CeanMMEHTHM ckanu npy ¢. Paknuua, KapHobatcko (Bacunesa,
BaHywes, 1994; Banushev, Vassileva, 1994). Cnopep Hsikoun
aBTopu (PagoHosa u ap., 1967) onuceaHata ot Bacunes v ap.
(1959) nbpBa Haxogka Ha paHcueut B bBbrrapus ot
MaHraHoBUTE pyau BbB BapHEHCKO e HEAOCTOBEPHA, 3a KOETO
CBWAETENCTBYBAaT ~ MpUBEOEHUTE  PEHTreHorpadickm U
TepmorpadiCkn AaHHM Ha Tasu (hasa.

B Haxoguwe KpemukoBUM paHCueuTbT e HabnogaeaH B
MuHanoto ot PagoHosa u gap., (1967) cpem npasHuHM U
MyKHaTUHW B NUMOHWTUTE. [1pUCHCTBME HA pPaHCMENT M Mo-
4eCTO Ha paHCHeuT C NPUMECK OT TOLOPOKUT, Be YCTaHOBEHO
MO-KbCHO KaKTO CPed JIMMOHUTUTE, Taka W Cpefd BMeCTBaluTe
kapOOHaTHM CKanmW OT HaxogwmLeTo, cpeq MO-BUCOKWTE
XMMCOMETPUYHM HMBA B EKCMIoaTaUMOHHaTa kapuepa Ha
pyoHuka (x-T 604). NumonnTuTe 3aemar Hag 2/3 ot obema Ha
HaxoaumLEeTo W ca obpasyBaHu B pe3ynTaT Ha CynepreHHoTo
M3MEHEHWEe NPEeVYMHO Ha MbPBWYEH MAHraHCUOEPUT, U B NO-
Marnka creneH — Ha (pepodonoMUT-aHKEPUT W Cynduam
(AtaHacos, 1977; Kanypkos, 1988). ®opmupannm ca npes
NPOOBIKMTENEH  EK30TeHEeH  eTan,  BKMWOYBaW, [JBa
oKMCTIMTENHM CTagus (Mped- WM CMEANSMOLEHCKW) UM eauH
PeayKUMOHeH (MnnoLeHckn) cTaguin. CbCTaBeHn ca rmaBHo OT
ot Fe u Mn okeuau 1 XuapoKcuay - rbOTUT, BTOPUYEH XEMATHT,
NENUEOKPOKMT, POMAHELLMT, MWUHEpPanX OT WM30CTPYKTypHaTa
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cepust  KpUNTOMENaH-XoMNaHOUT-KOPOHAAUT,  MUPONY3WT,
MaHraHuT, TOAOPOKUT W Ap. B NuUMOHWTUTE NpUCLCTBAT W
cynepreHHn kapGoHaTu, cyndatu, cynduam 1 ap., OTIOXEHM B
CcyOpeyKLUMOHHN YCMOBMS, NPW 3aNMBaHETO Ha HaXOMWLLETO
OT BOAIUTE Ha NMMOLIEHCKO €3ep0.

B HacToswara pabota ce npuBexgar pesyntatsh OT
NPOBEAEHNUTE U3cneaBaHus 3a U3ydaBaHe Ha MOpONOXKUTE,
CTPYKTYPHUTE W CMEKTPOCKONCKA OCOOEHOCTM U XMMU3Ma Ha
paHcuenT OT Haxoauiue KpeMukoBLM, C Ornes nonyyasaHe Ha
no-MbfiHa XapakTepucTika Ha MuHepana. MybnukysaHuTe B
nuTepatypata [daHHu 3a CbCTaBa, (U3NYHWUTE CBOWCTBA,
TEPMUYHOTO NOBELEHME, CIEKTPOCKONCKA 1 ApYri 0COBEHOCTH
Ha Tasn (pbasa, B HAKOW cry4an ca HembfHM W (Unn)
NPOTUBOPEYMBM, BCHEACTBIUE HEXOMOTEHHOCTTa Ha MUHepana.
Uyxpos u gp. (1979) noguyeprasatr, 4e B MHOrO OT
nUTEPaTYPHUTE U3TOYHMLM, BKITIOYUTENHO M 3a paHcuenTa ot
Knacu4yeckoTo Haxoguile B PaHcue, OpaHuus (Perseil, 1967),
C HaMMEHOBAHMETO “paHcUenT” Ca ONUCBaHW HEeeaHOPOAHN
MWHEpanHuW  arperaty,  NpeACTaBNsBalM  Hal-4ecTo
MEeXaHU4HM CMECW Ha paHCWMeUT C TOOOPOKUT UMW Ha
TOAOPOKUT C Apyru (hasu.

MaTepMan M MetToauka

MpoBegeHn ca eneKTPOHHO-MUKPOCKOMNCKA  M3cresBaHus
(CEM u TEM), onTuyHa MUKPOCKONUS B OTpa3eHa CBETNMHA,
PEHTTEHOCTPYKTYPHU aHanusau, KOJIMYECTBEHM
PEHTTEHOCTIEKTPanH/  MUKpOaHanu3n W MHpadepBeHa
CMEKTPOCKONMS, 3a U3y4aBaHe Ha MOPONOXKIUTE 0COBEHOCTH,
CTPYKTypaTa, XUMM3Ma W CNEeKTPOCKONCKUTE XapaKTepucTHKM
Ha paHcueuta. CkaHupaliata eneKkTpoOHHa MWKpOCKONUS e
W3BbPLUEHA CbC CKaHMpaly enekTpoHeH Mukpockon JEOL
JSM-T 20 8 MI'Y “M. B. llomoHocos”, Mockea, Pycusi, kakTo n
C enektpoHeH Mukpockon JEOL  “Superprobe 733"
TpaHCMUCHOHHATA eNeKkTPOHHA MUKPOCKONMWS € NpoBeAeHa 3a
n3y4aBaHe MUKPOMOPONOXKKIUTE 0cobeHocTH "
XOMOTEHHOCTTa Ha MWHepana, ¢ MOMOLLTa Ha TPaHCMUCUOHEH
enektpoHeH mukpockon JEM 100 C c¢ paspewmTenHa
cnocoBHocT 7A, oBopyaBaH C TFOHUOMETbP M EHEPruiHo-
ancnepcnoHHa npuctaeka “Kevex 5100 Ta e m3ebplleHa B
WIEM, Mockea, Pycus. /acnensanu ca npenapaTit CycrneHaum
W ca perucTpupaHmn enektTpoHorpami ot nnockoctta (001) Ha
NIOCNECTH PaHCMENTOBW WHAMBWAM U PaHCUEUT-TOLOPOKNTOBN
yactuum. Mukpockonckute HabniogeHus B 0TpaseHa CBeTNMHA
ca NnpoBeaeHu c MUKPOCKON POLAM-P311.
PEHTreHOCTPYKTYpHUTE aHanuau ca OCbLIECTBEHM C anapart
TUR-M-60 (kamepa ¢ d=57,3 mm) B MI'Y "Cs. VBaH Puncku’”.
KonuyecTBeHnTe  pEHTTEHOCMEKTPANHM  MUKpOaHanuan ca
M3BBPLUEHN HA CKaHMpaLL, enexkTpoHeH Mukpockon JEOL JSM
35 CF, ¢ peHtreHoB MukpoaHanusartop Tracor Northern TN-
2000, BbB dmpma “EBpotect-koHTpon’, All, Codwms.
M3nonsBaHn ca cnegHute ertanoHu: 3a Mn, Fe — uuctu
metanu, 3a Ca, Mg, Si — guoncug, 3a K — Guotur, 3a Ba -
Baput, 3a Na — anbut u 3a Al — kopyHa. WHdpayepseHuTe
CNEKTPU Ha n3cneaBaHaTa hasa ca perncTpupanm ¢ ABybYEB
nHdpavepseH cnektpochotometbp UR-10 Ha cupmara Karl-
Zeiss, Jena, B nabopatopusiTa N0 MOMEKyNHa CMEKTPOCKONMS
npu BXMY, Codms. Crnektpute ca 3acHeTu B AnanasoHa 400-
3800 cm, kaTo ca u3nonasaHu NpuaMiU CbOTBETHO OT KBr
(400-700 cm-1), NaCl (700-2000 cm-") u LiF (2000-3800 cm1).



PesynTatu n guckycus

Mopdhonoxku ocobeHocTy

Hanuune Ha paHcueut 6e ycTaHOBEHO Cped BMECTBaLLUTE
HaxoaWLLEeTo AONOMUTU3MPAHI BapOBULM U CPEL NIMMOHUTUTE.
Cpen BMeCTBalLMTE CKamM MWHEpambT Ce cpelua noA
opmata Ha UHOMIOCMECTU arperatit, OTNOXEHW nO
MOBLPXHOCTTA  Ha  Mpo3payHo-6uctpn  pomboeapudHm
WHAMBUAN OT CynepreHeH Kanuur, Uiy NpoHUKBaLLM B TAX, Ha
MeCTa CbITbTCTBAHW OT YEPHM, CAXAECTU, PEHTTEHOaMOPCHM
Mn xugpokcugm (cpur. 1a). AcounauusTa Ha paHcuenTa Che
CynepreHeH KanuuT e TBbpae xapakTepHa v otbensiaBaHa u ot
apyrv  wmscnegosatenu  (Ertl et al, 2005). PaHcuentsT
obpasyBa  (hMHOMKOCMECTM, HAa  MeCTa  BETPUNOBWAHO
noApeaeHn arperatn U kadsiBOYEPBEHWKABM Hamenu CbC

cuneH Bnschbk, ¢ roneMuHa OT Nopsigbka Ha HSKOMKO mm.
XapakTepusupa ce C Hucka TBbpAocT (go 2,5 no Mooc) w
HWCKa OTHOCUTENHA NITbTHOCT. LIBETBLT Ha Npaxa 1 yepTaTa Ha
MWHepana e kadsieovepBeH. PaHcueut Ge HabniogasaH v B
LUYMINA W NPasHUHK B NUMOHWTUTE, B TACHa acoumauus ¢ Fe u
Mn okcuan n xuapokeuan (rsOTWT, NEMUOOKPOKUT, BTOPUYEH
XEMaTUT, POMaHELLNT, KPUNTOMENaH-XONaHANT), CynepreHeH
kanuut u Gaput. B HskoM OT m3cnenBaHuTe obpasuyn e
YCTAHOBEH NMPUMEC OT TOZOPOKMT. PaHCMENT-TOROPOKUTOBUTE
arperatu ca C niocnecta Mopdgonors, OTnuyaBatr ce C
OpoH30BO3NATUCTM UM CPEBPUCTOCMBM  OTTEHBUM MO
MOBLPXHOCTTA, MMaT MHOrO CWneH Onsicbk U Haii-4ecTo ca
OTNOXEHU BbPXy KomomopdieH rboTuTt. Mpu fonup NecHo ce

paspyLuasar.

®ur. 1. OUHONIOCNECTU PAHCMENTOBW arperaT W WMHAMBMAM OT Haxoauue KpemMMKOBUM: a) MIOCMECTM PaHCMEUTOBM arperatv, OTNIOXEHU BbpXY
cynepreHeH pomMGoeApUYEeH KanuuT, a Ha MecTa U BbPXy BMeCTBaluTe OpyasiBaHETo AONOMUTH3MpPaHK BapoBuuy; b, ¢, d) CEM mukpodoTorpadmm Ha
NIOCNECTM arperaT U MHAMBMAN OT PAHCUEUT, B acOLMaLMs CbC CynepreHeH Kanuur

Mpu wu3BbpweHata CEM ce HabniogaBa niocnecra,
nnoyecta Mopdororst Ha  OTAENHUTe  CaMOCTOSITENHM
PaHCMENTOBU MHOMBMAN, YUSTO FONEMIUHA JOCTUra 0 CTOTMHA
pm, a pebervHata e nog 1 ym (cpur. 1 b, c, d). PaHcuent -
TOLOPOKUTOBWTE arperaTi NoKasBaT MnoYecTa, ncnecta
mopdoriorust  (dur. 2 a-i), B HAKOM Chy4am C MHOrO
XapakTepHa, cBoeoOpasHa napanernHa [esuHTerpauus Ha
OTAEMHN pparMeHTH, C LIMPOYMHA HSIKOMKO AECETKW Um (cour.
2 h, i) wnn BrnakHa, ¢ gebenuHa nog 1 pm (cpur. 2 |, k).
[esnHTerpaunata Ha ¢wHM BnakHa ¢ aebenuHa nog 1 po
CTOTHMW 4acTu OT Jm, TpeAcTaBnsBa  XapakTepHa
MUKPOMOP(ONOXKKa 0CODEHOCT Ha NOCMECTUTE TOLOPOKUTOBM
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WHAMBMAK, 0TOENs3BaHa OT peauua uacnegosateni (Yyxpos u
ap., 1978, 1989; Ostwald, 1986). Cnopen Straczek et al.
(1960) Tasu mukpomopdonoxka OCOBEHOCT € CBbp3aHa C
HanMuMeTo Ha cbBbplueHa LenutenHoct no {001} m {100} B
MuHepana. lNpu no-ronemu yeenuyeHuss B CEM B Hsikom OT
W3yyaBaHWTe  PaAHCWEUT-TOROPOKUTOBM  arperatm  ce
YCTaHOBSIBA NPUCLCTBMETO Ha MPEXECTN TPOWHM CPacTbLM OT
(bMHOBMAKHECTU MHAMBMAM, OOpasyBawm brbn ot 1200
nomexay cv (cur. 2 1). NMogoBHN TPOIHW MPEXECTU cpacTbLy
0T (DMHOBMAaKHECTW WHOMBMAM ca HabmogaBaHn W B
CYCMeH3WoHHU npenapatv B TEM, npu u3yyaBaHeTO Ha
TOLOPOKMT OT HaxoauweTo (Bacunesa, CmonbsHuHOBa, 1996).



Te3n cpacTbLM Ca MHOTO XapakTepHu W C [WarHOCTUYHO
3HayeHue 3a Topopokuta (Yyxpos u ap., 1978, 1981, 1985,
1989; Turner, Buseck, 1981; Turner et al., 1982). Hskow
asTopu kato Post and Bish (1988) cuutat, 4e onmcaHuTte
TOOOPOKUTOBW MPEXECTU CPACTbLM yka3eaT 3a 0bpasyBaHeTo
Ha MwHepana, 3a CMeTka Ha TpaHcdopmauusta Ha
cunomaHraHatute GupHecutr unu 6yseput. [pyrn asTopw
(Uyxpos u gp., 1979; Chukhrov et al., 1980) 3actbneart
NpOTWUBOMONOXHATa Te3a M CMATaT, Ye MHOrO YecTo
(hunomaHraHaTbT paHcueuT ce obpasysa B pesyntar Ha
TpaHcopMmaLnaTa Ha TOAOPOKAT, MOA Bb3OeNCTBMETO Ha

=
o
o
o
o

NOBLPXHOCTHN Ca-Cbabpxaly pasTBOpW, NP KOETO Cce
CbXpaHsiBaT MOPCONOXKUTE XapaKTEPUCTUKK Ha U3XoaHaTa,
3aMecTBaHa MUHepanHa (hasa. dakTopuTe, KOHTPONMpaLM B
NpUPOLHM ycnosus hasoBuTe Npexoau Mexay Mn okenam cbe
CroucTa W TyHeNeH Tun CTPYKTypa He ca Aobpe ussicHeru. B
nabopaTopHW  YCrOBMSI  CUHTETUYHMTE  CDUNOMaHraHaTy
(6WpHecuT), NpeAcTaBnsABaLM MUKPOMOPECTU MaTepuanu, ce
W3Mon3BaT KaTo Npekypcopy 3a TBbPA0ha3oB XMapoTepManeH
CMHTE3 Ha Me30MOopecTM MaTepuani ¢ TyHeneH Tun CTpykTypa
(togopokuT) (Feng et al., 1999).

®ur. 2. CEM mukpodrotorpacdum Ha hMHONIOCNECTU PaHCUENUT-TOLOPOKUTOBH arperati ot Haxoauuie KpeMukoBLM: a) NOCNECTU PAHCUMEUT-TOAOPOKUTOBM
arperaTu, B acouuauusi ¢ konomopdeH rboTuT B NUMOHUTH; b, ¢, d, e, f, g) nocnectn paHcuenT-TogopokuToBu arperatu; h, i, j, k) [esnHterpauus Ha
paHCUenT-TOAOPOKUTOBM NIOCTIECTH U NMIIOYECTU arperatu; |) TPOWHK cpacTbLy OT (PMHOBNAKHECTU TOAOPOKUTOBU UHAUBUAM, BbPXY NNOYECTU PaHCHEUT-

TOAOPOKNTOBM arperatu
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XumunyeH cbeTaB

KonuuecTBeHn peHTreHOCNEKTPanH1  MWUKpOaHanuau ca
NPOBEAEHM Ha BWOMMO  XOMOTreHHW MO MMKpOCKOM
PaHCMENTOBM WHAMBKAM W arperaTi. [onyyeHuTe pesynTaty
MokaseaT, 4Ye OCHOBHWTE KOMMOHEHTW B MuHepana ca
npeacrtaBenn ot Ca 1 Mn, HO ce YCTaHOBSIBAaT W MOBULIEHM
KOHUEeHTpauum Ha Mg u Ba (tabn. 1). Habniopasat ce
W3BECTHM BapuaLuuM B CbAbpXaHWATa Ha  OCHOBHWUTE
KOMMOHEHTH, kaTo npeobrnagaeawute cbabpxanus Ha Cal ca
B WHTepBana 6,19-7,62%. B eanHUYHM cryyan CbabpxaHUeTo
Ha CaO poctura go 10,94%, BeposTHO Nopaau 3axeallaHe no
BPEME Ha aHanu3a Ha 4acT OT KanuuToBaTa MaTpuua, B KOSTO
€ BKIIOYEH MWHepambT. B nuTepaTypHute M3TOMHMUM ca
OMWCAHM  HSAKONKO  HaXOOKW Ha  paHCMEUT C  BUMCOKO
cbabpxaHue Ha Ca (¢ CaO Hag 12% — Franus et al., 2000; ¢
Ca0=11,9% — Finkelman et al., 1974; ¢ Ca0=10,56% — Ertl et
al., 2005). AHamMaupaHusT paHCMeMT OT  Haxomuiie

Tabnuua 1

KpemukoBUM € TBbpAE CXOLEH Mo CbCTaB ¢ To3n oT Mazzano
Romano, Jlatnym, Utanus (Barrese et al., 1986). MNocnegHusat
Ce OTNMYaBa C HUCKA CTEMEH Ha CTPYKTYpHa NOAPEAEHOCT M
Judpaktorpamute My nokassat camo 3 ywiupeHn pedirekca
(Tabn. 2). HabniogasaH e nog chopmarta Ha 6necTsy, YepHw,
CTanakTUTOBMAHM W KOMOMOP(HM (HUHOMBMYECTW arperatu,
OT/IOXEHW MO CTEHUTE Ha MyKHATUHW U KyxuHu B Tycbu (Barrese
et al., 1986).

KpuctanoxummiHute opmynu Ha MuHepana ca 134mcneHm
Ha 6a3ata Ha 0=9, Bb3 OCHOBA Ha Mgeanu3MpaHaTa opmyna
(Ca, Mn)(Mn40Qg).3H20. CumTa Cce, Ye MaHraHbT B paHcuenTa e
npeactaBeH rnasHo OT Mn#, HO MpUCLCTBAT WU M3BECTHO
konuyecteo Mn3* kaTuoHu (B croesete ot [MnOg] okTaeapu) u
Mnz* (B nosuumute Ha Ca B MexaycrnoeBuTe NPOCTPaHCTBA)
(Yyxpos u gp., 1979; Ertl et al., 2005).

XumuyeH cbecmag Ha paHcueum om Haxoduwe Kpemukosyu u Opyau Haxoduwa 6 YyxbuHa: 1 — paHcueum, @puesax, KapuHmus,
Ascmpus (Ertl et al., 2005); 2 — paHcueum, LLlenus, Ypan, Pycus (Yyxpoe u 0p., 1979); 3 — paHcueum, Mazzano Romano, [lamuym,
Wmarnus (Barrese et al., 1986); 4-9 — paHcueum, Haxoduwe Kpemukosyu; Opyeu” — As205=0,18%; P205=0,17%;, CI=0,12%).

Okenam Coabpxanve (tern. %)
1 2 3 4 5 6 7 8 9
MnO: 69,21 76,22 71,90 76,28 76,06 76,86 75,38 75,75 75,05
Mn203 7,08 - - - - - - - -
MnO 0,88 - - - - - - - -
Ca0 10,56 8,20 6,11 6,44 6,28 6,43 6,19 7,26 7,62
MgO 0,21 - 1,53 2,69 1,93 1,78 1,05 1,18 1,25
Naz0 - - 0,53 - - - - - -
K20 0,55 0,25 0,86 0,69 0,70 0,52 1,47 0,76 0,53
BaO 0,20 - 2,85 2,94 3,98 4,62 3,72 4,07 4,04
Al203 - 0,61 0,14 0,37 - - - - -
Fe20s 0,18 0,15 - - - 0,78 0,80 0,64 0,76
FeO - - 0,06 - - - - - -
SiO2 - 0.09 0,41 0,46 0,70 1,01 0,79 0,35 1,75
TiO2 - - 0,21 - - - - - -
apyrv’ - - 0,47 - - - - - -
H20 11,13 14,48 nd 10,13 10,35 8,00 10,60 9,99 9,00
> 100,00 100,00 85,07 100,00 100,00 100,00 100,00 100,00 100,00

KpucTanoxummuiHu hoopmynu;

4.  (Caos3Mgo,31Bao,00Ko,07)1,00Mn4*4,0209. 2,58H20; 5. (Cao,52Mgo,22Bao,12Ko,07)0,93Mn4+4,0s0s. 2,66H20
6. (Caos2Mgo,20Bao,14Ko,05 Feo,05)0,96Mn4*4,0209. 2,02H20; 7. (Cao 52Ko,15 Mgo,12Bao,11 F€0,05)0.95Mn4+4,050s. 2,75H20
8.  (Caoso Mgo,13Bao,12Ko,07 Feo,04)0,96Mn4+4,0309. 2,56H20; 9. (Cao63 Mgo,14Bao,12Ko,05 Feo,04)0,98Mn4*4,0109. 2,32H20

PeHTreHorpadcka XapakTepuctMka M  CMEeKTPOCKOMCKU
0CODEHOCTH Ha paHcHenTa

Mpaxosume peHmeeHoBU OaHHU Ha paHcueuTa OT
Haxogue KpemukoBuy (tabn. 2) ca MHoro 6nm3ku 4o Tesm Ha
paHcueuT oT Haxopuwara Lenua n Akepmad, Ypan, Pycus
(YyxpoB u gp., 1979) n ca B CbOTBETCTBUE C ETANIOHHUTE
JaHHn 3a MuHepana (JCPDS 22-718). Peructpupanute
pebaerpamn ce xapakTepusupar C ywwupeHn pednekcy,
YKa3Bally 3a W3BECTHA CTPYKTypHa HemogpedeHoct. B
pebaerpamnte  Ha HAKOM OT  uM3cnedBaHuTe  obpasuu
MPMUCLCTBA MHOrO cnabo uapaseHa NMHMS ¢ d — CTOMHOCTM
484 A unm ce ycraHosBaT nuHuM ¢ 9,6 u 484 A
CBUOETENCTBAM 32 HanMYHU MPUMECU OT  TOROPOKMT.
M3BbplueHUTe u3cnedBaHns MokassaTt, Ye B OKUCIMTENHaTa
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30Ha Ha HaxXOAMLLETO OCBEH MOHOMMHEpanHuU 0bpasyBaHns OT
PaHCUENT 1 TOJOPOKMT CE CpeLLaT 1 mH1 CMeCH, C pasnuyHm
KOMMYECTBEHW  CLOTHOLIEHWS Ha  ABaTa  MuHeparna.
EnekTpoHorpamm Ha  MOHOKpUCTAnEH paHCMeMT U Ha
paHCKenT, C MPUMECK OT TOAOPOKMT Ca NoKasaHW Ha cur. 3.

MybnukyBaHuTe pocera B nuTepaTtypata PeHTTeHOoBW LaHHM
Ha MWHeparna, ca WHOeKcupaHu Ha basata Ha xekcaroHamHa
enemeHTapHa knetka. Ertl et al., (2005) 3a npbB MbT onuceat
KpUcTaneH paHcueuT, uusto Aebaerpama ce OTIMYaBa ¢
ronam 6pon nmHuM (19) M Cc nomowTa Ha CTPYKTYPHM
nacnegBanms  u  Rietveld wmetog ycraHossBaT, ue
WN3CNeaBaHNAT MUHEpar Haln-BEPOSTHO € TPUrOHanNEH.



Tabnuya 2

[Npaxosu peHmeeHo8uU daHHU Ha parcueum om Haxoduwe Kpemukosyu u dpyeu Haxoduwa 8 YyxbuHa

1 2 3 4 5 6
hkl [ dA) | | d(A) | d(A) | d(A) | d(A) | d(A) [
001 | 7,49 | 100 75 10 7,50 10 744 100 | 7,508 10 74 10
002 | 3,74 | 14 3,75 8 3,74 8 3,69 37 3,736 8 374 7
- - - - - - - - - 3,365 3 - -
100 | 2,463 | 10 2,48 7 2,48 7 2,46 22 2,465 4 2,48 6
101 | 2342 | 6 2,36 6 2,35 7 - - 2,354 6 2,36 6
102 | 2,064 | 2 2,08 3 2,07 4 2,063 2 2,07 3
- - - - - - - 1,922 1 - -
103 | 1,758 | 2 1,76 4 1,766 4 1,761 5 1,766 3
- - - - - - - 1,643 1 - -
- - - - - - - 1,495 1 -
110 | 1425 | 4 1,427 7 1,433 7 1,429 2 1,431 6
111 1,397 | 2 1,400 2 1,400 2 - - 1,403 1
- - - - - - - 1,377 1 - -
- - - - - 1,284 1 -

1. PaHcuwent, JCPDS 22-718; 2. PaHcveur, Wenus, Ypan, Pycus (Myxpos v ap., 1979); 3.

PaHcveunt, AkepMaHOBCKO HaxoauLLe,

Ypan, Pycus (Hyxpos u ap., 1979); 4. Pancueut, Mazzano Romano, Jlatuym, Utanusa (Barres et al., 1986); 5. PaHcueT, Haxoguwe
Kpemukosuy (PagoHosa u ap., 1967); 6. PaHcueT, Haxoguwe Kpemukosuu (Bacunesa, Pyckos, 2006)

®ur. 3. EneKTpOHOrpaMmn Ha paHCUenT (a) U paHCHenT-TOROPOKUTOBM arperati (b) oT Haxoauwe KpemukoBum

UHppavepseHusm cnekmbp Ha paHcuenTa OT HaxoguLie
Kpemukosuy (chur. 4) e B CbOTBETCTBME C ETANIOHHUTE CMIEKTPU
Ha MuHepana, nybnukysaHu ot Potter and Rossman (1979).
PervcTpupanust cnektbp € Onm3bk 40 TO3W Ha paHCUeuT OT
npoBuHUMs Opuente, Kyba (Potter, Rossman, 1979) u ce
XapakTepuaupa C NpPUCHbCTBMETO HA edHa OCHOBHA MBMLA Ha
normslyaHe npu 440-445 cm-!, no-cnabo n3paseHa vBmMUa Npu
505 c¢cm-! n pamo npu 685 cm-'. B nony4eHus uHpayepseH
CneKTbP, ce HabnogasaT ywmpeHn abcopburoHHN MBULW MpK
1660 cm-' n B uHTepBana 3420-3540 cm-!, cBuaeTencTaysawy
33 HanuuMeTo Ha MonekynHa Boga B MuHepana. Crnopen
Potter and Rossman (1979) B uH(payepBeHUTe CNekTpn Ha
paHcueuta MoraT fAa ObaaT  HabniopaBaHM  WM3BECTHM
Bapuaumu, CBbP3aHM C pa3nuyHata CTeneH Ha CTPYKTypHa
nogpegeHoct. CobluuTte aBTOPKM MOQYEpTaBaT, Ye B HSKOM
Cnyyau  VH(payepBeHUTE  CMEKTPU HA  paHcuenT u
HenogpeaeHu as3u OT GMPHECUT M TOQOPOKMT ca TBbpAe
CXOOHM MOMeXZy Cu, HO MoraT fa ObgaT pasrpaHnyeHn Ha
Basarta Ha guarHocTuiHaTa mBMLa 4, KOSITO 3a paHcuenTa ce
u3sBsBa KaTo pamo npu okoro 680 cm-!, gokato 3a Apyrute
[Ba MUHEpana Tasu uBMua e cbotBeTHO npyn 750 1 760 cm-".
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®ur. 4. UHdpayepBeH CNEKTbP Ha paHCMENT OT Haxoauwe KpemukoBuu

3aknioyeHue

PaHCMENTBT 1Ma HE3HAuMTENHO  pasnpocTpaHeHne B
OKMCTIUTENHATA 30Ha Ha Haxomuile Kpemukosuyu. MuHepambsT
ce cpella B acouuaunst CbC CynepreHeH KanuuT, KakTo U B
KyXvHW cped NMMOHUTUTE, B acoumauus ¢ Fe n Mn okeuan
XMopokeuan. PaHCUeUTbT NpeacTaBnsiBa KbCHO 0bpasyBaHue
W Hail-BepOSITHO € OT/NOXEH Npe3  MOCTMMMOLEHCKHS
OKUCTIUTENEH cTaguit oT (DOPMUPAHETO Ha 30HaTa Ha



cynepreHesa. Cropen Yyxpos u gp. (1979) BucokoTo
CbbpKaHWe Ha HUCKOBaNEHTHW Mn KaTMOHW, CBULETENCTBYBA
3a 00pa3yBaHeTO Ha MUHepana npu W3BECTEH HeJOCTUr Ha
kucropog. B nuMOHMTUTE OT HaxogwlleTo Ce cpelat
MOHOMUHEpanHW arperati oT paHCUeUT M TOLOPOKNT, KaKTo U
(bUHM CMECK Ha iBaTa MUHeparna.

OceeH B Haxopuwe KpemukoBuM,  paHcueuT e
AvarHocTiumpad B Bbrrapust B MatouHoTo CpepHoropue, B
MaHraHoBOTO  py#OMpOsBNiEHWE  Cped  TOpHOKpeaHM

BYIIKAHOreHHO-CEIUMEHTHN  OTNOXEHUs npu  C.  Paknuua,
KapHobatcko. [pucbCTBME HA paHCMEMT B  MaHraHoBu
MWHepanu3aUum CBbP3aHM C MpOSIBM HAa TOpHOKpeaHa
BYIIKaHCKa AEMHOCT, MOXe Aa ce 0YaKBa U B Apyri paiioHn B
cTpaHaTa, a CblUO M B OKWCMEHUTE MaHraHoBW pyau BbB
BapHeHcko. [Mpn ycTaHOBABAHETO Ha TakuBa HaXoaku cpen
BYIKaHWUTY, nocneaHuTe Guxa NpeacTaBnABanM WHTepec 3a
13cneasaHe, ¢ ornef U3ydaBaHe Bb3MOXHOCTUTE 3a TAXHOTO
NPUNOXeHWe, KaTo MaTepuan 3a M3onauus W MOKpUTUS B
XpaHUnMLLaTa 3a paavoakTMBHIA OTNambLM.
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CEBEPHOPO[OMNCKA EKCTEH3UWOHHA CUCTEMA: ®OKYC BPXY PA3PE3A MNPH
MELEPA

Anko MepmxukoB

Cogputicku yHusepcumem ,Ce. Knumenm Oxpudcku”, Cogpus 1504; janko@gea.uni-sofia.bg

PE3IOME. CesepHopoponckaTa ekcteH3noHHa cuctema (CPEC) e pervoHamHa 30Ha, KOSTO OrpaHiyaBa OT CeBep TepuuepHWUTe MUrMaTWUTU W TpaHuTW Ha
Poponckata 3oHa. B pabotata ce n3narat jaHH! 3a KOHKPETHIUA XOA ¥ M3ABa Ha 30HaTa B paspe3a no Ctapa peka toxHo oT [elepa. B ncneasanns yyactek CPEC
Ce xapakTepuaupa camo C NpPUCLCTBMETO HA NNACTUYHO [AedhopMupaHy ckanu. JlexalloTo Kpuno Ha 3oHaTa € npefcTaBeHo OT MUTMaTU3MpaHM rHaiick (BbyaHcka
€[MHMLA), KOUTO B Hall-TOpHUTE HWBA Ca MUMOHUTM3WpaHW. Pepuua KWHeMaTUyHW MHOMKaTopu Mapkupat yctoitumBa CC3 nocoka Ha obemHuTe cpssBanms. OT
WHTEH3MBHW CHMeTaMopHW AechopmaLiuy ca 3acerHaTit U AONHUTe HUBA Ha BucsLWOTO Kpuno (CeBepHopofoncka eaunHuLa). ManaraT ce AaHHu 3a nuncata Ha
nokanuaupaHe Ha kpexku AedopMaLii B 0CHOBaTa Ha MOLLHWS MpaMOpeH paspes, PasnoroXeH B Hali-BUCOKUTE CTPYKTYPHU HUBA.

NORTH RHODOPIAN EXTENSIONAL SYSTEM: FOCUS ON THE PESHTERA SECTION
lanko Gerdjikov
Sofia University “St. Kliment Ohridski”, Sofia 1504; janko@gea.uni-sofia.bg

ABSTRACT. The Norht Rhodopean extensional system (NRES) is a regional-scale tectonic zone forming a northern boundary of the Tertiary core of the Rhodopian
zone. In this contribution new data are presented on the trace and the character of the zone along the Stara reka river (south of Peshtera). In this section NRES
consist only of ductile mylonitic rocks. Spectacular localization of ductile strain is observed on the top of migmatitic footwall marked by 2-3 m thick ultramylonitic level.
Asymetric fabric indicate consistent top-to-the-N extensional shearing. The lowermost part of the hanging wall also displays evidence for intensive shearing, but
kinematic indicators are showing inconsistent flow directions. Field data are incompatible with previous models for the existence of significant fault zone at the bottom
of the thick marbles that have structurally highest position.

¥YBop Benexku BbpXy usyyeHocTTa
Hackopo 6Gelwue cbobLLeHo 3a CbLLECTBYBAHETO Ha per1oHanHa
€KCTEH3MOHHA TEKTOHCKa 30Ha, Cneasila ce no ceBepHns pvb CeBepHuat pbb Ha Pogonute e Bun obekT Ha peguua
Ha Pogonwute n Puna (Fepmkukos u F'otue, 2006). B 3oHaTa ca KOHKPETHM 1 0606LLMTeNHM paboTu. B T03M cMUCHI € SICHO, Ye
NPEACTaBeHN KakTO MAaCTUYHW MWMOHWUTW, Taka U Kpexku TOBa € edHa OT Hai-gobpe npoyyeHute obnactm ot
TEKTOHWUTW. To3u hakT, kakTo n Ge3pasbopHara ynotpeba Ha Pogonckara 3oHa.
TEpPMUHA "[eTAaUMEHT" HW HaKapa fa HapeyeM Ta3n TEKTOHCKa
30Ha CeBepHopoponcka ekcTeHanoHHa cuctema (CPEC). Ouwle ot pabotute Ha ApaHos (1940), BoHues n gp. (1951),
KepekoB (1961) cTaBaT M3BECTHM ABE OT OCHOBHUTE YEPTU B
CPEC ce cnegm Ha TepeHa oT Kpuuum Ha ceBepo3anag go FEONOXKNA CTPOEX: CbLIECTBYBAHETO Ha [ABE Pa3nuyHu
c. Cectpumo. [lpocregsiBaHeTo Ha 30HaTa Ha 3anmag e MEeTaMoptHM  MOCnegoBaTeNnHoOCTM  —  BUCOKO M
3aTPYOHEHO OT MNPUCLCTBMETO Ha MnagM CeOUMEHTU W HWUCKOKPUCTaNWHHA, YECTO pasfdeneHn ¢ nonerat “Hasnaven”
nposiBaTa Ha MOCT-ONMIOLEHCKIN HaBNMYaHus. Hesasncmo ot KOHTaKT; ¥ HaBMNWUYaHUATA HA KPUCTANWHHNS (DYHOAMEHT BbPXY
TOBa, EKCTEH3WOHHUTEe pJedopMauum ca  3aneyataHu B TEPLVEPHN CEOUMEHTH.
rpaHuTonamte ot Puno-Popgonckus 6aTtonuT, KOMTO usrpaxaa
nexawoto kpuno Ha CPEC (Gerdijikov et al., 2006). Mo To3n Mo TO3M HauMH KbM Ha4anoTo Ha 60-Te roguHU Ha MUHanKs
Ha4uH, KbM MOMEHTa 30HaTa e npocrnegeHa ot Kpuaum fgo c. BEK Ce Hamara npefcTaBaTa 3a HaBauHWsl, HKHOBEPrEHTEH
Mana LibpkBa 1 gbmxuHata i Hagxebpns 90 km. CTPOEX Ha ceBepHMs pbb Ha PogonuTe.
LlenTa Ha paboTaTa e aa xapakTepuaupa eauH OT TUMOBUTE fpaHoB (1960) xapakTepusupa M3BECTHUTE HaBraun B
paspesn npe3 CPEC — To3n no Crtapa peka, tXHO OT rp. PoponuTe (BKkn. 1 T€31 No ceBepHUs pbb Ha NnaHWHaTa) kaTto
Mewepa (cpur. 1). AKLUEHT € NOCTaBEH BbPXY JloKanuaauusTa ‘enuaepmarHu CTpykTypu’.

Ha fedopMauusTa B MnacTMyHaTa 30HA Ha CpsisBaHe OT
CPEC. Obcbxpgat ce cneundmkute Ha paspesa no Crapa
peka U ce CpaBHsBaT ¢ paspesuTe npu Kpuumm u benogo.
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KnacTtuuyhu ceaumenTn (Heo3soi n KeatepHep)
Bynkanutu (Tepuvep)
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Km

0 3 6
A
B

WSW ENE

700 { \
500 {1
300
C

(1) (2)
®ur. 1. A. CxemaTuanpaHa reonoxka kapta Ha pavoHa okono rp. Mewepa (no KepekoB, 1961 ¢ usmenenus). Cokpawenusn: CPE - CeBepHopogoncka
eanHuua; AE - AceHunwka eguHmua. A-A' — no3uLUMA Ha reoNoXKUA paspes.

B. Paspe3 no nunus A-A’. 1 - BbuaHcka eguHmua; CeBepHOpOAONCKa eAnHULA: 2 — WMCTW, MpaMopy, aMMBONUTM 1 NEKOKpaTHU rHancu; 3 — Mpamopu;
4 - Tepuuephu n KBatepHepHu ceammenTn. C NYHKTMP e nokasaHa cpegHaTa OpMEHTUPOBKa Ha honunauusTa.

C. Op1eHTUPOBKM Ha NPOHMKBALLYW CTPYKTYPU OT M3cnenBaHua yyacTbk. [lonHa nonycdepa, pasHonnowHa npoekuusi. finarpama (1) - MUNoHNTHa 30Ha B
ropHUTe HMBaA Ha BbuaHckata eauHuua; pguarpama (2) - ponHu HuBa Ha CeBepHopoponckata eguHuua. KBagpartyeta — dhonmauums; v3npaBeHu
TPUBIBbIHULM — NUHENHOCT Ha pa3TaAraHe; Nosica Ha Anarpama (2) otpassBa nposiBaTa Ha AeKaMeTpoBU orbBaHuA ¢ ocn B=123/8.

WanoxeHute ot BonyeB (1961) naem 3a koHTponupalata LleHTpanHute Pogonu CWUNMHO MOBMAMSIBAT — TEKTOHCKUTE
pons Ha Mapuwknsa nuHeameHT 1 Ha Koxyxapos (1965) 3a uHTenpeTauun. Kato pesynTar, B NpOObMXEHUe Ha TOOMHM,
JOMUHMPAHETO Ha  OrOKOBO-pa3NOMHUTE  CTPYKTYpU B 3HAYEHWNETO Ha HABMAYHUTE CTPYKTYPH € MOALEHABAHO.
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B cepus ot pabotn VBaHos u gp. (1979; 1989a), MockoBcku
1 MBaHos (1986), lvanov (1988) Bb3paxaat 1 fopassuBart no-
paHHUTe MOen 3a HaBnayHWs cTpoex. MBaHoB u ap. (1989a)
aKLUEHTMpaT Ha 3HAYWTenHUTe pasnukM B CTEMeHTa Ha
MeTamopu3bM Ha CKanuTe OT BUCALLMA W nexalums 6nok, a
CblUo Taka pasnexgaT HaBMuyaHusTa no CeBepHWs pbb Ha
Pomonute kaTo TWMHa YacT Ha  KOpOBO-MallabeH,
CEBEPHOBEPreHTeH HaBnak. Tesn uaen ca MOAMOXeHU Ha
kputuka (Koxyxapos u ap., 1992) n Ha reonoxkara kapta Ha
Bonrapus 8 M 1:100 000 ca u3obpaseHn camo nokanHu
HaBMayHW  CTPYKTYpW, TbIKYBaHW KaTo  HE3HauYUTEMHM
“oTnenBaHus” B KpUCTANUHHWS (DyHOAMEHT.

lpunaraHeTo Ha KMHEMaTUYHUS aHamus 3a W3yyYaBaHe Ha
MEeTaMOpP(HUTE CKanW Mapkupa HOBO HWBO Ha W3y4eHOCT
(MBaHoB 1 gp., 1989b; Burg et al., 1990; 1996). B Te3n pabotu
ce  [OKyMEHTMpa  ycToMuMBa  lOXHAa  Mocoka  Ha
CMHMETaMOP(HUA TEKTOHCKW TpaHCMopT, AOpW M B Hal-
CEBEpHUTE Y4acTbLy, Pa3nonOXKEeHW HEenocpeacTBeHo [0
“CesepHopogonckus Hanak’. Mpegnarat ce 1 MbpBUTE CXEMN
32 JIMTOTEKTOHCKO  pauyreHsiBaHe Ha  MeTamopdHuTe
komnnekcu ot Pogonute.

PagukanHo HoBa wHTepnpeTauns Ha “CeBepHOpPOAONCKUS
Haenak” npegnara VeaHos (1989; 1998). MpaHuuata mexay
ABaTa KOHTPACTHO PasnuyHM MeTamopdHW KOoMMnekca ce
pasrnexna kato TEKTOHCka 30Ha TWn “AeTayMeHT’, KaTo ce
aKLEHTMpa Ha HambiHO KPeXKMS XapaKTep Ha CPsisBaHusTa no
30HaTa. [lpyr CbLieCTBEH MOMEHT e pasrpaHu4aBaHeTo B
30HaTa Ha “CeBepHopoponckust HaBnak® Ha fea Tuna
HapylleHWst — MbPBMTE CBbP3aHM C Kpexkara eKCTeHans, a
BTOPUTE — CBbP3aHN C KOMNPECHs 1 HaBnMYaHNs no pbboseTe
Ha onuroueHckuTe baceiHn.

HacoueHun Ha ceBep 0beMHM cps3BaHust B MeTamopduTuTe
0T nexawoTto kpuno Ha “CeBepHopogonckusi Haemak” ca
JOKYMEHTUpaHu oT peHckuTe reonosm P. Gautier u R.
Moriceau (gaHHu oT HenybnukyBaHa aucepTtaums Ha Moriceau,
2002). CxogHn paHHM ce wm3narat oT Dimov and Georgiev
(2000) 3a paspesa npu ¢. CecTpumo.

B npeanoxeHns Hackopo MOZen 3a CTpoexa Ha CeBepHWs
CkMoH Ha Poponute u Puna (Fepaxukos u otne, 2006) ce
aKLUEHTVpa Ha peaumua Beve U3BECTHW U HoBM Bbnpock: (1)
MOTMBMPA  CE  CbLUECTBYBaHETO  Ha  ObMrOXuBYyLLA
EKCTEH3MOHHa cucTema; (2) AoKymeHTMpa ce 0bemHus
XapaKTep Ha EKCTEH3WOHHWTE AedopmMalnn B METMOPGUTUATE
OT NEXaLLoTo Kpuno; (3) MOCT-ONMIOLEHCKUTE HaBnMYaHus ce
ThIIKyBaT KaTo M35Ba Ha KpaTKoTpaiiHa KoMnpecys, NposiBeHa
Ha (hOHa Ha JOMMHMpALLATa W B HALW HWU EKCTEH3W.

Pa3pe3bT npwu MNewepa

Ovnboko BceuyeHata gonmHa Ha CTapa peka, Kakto W
oceiHaTa Mpexa f[aBaT MHOro Aobpa Bb3MOXHOCT 3a
KapTupaHe W aHamu3 Ha TEeKTOHUTWUTe CBbp3aHu cbc CPEC

(Gur. 1).

Nexawo kpuno Ha CPEC
W3rpageHo € OT BWUCOKOCTEMEHHW, MUTMATWU3MPaHMU THaCK.
PasrnexgaHu ca kato “BucokokpuctanuHHa cepusi” (BOHYEB 1
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ap., 1951), “murmatuaupann rHaiicu u amdmbonutn o1
LlenTpanHopogonckata rpyna” (MBaHoB W Aap., 1989a),
Borytescka csuta (Koxyxapos u ap., 1992). IMbpsoHayanHo
Ivanov (1988) cuuta Tean ckamu 3a 4yacT OT AceHuLkaTa
eauHuLa, a B NocrefcTBue v pasrnexaga kato npunexatim
kbM eguhmyata Appa (MeaHos, 1998). Bb3 ocHoBa Ha
O€TanHW  W3CnedBaHWs B fJOnMHatTa Ha p. Bbvuya wu
npodmnupanns no gonuuuTe Ha pekute Ctapa u YenuHcka,
cynTame, 4Ye BUCOKOCTEMEHHWUTE MeTaMopUTX M3rpaxaar
oTAenHa eguHuua — BbyaHcka, KoATo ce oTnuyaea no peanya
Genesn ot eannmuata Apga (Fepmxukos u Fotue, 2006): (1)
3a eguHnuata Appa ca TUMKMYHM HKHO HacouyeHu 0BemHM
cpsi3BaHma (Burg et al., 1990), gokato ckanuTe Ha BbuaHckaTa
eauMHULa 3anedvarBaT AOMMHMPALLO HacOYeHU Ha CeBep
cpssBaHus. CeBEpHOBEPreHTHUTE, O0DEMHW Cpsi3BaHWs Cca
ocobeHo 4ecTu BbB BbuaHckaTa emuHMUa B yyacTbuuTe
pasnonoxeHn B 6rnmsoct go CPEC. (2) B AppeHckata
eouHMLa ce ycTaHoBsiBaT Oenesn 3a BMCOKA CTEMeH Ha
MUrMaTu3auns, YecTo gocturawia Ao opMupaHe  Ha
anatekeutn (Capos u ap., 2004; Chereva and Georgieva,
2005), pokaTo AMaTEKCUTUTE MpaKTUYEeCKU IUNCBaT BbB
BbuaHckata eguHuua. Tosaw pakT, Bbnpeku nuncara Ha
KONMYECTBEHW METPOMOXKM [aHHW, HAco4YBa KbM MO-HUCKMSA
thaumec Ha meTamopdmama B 0bema Ha BbuaHckaTa eamHuLa.
(3) MurmatusaumsaTa B ckanute Ha ApfeHckata eguHuua e
npuaboHcka (Peycheva et al., 2004), gokato 3a BbyaHckata
eanHuLa ca W3BECTHW Mo-CTapu Bb3pacTi (Arnaudov et al.,
1990; Cherneva et al., 2006).

B ponuHata Ha Crapa peka BbuaHckata eauHuua e
npeacTaBeHa OCHOBHO OT MUrMaTU3upaHu, BUOTUTOBM rHaricy.
Tean ckanu 3ameyaTBaT BUCOKOTEMNEPATYPHU AedopmaLim,
CBbp3aHM C (DOPMUPAHETO Ha THAWCOBMA CTPOEX M
MUrMaTU4HUTE CTPYKTYpW. XapakTepusupat ce C Monerato
3ansrawa onuauns n NouTW MbiHA JIANCa HA NMHEMHOCTM.
Kbm ceBep ¢ npubninkaseHe kbm CPEC donnaumsta fobusa
YCTOWMYMB HAKIOH KbM CEBEP.

MnactuyHa 30Ha Ha cpsizBaHe oT CPEC

MnactnyHata 30Ha Ha cpsiseaHe o1 CPEC mapkupa ropHus
KOHTaKkT Ha BbuyaHckata egwHuua. CamusT KOHTaKT ce
paskpuea B fJonuHata Ha Ctapa peka, HEMOCPELACTBEHO A0
uaxopa Ha TyHena (npu N 42.0158; E 24.262). HenpekbcHaTh
PasKPUTUS Ha KOHTaKTHaTa 30Ha Ce HamMupaT U Mo CeBepHUTE
CKnoHoBe Ha GesnMeHHMst MOTOK, koWTo ce BnmBa B CTapa
peka 4o u3xoaa Ha TyHena. MHTeH3uBHaTa geoMmUpaHoCT Ha
MWUrMaTUTOBUSI MPOTONUT Ce Mapkipa OT ps3ka pemyKuus B
pasmepa Ha 3bpHaTa W pa3BUTUETO Ha MPOHWKBALLM U MbCTO
pasnonoXeHn  (ONMALUMOHHU U NIUHEWHU  CTPYKTYpW.
[HanCoBMAT CTPOEX W MUIMaTUYHOTO pa3scrnosiBaHe ce
TpaHCchopMUpaT B MUMOHUTHU THaMCW C  pas3KbCaHu U
HaLUMCTEHN NEBKOCOMMW. B Tean HuBa ce HabriopaBa MbiieH
napanenusbM Ha NEBKOCOMUTE W MErMaTUT-annmToBUTE XNu
C MUNOHUTHaTa chonmaums. IHTEH3MBHO AedoMMpaHuTe H1Ba
ce OenexaT OT OYHM rHamcw/wmcty, Kbaeto “"oyute"
NpeacTaBnsBaT 3anaseH KBapy-(henplunatoB NEBKOCOMEH
matepuan. lnactuyHute aecdopmaum ca 6unm CbnpoBoaEHN
OT 3HauuTenHa (nywaHa aKTMBHOCT, KOSTO ce Genmexu oT
chopmMupaHeTo Ha OUNOHUTHN JoMeHu (cpur. 2). Te ce cpewar
kaTo 2-15 mm ynTpaMUNOHUTHU 30HU B MUIMOHUTUTE, @ CbLUO
Taka ocopmsT 4-5 m gebeno HUBO B Hal-TOPHWUTE HWBA Ha
BbuaHckata eguHuua.



®ur. 2. MukpocTpyktypu Ha munouutu ot CPEC. B ueHtbpa Ha
CHUMKaTa — (PMNOHNTEH AOMEH, U3TPaZIEH U3LANO OT CIIOAEHU MUHEpanu
(ph). Fope nsBo - curma-Tun denpawnToB nopdgupoknact (Fs), Mapkupaly
HacoyeHM Ha ceBep cps3BaHus. KsapubT e cerperupaH B
NONMMMHUPANHW UBMLW, U3rpaaeHn oT ApedHM 3bpHa (q). Mawab 1 mm

®onuauusta M nuHeHocTTa B 06xBata Ha nnacTuyHaTta
30Ha Ha Cpsi3BaHe Ce 0TNNYaBaT ChC CTAOUIHM OpPUEHTUPOBKY
W He ca 3acerHaTu OT Mo-KbCHU orbBaHus (cpur. 1C). Monsam
Opoit  KMHEMATMYHW umauKaTopW, HabnogaBaHW KakTo B
paskpuTusTa 1 B 0bpasuuTe, Taka U Ha MUKPO HUBO MHAWKMpAT
Haco4eHm Ha ceBep 0bemH cpsisBaHus (cur. 3).

Bucswo kpuno Ha CPEC

Hag ynTpamunoHUTHOTO ((OUNOHUTHO) HUBO OT Hai-ropHUTE
yactu Ha BbuaHckaTa efuHMUa ce pasnonara efuH mbCTbp
paspe3 W3rpageH OT pa3HOOOpasHM LUMCTW, FEBKOKpaTHU,
ApebHO3bPHECTM THalicK, amdnbonutn n mpamopu. o To3u
HaYMH YNTPaMUNOHUTUTE MapkupaT edHa SICHO W3pa3eHa
NUTONOXKA rpaHuua B paspe3a Ha MeTamopdmtute. [lo
MOMeHTa efuHcTBeHO KepekoB (1961) akueHTMpa Ha

3HAYEHMETO W, CYATAMKM A 33 rpaHuUa MeXOy HWUCKO M
BMCOKOKPUCTANMHHUTE MeTamopduTi. Ha reonoxkara kapta B
M 1:100000 Ts e O3HaYeHa KaTO Pa3NOMEH KOHTaKT Mexay
BoryTescka n BbuaHcka cautn (Koxyxapos u ap., 1992). Hai-
MbIHO Ta3W YacT OT pa3pe3a Ha METaMOP(HMS (PyHOAMEHT €
onucaHa ot benes (1968).

®ur. 3. AcumMeTpuyHm “
- SC), KOTO 3ae[jHO C UBULIM HA CPSI3BaHEe MHOMKMPAT HACOYEHM Ha ceBep
cpasBaHuA. Mawab 1 mm

CkanuTe Hap Tasu rpaHvua nokasear peauua benesu 3a
BACOKM  KpalHu  gedopmauuu, W ONpefensHeTo  Ha
MPOTONMTUTE MM M CTENeHTa Ha MeTamopusbMm e
3aTpyaHeHo. Ha peguua mecta no Crapa peka u nputouuTe i,
T€ Ca npoueneHn oT AedOpMUpaHN B pasnMyHa CTeneH
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nermaTuToBM M annmToBu xunu. Kakeu ca aprymeHTUTE Teau
ckanmu [a ce NPUYMCNIST KbM BUCALLOTO kpuno Ha CPEC? Ha
MbpBO MACTO, TOBA € Nuncata Ha 6enesn 3a MurMaTn3aums B
TAX. V3kniouuTenHo psgko ce HabmogaBaT OYHW U OYHO-
WBMYECTM  CTPYKTYPW, TUMWYHM 33  MUIOHUTU3MPaHWTE
NeBKOCOMM. TSAXHOTO MPUCBCTBME MOXe Aa ce 00sCHW C
neopMmMpaHeTo Ha MbPBUYHW  NEBKOKPATHM HMBA UMM
anoxTOHHW annuT-nerMaTuToBW Xunu. Ha BTOpo MACTO, TOBa €
3abenexmTenHoTo CXOACTBO B XapaKTepa Ha ckanHuTe Tunose
¢ Tean ot CesepHopoponckata eauHuua (VBaHoB W ap.,
1989a). Tean hakT HacouBaT KbM pasrfiexgaHeTo Ha To3u
MbCTLP pa3pes kaTo yacT oT CeBepHOpogoONckaTa eauHuLa.

CeBepHopofonckata  eduHWLa  u3rpaxga 4actm  oT
CEBEPHOTO nopHoxue Ha Pogonute u Puna, a Taka CbLo K
lOKHWUTE YacTh Ha MxTmanckoto CpegHoropue, pasnonoXeHu
[0 Wckbpeko-ABopuilkata  30Ha Ha cps3saHe.
MeTamopchuTuTe OT Tasu eaMHWLA Ce OTnM4aBaT no no-
HUCKaTa CTeneH Ha MeTamMopgHUTe M3MeHeHust (IBaHOB 1 Ap.,
1989a), a Ccblo Taka M NO [O-rOpHOKpeAHAaTa Bb3pacT Ha
MeTamopdm3ma: ceBepou3TouHo OT [lellepa, ckanute Ha
edMHMLATa ca KOHTaKTHO npomeHeHu (Koxyxapos u ap., 1992)
OT KamnaHckus KanutaHgumutpuescku nnyToH (Kamenov et
al., 2003).

B ponmHata Ha Crapa peka, 0asanHute HWBa Ha
CeBepHopofonckata  eovHMua Cca  MPeAcTaBeHu  OT
YNTPAMUNOHUTHY, (DUHO3bPHECTU MpaMopu U amdubonuTy.
ToBa pegyBaHe ce Habnogaea no ceeepHus Gpsr Ha Crapa
peka. OT M3KNMIOUMTENHO 3HAYeHWEe €  PasKPUTUETO,
pasnonoxeHo 150 m ceepHo 0T Bxoaa Ha BEL| “TMewepa” (N
42.016; E 24.264), kboeto B M3KoMa Ha MbTA M B KOPUTOTO Ha
pekaTa ce Habnogasa CHMETaMOP(HO, TEKTOHCKO CMEeCBaHe
Ha amcubonutn (metabasuti) M Mpamopu, HanogobsBaLLlo
CXOQHM CTPYKTYpu B 30HaTa Ha CpegHOPOZONCKMS HaBnak
(Annwesckn, 1937). TekToHCKM “"cmeceHata” ckana ce
pasnonara HenocpeacTBEHO Hag OUIOHUTUTE OT Hal-TOpHNTE
HMBa Ha BbuaHckata eguHuua. [pucbCTMETO Ha  TO3M
cneundmyeH BWA TEKTOHWT € crneuuanHo otbenssaHo ot
KepekoB (1961), HO TO3NW (hakT OCTaBa HEAOOLEHEH B
nocnegganute paspaboTku.

Kato usano, paspesbT Ha CeBepHopogonckata eauHuua B
ponvHata Ha CTapa peka nokasea 6enesu 3a BUCOKM KpamHu
nedopmaumu. JInHenHocTTa e gobpe u3paseHa u ce Mapkupa
OT pas3BeYeHN KBapLOBM arperatu, CEHKW Ha HaTUCK W
nogpenbarta Ha crmtogeHu mMuHepanu. OpueHTMpoBkaTa i e
aHamnormyHa C Tasv OT MUIOHWTHATA 30Ha B FOPHUTE HWBA Ha
BbuaHckata egunmua (cur.  1c). OpueHTupoBkata Ha
honnauuaTa nokassa 3Ha4YMTENHM Bapuaumn. B cbcedctso €
KOHTaKTUTE C BbyaHckaTa €4MHWLA, KaKTO U C MpPaMOpHMS
paspes, KOpOHACBALY pa3pes3a Ha KpuUCTanuHa, donuauusta
nokassa CtabumHa u KoHdopmHa opueHTupoBka. OT Apyra
CTpaHa METPOBM W [EKaMETPOBM OrbBaHWA Ca MpUYMHA Ha
peguua MecTa fa Cce Habnogasat 3HauWTENHW Bapuauun B
OpWEHTMPOBKATa Ha chonnaumsTa.

3a pasnuka OT MWMOHWUTHATa 30HA B TOPHUTE HWBA Ha
BbuaHckata eguHMUa, TyK KMHEMATUYHWST aHanu3 He Aage
eOHO3HayHu  pesyntat.  [lo-fonsmata  4acT  OT
HabntoaBaHUTE aCUMETPUYHN CTPYKTYPU MHAMKUPAT HAcoYeH
Ha CC3 TeKTOHCKM TpaHcnopT (cur. 4).
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®ur. 4. PotupaHo 6a3uyHO BKNOYEHME B CMTHO3BPHECTV GMOTUTOBM
rHaiicu, Mapkupawo HacoyeHn Ha C3 oGemHu cpssBaHus. CeBepHo oT
ycTueTo Ha p. ibn6ounua

B HawwWcTeHu nermatut (Mpum. No MbTd 3@ Mellepata
CHexaHka) ce Habntogaa S/C  cTpoex, Mapkupaly
IOroMsTO4HIM 06eMHI Cpsi3BaHmMs. Tean aHoManuu Moxe Aa ca
pesynTat OT aHTUTETUYHI CPSI3BaHNS, BOAELUM 40 U3THHSBaHe
Ha EKCTEeH3MOHHaTa 30Ha WNM fa Ce AbMKaT Ha NoKanHu
OTKINOHEHMS B CTABUMHMA NOTOK Ha BELLEeCTBOTO, NOpoAeHN OT
AKOCTHW Pasnukun.

CneupanHo BHUMaHWe 6e 0TAeneHo Ha NpocneasBaHeTo Ha
JOMHUS KOHTAKT Ha MOLUHWS MpaMOpeH paspes, KOMTO ce
pasrnonara B HaW-ropHMTE HMBa OT paspesa Ha Poponckute
meTamopuTi. Te3n Mpamopu ca pasrnexgaHu kaTo kopenar
Ha [lobpocTaHckata cBiTa U TPAAMLUMOHHO B OCHOBATa UM Ce
MocTaBs MOferato PasfoMHO HapyLUeHWe, TbiKyBaHO KaTto
noBbpxHHa Ha CeBepHopogonckus Haenak (BoHyeB n Aap.,
1951; Koxyxapos 1 ap., 1992). Mo ceBepo3anagHus CKMOH Ha
Crapa peka TO3W KOHTaKT € MOKPUT OT CKMOHOBM Hacnaru, HO
MO IOrOM3TOYHNS CKITOH CE YCTAHOBSIBAT MOYTW HENpeKbCHATU
paskpuTus. HambnHO paskpuT npodun npe3 KOHTakTa ce
Habnoaaea torosanagHo ot yeTmeTo Ha p. Jvnbounya (npu N
42.0164; E 24.2787). [leTalnHMAT aHanu3 Ha Te3u paskpuTus
nokasa, Ye He CbLUeCTBYBaT [daHHM 3a MPUCHCTBMETO Ha
KPEXKO TEKTOHCKO HapylleHue B OCHOBAaTa Ha MpaMOpHWS
paspe3s. He ce yCTaHOBM MPUCLCTBMETO HA KPEXKU PasrioMHU
CKanu OT Tuna Ha bpeykn n kataknasutu. OT gpyra CTpaHa,
BCWYKW CKanu nokaseaT Oenesn 3a MHTEH3WBHAa MnacTUyHa
gedopMaums, a CblWO Taka Ce YCTaHOBABA MbIeH
napanenMsbM B OpMEHTMpOBKaTa Ha onuauusdra u
NIMHENHOCTUTE B MbCTPWS paspe3 1 mpamopure. 3a pasnuka
OT TUNMYHUTE paskpuTus Ha [lobpocTaHckata CBUTa, KbAETO
MpaMopuUTe Ca CWUTHO3bPHECTW W BE3CTPYKTYPHM, TyK Te
nokassaT nepgekTHO passuTa onuaums 1 uHa LenmneocT.
Ha peguua mecta B OCHOBaTa Ha MpaMOPHMS paspes ce
HabniogaBaT nexawwm B MANockocTUTe Ha - dhonnaumsTa
W3OKNUHAMHM TbHKM, KOUTO yKaseaT 3a mpouecu Ha
npepaboTka Ha honnauusTa (transposition).

Auckycus

Pa3pesbT no Ctapa peka, KakTo 1 paiioHuTe Ha Kpuuum u c.
CeCTpuMO ca Hal-MbMHO pPasKpUTM 1 AaBaT Hai-nobpa
npeAcTaBa 3a [eOMETpUATa M Xapaktepa Ha  CMOXHO
YCTpOEHaTa M BEPOSTHO AbJTOXMBYLIA TEKTOHCKA 30HA —
CPEC. OOwo 3a BCMYKMTE pa3pesn e NPUCLCTBMETO Ha
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MWMNOHUTW W YNTPAMWUNOHUTW B HAW-TOPHWTE HWUBA Ha
BbuaHckata eawHuua, KOWTO 3anevartBaT HacoueHn kbM C,
CC3 cpsisBaHus. [lokato xapakTepa Ha CUHMeTamopcHuUTe
CpA3BaHMA Mokassa 3abenexurenHa YCTOMYMBOCT MO LANOTO
NPOTEXeHWe Ha 30HaTa, TO apxXUTeKTypaTa 1 KuHematukara Ha
KPEXKATE Pa3fOMHU HapyLUEHWs, pasBUTU B CbCEACTBO CbC
CPEC, e TpyoHa 3a u3yyaBaHe U kopenauusi. TpyaHoCTuTe
Npou3TWYaT OT JMNCaTa Ha HenpeKkbcHaTW pPaskpuTUs U
WHTEH3MBHATa TEKTOHCKa npepaboTka B CbCEACTBO ChC
CbBPEMEHHUS MNaHUHCKM (DPOHT (CkroH) Ha PoponuTe 1
Puna. Tbil KaTo Te3n HeraTWBHU (HaKTOPKU He ca MPOSIBEHN,
pa3pesbT npu MNewepa faBa U3KNKOYMTENHA Bb3MOXHOCT 3a
pa3bupaHe B3aUMOAENACTBMETO MEXZY NNacTUYHUTE U
kpexkuTe aecopmaumn B obxsata Ha CPEC.

YcTaHOBeHaTa nunca Ha nonerato pasnoMHO HapyLleHue
Ha rpaHuuata mexgy BwuaHckata u CesepHopogonckata
eOMHWLK, a CbLLO Taka U B OCHOBaTa Ha aebenus MpamopeH
pa3pes, ca (hakTM C BaxHW MOCNEACTBMS 3a Mogena u
esontoumsta Ha CPEC.

Bb3HukBaT cnegHUTE BBMPOCH, KOMTO LE ThPCAT PELLEHNEe 1
B MO-HATaTLLUHN U3CNEABaHNS:
(1) ColuectByBa nu nonerata pascegHa 3oHa (Low-angle
normal fault) no uanoto npotexeHne Ha CPEC? Kbm TO31
MOMEHT CbLLECTBYBAHETO HA TO3W PasnoM € JOKyMEHTUPaHO
Ha C3 ot p. Agenuua (MeaHos n gp., 1989b; Gerdjikov et al.,
2006). ColuecTByBalMTE AaHHM YKa3BaT 3a CPaBHWUTENHO
Marnka AebenuHa Ha Kpexkata TEKTOHCKA 30Ha, KOSTO Ce
MapKkupa OT TbHKO HWUBO (Makc. 2-3 m) CMOEHU KaTaknasuTu 1
raydy. 3a paskputusaTa KXHO oT Kpuymum CbLUO MMa yKa3aHus
3a CbLLECTBYBAHETO Ha Nonerata kpexka 3oHa (VBaHoB u ap.,
1979; epmxukos, 2005). Ta ce Tpacupa NO pasnukn Mexay
gBata bnoka Ha 3oHaTa, MO CbLECTBYBAHETO Ha nomeraty
KPEXKM CPS3BaHUS M 3HaYMTENHaTa kaTtaknasHa npepabotka
Ha BucawWwms 6nok. BaxHo e ga ce otbenexu, ye npu Kpunumm
He Ca YCTaHOBEHW TEKTOHUTW (MPWUM. ynTpakaTaknasutu u
rayy), KOWUTO [a Mapkupar rnaBHaTa pasrioMHa 30Ha. Tesu
[aHHW yKasBaT, Ye B 3Ha4YMTenHa CTENeH yCTaHOBABAHETO Ha
noneratata pascegHa 30Ha 3aBMCM OT XapakTepa Ha
paskputocTTa. B cnyyam Ha no-cnaba paskputocT, HEHOTO
CbLUECTBYBaHe Ce npeanornara no obwy cbobpaxeHns, HO He
MOXe [Ja ce fokaxe (MpuM. B paiioHa Ha c. ataneHuua —
cwur. 1). MpobnembT B peguua crnyyan ce YCroXHSABA OT
TPYAHOCTUTE Aa Ce pasnnyaT ONMCTOCTPOMHUTE SIBMIEHUS OT
noneraTi pasnomMHN HapyLLEHNS.

(2) B kakBa cTeneH e 3acerHata OT NNACTUMHW EKCTEH3NOHHM
Cpsi3BaHWA ropHaTa MioYa Ha EKCTEeH3WOHHaTa cucTemMa —
CeBepHopoponckaTa eauHuLa? FeomeTpusita 1 KMHemaTukaTa
Ha 0bemMHWTe CpA3BaHWUS, KaKTO UM  MUKPOCTPYKTYpHWTE
n3crnegeanus B paspesa no Ctapa peka Haco4BaT KbM uaesiTa
33 MHTEH3MBHA TEpLMepHa anHamMo-meTamopdHa npepaboTka
Ha ckanu oT 6asanHute HuBa Ha CeBepHopogonckara
eanHuua. Tasu npepaboTka € CbBMECTUMA C EKCTEH3UOHHUS
XapakTep Ha TpaHcrauwute Mo 30HaTa, KOMTO BOAAT A0
M3HacsHe Ha “ropelyn” HMBa OT AbNOOYMHA W CbMNOCTABSHETO
MM C MO-paHO0  EKCXymUpaHuTe  MeTamopduti  OT
CeBepHopogonckaTa eauHnLa. LieneHacodeHn neTponoxku u
W30TOMHW M3CrefBaHWs ca Heobxogumu 3a  LANOCTHO
peLLeHmne Ha To3u npobrem.



3aknioyeHune

B paspesa npu MNewepa CPEC nokasea cneuuguyHin YepTi.
Mnactuynnte munonmtn ot CPEC ca pasBuTM KakTo Mo
MUrMaTUTUTE OT NEXALLOTO KPWMo, Taka U MO ckanute Ha
CeBepHopoonckata eauHuLA. M3KnNIoUMTENHO BUCOKM KpaitHm
Jedopmalmn ca 3anevyataHn B HaW-TOPHUTE HWBA Ha
NexalloTo Kpuro, MapkupaHu OT YRTpamMunoHuTM u 4-5 m
HWBO Ha TEKTOHCKO CMecBaHe Ha Mpamopu W MmeTabasuTu.
Cnep VHTEH3UBHUTE NNACTUMYHW JedopMalig, BEPOSITHO OLle
B CMHMETaMOP(HM YCIOBUS, FOPHUTE HMBA HA MUIOHUTHATA
30Ha Ca OrbHaTW OT AeKaMeTpoBM M METPOBU IbHKW, C OCM
NPuONM3NTENHO HampeyHu Ha nocokata Ha TEKTOHCKMS
TpaHCnopT. Hail-BaxHaTa 0CODEHOCT B M3CNEABaHNS paspes e
nuncata Ha KPEXKo TEKTOHCKO HapylleHWe B OCHOBaTa Ha
mpamopute oT CeBepHopoaonckaTta eauHuLa.
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AHAINW3 HA OTHOCUTEJIHUTE UBMEHEHWA HA MOPCKOTO HUBO B
AONHOKAMYMUCKUA CEAUMEHTEH BACEWH (MOPCKATA YACT) NPE3 CPEHO-
KbCHOEOLIEHCKATA U ONMUrOLIEHCKATA EMOXA

Xpucmo Jumumpoe

MurHo-eeonoxku yHugepcumem “Ce. MeaH Puncku”, Cogpusi 1700; tezei@abv.bg

PE3IOME. naBHaTa Len Ha HacTtosilaTta paboTa € Aa pasrnefa OTHOCUTENHWUTE W3MEHEHWs HAa MOPCKOTO HMBO B [JomHOKaMuumickusi cefuMeHTeH GaceitH
(mopckata y4acT) mpe3 CpedHO-KbCHOEOLIEHCKaTa M onuroueHckaTa ernoxa. MetoguTte Ha w3cnefsaHe M3non3saHW Tyk ca 6asvpaHu Ha KoHuenuusta 3a
cenMeHTHUTe cekseHumn (Sloss, 1963; Vail et al., 1977; Van Wagoner and Posamentier, 1988) u 3a ceusmoctpaturpadckus ananus (Vail et al. 1977; Bally-ed.,
1987; Vail et al.,1991; Miall, 1996). P1CTbT, ¢ KOWTO MOPCKOTO HMBO HApacTBa Npe3 BCUYKM ennu3oay Ha 6asanHo 3ansraHe (onlap) Moxe Aa 6bae kankynupaH Ypes
pebenvHaTta Ha CearMEHTUTE, NoKa3aHu C PasnuunaTa MeXay Han-HUCKUTE W Hal-BUCOKUTE OTpaxeHUs Ha 6asanHo 3ansraHe. XpoHocTpaTurpadckara auarpama
Moxe fa Obae w3non3BaHa 3a MOCTPOSBAHETO HA AMarpama Ha MOPCKOTO HWBO, Ha KOSTO Ca OTpa3eHM MOBUILEHWSITA M MOHWKEHMSITa My Mpes3 BpemeTo.
CeKBeHTHOCTPaTUrPathCKUST aHanua MAEeHTUANULMPA LMKNU OT BTOPU M TPETM MOPSABbK 3aKMIOYEHN B PAMKITE HA CEKBEHTHM TPaHULM B OCHOBaTa Ha CPefeH-ropeH
€OLEH M B TOPHULLETO Ha onuroueHa. Kopenauusta Mexay KOHCTpywpaHuTe KpuBu 3a kpaiibpexuute 6GasanHu 3ansrahus (coastal onlap) ¢ npecmetHatuTe
naneogbnbounkm 1 rnobannuTe kpusw (Hag et al., 1987) nokassa HsKOW HECHOTBETCTBMS, Thit KATO OTHOCUTENHUTE U3MEHEHNS! HA MOPCKOTO HMBO B Kamuuiickus
ceumeHTeH baceliH ca Gunn 3HaYMTENHO NOBMUSIHU W OT NOKANHUTE TEKTOHCKM CbOUTUS, OTAEMHO OT eBCTaTUYHNTE rnobanHyu konebaHus 1 3aToBa He BUHarW ce
WaEHTUULMPAT ¢ onpefeneHnTe rnobanHn LuKnu.

ANALYSIS OF RELATIVE CHANGES OF THE SEA LEVEL IN THE KAMCHIA SEDIMENTARY BASIN (OFFSHORE PART)
DURING THE MIDDLE-LATE EOCENE AND OLIGOCENE EPOCH

Hristo Dimitrov

University of Mining and Geology “St. Ivan Rilski”, Sofia 1700; tezei@abv.bg

ABSTRACT. The main objective of the present work is to examine relative changes of sea level in the Kamchia sedimentary basin (offshore part) during the middle-
late Eocene and Oligocene epoch. The methods of investigation used here are based on the conception of the sedimentary sequence (Sloss, 1963; Vail et al., 1977;
Van Wagoner and Posamentier, 1988) and of the seismostratigraphic analysis (Vail et al.,1977; Bally-ed., 1987; Vail et al.,1991; Miall, 1996). The height by which the
sea level rose during each episode of onlap could be measured by calculating the thickness of sediment represented by the difference between the lowest and
highest onlaping reflectors. The chronostratigraphic chart could then be used to produce a relative sea level chart plotting the rise and fall of sea level through time.
Sequence stratigraphic analysis has identified 24 and 3rd order eustsatic cyclicity, with sequence boundaries at the base of the Middle-Upper Eocene, at the top of the
Oligocene. The correlation of the constructed curves for the coastal onlap and estimated paleodepth with the global reference curves (Haq et al. 1987) shows some
discrepancies, because the relative sea level changes in the Kamchia basins have been considerably shaped apart from eustacy, also by local tectonic events and
thus they are neither always identical with the defined global cycles.

BuBeaeHue M3MEHEHUS HA MOPCKOTO HMBO B  [loMHOKaMumincKus

ceguveHTeH GaceiH (mopckata  4yacT) npe3  CpefHo-
AHanM3bT Ha OTHOCUTENHUTE U3MEHEHMS HA MOPCKOTO HUBO € KbCHOEOLIEHCKaTa 1 OMnuUrolieHckara enoxa, ¢ nocTposBaHeTo
CbLUECTBEHA YaCT OT CensmMocTpaTUrpadickuTe 3cneaBaHns 1 Ha [uarpama Ha Te3n U3MEHeHWs W CpaBHsBaHe Ha
AaBa OTNINYHN Bb3MOXHOCTY 3a peanuaupaHe Ha 6aceHoBOTO nony4yeHuTe pesynrati ¢ AaHHuTe oT paspaboTeHns ot Haq et
mopenvpare (Allen and Allen, 1990). Moa oTHOCUTENHO al. (1987) wmogen Ha rnoGanHOTO  MOPCKO  HUBO.
M3MEHEHME Ha MOpPCKOTO HMBO Ce pasdbupa NpUBKUAOHOTO CbnoCTaBAHETO Ha KPUBMTE OT AMarpamnTe Ha permoHanHuTe
MOHWXaBaHe WM NOBWLLABAHE HA MOPCKOTO HWBO CMPSIMO 1 rnobanHnuTe U3MeHeHus Ha MOPCKOTO HMBO Nnomarar ga ce
MOBbPXHOCTTA Ha Cylarta. To moxe pa ce Habmiogasa NPOrHo3npa Bb3pacTTa Ha CekBeHuuuTe, 3a KOMTO HAMa
BCMEACTBME Ha MOBWLLABAHE UMK MOHWKABaHE Ha MOPETO, Ha AaHHn. [pu CbnocTaBsiHETO Ce MapkupaT 1 pasnuumsi Mexay
cyLiarta, Unu KkaTo pesynrat ot [efiCTBIETO Ha ABETE ABMEHMUS KpUBUTE Ha pervoHanHute u rnobanHuTe M3MEHeHUs!, KOUTo
egHospemenHo (Vail et al. 1977; Hukonos, 1995a; 19956). morat fAa OTroBapsT Ha NEpUOAN Ha IOKaIHW TEKTOHCKM
MHaukaTopm 3a OTHOCUTENHOTO M3MEHEHME Ha MOPCKOTO HUBO ABIKEHNS.

Ce 4BABaT rPaHMUMTE Ha pPa3npoCTpPaHEHWe Ha GasanHo

3ansrawyre (onlap) B JonHWLLETO W npenokpusalumTe (toplap) Feonoxka pamka
B TOPHULETO nnacToBe B KpaibpexHute dauecn Ha PaiioHbT Ha M3cneaBaHe e O4YepTaH B MopcKaTa 4acT Ha

MOPCKUTE  CEAMMEHTHN  KOMIMIEKCH. [naBHaTa uen Ha ﬂoﬂHOKanMMCKMﬂ CeMMEHTEH DaceiH (dw"-_ 1)
HacTodllaTta paGOTa € [da ce pasrnegar OTHOCUTENTHUTE
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IZB"E

143°N

JlonHokam-
YHHCKH DACeHH

CEeH3MHYCH
npodun

COHOAXK

142.5°N

pasnoMHu
HAPYLLIEHHS

®ur. 1. TekToHCcka cxema Ha vacT ot CU Bbnrapus (no Georgiev, 2004 ¢
moandmkaummn). Ha cxemarta ca nokanusupaHu U3non3saHnTe 3a LenuTe
Ha u3cnefBaHeTo ceusmuyeH npodun u coHpaxu. C umdpute B
Kpbryetata ca nokasaHu rpaHuuute Ha [lonHokamumickus GaceiH: 1 —
BeHenuH-TonGyxuHcku pasnom; 2 - bBnusHawku pasnom; 3 -
CTaponnaH1HCKN HaBnak

CeauMEHTHMAT KOMMMeKC, 3anmbnealy GacelHa BkYBa
CEAMMEHTHM NOCreoBaTeNHOCTY CbC CPeAHO-TOPHOEOLIEHCKA,
ONWroLieHCKa M HeoreHcka  Bb3pacT.  [eonoxkute
XapaKTepUCTUKN Ha [lonHoKkamunickns GacenH ca 4OCTaTbyHO
ybeauTtenHm 3a gedmHMpeHeTo Ha HaceinHa kato gopnaHaos
— acumeTpuyHaTa My reoMeTpus, MeCcTONONOXEHUETO MY Npes
OpOreHeH (PPOHT M y4aCTUETO Ha MEXaHM3MITE Ha KOMMpPECHa
TEKTOHMKA BbB (DOPMUPAHETO MY, LOMMHMPALLO TEpUreHeH
MbIHEX CbC 3HaYMTENHa gebennHa 1 CeBepHO npemecTBaHe
Ha CeAMMEHTHMS [ENnOLeHTbP BbB BpemeTo ('eoprues u ap.,
2004; QumuTpos, Meoprues, 2005). opmupaHeTo Ha HaceinHa
Ce KOHTpONMpa OT WHTEH3MBHAaTa W3sBa rmasHO Ha Wnupckata
oporeHesa Mpe3 paHHO-CPEeAHOeOLeHCKaTa enoxa, W B Mo-
marnka creneH ot CaBckaTa HarbBaTenHa (pasa npes KbCHUS
OMUrOLEH, KOMTO OOpPMSAT CbBpEMeHHaTa Mopdororus Ha
Bankanugute.

[laHHM 1 MeToAMKa 3a U3cneaBaHeTo

CeunamocTpaTurpadcksiT  aHanua W NOCTPOSIBAHETO  HA
puarpama Ha OTHOCUTENHUTE W3MEHEHWS Ha MOPCKOTO HUBO
Ha MopckaTa 4acT Ha [lonHokamuuiickus 6aceiH ce 6asupa Ha
W3NON3BaHUTE [aHHW OT COHOAXHWTE KapoTaxu Ha 5
npokapaHu B aksatopusTa coHgaxm (P-1 CamoTuHo-mope, P-1
CamoTtuHo-n3ToK, LA-1, LA-2, LA-3), gBa ot kouto (LA-3 n LA-
1) ca KopermpaHu 1 OBbp3aHW CbC CEM3MUYHMS paspe3 Ha
npocunHa smHua 7866 (dur. 1). Ta MuHaBa HampeyHo (no
Hanpasnexne KOKO3-CCU) Ha GaceiHa. 3a pgatupaHeTo Ha
CEMMEHTHUTE KOMMNEKCUM € W3MOM3BaHO Bb3pacTOBOTO
NPUBBP3BaHE MO COHAAKHUTE [aHHW.

MeTogukata 3a  W3CredBaHeTO  M3UANO  Mpwnara
KOHLEeNnumsATa 3a ceauMeHTHUTe cekaeHuum (Sloss, 1963; Vail
et al., 1977, Van Wagoner and Posamentier, 1988), 3a
ceuamocTpaturpacdpckns aHarms (Vail et al., 1977; Bally-ed.,
1987) 7 TeXHUKUTE 33 NOCTPOSABAHETO Ha
XpoHocTpaTurpadpcka guarpama (Wheeler, 1958) u mogemst
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Ha rnobanHoTo mopcko HuBo (Payton, 1977; Vail et al.,1991;
Miall,1996).

AHanu3 Ha OTHOCUTENHWUTE W3MEHEeHMs Ha
MOPCKOTO HUBO

OTHOCMTENHOTO MOPCKO HMBO OTpa3sBa nouumsaTa Ha
MopcKaTa MOBbPXHOCT CBbp3aHa C [EeWCTBWETO Ha [Ba
KOMMOHEHTa: eBcTasuaTa W BepTUKanHUTe [OBWKEHUS Ha
MOPCKOTO ABHO, MPUYMHEHW OT TEKTOHUKATA W CEOUMEHTHOTO
HaTpynBaHe 1 ynimbTHABaHe (cpur. 2)

o enoCT
MOpEK2 noBbLPXHO

Boaen
CThag

eBCTATHYHO

MOPCKO H HBO
AKYMYJIHpaHH

CEe/IMMENTH

UEHTHP
Ha 3emsaTa

O

dur. 2. Cxema, Msoﬁpasﬂsama BPBH3KUTE MeXay eBCTaTU4HUTE
KonebaHus, TeKTOHMKaTa W HaTpynBaHeTO Ha CeAUMEHTH, KOUTO
KOHTpONMpaT OTHOCUTESTHUTEe U3MEHEHUs Ha MOPCKOTO HUBO (Emery,

Myers, 1996, ¢ Mo.qucbukauuu)

OTHOCUTENHOTO M3MEHEHME Ha MOPCKOTO HUBO MOXE [a ce
yCTaHoBM N0 0cobeHOCTUTe Ha BasanHoTo 3ansraqe (onlap) Ha
KpambpexHuTe  CeaMMeHTM B MOPCKATE  CeaWMEHTHM
komnnekcu. o amnnuTygata Ha Te3n W3MEHEeHWs BbB
BPEMETO M NPOCTPAHCTBOTO MOXe Aa Ce NocTpou rpacmka Ha
UMKIUTE HA OTHOCUTEMHWUTE MOBULLEHWS W MOHKEHWS Ha
MOPCKOTO HMBO. TakaBa rpachuka Mmo3BonsiBa Aa Ce Monyuu
npeacTaBa 3a uCTopusiTa Ha nyKTyauuute Ha 6asucHOTO
HMBO, KOETO  KOHTPONMpa  MIOLWHOTO  pa3BuTWEe  Ha
CEANMEHTHUTE KOMMMEKCH U XapakTepa Ha Marpaxgaliute
nnacrose.

M3noxeHMaT B HACTOSILIOTO W3CrnedBaHe pervoHaneH
aHanu3 Ha OTHOCWTENHWTE M3MEHEHMS! Ha MOPCKOTO HMBO Ha
[onHokamuminckus 6aceiH, BKMKOYBA CNEAHWTE TPU OCHOBHU
eTana:

e  aHanM3 Ha CeM3MMYHaTa CEKBEHLNS;

e ocTposiBaHe Ha XpoHocTpaTurpadcka
KOpenaLmMoHHa CXema;

e [OCTPOsIBaHE Ha [Auarpama Ha OTHOCWTENHOTO
MOPCKO HUBO.

AHanus Ha ceu3MMUyHaTa CeKBEHLMA

lMpes nmbpeus etan e Heobxogumo [fa Ce aHanmaupar
kpaibpexHute komnnekcu. OnpenensT ce TeXHUTe rpaHuuy,
Bb3pacT, 00nacTu Ha pasnpoCTpaHeHWe W Hamnune Ha
copmute Ha 0OasanHo 3ansraHe (onlap) v npenokpuBaHe
(toplap). Ha ceusmmyHus npopun ca npocrnefeHn W
TpacupaH UMEHHO Te3U 0TPa3siBaLL XOPU3OHTH, OTFOBaPSILLM
Ha basarHo 3ansrawy 1 Npenokp1BaLLm nnacTose (cur. 3).



Jlerenna:

@ CHCTEMEH TPAKT Ha HHCKO HHBO

@ TPAHCIPECHBEH CHCTEMEH TPAKT

@ CHCTEMeN TPAKT Ha BHCKO HHBO

Hazaano npwisirane, 6a3. 3aus-
TANC, W CPSI3BAHE HA ILIACTOBETE

®ur. 3. Ceusmoctpaturpadicka mHTepnpetaums Ha CI1-7866, nokasBawa: A — oTAeneHaTa CpeAHO-rOPHOEOLIEHCKO-ONUroueHcKa cekBeHuus; B -
TpacupaHuTe B pamMK1Te Ha CeKBEHLMsITa OTpa3siBalyy XOPU3OHTH, OTFOBapSALLM Ha 6asanHo 3ansraiy U NpenoKpuUBalLy nnacToBe

CpenHo-TOpPHOEOLIEHCKO-ONUIOLEHCKaTa  CeKBEHUMs e
oTgeneHa w nogpobHo pasrnegaHa (Feoprues u gp., 2004;
Oumutpos, Meoprues, 2005).

OT nonyyeHnTe [aHHW 3a MHTEPNPETMPaHUS CeusMUYEH
npodoun, Helle NOCTPOeH cTpaTurpadicku paspes, KOUTo aaae
peanHa npefcTaBa 3a MpOCTPaHCTBEHUTE B3aMMOOTHOLLEHWS
Ha NUTONOXKUTE Tena B 00XBaTa Ha CeAMMEHTHATA CEKBEHLIMA
(dur. 4). 3a uenute Ha m3cneaBaHeTO bsxa pasrpaHWYeHN
AbnOOKOBOHMTE  OT  MAMTKOMOPCKATE U KpaibpexHute
CEMMEHT!.

MocTposiBaHe Ha XpoHocTpaTturpadpcka KopenaumoHHa
cxema

lMpe3 BTOpMS eTan ce NpeMWHaBa KbM MOCTPOSIBAHE Ha
XpOHoCTpaTurpadcka KopenaumoHHa cxema Ha CeaMeHTHUTE
komnnekcy. Ha Hest B 3aBMCMMOCT OT abCcontoTHaTa Bb3pacT
Ce npeHacd WHGopMauusita OT  reonoXkus  npodomn.
XpoHocTtpaturpadpckure  auarpamu  (Wheeler, 1958) ca
WM3KMKYMTENHO NONE3HM 3a M300passiBaHETO Ha BpemeBaTa
cTpaturpacpus. Te onuceaT ckanuTte OT paspesa Mo Bpeme U
MPOCTPAHCTBO, KOHTPACTUpaiku Ha nuTocTpaturpadckute
paspesu, KouTo Mu3obpassiBaT CcamMO MPOCTPAHCTBEHWUTE
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OTHOWEHNS Ha TenaTta. 3aToBa T.H. “guarpamn Ha Yurbp”
("Wheeler  diagrams")  ynecHsBaT  W3ACHSIBAHETO  Ha
3HAYEHMETO, MPOABLITKUTENHOCTTA W NaTepanHus obxeaT Ha
HecbrmacusiTa UM npekbcBaHusATa. Bbpxy cxemara e
n3obpaseHa cTpaturpacdickata  MHoOpMauus, KaTo Mo
BEpTMKanaTa € HaHECEHO TreonoXKOTO Bpeme, a Mo
XOpW30HTarnaTa, pascTosHUETO Mexay 0OeKTUTE B U3y4aBaHms
paiioH. Ype3 uHopmauusTa oT UHTEPNPETUPaHUS Npodun 1
reou3nyHNTE COHAAXHM AaHHM 3a  [LoNHOKaMuMiCKMS
cegumeHTeH GaceiiH Gele MOCTpoeHa XpoHocTpaTturpadcka
avarpama, Ha KosTO HarnmegHo ca OLEHEeHU BPeMeBUST
[ManasoH 1 nnowTa Ha pasBuUTUe Ha CekBeHuusTa (cur. 5).

MocTposiBaHe Ha Auarpama Ha OTHOCWUTENTHOTO MOPCKO
HUBO

MbpBMST MOAEN Ha rMoBanHOTO MOPCKO HMBO € NybruKyBaH
ot Vail et al. (1977), a no-kbcHO e moandmumpat ot Haq et al.
(1987). MocTtpoeHa e “rnobanHa” KpuBa, KOSTO € MOonyyeHa B
pesyntar OT aHanusa Ha CeuaMWyHuTE npopunn  u
pa3no3HaBaHETO Ha OrpaHMYEHUTE C MOBBPXHUHW Ha
Hecbrnacve CekBeHUWM. 3a TpacupaHeTo W Ca M3MOon3BaHu
TEXHWKM onmucaHu B paboTtute Ha Payton (1977), Vail et al.
(1991) n Miall (1996).
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®ur. 5. XpoHocTpaTurpadicka kopenaumoHHa cxema Ha U3yyaBaHaTa 30Ha (BX. nereHaata ot ¢ur. 4)

Mo cbllectBO kpueaTa Ha rnobanHus Mmogen Ha Bcekn UMKbN Ha OTHOCUTENHO W3MEHEHWE Ha MOPCKOTO
OTHOCWTENTHUTE W3MEHEHWSI HA MOPCKOTO HMBO CbAbpka HMBO, OOWKHOBEHHO C& CbCTOM OT €Tan Ha MOCTENEHHO
npeackasBaHe Ha NMOBEAEHMETO Ha eBCTaTUYHUTE KomnebaHuns MnoBuLIABaHe, Mepuod Ha crabunusauus M etan Ha Obp3o
Mpe3 reorioXKOTO BpeEMeE, MONlyyeHa OT  KpanbpexHoTo NOHWXaBaHe. ToBa € W MpuYMHaTa 3a SCHO M3Pa3eHus UM
GasanHo 3andraHe (onlap) Ha nnacToBeTe, MOKa3aHO C acMMETPUYEH XapakTep, KOATO ce HabntogaBa Mpu BCUYKM
ocpenHeHa anarpama. MogenbT Ha rnobanHoTo MOpCKO HYUBO, M3BECTHM 1O MOMEHTA Cryyau.
anTepHaTVBHO € HapeyeH ‘rnmobanHa UMknuyHa auarpama’

(Payton, 1977; Miall, 1996). Toi1 nokassa cMCTEMATUYHI CXEMM 2 ] - ]
Ha BapuaLMM Ha MOPCKOTO HWBO C Pa3fM4HU BBIHOBM g N . f————k:: F

H 2 |16 @ b B 8 4
AbikuHn. Taka Vail et al. (1977) oTgensT umknm oT mbpew, g NI & O] N ©)
BTOPW U TPETW NOPAOLK C BPEMETPAEHE OT HSKOIMKO MUINOHA e \—\‘— 3 Ll e * ]

-
(umknute oOT TpeTu mopsagbk) 40 10-kM MWUNMOHA TOAMHM L —
+—400m->» “200m-» <4 100m-»
(4nKnUTE OT MbPBM 1 BTOPY NOPSABK). e - =
THOCHTE/IHO H3MEeHeHHe Ha ) HHBO

Moa UMKBI HA OTHOCUTENHO U3MEHEHWUE Ha MOpCKOTE) HUBO ®ur. 6. Mpadmka Ha OTHOCUTENHOTO W3MEHEHWEe Ha MOPCKOTO HMUBO.
ce pasbupa uHTEpBan OT Bpeme, B TeYeHWe, Ha KOWTO ce LiuknuTe ce ChCTOAT OT OTHOCUTENHW NOBMLIABAHUA W MOHWXaBaHUs. C
oTOens3Bar OTHOCUTENHUTE NOBULLIEHMS 1 MoHWkeHns (Vail et uncpute B KpbryeTara: 1 — cynepumknbn; 2 — unkbn; 3 - napaumnksn (Vail

al,, 1977) ((bw- 6)- et al., 1977, c moguchukaLmm)
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®ur. 7. PernoHanHa AuarpamMa Ha UMKnuTe Ha OTHOCUTENTHUTe U3MEHEeHNA Ha MOPCKOTO HMBO B nOnHOKaMHMﬁCKMﬂ 6acenH

3a noctposiBaHETO Ha rpadwmkata e  Heobxogumo
cTpaturpadpckmaT paspes Aa obxpalja 30HaTa Ha BbHLIHKS
wend ¥ ga CbAbpxa Hal-MbreH paspe3 Ha 6asanHoTo
3ansraHe. 3aToBa M CbBCEM LieneHacoueHo belle M3BbPLUEH
nogbop Ha noaxoasLy 3a U3cnegBaHeTo CemammyeH npodun.

OTHOCHTENHOTO M3MEHEHME Ha MOPCKOTO HMBO CE OTYMTA MO
TPAHCTPECVBHOTO 3ansraHe Ha Cylwara Ha JNuToparnHn 1
HEMOPCKW  KpaibpexHu ceaumeHTn. AMnnuTygata Ha
OTHOCUTENHOTO MOBWLIABaHe MOXe f[a Ce Onpedenn no
BEpTMKaNHaTa KOMMOHEHTA Ha HapacTBaHe Ha Operosute
oTnoxeHnst  (agradation). B xoga Ha  OTHOCMTENHOTO
MOBWLLABAHE Ha MOPCKOTO HMBO ce OTOENs3Ba KakTo
TpaHCrpecusiTa, Taka W perpecusita Ha OperoBaTa NnHWS,
yabnboyaBaHeTo Mnu MbK M3NNUTHABaHeTO Ha GaceiHa. 3a
OTHOCUTENHATa CTabunu3aumust CBWAETENCTBa KpanbpexHOTO
npenokpusaxe (toplap).

3a wumsuncnsBaHe Ha amnmauMTygata Ha  OTHOCWUTENHOTO
MOHWKaBaHE Ha  MOPCKOTO  HMBO  Ce  onpegens
MbpBOHayarHaTa pasnuka B abcomoTHUTE Benexkn mexay
Hal-BUCOKUTE MONOXEHWUS HA MiacToBeTe, 6a3anHo 3ansraiym
B MOCTUNaWWs KOMMIEKC W HaW-HUCKUTE TMOMOXEHUS B
MpenoKpuBaLLMAT komnnekc. Cned KpynHOTO OTHOCMTEITHO
MOHWkKaBaHe Ha MOPCKOTO HMBO ce Habrioaasa 3abaBsHe Ha
pasBMTMETO Ha Wenda, a obnactta Ha 6asanHo 3ansraHe
BMOMMO € OrpaHnyeHa OT oceBaTa 30Ha Ha HaCenHoBIS KOHYC,
pa3BuT B OKpalHKHaTa Ha 6aceiiHal.

Ha gnarpamata Ha OTHOCUTENHUTE M3MEHEHWSI HA MOPCKOTO
HnBO B  [lonmHokamummiickus  GaceilH npe3  cpedHo-
KbCHOEOLIEHCKaTa M OMNUrOLeHCKaTa enoxa € O4YepTaH eauH
Cynepuukbn  (BTOPM MOPAAbK) C  MPOABLITKMTENHOCT Ha
topmupare ot 14.1 mrH. T. (cur. 7). Toln kopecnoHampa
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HambfHO C Pa3sBUTMETO HA edHa Krnacudecka CeauMeHTHa
cekBeHums. To3n cynepumkbi € nodeneH Ha 3 uukbna (Tpetw
nopsigbK), OTFOBAapslUM Ha M3rpaxpaluute CeaMMeHTHaTa
CEKBEHLIMS CUCTEMHM TPaKTOBE.

B Hayanoto Ha MbpBMSA LWKbA (CUCTEMEH TPAKT Ha HMCKO
HWBO) MOPCKOTO HWBO B BaceiiHa pA3Ko Ce € MOHWXKaBano u e
6uno noa wendosus pbb, a B kpas Ha LKbNa TO CNnpa fa ce
noHwxaea W 3anoysa H6aBHO da ce nosuwasa. Lukbnst e ¢
NPOABIDKATENHOCT OT 4.2 MIH. T. (KbCHOMKTECKA-DapTOHCKa
Bb3pacT).

BTopuaT uukbn (TpaHCTpecuBeH CUCTEMEH TPaKT) OTpassiea
Obp30 noBMLLAaBaHE Ha MOPCKOTO HMBO. [10BMLIABAHETO MOXE
SICHO fja Ce BUAW OT MOBELEHMETO Ha KpuBaTa Ha guarpamara
WengbT ce 3anMBa M WeENQOBOTO  aKOMOAALMOHHHO
MPOCTPaHCTBO 3HA4NTENHO HapacTea (TpaHcrpecys). LnkbimsT
ce chopmmpa npes KbCHUS eoLeH (MpuaboHCKM BEK) B pamknTe
Ha 3.3 MITH. T.

TpeTusaT UMKbn (CUCTEMEH TPaKT Ha BUCOKO HWBO) ce
XapakTepusupa C NpOAbIKaBaHE Ha TeHAeHUMsATa Ha
MOBWLIABAHE Ha OTHOCWTENHOTO MOPCKO HWBO, KaTto TO
JI0CTUra Han-BUCOKWUTE CY CTOMHOCTK, Crep KOeTo creasa ertan
Ha cTabuUnHO CLCTOSIHUE, a HaKpast KpyBaTa NoKa3Ba PEXnM Ha
BaBHO moHwkasaHe (perpecus). LinkbmbT ce obpasysa npes
onuroleHa (pynen-paHHoOXaTCku Bek) B MPpoabikeHne Ha 6.6
MITH. T.

CbnoctaBAHe Ha KpuBaTa Ha M3MEHEHWe Ha MOPCKOTO
HMBO B [JonHOKaMyYmMiickusA GaceliH ¢ ,,rnobanHara” KpuBa
Mpn CbMNOCTABAHETO Ha KpuBaTa MOMy4YeHa OT HACTOALLETO
n3cneadBaHe C KpuBaTa Ha rnobanHo M3MEeHeHe Ha MOPCKOTO
HWBO, CE OTYNTAT U HsKoM pasnuku (cpur. 8). Hai-otuetnnea e



Ta3n B HA4anoTo Ha CynepuuKba, KOSITO € eCTECTBEH OTFOBOP
Ha u3sBaTa Ha NOKaNHW TEKTOHCKM OBWKEHWS, CBbp3aHu C
Wnupckata oporeHesa, Mogenupana akTMBHO CbBPEMEHHMS
00nuKk Ha MN3TouHuTe Bankanuau.

3aknioyeHune

YcTaHoBeHuTE 0COBEHOCTM Ha 6GasanHuTe 3ansraHus
npenokpuBaHns B obxBaTa Ha CPEeAHO-KbCHOEOLIEHCKO-
ONWroLeHckaTa  CeduMEHTHa  CeKBeHUMs,  Mo3BonnXa
OTHENAHETO Ha eAuH eJHOMMEHEH CynepLuKbi opMupaH B
npogbixeHne Ha 14.1 MiH. 1. CynepuukbbT € nogeneH Ha

MAGNETO-

UMKNK, BCEKM €OWH, OT KOUTO Ce XapakTepusupa CbC
CNeUUdUYHO U3MEHEHNE Ha OTHOCUTENIHOTO MOPCKO HMBO.
KpuBaTa Ha OTHOCUTENHWTE M3MEHEHMSI HA MOPCKOTO HIBO
MOXE [a Ce pasger Ha pemulia BpPEMEBM MHTEPBanM
CBbP3aHM C OTHOCUTENHOTO MOBMLIABaHe, CTabWUIHOCT U
MOHWXaBaHe Ha HUBOTO.

OTHOCUTENHWUTE U3MEHEHWS Ha MOPCKOTO HUBO KOHTpONMpaT
CEKBEHTHaTa  apxuTekTypa W  pa3npoCTpaHEHWETo  Ha
nutocpaunecute B [onHokamumitckust GaceiiH. 3atoea 1
aHanusbT UM MoXe Aa Obae M3Non3BaH 3a KOHCTPYWpaHEeTo
Ha BaceltHoB Mogen.
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®ur. 8. CbnocTaBsiHe Ha KpMBaTa Ha OTHOCUTENTHUTE W3MEHEHUsl Ha MOPCKOTO HUBO B [loNHOKamMumickus GaceiiH npe3 cpeAHO-KbCHOeOoLeHcKaTa 1
onuroLieHckara enoxa (A) c kpuBarta oT Mofena Ha rmobanHoTo Mopcko HMBO Ha Hag, et al., 1987 (B)
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NPUNATAHE HA MEXXOYHAPOOHATA KNACU®UKALIUA HA BBIMALLA B NMITACTA U
MEXOYHAPOOHATA KOOW®UKALIMOHHA CUCTEMA 3A BbIIIULA OT CTPYMCKO-
MECTEHCKATA NPOBUHLIUA

WopdaH KopmeHcku', AnekcaHdbp 30paskos’, Jumka lMuHanosa?

"MuHHo-2eonoxku yHugepcumem “Ca. Mear Puncku”, Cogpus 1700
2Murnpoekm EAL, Cogpus

PE3IOME. BuriunwHu nnactose oT CTpymMcKo-MecTeHckaTa nposuHLus (OpaHoBo-cumutnmniicku u MoueaenyeBckm 6aceiiin) ca onpobeanu ¢ no 10 go 12 nnactosu
npobu. BuranwHnTe aHwnmnd-6pukeTyn ca nscnensaqn B oTpaseHa 6sana v hnyopucLieHTHa CBETNNHA B MacneHa MMepcis 1 e M3MepeH nokasaTen Ha OTpaxeHue Ha
XyMUHUTa. Upes TexHUYecku aHann3 ca onpeaeneHn 1 ocTaHanuTe KnacudmkaLyuoHH napameTpu: oblya 1 aHanuTuyHa Bnara, nenenHo ChabpxaHue, obla csapa 1
TONMWHATa Ha M3rapsHe Ha BNaxHo 1 Ha cyxo beanenenHo ropuso. Cnopes onpefenexnTe nokasaTenu, cbrnacHo MexayHapoaHaTa knacudukalms Ha BbIuLa B
nnacta Bbravwata ot OpaHoBo-cumuTnniickus 1 MouenenyeBckus 6aceitHu ca MBMYECTN NPEAMMHO XyMYCHW OT HUCBK paHr B — nurHuTi ¢ HUCKO kavecTBo. 3a
BCEKI OT U3CNefBaHNTE BLIMLLHIN NNAcTOBE € onpeaeneH koA, CbrnacHo MexayHapoaHaTa koandukaLoHHa cuctema.

Kmoyosu Oymu: ebenuwa om HUCBK paHe, nueHumu B, MexdyHapodHa knacugukayus Ha ebenuwa 6 nnacma, MexdyHapodHa kodugbukayuoHHa cucmema,
CmpymcKo-mecmeHcKa NPOSUHYUS

APPLYING THE INTERNATIONAL CLASSIFICATION OF IN-SEAM COALS AND THE INTERNATIONAL CODIFICATION
SYSTEM TO SOME COALS FROM STROUMA-MESTA COAL PROVINCE

J. Kortenski', A. Zdravkov', Dimka Pinalova?

"University of Mining and Geology “St. Ivan Rilski’, Sofia 1700

2Minproekt Ltd., Sofia

ABSTRACT. The present study is based on coal samples from the Strouma-Mesta coal province (Oranovo-Simitli and Goce Delchev basins). Up to 12 whole-coal
samples were taken from the mined coal-beds in these basins. Standart microscopical and technological procedures were applied and the micropetrographic
properties, huminite reflectance, moisture, ash yield, total sulphur contents and the combustion temperature of the samples, were determined. According to the
International Classification of in-Seam Coals, the coal-bed in Oranovo-Simitli and Goce Delchev basins are mainly humic, banded, low grade coal with low-rank -
Lignite B. For each of the studied herein coal-beds a specific code was assigned, according to the International Codification System.

Keywords: low-rank coal, Lignite B, International Classification of In-Seam Coal, International Codification system, Strouma-Mesta coal province

BbBepeHue B MacreHa umepcus e no-Bucoka ot 0,6%, surivwara Tpsibea
Ja Ce OTHecaT KbM KrnacoBeTe OT MO-BMCOK paHr. Cnopeq
MexayHapogHaTa knacudukaums Ha Bbrnmwata B nnacta e MesxpyHapoaHaTa knacutmkaLms Ha Ha BbriuLyaTa B nnacta
paspaboTeHa or PaBoTHa rpyna N0 BLIMMWA KbM BbITMLLATA C HUCHK paHr ce pas3aensT Ha kateropum C, B n A
EBpOﬂel;lCKaTa NKOHOMMYECKa KOMUCHS. LlenTa Ha Mnn  Ha OPTONMUIHUTK, METaNUrHUT | CY66V|TyMV|HO3HV|
KnacuukaumsTa e fa yHuduuMpa XapakTepuctukarta Ha BbrImua.
BbIMMLLATa, KaTo Ce M3non3BaT TpM OCHOBOMOMArally
napametTbpa. Te [aBaT Bb3MOXHOCT 33 €AHO3HAYHO 3a HyxauTe Ha BbTpeLuHaTa 1 MexayHapofHa Tbprosus e
onpefensiHe Ha BbIMMLLATA KaTo reornoxko obpasyBaHue: cb3pafeHa MexayHapoaHa cuctema 3a Koandvkaums Ha
e Panr (cTeneH Ha BbrMedvKaLys); BbINLLATA, KOSITO € npueTa oT EBponelickaTa nkoHOMMUYECKa
o TeTporpadhcku CbCTaB (OpranyyeH dauvec); komucus nog ernaara Ha OOH. Cuctemara 3a kogudvkaums

[aBa Bb3MOXHOCT 3a 13bsirBaHe Ha HeJopasyMeHusiTa Mexay
NpOVM3BOANTENW, THPrOBLUM U KOHCYMAaTopu 3a ka4yecTBeHaTta
XapakTepucT¥ka Ha BbIMMWATa, KOSTO OTTOBapsAT Ha
W3NCKBAHMATA HA  KOHKPETHUTE 00nactu Ha  TAXHOTO
W3ronaBaHe karo onpegens obwy KpuTepuu 3a OMpeaensiHe
Ha Ka4yecTBOTO. Te3n KpUTEpUW Ca BKIKOYEHN B OCEM LMGPOB
KOB, KOWTO XapakTepusupa BbriMwaTa KaTo MpOMMLLIIEHa
CYpOBMHA.

e  KauecTtBO (KONM4ECTBO Ha MPUMECKTE, HEOPraHWUyeH
thauyec).

Cnopen, MexgyHapogHata knacugwvkaums Ha Bbrimwiata
B NacTa 3a BbITMLLA C HUCBK paHr Ce CYMTaT TakuBa, YUSTO
BMCIUA TOMMMHA Ha W3rapsHe, OMpedeneHa Ha cyxa
BesnenenHa maca e mo-Hucka ot 24 MJ/kg, mpu cpegeH
nokasaTen Ha OTpaxarenHaTta CrnoCoBHOCT Ha BUTPWUHMTA B
macrneHa umepeust nog 0,6%. Ako TonnmHaTa Ha uarapsiHe €

no-Hucka ot 24 MJ/kg, Ho cpegHaTa oTpaxarenHa cnocobHocT OcHosHu napameTpy 3a koaudyKkauys ca:
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e  Bucwa TonnuHa Ha u3rapsiHe, onpegeneHa Ha cyxa
BesnenenHa maca —Qdf, MJ/kg. ToBa onpegens mbpBuTE ABE
uncpu ot koga, kouto obosHayaBaT AOMHATa rpaHuLa Ha
avanasoH ot 0,98 MJ/kg;

e  OO6wwa Bnara, onpeaeneHa no BnaroeMkoctTa — Wer,
%. BTopute OBe UmMpu OT Koga CbOTBETCTBAT Ha AONHA
rpanuua Ha uetepsan ot 0,9% Bnara;

e [lenenHo cuabpxaHue Ha cyxa Maca (db) — Ad, %.
TpetuTe aBe LMdpK Ce ONpeaensT OT JoMnHaTa rpaHuua Ha
untepsan ot 0,9% nenen Ha cyxa mMaca;

e  Cbobpxanue Ha obwa capa Ha cyxa maca (db) —
S, %. ToBa onpegens 4eTBLPTUTE [BE LMUDPU, KOWUTO
OTrOBapsT Ha [JonHaTta rpaHWua Ha uHTepsan oT 0,09%
CbabpXaHue Ha csipa, yMHoxeHa no 10.

KpaTka reonoxka xapaktepucTuka Ha 6acenHuTte
oT CTpyMcKo-MecTeHCKa NpOBUHLUSA

OpaHoBo-Cumutnuicku 6acenH. B paiioHa Ha baceiiHa ca
YCTAHOBEHM CKanW C pasnuyHa Bb3pacT. [okambpuitckn ca
ckanute oT: [okamudesckama cguma (amcubonut w

BuotuT-ammbonoen  rHaiick);  Cmapupeuykama  cguma
(buoTuToBM 1M OBYCMIOQEHM THAWCM € NPOCMOWKM  OT
amubonuty);  Yemupckama ceuma (amdmbonutn, C

MPOCNOKM OT BUOTUTOBM W ABYCMIOAEHM rHaiicK); Halicogo-
MuaMamumosusi Komnsiekc (BUOTUTOBK W OBYCIIOLEHN rHaNCH
W murmatuti); Yenenapckama ceuma (OBYCTHOOEHW W
OMOTUTOBM THalCW C anTepHauust OT LUMCTM, THAWUCOLKCTY,
amdubonut u Mpamopu); BouaHckama ceuma (BUOTUTOBM
rHaWCW MPOCMOEHW OT [BYCMIOAEHW THANCW W NENTUHUTY,
amcubonuT, mpamopu W wwuctn); ®dponowkama ceuma
(XIOpUT-aKTUHONMUTOBW LUMCTK, 3€MEHN Ckanu 1 MeTagmnabasn,
unutn  n kepatogmpu) (MapuHosa, 3aropues, 1993).
MManeo30T € npeacTaBeH OT: KpyNnHUWKUS NiTymoH, U3rpageH
0T 6MOTUTOBYW, PAaBHOMEPHO-3LPHECTW NOPCUPONLHN TPAHUTH
n [paHoduopumume om Puno-Podonckus 6amonum. B
pafioHa ce pasKkpuBaT U CKamuTe OT TYPOH-GOMHOCEHOHCKMS
Ce8epHONUPUHCKU NiymoH (paBHOMEPHO3bPHECTH MPaHUTK C
NPexo4 KbM  JIEBKOTPAHOQMOPUTH,  KBAPLMOHLIOHATM K
apamenuty) (MapuHosa, 3aropues, 1993). [llaneoreHckute
Hacnarm B panWoHa ca nopeneHun Ha: Jlozodawka cguma
(MACHYHALM 1 TIIMHECTM MACBYHULM C ONMIOMUKTOBW Bpekyn u
OpekyokoHrnomepath); BymkaHcku ckanu  (GuoTtutoBM 1
amubon-6uotutosn  beHoagesutn); Kawoscka  cguma
(MACBYHMLM C KOHrIOMepaTW U aneBponuTh); PakumHuwka
ceuma (MACBYHMLM C MPOCMOWKA OT  KOHIIiomMepat W
anesponuTu); Jlynescka cguma. (MECHYNMBM aneBPONUTYA W
aprUnnTK, NACbYHULW, BuTymMonuT 1 Bbrimwa) (MapuHosa,
3aropuyes, 1993).

BbrneHocHM ca HeoreHckuTe Hacnaru, KouTo ca MoAeneHu
ot Baues (1991) Ha: [payesuwka KoHeromepamHa ceuma.
[ebenuHata 1 e 150-250 m. Bwapactta Ha cBuTata e
paHHOMWOLEHCKa. W3rpageHa e OT  CBETIOPO30BM U
CBETIOCMBU TPYOOTEPUIEHHN CKamnu: BamyHHW KOHIIIOMepaTu,
efpo- 4o ApeBHOKBLCOBM KOHrmomepatm "
OpekyokoHrnomepatn.  OpaHoscka  8befleHoCHa  ceuma.
[ebenuHata Ha ceutata e 150-200 m. Bwb3pactta 1 e
MUOLieHCKa, BeposiTHO OageHcka. OpaHoBckaTa cBUTa €
NpeAcTaBeHa OT acoumauns Ha MACBYHWALM W aneBponuTU
(MecTa 1 rpaBenuTM U KOHIIIOMepath) C MEeCbYNMBKA TMWHU,
aprunutonogobHu, cnabo oboraTeHn ¢ OUTYMU TIMHW W
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BbIMULLHA TMUMHA  BbriwwHM  NnactoBe € MPOMMWLLNEHO
3HayeHWe MMa camo B pailoHa Ha kB. OpaHOBO B MBMUA C
AbIDKMHA OKOMO 2 KM 1 MOYTY Takasa LumpuHa. B octaHanuTe
yacTh Ha OacelHa ca yCTaHoBeHM camo  cnabw
BbrnenposeneHns. B paiioHa Ha kB. OpaHoBO B eawH
BepTukaneH uHtepsan ot 100-300 m ca passutu ot 1 go 16
BbMWLLHM NnacTa. BernuwHute nnactoBe umar gebenvHa ot
1 po 8 m ¢ nokanHu ypebenssanus (oo 30 m) wu
paseguHsBaHus.  [lyapcka  nACBbYHUKOBO-KOHe/IoMepamHa
ceuma. [lebenuHara Ha cautata e 150 - 300 m. W3rpageHa e
OT KOHrNoMepaTty, NAChYHWLM, Necbunuem rMuHU. BbapacTTa
Ha cBuTaTa e capmar-MeoTcka. [padegcka KoHeromepamHa
ceuma. [lebennHarta Ha ceutara e 300-600 m. BbapacTTa i1 ce
onpegens kato KbCHOMMOLIEHCKA, BEPOSITHO MEOT-MOHTCKA.
lpageBckata CBUTA € W3rpajeHa OT OMOKOBO-BanyHHU W
BaNyHHU KOHTNIOMEpaTH, XxapakTepHoO NpeACTaBeHn B LonHaTa
YaCT Ha CBWTaTa, @ CbLIO M OT KOHIMOMepaTh, apko3Hu M
MONMMUKTOBM  MACBYHMUM.  Pegancka  KOHeroMepamHo-
nsicbyHuUKosa cguma. [ebenuHata Ha ceutata e 500-700 m.
BbapactTa Ha cBuTaTa ce onpenens kato NoHTcka. MarpapeHa
€ OT MACHYHMLM, TTIMHECTU MACHYHWLM U NECHUNMBY TTIMHM.
BbrneHocHute Hacnaru ca mokputu oT KamumaHcka cBuTta
(bnokoBo-BamnyHHW  THAWC-TPAHUTHWM  KOHrMoOMepatn U
kBaTepHepHUTEe 0bpasyBaHus (MPOSYBUANHN HAHOCHW KOHYCM
W anyBuanHu ApebHOKLCOBM NONMUIEHHM Yakbnu, ApebHo- 4o
rpybO3bpHECTU MACbUM W raMHecTn nscbum) (MapuHosa,
3aropues, 1993).

OpaHoBo-CUMUTRMIACKUAT BBbINNLLEH BacelH npeacTasnssa
poBOBa  CTPyKTypa, rpabeH-cuHknmHana  (CuMUTAMIACKM
rpabeH). Ta e opueHTupaHa no pgwbnrata cu oc HO3-CU.
[vmkuHata i e 15 km, a WwupuHaTa 4o 6-7 km B LeHTpanHaTa
yacT 1 go 1 km B kpanHuTe. begpata Ha cuHkIMHanata umar
HaknoH 20-35°, a KbM BbTPELHOCTTa Ha GaceiHa HaKMoHbT
uMm poctura no 40-450. AmnnuTygata Ha  yCTaHOBEHWTE
pasceau € 30-60 m.

FouepenyeBckn GacenH. B paiioHa ca yCTaHOBEHM ckamnm C
pasnnyHa Bb3pacT. [JokambpuiAckuTe ckanmu ca npeacTaBeHu
oT boeymescka nnaeuoeHalicosa cguma  (GUOTUTOBM,
MYCKOBUT-OMOTUTOBM M amcnbonoBu rHamcn); BwyaHcka
ceuma  (buotutoBn U amcmbon-BMoTUTOBKM  THalicK);
bolikoscka ceuma (OBycniopeHn W OGUOTUTOBM  rHaWicK);
baykogcka cguma (NENTUHWTW - MYCKOBMTOBM, BMOTUTOBK M
aBycniogenu); Jlykoguwka eHalicowucmosa U wucmosa
ceuma  (THamcu, THaWCOWMWCTW,  LUMCTM, Mpamopu U
amgubonuty); JobpocmaHcka mpamopHa cguma (Mpamopw,
MPOCIOEHN OT KanKOWMWCTW, THANCOWNCTN U amdnbonuTh);
Komnnexc Ha memasynkaHumume om Podonckama Hadepyna
(amcpnbonutn, rHalicu M amcubOn-enuaoToBM  LINCTH)
(KoxyxapoB, MapwuHoBa, 1994). [opHokpedHu ckanmm ce
ycTaHoBsiBaT B Tewoeckus niaymoH (Guotutosw, amdubon-
BuoTtuToBM rpaHuTy 1 rpaHogmopuTy) (Koxyxapos, MapuHoBa,
1994). BbrmeHOCHM Ca HEO30MCKUTE CEOWUMEHTH, B KOUTO Ca
OTAENeHW neT nuTocTpaturpadckn  eguHuumn:  [onHa
bpekyokoHanomepamHa 3adpyea. B cbctaBa W yyacTear
KOHrnomeparu, BPeKYOKOHIIIoMepaTH, M3KIMHBALLW NNacToBe
OT nACbMHMUM. B Hai-fopHaTa 4acT Ha paspesa ce
yCTaHoBsIBaT ~ BbrmenposiBneHuns  (Koxyxapos, MapuHoBa,
1994). Bbapactta e BeposiTHO ropHoeoueHcka (Koxyxapos,
MapuHoBa, 1994). [lebenuHata Ha 3agpyrata e go 1000m.
ByrikaHoz2eHHO-ceQuMeHmeH  Komnniekc. WsrpageH e  oT
CEOMMEHTU cKanmu (KOHroMepaTu C MPOCIOAKM OT apKO3HM



NACbYHMLM, aneBponuTh 1 Bbrauwa), Tycdu, Typutn K
TyPO3HM  MACBYHMLUWM M BYNKaHUTM  (TpaxupuogauuTy,
TpaxvpauuTy, pruogaunti u aauutu) (Koxyxapos, MapuHoBa,
1994). BbapacTra Ha ByNnkaHOreHHO-CeAMMEHTHUS KOMMIEKC €
rOpHOeOLieHCKka [0 [OMHO- cpeaHoormroeHcka (Koxyxapos,
MapuHoBa, 1994). Banesuwka csuma. WarpageHa e oT
BalyHHU KOHrMomepaT W efpo- [0  ApebHO3bpHECTM
nacbyHMLM ¢ obuwa aebenuHa ot 0 go 100 m. Bb3pactTa i1 €
onpefeneHa kato noHT-gakcka (Baues, 1980). bandescka
cguma. B cbctaBa 1 Bnmu3aT cpegHo- 00 ApebHOKbCOBM
KOHrIioMepaTu, MACbYHNLM, aneBpONUTK, IMUHK, ANaTOMUTH U
BbIMMWA. BbriuwHute nnactoBe ca NpuWBbp3aHM  KbM
JOnHaTa 1 ropHata 4acT Ha cutata M ca o 14 Ha Opoii.
Ob6wwarta gebenuHa Ha Hacnarute e 100-250 m. BbapacTra Ha
csuTaTa e noHT-gakcka (Baues, 1980). Hespokoncka ceuma.
W3rpageHa e OT pasHOKbCBW KOHrmomeparu, ot apebHo- Ao
rpyBO3bPHECTM NACHYHIULMW, aNEBPONNTY U NECHYMUBM [NINHU C
nnuoLieHcka Bb3pact — pomaH (Baues, 1980). JebenvHata i
Bapupa ot 50-100 go 500 m. KeaTtepHepHuTe 0b6pa3yBaHus ca
NpeLcTaBeHU Mpean BCUYKO OT  MpONyBMA W anyBuiA.
AnyBuanHute obpasyBaHUsi MMAT 3HAYUTENHO pa3BUTME MO
ponuHuTe Ha p. Mecta. MpeacraBeny ca OT Yakbiu, BanyHu U
pasHO3bPHECTW nacbum ¢ aebenuHa o 28m. Te ca pycroswm,
OT 3anuBHuTe Tepacn M oT | n Il HapsanueHM Tepacu
(Koxyxapos, MapuHoBa, 1994). MponysuanHute obpasysaHus
ca 3acebeHW KaTto HaHOCHW  KOHyCW B nepudpepusta Ha
KOTNOBUHMTE.

HeoreHckuTe Hacraru ca OTMOXEHW B 10XHaTa 4acT Ha
MecteHckus rpabeH CbC ceBepo3anagHa nocoka. Toit e
0cdopMeH OT pasnomuTe Ha MecTeHckaTa pasnomMHa 30Ha C
nocoka 280-290 go 300-330°. Mo-ronemu pasnomu B paiioHa
ca: OrHsiHOBCKM — pasgens ckanuTe Ha banpgesckarta cauTa ot
Te3un Ha bonkoBckata; IMpmeHckm — paspens bangesckata ot
Hespokonckata ceuta; Bwbnkocencku; bnatckw; BecneHcku
(Koxyxapos, MapuHoBa, 1994).

MeTtoauka

Bbrnvwnute nnactoee B m3cnegBaHute  GaceiHu ca
onpobeaHn B no 10 3abosi. Bsetn ca obwo 20 nnactoeu
npobwm.

3a n3cneaBaHe Ha neTporpadickus CbCTaB BbrMLaTa ca
CMNEeHU [0 1mm, CMOeHM C enokcugHa CMofa W MonMpaHm.
Taka w3paboTeHuTe aHLWNUG-OpuKeT ca u3cnenBaHn B
OTpaseHa 1 pnyopucLeHTHa CBETNMHA B MacreHa Mepcyst Ha
mukpockon NU-2, cHabaeH ¢ mpucTtaBka 3a (hryopucLEHTHa
mukpockonus u obektue 40x/0.65. MauepanHusT aHanus e
M3BbPWEH no TH Two Scan wmetog. WsanonseaHo e
aBTomMaTniHo HposiyHo ycTpoictBo Tun Eltinor 4, 3a pga ce
OMpeferny MPOLEHTHOTO CbAbpXaHWE Ha Mauepanute W
MWHEpanuTe, kaTo BbB BCAka Npoba ca CHeMaHu OT4yeTn OT
muHuMmym 500 Toukm. Ha wmwukpockon Leica DMRX ¢
mukpodotometbp MPV-SP, npu gbmkuHa Ha BbiHaTta A =
546nm, macneHa mmepcus (nd=1.515), obektus 50x/0.85 un
etanoH  Gadolinium-Gallium-Granat  (R=0,899) cbrnacHo
CTaHgapTa, € MW3MepeHa OTpaxarenHara CrnocoBHOCT Ha
BUTPUHMTA (XyMuHUTa) B 100 TOUKM BBB BCEKM LLMNG.
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Pe3yJ1TaTVI M OUCKYyCus

OpaHoBO-CUMMTAKICKK GacemH

Knacugpuyupane Ha ebanuuwjama no
MexdyHapoOHama knacugpukayusi Ha ebaiuujama e
nnacma. Bovrnuwara or OpaHoBO-cUMUTIMACKMS  HaceiH
cnopeq TONNWHATa Ha u3rapsHe Morar fa ce onpegensT kato
BbIIMLWA OT HUCLK paHr — nuriuty B. CpeaHata TonnuHa Ha
n3rapsHe Ha BnaxHo 6esnenenHo ropuso e 19,17 MJ/kg.
(tabn. 1) CpegHuTe CTOMHOCTY Ha MOKa3aTens Ha OTpaxeHue
Ha xymuHuTa 3a Teau Bbrimwa e nog 0,6% - 0,26 po 0,31
(cpegHo 0,287%), koeTo CbLiO CBUAETNCTBA 3a BbrAMLA OT
HUCBK paHr.

Tabnuua 1
Pe3ynmamu om XxuMuyecKus aHanu3 Ha gpanuwama

BaceitH, | Wr, [Wa %| Ad, | Seb, | Qsdal | Qgmaf,
% % % | MJ/ kg | MJ/ kg

OpaHosocu- | 26,9 | 11,0 | 24,09 | 3,14 | 26,60 | 19,17

MUTIUACKN

Fouemen- | 13,7 | 9,15 | 14,77 | 2,14 | 28,63 | 24,69

YeBCKM

Wr, % — obwa Bnara; We, % — aHanutuyHa Brara; A®, % -
neneniHo CbbpXaHue Ha cyxa maca; S, % — obwa capa Ha
cyxa maca; Qs%f, MJ/ kg — TonnuHa Ha u3rapsHe Ha Cyxo
6esnenHo ropueo; QsMAF, MJ /KG — TonnuHa Ha u3rapsiHe Ha
BNaxHO Be3nenHo ropuso.

Btopata xapaktepuctuka — netporpackuaT CbCTaB
onpenens OPaHOBCKUTE BbIMMLIA KaTO WMBUYECTW MPELUMHO
XYMYCHM Bb3 OCHOBA Ha CbAbPXKAHUETO Ha TpUTe rpymnu
mauepanu: rp. Xymunut — 81,0%; rp. Juntunut — 18,4%; rp.
Wneptunnt — 0,6% (Tabn. 2).

Tpetata xapakTepuCTuka € KayecTBOTO Ha BbImMLiaTa.
Bournvwara ot OpaHoBO-CUMUTIIMACKNS ©GacelH ca C HUCKO
Ka4ecTBO, Tbil KaTO CPEAHOTO MM MEMENHO CbAbpkaHue €
24,09%. B orgenHute npobu To Bapupa ot 15,0 go 30,0%.

Beuukn Tean pesynratu ce wmoctpupar ot dwmrypa 1,
KoSTO mokasea MexagyHapogHata  knacudwmkaums  Ha
BbIMMLLATA B NacTa U MSCTOTO Ha OPaHOBCKMTE BbIMMLLA B
Hesl, @ UMEHHO — UBUYeECmU NPEeOUMHO XYMYCHU OM HUCBK
paHe B — nlueHUmU ¢ HUCKO Ka4yecmeo.

Kodugpuyupane Ha ewvenuwama no MexdyHapodHama
cucmema Ha kodughukayus. Cnopep cpeHuTe CTOMHOCTU Ha
OCHOBHMTE MapamMeTpy 3a BbrulaTa oT niacTa e onpeaeneH
CMeHUST KOA:
26 26 24 31

Tosn ko 03Ha4aBa, Ye cpegHata TOMMMHA Ha U3rapsiHe,
onpegeneHa Ha cyxo 6eanenenHo ropueo e ot 26,0 go 26,9
MJ/kg, cpegHata obwa Bnara Ha Bbrvwara e ot 26,0 go
26,9%, CpegHOTO MenesHo CbAbpKaHWe Ha CyX0 rOpuBO — OT
24,0 po 24,9% v CpeaHOTO CbabpxaHue Ha obwa capa Ha
cyxo ropueo — ot 3,10 go 3,19%. TouyHWTEe CTOMHOCTU Ha
rnokasaTenuTe ca U3noxeHu B Tabnumua 1.
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Tabnuya 2
Pe3ynmamu om nempoapaghckus aHanus Ha ebauwama

BaceitH Mpyna Mpyna lpyna | OTpaxeHue
XYMUHUT, [ [IUNTUHUT,| WHEp- |Ha XyMuHUTa
% % TUHUT, % ro, %
OpaHoBo- 81,0 18,4 0,6 0,29
CUMMUTIIACKM
louenenues- | 80,6 19,1 0,3 0,25
CKM
MouenenyeBcku 6aceitH
Knacugpuyupare Ha ewanuwama no

MexdyHapodHama knacuchukayusi Ha ebeiuujama e
nnacma. OnpegeneHata cpefHa TOMMMHA Ha M3rapsHe Ha
BnaxHo OeanenenHo ropueo e 15,86 MJ/kg. Bbrmuwara ot
louenenyesckust HaceilH cnopen TonnMHaTa Ha M3rapsiHe
MoraT fa Ce ONpPedensT KaTto BbMMIA OT HUCBbK paHr —
nuraut B, CpepHute CTOMHOCTM Ha nokasaTtens Ha
OTpaxeHWe Ha XyMuHuTa 3a Teau Bbrnuwa e nog 0,6% - ot
0,228 po 0,262% (cpepHo 0,246%) (tabn. 1), Taka ye Te
morat aa 6baT onpeaeneHm kato BbINLLA OT HUCHK paHr.

Btopata xapaktepucTuka — neTporpagckuaT CbCTaB
onpedens rouefenyeBckuTe  BbIMMWA KaTO  MBUYECTY
NPEaUMHO XyMyCHW. JlunougHuTe mauepanu Tyk ca C Hau-
ronsMo Konuyectso oT Tpute BaceitHa. CbabpkaHWETO Ha
TpUTE rpynu MaLepanu e kakto cnegga: rp. Xymunut — 80,6%;
rp. JuntuHut — 19,1%; rp. VHeptuhut — 0,3% (tabn. 2).

TpetaTta XapakTepuCTMka € KauyecTBOTO Ha BbImuLiaTa.
rouenenyeBckuTe BbIMWLLA MOraT Aa Ce OnpedensT Kato
TakMBa C HWUCKO KAYeCTBO, Tbil KaTO CPELHOTO MM MenenHo
cbabpxaHue e 26,84% (tabn. 1). B otaenHute npobu obaue
10 Bapupa ot 13,9 0o 37,7% (tabn. 2). Hag 30% nenenHoctTa
e camo age npobu - np. 2 u 8, cboteeTHO 36,3 U 37,7%, KOETO
onpegenst B MACTOTO Ha onpobBaHe BbriuwaTa kato Takuea ¢
MHOro Hucko kadyectso. OT gpyra ctpana B np. 10 nenenHoto
cbapxaHue e 13,9% u BbrvWwaTa ca CbC CPeaHO KavyecTBo.
3a uenua nnact, cnoped usnckBaHusTa Ha MexayHapogHaTa
Knacudmkauns Ha BbrnMWara B nnacTa, roueenyeBckuTe
BbIIIMLLA Ca C HACKO Ka4eCTRoO.

Beuuku Tesn pesynrati ce uniocTpupar ot qur. 2, KosTo
nokasea MexzyHapogHata Kknacudukauus Ha Bbrivwiata B
nuacta W MsCTOTO Ha W3CNedBaHuTE BbIMMAWA B Hed, a
MMEHHO — uguyecmu npedumMHO XyMyCHU OM HUCBK paHe B —
JIUZHUMU C HUCKO Ka4ecmeo.

MpenopbyaHa 3a nybnukysaHe ot
Kategpa “I'eonorus u npoyysaHe Ha nonesHu uskonaemu”, Mo
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Knacugpuyupare Ha ewbenuwiama no MexdyHapoOHama
cucmema Ha kodugbukayusi. 3a roLeenyeBckNTe BbIMNLLA €
onpegeneH Koa:
26 37 26 25

Cnopen TO3M Kop CpefHaTa TOMMMHA Ha uM3rapsHe,
onpegeneHa Ha cyxo 6esnenenHo ropuso e ot 26,0 go 26,9
MJ/kg, cpegHata obwa Bnara Ha Bbrmwarta e ot 37,0 go
37,9%, cpegHOTO NenenHo CbabpXaHWe Ha Cyxo ropueo — OT
26,0 0o 26,9% w cpedHOTO CbhAbpXaHWe Ha obwa csipa Ha
cyxo ropueo — ot 2,50 go 2,59%. TouHWTe CTOMHOCTU Ha
nokasaTenute 3a nnacta ca nokasaHu B Tabnuua 1.

3aknioyeHue

Bbrimwa or pgea GaceitHa ot  CTpymcko-MecTeHckaTta
npoBMHUMA ca  Knacudmuupadn no  MexgyHapogHaTa
knacudpukaums Ha BbIMwa B nnacta  (International
Classification of in-Seam Coals, 1998). Cnopen cpegHute
CTOAHOCTW Ha OCHOBHWTE MapamMeTpl €  U3BbpLIEHO
kogudmumMpaHe  Ha  CbluMTe  BBIMMWA  CbIMACHO
MexayHapogHaTa KogudukaLmMoHHa cucTemMa 3a Bbrvia ot
HUCBK  paHr  (Low-rank Coal Utilization. International
Codification System, 2002).

Bvrivwara u ot pgeata OaceitHa ca ueuyecmu
nNpeduUMHO XyMyCHU OM HUCBLK paH2 B - nueHUmu ¢ Hucko
kayecmeo OnpefeneHn ca KogoBeTe Ha BbIMMLIATA KaKTO
cnegga: OpaHoBo-cumuTnMinckus GaceH — 26 26 24 31,
louenenyesckm baceitH — 26 37 26 25.
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XUMUYEH CbCTAB HA HE®GPUTOBU HEOJNIUTHU APTE®AKTWU OT BBJITAPUA B
CPABHEHWE C AHAINU3U OT CBETOBHM HAXOAWLLA

PycnaHx U. Kocmoe

MurHo-eeonoxku yHugepcumem “Ce. MeaH Puncku”, Cogpus 1700; rikostov@mgu.bg

PE3IOME. M3yyeH € XMMUYHUST CbCTaB Ha HepuT-ChAbpXKaLLM apTedakTu OT TepuTopusiTa Ha torosanagHa Bbhrapus (HaMEpeHu B HEOMUTHUTE cenuiia
Mbnb6HUK, BbarapyeBo 1 KosayeBo no gonmuHaTta Ha p. CTpyma) KaTo e CpaBHEH ¢ aHanuav Ha HeppuTosu apTedakti oT LieHTpanHa EBpona v ¢ HedpuToBu npobu
OT pa3nyHu HaxoauLLia no ceeTa ¢ Orfed fAa ce fafe no-gobpa npeAcTasa 3a BbaVOXHWS U3TOYHMK UMM U3TOYHULM Ha CYpoBMHATa. PEACTaBEHU Ca OCPEAHEHM
[aHHu 0T 230 aHann3a Ha HedpuT OT fBa reHeTUYHN TUNa — anocepreHTUHUTOB U anokapGoHaTeH. OMbAHUTENHIN aHanU3n Ha XPOMLINUHENWARM (a3u HaMupaHm
KaTo BKMKOYEHUs B HeppuTUTE Ce npeanaraT kaTo Bb3MOXHU MUHEPANOrYHU U TEOXUMIUYHW yKa3aTenu npu u3yyaBaHe B Gbaelle Ha HepUTOBM NMPOSIBNEHMS.
MpouaxonbT Ha HedpuUTOBUTE apTedhakTu € MPeLnonoXUTENHO CBbP3aH C MPOsBUTE Ha CEpreHTMHUTM B torosanagHata JacT Ha bamkaHckusi monyocTpos
(BKMHOYBALL, YaCTM OT toxHa Bbnrapus, 3anagHa MakenoHusi, Anbanus v ceepHa Mbpums), KbAeTo OcBeH GrnaronpusiTHaTa reonoxka 06CTaHoBKa Ca YCTAHOBEHM W
apXeornoruyeckn ceuaeTencTBa.

CHEMICAL COMPOSITION OF NEPHRITE NEOLITHIC ARTIFACTS FROM BULGARIA IN COMPARISON TO ANALYSES
FROM WORLD DEPOSITS

Ruslan I. Kostov

University of Mining and Geology “St. Ivan Rilski”, Sofia 1000; rikostov@mgu.bg

ABSTRACT. The chemical composition of nephrite-bearing artifacts from the territory of SW Bulgaria (found at the Neolithic sites Galabnik, Bulgarchevo and
Kovachevo along the Struma valley) has been compared to analyses of nephrite artifacts from Central Europe and of nephrite samples from different deposits world-
wide in order to have a better understanding of the possible source or sources of the raw material. Average data of 230 analyses display the two main genetic types of
nephrites — related to serpentinites and to carbonate rocks. Additional analyses of the chrome-spinel minerals found as inclusions in the nephrite mass are listed as a
possible mineralogical and geochemical tool for discrimination of possible nephrite deposits in the future. The origin of the nephrite artifacts is supposed to be related
to serpentinite occurrences in the SW Balkan peninsula region (including parts of Southern Bulgaria, Western Macedonia, Albania and Northern Greece), where a
favourable geological setting and archaeological evidences exist both.

M3yyaBaHeTo  Ha  HedputoBM  apTedakT  OT TEXHUS XUMWYEH (MMKPOCOHZOB) aHamM3 W HAKOM Apyru
MPanCTOPUYECKM (HEOMUTHM W XanKONUTHM EnoXu) cenuwia Ha ocobeHocT  (pM3MyHM  CBOWCTBA UM MApareHeTUYHM
TepuTopusaTa Ha crpaHata (Koctos, bakbmcka, 2004; Kocros, acoumaumn). MacnegeaHm ca  cnegHuTe  HEOpUTOBM
l'eHaoueBa, 2004; Koctos, 2005; Kostov, 2005; Kostov, Lang, apTedakT OT HaxOAKW B HEONMWTHM Cenulia OT torosanagHa
2005; Kocrtos, Mauyes, 2007) nocTasu Bbnpoca 3a Npousxoga Bwunrapusi: I — MbrmbOHMK, Ne92/330, ceeTnoseneH, gparmeHT
Ha CypoBMHATa, Tbil kaTo Ha bankaHuTe KbM HacToALWS oT Tecna (paHeH HeonmT); 2 — MbIBOHMK (3amnyeH Homep),
MOMEHT He ca MybrnuKyBaHu JaHHM 33 KOPEHHM HaxoguLa Ha TbMHO3€MeEH, (hparMeHT OT Tecrna (paHeH HeorwmT); B1 —
HehpuT. LLUMPOKOTO pasnpocTpaHeHWe Ha TO3U reMONOrMyeH BurrapyeBo (o1 toxHua  wm3kom), Ne870, cBetnoseneH,
matepuan v U3non3BaHeTo My Kato NPecTHa W aTpaKkTUBHA chparMeHT OT Tecna (KbCeH HeoruT; Bb3MOXHO hasa BllI-IV);
cypouHa (Hukonos, 2005) npe3 ykasaHuTe MCTOPUYECKN K1 - KoBaueBo, Ne54499/2001, ceTnoseneH, dparmeHT ot
€MOX/ HacoyBa BHMMAHWETO KbM TbPCEHE HA KOPEHHM Tecna ¢ acumeTpudeH pub (paHeH Heonunt); K2 — Kosaueso,
Haxoguwa KakTo Ha Teputopuata Ha bBobnrapus (c Ne46203/1999, TbMHO3eneH, parMeH OT AneTo  (paHeH
MepcrieKkTBa B M3BECTHUTE  CbC  CEPMEHTUHM3UPAHM HeormT); K3 - Kosaueso, Ne30939/1996, cuHkaBo3eneH,
ynTpabasnTu toro3anagHn WM HOKHM TakvBa Haxoguwa u cparMeHT OT Tecna (paHeH HeonuT); K4 — Kosauyeso,
MPOSIBNEHNS), Taka U Ha TEpUTOpUSTA Ha CbCEAHW CTPaHu B Ne58175/2001  (paHeH HeonuT). 3a CpaBHEHWE KbM
yKasaHuTe nocoku. belle BbBedeHO MOHATWETO “BankaHcka aptecdhakTute ce pasrnexga W npoba ot Lseduapus —
HedpuTOoBa KyNTYpa” C OrNef YHUKanHOCTTa Ha ycTaHoBeHaTa (bparMeHT OT HeOonMTHa HepuToBa TECMA OT HAKOMHW
nosiea 1 obpabotkata Ha ronsm Bpon HedpUTOBM W3gens xunnwa npu Lischerz, Bielersee (MpupogoHayyeH my3ed,
Hai-paHo Ha bankaHWTe BEpOSITHO 3a NPbB MbT B CBETOBEH BepH, Ne3982).

acnekT (Kostov, 2005).
CbcTaBbT Ha Hetbputa OT nocodeHWTe apTedakTn e

B HacTOAWOTO wW3cneaBaHe € HampaBeH ONMUT 3a CpaBHEH C NMpobu HedpuT OT pasMyHM HaXOLuLa Mo CBeTa:
Haco4YBaHe KbM KpPUTEpWUM 3@ €BeHTyarHa AMarHocTMka Ha TbMHO3eneH Hedput oT [onwa (Haxoguwe VopoaHos);
npousxoda Ha CypoBMHaTa 3a apTedhakTuTe Bb3 OCHOBA Ha GrnenoseneHnkas Hedput or LUseluapus (MuHa Scortaseo
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npu Poschiavo B kaHToH Graublinden; MpupopoHayyeH Mysen,
BepH, NeA7706); TbMHO3eneH HedppuT oT Pycus (ot CasHuTe)
W TbMHO3eneH HedpuT oT Hosa 3enaHaus (FOxHUS oCTpOB).
Camo B nocnegHata ot u3bpoenuTe npobu ce Habniogasat
BUM3YarHO NO-TONeMU BKIOYEHMS OT XPOMLUMUHENNUAHN (asu.
MpobrembT 3a npousxoga Ha  HedpUT-ChAbpKaLLUTE
apTedpakTi CbluecTBysa M B Apyru ctpaHu ot Espona -
Hanpumep, 3a obpasuute ot CapauHusa M Hakon obpasum ot
Lseduapws.

MwKpoCOHOOBUTE aHanmW3W ca W3BbpLUEHW Ha anapar
JEOL Superprobe 733 (Hanpexerue 15 kV; Tok 1 nA; pasmep
Ha enekTpoHHUs by 8x8 pm). lMonyyeHnte paHHM ca
oTpaseHu B Tabmuua 1. 3a cpaBHeHWe Ha AaHHUTE OT 8
aHanuau Ha HedpuTK OT apTedhakTy, B Tabnuuarta ca gageHu
W Takvea aHanusu (19 Ha Opos) No NMUTEpaTypHWU AaHHW OT
Apyrv Mecta B EBpona (npuemar ce 3a no-kKbCHW MO Bb3pacT
CpaBHEHW C Te3n OT TepuTopusTa Ha burrapus).

XUMWYHUTE CbCTaBW Ha Hedputa OT apTedakTute B
HeonuTHUTe cenuiwa MmbOHUK, Bbarapyeso u Koeaueso ca
Onmskn. ToBa npomuyaBa NpW CpaBHsIBaHe Ha CpegHuTe
CbCTaBM OT npoBegeHute aHamman (Ne15-17). Bucokoto
cbObpkaHne Ha FeO B Hakou aHammMsn nokasea, ue
amubombT OT TPEMONUTOB MO CbCTaB B HSKOW Cryyau
nonaga B MOMETO Ha akTWHonuta (cpB. HomeHkmamypa
amepubosnos, 1997). Tean AaHHM CbLO Taka HacouBaT KbM
ugedTa 3a eawHeH unu BnnWsbK MO reHeTWYeH npU3HaK
npou3XoL Ha CypoBMHATa, HE3aBMCMMO OT pasnukata BbB

Tabnuua 1

Bb3pacTta Ha Haxogkute. OcBeH TOBa BCUYKUTE OT
MOCOYEHUTE MPaNUCTOPUYECKM Cenvlla ca PasnomnoXeHu no
porvHata Ha p. CTpyma, kodto e 6una emwH OT Hai-
BnaronpusTHUTE MbTULLA 3a NPOHUKBAHE BbB BbTPELIHOCTTA
OT tor Ha ceep B bankaHckus nomnyocTpos. [MonyyeHute
[aHHM NpeAcTaBnsABaT MHTEpEC W BbB Bpb3ka C dakTa, Ye ca
aHanuavpaHu pasnuyHu Mo LBSAT HepuTOBN U3aenus — oT
SPKOXBNTO3ENEHN [0 CUBO3EHMKaBW U TbMHO3ENEHW.
CpaBHEHWETO Ha aHanau, HanpaBeHy OT MUKPOAHaNN3aTop 1
Ha Te3n OT XUMUYEH aHanu3 SIBHO NoKasBaT NpeuMyLLecTBaTa
Ha NoKanH1s aHanua, Npy KOWTO ce NpeHeBbperBar BKIOYEHNSs!
OT €BEHTyarHW CTPaHW4HW 3a [ajeHus MuHepan asu
(Bertorino et al., 2002).

Kbm cuanyHute ocobeHocTu Ha Hedputa moraT fa ce
pasrnefar  HsKOM  LIBETOBM, CTPYKTYPHM U TEKCTYPHU
0cob€eHOCTM. HanpaBeHUTe ONTUYHW U ApYrU CrIEKTPOCKONCKM
n3cnepsaHns (MHgpayepseHa cnektpockonus; Mbocbayeposa
CNEKTPOCKONMUS; ENEKTPOHEH NapamarHWTEeH pPEe3oHaHC) Ha
MPUPOOHW He(pUTW OT pasNuYHM Haxoguwa no CeeTa
(MnatoHoB u gp., 1975; Cytypud n gp., 1980; CyTypuH,
3amenetanHoB, 1984) nokasaxa, Ye LIBETLT He MOXe Aa Obae
CUIYpeH [auarHoCTMyeH 6ener 3a NPUHALNEXHOCT KbM
ONpedeH  He(PUTOHOCEH paiioH  WNWM  Haxoguwe, a
XpomodhopmHuTe enemenTn Fez, Fe3* n Crd* nokassar ronsm
pa3Max Ha CbAbpXaHWe MoHsKora AOpW B paMKUTE Ha €OHO
HaxoguLe.

XUMUYHU U MUKPOCOHO0BU aHanu3u Ha Hegpum om npaucmopuyecku HeonumHu apmegakmu om bvneapcka mepumopus (Ne1-8)
u om dpyau egponeticku cmpaHu (Ne9-14); Ne15-22 cpedHu aHanu3u no usydeHu obekmu 3a cpasHeHue (8 ckobu 6poll aHanu3u;

*no darHHu Ha Kocmos, Mayes, 2007;

**no 0aHHU Ha Bauer, 1914; ***no daHHu Ha Bertorino et al., 2002

Ne, Haxogwiue, cTpaHa Ca0 NaO K20 MgO | FeOwt | MnO TiO2 | AlOs | SiO2 H20

1. FbnbOHMK-1 13.20 | 0.34 0.14 21.29 | 4.66 0.18 0.00 0.00 5748 | 2.71
2. MbrbOHMK-2 13.15 | 0.44 0.09 21.87 | 4.56 0.00 0.03 0.00 5841 | 1.45
3. Bbrrapyeso-1 13.34 | 0.23 0.09 22.01 | 4.20 0.11 0.07 0.00 57.86 | 2.10
4. KosayeBo-1 12.88 | 0.14 0.11 21.98 | 3.16 0.10 0.08 0.00 58.14 | 3.41
5. KoBayeso-2 13.31 | 0.33 0.06 20.90 | 5.26 0.00 0.15 0.00 58.37 | 1.62
6. KosayeBo-2a* 13.72 | - - 22.77 | 4.23 - - - 59.28 | -

7. KoBayeso-3 13.28 | 0.36 0.08 2243 | 3.00 0.15 0.18 0.00 5842 | 2.03
8. KoBayeso-4 13.04 | 0.30 0.13 2240 | 3.66 0.00 0.12 0.00 5748 | 2.87
9. buenepsee, LUsenuapus 13.19 | 0.28 0.07 21.87 | 3.94 0.20 0.34 0.01 57.69 | 2.41
10. Weeiyapus™ 13.34 | 0.48 0.10 2243 | 5.24 0.02 - 0.50 58.66 | 0.12
11. CapanHus-1*** 12.86 | 0.15 0.05 2047 | 592 0.11 0.01 0.51 56.86 | -
12. CapanHus-2*** 12.46 | 0.11 0.03 20.86 | 5.57 0.05 0.05 0.40 57.13

13. CapanHus-3*** 12.77 | 0.04 0.02 2140 | 3.34 0.10 0.01 0.59 56.10

14. CapanHua-4*** 13.12 | 0.06 0.02 2210 | 3.48 0.13 0.01 0.70 55.96

15. MbrbOHHK (2) 13.17 | 0.39 0.11 21.58 | 4.61 0.09 0.01 0.00 57.94 | 2.08
16. Bbnrapyeso (1) 13.34 | 0.23 0.09 22.01 | 4.20 0.11 0.07 0.00 57.86 | 2.10
17. Koaueso (5) 13.25 | 0.28 0.10 2210 | 3.86 0.06 0.13 0.00 58.34 | 1.99
18. CapauHus (8)*** 1151 | 0.17 0.20 21.20 | 6.83 0.20 0.13 2.61 53.99 | -
19. Maynax, bopeHaee(6)** 1272 | - - 21.64 | 6.93 - - - 56.30 | 2.08
20. E3epo HoeHbypr (2)** 13.02 | - - 22.33 | 3.53 Cn. 1.56 56.33 | 2.47
21. ProreH (1)** 1295 | - - 2450 | 2.66 0.22 - 57.39 | 3.13
22. Asctpus (2)* 1353 | - - 21.04 | 5.33 - 1.90 54.98 | 2.77

Mo uBAT (KaKTO M MO XMMWYEH CbCTaB) Ce OTNIMYaBaT obukHoBeHo ca Genm wnm  ceeTnoouseteHn. OT TOBa

[MaBHO [BeTe OCHOBHW TEeHETUYHU T[pynn He(*)pVITVI -
arnoCepneHTUHNTOBMTE Ca 3€NneHNn [0 TbMHO3ENEeHNn C
pa3nn4yHn  OTTEHBUM W npuMmecn, a aI'IOKap6OHaTHVITe
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eMNUPUYHO NpaBuUNo 06aye CblLO UMa U3KMKOYEHWs, KaTo ca
onucaHu OnepoolBeTeHu Hedput o7 HoBa 3enaHaus ¢
BMCOKY ene3Hu cbabpxanus (Wilkins et al., 2003). Cusute n



ChBO3ENEHNKaBnUTe Hed)pI/ITI/I ca O0OMKHOBEHO C TpemMonnToB
CbCTaB, a Te3n C 3eneH OO0 TbMHO3eNeH — C aKTUHONUTOB
CbCTaB.

Mo TekcTypa HedpuTMTE CbLO MoraT [da BapupaT B
pamMKuTe Ha HedPUTOHOCHOTO TAMO UMK none — eOHOTOHHM,
NETHUCTH, MBMYECTH, 6€3 HanuuMe UNK CbC CbAbpKaHWe Ha
Manko WM C MoBeYe OT XapaKTepHUTe NPeauMHO
XPOMLWINMHENWAHN  BKMiodeHus. Otbenssea ce, 4e o
HUCKOCOPTHITE KbM BUCOKOCOPTHUTE HedpuTh ce 0TGens3sa
HamandBaHe Ha pa3Mepa Ha BnakHaTa Ha npeauMHO

TPEMONUTOBMA MO  CbcTaB  amduBon, ysenuyasa ce
OTHOLLIEHUETO [ObMKMHA KbM OMameTbp, Habniogasa ce
ABO/HWKOBaHe UM  obpasuuTe ce  XapakTepusupar C

€[JHOPOAHOCT W NWHEMHOCT B PasnoNOXeHUETO Ha BrakHaTa
(KosaneHko u gp., 1985).

3a npubnusutenHa upoeHTUUKaLMs Ha HedpuTu OT
PasnUYHM HaXoamLLa NO XMMUYEH CbCTaB € HanpaBeH OMUT 3a

Tabnuua 2

CpaBHEHWe Ha CpefHUTe aHanu3u nNo nybnukyBaHW OaHHW Ha
HedpUTM OT €eBPOMeicKM W [PYr CBETOBHM Haxoauila
(Tabnuua 2; 0bobuweHn ca 230 aHanu3a, OT KOUTO 5 HoBW).
EpHa yacT ot aHanuauTe ca CTapW, HO MbK 3a Haxogula, 3a
KOWTO HfMa HoBa MHopMauus. Toa e 0CoOEHO BakHO 3a
Haxogwwata oT nnaHuHata KyHnyH, cHabassanu o1 gbnboka
JPEBHOCT He camo npeauMHo Kutaii, Ho u CpegHa Asus — Te
Ca pa3noroXeHn No CTaHanus NPoYyT Npe3 CpesHOBEKOBNETO
‘TIbT Ha konpuHara”. [lpyrata XxapaktepHa 0COBeHoCT 3a
“kuTaiickus’ HedopuT e, Ye TOW € CBbP3aH U C ABaTa OCHOBHM
FEHeTMYHM TWNa HaxoguLa anocepneHTUHUTOBUS 1
anokapboHaTHus.

OcBeH M3BECTHOTO Haxoauwe MopaaHos B MMonwa
(Tecormk, 1968), Hanocnegbk Ca OMUCAHM HAKOM  OT
Haxopguwata Ha Hedput B LlUBeduapus npu Ckoptaceo
(Nichol, Giess, 2005c) n Ban ®anep (Welter, 1911; Nichol,
Giess, 2005a), kakto u B Wtanua npu Ban Manenko (Nichol,
Giess, 2005b).

CpedeH xumuyeH cbecmae (mean. %) Ha Heghpumu om pa3nuyHU Haxoduuwja (8 HAKOU Crydau U no pasfudyHU asmopu) no ceema u
om palioHu Ha Heghpumosu apmechakmu (8 ckobu b6poli aHanu3u; onpedeneH e camo FeO unu FeOuw, * no daHHU Ha: 1 — CymypuH,
3amenemduros, 1984; 2 — KonecHuk, 1966; 3 — Koganerko u dp., 1985; 4 — Hukumun, Cmenaros, 1973; 5 - 'ypynes, Lazexues,
1973; 6 — JlemHukos, CekepuH, 1983; 7 — Leaming, 1979; 8 — Bauer, 1914, 9 — Welter, 1911; 10 — Bertorino et al., 2002; 11 -

Wilkins et al., 2003)

Haxoguiie Ca0 NaOQ K20 MgO FeO Fe203 MnO TiO2 Al203 SiO; H20 *
Kyptywmbuxcko, Pycus (3) 12.71 0.02 0.03 22.99 3.7 0.78 0.19 0.05 1.23 57.36 1.36 1
KypTywmbuhcko, Pycus (12) 11.55 0.09 0.04 22.77 4.09 1.01 0.11 0.05 2.00 55.47 2.60 6
OcnuHcko, Pycus (23) 12.66 0.10 0.08 21.89 412 0.96 0.18 0.04 1.09 56.22 1.69 1
OcnuHcko, Pycus (5) 12.51 0.17 0.08 21.98 4.58 0.74 0.17 0.12 1.59 56.40 1.77 6
lopnukroncko, Pycus (8) 11.94 0.06 0.14 22.73 3.28 1.43 0.16 0.05 1.39 55.68 2.58 1
Topnukroncko, Pycus (13) 12.30 0.12 0.06 22.69 442 0.63 0.10 0.04 1.29 55.99 2.05 6
3yHocnmHeko, Pycus (6) 12.02 0.16 0.06 22.86 438 0.32 0.09 0.05 1.21 55.30 0.14 1
Boproroncko, Pycus (2) 12.96 0.05 0.02 22.74 2.58 1.50 0.07 0.00 0.62 57.06 117 1
YnaHxoauHcko, Pycus (22) 12.32 0.06 0.05 22.79 3.30 1.28 0.17 0.03 1.20 55.58 1.93 1
XoxtopToscko, Pycus (1) 13.04 0.05 0.04 21.67 3.50 0.97 0.20 0.02 0.63 56.56 1.80 1
XamapxoauHcko, Pycus (16) 12.56 0.07 0.05 22.33 3.27 1.14 0.28 0.10 1.19 55.99 1.14 1
XamapxoauHcko, Pycus (11) 12.37 0.12 0.08 21.32 3.65 0.82 0.19 0.04 1.44 57.40 1.98 6
Mapamcko, Pycus (18) 12.07 0.13 0.10 22.27 412 0.98 0.11 0.07 2.09 54.49 2.78 1
Mapamcko, Pycus (3) 12.56 0.12 0.07 22.71 4.20 0.94 - 0.18 1.40 54.76 0.14 5
Mapamcko, Pycus (8) 12.60 0.13 0.03 22.51 3.70 1.08 0.11 0.08 1.50 55.05 2.78 6
Bypomcko, Pycus (4) 13.11 0.20 0.20 24.20 1.08 0.09 0.06 0.01 1.14 55.62 0.32 1
Butmcko, Pycus (12) 12.78 0.10 0.08 2545 0.59 0.76 0.08 0.01 1.03 57.06 0.76 1
Butmckw paiioH, Pycus (7) 13.38 0.13 0.16 24.46 0.52 0.46 0.05 0.03 1.47 56.96 1.83 6
Xanunoscko, Ypar, Pycus (2) 08.68 0.10 0.13 25.78 2.85 1.66 0.07 0.12 0.53 53.82 1.27 4
KasaxctaH (2) 10.74 0.43 0.04 2313 4.95 0.08 0.40 0.04 1.35 54.41 - 2;3
KyHnyH-1, Kutait (10) 12.80 - - 24.56 0.54 - 0.02 - 1.52 56.42 3.23 8
KyHnyH-2, Kuait (10) 13.37 - - 21.26 2.51 - 0.13 - 1.48 57-48 2.92 8
OeHTbAH, TalBaH (4) 12.08 0.17 0.07 2291 4.4 - 0.11 - 1.10 56.68 1.94 1
Hosa 3enauaus-1 (7) 13.1 0.1 0.1 22.0 4.61 - 0.13 - 0.62 57.0 21 1"
Kanaga (HenocoueH) 12.6 - - 214 3.60 - - - 1.8 56.0 35 7
Cantoke, LLiseitapus (2) 12.70 - - 2210 4.50 - - - 1.70 57.10 0.90 9
Ban ®anep-1, LWseituapus (1) 13.70 - - 20.20 210 - - - 6.40 56.10 240 9
Ban ®anep-2, LWseitapus (2) 11.37 - 0.06 25.29 4.31 0.64 - - 3.22 51.02 3.85 8
Xapubypr, FepmaHus (2) 15.02 - - 18.51 5.02 0.24 Cn. 0.01 1.15 56.36 2.96 8
®paHkensang, Mepmanus (3) 11.75 - - 2241 3.32 - - - 2.79 55.41 3.91 9
Turypus, Uranua (1) 12.97 - - 21.41 2.76 - - - 2.73 56.51 2.96 8
Wopaaros-1, Monwa (4) 13.45 - - 20.45 3.76 0.22 0.43 - 1.1 57.99 2.18 8
Croptaceo, Lseitapus 12.52 0.74 0.26 24.00 0.35 - 0.14 0.02 0.00 58.75 3.23
Wopaaros-2, Monwa 13.51 - - 21.78 3.35 - 0.16 0.13 0.87 57.70 2.50
CasHu, Pycus-1 13.17 - - 21.89 4.19 - 0.05 0.05 0.66 58.19 1.80
CasHu N3TouHu, Pycus-2 12.95 - - 20.40 6.16 - 0.17 0.06 0.42 57.74 2.06
Hosa 3enanaus-2 13.22 - - 21.83 3.89 - 0.13 0.11 0.19 58.31 2.31

B toxHata vact Ha Cwubup, B CasHo-baiikanckata OT Hanl-ronemute), [OpIMKrONCKOTO,  3YHOCTMHCKOTO W

HarbHaTa 0bnacT ca npecTaBeHun Haii-ronsam 6poit Haxoaua
B Pyckata ®efepaums. KypTyLIMHCKOTO HaxoauLle ce OTHacs
KbM €OHOMMEHHMS ynTpabasuyeH MacuB nomajaw, B
3anagHocasHCKus HePUTOHOCEH paitoH. OCMMHCKOTO (efHO
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bopToronckoto Haxoguwa ce BkouBaT KbM  OCnMHCKO-
Kutonckust  ynrpabasuyeH macuB  Ha  M3TouHOCasHCKuS
HEe(PUTOHOCEH PaiioH, YNaHXOAMHCKOTO HaXogulle — KbM
XapaHypckust yntpabasyeH MacuB Ha CblUus paioH, a



XOXIOPTOBCKOTO W XaMapXyAWHCKOTO Haxoguile — KbM
CLOTBETHUTE MacvBK Ha [DKUOMHCKMS HEPUTOHOCEH paiioH.
KbM Butumckns HedhpUTOHOCEH palioH ce oTHacs MapamckoTo
Haxoguwe OT CbOTBETHUS MacuB oT  bailkano-Myiickus
ynTpaba3nToB nosic, KOETO e anoCeprneHTUHUTOBO NO FEHE3NC
KaTo BCWYKM MO-rope M3bpoeHu, a anokapbOoHaTHN NO reHe3ne
ca Haxoguwara bypomcko u Butumcko (cpe. CyTypu,
3amenetauHos, 1984). B LleHtpaneH u M3toueH KasaxctaH
HedppuT ca onucann oT Yy-Mnuitckua u Yapckus nosicu
(KonecHuk, 1966; KosaneHko u ap., 1985).

CpeoHuTe aHanu3nM Ha HedputoBMTE apTedaktm oOT
forosanagHa bbnrapus  nonagat  no  OTHOWEHWE  Ha
cbabpxaHustTa Ha FeOwt u MgO B normeto Ha
anocepneHTUHUTOBUTE FEHETUYHI HaxoauLLa Ha HedpuT (cur.
1). Hai--6nm3ku go T No CbCTaB Ca aHanuaute Ha HedppuTh
oT  [DxupuHckms  yntpabasmyeH  MacuB  (Haxoguwa
XamapxoguHcko 1 XoxtoptoBeko) B CasHo-baiikanckata
obnacr, kaTo ToBa CXOLCTBO MOXe Aa Ce u3nonsea 3a

CpaBHUTEMNHA OLleHKa W W3MON3BaHe Ha PasnUYHUTE reonoro-
TEKTOHCKM U MUHepanoro-neTporpadcku  haktopu  npu
TbPCEHE HA KOPEHHO HaxoAulle WnKM rpyna TakuBa Ha
bankaHuTe. Mo OTHOWEHWe Ha eBponeickuTe HedpUTOBK
NPOSIBNEHNS aHanuauTe ce fobnkaBar 4o Te3n Ha HedpuTa
ot Cantokc B LUBeiuapws, a no OTHOLLEHWE Ha Apyri paiioHm
Ha cBeTa — [0 HOBO3eNaHACKUS HedpuT, KakTo U B U3BECTHA
CTeneH A0 To3u OT kaHaackute Kopaunuepu.

MayyeHute  HepputoBM apTedakTM ca  NPEeAUMHO
NpesCcTaBUTENN HAa MAcWBHUS TUN TekcTypa 6e3 sICHO BUaUMM
neTHa OT XPOMMWUHENUOHW U MarHeTUTOBM (hasu, KakBUTO ca
no3HaTW OT JpyrM Haxodku B CTpaHata (Hanpumep OT
HEONMTHOTO  cenuie Kbpmkanu WnM 0T XanKonuTHWS
Hekporion Bapha Il). Takuea xpoMwWnuHENWaHU ¢asu ce
HabnogaBaT C  MMKDOCKOMWYHW  pasmepu npu  ronsmo
yeennyenne (cpe. Kostov, 2005), kato B Hsakou cryyau
TSXHOTO MPUCHCTBME € CBBP3AHO M C MO-TbMHUA LBAT Ha
HedpuTa.
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®ur. 1. CpepieH xummndeH cbeTaB (B koopanHatn MgO-FeOwt) Ha Hedpput oT apTtechaktu (o; Ne1-7) B EBpona u oT uasecTHu Haxoamwa (e; Ne9-37) no
ceeta: 1 - KoBayeBo; 2 - BunrapyeBo; 3 - Monb6HUK; 4 — Buenep3ee; 5 — HoeHoypr; 6 — BopeH3ee; 7 — Capannus; 8 — Asctpus; 9 — Ckopraceo; 10 -
Kynnyn-1 ; 11 - Butumcko; 12 - Bypomcko; 13 - Xanunoscko, Ypan; 14 - Ban ®anep-2; 15 - Kasaxcran; 16 - TanBaHn; 17 - BopTtoroncko; 18 -
YnanxoguHcko; 19 — 3yHocnuHcko; 20 — KypTtywubuncko; 21 - Fopnukroncko; 22 - MNapamcko; 23 — OcnuHcko; 24 — XamapxoanHcko; 25 — XoXiopToOBCKO;
26 - CasHu; 27 — OpankeHBana; 28 — Caniokc; 29 — HoBa 3enanaus-1; 30 — Hosa 3enangus-2; 31 — Mopaanos-2; 32 — Nurypus; 33 - Kynnyn-2; 34 -

Kanaga; 35 - MoppaHos-1; 36 - Ban ®anep-1; 37 - Xapubypr

AHanuante Ha XpoMiunuHennagnuTe €  XpPOMMUKOTUTOB
CbCTaB OT Hed)pI/ITI/ITe NnoKa3Bat U3BECTHU pasninynsa (Ta6nwua

3): aHanuaute oT [bmbOHUK 1 BbhrapyeBo ca 6nuskm no
cbabpxaHue Ha Cr20s, HO Ce pasnuyaBaT no CbAbpXaHue Ha



FeO u Al20s, fokaTto npu crnyyast ¢ aHanuaute Ha npobu ot
Bbnrapyeso u KoBauyeBo ce 0T6ensiaBa Hanuyme Ha Haid-Hu1CKo
cvobpkaHne Ha Cr0s. 3a aHanusute oT KoBayeBo e
XapaKTepHO MaKCUManHo CbabpxaHue Ha  MnO. Okomno
3bpHaTa OT XpoMLINMHenuan oT npobata oT KosaueBo ce

Tabnuua 3

oTbens3BaT Opeosin OT XPOM-CbAbpkKaly xnoput. Hait-06wwo
MOXe [a ce npueme, Ye XPOMLUMUHENUAUTE OT U3yYeHWTe
HeppuToBM apTeakT OT CLOTBETHUTE cenuwa (Te ca
pasnuyaBart 1 Mo Bb3pacT) BbMPEKM HAKOM XMMWUYHW CXOLCTBA
He ca C euHEH KOPEHEH U3TOYHUK.

XumuyeH cbCmag Ha XPOMWNUHENUOHU BKTYeHUsT om Hegpumosu apmegpakmu om bwreapusi (mean. %): 1-6 eOuHu4HU
aHanusu; 6-8 cpasHeHue Ha cpedHU aHanu3u 3a ckomeemHume npobu U HaxodKu (8 ckobu — 6poll aHanu3u)

O6pasey Cr03 FeO Al;03 TiO2 MgO MnO
1. MbnbOHMK-2 50.47 26.52 13.52 0.47 9.01 0.18
2. bvrrapyeso-1a 50.86 18.22 18.98 | 0.04 1217 | 0.37
3. bvrrapyeso-1b 51.95 17.95 18.51 0.10 12.05 0.11
4. Koavyeo-2a 45.39 18.15 21.90 H.O. 12.32 2.25
5. KoBaueBo-2b 47.89 18.58 20.01 H.O. 11.62 1.89
6. MombOHMK-2 (1) 50.47 | 26.52 13.52 | 0.47 9.01 0.18
7. Bbnrapyeeo-1 (2) 51.40 18.08 18.74 | 0.07 12.11 0.24
8. KoBaueBo-2 (2) 46.64 18.36 20.95 H.O. 11.97 2.07
B 3aknioyeHue, aHanM3bT Ha XUMWYHUS CbCTaB Ha Nutepatypa

HedpuToBM apTedhakTu C HEOnUTHA Bb3pacT, HaMepeHu Ha
TEPUTOPUSTA Ha torozanagHa bwvnrapus no gonuHata Ha p.
Ctpyma (cermmwa [bmbbHuk, Bwbnrapuyeso u  Kosaueso),
nokasea, Ye Te Ca HanpaBeHW OT CypOBMHA, KOSITO € CBbp3aHa
FEHETUYHO C anoCepneHTUHUTOBNMS TN HaxoawLa. JluncaTa Ha
3HAUNTENHW pasnMuMs B XMMUYHWS CbCTaB Ha CamuTe
HedpuTH, KakTo M crnabata Bapuauus B CbCTaBa Ha
CbbpXaluTe Ce B TAX XPOMLUMMHENMAW COYaT Bb3MOXEH
€[OVMHEH W3TOYHUK Ha CypOBMHATa 3a TasW 4YacT Ha CTpaHarta.
CpaBHEHMETO Ha MOMy4YeHUTe aHamuan C Takuea OT
HedpuUTOBM apTedhakTu OT €BPOMENcKa TepUTOpUs, KakTo U
CbC CPeAHUTE aHanmuan Ha HedpuT OT HaxoauLLa NPEAUMHO OT
Lenus  eBpoasuatcki apean nokaseaT OT edHa CTpaHa
W3BECTHU Pa3nuymMs, a B HAKOM Cryyau mpurukw, morat ga
CnyxaT 3a MOofen npu u3yyaBaHe Ha Tbpcewy npusHaum. B
TO3W acnekT e pegHO HacoYBaHe Ha BHYUMAHMETO KbM ThPCEHe
Ha KOPEHHW Haxoaula Ha HedpuT rmaBHO B toro3anagHarta
yacT Ha bBankaHcks nomyocTpoB, KbOETO reonoxkara
obcTaHoBKa C pPasnpOCTPAHEHWETO Ha CEPnEHTUHU3WPaHK
ynTpabasnTh 1 HaXodKk1Te Ha HePUTCHObPXKALLM apTedakTyi
Ha TeputopuMTe Ha toxHa Bbnrapus, 3anagHa MakegoHus,
AnbaHusi n ceBepHa bpumst ce siBABaT kaTo OnaronpusTHa
npeanocTaBka 3a OTKPUBAHETO Ha TO3M NPECTVKEH U PALBK 3a
pernoHa reMosnoruyeH marepuarn.

brnazodapHocmu: ABTOPBLT Abinku GnarogapHocT Ha npod.
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LBENLAPCKM HaXoaMLLa 3a 13crneaBaHe.
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PE3IOME. Haxopuiweto Ha mscbum “Nucus” ce Hammpa B paiioHa Ha c. Borbosuu, Coduitcka obrnact. To e u3rpafeHo OT MAMOLEHCKN CEAMMEHTH: NACHLY,
anespuTh, Yakbu M MMUHA. B reonoxkus paspes Ha HaxopulieTo ce HabniofasaT naTepanHo 3acebeHM OT ceBep Ha tor anyBuanmHn W e3epHu daLmecu.
AnyBsuanHuTe aLpecy ca NpeAcTaBeHn NPeaUMHO OT YaKbiu, NACLLM U aneBpuUTy, AOKaTO €3ePHUTE — IMaBHO OT NACHLM, aneBpuTy 1 IMUHK. B 10KHUTE YacTu Ha
HaxoauLeTo, B e3epHUTe CeauMeHTU npeobnagasat rmMuHWTe. TemnopanHo ce Habriofasa LMKNMYHA CTPATM(UKALMA Ha amnyBuamHW W €3epHU CEaUMEHTH.
[MpomuLLINeHnTe COPTOBE CYpOBIMHA OT HAXOAMULLETO Ca NACHLM 33 CTPOUTENCTBOTO W NACHLM (HOPMOBBLYHN.

GEOLOGICAL SETTING, FACIESES AND INDUSTRIAL SORTS SAND IN THE ‘LISIYA' DEPOSIT, SOFIADISTRICT

Radostin Pazderov', Petar Petrov?, Petko Petrov3

T University of Mining and Geology “St. Ivan Rilski*, Sofia 1700; rpazderov@abv.bg
2 University of Mining and Geology “St. Ivan Rilski”, Sofia 1700; ppetrov@mgu.bg

3 “Man and Earth” National Museum, Sofia; petkopet@abv.bg

ABSTRACT. The Lisia deposit is situated near the village of Bogiovtsi, Sofia region. It consists of Pliocene sediments — sands, aleurites, pebbles and conglomerates.
Aluvial or lake facieses could be observed. Aluvial facieses are mainly pebble, sand and aleurite, while the lake sediments are sands, aleurites and clays. In the
southern part the lake sediments prevail over the alluvial. One can observe temporally stratified aluvial and lake sediments. The industrial applications of the sand

are for dry building mixtures and sands for foundries.

BbBeaeHue

B nocrnegHuTe roguHu, BB Bpb3ka C HApacTBaLLOTO XUMULLHO
W MbTHO CTPOUTENCTBO UMa 3aCUNEH MHTEPEC KbM MONe3HUTe
u3Kkomaemu OT rpynara Ha CTPOUTENHWTE Marepuanu, B
YaCTHOCT -  KBapuoBuTe  nacbuu.  Apeanute  Ha
pasnpocTpaHeHWe Ha KBapLIOBUTE MACHLW Ha TepUTOpUATa Ha
Bunrapus, B T.4. B permoHa Ha Codmsi ca orpaHuyeHn. Te
3aeMar  cTpaTersyecka  nosvuus  BbB  Bpb3KAa  CbC
cneundmnyHata cu 0bnacT Ha NPUNOXEHWE B CTPOUTENCTBOTO
— 3a MPOM3BOACTBO Ha Cyxu cTpouTenHn cmecu. OcBeH ToBa
KBapLoBWUTE MACHUM Ca THPCEHW M KaTo MHOyCTpuanHa
CypOBWMHA - 33 NEApCKM HyXOM W MpOW3BOLCTBOTO Ha
ra3obeToH.

Bcuyko TOBa [aje OCHOBaHME Ha aBTOpWTE fa HanpassaT
OMWT 3a XapakTepucT/Ka Ha TakvBa NACbUM OT €OHO OT
MarnkoTo Haxoguwa B obxBata Ha Codmickms GaceH —
Haxoguwe “Nuems” npu c. borboBuu, KoctuHGpoacko.
HaxoguieTo e npoyyeHo AetainHo npes 2003 r., B pesynTar
Ha KOETO Ca W34WCIIEHM 3anacy, Bb3NM3ally Ha Hag MOMOBMH
MWITMOH KyOM4eCcKu MeTpa KBapLOBY MACHL.
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MecTononoxeHue

PaioHbT Ha Haxoguuie “Tucus” ce Hamupa B obxBaTta Ha Hai-
ceBepHuTe YacTh Ha Codhuinckata KOTNOBMHA, Ha rpaHuLaTa ¢
loXHMTE CKnoHoBe Ha CTapa NnaHWHA, CEBEpPHO OT C.
Borbosuy. OtcTon Ha okono 20 km ot Codms v Ha okono 7 km
ot rp. KoctHbpog.

KpaTku cBeaeHUA 3a reonoxkara M3y4eHoCT Ha
panoHa Ha HaxoAWLEeTo

MnuoueHckute Hacnarm Ha  Codwmiickust  GacelmH ca
MPEACTaBEHN OT HECTOEHU W Crabo CroeHu CefauMeHTW OT
peyHo-e3epeH Tun. Llenusat paioH Ha CodhuiickoTo none e
00XBaHaT OT KOHAMLMOHHO reomnoXKO KapTUpaHe B PasfnyHu
mawabu (1:100 000, 1:50 000 » 1:25 000), npoBexgaHo
nocnegoeatenHo npe3 60/80-Te roguHW, peBW3MpaHO U
akTyanuaupaHo Creg CbCTaBAHETO Ha  HaUMOHanHaTta
reonoxka kapta B M 1:100 000. B paiioHa ca npoBexaaHu
cneynanuanpaHu MpoyyBaHUs 3a [MWHM 33 KepamuyHaTta
NPOMULLMEHOCT W BapOBULM 3@ LIMMEHTEHaTa MPOMULLNIEHOCT
B panoHa Ha Hoeu Mckbp, c.c. Benegme xaH, Onuuger,
MeTbpy n rp. KocTmHOpod. M3BbpluBaHM ca W TbpCELLo-
npoyyBaTenHn paboTu 3a NACbUM 33 NESpCKM Hyxau 1
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rasobeToH — mexgy c. banwa u Hoeu MUckbp, okomo c.
l'ypmasoso n ap. CBeaeHns mMorar fa ce HamepsT B peguua
Hay4Hu nybnvkauum (Bonues 1923, 1955, 1970, ArtaHacos
1949, WoppaHoBa 1982, KamenoB 1964, KamenoB u
Kotommkuesa 1983, CrosHoB 1981 u fgp.), Kakto w
reocboHpoBu Matepuany, (AnrenoB u gp. 1983, KameHos
1964, Monos 1 gp 1950).

eonoxkn cTpoex Ha HaxoAULLETO

B reonoxkus crpoex Ha Haxoguwe ‘“flueus"  yyactsar
ceguMeHTMTE Ha topaTta (CnuBHUWIKA CBMTa), NAWOLEHa
(loseHevka ceuTa) U kBaTepHepa (cur. 2).

CnueHuwka ceuma (slJ>-Kyv). Pa3skpuea ce B ceBepHWs U
3anagHus 6opT Ha Haxoguweto. MpeacTaBeHa € OT CuBM A0
cuBobenu MacuBHM, 6MOKNAcTUYHK, BUMOKOHCTPYMpaHW W
MUKPUTHW Bapoeuun. B pamkute Ha nnowy “Incns” cesepHata
rpaHuuaTa C NAMUEHCKTE CEQMMEHTW € psi3Ka, TEKTOHCKA.
PasnomMbT MMa XapakTep Ha OTCeA C nponagHano HXHO
kpuro. EnemeHTUTe Ha NOBLPXHOCTTA Ha pasrnoma ca 190/70-
750, Amnnutygata Ha nponagaHe e okono 20 meTpa.
3anagHata rpaHnLa B pamkuTe Ha HaxoAuLeTo € HopMarnHa,
TpaHCrpecuBHa, kato Bugumata pebennHa Ha csuTata
Haaxsbpns 45 m.

JloseHeyka ceuma (IN). Paskpusa ce B [BeTe cTapu
KapuepHU rHesfa Ha HaxoauLeTo (cour. 3).

alh %

Huwxa P T .
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R A Kncmmspo,q-.,;;
®ur. 2. l'eonoxka kapTa Ha 3anagHata YacT Ha Codpuiickata KOTNOBMHA
(4acT OT HaumoHanHaTa reonoxka kapta_Ha Bwbnrapua M 1:100 000,

KkapTeH nuct Codpua, Axes u ap, 1995); NMoL Ha HAXOAMLLETO

lpn Npoy4BaHETO CBUTATa € MOLACEYEHA C BCUYKM COHOAXM 1
€ paskpuTa C KkaHaBuTe W wwypdwute. 3anara ¢ HopmareH
TPaHCTPECVBEH KOHTaKT BbPXYy BapoBuuMTe Ha ChmMBHMLLIKATA
CBUTAa W Ce MOKpWBa OT NOYBEHO-JEnyBManeH Cron C
pebenuHa ot 0.6 go 1.2 m. MarpageHa e npegumHO OT
rpyboTepureHHn Hacnarm (NACbK, rpaBuiA U YakbIl), NPOCHOEHM
OT anespuTM 1 rMuHW. B 3anagHns GopT Ha HaxoauweTo ce
3abens3Ba MOCTEMEHHO HamansiBaHe Ha MOLLHOCTTa Ha
MINOLEHCKNTE CEAUMEHTMU.
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our. 3. Cesep-cesepo3anageH 6opT Ha eaHo oT kapuepuwre rHesga B
HaXOAWLLETO.

Onpob6BaHe 1 noaroToBKa Ha NnpoduTe 3a
u3cnepBaHe

Mpw nposegeHuTe reonoronpoyysatentn pabotu npes 2003 r.
ca onpobBaHM BCUYKM MpOYy4BaTenHU U3paboTKM — COHAAXM,
kaHaBu W Wwyptu. OnpobBaHETO € NOCEKLMOHHO, KaTo npobu
Ca B3eTU OT BCUYKM WHTEPBANM C NSACBLW, rPaBU M YaKbl.
Ternoto Ha npobute e wmexgy 10-12 «kg. [puetata
MaKcuMarHa Ab/KUHa Ha cekumsaTa 3a onpobsaHe e 5 meTpa,
a MuHumanHata - 0.4 metpa.

Bseta e eaHa npoba 3a TEXHONOXKM M3CNEABAHNS OT €4HO
OT CbLLECTBYBALLMTE KapuepHu rHe3da, 21 6post eauHWUYHN
npobu OoT CcoHAaxHWUTE W3palboTkM M €edHa BepTUKamnHa
OpasgoBa npoba OT Macvea (mMogeneHa Ha YeTUPK OTAENHM
npobm no cexuum).

3a neTporpachckOTO OMMCaHWEe Ha KbCOBETE € B3eTa
obeaunHeHa npoba OT CoHAaxXHUTe M3paboTkM, KaTo OT BCsKa
npoba e B3eTO KONMYECTBO, CbOTBETCTBALLO Ha AbMKMHATA Ha
npobara (cpeaHo ypaBHOBECEHO). [Npobata e cbkpaTeHa Ao 5
kg Ype3s KBapTOBaHe, M3MUTa, U3CYyLLUEHa U NpecsiTa nNpes cuTa
2.5 1 5.0 mm. 3a Bcaka ot apeTe dpakumm (+2.5-5 mm un +5
mm) ca OnpefeneHn MaKpOCKOMCKU U FpynupaHn no BUOOBE
KbcoBeTe ckanmu.  MakpockonckaTa — XapaKkTepuctuka e
HanpaBeHa MO OTHOLIEHME HA BWAA ckana, TEeKCTYPHU
0cOBEHOCTW, LBAT, CTEMEeH Ha MpOMsiHA, CTEMeH Ha
3a0671eHOCT M N30METPUYHOCT Ha KbCOBETE.

XapakTepucTUKa Ha nicbuUTe M GanacTpata

HaxoguweTto € u3rpafeHo OT FMWHW, aneBpuTH, MSCbUM U
rpybosbpHecTM Hacnaru. [locrnefHWTe ce  CbCToAT  OT
Pa3NMYHW CLOTHOLUEHWS HAa NACHK, [PaBuiA U YaKbn,
0603HavaBaHN HaKpaTKo kaTo BanacTpa.

Makpockoncku nscbuute M 6Ganactpata ca GenesHukasm,
CBETNOXBNTM [0 XbNTOKAadsiBM, B OTHEMHM MHTEpBanu
TbMHOKapsiBU. BcuukM Tean HwaHCM B LBETOBETE Ha
MOME3HOTO M3KOMaeMo MPEexXoXgaT NOCTENEHHO W NNaBHO
natepanHo eiuH B Apyr U He e Bb3MOXHO [a Ce MOoCTaBu
psi3ka rpaHuLa Mexay TsX.

HHC'bLlVITe n 6anaCTpaTa Ca paxnu, cnabo CroeHu unu noyTu
HECMNOEeHU, HO BbIPEKN TOBA B CbLUECTBYBALLUUTE KapuepHuTe



rHesfja [AbpxaTr noyTu BepTuKaneH oTkoc. [lacbuute ca
NpeanMHO ApebHO- 1O (hMHO3bPHECTM, HO MOYTW BUHArK UMart
W Manku KOnuyectBa OT rpaBui M Yakbn M Ce CbCTOAT Ce
noyTM M3UANo OT kBapu. B macuBa ce cpelar OTAenHu
MacToBe, CbCTOSALLM CE MOYTM U3LANO OT nsickK. [ebenuHata
um e ot 0,4 0o okono 2 m. B aBeTe cTapu kapuepHu rHesaa ce
0chopMsl CPaBHUTENHO A06pe M3EbpXaH XOPU3OHT OT NSCHLM.
Banactpata e npefctaBeHa OT MACHK, rpaBuii U Yakbn B
pasnu4HM CbOoTHOWeHMs. OOWo 3a rpaBus M yYakbna e
BUCOKAaTa CTEMEeH Ha pasHOPOOHOCT MO OTHOWEHWe Ha
cTeneHTa Ha 3a0bneHocT 1 m3omeTpuuHocT. Cpelar ce ot
pbbecTn (napanenonunegHu) GO MOYTW  U3OMETPUYHO
OBanu3upaHu KbCOBE M 3bpHa. Bucokata cTeneH Ha
3a06/1eHOCT Ha 3bpHaTa MHOr0 YeCTO € CbyeTaHa C Hucka
M30METPUYHOCT — NMOCKW U YOBIKEHN 3bpHa. HesaBucumo ot
TOBa, MO OTHOWEHME Ha NokasaTens W3OMETPUYHOCT
npeobragaeat 3bpHaTa C OTHOLIEHWE Ha Hali-kbcaTa KbM Hau-
gwnrata oc ot 1:1 go 1:2 (85-90%). 3a ocraHanus npoLeHT ot
U3CneaBaHWTe KbCOBE OTHOLLEHMETO HA OCUTE HE HaaXBbpNs
1:3.5.

Bbe dpakums +2.5-5 mm npeobnagasat KBapLoBUTE
kbcoBe U 3bpHa (okono 75-80%). Mo-mankute no pasmepu
KbCOBe ca No-gobpe 3aobneHn 1 No-U3oMeTpUYHM. LIBeTsT UM
Bapupa OT Mne4HobsAn, cuBoban 4O XbNT — XbITOKAgsB.
®pakuys +5 mm e no-pasHopofHa kaTo neTporpadicki CbeTas
Ha KbCOBETE, HO OTHOBO NpeobnafaBaT KBapLOBUTE KbCOBE
(0o 55-60% oT ¢hpakumsTa), KOMTO Ca U C Hal-BUCOKa CTENEH
Ha 3a00bneHocT. Kato LBAT M CTENeH Ha M3OMETPUYHOCT Te
MoYT He Ce pasnnyaBaT OT CblUMTe BbB (Ppakunsa dpakuus
+2.5-5 mm. [lo okorno 10% e Konm4ecTBEHOTO NPUCHCTBME Ha
KbCOBE OT BapoBMUMW. Te ca cuBW [0 cvBOGENM Ha BT, C
HWCKa cTeneH Ha wm3seTpsiHe. OBMKHOBEHO KbCOBETE Ca C
MHOTO HMCKa CTEeneH Ha 3a0bneHocT - camo pbboBeTe ca Um
urnageHun. [peobnapaBaTt  NWMHENMHO  W3ObIDKEHUTE U
MNOYecTM KbCoBe. PaBHOCTOMHO Ha  KONMWYECTBOTO Ha
BapoBULMTE € 1 TOBA Ha KbCOBE OT MErMatuTu U anmiuti.
KbcoBeTe OT nmerMaTtuTii Ca HEXOMOTEHHM W C Hal-BUCOKA
CTEMEH Ha HaTPOLLEHOCT B CPaBHEHWE C OCTaHamnuTe CkarHu
pasHOBMOHOCTU.  XapakTepusupar Ce C  HepaBHOMEPHO
pasnpegeneHue Ha e4pokpucTanHn penawnaroBm arperatu u
BNPLCMEUM OT PYOHW MWHEpann - WIAMEHUT, MarHeTuT.
AnnuToBuTe KbCOBE Ca f0Ope 3a00neHn, HO B No-ronsMata cu
4acT CbLUO Ca CWMHO HaTpolleHW. Ha cnepgsallo M[CTo no
KOMMYECTBEHO UM MOYTU PaBHOCTOMHO yyacTue (4o 2-3%) ca
MI0YeCTH, AUCKoOOpasHM KbCOBE OT YEPHW, CUMBM, YEPBEHM
JEBOHCKM M CWNYPCKM  LUKCTW, KbCOBE OT  KapbOHCKW
MACLYHULM W TPABENUTI, KbCOBE OT Crlabo M3BETPENM, XbTo
[0 KbNTOKAadsiB KBApUMTU M CUIHO W3BETPEnM (N1ECHO
pasnagalj npM  HaTUCK) CUTHO3BPHECTH, CMBO3ENEHM
arperatv OT ByfkaHcku ckanu. OCBeH ToBa, Cpeq KbCOBETE OT
CUIMYPCKM LUMCTU Hepsigko ce HabensseaT W parMeHTn oT
MIe4yHobenm, cuobenu KBapLOBW XWmn.

Ha pa3nnyHu HMBa Cpeq MOME3HOTO WM3KOMaemo Ce SBsiBaT
MPOCMOVKX (Newy) oT anesBpuTv wumn rnHN — KadsiBu Jo
3€N1EHNKABM UMW MbCTPM, NITbTHW, aNeBpUTOBK 4O NECHKIMBM.
CamocToATENHUTE NNacTOBE Ca Pa3MONOXEHN Ha PasfnyHu
HMBa U Ca CpaBHUTENHO ManomolHu. [ebenuHara um ce
n3meHs ot 0 go 1.5 m.

KeamepHep. [peactaBeH e OT  MouYBEHO-AenyBuanHa
MokpuBKa, OT XapakTepHute 3a COCMIACKOTO NOMe YepHw
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FMIMHECTM “CMOMHMLK”, BOraTh Ha OpraHUYHO BELLECTBO, KOUTO
B pPaMKUTE Ha HaXOAMLLETO KaTto NpaBuno ca necbunusu. B
ObnbounHa npexoxaaTr MoCTeNeHHO B KadsiBU NEChUNUBY
[MUHW, TIIMHECTU NscbUM unu 6anactpa C rnuHa, KOUTO ¢
nocTeneHeH nNpexog NpPeMnHaBaT B NIMOLEHCKUTE TEPUrEHHM
Hacnaru. [ebennHata Ha KBaTEPHEPHUTE OTMOXEHWUS Ce
namenst ot 0.40 go 1.2 m.

daunaneH aHanus

Habnionexnsta u OOKYMEeHTaluATa Ha CbllecTByBalluTe
CTapu KapuepHu TrHe3da B HaxoOuweTo, [AdaHHuTe OT
npoBefeHnTe npoy4YBaTesiHn pa60Tv| n pesynratute ot
na60paT0pHMTe aHanuau ca basa 3a (*)aLU/IaJ'IeH aHanumas.
Pa3rpaHquHM Ca anyBuarHu, esepHn n onatHu CbaLIMGCIA.

B Haxoguie Jlucusi ca yctaHoBEeHM Tpu HUBA B JleseHelikaTa
cBWTA: 1 — Hayano Ha rpyboTepureHHa cepuMeHTaums; 2 —
MEeXOMHEH nepuog C OTnaraHe Ha BbTpPelHobacenHoBM
Hacmarm M 3 — Kpal Ha CeguMEHTaUMsiTa C YacTUYHO
3abnaTsiBaHe B CEBEPHUTE NPUOPEXHM YacTU Ha HaXOAMLLETO.
Tpsibea pa ce otbenexu, ye Te3M TeMnoparnHu HWBa ca
TBbpAE  XWNOTeTMMHO  obocHoBaHM Ha  6asata  Ha
naneoreorpadhCkoOTO pas3BuTUe Ha dhauuanHuTe 06CTaHOBKN.

daunanHu 00CTaHOBKM B Ha4anoTo Ha rpyooTepureHHa
cefMMeHTaLus

B ocHoBaTa Ha JloseHeukaTa cBWTa uMa CaMO anyBWanHu
CEAUMEHTU — NECLYNNBM KOHrIomMepaTy (cour. 4).

MecbKNUBM KOHrMomeparu

®ur. 4. daumanHa KapTa B Ha4anoTo Ha ceauMeHTauunaTa

KoHrnomepatute ca, paxnW, NeCbYnMBO-TPaBUAHKM [0
[MIMHECTO-MECBYNMBIA C TONEMW KbCOBE OT BapoBULMTE Ha
noanoxkara. TepureHHUTe KOMNOHEHTH ca Bunm oTnaraHu no
MEeXaHW4yeH HauMH B KOHTWUHEHTanHW ycnosus. [onHata
rpaHuLa e icHa, C bIMOB AUCKOPAAHC.

®aunanHn 06CTaHOBKM B MEXANHHUA Nepuop C oTnaraHe
Ha BbTpewWwHobaceiiHOBM Hacnaru

TpaHcrpecuBHUTE  TEHOEHUMW B  HaxOQMWETO Cb3gaBaTt
ycrnoBusi 3a 0bpasyBaHe M CbBMECTSIBAHE Ha anyBuasnHu W
e3epHu  maneoreorpadpckn  oBCcTaHOBKW.  AnyBuanHute
(haumec 3aemaT 3anagHaTa M CEeBepHa OKpanHa 4acT Ha
HaxXOAMLLETO KaTo HAacneasBar toxHaTa nocoka (dur. 5).



E3epHu NACHLUM, FPaBenuTy, anespuTi
(KpanbpexHm)

E3epHU NecLKNUBU IMUHK (BbTpellHoGacenHOBK)

®ur. 5. daumanHa kapTa B MEXAUHHUA NepUoa Ha cefUMeHTaums

Te ca npenctaBeHW OT MNECHYIMBM YaKbiM € nolwa
COPTMPOBKa 1 cnabo 13paseHa koca CromcTocT. Ha tor v n3Tok
OT TSX CefMMeHTauusiTa npoTuya B e3epHa oOCTaHOBKa, B
KOSTO CTaBa OTnaraHe Ha [oOpe COpTUpaHW KpanbpexHu
nacbuys. Tean mscbuyM Cca  MOME3HOTO  M3KOMaemo B
HaxoguweTo. Te ce peayBaT C rpaBUItHN U YaKbiHU NSCbLM C
XOpW3oHTanHa cnouctoct (cur. 6). Macvuute ca nNpegumHoO
cuBobenun, CBETNOXLATM [0 bnTokadssu, ApebHO [0
(PMHO3BPHECTH, MNPEaUMHO KBapuoBW. TekcTypata WM e
[MaBHO XOPU3OHTarHa, PAAKO HaknoHeHa koco cnoecta. B
LeHTpanHata M CeBepHa 4YaCT Ha HaxXOOMLETO YecTo ce
HabrloaaBa pefyBaHe Ha NACbYHM crioese ¢ aebenuHa fo 3-4
m W cnoeBe ¢ npeobnafaBaHe Ha rpaBWs W Yakbna M
pebervHa kato npaBuno okono 40 cm. [lacbuute ca
OTNOXEHN B KpambpexHa esepHa oOCTaHOBKa, a mpw
rpybokbcoBMTE  CroeBe  AOMWHMpalla €  arnyBuanHata
obcraHoBka. JlokanHo ce HabmogaBa uMOpWKaums  OT
nokpoBeH Tun ¢ nocoka 2100 n HaknoH 400. He ce Habnogaga
€0HO W3ObpkaHO HMBO C rpybokbCoBM ceanmeHTn. Te ce
cpewat nOBCEMECTHO B Haxoguweto. Pekata, kodto e
TpaHcnopTMpana W OTNoXuna Te3n ceauMeHT e Buna

CPaBHUTENHO Masika U € MPOMEHsINa PYCrioTo CU B pamKkiTe Ha
HaxoamLeTo.

®ur. 6. OrousroyeH 6opT Ha roNAMOTO KapMepHO rHe3ao

JlaTepanHo B Han-toXHaTa 4acT Ha HaXOAMLLETO NACLLUTE
npexoxgat B €3epHW MECbUNMBM  THHKOCIMOMHM  TTIWHU.
TekcTypaTa UM € XOpU3OHTarnHa 1 TbHKOCMONHa.

®daumnanHy 06CTaHOBKM B Kpasi Ha ceauMeHTaLuaTa

TekTOHCKaTa aKTUBHOCT Ha paloHa 3aTuxBa. TpaHcrpecusiTa
Ce 3amMecTBaT C TeHAeHUMs Ha obLla perpecus u nsguraHe. B

HaxoOWLeTo ce Cb3faBaT ycroBus 3a obpasyaHe W
CbBMECTSIBaHe Ha pasninyHi daLmantiu o6cTaHoBKY (dur. 7).

E3sepHo-6naTHa paBHUHa

E3epHU NeCHLKNUBU rMUHU

®ur. 7. daumanHa KapTa B Kpas Ha ceAUMeHTauuaATa

B toxHaTa 4acT ceguMeHTauusTa npoTMYa B e3epHa
oDCcTaHOBKa B KOSITO CTaBa OTNaraHe Ha MECHKIMBU TTMHW.
TekcTypatTa MM e XOpW3OHTanHa cpefHocrnoecta. B Hai-
ceBepHaTa YacT Ha HaxoauLeTo ce otnarat GnaTHu rMuHK ¢
pacTuTeneH AeTpuTyc. TekcTypata MM € XOpW3oHTamnHa W
TbHKOCNOMHA. Cnep npekpaTABaHe Ha CeavMeHTauusTa
TEKTOHCKaTa [eiHOCT B paiioHa He e npekpaTeHa. Cpen
NACbLWTE CPABHUTENHO YECTO CE CpeLlaT Mamku pasnoMHu
HapyLLEeHMs C Nocoka ycnopeaHa Ha puba Ha BaceitHa (okono
900), obpasyBaHu OT ycunus Ha pasTaraHe, MPUYUHEHW OT
rpaBMTa4yHO MPEMECTBaHe Ha CeAUMEHTUTE B I0XHa MOCOKa
dur. 6. (3aToBa Mponaja CeBEPHOTO Kpuno — Aynkara OT
NPEMECTBaHETO).

HPOMMI.I.IHGHM copToBe nNACHLMU

OTHacsHeTO Ha nsAcbuuTe OT Haxoguwe “Tucns” KoM
Pa3nNYHN NPOMMLLIIEHN COPTOBE € WU3BBPLUEHO Bb3 OCHOBA Ha
nposegeHnTe  nabopaTopHM — aHanMan U TEXHOJOKKM
n3nuTaHmMs Ha B3eTMTe npobu. OkayecTBABaHETO €
W3BLPLUEHO MO OTHOWEHWE Ha MPUrOAHOCTTa WM  3a
W3Non3BaHe B CTPOWTESNICTBOTO KaTo CYpOBMHA 3a CyXu
CTPOMTENHM CMECM W KaTo nNsAcbUM (DOPMOBBYHM 3a
n3paboTteaHe Ha nesipcku dopmu 1 cbpua. OkavecTBsBaHETO
€ Ha OCcHOBaTa Ha AeiCTBYBaLLW HOpMaTHBHK LoKymeHTH (BJC
403590 — [lAcbuM (OPMOBBYHM) W pes3ynTaTute OT
TEXHOMOXKA NONYMNPOMULLNIEHN U3NUTaHUS MO PELEnTypH
CbCTaBN Ha (HVpPMK, MPOW3BOAMTENKM HA CyXW CTPOUTEMHM
cmec ("CTPOM 21" OO[). B HaxoguwweTo He ce 3acebssar
MPOCTPaHCTBEHO NNACTOBE CbC CYPOBWHA, roHa CaMo 3a Cyxu
CTPOMTENHM CMECH UMM Camo 3a NSCbLM 3a NIesPCTBOTO.

OcobeHocT Ha cypoBuHaTta oT Haxoguie “Tivcus” e, Ye BbB
BCWYKM TNNacToBe MACLK Ce Cpewat, Makap W Manko
KOMMYECTBO PaBUAHU W/UMK YaKbMHU KbCOBE, KakTO U BbB
BCWYKM MNIACTOBE C YaKbi UMa MACHK, MOHSAKOra B 3Ha4UTENeH
npoueHt. CypoBuHaTa He OM Morma da ce w3nonsea 3a
MOCOYEHUTE TMPUMOXEHUS OMPEKTHO B HenpepaboTeH BuA.
DOpyra 0COBEHOCT Ha HaxOAUWETO €, Ye [MMHeCTo-
aneBpONUTOBUTE NracToBe ca [o0pe W3gbpxaHu, KOeTo
no3BonsiBa CenekTuBeH [OOMB Ha cypoBuHaTa. B camute
NACbLYW HAMA FNKHa.



lokasaTenuTe, MO KOUTO Ca OKAYeCTBABaHM MACHUUTE 3a
CYXV CTPOWTENHU CMECU Ca: 3bpHOMETpUs (dpakums +0.1 —
0.63), cbabpxaHWe Ha xenesHn okcugn (He noseve oT 1%),
CbabpKaHue H cunnumes auokens (Hag 90%), nunca Ha Gyuqkn
rMUHa, CbAbPXaHWE Ha 3bpHa OT MWHEpPanM C amopdHa U
HecTabunHa copma Ha cunuumeB guokewa, (mog 50
mmol/dm3).

[NokasaTenure, No KOWTO Ca OKA4ECTBABAHM naceyuTe 3a
NeApCTBO Ca: 3bPHOMETPUA, CbAbpXaHUE Ha Xene3Hn OKkCuau,
CbAbpXaHne H cunuuues OWOKCUMA, OKUCUAW Ha ankanHu U
ankanoseMHn Metanu, cyncbaTHa cdapa, nunca Ha 6yLIKM
rmnHa.

O6cTosTENCTBOTO, Ye nacbuymMte Ca CeauMMEHTUpaHu B
I'Ipl/|6pe)KHa 30Ha Ha CPaBHUTENHO ronamo esepo, € npu4rMHa
3a o6pasyBaHeTo Ha n3abpXaHu nnacroee C A06pe copTupaH
M CUTHO3BPHECT NACHK.

WacnepBaHn ca XUMWYHWMSE CbcTaB Ha 7 6pos w
TEXHONOXKUTE CBOWCTBA Ha 27 6posi NpescTaBMTENHN Npodu
OT (B TOBa 4MCrO Ha 0BeanHeHW Npobu 1 Ha TEeXHOMoXKaTa
npoba).

Beuukn  m3cnegeaHu npobu OT MACBUMTE B Haxogwe
"Jlncns” cbOTBETCTBAT Ha U3NCKBAHWUTE 3a NOM3BaHEe KaTo CyXu
CTPOMTENHN CMECH 1 NACHUM nespckn (nacbuym cmecenn (M1C)
unn nacek raukect ().

MpenopbyaHa 3a nybnukysaHe ot
Katenpa “Munepanorus u netporpacpus”, Mo
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N3Bogu

Ha ocHoBaTa Ha HabniogeHusTa M [OOKyMeHTauusTa Ha
CblLECTBYBaLMTE CTapu KapuepHU rHesga B HaXoguLLeTo,
JaHHMTE OT MpOoBedeHUTe npoydyBaTenHu pabotn U
pesynTatute oOT nabopaToOpHUTe aHarM3M € npoBeLeH
(haumaneH aHanua, kaTo ca pasrpaHuyeHn anysuanHu, e3epHi
1 BnatHn daumecy.

Bb3 ocHoBa Ha nposeneHuTe na60paTopH|/| n3cnenBaHna n
TEXHOMNOXKN U3NUTaHUA NACbUUTE Ca OKavyeCTBeHU 3a [Be
OTAENHW NPUNOXeHWa — 3a MNpou3BOACTBO Ha Cyxu
CTPOUTENHN CMECKU U NACHLUM (*)OpMOB'b‘-IHI/I:
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AtaHacos, I". 1949. [Joknad ebpxy 2eonozusima Ha Cogpulicka
Cmapa nnaHuHa. Teodong KIMP (IV - 33).

KameHos, b. 1964. [Joknad ebpxy eeonozusima Ha Cogulickus
mepyuepeH bacelH, ¢ 02ned Ha nUsHUMHUME 8ba/ula.
F'eochorg KITMP (11 - 4).
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Bb3MOXHOCTU 3A YIIOTPEBA HA KAOJIMH-KBAPLIOBUTE NACHLW OT HAXOAWULLE
“KONOBBP”, CANMUCTPEHCKA OBJIACT

lMemwp U. lempos

MurHo-eeonoxku yHugepcumem “Ce. MeaH Puncku”, Cogpus 1700; ppetrov@mgu.bg

PE3IOME. HaxoauweTo Ha kaonuH-kBapLioBu nscbLy "Konobbp” e yacT o [lynoBCKOTO MiHepareHHo none Ha Jlyaoropckusi MuHepareHeH paioH B bunrapus. To e
NOKanu3npaHo B HeraTMBEH KapcT NOKPUT OT JTbOCOB reokomnnekc. OBUKHOBEHO HEraTMBHUSAT kapcT e Hail-Aobpe 13paseH B LigHTpanHara YacT Ha noneTo, a B nepu-
(bepHUTE CU YacTK TOI Ce pasnaja Ha MHOXECTBO Marku U NAUTKN NOHWKEHUS. B Hero uMa pesngyaneH KOMNNeKC npeactaBeH OT KAaONWH-KBAPLIOBU NSCHLM.
[MoAunHeHa pons B peanayarnHus KOMNNEKC UrpasT: ruHUTe, MUHECTUTe NACLLM U aneBpuTHUTE NACHLM. KaonuH-kBapLoBUTE NACHLM UMAT eAHOPOAHA, NETHUCTA,
MBMYECTa UMK crioucTa TekcTypa. CTpyKTypaTa UM € rmaBHO aneBpo-nNenuTHo-ncamutHa. Ypes oboratasaHe/MpoMuBaHe/ OT MONE3HOTO M3KOMaemo MoraT fa ce
nonyyar fBa NpoAyKTa: KaonuH U KeapLoBu nachbUW. KaonuHbT MOXe Aa ce 13nonasa B XapTueHaTa, kaydykosaTta, nractMacosara, nopuenaH-asHcosarta 1
OrHeyrnopHaTta npomuLLneHocT. KBapLoBITe NACHLM Lie HAaMEPST NPUOXEHME 3a CTHKO W nopLienaH-(asHe.

THE KAOLIN-QUARTZ SAND OF THE KOLOBAR DEPOSIT, SILISTRA DISTRICT - OPPORTUNITIES FOR USE
Peter I. Petrov
University of Mining and Geology “St. Ivan Rilski”, Sofia 1700; ppetrov@mgu.bg

ABSTRACT. The Kolobar deposit of kaolin-quartz sands is in the Dulovo mineragenic field of the Ludogorie mineragenic region in Bulgaria. It is located in negative
karst, covered with loess geocomplex. Usually the negative karst is expressed in the best way in the central part of the field, but it is disintegrated in many small and
shallow drops in the peripheral parts. There is a residual complex in it that is performed by kaolin-quartz sands. Clays, clay sands and aleurite sands have some
subordinate part. The kaolin-quartz sands have homogeneous, spotted, striped or stratified texture. Their structure is mainly pelite-psamital. The kaolin may be
obtained through enrichment (washing) of kaolin-quartz sands. It is appears to be the resource ground for developing of some major industries of the economy —
paper, porcelain-faience, refractory, chemical, etc. The quartz sands will be find application in the production of glass and porcelain-faience.

BbBeaeHue 1978; WosueB u ap., 1994). KaonuHbT uma KauecTBeHw
rnokasatenu, koUTo No3BoNsBaT aa ce ynoTpebsisa 3a xapTus,

[HeWHWsT nasap Ha KaonuH Ce Noaabpka OT CTaburnHoTo [OMaKkuHCKM mopueniaH v apyrv. LleHata Ha kaomuHa 3a

TbpCceHE B TPaAULWOHHUTE XapTWeHO W KepaMWU4HO menoeaHe goctura o 185 $/t (Industrial Minerals, 2007).

MPOWU3BOACTBO.  XapTieHaTa MPOMMLLMIEHOCT — perucTpupa
MOBMLIEHA KOHCyMaLMs Ha MOKPUBALLM, MbIHATENN U

KariyHUpaH1 Mapky TAIMHK, KOETO € CBbp3aHo C NoBHULIABaHe CTpoeX 1 MOPGhONOruA Ha HAXOANLLETO
Ha kanauuTeTa 3a 406MB Ha XapTus.

HaxoguweTo Ha kaonuH-kBapuoBu nscbuu “Konobbp” ce
Hamupa B [lynoBCcKOTO MWHepareHHO mnone Ha [lygoropckus
MUHEpareHeH paioH. To e 4acT OT MACHbYHO-KAaonNMHOBaTa
3agpyra M e NOoKanuavpaHo B NaneokapCTeH  y4acTbk
"Kono6vp” (Kpbctes, Kpberea, 2003) nokput oT nboc.
Oporpadickn  paoHbT — NpuHagnexu kbm  Jlygoropcko-
[obpymkaHckata  XbAMMCTO-NNaToBMAHA nmogobnact  Ha
[yHaBckata paBHuMHa. O6nuKLT Ha peneda ce onpepens
rmasHo oT Jlygoropcko-[obpymkaHCKoTo  mnato,  KOeTto
MOCTENEHHO CE MOHWXaBa OT KOr Ha CeBep M OT 3anag Ha
u3Tok. PenedpbT e OBa Tuma: pasyrieHeH NnaToBMAEH M
pasynieHeH paBHUHEH. TepeHbT Ha MMowTa € CPaBHUTEIHO
MOHONWTEH, 0€3  TWMWYHUTE 3@  CbCEOHM  paiioHU
KaHbOHOBMOHWU Bpsi3BaHWs B penedpa. Vma obuy HakmoH oT
3anag Ha WU3ToK.

Brvrrapus e egHa OT TpagMUMOHHWTE M3HOCUTENUTE Ha
kaonvH. [lpe3 nocnegHWTe TrOAMHM BBMPEKM cnaga Ha
MPOM3BOACTBO TA 3aeMa Monarawoto M Ce MSCTO Cpeq
rnasHuTe npoussogutenu (Harben, 2002) Ha Tasu cypoBuHa
3aemMalla MecTa B fABe [Pyni Ha MbpBO HWBO: B Tas3n Ha
KepaMWyHOTO  MPOWM3BOACTBO M Ha  XMMWYeckaTta
npomuwneHoct (Virta, Lorenz and Requeiro, 1994). KaonnHbT
32 MernoBaHe Ha XapTus [OWKTyBa CBETOBHOTO My
npoussoacteo (Moore, 2003). Bwrrapckmar kaomuH ce
nonyyaBa Mpy NPOMWBAHE HA KaOMMH-KBApLOBM MACHUN OT
Hoxoguwata B CesepoustouHa bwnrapua - Jlygoropckus
MuHepareHeH paiioH (Petrov, 1994; MMetpos, 1994; Petrov,
Parvanov, 1994; Petrov, Georgieva. 1995; MNeTpos, eopruesa.
1997; Metpos, 1999).

Haxognwe ,KonoGbp” e npoyyeHO [eTainHo kato ca

B reonoxkma paspes Ha Haxopuwe “Konobwp” otgony
M34MCrIeHN 3anacu 3a nopLenax-asHe u orHeynopm (Mosues,

Harope uma BapoBWULUW, TNWHW, TNNHECTU NACHLUM, KaOnWH-
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KBapLIOBX 1 aneBpUTHU NMSICHLUMW, U KBAaTEPHETHU CEANMEHTU —
NbOC, FMUHK 1 YaKbn. Moanoxkara € OT CUITHO OKAapCTEHU W
uanyxkeHn OapemckM  NOpPLENaHOBMOHW  BapoBMUM Ha
PyceHckata csuta. B usrpaxgaHeto Ha PyceHckata cBuTa
yyacTearT 34paBu, MacuBHW, CBETNOKasBY [0 Oenu Ha LBAT,
nopuenaHoBM W  MOPLENaHOBWAHWM  BApPOBULM,  OOMUATHM
BapOBULMK, TebeLumnponoaobHu u  pebenonnactosy
opraHoreHHW Baposuuu. [locnegHute ca  u3rpageHu ot
npekpucTanuanpani kopanu, 6pruo3on N PekBUEHUM U ApYryu
OpraHu3mMoBM OCTaHkU. B noBeyeTo cryyau BapoBuUuTE Ca
HanyKaHW 1 KaBEPHO3HW C OTINOXEH NO MYKHATUHWTE KanLuT.

ManeokapcTbT e OPUEHTUPAH B HANpaBneHue U3TOK-3anag u
NpeLCcTaBnsiBaT  CACTEMA  OT  CBbP3aHM  MOHMKEHWS.
[Jbn6oynHaTa UM MHOrOKPaTHO Ce NPOMEHS! W JTOKaNHO A0CTU-
ra 127 m. OBUKHOBEHO HeraTMBHWSAT KapcT € Hait-aobpe u3pa-
3€H B LieHTparnHaTa 4acT Ha norerara, a B nepudepHuTe cu
YacTu TO Ce pasnafa Ha MHOXECTBO Mamku M MIUTKN
MOHWKEHMS. B Hero uma pesnzyaneH KOMNNEKC NpeacTaBeH ot
KaonMH-kBapLIOBM NACBbLW. [MogunHEHa ponst B pesuayanHus
KOMMMEKC UrpasiT: MUHUTE, MUHECTUTE NSCHLM U aneBpuTHU-
T€ NACbUW. [MWUHUTE W FMUHECTUTE NACLUM ca MOAMOXKKA W
o6B1BKa Ha KaonunH-KBapLoBuTe NACbUW, KOATO ' OTAeNnAa OT
HepaBHaTa MOBLPXHOCT Ha [OMHOKpeOHWTe Baposuuun. B
HaxoauLLEeTO UMa 4 NpoMULLIEHN THe3aa. [TbpBoTo MMa nnoLy
20 000 m2, cpegHa pebenuHa Ha NONE3HOTO M3Komaemo — 33
m 1 cpeaHa otkpueka 31 m. Bropoto uma nnowy 265 000 m?,
cpenHa gebenuHa Ha NonesHoTo 1skonaemo — 33 m u cpegHa
oTkpuska 38 m. Tpetoto e ¢ nnow, 327 000 m2, cpegHa
pebervHa Ha MONE3HOTO M3KOMaemo — 22 m W cpegHa
oTkpueka 41 m. YetebpToTo rHe3go uma nnow, 176 000 m2,
cpepHa gebenvHa Ha NonesHoTo M3Konaemo — 27 m 1 cpegHa
OTKpMBKa 43 m.

KauekTBeHa xapakTepucTuKa, MWHepaneH Wu
BELLECTBEH CbCTaB Ha CypOBMHaTa

CypoBuHata cbCTaBs 58% OT rnMHECTO necbynvBaTta
thopmauus. KaonmH-kBapLoBuTe NsicbLy 0bpasysar 3anexu ¢
MHOTO CrOXHa MOpCOnorisi, BMECTEHW Cpef OLBETEHM
KaONMMHOBM MSCBUM M MO-PSAKO BCPed cnabo KaonuHOBM
MACbUM U KAOMMHOBM TNMHW. TsXHaTa 3bpHOMETPUS Hail-
pobpe ce [OeMOHCTpMpa C KymynaTuBHW Kpusm (cour. 1).
CypoBuHaTta Mma notua coptuposka u megmaHa 0.1 go 0.16
mm. ®pakumsata 1-0.1 mm (kBapLOBMUS NACHK) € MHOro Jobpe
coptMpaHa ¢ MegwaHa okono 0.15 mm. Kacae ce 3a
ApebHO3LPHECT  MACHUM, NOAXOAAWM  NPeAMMHO  3a
MPOU3BOACTBO Ha CTbkMo. ®pakunara nog 0.01 mm (kaonuH)
€ C no-nowa coptuposka 4 MeamaHa okormo 0.002 mm.
CobLLUeBpEMEHHO KaonuHbT ¢ rpaHynometpus nog 0.002 mm e
pobpe CcOpTMpaH, KOETO e KpUTEepWUn 3a Bb3MOXHOCTM 3a
norny4yaBaHe Ha BMCOKOKA4YeCTBEHM COPTOBE 3a MEMOBaHe W
MbHUTEN Ha XapTus.

BucokokauecTBeHUTE COPTOBE OOMKHOBEHO Ca OOrbpHATTM
OT HUCKOKaYecTBEHW. B LieHTpanmHMTe uacT Ha ydvacTbka
0Trope Hagorny ce HabnoaaBa 30HAMHOCT B pasnpeneneHneTo
Ha COPTOBETE: OrHEYMOPHW COPTOBE, BWCOKOKAYECTBEHM
nopuenaHo-ghasiHcoBM COpTOBE, HUCKOKaYEeCTBEHM
nopuenaHo-hasiHcoBM COPTOBE M OTHEYNOPHW  COPTOBE.
CypoBiHaTa € ABYKOMMOHEHTHA: KBApLIOBY NSICHLM W KAOMMH.
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MpoMUTHS KAOMMH Ce XapakTepuaupa C BUCOKa MpUpoaHa
BenoTa, BUCOKO CbabpxaHue Ha Al203, BUCOKA OrHEYNOPHOCT
N [obpu KepaMWyHM CBOWCTBA C M3KIMIOYEHWE HA HUCKUTE
SIKOCTHM NOKA3aTENM Cref CYLLEHE.

i |05 0.

063 025016 0063
0,315

[005 002 001 0005 0,002 0,001mm

®ur. 1. KymynaTmBHM KpMBK Ha KaonMH-KBapLOBUTE MACHUM U TEXHUTE
tpakuum

KeapuoBuTe nAcbUM Ca CUTHO3BLPHECTH, C  BMCOKO
CbabpXaHie Ha CUNULMEB ABYOKUC U HUCKO CbAbpKaHWe Ha
BpeaHu komnoHeHTH. CornacHo BAC 1079-77 ce oTHacaT KbM
mapka b. CbrnacHo B[IC 4035-90 nsacbuuTe ca eaHOPOLHM.
MbnHoTo MM o3HaveHne e 01 MK 01-85. aBasaT ce LeHHa
CYpOBMHA 3@ CTbKMapckaTa MNPOMMLNIEHOCT, HO 3a
MeTaroneeHeTo 1 AedUUUTHATE 3a HEro eapu (pakumm He
NPeacTaBnaBaT MHTEPEC. XUMUYHUSA CbCTaB Ha KBapLOBWTE
nacbLm e npeacTaseH B Tabnumua 1. OT nonyyeHuTe KBapLoBM
NACbUW Cred NpOMWBKA W AE3VHTErpauns e ce nomnyyasar
CTaHOapTHU CTbKNapcku nacvuym - wmapka b. Cnep
pooborataBaHe Ha Te3n MACbUM MOXE [fa Ce Monyun
CTBbKMApCK/ MACHK C HUCKO CbObpXaHWe Ha OLBETABALLM
OKMUCW, NOOXOOAL, 3a HanmpaBa Ha BMCOKOKa4eCTBEHO
[OMaKWUHCKO M KPUCTAHO CTHKITO.

Tabnuua 1
XumuyeH cbcmag Ha keapuosu nscbyu; ¢p. (1+0.1 mm)
SiO2 AlO; | Fe:0; | TiO; | CaO+K:0
Makc. 9990 |220 |430 0.11 1.50
MUH. 9296 |0.03 |0.01 0.02 ]0.01
cpegHo | 99.48 | 0.20 | 0.08 0.04 |0.04

KaonuH (ppakums nog 0.01 mm).

KaonuHbT uma 6an, 6nenoposos 4o kpemas LUBAT. Tol uma
cbCTaB (B %): rnaBeH MwHepan - KaonuHuT (76-86),
BTOpOCTENeHHM — kBapy (4-8), wnut n myckosut (3-7),
cneyndmynm — optoknas (1-4) n anbut (1-2). Mo cTeneH Ha
KPUCTaNMHHOCT ~ KaOMMHUTA, oOnpedeneHa No MeToga Ha
Hinckley (1963), e ¢ nHaexc Ha BUCOKOKpUCTanmuHHuTE 1.1-1.5.

B HaxoguweTo ca 3acTbMeHM BCUYKM COPTOBE KaOINMH,
cbrnacHo BAC 951-73. MNpeobnapaeat coptoeeTe Ci, K2 u
eKcTpa OrHeynopeH. B otaenHu nnowm 6snata cypoBuHa M
no-cneynanto copt C1 narpaxga newuym ¢ AnameTbp HAKOIKO
JECETKM [0 CTOTUUM MWTPYU NpW 3HauuTenHa paebenvHa.
CobLueBpeMEHHO CypoBMHaTa e 00rbpHaTa OT HUCKOCOPTOBA M
OrHeynopHa CypoBWHa, KOWTO 0coBeHo no draHroBeTe £
npocnosigar.



Tabnuya 2
XumudeH cbcmas Ha kaonuH ¢pakyus nod 0.01 mm

Hacute- | Al20; | Fe203 | TiO2 | OrHeynopHocT
HocT °C
makc. | 73.7 399 |[1.70 [21.10 | 1780
MUH. 10.6 285 |0.31 |0.05 (1640
cpepHo | 21.5 348 (079 |0.37 |1747
Tabnuya 3

benoma Ha kaonuH (ppakyus nod 0.01 mm)
Benota no Kapn Liaic — Wena, %

Mpu 110 °C Cnep nevere 1350°C
makcumanHo | 90.5 941
MWUHUMAITHO 355 81.4
CpeaHo 82.1 90.7
Tabnuua 4

[punoxHu ceolicmea Ha KaonuHa om Haxoduwemo

XapTueHa npomuLLneHoCT
Ob6emHa maca, Bernorta npu Ken- | Abpa Buc-
g/cm3 110°, % TMHa 3UB- Ko3u-
Ccrneq uanuyaxe CUH pUATBP % HocT Ter
960° | 1110° | 1350° | Enpedo(Rss7) mg cp.s
1,456 | 1,599 | 2,292 80,82 10,57
80,69 10,52 32,0 114
81,61 10,50 45 197
lMpunoxeHata TexHomormyHa cxema 3a oboraTsBaHe

[oKasea, 4Ye Moxe ga ce nonyuu oboraTeH KaonuH OT
cnegnute 3 copta (nartaHoB u ap., 1985; Baukos v ap., 1993):
Ki - 3a npunoxeHMe B XxapTueHaTa, KayvykoaTa,
nnacTmacosata W nopLenaHo-tasiHcosata npomuwneHoct; Kz
— 33 MPUNOXEHWE B OrHeynopHaTa npomuwneHocT; u Ks -
(OMHHOZMCNEPCEH KAaONMWMH 33 MPUNOXEHWE B XapTueHaTa
NPOMWLLIEHOCT.

WU3Boau

Bb3 ocHOBa Ha nonyyeHuTe pesynTaTM OT HanpaBeHwuTe
KOMMIEKCHW 13crneaBaHus Ha KaonWH-KBapLOBUTE NSACHLUM OT
Haxoguwe “Konobbp” morar fga ce HanpaBsT CnegHWTe no-
BaXKHW U3BOOM:

1. Kaonuh-kBapLoBWTE NACHUM Ca CbCTaBeHW OT [Be
cybCcTaHUMM — KBapuoBM MACBUM W KaOrMH C
npeobnagaBaHe Ha MbpBarta.

2. [naBeH MuHepan B KBapLOBWTE MACHUM € KBapLbT.
HerosoTo konnyecTBo e Hag 99%.

3. [naBeH MWHepanm B  KaofMHAa €  KAOMWHWT.
BropocTeneHHm ca keapL, Unut n MyckoBuT). KaonmHsT
¢ rpaHynometpusa nog 0,002 mm e pobpe coptupaH,
KOETO € KpUTEepui 3a Bb3MOXHOCTM 3a Mony4aBaHe Ha
BMCOKOKa4eCTBEHW COPTOaBE 3a MEMNOBaHE W MbHUTEN
Ha xapTus.

4. KeapuoBuTe MACbUM ca OueHeHW no Obhrapckute
CTaHgapTh, Kato ca AudEepeHUMpaHn NpPOMULLIEHN
coptoBe. OnpegeneHn ca NPOMWLLNEHM Mapks Ha
CypOBWHATa, KOUTO MoOraT fAa Ce u3nonseat B
CTbKIIapcKkaTa MpOMULLNEHOCT.

MpenopbyaHa 3a nybnukysaHe ot
Kategpa “I'eonorus unpoyysaHe Ha nonesnu uskonaemu”, Mo
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METOOMKA HA UHOPAYEPBEHATA CNEKTPOMETPUA U NPUNOXEHWE B
W3CNEOBAHUATA HA XUOPOTEPMANHWUTE NMPOMEHW BB BUCOKOCYJI®PUAHN
CUCTEMU

MapuaHa TpughoHosa

BEMM EAL, Cogpusi 1000; mariana.kasrheva@dpm-group.com

PE3IOME. OtpaxaTtenHata CNeKTpOCKOMMS e aHanuTU4YHa TEXHWKA, W3NOn3Balla eHeprisiTa Ha BbiHaTa BbB BUAUMMS, ONM3kUS 4O BUAUMUS U KbCOBBIHOBUSA
MH(payepBeH AnanasoH Ha enekTpoMarHUTHUS cnekTbp. AGcopbumsTa Ha MHPAYEPBEHM BLITHW OT ONPEAESIEHN aTOMU 1 MONEKYNU € PYHKLNS Ha TEXHUTE aTOMHM
CTPYKTYpu. GopMUpaHus crekTparneH OTrOBOP WM OTPa3eH CMEeKTbp CE CbCTOM OT 30HU Ha OTPaXEHWE W MO-TECHW 30HM Ha MOrMbLUaHe, KOWTO CbC CBOSTA
cneynduyHa dopma, AbNOGOYMHA M BbIHOBA MO3NUMS ca WaeHTMdMUMpaly Gener Ha MuHepanHute asu. HAKOW MPOMEHWUTENHW MUHepanu, CbAbpKallu
XWAPOKCUNHA rpyna, cyndateH unu kapboHaTeH pagukan unu Boaa ca 0COCOEHO YYCTBUTENHM KbM KbCOBBIIHOBATA MH(payepseHa eHeprusi. Beceku Tun pyaHa
MWHepanu3aLys ce oTnnyaBa CbC CreludmryHa MUHepanHa acouualns B 30HMTe Ha XuApOTpeManHa okonopyaHa npoMsiHa 1 3aToBa 6bP30TO U TOYHO OnpeAeneHne
Ha NPOMEHUTENHUTE MUHEPANM € CbLUECTBEH MOMEHT B NpOy4YBaHETO 0COGEHO BbB BUCOKOCYNOAHM enuTepManin cuctemMn. B npunoxeHnte npumepm oT pyaeH
paitoH Bop — W3touna Cbpbus u pyaHuk Yenoney — MaHartopcku PyaeH paiioH, burrapus e Hanuue BMCOKOCYndMAHA 3MaTHO — MeAHAa MUHepanusauus u
XWapoTEpManHa npoMsiHa, MpefcTaBeHa OT KBapl, [AWKAT, KaoNMWHWT, anyHuT.CpaBHUTENHO MO-psABKO B CMEKTpanHWTe KpUBW Ce YCTaHOBSBaT MoO-
BMCOKOTEMMEPATYPHU MUHEPanK KaTo NMPOMUAKT, AKacnop W Tonas. Py[HUTE 30HM C BUCOKW CbbPXaHUs acoLmmMpaT ¢ KBapL-AuUKUTOBa NPOMSHA.

APPLICATION OF THE METHOD OF INFRA-RED SPECTROSCOPY IN THE STUDY OF HYDROTHERMAL ALTERATIONS IN
HIGH-SULPHIDE SYSTEMS

Mariana Trifonova

BMM, Sofia 1000; mariana.kasrheva@dpm-group.com

ABSTRACT. Reflectance spectroscopy is an analytical technique using the energy in the Visible, Near Infrared and Short Wave Infrared regions of the
electromagnetic spectrum. Certain atoms and molecules absorb energy as a function of their atomic structures and form a reflectance spectrum, with absorption
features identifying mineral phases. SWIR is particularly sensitive to the many alteration minerals consisting of hydroxyl, sulfate and carbonate radicals and water.
Accurate and fast determination of the mineral assemblages assists the alteration- mineralisation type definition and is a very useful tool in mineral exploration
particularly in the epithermal high sulphidation environment. In the examples included from Bor area — Eastern Serbia and Chelopech ore deposit, Panaguyrishte ore
district high sulphidation mineralization associates with advanced argilic alteration (quartz, dikite, kaolinite, and alunite). Higher temperature minerals Pyrophillite,
Diaspore and Topaz are less abundant in the spectral mineral data. High grade mineralisation is closely connected with quartz-dikite alteration assemblage.

BuBeaeHue FEONIOKKOTO KapTWpaHe [AaBa Olle MO-CUMeH Tracbk B
Pa3BUTMETO Ha HanpaeneHueTo. CblUeBpeMeHHO HapacTea

PednektopHata  MH(pavepeeHa  CMeKTpOMETpUS € HyXOdTa OT MO-NPELM3HN CnekTpanHn ypean C no-macoea
aHanuTU4YHa TeXHWKa, Mo3HaTa M W3non3eaHa OT XUMULM U ynotpea u mo-kpaTbK LMKbI Ha CbOMpaHe 1 obpaboTka Ha
MUHEpanoau oLLe B Ha4YanoTo Ha MuHanus Bek. [lo cpepata H(opmauus. Taka ce cb3jasat W MonesuTe CnekTpOMeTpU

40-Te rogMHm Ha XX BeK MPUMOXKEHMETO M € TBbpae GER - RIS, ASD - Field Spec Pro n PIMA.

OTpaHMYeHO — 3a HayyHu uacrefsaHns B obractTa Ha

MuHepanoruaTa u xumuata. Mpes 70 -te — 90-Te roguHn Ha

MWHanWa Bek Ce MOsSBABAT MHOXeCTBO nybnukaumnm Bbpxy Metoguka 1 anapatypa 3a CReKTpanHu

TEOPETUYHN 1 MPaKTUYECKM acnekTu Ha WH(avepseHaTa y|3cnep‘Ba|-|y|;|cy||-|(bpaqepBe|-|a CBeT/IUHa
CMEKTPOMETPUS, Cb3daBaT ce cnekTpanHu Oubnnotekn Bb3

OCHOBa Ha u3crienpaHe Ha IMUHECTU MUHEpanu B No4BK U TexHukaTa Ha WHpayepeeHaTa CrIEKTPOMETPUS M3MOM3Ba
Ckaru Cb3nafjeHa € MuHepanHa CrnektpanHa pata B eHeprisiTa Ha oTpaseHaTa BbiHa BbB Buagumus (VIS 400 —
KbCOBBIHOBUA MHCbpayepBeH AnanasoH (SWIR) Ha cnexTbpa. 700 nm) 1 KbCoBBLAHOBMS UHdppadepseH (NIR 700 — 1300 nm ;
(HUnt et al., 1971, Clark et al., 1990; Hanf, 1993, no Hanf, SWIR 1300 - 2500 nm) AManasoH Ha eneKTpOMarHUTHUS
1999). cnekTbp (cpur. 1). MeToabT € GasupaH Ha abeopBLMOHHUTE 1
OTpaxaTeHu CBOWCTBA HA MUHEpanuTe, kato (DyHKUMA Ha

MonyrsipusnpaHeTo  Ha  AUCTaHLMOHHUTE  METOAN  Ha XAMWYHUTE BPB3KM B TsIX. CnektpanHata oTpaxarenHa
u3credpaHe Bbpxy catenuTHu nnatopmn — Landsat TM, CrOCOBHOCT HA MUHepanuTe ce 0BycraBs CblO W OT HSAKOU
ASTER, AVIRIS v fip. 1 BCe N0-YCNEWHOTO M MpUoxXeHue B (DM3MKO-XMMIYHI  XapaKTEPUCTUKM Ha MUHEpanHuTe a3,
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CTeneH Ha KPUCTANMUHHOCT U NOAPEAEHOCT Ha CTPYKTypuTE,
pa3Mep 4 OpUEHTMPOBKA Ha KpUCTanuTe, Hanuyne Ha Boaa B
MeXayCroitH1Te NPOTCPaHCTBa W Ap.
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®ur. 1. [inana3oHn Ha eNeKTPOMAarHUTHUS CNEKTbP

MexaHmsmm Ha abcopbumsa. EHeprusita Ha WH(pa-
yepBeHaTa BbflHA CE pa3npocTpaHsiBa B  KpUCTanHUTE
CTPYKTYPW HA MUHEpanuTe NocpescTBOM eNeKTPOHHM NPexoan
OT PpasnMyHu eHepruiHN Huea. CnekTpanHus OTroBOp Cce
thopmupa ot abcopbumsaTa Ha BbIHKM B ONpeAerneHa yacT Ha
CnekTbpa. HsKONMKO  enekTpoHHWM  npoueca  obycnassT
abcopbumMoHHNTE CBOMCTBA Ha MUHepanHuTe a3 BbB BUAN-
MU M KbCOBBITHOBMS AManasoH Ha cnextbpa (Tabnuua 1).

Tabnuua 1
MexaHusmu Ha abcopbyusi e omOenHu Ouanas’oHu Ha
e/1eKMpPOMacHUMHUSI CNEKMbP

[vanasoH oT JomuHmpaly abcopbuyoHeH
CcrneKkTbpa MEXaHU3bM

VIS TpaHcthep Ha 3apsgum — KaTMOHHM

(400 — 700nm) npexoam

VISINIR
(700 - 1300nm)

[edbekt B KpucTanHata peLieTka,
KaTUOHHM NPEXoau

SWIR
(1300 - 2500nm)

BuBpaLMOHHN Npexoau B XUMUYHUTE
BPb3KM FEOMETPUSI Ha CTPYKTypUTE Ha
KaTMoHM koopauHupaHn ¢ OH, SOq,
CO3

JloMuHMpaLms MexaHu3bM Ha abcopbums B KbCOBBLITHOBMS
WHpayepBeH [duana3oH Ha cnektbpa (SWIR) ca
BUOpaLMOHHUTE npoueck. Te ca (PYHKUMS Ha  XUMUYHUS
CbCTaB Ha MUHepanute. BuBpaLnOHHMTE CbCTOSHMA Ha
pasnnyHN eHepreTUYHN HUBa W abcopbumsTa ce nposesBaT
Mpu onpegeneHn BbIHOBK no3uuun (Tabn. 2, dur. 2)
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Tabnuua 2
OcHogHU abcopbUUOHHU Xapakmepucmuku

BbnHoBa nosvums | AbcopbumoHeH MuHepanHa rpyna
MEXaHWU3bM
~1.4pum OH v Boga TMWMHECTM  MUMHepan,
cyndartu,
XMOPOKCUAM, 380NUTH,
anymocunukaTh
~1.56 uym NH4 NHs — cbepmHenus
~1.8 ym OH Cyndpatn
~1.9um Molecular water CmeKTUTH, 380NHUTU
~2.02-212um NH4 NH4 - cbevHeHus
~2.2um AL - OH AnymuHmii
CbObpKalM  TNUHW,
cyncpaty,  Al-crtogu,
Al- cunukaTu
~2.3um CO32 Fe - OH, Mg - | KapGowatu,
OH amcubonm, xnoputm

Bceku MUHepan, akTuBeH WU OETEeKTyeM BbB BMOMMUA U
KbCOBbHOBK WHpayepBeH  [OManasoH  npuTexasa
CNELUNPUYHO CbYeTaHWe OT CrEeKTpPanHW XapakTepucTuKL,
KOMOMHMPaHW B YHUKaNeH 3a MuHeparna OTpaseH CrekTbp.
3oHuTe Ha abcopbuns, NPOSIBEHM KATO MWUHUMYMU B
cnekTpanHaTta Kpusa NpuTexasaT AMarHOCTUYHI YeCcToTa M
BbMHOBA [ObITKMHA W LUIMPWHA, M3MEpEHa KaTo pascTosiHue
Mexay aBe MHANEKCHM ToYkKM. Tean napameTpu ce obycnassT
OT MOHHUTE PafMycu Ha eNEMEHTUTE, KOUTO NpeaonpesensT
ObIDKMHUTE Ha XMMWYHUTE BPB3KW MOJEKYNUTE M3rpaxaallm
CbeaMHEeHMETO (MMHepana). Besika xumuyHa Bpb3ka Bubpupa
B CNeUMMUYHO EHEpPrUiiHO HMBO, KOETO CEe MpOeKTMpa B
CMeKTpanHus OTrOBOp B OMpeLeneHa BbiHOBA NO3NLKS.
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®ur. 2. OCHOBHM BBLMHOBM NO3VLKUM (B HAHOMETPU) HAa HAKOW KAaTMOHM,
petektyemm B SWIR npu cBbp3BaHeTo MM C Boga, kapGoHatu u
XUAPOKCUIHU TPYNM W CMEKTpanHW KPUBW HA HAKOW OT Haii-yecTuTe
MUHepanu



SWIR cnektpomeTpusi e 0CODEHO YyBCTBUTENHA KbM
CTPYKTYpUTE  Ha  [NIMHECTUTE  MUHEpanW, CbAbpkaluu
MONeKynspHa Boda M XWOPOKCMA B KOOpAMHAUMS C
anyMWHUEBW KaTWOHM, @ Taka CbWO U KbM HAKOM Jpyri
MWHEpanu u rpynu, CbCTaBeHn OT kapOoHaTHM U cyndaTHM
pagukanu. TakMBa MMHEpanM ca 4ecTo acouuupaHn ¢
NpOLECUTE Ha XMAPOTEPMAIHU NPOMEHN — kapboHaTH, Spo3uT,
anyHUT NUPOUNUT, XNoput 1 ap. ToBa npaBu MeToda
0C0DEHO LieHeH B MpOy4YBaTeNHUTE AEAHOCTM NpU KapTupaHe
Ha XuapoTpepMarnHu NpPOMEHW W ONpedensHe Ha TunoBeTe

MuHepanusauua.

R N : R s
®ur. 3. PaboTa ¢ nonesu cnektpomeTbp TerraSpec™

CnekTpanHute W3CnedBaHMs Ce M3BbPLWBAT C MONEBM
cnektpometbp Terra Spec™  (dwur. 3), npoussegeH ot
amepukaHckata komnanua ASD. Ypeabt paboTu B AnanasoHa
Ha BWOMMUTE W WHPAYEpPBEHWN bYW, ONUCaH MO-rope.
CHabpeH e ¢ Tpu geTekTopa: 3a BugMMna W Onuskus ao
Buaumusa uHdpavepseH amanasoH (VNIR: 350-1050 nm); w
[Ba [eTeKTopa 3a KbCOBbMHOBUSA MHpaYepBeH AManasoH.
(SWIR1: 900-1850 nm; SWIR2: 1700-2500 nm). AnapaTypaTta
BKIMIOYBA reHepaTop Ha ITbYeHWe, namna 3a [AWUPEeKTHO
obnbuBaHe Ha obekTa, cBbp3aHa ¢ pubpoonTiyeH kaben KbM
CEH30pUTE 1 KOMMIOTbP CbC COITYEp 3@ [OMPEKTHO
Bb3NPOM3BEXAHE Ha CMEKTPaNHWS 3anuC BbB BUA Ha KpuBa.
dubpoonTnyHms kaben nNpoBexna CBETNMHHATA EHEPTUst KbM
obekTa Ha onpobBaHe W BpblUa OTPA3EHUs CUrHanm, KoWTo ce
MpOeKTMpa BbPXY Xonorpadcka AMdpakLUMoHHa peLleTka, kaTo
ce pa3bvBa Ha OTHENHM BbIHOBM KOMMOHEHTU WAM KaHanu.
MocregHuTe ce HacoyBaT KbM CEH30pWTE, KOWTO —OT4yMTaTr
KaKkBa 4aCT OT eHeprusTa € e fpemuHana npe3 npobara,
norbyiHaTa unm oTpaseHa 1 KOMNOo3upar CrekTpanHara kpuea.

CnekTpanHu uscnepBaHusa B paiioHa Ha rp. bop,
U3toyHa Cbpous

30HUTe Ha xwapoTepmarHa NpoMsiHa U MUHepanu3auus B
panioHa Ha bop, MaTouHa Cbpbus ca TACHO NpUBbP3aHM KbM
BYNKAHCKM Terna M CTPYKTypu OT TUMOKCKMS MarmatorereH
komnnekc (Karamata, Knejevic — Djordevic, Milovanovic,
2002). Toit e yacT oT pervoHanHata Banar-CpegHoropcka
MeTanoreHHa 3oHa (dwr. 4). Mponsxoga My ce CBbp3Ba CbC
cybayKums Ha OkeaHcka NuMTocdepa B 3anafgHaTa 4acT Ha
Bappapckus okeaH. M3rpafeH e oT BynkaHCKu U CyOBYMKaHCKM
cKarnu, MPOAYKT Ha ABydasHO MposiBEHA MarMeHa LenHOCT:
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aHOesuT W aHgesuT — paunT nopduput OT MbpBaTta
mMarmaTtoreHHa asa (TypoH — KoHMac) M amdmbon -
MUPOKCEHOBN aHAe3uTo0a3anTu M MOHLOHWUT — AMOPUTOBM
WHTPY3MBM OT BTOpaTa (pasa Ha MarmeHa JenHOCT, NposiBeHa
Npe3 MaacTPUXT — KamnaH.

Regional setting of Serbian tertiary volcanic belts
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dur. 4. MetanoreHHa kapTa Ha yact ot HOWU EBpona - Bwnrapus u
Cbpbus

AHOE3NTOBUTE CKanu M3rpaxaar CTPaToBYMKaHW U rofiemu
Macu OT BYNKAHOKNACTMYEH MaTepuan 1 ca MOBCEMECTHO U
WHTEH3MBHO 3acerHaTi OT XWApOTepManHu npomenu (cur. 5).
B TAcHa Bpb3ka C TE3u NpoUECH € UM HanmMuMeTo Ha
BMCOKOCYN(MAHA MUHEpanu3aLusi, BMECTEHA NPEAUMHO BbB
BYTKAHCKIUTE KaHamnu.

B UeHTpanHWTe YacTW Ha BYNKAHCKUTE CTPYKTYpU ce
0ChOPMSIT CTPBMHI 11 TECHW 30HW HA BpeKuMpaHe C anyHuT —
KBapLOBa MeTacoMaTo3a, KaTto B AbJIOOYMHA M B naTepasiHo
HanpaBeHne MUHepanHaTa acoLumaums ce 40MbIBa OT AMKMT,
KaONMHWT, MMPOUNUT, AMacnop, Tonas u ap.

AnyHWT, YCTAHOBEH MO CNEKTParieH MbT € LKMPOKO 3acTbheH
KaKTo B MOBbPXHOCTHU PasKpUTMS B PaMKUTE Ha 30HUTE Ha
KMCENMHHO UM3nyxBaHe ('KBapLOBM LWanku’), Taka M B
abnbounHa go 450 m, B CTPbMHM 30HM Ha XUAPOTPEMaHO
BpekunpaHe (Mo CoHAAXHM AaHHw) (dour. 6).
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®ur. 5. FeHepanuanpaH pa3spes Ha 30HUTE Ha XMAPOTEPMAriHa NPOMsiHA U MUHepanu3aLus, UHTPENPETMPaHU Mo CNEKTPaNHN AaHHM, paitoHa Ha Bp. Yoka

Kynsitpa, Bopcka pyaHa 3oHa

®ur. 6. EgpukpuctaneH anyHuT B xuna — Bp.Yoka Kopyra, Bopcku pyaeH
paiioH

Mo HAKoM cneumduYHU AeTalnm B CNEKTPUTE Ha amyHWT oT
paioHa Ha bop (nosuums Ha gybnetute B 1400 nm BbIHOBY
JnanasoH; Hamuume Ha abcopbumn B 2400 nm; dopma Ha
MuHuMymmTe npu 2200 nm gbIKWHA Ha BbHaTa) MOXe da ce
NPeanonoxu 4Ye cbcTaBa My Bapupa OT Kanues — [0
HaboraTeH Ha HaTpui, 6e3 Aa OOMWHMpA HsKOW OT ABaTa
KOMMOHEHTA, KOETO OT CBOS CTpaHa e WHAMKauws 3a
NpoW3XoAa My KaTo pesynTar OT CMecBaHe Ha METEOPHM BOAM
1 marmatoreHHn dpnyuam (Hauff, 2003).

MacoB MuHepan, AeTeKTMpaH B CMEKTpUTE OT paiioHa Ha
Bop e AnkuTLT. CnexkTpanHuTe My KpUBM Ca C SICHO M3PaseHH,
AbnOOKM 1 TECHM 30HW Ha abcopbums, KOUTO CBMAETENcTBaT
33 BWCOKA CTEMEH Ha KPWUCTANMHHOCT W MOAPEedeHOCT Ha
CTpyKTypaTa,  pesyntaT  OT  KpucTanusauus BbB
BMCOKOTEMMEPATYPEH pexuM. ToBa e 1 NpUHUMNHATA Pasnuka
Mexgy OUKMTa M Kaomuuuta (cur. 7), mocregHus € mo-
HUCKOTEMNepaTypeH NPeLCTaBUTEN Ha KAONMMHUTOBATA rpyna,
B CMEKTPANHO OTHOLIEHME NPOZYyLUMpa MO-HESICHU CMIEKTPamHM
KpMBM @ B XWAPOTPEMAnHWs 30HaneH mopden odopms no-
JUCTarH1 30HW UMK CYNEPreHHO HamnoXeHN NPOMEHN.

74

355587.000.5c0
355588000300

Kaolinite|
T T

210

— T T
100 2%0 280 2200 2220

Wavelength ( nm )

T T
u20 w0

T
180 1380

Wavelength ( nm )

®ur. 7. CnekTpanHu KpUBM Ha BUKUT W KaONWHMUT. [IBOIHM aBCOPOLMOHHM
¢opmMK, NPOSBEHN NPN ABIVKMHW HA BbNHU 1380 u 2178 nm 3a AUKUT 1
1394 1 2165 nm 3a KaONMHUT

MacuBHa cyndmaHa MuHepanu3aums 4ecTo ¢ NPOMMLLIIEHO
3HaveHve (bop) e acouuMpaHa C QUKUTOBWUTE WHTEPBAMM OT
aprunuauToBata 30Ha. B naTepanHo  HanpaBneHue
MWHepanHaTa acouuaums ce NpOMEHS KbM UIUT — CMEKTUT W
KaoNMHWT, KOETO € W CBOeobpa3eH MHAMKATOP 3@ NOHWKaBaHe
Ha TeMnepaTypHWs PEXMM U KUCENMHHOCTA Ha cpefaTta C
oTfanevyaBaHe OT XMAPOTEPManHUS M3TOYHMK. MHoro yecto
JBETE aprunn3UTOBM 30HM Ce OTAENsT Ype3 pasnoMHM
CUCTEMM, MO KOUTO BEPOSITHO Ca CE U3BbPLUBANK 3HAUUTENHM
NPUABWKBAHWUS (BEPTUKAITHW N XOPNU3OHTAMHM).

lMpu cnekTpanHuTe M3CrneaBaHUs B paiioHa 3anagHo OT rp.
Bop (Bp. Yoka Kynstpa, Yoka Kopyra) ce ycraHoBsBa
cneuunuyHa NpoMsHa No aHAeswTW, MapkupaHa oT nosizata
Ha nupouruT +/- cepuunT +/- MNC, kaTo ce 3anasga
NbpBWYHATA nOpgUpHa  TekcTypa Ha ckanara.Tosu Tun
NPOMSsiHa € NIMMUTUPAH OT Pa3NOMHU HapYLUEHUS CbC CTPBMHO
3anafaHe. TakBa MuHepanHa acouuauus ce WHTepnpeTupa




kato dopmupaHa B [ObnboumHHa 0BGCTaHOBKA MPW BUCOKM
Temnepatypn (<300C°) M npu Bb3XOAAWO [ABWKEHME W
oxnaxgaHe Ha MmarmatoreHeH nywg  (Hemley, 1969;
Sverievski et al, 1991, no Hedenquist et al. 1998). B
LANOCTHaTa KOHLeNUWs Ha XugpoTepMarnHuTe CUCTEMW TO3W
TN NpoMsHa € fJedmHMpaH KaTto  WHTepMeamanHa
aprunusauus, mapkupalia npexoga OT enuTepMmanHa KbM
nopcupHa cpepa (Hedenquist et al., 2000)

CnekTpanHu nscnefBaH1a Ha 30HW Ha
XuapoTpemarnHa npomMsiHa ot p-k Yenonev,
Bbnrapus

Haxoguwe Yenoney ce Hamupa B CeBepHaTa 4acT Ha
MMaHartopckus pyaeH paroH, YacT ot baHat — CpegHoropekaTta
MeTanoreHHa 3oHa (dur. 4). OnpegeneHo e  kato
enuTepManHo BuckocynduaeH Tun Haxoguwe (Strashimirov et
al., 2002), BvecTeHo B CyOBYMKaHCKM aHOE3NTMBM Tyu 1
Tychobpekun. BmecTaalymTe ckanm ca AatvpaHmi no LMpKOHM ¢
206Ph/238J n3oTonn 1 e onpegeneHa sbapact o1 91.45+0.15
Ma (Chambefort et al., 2007), kosto ce npuema 3a
MaKcUMarnHa Bb3pacT Ha MUHepanuaaumsTa.

TunuyHUTe 3a  BUCOKOCYN(MAHUTE CUCTEMM CTWUNOBE W
TUNOBE  XMOPOTPEManHa MnpoMsHa Ca  3acTbleHn B
HaxoaMLLETO: MPOrPECUBHA  aprunmMsauus —  BTOPUYHM
KBapLWMTW C anyHWT, AUKUT, KAOMWUHWT, acoLMMpaLLy C pyaHUTe
Tena u Keapy — CepuuuToBa KbM MPONWAMTOBA MPOMSsHA B
nepugepHUTE yyacTbLy.

CneKTpanHu n3cneaBaHus ca NpoBEAEHN U B ABETE PYAHM
Tena (UeHTpanHo 1 3anmagHo), Ha Huea 330-260 m ot
nog3eMHuTe M3paboTkW, KakTO M Ha 0bpasum OT COHAaXHa
faKa.

Hait-4ecTvsIT MuHeparn, YCTaHOBEH B CMIEKTPUTE € AUKUTBT.
Tol ce siBsiBa KaTO 3amMecTBaHe Mo MOpPgMpU B aHOesnTuTe,
YaCTUYHO MMM MBIHO 3aMeCTBaHE HA KbCOBE B KNACTUYHUTE
Pa3sHOBWAHOCTY, 3ambfiBaly NPasHWHW Ha W3NYXBaHE WIM
MOpPOBY NPOCTPAHCTBA, @ CLLO Taka M KaTo XMIKW UK Hanenu
no nykHatuHu (cwr. 8). Jopu u B Manku Konuyectsa B
npobuTe, TO € NECHO JeTEKTYEM MOPaau CUIHWS CrekTpaneH
OTIOBOP U $ICHO M3paseHUTe [ABOVHKM abcopOLMOOHM 30HM
(aybrnetn) npu gbmkmHu Ha BbiHata 1380 1 2175 nm.

CyncmoHata MUHepanv3auusi BbB BMA Ha BNpbCHAT M
MacvBEH NUPUT WM MUPUT — €HaprUTOBM XMIKM € TSACHO
npyBbp3aHa MMEHHO KbM MHTEpBanuTe ¢ npeobriagaeHe Ha
AVIKUT 1 KBapL].

CpaBHUTENHO MO-OrpaHNYeH0 € PasnpOCTPaHEHUETO Ha
anyHuTa. 3acera TOA e YCTAHOBEH KaTo 30Ha B CaMO B
3MaJHOTO pyOHO TAMO. S1BABa Ce KaTo (IMHHI BNPBLCNELW Uin
(hMHOKDUCTaNEH KBapL, — anyHUTOB MaTpPUKC W B €OWHUYHN
Cryyam — KaTo Mo-efipu arperati UIn XUNKki, HO B acoLuaLins
¢ ksapl. Mpuaasa NeKko PO30B OTTEHBK Ha ckanara, HO €
CPaBHWTENHO TPyOeH 3a MaKkpockoncko —HaGrioaeHue.
CreKTpanHoTo My pasrnosHasaHe ofade e TBbpae NECHo, Thil
KaTo WUMa CUNMHO W3paseHn aBCopBLMOHHM CBOWCTBA W
XapaKTepHa cnekTparnHa kpusa (ur. 9).
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®ur. 8. InkuT, 3amecTBaly NOPMPUA KNACTU M KAaTO CEKYLUM KUMKW BbB
BMUCOKOMMHEpanu3MpaHa 30Ha B 3anagHOTO pPYAHO TANO Ha Hax.
Yenoneu.

T T
B00 2000

IEA():
Wavelength ( nm )

®ur. 9. ®uHOKpUCTaneH anyHUT — KBapLOB MaTpUKC C NamMMHUpaHa
TeKCTypa W CneKTbp Ha npobara, cpBaHeHa ¢ kKpuBa Ha ayHuT (100%) oT
cnekTpanHata 6ubnuoTeka

AbcopbumsTa npu abipkuHa Ha BbrHa 1400 nm e TBBLPOE
cneunduyHa 3a anyHuToBWUTE CnekTpu. [lposisaBa ce nog
chopmata Ha aybneTt, kKaTo No3uLMATa Ha BTOPUSt MUHAMYM Ce
M3ronaBa 3a OTHOCWTENHO pasrpaHNdaBaHe Ha KanuesuTe W
HaTpueBu pasHoBogHocTu. AGcopbuns mexay 1478 — 1486 nm
€ XapaKkTepHa 3a KanuesuTe anyHuTu, a Hag 1486 — go 1495+
nM — 3a HaTpueBMTE. HamMuMeTo Ha [Ba Mamku, HO SICHO
u3paseHn MuHUMyma B guanasoHa 2430-2470 nm ca
WHAMKaLMS CbLUO 3a Kanmui JOMUHMPaH CbCTaB. 3a CbkaneHne
obave Te3n abcopbuun He BUHArK ca SICHO M3paseHu, nopaam
nosiBaTa Ha LUyM B Kpas Ha Pe3onouusTa Ha CekTpoMeTbpa.
AHanusupanku Te3u AETalnm OT CNEeKTpUTe Ha anyHuT oT
Hax.Yenoney MOXeM fa CbauMm 3a npeobrafaBallo kanves
cbcTas, koeTo cnopen Hauff (2003) e ykasaHue 3a npeaumHoO
MarmMaToreHHUst My NpPOM3XOA. AIYHWUT-KBAPLMTOBUTE 30HN
acouumpat ¢ MWHepanu3auusl, HO C OTHOCUTENHO MO-HUCKM
CbObp¥aHWs Ha 3nato M MeL, B CpaBHEHME C
MWUHEpanu3auusTa oT KBapL-GUKMTOBMTE 30HN.



B LeHTpanHoTo pyanHo TAno ce Habniofasa TeHedeHUns Ha
3aMecTBaHe Ha [WKUTA OT KaoNMHUT U XanoasuT — no-
HUCKOTEMMNEPATYpHUTE UNEHOBE Ha KaONMWHWUTOBAaTa rpyna
MUHECTM MMHepanu UM Ccnabo u3paseHa 30HanHOCT B
ceBepo3anaf — HrOM3TOYHO HanpaBneHe OT KAONUHUT—
AVKUT-NIPOUNUT. TIMPOUNUT € onpefeneH B eauHUYHM
CMeKTpU, HO nosiBaTa My B acoLuauusi ¢ AVKWT W Keapl e
ykasaHWe 3a MOBWLIABAHE HA TeMnepaTypHUs Pexum U
yabnGoyaBaHe Ha cpefaTa npy HUCKW CTOMHOCTM Ha pH.

M3BbH 30HWTE Ha KBapLOBa MeTacoMaTo3a W MporpecusBHa
aprunusaung,  Ham-vecTUsT  MuHeparn, [eTeKkTMpaH no
CheKkTpaneH MbT € WIMTBT U WAMT-CMEKTUTOTOBUTE
CMECEHOCIONH rnuHu (cour. 10).
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®ur. 10. UInuT-CMEKTUT NO NNaruoknasoBu nNopcuvpu B NPONUNUTUINPaH
aHpe3nT W chekTpanHa KpuBa Ha npoGaTta, cpaBHeHa ¢ KOMMHOTBLPHO
reHepupaHa mukctypa Cmektut 60/Mnut 40

WnuTbT € pasnpocTpaHeH B OBLIMPHM 30HW HA NMOBCEMECTHA
KBapu-CepuuutoBa  npomMsHa € (PMHO  BrpbCHaTa
nupuTusaums. MNpocnosisaHaTeo Ha UIUTOBaTa CTPYKTYpa CbC
cmektoToBN cnoeBe unum OH-rpynu ce oTpassiBa Ha
CreKkTpanHaTa KprBa, kaTo 3arnaxga abcopbumoHHuTe hopmu
W HamansBa CTeneHTa Ha MOAPEedeHOCT Ha CTpykTyparta.
TakvBa ChekTpM NpoOZyuMpaT WINTUTE OT  BBHLWHUTE
MPOMUAMTOBW 30HW WINA CTPUTU U [MIMHACANN MaTepuanu ot
TEKTOHCKM 30HM. [ocnegHute obaye ¢ a TBbpPAE LUYMHU W
JecopMupaHu  nopagn  CWMHWA  MaTtpuke  edpekt K
pasnpbCKBaHE Ha curHana.

MwHepanHaTa acousauust B CekTpanHara cepusi OT Hax.
Uenoney ce fombrBa OT cyndatit — Hall-4eCTo UMNC U APO3MUT,
KaTo KbCHU (ha3n Ha XmapoTepmanHa MpoMsHa U OKUCIEHWE
Ha cyndwman u psgko — kpaboHaTM kaTo xunHa (hasa B
JVCTarnHUTe NPOMMIMTOBM 30HM.

3akntoueHne u aUCKycus

MpUNoXeHNETO Ha WH(bpayepBeHaTa CNEeKTPOMETPUs K
W3MOMN3BaHETO Ha NPEHOCUMM CIeKTpanHu ypeam e 6e3crnopHo

MpenopbyaHa 3a nybnukysaHe ot
Kategpa “IMpunoxHa reocpuanka’, MO
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NpeaumMcTBO B KapTUPaHETO Ha XuapoTepMariHi NPOMeEHM,
CBbP3aHK C BUCOKOCYNGMAEH TUN MUHepanusauums. bbp3oTo
WaeHTMMLMpaHe B peanHo BpeMe Ha MMWUHECTU MUHEepanu u
HAkoM cynd)aTu C AMCKpeTHa MposiBa € OT M3KMIYMTENHO
BaXHO 3HaYyeHMe 3a YCTAHOBABAHE Ha  (DU3MKOXUMUYHM
napameTpu Ha cpedara (Temneparypa, AbnOo4YMHa,
KMCENMHHOCT, COMEHOCT, CTeneH Ha OKUCMEHWE W ap.),
[ETEPMUHMPALLM CBOTBETEH TUM MUHEPANU3aLMs U CbOTBETHO
HMBO B XuppoTepmanHata cuctema.MetogbT obaye Bce oule
NMa HSAKOM HedocTaTbLyW, KOWTO 3aTpydHsBaT B M3BECTHA
CTEMeH TeonoXKkaTa WHTEpnpeTauus Ha  nonydyeHara
CcnekTpanHa gata M HEMHOTO KOPEKTHO MPOCTPaHCTBEHO W
o6emHo Mofienupatxe:

v KauecTBeHa MH(pOpMaLMs — YCTaHOBSIBA MPUCHCTBUETO
Ha [ageH MuHepan, HO He W HEroBOTO KONMWYECTBO;
Ocob€eHO BaXHO B KOMMO3UTHW CEKTPM (MUKCTYpH);
WoeHTudpmumpar ce Te3M MuHepanu, KOUTO ca C Haii-
CUNEH CreKTpaneH OTroBop;

ToyHocTTa B MpgeHTUGMKALMSATA HA  CMEKTpanHo
aKTMBHUTE MMHepanu Ce oOrpaHuyaBa B paMKWTE Ha
cnekTpanHute BubnuoTekn, 3anoxeHW B OnepaTuBHUSA
codpyep;

[MCKPETHO M3MepBaHe, OrpaHWYEHO B CKaHMPALLOTO
none Ha navnata. KomneHcupa ce c no-ronsm 6pon
N3mepBaHus.
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SEDIMENTARY CYCLICITY IN THE ROCKS FROM ISKAR CARBONATE GROUP FROM
THE WESTERN STARA PLANINA AREA - ONE EXAMPLE FROM THE SECTION NEAR
RAVNA VILLAGE, MONTANA DISTRICT, BULGARIA

George Ajdanlijsky

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, Bulgaria

ABSTRACT. Despite that among the characteristic features of the part of the carbonate rocks from the lowermost part of the Iskar Carbonate Group in the area of
Western Stara Planina Mountain, is the displaying of sedimentary cyclicity from different orders, till now specialized characteristic of this cyclicity have been made just
in the area of Iskar Gorge. The wide distribution of these rocks in this area, from one hand, and the possibility the study of this aspect to be applied towards the
development of detailer and reliable cyclostratigraphical subdivision and the application of this subdivision in the development of the high-resolution correlation
scheme, from the other hand, make the study of the sedimentary cyclicity in the rocks from the lower part of the Group especially actual.

The established sedimentary cycles are with thickness from 1.5 to over 10 m, with clear peak in the interval from 4 to 6 m. Despite of some variations in their struc-
ture, the bottom of the cycles is dominated by mainly allochemic (clastic, oolitic) limestones, in some places with cross-bedded structure, while mainly in their upper
part are established the development of dolomitic limestones and pore dolomites, not infrequently with spotty and flame structure. The analysis of the obtained data
permit the interpretation of these cyclicity as Milankovich-type one.

CEAMMEHTHA LIMKNUYHOCT B CKANW OT UCKBPCKATA KAPEOHATHA PYIMA OT PAWOHA HA 3AMAZHA CTAPA
NNAHWUHA - HA NPUMEPA HA PA3PE3A NPU C. PABHA, MOHTAHCKO

leopau AiidaHnulicku

MurHo-eeonoxku yHugepcumem “Ce. Mean Puncku”, 1700 Cogpus, brreapus

PE3IOME. Bbnpeku, Ye cpef xapakTepHuTe 0COBEHOCTW Ha 4YacT OT kapBoHaTWUTe ckanu OT Haii-gonHaTta YacT Ha Mckbpcka kapOoHaTHa rpyna B paioHa Ha
3anagHa Ctapa nnaHvHa € nposiBata Ha CeavMeEHTaLMOHHA LMKMMYHOCT OT PasfuyeH paHr, crneuuanvaupaHa xapakTepucTuka Ha Tasu LMKIMYHOCT focera e
npaBeHa caMmo B paiioHa Ha Vckbpckus nponom. LnpokoTo pasnpocTpaHeHue Ha Tean ckanu B TO3W paiioH, OT efHa CTpaHa, N Bb3MOXHOCTTa U3y4aBaHEeTOo Ha To3un
acnekT Aa nocnyxu 3a paspaboTBaHe Ha mo-geTaiinHa M HafiexaHa Luknoctpaturpadicka nopsnba v npunaraHeTo Ha Tasu noasnba npu paspaboTeaHe Ha
BIMCOKOpa3peLUMNTENHa KOpenaLUmMoHHa cxema, OT [pyra, NpaBsT M3yyaBaHETO Ha CeAMMEHTHaTa LMKNWYHOCT B CKanuTe OT AOMHATa YacT Ha rpynata ocobeHo
aKTyanHa.

YcTaHoBeHUTE CeAMMEHTHN Lmuknu ca ¢ aebennHa ot 1.5 go Hag 10 m, ¢ eauH siceH NuK B WHTepBana oT 4 go 6 m. Bbnpeku u3BecTn Bapuaumv B CbCTasa UM,
[ONHaTa YacT Ha LUMKNUTE ce JOMUHUPA OT NPEAUMHO anoXeMHM (KNacTU4HM, OONMUTHW) BapOBMLYM, HA MECTa C KOCOCIOecTa TEKCTYpa, 4oKaTo NPeauMMHO B ropHaTa
M YaCT ce YCTaHOBSBa NPUCHCTBUETO Ha [IOMOMUTHU BApOBULIM A0 YUCTU AONOMUTI, HEPSAKO C NETHUCTA U NNaMbyHa TeKCTypa. AHanMU3bT Ha NOMyYeHUTe AaHHN
No3BOMsBa MHTEPNPETUPAHETO Ha Ta3l LMKIMYHOCT KaTo Takasa oT MunaHkoBMY-TUM.

Introduction these carbonate sequence form another, different from Mogila
and Babino Formations unit, that they propose to be named
Genera”y the lowermost par[ of the section of the Iskar Car- Elovitza Formation. The last one has not the statute of formal
bonate Group (|CG) in Western Stara Planina Mountain starts Iithostratigraphical unit still. The thickness of this unit varies
with terrigenous-carbonate rocks (that represent the transition ~ from 300 to 350 m (Awrernios u ip., 1989).
from continental to marine depositional environment) that are
covered by shallow marine carbonates. In the studied area the The lateral distribution of this sequence is in the Elovitza
terrigenous-carbonate rocks are presented by the Svidol For- anticline, part of Berkovitza unit (Western Stara Planina zone
mation. These rocks are overlaid by thick alternation of micrite ~ Of the Balkanides) and is outcropped in two areas - south of
and allochemic limestones and dolomites with Anisian age Prevala village and between Chiprovtzi monastery (to the west)
(TpoHkoB, in: XaiayToB u ap., 1995), that are covered by and Pomezdin and Elovitza villages to the east.

massive dolomites with Ladinian age.
Except some short reports (TpoHkos, 1983; AngaHnuicku,

According to TpoHKkoB (in XaiinyTos 1 ap., 1995) the Anisian Crpacep u TpoHkos, B: Cunboscky 1 Ap., 2004) the cyclicity in

in age limestone-dolomite alteration belongs to Mogila For-  the Iskar Carbonate Group is still poorly studied. In this con-
mation (the lower part of this Succession) and Babino For- nection any new data, eSpeCia”y those connected with detailed
mation - respectively its upper part. On the base of geological lithofacial and stratigraphic descriptions of concrete section

mapping in scale 1:50 000 Atrernos u ap. (1989) propose that ~ could be very helpful.
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This paper presents some results from the realized special-
ized detail lithofacial and high-resolution stratigraphic descrip-
tion of part of the Upper Spatian and Anisian part of the Iskar
Carbonate Group in the area of Elovitza anticline (Berkovitza
unit of Western Stara Planina zone). Object of study is one
section of the Iskar Carbonate Group that starts with Svidol
Formation and cross the Anisian limestone-dolomite sequence
situated on the road Ravna village-Gorna Kovachica village,
about 0.5 km NE of Ravna village (Fig. 1). On the basis of
detailed field and laboratory lithofacial studies meter-scale
cyclicity is established.

@]
Chukata

v
Pomezdin
village
S

Fig. 1. Schematic map with the position of the studied section
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Material and methods

The object of the study is part (about 55 m thick) of the section
of the Anisian limestone-dolomite succession that covers the
rocks of the Svidol Formation. The lithofacial documentation of
the studied succession is based on the Miall (1996) lithofacial
approach which was adapted and modified according its speci-
ficity of this study. The lithofacieses are documented by abbre-
viation that contain the rock type (capital letter), followed by the
type of the construction components (small letter) and the
structure (small letter in brackets). In the cases where there
are several types of construction components, they are enu-
merated according to their quantity.

The lithological determinations of the terrigenous-carbonate
rocks are according to the proposed by CyntaHos (1980)
classification. The field color description of the rocks in the
section is based on the Rock-Color Chart (1991).

Results

Generally the Anisian limestone-dolomite succession could be
subdivided into two parts. In several levels of the lower part it
was established limestone-dolomite meter-scale cyclicity that
are very similar to those which is typical for the Mogila For-
mation in the area of Iskar gorge, while for the upper part of the
unit is more typical the increasing of the portion of the nodular
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limestones together with the significant development of dolo-
mites.

Lithofacial characteristic of the cycles

The base of the established cycles represent erosional sur-
face which amplitude is in the range of one to several centime-
ters (Fig. 2). Macroscopic it was not established gravel-size
intraclasts which lithology is similar to the rocks below the
erosional surface. As a rule, this surface is covered by al-
lochem and bioclastic limestones (mainly packstones and rare)
that in the lower part of the section contain also oolits. The
limestones are medium- to coarse-grained, light to medium
gray. The structure vary from trough and low-angle cross-
bedded (lithofacieses La,b(tr) and La,b(l)), with transition to
horizontal lamination (lithofacies La,b(h)) to massive one (litho-
facies La,b(m)). Often is observed some increasing of the size
of the sets. The nodular and wavy structure (lithofacieses
La,b(n-w) and La-m(n)) are also presented but they form thin
or uneven beds and lenses. In one of the beds is documented
significant amount of well preserved shells (Fig. 2).

The allochem limestones form as solitary beds as well as
packages, which thickness varies from 40-70 cm to over 3 m.
This part of the cycles is interpreted as transgressive one.

Over the allochem limestones, in the middle part of the cy-
cles, is build up mainly by irregular alternation of micritic, cley-
ey and allochemic medium-light grey limestones with episodic
development of terrigenous-carbonate and terrigenous rocks.
Generally the rocks are finer-grained. The limestones are
wack- to mudstones. The packstones, where they are present-
ed forms very thin beds and lenses. Among the structures
dominate the nodular, horizontal laminated and massive (litho-
facieses La(m), Lm,a(m,h), Lm(m,h) and Lm,a(n)). In some
levels slightly to moderate dolomitic limestones are also docu-
mented.

The terrigenous-carbonate rocks are presented mainly by
marls (lithofacies M) and medium to fine grained limy sand-
stones (lithofacies Sm). The marls are grayish yellow green
(5GY 5/2) to dusky yellow (5Y 6/4), massive, laminated or
slightly nodular, thin to medium bedded. In some samples they
are slightly silty. In two levels they form packages where alter-
nate with thin bedded micrite (mudstone) massive to nodular,
often clayey limestones (lithofacieses Lm(m) and Lm(n)) or
dolomicrites (lithofacies Dm(m)). In these both cases the thick-
ness of the allochem limestones from the lower part of the
cycles is relative thin.

Other specific feature of this middle part of some cycles is
their enrichment of terrigenous mica (Fig. 2).

The nodular micrite to clayey limestones form also the upper
part of some of the cycles. In the other part of them, the upper
part is dominated by micrite, some times slightly clayey, mas-
sive to slightly horizontal laminated grayish orange to grayish
orange pink (5-10YR 7/4) dolomites (lithofacieses Dm(m-h)
and Dm(m)). Usually the thickness of these beds is about 1-1.5
m and rare can be seen bodies which thickness is less than
50-60 cm.
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Fig. 2. Lithofacial log of the studied section. Lithology: (1-5) limestone: (1) pore; 2) clayey; 3) allochemic; 4) biodetritic; 5) dolomitic; (6-7) dolomite: (6)
pore; (7) clayey; (8) marl; (9) argillaceous; (10-11) sandstone: (10) pore; (11) limy; (12) other cpmponents- a) oolites and b) well preserved shells. Struc-
tures: 13) massive; 14) horizontal lamination; (15) nodular; (16) low-angle cross-bedding; (17) trough cross-bedding; (18) bioturbation - a) horizontal and
b) vertical; (19) erosional surface. Mineralogy: (20) terrigenous mica - a) along the lamination and b) chaotic. Lithofacies: (21) - a) transition and b) alter-

nation.

The scale of the described above cycles vary from 1.5 to
over 10 m, with clear peak in the interval from 4 to 6 m.

Discussion and conclussions

The structure, composition and the scale of the described
above cycles are very similar to the meter-scale one estab-
lished in the Mogila Formation in the area of the Iskar gorge
(Tponkos, 1983; AmpaHnuitcku u gp., B: CuHboBckM W gp.,
2004). The vertical changes in the composition of the cycles as
the thickness of their allocehmic lower part, development and
thickness of packages in which participate carbonate-
terrigenous or terrigenous rocks in the middle part of cycles, as
well as the degree and scale of dolomite development in their
upper part from the other hand could be interpretated as mani-
festation of larger scale cyclicity, which is established in the
Iskar gorge area as well.

The presented above data is just part of more complex study
of the cyclicity in the Lower Triassic Series in Western Stara
Planina zone, that include the cyclicity in the continental red
beds, the transition from terrestrial to marine and shallow
marine part of this Series. The results obtained are very prelim-
inary but they gives important information about the possibility
the cyclicity in this rocks to be used for solving as some
lithostratigraphical problems as well as to be developed more
precise and high-resolutional correlational scheme of the Low-
er Triassic Series in the area.

Recommended for publication by the Department of
Geology and Paleontology, Faculty of Geology and Prospecting
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ROMANESTI STRUCTURE, A SUBTLE TRAP CASE STUDY

Mihail V. Batistatu

Oil-Gas University of Ploiesti, Ploiesti 2000; mihail_batistatu@yahoo.com

ABSTRACT. The Romanesti structure, belonging to the Getic Depression is characterized by the existence of a Diapiric fold at Oligocene deposits level which
favored the occurrence of a gas accumulation in the covering younger deposits. The traps are subtle, formed by structural/stratigraphical and hydrodynamic
processes. That is why the shape of the gas pools is peculiar and the distributions of fluids are also unusual sometime the gas accumulations being placed under the

water saturated levels in the same reservoir.

NPOYYBAHE HA HEBUOMUM ECTECTBEH HE®TEH PE3EPBOAP, PYMBHCKA CTPYKTYPA

Muxaun B. Bamucmamy

YHueepcumem no Hegpm u 2a3, Mnoew, lnoew; 2000, PymbHus; mihail_batistatu@yahoo.com

PE3IOME. PymbHckata CTpyKTypa, MpuWHaanexalia kbM [eTckata Aenpecusta € onpefeneHa npu CblyecTsyBallata AuanupHa MbHKka KbM XOpPW3OHTA Ha
OnuroLieHCKN HaHOCH, KOeTo BraronpusITcTBa HanMYMETO HA NETPOMHYU HATPYNBaHUs B NO-MNafaTta NoKpUBHA Ha HaxoauliaTta. EcTecTBeHuTe pe3epBoapy Ha HedT
W ra3 ca HeBMaMMM, 0BpasyBaHW Ype3 NpOLLECUTE Ha CTPYKTYPUPHO/CTPaTUrpadhcku U XMAPOAMHAMIYHM NpoLiecy. ToBa € 3aLLoTo (hopmaTa Ha ra3oBuUTe Haxoaulla
e cneundmyHa ¥ pasnpocTpaHeHWeTo Ha (hryuauTe ca Cblio Taka HEoBM4alHMW, MOHsKOra HedTeHUTe HATpymBaHWs Ce MOMECTBAT MOA BOAHUTE HACUTEHM

XOPW3OHTY Ha camMusi pesepsoap.

Introduction

Qil and gas traps are sometime very different of the classic
models of entrapment so everyone of them must be treated as
a new different sistem with its characteristics. In the last 3-4
decades mainly onshore the majority of classic traps have
been discovered and exploited so it is obvious that the
remaining accumulations must be located in subtle traps as
the one presented bellow. As Levorsen (1967) said combined
traps present a huge variety between the two extrems,
structural and stratigraphic traps, involving very different
mechanisms and processes. The Getic Depression is the

sector of Carpathians foredeep positioned between the
Dimbovita Walley and Danube.

Regional Geological Frame

The Romanesti structure is placed in the middle-west zone
of Getic Depression unit, on the Romanesti — Bustuchini —
Gradistea structural aligniament (Fig. 1).

Fig. 1. Tectonic sketch of Getic depression with principals oil
accumulations
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It is reprezented by post laramic molasse deposits of
Dacides (GeticNape, Ceahlau Nape, Severin Nape, Danubian
Autohton). In the southern part it is limited by the Pericapatian
Fault thrusting the Moesian Platform covered by the upper
molasse deposits, Sarmato-Pliocene (Sandulescu 1984;
Dicea 1991).

On the northern, epicarpathic flank The Getic depression
overlays the crystalline and Mezosoic deposits of the
Meridional Carpahian Belt. The stratigraphic column of the
Getic Depression (Fig. 2) consists of Paleogene, Miocene and
Pliocene deposits (Mutihac 1990; Dicea 1991) The total
thickness of these deposits is between 2500 and 5000 m
depending of the position on in the sedimentary basin of lower
respectively upper molasse.
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Fig. 2. Stratigraphic column of Getic Depression

The Paleogene is reprezented by Eocene and Oligocene
deposits developed in a detritical facies, sandstones for
Eocene and mainly pelitic for Oligocene, with a total thickness
untill 5000 m, decreasing from North to South limited in the
south by a major fault zone, Ticleni — Stilpeni, which separates
the Inner and Outer Foredeep zones.

The Miocene has a molasse aspect, consisting of
sandstones, limestones, marls and salt deposits from
Burdigalian to Sarmatian. It is about 2000 to 3500 m thick. The
Pliocene deposits are about 500 to 1800 thick and are formed
by sands and marls.

Structural Geology
Stratighaphy

The Romanesti structure is formed by deposits covering the
Oligocene-Pliocene interval.
- Oligocene, consists of a 870 m thick pelitic formation (shales
and marls) with rare thin sandstone intercalations.
-,Helvetian” deposits transgersidely superposed on  Oligocene
deposits is about 1500 m thick and consists of an altemant
sandstones to sands and maris to shales) clastic series about 1500 m
thick.
- Badenian deposits are developed in a sandy/marly facies altemance
on the borders of the structure with varing thickness from 0 to 200 m.
- Sarmatian deposits are formed by sandy maris, marly sands and
rare limestone thin fims. The total thickness of the samatian
formation is about 150 m.
- Meotian deposits are mainly formed by mars with a few
sandy/sandstone intercalations with a total thickness about 200 m.
- Pontian formation is entirly consiosting of marls and has a 200 m
thickness.
- Dacian-Romanian deposits, about 400 to 700 m thick consists of a
series of sands, marls, clays and coal intercalations.

Tectonics

The Romanesti structure is formed in the general frame of
geotectonic evolution of Getic Depression, as a result of moldavian
tectonic movements when the foredeep formations thrusted the
Moesian Platform deposits along the Pericarpathic Fault.

The structure has an anticline shape oriented approximativelly
West-East. The oligocene pelitic deposits involved in folding
process have a diapiric role crossind the overlaing Miocene
deposits untill about 200-300 m from the surface (Fig. 3) and
provideind the necesary onset for a longitudinal faults sistem
oriented west-east. Also the existence of these main faults
induced a share faults sistem oriented in an 30 to 40 degrees
angle rellated with the main stress direction (Fig. 4).

The diapiric Oligocene devide the structure in two units, a
nosthem one, structurally uptifted and a southern lowering one.

Gas accumulations

The Romanesti Structure is a Gas bearing one consisting of 8
productive levels (complexes) named Helvetian VI, V, IV, |,
Sarmatian Ill, Il, | and Meotian.

Each complex contain more individual layers with a 2 to 8 m
thickness made of sands and/or sandstones. They are partilally or
integral sealed forming distinct hydrodynamic individual units. The
main sealing mechanism is related with the existence of differrent
blocks, but how we will explain latter is more complicated.
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Fig. 4. Srtuctural map of He VI producing complex of Romanesti gasfield The northem flank is better represented containg more

productive blocks. The depth of the gas reservairs is between
1500 to 500 m and the volumes of gases are usually small.
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Traps Forming Processes and Traps Shape

The characteristics of the gas traps from Romanesti structure
are peculiar, so the entrapment mechanism has to be more
complicated with combined and subtle elementsParaschiv
1975, Batistatu 1996).

First of all from the well logs interpretation and exploitation
results we may observe that the central part of the structure is
not a productive one although we may find several porous
permeable layers but they are water saturated. The same
layers or better complexes produce, at lower depths gases.

Also we may observe that the clay content of the reservoirs
is widely varying so the character of the reservoir may change
in surface for the same layer, the productive area of the
complexes being lithological limited.

These facts, combined with structural and production data
enable us to emphases more trapping mechanisms for the
studied area:

e  Structural trapping of the reservoirs by fault seals
providing distinct tectonic blocks with different gas
water contacts for each productive complex or even
strata.

e Lithological trapping by the changes of clay content
of the reservoirs on different areas.

e Hydrological trapping at the upper part of the
reservoirs.

As the first two types of seals (faults and lithology) are well
known we will provide the arguments for the third type of seal.
The main elements of this mechanism are the presence of
meteorically waters, diapir folding and capillarity forces.

In facts the presence in the central part of the structure of a
shale diapir formed by the Oligocene shale induced in the
cap rocks and suprajacent layers a system of micro fractures,
making a connection between the surface of the earth and the
inner zones above and bordering the shale diapir. We may
also speak about an imperfection of the diapir fault seal.

The meteoric waters descended thru this (micro)fractured
area until lower layers than usual and the rocks became water
saturated.

The clays from the reservoirs became hydrated and changed
(increased) their volume partially sealing the pore space.

Also the capillary forces and the water column pressure
provide a seals which stops the Archimedic ascendance of
the gases contained in the reservoirs.

It remains the problem of timing, the temporal shifting
between the moment of trap forming and the gases
generation and migration.

The age of diapir ascendance of the shale, related with the
overburden crossed by it is related with the recent
movements, the youngest sediments affected being the
pontian ones, maybe the Valachian tectonic phase. Also the
moment of gases migration is a recent one, maybe less than

Recommended for publication by the Department of Geology and
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2 million years. That means that the trap conditions already
existed at the moment of migration.

We may see that the traps from Romanesti structure are
subtle one combining all the elements enounced before,
providing a complicated trapping system. These assumptions
have been confirmed by the interpretation of well logs, mainly
PNN logs in the existing wells which indicated for the same
reservoir water saturated rock in the upper part and gases
saturated rock in the lower parts, and also by the production
tests.

The same situation, at a more, more larger scale is noticed
in de Deep Basin gases oilfields of Canada and San Jose
Basin from Texas.

Conclusions

Romanesti structure is placed in the central part of the Getic
Depression. It has the shape of an anticline oriented west-
east and the main structural features are the effect of a
diapiric process concerning the Oligocene shales from the
structure. This process involved also the apparence of an
complex faults system which devided the whole structure in a
series of tectonic blocks.

Traps forming mechanisms are complexes and “subtle”’
combining a series of different factors of different nature:
structural; lithological; hydrodinamic (hydrological). As a
consequence of these combined trapping mechanisms the
shape and size of the gases accumulations present a peculiat
position. So in the upper part of the reservoirs there are
present water saturated zones and below them, in the same
reservoir me may find gas saturated zones. Also the clay
content variations in the reservoirs provide both seal and
delineation of gases accumulations.
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OVERPRESSURES GENERATING PROCESSES IN OLIGOCENE OILFIELDS OF
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ABSTRACT. The Oligocene depositis of the folded zones from Romania belonging to the Capathians Belt generated and preserved in their existence many
overpressured layers consisting of an succession of interbeded oil shales and sandstones. The occurrence of these overpessured formations are related with two
main causes, rapid sedimentation and folding up to overthrusts and even napping. The estimated/calculated values of these overpressured zones are varying
between slightly abnormal till some very high values close to lithostatic gradients. They provide seriously drilling problems and also a peculiar relation between the
amount of resources and reserves.

CBPBXHAJIArAHUA BOAELLM NO NPOLECK B ONUrOLIEHCKUTE HE®TEHW NMONETA HA PYMBbHUA
Muxaun B. Bamucmamy, Won Manypeany
YHusepcumem no Hegpm u 2a3, Mnoew, lroew; 2000, PymbHus; mihail_batistatu@yahoo.com; malureanu1@yahoo.com

PE3IOME. OJ'IMI'OLLeHCKMTe Haxodulla OT HarbHaTuTe obrnactv Ha PymbHUS npuHagnexalym Ha KapnaTckis nosic ca reHepupapy 1 CbXpaHunu npu CBOETO pasBuTue
MHOTO MNacToBe MOAMOXEHN HA CBPBXHANAraHWs, NpeacTaBeHn OT NOCNeA0BaTENHOCT OT B3aMMOMPOHUKBALLM HE(TEHN WNCTU W NACHYHWLM. [TpUCHCTBUETO Ha
Te3n NNacToee € CBbP3aHO C ABE OCHOBHM NPUYNHU — 6'bp33 CeAMMeHTaLms 1 HarbBaHUs A0 Bb3CABAHUA W HaBRWYaHKa. [pegnonaraemMuTe 1 U3HUCNEHN CTOMHOCTU
Ha Te3n 30HW Ha CBPbXHANAraHWs BapupaT OT FeKo aHOPManHK 4O M3KMKOYMTENHO BUCOKWN CTOMHOCTU BnnskM [O NUTOCTaTUYHMS rpaguent. Te npeau3sukeaTt
CEepuo3sHn I'IpO6J'IeMVI Npn COHAMPAaHETO, a CbLL0 Taka 0Cc06EHO CHOTHOLLEHME MexXay Konn4ecTBoTO Ha PECYPCUTE U YyCTAHOBEHWUTE 3anacu.

Introduction We may calculate, from well logs, from drilling data and from
production data the pressure of the fluids at a certain depth.
Assuming that the calculate pressure, higher than normal one,

Mechanisms of Overpressure Generation ) . .
P corresponding to a certain depth, added to a vertical.

The most important mechanisms of overpressures
generation, for subsidence analysis are:
- clays (shale’s) under compaction
- tectonic uplift
- thrusting all of them providing important clues
regarding basins evolution.

Clays under compaction is provided by a very fast
subsidence and sediments accumulation. In this case will
appear a very thick sediments column and, when the
sediments have a high clay content the reducing of pore space
is important (Fig. 1).

In the same manner we may calculate a minimum depth
corresponding to a smaller porosity and pressure. The
subsidence must be placed between these values. When the
origin of overpressures is the uplifting of a tectonic isolated unit
the task is easier because the pressured fluid pressure is
corresponding to a burial depth (Chirita, 1986).

In this case we may find a depth where the calculated pore
pressure is a normal one. The existence of these
overpressures involves a dedicated drilling technology and
many times during the drilling of the wells will appear a lot of
difficulties like borehole constriction, blow up, differential

In many cases a thick clayey formation expel the fluids in a sticking etc.

specific manner (Chapman, 1976) consisting in a rapid
expelling at the borders of the layer thus the limits of the unit
will suffer a very rapid decreases of porosity and will became
almost impermeable whit the inner past of the unit pressure an
important amount of fluids which cannot be expelled so it will
be overpressures (Fig. 2).

For a better understanding are presented two case studies
from the Diapiric Fold Zone.

85


mailto:mihail_batistatu@yahoo.com
../../../../../Local%20Settings/Temporary%20Internet%20Files/Content.IE5/I9OF45GZ/malureanu51@yahoo.com
mailto:mihail_batistatu@yahoo.com
../../../../../Local%20Settings/Temporary%20Internet%20Files/Content.IE5/I9OF45GZ/malureanu51@yahoo.com

0,
POROSITV () Fig. 1. Porosity versus depth variations for different kinds of rocks
C 0 20 W0 4 5C 60 70 80 90 100

° S * micrit
ullllccﬂl?:gg!mm
clay
and
nfcrlnllm
siticlous sandstone PRIMARY DIAGENESIS
calcarenit
E il
= il
& <
i
g
S
HE
7¢
|
A
\
Fluids pressure \

\(_J— Lithostatic pressure
\
b3
\ \

Fig. 2 . Fluids pressure distribution in a thick clay layer after Chapman 1976, with modifications

Fricoasa Provita de Jos
2007 MP 2006 MPC 5 MP
100400

Fig. 3.. Cross-section of the northern border of Diapiric Fold Zone

86



Case study: Diapiric Folds Zone

In the Diapiric Folds Zone, Known as the most productive oil
region of Romania, have been drilled more than 7000 wells.
Almost all these wells have been investigated with geophysical
well logs, mainly electric methods.

From these logs interpretation we may obtain a huge amount
of geological data. Among them we focused on overpressures
values, their distribution on geological units, ages, formations
and their signification. From north to south the changes are
related to the existence of Homoriciu and Valeni spurs
belonging to Tarcau nape and, in the outer part, the “foredeep”
oligogene belonging to the Subcarpathian nappe, occurring at
deeper levels, until 6000 m, overpressured and maybe oil-
bearing.

So the Homoriciu spur is present on large zones (at different
depths) and is changing from east to west from Kliwa
sandstone facieses to Pucioasa facieses. On the northern
border of the Diapiric Folds Zone the main productive
formation is Oligocene. It belongs to the Tarcau Nape and is
developed in different facieses.

As we can see in the Fig. 3 the thrust processes in the
studied area are important and they provide a high pressure
gradient for mainly shally Oligocene deposits. One of the most
visible effects of overpressures is the change of the resistivity
values for the marls and shales

In the next figure we may observe the resistivity values from
a well placed in the sothern part of the section, in the Provita
structure zone (Fig. 4). Based on these values we may
calculate the pressure gradients the most suitable method
being the one established of Ben Eaton (1976) with a small
modification of a exponent which for this region has values
around 1.15 instead of the original 1.5 used by Ben Eaton (Fig.
5).

The overpressures of Oligocene deposits are related with
shales under compaction, as a consequence of rapid
sedimentation and burial, and, mainly in the outer zone, to the
tectonic uplift of formations.

Miocene deposits preserve also important overpressures
related with the same causes like Oligocene deposits. Pliocene
deposits are usually normal pressured excepting a small zone
(Valcanesti Magurele) where are present overpressures in
Pontian and Dacian, related with tectonic events and diapirs
evolution. The links between formations pressures and
geological evolution of the zone are obvious and thus plotting
the pressures values we may highlight some important
geological data.
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Conclusions

The Oligocene deposits from Romania are usually defined by
high pressure values. These values are depending first of all of
the lithology of the deposits, mainly sahles and maris.

The principal mechanisms of overpressures developing are
related with rapid subsidence and high rate of sediments
accumulation and also with the tectonic evolution of the
sedimentary basin. The drilling conditions for these formations
are difficult and they need a high experience and technology.

The existence of the overpressures and its values is an
important clue in sedimentary basins evolution analysis and
also for oil generating potential estimation.

Recommended for publication by the Department of Geology and
Prospecting of Mineral Deposits, Faculty of Geology and Prospecting
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ABSTRACT. The Cham Dere Group unites the acidic magmatic rocks of the late extensional Paleogene magmatism in the Northeastern Phodopean Depression. This
group includes the sequentially formed Borovitsa rhyolite, Bryagovo rhyolite, Panichkovo trachyrhyolite, Murgen trachyrhyolite, Gradishte trachyrhyodacite, and Tri
Mogili dyke complexes.

The rocks of Borovitsa, Panichkovo, Murgen, and Gradishte magmatic complexes are characterized with similar trends of distribution of the main oxides. This
supports the ides about a common origin (magma chamber) of the initial magmas. On the K20/SiO> diagram their distribution trends dispose mainly in the field of the
shoshonite series. The more basic varieties of the Tri Mogili complex fall in the field of the high-potassium subalkaline series.

NETPOXUMUYHN OCOBEHOCTW HA NANEOIrEHCKATA YAMAEPEHCKA MATMEHA 'PYNA B U3TOYHUTE POOMNA
Bnadumup eopeauee?, llembp MunoeaHos?

"Teonoeauqecku uHemumym, BAH, Cogpus 1113; viadogeo@geology.bas.bg

2[‘eonoeus u eeopusuka AL

PE3IOME. YampgepeHckata rpyna ofefuHaBa KuCENWUTE MarMeHu CKanu Ha KbCHOEKCTEH3WOHHWS MarneoreHcku MarmatnabM B CeBepousTOMHOpOZonckara
denpecus. T BKloYBa nocnegosatenHo dopmupaHute BopoBuLLKA pUONMTOB, BpAroBCkM pronnToB, MaHWYKOBCKW TPAXMpUONMTOB, MypreHckin TpaxvpyonuToB,
TpaanLLeHCKN TPaXMPUOAALMTOB, U TPUMOTUNCKI AaVKOB KOMMMEKCH.

Ckanute oT boposuiukus, MaHuukosckusi, MypreHckust v [paguLLeHCKUs MarMeHin KOMNIEKCH Ce XapaKTepuaupar ChC CXOfHN 3aKOHOMEPHOCTU B Pas3npeaeneHneTo
Ha OCHOBHWTE OkuCWM. ToBa Mogkpens WaesTa 3a O6Ly KOpeH (MarMeHa kamepa) Ha popoHavanHute marmu. Ha guarpamata Ko0/SiO2 TexHuTe TpeHpose Ha
pasrnpeaeneHie ce pasnonarar rMaBHoO B LIOLIOHUTOBATA cepusi. M10-6asnyHuTe PasHOBMAHOCTU Ha TPUMOTUNCKIAS KOMNIIEKC NONagaT B NONMeTo Ha BUCOKOKANneBso
cyGankanHata cepus.

Introduction Cham Dere Group fill up the Borovitsa caldera (volcano-
tectonic depression; VBaHos, 1960). Several extrusions, tens
of dykes and rare tuff spots crop out beyond the caldera
boundaries as well (Fig. 1). They are localized predominantly
in east-northeast direction from the caldera and mainly along
the Bukovitsa fault sheaf (Topolovo-Pilashevo fault belt,
bosiHoB, MaBpyaunes, 1961).

The Cham Dere magmatic Group includes the acidic
volcanic rocks of the Northeastern Rhodopean Depression
(Borovitsa volcanic region according to MBaHoe, 1960). This
depression has formed during Paleogene in the region
between the Central Rhodopen Dome and the Harmanli Block.
Its origination has been connected with the processes of
extension and exhumation of the metamorphic core complexes
in the Rhodopean Massif (Ivanov, 2000; Georgiev, 2004,
2005).

The following complexes have been separated in Cham
Dere magmatic group (Feoprues, MunosaHos, 20066):
Borovitsa rhyolite, Panichkovo trachyrhyolite, Murgen
trachyrhyolite, Gradishte trachyrhyodacite, Tri Mogili dyke, and
Bryagovo rhyolite ones. The rocks of Borovitsa, Murgen, and
Bryagovo complexes display explosive facies and those of
Panichkovo, Gradishte, and Tri Mogili - effusive and
subvilcanic ones.

Terrigeneous and carbonate rocks have deposited at the
base of the depression during Paleocene-Eocene. At the end
of Priabonian and during Rupelian the depression has been an
arena of intensive volcanic activity. The initial magmatic acts in
the region (Priabonian-Lower Rupelian) are characterized by
medium acidic composition (Surnitsa Group; [eoprues,
MwunosaHoB, 2006a). The later phases (Rupelian) are with Results
acidic composition (Cham Dere acidic Group; [eoprues,
MwunosaHoB, 20066). The materials of Cham Dere Group
display differentiated areal and spreading and it as been
proposed that they are a result of the activity of one magmatic
chamber (Georgiev, Milovanov, 2005). The magmatic rocks of

In respect to SiO2 content the rocks of Borovitsa,
Panichkovo, Murgen and Gradishte complexes are related to
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the group of acidic rocks — dacites, rhyodacites, and rhyolites.
The rocks of Tri Mogili complex fall in the groups of both
medium acidic and acidic rocks — basaltic andesites, andesite,
dacites, and rhyodacites.

The specified magmatic complexes are characterized with
similar values of the contents of the principle oxides. Only Tri
Mogili complex differs with higher Na2O contents (Fig. 2),
which results in low values of the K20/Na20O ratio. Tri Mogili
and Gradishte complexes display also higher values for thje
MnO content.

On the K20/SiO2 diagram (Fig. 3) the analyses for the
majority of the acidic varieties fall in the field of the shoshonite
series (trachydacites, trachyrhyodacites, and trachyrhyolites).
A significant number of analyses occupy the field of the high-
potassium subalkaline series (high-potassium quartztrachytes,
trachyrhyodacites, and trachyrhyolites) and only single

90

samples are in the field of the high-potassium calcalkaline
series (high-potassium dacites, rhyodacites, rhyolites). The
medium acidic varieties of Tri Mogili complex fall predominantly
in the field of the high-potassium subalkaline series (high-
potassium trachyandesites and trachites) and partially in the
field of the shoshonite series (shoshonites and latites).

The rocks under study are characterized also by an
increased total alkalinity. The majority of the rocks plotted on
the diagram (Na20+K20)/SiO2 occupy the field of the trachyte
varieties (Fig. 4). The rocks of Tri Mogili complex are
characterized also by relatively highest alkalinity.

Discussion

The rocks of Borovitsa, Panichkovo, Murgen, and
Gradishte complexes are characterized with similar regularities
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Table 1

Representative analyses of samples from the Cham Dere group

No | Si0z | Tioz| A:Os | Fe:05 | FeO | Feot| Mn0 | cao | Mg | 0 | Na0. | P.0s| co s [mo- Lol [mot | 5

Try mogily complex

136

65,99

0,50

15,30

2,62

0,37

2,75

0,10

2,37

1,11

6,05| 3,30] 017 0,02/10,30/0,98| 0,00] 99,18

514

53,80

1,02

14,81

6,84

1,72

7,94

0,12

5,87

4,37

4,241 2,28| 0,99 1,701 2,00]2,22| 0,00 | 101,98

17a

54,97

0,88

14,80

0,41

3,13

3,50

0,12

6,96

3,88

4,88| 2,45|0,25/1,00{0,07{ 069|184 0,00] 96,33
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in the distribution of the major oxides. This supports the idea
about common source (magma chamber) of the initial magma.
The trends of distribution on the K20/SiO2 dispose mainly in
the field of the shoshonite series.
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Tri Mogili complex is characterized with higher values for
potassium and even more higher ones for sodium. In the case
of the more basic varieties the distribution trend of potassium
on the diagram falls in the field of the high-potassium
subalkaline series. This complex is characterized with highest



total alkalinity in comparison with the rest dyke complexes and
all volcanic magmatic complexes from the late extensional
stage of Eastern Rhodopes (Georgiev, Milovanov, 2003, 2004;
leoprues, MunosaHos, 2005).

References

Dabovski, C., Harkovska, A., Kamenov, B., Mavrudchiev, B.,
Stanisheva-Vassileva, G., Yanev, Y. 1991. A geodinamic
model of the Alpine magmatism in Bulgaria. - Geologica
Balc., 21, 4, 3-15.

Georgiev, V. 2004. Late Alpine geodynamics and metallogeny
of the Morava-Rhodope zone. - Annual Scientific
Conference “Geology 2004”, Proceedings, 18-20.

Georgiev, V. 2005. Late Alpine tectonic and magmatism in the
Eastern Phodopes. — C. R. Acad. bulg. Sci., 58, 1, 47-52.

Georgiev, V., P. Milovanov. 2003. Petrochemical features of
the magmatic activity in the Momchilgrad depression
(Eastern Rhodopes). — C. R. Acad. bulg. Sci., 56, 9, 27-32.

Georgiev, V., P. Milovanov. 2004. Petrochemical features of
the Late Alpine late extensional magmatism in the Eastern
Rhodopes. — Ann. Univ. Min. Geol., 47, Part 1, 63-68.

Georgiev, V., P. Milovanov. 2005. Late alpine magmatic groups
and komplexes in the Eastern Rhodopes. — C. R. Acad.
bulg. Sci., 58, 1, 53-58.

Recommended for publication by the Department of
Mineralogy and Petrography, Faculty of Geology and Prospecting

94

Ivanov, Z. 2000. Tectonic position, structure and tectonic
evolution of Rhodope massif. — Guide, ABCD-GEODE,
Bulgaria, 1-4.

Le Bas, M. J., Le Maitre, R. W., Sreckeisen, A., Zanetin, B.
1986. A chemical classification of volcanic rocks based on
the total alkali-silica diagram. — J. Petrology, 30, 1299-
1312.

bosHoB, ., Maspygunes, B. 1961. [laneoreHckuart
marmatusbM B CesepoustouHute Pogonu. Yact |.
(Ctpaturpadicku, NMTONMOXKA M NETPONOXKM Genexkn 3a
naneorexa). — [0d. Cogp. y-m, [T®, 54, kH. 2 - eeon., 113-
157.

leoprves, B., T1. MwunosaHoB. 2005. [leTpoXUMMYHM
0COBEHOCTM  Ha  MaNeoreHCKUst  KbCHOEKCTEH3MOHEH
MarMaTu3bM B 3naToycToBCKaTa genpecus, benopeykus u
Kecubupckus kynonm (A3tounu Pogonu). — Ann. Univ. Min.
and Geol., 48, Part 1, 35-40.

leoprves, B., Tl MunosaHoB. 2006a. MarmeHu
nuroctpaturpadpckn egunmum B Mstounute Poponu. .
CopHuwka rpyna. — MurHo deno u 2eonoeus, 61, 5, 36-40.

leoprves, B., T.  MwunosaHoB. 20066. MarmeHu
nuroctpaturpadpckn eguHuum B M3stounute Pogonu. Il
YampepeHcka rpyna. — MuHHo deno u 2eonoeus, 61, 8, 34-
37.

MBaHoB, P. 1960. MarmatusambT B A3TOMHOPOZONCKOTO
naneoreHoBO MOHWxeHne. |. eonorus. — Tpyd. eeon.
brre., Cep. 2eoxum. u nonesHu uskon., 1, 312-387.



rOAVLIHWK HA MMHHO-TEONOXKAA YHUBEPCUTET “CB. BAH PUNCKI”, Tom 50, Ce. |, F'eonorus u reocmsmka, 2007
ANNUAL OF THE UNIVERSITY OF MINING AND GEOLOGY “ST. IVAN RILSKT", Val. 50, Part I, Geology and Geophysics, 2007
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Vladimir Georgiev!, Petar Milovanov?

'Geological Institute, Bulgarian Academy of Sciences, 1113 Sofia; viadogeo@geology.bas.bg
2Geology and Geophysics Ltd.

ABSTRACT. The Cham Dere Group is composed of the acidic magmatic rocks from the late extensional Paleogene magmatism in the Northeastern Phodopean
Depression. This group includes the sequentially formed complexes as follows: Borovitsa rhyolite, Bryagovo rhyolite, Panichkovo trachyrhyolite, Murgen
trachyrhyolite, Gradishte trachyrhyodacite, and Tri Mogili dyke ones.

These complexes are characterized with close contents of the studied rare elements (Rb, Nb, Y, Zr, Sr), which supports the assumption that the rocks are a result of
the evolution of common magma chamber.

The results from the diagrams constructed to evaluate the type of tectonic environment are rather contradictory (Nb-Y; Rb-Y+Nd; Y-SiOz; Nb-SiO2, Rb/Zr-SiO2). This
is, probably due to the fact that these diagrams do not count for regions of extension as is accepted for the Rhodopean Massif. From the results obtained it can be
concluded that using only one type of diagram to determine the tectonic environment is incorrect and unreliable.

PA3MPEOENEHUE HA HAKOW PEOKW ENEMEHTWU B NANEOFEHCKATA YAMOEPEHCKA MATMEHA I'PYMNA B U3TOYHUTE
poaonu

Bnadumup eopaues?, llembp MunoeaHos?

"Teonoeauqecku uHemumym, BAH, Cogpus 1113; viadogeo@geology.bas.bg

2[‘eonoeus u eeopusuka AL

PE3IOME. YampepeHckata rpyna obeauHsBa KuCENuTe MarMeHu Ckanu Ha KbCHOEKCTEH3MOHHWS NaneoreHckM marmatusbM B CeBepousToyHopogonckata
penpecusi. T BKMioyBa nocnefosatenHo dopmupanute bopoBuLku pruonuToB, BpsiroBcki pronuTos, MaHWYKOBCKM TpaxvpuonuTos, MypreHckn TpaxvpuonuToB,
["paanLLeHCKI TPaxupUonnuToB 1 TPUMOTUICKY AaIKOB KOMMMEKCH.

Tean KoMnneKkcK ce xapakTepuampat ¢ Bnusku cbabpkaHusTa Ha uscneasaHuTe peaku enementy (Rb, Nb, Y, Zr, Sr), koeTo nogkpens npeanonoxeHueTo, ye Te ca
pe3ynTaT Ha eBontoLmMsTa Ha egHa oblia MarMeHa kamepa.

Pesyntatute 0T AUCKPUMUHALMOHHUTE AMarpamm 3a TWna Ha TekToHckaTa obcTaHoBka ca cunHo npoTueoTeuney (Nb-Y; Rb-Y+Nd; Rb-SiOz; Y-SiO2; Nb-SiO2; Rb/Zr-
SiO2). ToBa BeposiTHO Ce ObMKM Ha (hakTa, Ye Te He oTYMTaT 0bBnacTMTe Ha EeKCTEH3NS, 3a KakBaTo ce Bbanpuema Pogonckust macus. OT nonyyeHuTe pesyntati
MOXe [ia Ce HanpaBsy 13Boa, Ye ONpefensHETO Ha TUNa Ha TeKTOHCkaTa 06CTaHOBKa CaMo Mo eAVH TN Anarpama e HeHaaexXAHO U HEKOPEKTHO.

Geological setting 2006b). The materials of Cham Dere Group display
differentiated areal of distribution and it as been proposed that
they are a result of the activity of one magmatic chamber

Cham Dere magmatic Group includes the acidic volcanic (Georgiev. Milovanov, 2005).

rocks of the Northeastern Rhodopean Depression (Borovitsa
volcanic region according to Weanos, 1960). This depression
has formed during Paleogene in the region between the
Central Rhodopen Dome and the Harmanli Block. Its
origination has been connected with the processes of

extension and exhumation of the metamorphic core complexes spots crop out bey°'.‘d the .caldera boundarieg (Fig. 1). They
in the Rhodopean Massif (lvanov, 2000; Georgiev, 2004 are localized predominantly in east-northeast direction from the
2005). ’ ’ ' ’ caldera and mainly along the Bukovitsa fault sheaf (Topolovo-

Pilashevo fault belt, BosiHo, MaBpyauves, 1961).

The magmatic rocks of Cham Dere Group fill up the
Borovitsa caldera (volcano-tectonic depression; WBaHoB,
1960). Also, several extrusions, tens of dykes and rare tuff

Terrigeneous and carbonate rocks have deposited at the
base of the depression during Paleocene-Eocene. At the end
of Priabonian and during Rupelian the depression has been an
arena of intensive volcanic activity. The initial magmatic acts in
the region (Priabonian-Lower Rupelian) are characterized by
medium acidic composition (Surnitsa Group; [eoprues,
MwunosaHoB, 2006a). The later phases (Rupelian) are of acidic
composition (Cham Dere acidic Group; l'eoprues, MunosaHos,
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The following complexes have been distinduidhed in Cham
Dere magmatic group (Feoprues, MunosaHos, 20066):
Borovitsa rhyolite, Panichkovo trachyrhyolite, Murgen
trachyrhyolite, Gradishte trachyrhyodacite, Tri Mogili dyke, and
Bryagovo rhyolite ones. The rocks of Borovitsa, Murgen, and
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Fig. 1. Map of magmatic complexes in the Northeastern Rhodope Depression

Bryagovo complexes display explosive facies and those of
Panichkovo, Gradishte, and Tri Mogili — effusive and
subvilcanic ones.

Results

Significant differences in the distribution of the studied rare
elements (Rb, Nb, Y, Zr, Sr) are not registered for the specified
complexes of Cham Dere group (Fig. 2) Only Borovitsa
complex displays a little bit higher contents of strontium.

The results obtained for the character of the tectonic
environment by use of the constructed diagrams are
contradictory and under discussion (Fig. 3). The points even
from one and the same complex fall in fields of different
tectonic environments. A very rough tendency is observed for
prevalence of points in the fields of the collisional and
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syncollisional granites. For Surnitsa medium acidic magmatic
group from the same depression the tendency is different. In
this case the points fall in the fields of the within plate granites.

Discussion

The rocks of the separate complexes of Cham Dere
magmatic Group do not differ significantly in respect to
contents of the studied rare elements (Rb, Nb, Y, Zr, Sr). The
obtained data support the assumption that the magmatic
complexes of Surnitsa Group have a common origin and are
result of a separate phase from the development of one
magma chamber (eoprues, MunosaHos, 20066).

On the constructed diagrams the results for the type of
tectonic environmentare very contradictory and mutually
excluding. This is probably due to the fact that it was not
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Fig. 2. Diagrams showing distribution of Rb, Nb, Y, Zr, Sr in rocks from the Cham Dere Group

1000 1 1000
£
o
o
fe)
[i4
100 1
Y+Nb ppm
100 i 10
1 53
100 = 100
£
I WPG
Ke)
Z  VAG+syn-COLG i
: *
10 4 o 3 A 10 5
g o " ORG
* VAG+COLG+ORG
Y ppm SiO, %
1 T 1 T T T T
1 10 100 53 58 63 68 73 78
100 -
WPG+ORG A Try mogily complex
| © Gradishte complex
M—T T W o
10 4 EA ¢ o O Murga complex
a o % -
2 VAG+COLG+ORG ¢ @ Panichkovo complex
1 Si0, % A Borovitza complex

53 58 63 68 73 78

Fig. 3. Discrimination diagrams for the tectonic environment of the Cham Dere Group (according to Pearce et al., 1984 ; Harris et al., 1986)

97



Table 1
Representative analyses of Chan Dere group

No ‘SiOz ‘Rb ‘Nb‘Y ‘Sr ‘Zr
Try mogily complex
53,80 197 17 (35
5497273 17 (39
62,94|212| 20| 43
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63,86|260| 1729
66,23 223 | 16|29
54,87 (184 20|30
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53,89(280| 16|38
Gradishte complex
7450(272| 5[13
71,801258| 9|14
69,96 | 262 | 16| 24
68,36 | 328
71,32 | 362
72,50 | 274
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74381284 8| 8
66,90|252| 5| 6
66,16 | 257 | 18|34
64,21]279| 1725
Panichkovo complex
72,96(337| 3| 6
76,55(213| 7|14
7530294 | 6| 6
66,00 | 242
74,23 | 225
76,84 | 225
73,16 | 243
74,93 | 293
75,94 | 323
Borovitza complex
68,90 | 226 | 14 | 26
76,70 (294 | 621
66,00 341 19|28
63,85]225| 15|33
64,24 1185| 16| 35
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counted for the regions of extension as is accepted for the
Rhodopean Massif. Yanev (1998) has determined syn-COLD
type but using only the Rb/SiO2 diagram and studying only the
acidic rocks in Eastern Rhodopes. From the obtain results in
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this study it can be concluded that determining the type of
tectonic environment by use of only one diagram is unreliable
an incorrect, especially for the case of the Rhodope massif.
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NOTES AND INTERPRETATION ON THE ‘THRACIAN STONE’ IN ANCIENT SOURCES

Ruslan I. Kostov

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; rikostov@mgu.bg

ABSTRACT. Some names of stones have been mentioned in ancient sources, such as the ‘Thracia stone’ or ‘spinus’ (‘spinos’), which are impossible to be
determinated from their descriptions to which mineral species or rock they should be referred. Beside the interpretation of the ‘Thracian stone’ in ancient Greek and
Roman sources as some sort of inflammable raw material (coal, jet etc.), a text from Pliny’s ‘Natural History’ points out to another interpretation related to green
stones (minerals, rocks) including heliotrope. This green variety of jasper (jasperoid) with red spots has been used on the Balkans since the Chalcolithic period, and in
the Eastern Rhodopes mountain region on the territory of Bulgaria some artifacts made of this local prestigeos gemmological material have been found, which have
been traded in different directions.

BENEXKW U UHTEPMPETALMA BbPXY “TPAKUACKUA KAMBK” MO AHTUYHU U3BOPU
PycnaH U. Kocmoe

MurHo-eeonoxku yHugepcumem “Ce. MeaH Puncku”, 1700 Cocpus; rikostov@mgu.bg

PE3KOME. Hsikou Ha3BaHMsi Ha kamMbHW ca Gunn 0TOEensisaHu B aHTUYHU W3BOPU KaTo “Tpakuiicki kambk” UMK “CMMHOC”, 3a KOMTO € HEBBL3MOXHO fa Ce Aafe
XapaKkTepucTika OT TeXHUTe OMUCaHMs 3a AafeH MuHepaneH Bug Wnmu ckana. OCBEH MHTepnpeTauusiTa Ha “kambka OT Tpakus” OT OPEBHOMPBLKUTE M PUMCKUTE
13BOPU KaTo HsiKakbB BWA 3ananvMo NMPUPOAHO BELECTBO (BbIMULA, raraT U Aap.) eauH TekcT oT “EctectBeHata uctopus” Ha MnuHnin CTapyu faBa Bb3MOXHOCT 3a
Apyra uHTepnpeTaLus, CBbp3aHa CbC 3eMIeHN MUHEPanu 1N cKanu, BKioYBaLLa 1 xenuoTpon. Ta3u 3eneHa pasHOBMAOHOCT Ha sicnuca (SCMMCOMAa) C YepBEHU NeTHa
e 6una u3nonssaHa Ha bankaHuTe oLe OT xankonuTHaTa enoxa, kKaTo Ha TepuTopusiTa Ha Bbnrapus B paitoHa Ha MaTouHuTe Pogonn ca HamepeHu apTedaktv oT
TO3U MECTEH NPECTUXEH rEMOSOrMYEH MaTepmar, C KOUTO Ce e TbpryBasio B pasnuyHN NOCOKM.

Introduction it water, it will ignite. Similar is the behavior of the Marei stone”
(Pseudo-Aristotelis, 1987, p. 251, 833a, 41; comp. De Mirab.
The exact meaning of the ‘Thracian stone’ or stone from Auscult., vol.i., p. 1162).
Thrace listed in some ancient sources is not known and has _
been a subject of different interpretations. Among the few In this fragment a stone from Thrace has been named as
Thracian words to be interpreted, ‘stone’ has the root asa(s) or ‘spinos’. This name can be found in the first ‘mineralogy’ by the
as(a)m in the sense of ‘stony’ (compare the Old Indian as’man Greek philosopher Theophrastus of Eresus on Lesbos
for stone, heaven; Avestian asman- ‘the same’ or Pelasgian (Theophrastus Eresius Melanti or Tirtamus of Eres; c. 370-287
aséminthos ‘stone’). Sabazios is a Thracian deity, first B.C.) ‘On Stones’ (Iepi AiBwv; c. 306 or 314 B.C.), which has
identified with ‘stone’. The ‘Thracian stone’ has been been written under the influence of the ideas of his teacher
mentioned in the works of a lot of ancient authors as Simplicius ~ Avristotle (Kostov, 1988; 2003): *being taken from the mine, it
(VI c. B.C.), Pseudo-Aristotle (lll c. B.C.), Nicander (Il c. B.C), was cut up, and put together in the sun, when it took fire
Dioscorides (I c. B.C.), Gaius Plinius Secundus, better known spontaneously, and especially if moistened previously’
as Pliny the Elder (23-79), Galen (c. 129-199) and Simplicius (Theophrastus, 2005, On Stones, II, 13; Carey, Richards,
(V-Vic.). 1956). The stone ‘spinus’ has been classified among the

combustible minerals and according to Moore (1859, p. 150)
was either a pyrite or more probable — some sort of an

The Greek sources aluminous shale.

Theophrastus discusses the nature of ‘fire-stones’ from some
places in Thrace: “some of the more frangible are broken into
coals, and are more durable; as those in a mine near Bina, and
those which the river, brings down; for they take fire when
coals are placed upon them, and bumn as long as one
continues to blow them, and after they expire may again be
kindled, so that they can be used for a long time, but their odor
is very strong and disagreeable” (Theophrastus, 2005, On
Stones, 12; ‘spinus’ and the ‘Thracian stone’ are the same —
comment in Hill, 1746, notes, p. 54; cit. after Moore, 1859).

Pseudo-Aristotle (an unknown Greek author from about I1l c.
B.C.) in his famous paradoxographical work ‘De
auscultationibus mirabilibus’ gives the following probably
earliest reference to the stone from Thrace: “In Bytinia in
Thrace in a shaft a mineral has been found called ‘spinos’,
from which fire appears” (Pseudo-Aristotelis, 1987, p. 250,
832b, 33). He continues further on with the descriptions of the
properties of the stone: “In Thrace, as they say, there is a
stone, called ‘spinos’, if splitted and pieced together again it
glows, as if coal; if you expose it to the sunshine and pour over
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Nicander (Nikandros; middle of the Il c. B.C.) is a Greek
poet, who mentions the Thracian stone (in the form ‘Threicius’)
in his work ‘Theriaca’ (‘Against animal's poisons’). The
Thracian stone, which Nicander (Theriac., v. 45) directs to be
burned together with gagates, sulphur, bitumen, and other
substances which during their combustion give forth a powerful
scent, in order to drive away serpents, was brought, as that
author and Dioscorides' inform us, from the Thracian river
Pontus (Moore, 1859, p. 146-147).

Dioscorides (flourished about A.D. 60) is a Greek writer. He
ascribes the same properties of the Thracian stone as those of
gagates (Lib. v., ¢. 146; compare Pliny's ‘Natural History’, vol.
36, 34), thus the interpretation of both pointing out to some sort
of coal (gagates is jet — a black hard coal used as
gemmological and ornamental material, but in a broader sense
— artifacts made by different types of coal; the name is for the
river Gages in Ancient Lycia). Such property of the stone of
being kindled by water and extinguished by oil has been
assigned by Dioscorides also to asphaltum (Moore, 1859, p.
147). According to Dioscorides, the Thracian stone is bred in a
certain river of Scythia and the name of it is Pontus (one
opportunity is probably on the west coast of the Black Sea).

Summing up the earliest sources on the stone from Thrace
the domination of the coal or jet interpretation has to be
considered. From a geographical point of view its origin has
been located in different cases on the Balkans, north of the
Black Sea or in Asia Minor, and as well as in Media and India.

This interpretation of the Thracian stone has been used in
later Medieval lapidaries and up to Modern times: “The
Thracian stone, another species of gagates, may be formed of
black bitumen or black naphtha; this also burns in water, and is
put out by oil” (Rulandus, 1991). That the Thracian stone is
bituminous is thought to be shown by its smell, its substance
and as well as its black colour. It is supposed to be squalid,
crusty and light. In another treatise we find that the Lapis
Thracias (Thracus, Threicius) “is found in that river of Scythia
which is called Pontus, and has the quality of gagates; it burns
in water, and is extinguished in ail, like bitumen”.

In the Medieval treatise on the techniques of painting
‘Mappae Clavicula’ (‘Keys to Painting’) known since the IX
century and from copies in the X and XII century one can find
the following ideas about the origin of some gem ‘stones’
applied in jewellery: “The stone onyx appears in the rocks...;
the Thracian stone appears everywhere...” (Haritonovich,
1982; cit. after Mappae Clavicula., 1974. 163, 138).

In the work ‘De Natura fossilium’ (1546) of the Medieval
scholar Agricola (1518-1575), also strongly influenced by
ancient sources and mainly by Pliny the Elder, the ‘spinus’
stone has been interpreted as jet or under question to schist
(Agricola, 1958). He also mentions the Thracia stone: “The
gem that some call thracia from the place where it occurs and
others pontica from a river of the same district | believe to be
related to agate. These gems contain likenesses of mountains
and valleys. They have red and dark lines running through
them and are decorated with star-like drops of the same color.
They may be green or pale green and are nontransparent.
They are distinguished from heliotrope which has bloodred
veins and from prase which has blood-red drops similar to
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stars. When they lack veins and drops they are distinguished
from green translucent jasper by their lighter green colour’
(chapter 6).

Interpretations according to Pliny the Elder

Pliny's ‘Natural History' is the most important source of
information on the ancient knowledge in the field of geological
sciences including the use and properties of minerals, rocks,
metals and different ‘stones’” and ‘earths’ (Kostov, 1988; 2003).

Chapter 30 of Book 33 of Pliny's ‘Natural History' is devoted
to the marvelous operations of Nature in soldering metallic
substances, and bringing them to a state of perfection: “For
smelting copper and iron, pine-wood is the best, Egyptian
papyrus being also very good for the purpose. Gold is melted
most easily with a fire made of chaff. Limestone and Thracian
stone are ignited by the agency of water, this last being
extinguished by the application of oil. Fire, however, is
extinguished most readily by the application of vinegar, viscus
(mistletoe), and unboiled eggs. Earth will under no
circumstance ignite. When charcoal has been once quenched,
and then again ignited, it gives out a greater heat than before|".
The cited text follows the concept of the earlier Greek sources
about the Thracian stone. But in a similar way has been
described also the jet.

Chapter 34 of Book 36 of Pliny’s ‘Natural History' is devoted
to jet (gagates) and its six remedies, made of it: “Gagates is a
stone, so called from Gages, the name of a town and river in
Lycia. It is asserted, too, that at Leucolla the sea throws it up,
and that it is found over a space twelve stadia in extent. It is
black, smooth, light, and porous, differs but little from wood in
appearance (in the sence of lignite or brown coal), is of a brittle
texture, and emits a disagreeable odour when rubbed. Marks
made upon pottery with this stone cannot be effaced. When
burnt, it gives out a sulphureous smell; and it is a singular fact,
that the application of water ignites it, while that of oil quenches
it. The fumes of it, burnt, keep serpents at a distance, and
dispel hysterical affections: they detect a tendency also to
epilepsy, and act as a test of virginity. A decoction of this stone
in wine is curative of tooth-ache; and, in combination with wax,
it is good for scrofula. The magicians, it is said, make use of
gagates in the practice of what they call axinomancy; and they
assure us that it will be sure not to burn, if the thing is about to
happen as the party desires”. The text gives a broad view to a
number of superstitions related to the curative and therapeutic
role of different ‘stones’ in ancient times.

In chapter 68 of Book 37 of Pliny’s ‘Natural History’ according
to the alphabetical list of ‘minerals’ (‘stones’) the following
minerals have been described: trichrus (the three-coloured
stone) from Africa, thelyrrhizos (interpretation ‘female heart'?),
thelycardios (‘female heart™?), thracia, tephrites (crescent-
shaped) and tecolithos (of an olive colour). The full Latin text
regarding the Thracian stone is: “Thracia trium generum est,
livida aut pallidior, in tertio guttis sanguineis”. The English
translation of the Latin text appears as it follows: “Of Thracia
there are three varieties; a green stone, one of a more pallid
(pale) colour, and a third with spots like drops of blood”. Livida
in Latin in some cases has been attributed to a bluish or bluish-
gray colour.
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The analysis of the text points out to the opportunity of a new
interpretation of the Thracian stone including a group of three
green minerals or rocks. Even now-a-days in archaeological or
other publications there are usually a number of non-
determined from a mineralogical and petrographical point of
view artifacts denoted only as ‘greenstones’. If the first two
green minerals or rocks (or correspondent varieties) are
difficult to be identified (among the most wide spread green
minerals and rocks, used as raw material for different artifacts
in the Mediterranean region can be listed talc, malachite,
chrysocolla, ophiocalcite, serpentine minerals and serpentinite,
volcanic tuff, epidote, actinolite, diopside, vesuvianite,
aventurine quartz, green chalcedony, green jasper or the rare
nephrite and jadeite), the third one is well known to
mineralogists — the red blood-like spots appear on a dark
green background only in heliotrope.

Heliotrope is better to be classified as a colour variety of
jasper as it is an aggregate. In some mineralogical or
gemmological texts heliotrope has been described as a variety
of chalcedony (a fiber type of quartz which forms botryodal
aggregates or banded structures known as agates). Heliotrope
is known also as ‘bloodstone’, or ‘blood jasper’. As this colour
variety is non-transparent and is build by phases with a
different mineral composition it has to be listed as one of the
varieties of jasper or jasperoid (for the systematic of jasper,
jasperoid and jasper-like rocks see Kostov, 2006). Heliotrope
as a metasomatic product is found in volcanic areas together
with chalcedony — lapidary material is known from India, China,
Pakistan, the USA, Brazil and Australia.

Heliotrope appears in chapter 60 of Book 37 of Pliny's
‘Natural History', who describes its origin from Ethiopia, Africa
and Cyprus. The ‘heliotropum’ is supposed to be of a leek-
green colour with blood-red spots or veinlets. Its name is
derived from believes that the stone reflects the sun rays when
soaked in water: ‘It has been thus named, from the
circumstance that, if placed in a vessel of water and exposed
to the full light of the sun, it changes to a reflected colour like
that of blood; this being the case with the stone of Ethiopia
more particularly. Out of the water, too, it reflects the figure of
the sun like a mirror, and it discovers eclipses of that luminary
by showing the moon passing over its disk. In the use of this
stone, also, we have a most glaring illustration of the impudent
effrontery of the adepts in magic, for they say that, if it is
combined with the plant heliotropium, and certain incantations
are then repeated over it, it will render the person invisible who
carries it about him”.

The same properties of heliotrope have been mentioned
earlier in chapter 34 of Book 37 in the description of the
‘prasius’ (prase): “There are numerous other kinds also of
green stones. To the more common class belongs prasius; one
variety of which is disfigured with spots like blood, while
another kind is marked with three streaks of white. To all these
stones chrysoprasus is preferred, which is also similar to the
colouring matter of the leek, but varies in tint between topazos
and gold”. It seems that Pliny feels in charge to mention all
names of ‘stones’, known at the time, despite the fact that in
cases they duplicate their properties. His knowledge on many
ancient sources, a lot of which have been lost in the past, is
important in respect of the study of ancient ‘mineralogy’ and
the sources of the raw materials.
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Heliotrope has been used as a material in glyptic art in the
ancient and early medieval period. Its use is highly esteemed
by the gnostics in their magical gems mainly from the 2-3 c.
A.D. period (Michel, 2001, fig. 7, 13, 19, 29, 34, 35, 38, 46, 51,
53, 55, and the cited comparative material in different
collections and museums).

In Book 1 (part 2) of the ‘Occult Philosophy' of Heinrich
Cornelius Agrippa (1486-1535) one can find the following
description of helitrope: “Also the Stone Heliotropion
[heliotrope] green like the Jasper, or Emrald [emerald], beset
with red specks [ie. bloodstone], makes a man constant,
renowned, and famous, also it conduceth to long life: And the
vertue of it indeed is most wonderfull upon the beams of the
Sun, which it is said to turn into blood (i.e.) to appear of the
colour of blood, as if the Sun were eclipsed” (Agrippa, 2001;
English digital edition, 2000).

Heliotrope has been identified since the Chalcolithic period
on the territory of Bulgaria. A prehistoric workshop of stone
artifacts (including heliotrope) has been found at the village of
Sedlare near Momchilgrad in the Eastern Rhodopes
(Raduntcheva, 2003). This gemmological material has been
listed among the gem minerals and materials on the territory of
Bulgaria from the same region (Petrussenko, Kostov, 1992).
The best heliotrope in the Caucasus area comes from the
Idjevan deposit in Armenia, as well as from the Todan and
other deposits in near-by Azerbaijan.

No other information has been reported on the eventual
deposit or deposits of heliotrope (bloodstone), which has been
highly evaluated not only in ancient, but also in later medieval
times. The Eastern Rhodopes may have been one of the
earliest sources of this gemmological material in South-East
Europe.
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Never before our imagination could be
measured with inventiveness of nature.
Richard Miller - "Nemesis”, 1994

ABSTRACT. The region of Metohiyan depression and its complex geological margin is a morphotectonic entity formed over complicated structures of the basement.
The first glance of the orographic-geological map or satellite image shows the hexagonal shape of the depression in clear contrast to the linear structure of the Vardar
Zone. Sedimentation of Neogene deposits began in a trough whose "main shape was finished", and the depression itself had been formed and modified through a
long period of time (Cvijic, 1924). This is indicated by slight deformations of Miocene deposits, somewhat stronger along the rim of the basin, and relatively great
thickness of the Neogene in general, uniformity in lithological composition and other characters of deposits.

l'eological knowledge of Metohiyan depression and its margin, viewed through the reference data, is caracterised by the missing links of many facts and the
fragmentation. Also, for some reason, a more comprehensive and reliable idea of the geological relationships or the evolution is difficult to conceive. Many
contradictions in interpretations of the make-up and structure of the region are so great that inferences that may be drawn from the known facts are unreliable or
relative.

This work will present the idea of Metohiya basin as a ring structure like one resulting from a meteorite impact. In view of its form (morphology) and some indirect
indications, there are few conclusive evidences that it is an impact structure of about 50 km in diameter. Why? "Sometimes one should know what to look for to be
able to see it," writes Richard Miller in The “Nemesis” (1994). From this standpoint, so far actual facts of a certainly strong impact neither have been viewed nor their
evidence searched from any aspect (atomic-molecular, mineralogical, crystallographic, petrochemical, geoelectrical, structural, etc.). Structures in the marginal parts
of Metohiya basin, which have different strike directions (NW-SE, NE-SW, ENE-WSW, E-W, N-S), may be well interpreted should we accept that they border an
impact ring structure.

HOB MOrNEA BLPXY CTPYKTYPHUA MOTMB HA BACEMHA METOXUSA U HEFOBATA OKPAWHWHA
M. Cumuy, A. AHmoHosuY

PE3IOME. PervioHa Ha fenpecust MeToxus CbC CBOWUTE CMOXHM B FEOMOXKO OTHOLUEHWE OKPaHWHW e MOPGOTEKTOHCKA eanHULa, PopMUpaHa BbpXy CTPYKTYPHO
ycnoxHeH dyHpameHT. OT NpbB nornes BbpXy reonoro-oporpadcka kapta Unu catenutHo u3obpaxeHne Ha obnactta ce [onaBs XekcaroHanHata gopma Ha
[JenpecusTa, CUIHO KOHTpacTUpaLla Ha nuHeapHaTa MopdocTpykTypa Ha Bappapckata 3oHa. OTnaraHeTo Ha HeoreHCkV CeMMEHTM 3anouBa B TPOroB baceiH,
uusTo Mopcbonoris e ,Beye 3aBbplleHa’, a camaTa fenpecusi ce popmupa B NPOABIKUTENEH Nepuog OT reonoxko speme (LiBujuh, 1924). MHaukauus 3a ToBa ce
nekuTe fedopmaLuv Ha MUOLEHCKUTE CEeAUMEHTH, NO-UHTEH3MBHN B GopaoBUTE YacTu Ha BaceiiHa, OTHOCUTENHO ronsiMaTa MOLLHOCT Ha HeoreHa KaTo Lsino,
U3MbPXaHOCTTa B NuToaLmantius cbCTas 1 p. 0COBEHOCTU Ha CEAUMEHTUTE.

[eonoxkoTo M3yyaBaHe Ha MeTolwkaTa fenpecust UM aHannW3a Ha NWUTepaTypHUTE AaHHW MOKasBaT Ye Ca HanuLe MHOXECTBO HeW3SiCHEHW BbMpOCH,
(hparMeHTMPaHOCT Ha JaHHUTE U KaTo LAno — Nunca Ha eauHeH nopxoA. Mopaau ToBa € 1 TPYAHO Cb3AaBaHETo Ha LSNoCcTHa Waes 3a HeliHaTa reonoXKa eBomntoLMs.
MHOXeCTBO NPOTUBOPEYNS B JOCETALLHMTE MHTEPNPETALMM HA CbCTaBa W CTPYKTypaTa Ha pervoHa He no3onsiBaT fia ce HanpaBsT HafeXaHU U afleKBaTHU U3BOAM.

B HacToswaTa pabota ce npefcTass ugesTa, Ye genpecusita B obnact MeTtoxus e puHrosa/ npbCTEHOBUAHA CTPYKTYpa C UMNaKTEH NpouaxoA. Mpeasua HeltHata
MOpcONOrist U HSIKOM APYTY HEMPekW MHAWKALWMK, 3acera UMame Marko ybeauTenHm JokasaTencTsa 3a HannimMeTo Ha UMNakTHa CTPYKTypa ¢ AuameTsp okono 50 kM.
3awo? , MoHsikora € BaxHO Aa Ce 3Hae KakBo ce TbpcW, 3a Aa Moxe fa ce Buan” nuwe Puyapa Munep B ,Nemesis” (1994). [locera nponsxoabT Ha MeTolwkaTa
penpecus He e Gun pasrmexgaH B TakbB acnekT W He ca TbPCEHM AO0Ka3aTeNCTBa Ha HUTO €OHO aHaNWUTUYHO HUBO ( AaTOMHO-MOMEKYTHO, MWUHEpanoxko,
KpucTanorpadcko, NETPOXUMUYHO, TEOENEKTPUYHO, CTPYKTYPHO W T.H.) CTPYKTypuTE B OKpalHWUTE 4acTu Ha [enpecusita, KOUTO WMaT PasnuyHu MOCOKM Ha
npoctupaHe (NW-SE, NE-SW, ENE-WSW, E-W, N-S) 6uxa mornu fja ce uHTepnpeTupar kato 60paoBe Ha ejHa MMNaKTHa pUHroBa CTPyKTypa.

Introduction Thus, Cvijic (1901, 1913, 1924) maintains that Metohiyan
depression was formed and modified (the phase of Dinarides

The Methohiyan basin in the shape of a huge amphitheater ~ faulting) over a relatively long geologic time and is a typical

of about 2000 km2 in surface area is situated in the southern example of the intermontane depression - tectonic valley filled
and southwestern par‘[s of Serbia bordering on Albania. This with terrestrial depOSitS with coal. The same author eXplainS
depression, for its complex tectonic pattern especially on the formation of the depression by subsidence resulting from a
margin, has been a subject of interest of many geologists and large-scale orographic convergence of Prokletije and Shar
other natural scientists from the ancient times. Opinions about Mountains, or the convergence of the Dinaric and Shar-Pind
the origin of the depression, age of faults and Tertiary deposits systems, and the numerous marginal faults on the northem,
and other aspects are controversial. western and southern sides as "formed by abrupt bending of

folds from the Dinaric into Metohiyan (system) giving the
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impression that the ground was fractured. Sedimentation of
Neogene deposits began in the graben whose “main shape
was finished”. If the “ground was fractured” and “the main
shape was finished” does not it suggest certain Cviji¢'s doubt in
the depression formation by ‘the convergence™ The
hypothesis of convergence of two systems is still prevailing
with minor variations.

Important information on the presence and historical
evolution of the depression is contained in Kober (1952) that
reads: “PeC depression, almost 100 km wide, divides the
Dinarides and the Hellenides and is a tectonic line of the first
order. It strikes transversally to the Dinarides direction short of
Prishtina in the east. At the present time it is covered by
younger and Upper Cretaceous formations.” It may be
deduced that Kober assumed faulting of the preexisting
structures even before the Upper Cretaceous.

Old alpine orogenies led to large structural deformations and
subsidence along longitudinal and transversal dislocations in
the convergence zone of magmatic and sedimentary rocks.
Mozina et al. (1961) write: “folding and faulting were the
strongest in the Laramian, less strong in Pyrenean and Savian
orogenies”. Each phase, according to the same authors, was
characterized by disjunctive movement that led to subsidence
of masses “along intermittent and newly formed dislocations
and to formation of basins in which Tertiary sediments were
deposited”. However, the movements could have been older.

Vidovi¢ (1965) refers to the Pe¢ faulting feature as “a deep
fault through Earth's crust” associated in time with “the earliest
differentiation of the Dinaric geosyncline - the Caledonian
phase”. Vidovi¢, like Cviji¢c, describes that geotectonic zones
and directrices converge to the Pe¢ fault, which is the
boundary “of the Dinaric and Shar-Pind systems”.

Ciri¢ (1962/63, 1967) refers to the Metohiya depression as
“a large molasse basin particular in its position”. He takes it to
be a typical example of “inherited depression that was formed
at the point of convergence of Dinaric and Bosnia-Raska zone
of the Inner Dinarides’. It is classified into “central molasse
depressions”.

A contribution in collective authorship of Zagreb
Industroprojekt (1969) hypothesizes that during the Mesozoic
the Metohiyan basin was part of a relatively narrow
"eugeosyncline” extending from Albania to this area. They
describe the depression as a "graben-form" most likely in the
"continental phase - without sediment filling" in the time interval
K2-Ol1.

A note of interest (Bogdanovic, 1976) is that “intrusion of the
huge Mirdita peridotite massif in the late Triassic and early
Jurassic led to the bending of Triassic and Paleozoic strata
that surrounded the Mirdita pluton”. He states that the Mirdita
peridotite massif “had the crucial effect on folds' deviation from
NW-SE to NE-SW or even E-W direction”. This fold deviation,
and the depression formation, occurred, according to
Bogdanovi¢, “before the Upper Cretaceous, but after the
Triassic”, and the diagonal Pe¢ and Prizren faults were
certainly older than the “Lower Miocene volcanogenic series
near Trepa and on Kopaonik, but younger than the Lower
Cretaceous”.
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According to Maksimovi¢ (1978), the study area of the Pe¢
part of Metohiya belongs to “central ophiolite, which is the most
distinctive zone whose membership in the Dinarides has never
been disputed”.

Petkovic and SikoSek (1976) argue that the period of
Neogene tectonics is characterized by the following: “Savian-
phase orogeny activated old and formed new vertical
structures, along which land was dissected, depressions
formed and filled with Tertiary waters in which deposited
molassic sediments.”

Bokci¢ (1983) does not take Metohiyan basin for a “static
basin” predisposed for filling. It was a highly dynamic
depression where tectonic movements though frequent, were
not abrupt or variable. Tectonic events influenced the formation
of relatively thick deposits of different types: Lower Pliocene
coal to about 60 m or a “group” of deposits of uniform grain
size. This is particularly true of lake deposits of the Middle
Miocene and Lower Pliocene.

HadZi et al. (1974) associate tectonic events in the region
with the plate rotation, in detail the collision of plates and the
growing pressure of the Arabian-African plate on Eurasia. To
quote: “under the growing pressure of the Arabian platform
from SE to NW in the late Eocene, entire southeastern Europe
and southwestern Asia began to move through the section
from the style platform to south Budva-lonian-Tauride margin”.
Because the movements to the west and northwest were soon
retarded by resistance met by the northern part of Karnic-
Apulian massif, individual plates deviated in the Oligocene to
SW, or to the oceanic region of the present-day central
Mediterranean. From variations in the paleodeclination and
paleoinclination it may be inferred that the events that upset
the earlier paleomagnetic balance, or the preexisting
distribution of plates, occurred between the Eocene and the
Middle Miocene.

All these large-scale displacements (that have continued to
the present day) had great influence on the youngest structural
relationships established through the Neogene and the
Quaternary. In modern views, the neoalpine structural
relationships are marked by continental subduction of the
Adriatic plate under the Dinaric orogen during the Neogene
and the Quaternary (Marovi€ et al., 1993, 1998; Petkovski,
1990). The structures such as basins, troughs, and even true
basins (Aegean Sea) formed in the post-collision phases
and/or under some particular circumstances within the
perimeter of the Dinaric orogen. Movements manifested in the
border belt of the Adriatic plate and the Dinaride-Hellenide
orogen had a direct effect on the neostructural plan of the
study area. The littoral belt is a zone of marked level
difference. Subsidence was a consequence of the Adriatic
lithosphere deflexion during its subduction under the Dinaric
orogen, and rising of Dinaric orogen a result of contraction
caused by the African (Adriatic) and European (Mesian) plates
interaction and of relative thickening of Earth's crust.

Younger Neogene basins in the region may be genetically
associated with extension processes, or explained as the result
of tectonic activities during most of the Neogene and through
the Quaternary, formerly differentiated (rising and sinking) and
later epeirogenic rising. However, the formation of initial



depression structures is directly related to the closing
movements of the second formational phase (during the
Paleogene to the earliest Neogene), when contraction was
marked by reverse slipping, imbrication, thrusting over and
transcurrent shearing along intermittent dislocations of N-S,
NW-SE and NE-SW directions (Marovi¢ et al., 1993; Petkovski,
1990).

A new neotectonic (geodynamic) process that evolved
through two phases: from Middle Miocene to Quaterary and
reached the paroxysm in the Pliocene, represented by the
clockwise rotation of the Hellenides and the Dinarides pushed
by the Asia Minor plate, could have influenced the evolution of
neoalpine (neotectonic) structural relationships in  South
Serbia, Macedonia and a larger area (Krsti¢ et al., 1977). The
rotation resulted from the formation of the western and
northwestern parts of the Aegean island arc; its effect reached
the Skutari-Pe¢ transverse, known as Mirdita Zone (Bilibajki¢
et al, 1979; Marovic, Dokovi¢, 1995). It was along the Skutari-
Pec¢ transverse that the Dinaric-Hellenide orogen arcuated and
formed, on its convex side, trough structures, most
conspicuous of which is Metohiyan trough. Spreading in the
transverse zone must have reflected, in a lesser measure, on
the west, deep into the Mediterranean. The eastward extension
bent to Sofia and passed the southern Sredna lora trough
boundary to southern Bulgaria. Within this transverse fracture,
differential displacements influenced the formation of many
faults of NE-SW strike direction and relatively narrow Tertiary
basins normal to the Dinaric ones (NE-SW). Similar events
also occurred along transversal fractures Elbasan-Kyustendil,
Joannina-Plovdiv and on the Aegean geofracture (Petkovski,
1997).

A zone of more frequent earthquake events extends south of
and parallel with the formed boundary (Skutari-Pe¢). The
earthquake epicentral depths were about 10 km (Krsti¢ et al.,
1997). The seismic activity indicates movements of the more
recent history. Active seismotectonic levels are associated
mainly with young systems, faults of neotectonic manifestation.

As described above, views on the origin and age of the
Metohiyan basin and its structures are controversial. The
depression could not have been formed in a lineament
structure, eventually initiated by rotation, though it is hard to
imagine a homogeneous geological body to be moved by
conjugate forces. It seems more likely that an impact body
(impactite, asteroid) had formed the circular crater that was
modified by other tectonic movements. The very beginning of
the depression formation is difficult to determine in the present
stage of our knowledge and on the available information.

Geology and Structural Pattern

The Metohiyan basin and its margin are made up of
Paleozoic, Mesozoic and Cenozoic sedimentary and various
types of igneous rocks (Fig. 1).

Paleozoic sedimentary rocks build up the basal parts of
Shar Mountain and southeaster, eastern, northeastern and
northwestern parts of Metohiya depression. Lower Paleozoic is
represented by Silurian and Devonian, and the Upper
Paleozoic by Carboniferous and Permian. The Silurian-
Devonian complex consists of two series: lower, dominantly
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greenschist of high crystallinity and upper rocks of lower
metamorphic grade. The complex equivalent to the Upper
Paleozoic consists in the lower part of lustrous foliated phyllite,
greenschist, slate and slate clay, and of varied sandstones,
marbleized limestones and conglomerates in the upper part.

Mesozoic sedimentary rocks are widespread in the eastern,
northern and western areas of the Metohiyan depression.
Triassic sedimentary rocks build up large parts of northwestern
and northern Metohiyan depression, and much of the marginal
Prizren Polje and Shar Mountain in the form of east-west
lands. These rocks are light-grey, whitish or white limestones,
occasionally dolomite.

Jurassic is characteristic for typical diabase-chert formation
and serpentinite where Triassic and partly Upper Cretaceous
rocks are prevailing. Upper Cretaceous is dominantly in the
calcareous facies in Pastrik area and largely in flysch facies in
the eastern margin of Metohiya basin.

Tertiary is represented by Neogene formations - freshwater
Miocene and Pliocene deposits of large thickness and
relatively complex lithology. There is no paleontological
evidence of Lower Neogene deposits in the deepest part of the
basin.

Miocene sedimentary rocks have a small distribution as
compared to Pliocene, around Pe¢ and in northeastern part of
the depression (Rudnik, Banja, Crkolez, Rako$), known in
literature as the Pe¢ Series. It is made up of sands with gravel
lenses, whitish ostracod marls, a few tuff layers, coarse green
sands and small-grained conglomerates, and few coal seams.
The series is deformed and inclined to the west, northwest and
north at different angles (from 10° to 45°). Coal seams are thin
(between 0.1 m and 1.2 m). Also thin beds and coaly clay
interbeds occur in the upper part of the series. The age of the
Pec Series is most likely Middle Miocene and Upper Miocene
(Sarmatian). Its thickness is about 450 m. All this is indicative
of a long lake phase with shallowing episodes (MiloSevic,
1966; Antonijevi¢ et al., 1969; Bok¢i¢, 1983).

Interstratal tuff emplacements suggest volcanic activity,
during the deposition, along dislocations on the basin's margin.
Distinct lower and upper tuff boundaries indicate rapid
deposition of ash. In views of many investigators, volcanic
activity occurred in the Middle Miocene. Identical or very
similar volcanic evidence is identified in the underlying Kosovo
Series. Most references describe Kosovo tuff interbedded in
white marls of northern basin as Miocene (Atanackovi¢, 1959).

Pliocene rocks have a large distribution in Metohiyan
depression and form two horizons: (a) Lower Pliocene deposits
and (b) Middle and Upper Pliocene deposits.

(a) Lower Pliocene deposits. Principal characteristic of the
Lower Pliocene, which has a fairly large coverage in northern
Metohiyan depression, is its large coal deposit. The unit is
divided into the underlying strata and the coal measures and
overburden.

The underlying strata are widely exposed and transgressive
over the Pe¢ Series. They consist of conglomerate and sandy



green clay with CaCOs concretions and knots. Fossils have not
the coal measures in Kosovo. The estimated thickness of the
underlying strata is between 200 m and 300 m.

The coal measures and the overburden are exposed in Pe¢
area of the depression. Upper Pontian is the coal measures,
about 35 m thick, and the overlying barren rock material, clay-
marl deposits with some red bumned. The entire overlying
sequence is highly fossiliferous and resembles Kosovo
deposits, which indicates a wide communication of Kosovo and
Metohiya lakes (MiloSevi¢, 1976; Atanackovi¢, 1959).

been found. These strata are identical with those underlying

(b) Middle and Upper Pliocene. Younger Pliocene deposits
of sand and sandy marl conformably overlie the coal
measures. Their distribution is relatively small in northern
Metohiya, but is more widespread in Dakovica-Prizren part of
the depression where they are the only Neogene deposits.
These deposits, abounding in molluskan fossils, primarily
unionids and viviparids, have a total thickness of about 300 m.

Fig. 1. Geological map of Metohiyan basin and its margin: GSm — Gneiss and mica-schist; Pz — Paleozoic metamorphite; xPz — Paleozoic igneous rocks;
PT — Permo-Triassic; T — Triassic; vT — Triassic igneous rocks; J — Jurassic; pJ — Jurassic diabase; Se — Serpentinite; K — Cretaceous; E,Ol — Eocene-
Oligocene; BN — Neogene pyroclastics; M — Miocene; Pl — Pliocene; aagN — Neogene dacite andesite; xaN — Neogene quartz latite; 87BP1,Q — Pliocene and
Quaternary pyroclastics and feldspar leucite basite; T1BPI,Q — Pliocene and Quaternary feldspar leucite basite; Q — Quaternary; Ul — coal

Quaternary is represented, among others, by rocks that
indicate glaciation, which must have preceded the formation of
the large pre-Mindel fluvio-glacial terrace of Omo Brdo.

The territory of Metohiya is a part of the Inner Dinarides
geoectonic entity that extends from Serbia into Bosnia in NW
and Macedonia and Albania in SE. The tectonic depression of
Metohiya is radial in form and has a complex tectonic pattern
on its periphery. Rock strata are tightly folded, faulted and
imbricated. Fold axes have different trends, Dinaric or
Metohiyan, and strike direction north-south on the eastern
margin of the depression. Major tectonic units in this area,
which control the tectonic depression, are: marginal system of
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faults, the river Klina fault system and the Cicavica thrust-sheet
(Petkovi¢, Sikosek, 1976).

The view so far prevailing is that Metohiyan depression was
formed by stepwise subsidence (about 1000 m) along the
system of bounding faults as they strike today. The system of
faults of ENE-WSW strike, probably Pontian in age (Cviji¢,
1913), bound Metohiyan tectonic depression on north and
south. On its western rim there are two faults: one almost N-S
from Pe¢ to Decani, and the other NW-SE from Dobro$ to
Damnjan forming its southwestern boundary (Fig. 2). Thus
shaped depression was filled with Miocene terrestrial
sediments, with the central occurrence of tectonically
controlled Cretaceous deposits and serpentinite. The tectonic



depression of Metohiya is located in the “migration” area of the
Dinaric orogen structures strike directions, where during the
neotectonic events, the pressure release was the greatest.

The term “Metohiyan direction” was introduced by Cviji¢
(1924). He noted in the extreme south that Dinaric mountain
ranges curved from NW-SE to E-W or NE-SW, locally N-S,
while the outer folds nearer to the Adriatic Sea retained the
Dinaric direction (NW-SE), sank to the level of the Drim and
Bojana rivers backland and converged “at an obtuse angle with
Albanian folds of the Mediterranean direction”. However,
“internal directrices bent right behind Skutari, in Taraba$ and
Rumija to NE, the direction presently referred to as Metohiyan,
because it is best marked around Metohiyan depression”.
Similar curvings are noted on the other side of Metohiyan
depression in the Shar Mountain system (Shar, Koritnik and
Pastrik), where meridian direction changes into Metohiyan
direction (NE). Cviji¢ (1901, 1924) tried to explain the
phenomenon by the tectonic control. His hypothesis was that
curving of folds and directrices in Prokletije and further
westward caused the orographic bending.

Impact Effect and Product (Impactite)

It is interesting to note that nobody of geologists or other
researchers who studied this region ever thought of the impact
by an extraterrestrial body, though images of such bodies from
artificial satellites have become available (Antonovi¢ & Simic,
2006). As a result of cosmic explorations in the late 20th and
beginning of the new century, an abundance of information has
been obtained on the composition and structure of planets in
the solar system, what led to new knowledge and a new
scientific discipline, Comparative Planetology.

Studies of the surface geology of the Earth family planets
(Mars, Mercury, and Venus) and their satellites Moon and so
on) have shown that many characteristic features of their
surface configuration and deeper structures are controlled by
ring (circular) structures of various dimensions. It has been
noted that most of ring structures were impact craters and that
no more than 20% of the all ring structures were volcanic
craters (Markov, 1984; Antonovi¢, Simi¢, 2006). Estimates
have shown that intensive meteorite showers were dominant in
the early phases of their evolution, from 4 to 3.8 milliard years,
and before two milliard years decreased 200 to 300 times (it
was calculated that in the early stages of Earth's evolution,
10%-104 bodies from 10 km to 100 km in radius should have
fallen on its surface at a velocity rate between 10 km/s and 20
km/s; in: Markov, 1984). Intensive bombardment of planets in
the early stage of their evolution should be considered a
universal process of substance transformation for any solid
body of the solar system. The geochemical effect of this impact
transformation has been inadequately evaluated and studied,
or little has been known about the proportions of the events,
their effects and influences on the evolution and transformation
of the continental crust.

If the Earth's nearest neighbours were exposed to meteorite
showers in different stages of their history, there should be
hardly any doubt that meteorites fell on the Earth surface as
well. As mentioned earlier, many specialists in Earth geology
have given little consideration to or ignored impact occurrences
as a geological process on the Earth, even if they were
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obvious and should have been taken into consideration both in
the early geologic history and the latest biological evolution of
the plant Earth. It is understandable, because endogenic
processes have done much in erasing the traces of impacts.
Moreover, at the present time, about a hundred impact
structures, some of 140 km or more in diameter are identified
on the Earth (Barsukov, Bazilevskiy, 1984; Markov, 1984;
Griev, Parmente, 1984; Gluhovskiy, Pavlovskiy, 1984; Masaitis
et al., 1984; Engelgardt, 1984; Feldman, 1984; Antonovi¢,
Simi¢, 2006).

The study of tectonics and magmatism in the early stage of
Earth's evolution is very important in itself, because it affords
insight into the origin of the geological history of our planet,
and a view on the sources of its upper mantle formation. This
is equally interesting for tectonists and petrologists,
geochemists and sedimentologists, or in other words, for many
disciplines of the geological science.

Principal bombardment effects are the following: (1)
essential contribution in the planet energy on the account of
very rapid strikes, transformation of kinetic into thermal energy,
(2) initiation of volcanism, products of which are mostly filling
craters and (3) meteorite bombardment on Earth surface that
led to essential redistribution and mixing of material, and to the
change of its chemical composition.

Nonetheless is interesting to learn and explain the character
of basalt volcanism on different planets, because basalt is one
of essential constituents in planet crusts. We know well that in
the Phanerozoic history of the Earth, the primary mass of
basalt formed in contemporary oceans and their
paleoanalogues. May this pattern of an early stage of the
geological history of Earth be applied to other planets of the
Earth family? The question is still obscure because moon
“seas” and “continents” are not analogues, in the strict sense of
the word of similar structures on the Earth.

Craters more than 2 km across in sedimentary and more
than 4 km in crystalline rocks have a characteristic depth-to-
diameter ratio of less than 1/10 and elevated central area of
shock-metamorphosed rocks that form central peak and/or
inner ring (Antonovi¢, Simi¢, 2006).

A brief review of the geology and geophysics of many Earth
craters can be found in the works by Dence et al. (1977) and
Masaitis et al. (1980). In some examples of extraordinary
geological circumstances, formation of large impact structures
influenced the precipitation and emergence on ground surface
ore deposits (e.g. Ni-sulphides in Sudbury structure (Morrison,
1982) or uranium in Caswell structure (Johns, 1970). In some
impact structures also were formed appreciable reserves of
hydrocarbon, as in Boltish depression (Yurk et al., 1975),
Viewfield (Sawatzky, 1977) and Red Wing Creek structure
(Brennan, 1975). An impact exerts deep effect on local
geology, upsetting the physical and chemical balance in rocks,
which in particular cases leads to the formation of a structure
of much larger horizontal scale than the largest volcanic
product.

The effects that indicate a large-scale impact on the early
Earth crust may include the following: landform of a few km in
amplitude, thermal gradient rise in the lithosphere and the



atmosphere directly beneath the shock site, controlled
ascension to the surface of deep material, some potential
energy for the next eruption of basalt on the account of
adiabatic expansion, endogenic mineralizations (Pb-Zn and the
like), geomagnetism and other relevant indications (Antonovi¢,
Vukasinovi¢, 1989/1990).

In case of the relatively thin lithosphere of the Earth, which
probably was even thinner in the early history of the planet,
large-scale impacts could have supplied asthenosphere
material to the ground surface, what caused volcanic events
over a large area (Griev, Parmente, 1984).

An impact is followed by transformation of the large impact
basin. The transformation processes include contraction and
expansion after the heat loss, subsidence and rise after the
shock, degradation of landforms on the account of erosion and
rapid relaxation, filling basin.
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Fig. 2. Tectonic map of Metohiya and its margin (modified after Petkovi¢
and Sikosek, 1976): DN — Durmitor nappe, KN — Kuéi (Zijovo) nappe, RN
— Rumija nappe, Geotectonic units: A. Central Paleozoic and ophiolite
belt, B. Tectonic depression of Metohiya (a. Metohiya depression
marginal fault system, b. the Klina system of faults, c. Ciéevica thrust
sheet), C. Korab nappe

During the hypervelocity impact of a relatively solid body
onto the hard planetary surface, there follows a rapid
succession of phases:

a) penetration of the impacting body and consequent
compression, compaction of material,

b) excavation — caving and formation of crater,

c) transformation of transient crater and its filling both
underneath (rapid replacement of dislodged and crushed
socle) and above (numerous settlings and emplacement of
ejected, broken and molten material of target rocks).

The shock wave spreads from the shock zone in concentric
rings and is manifested in: (a) evaporation, (b) complete
melting, (c) partial melting and plastic deformation, (d) crushing
and fissuring. In crater structures only relics have remained,
formed in the zone of partial melting and plastic deformation,
and complete in the zone of crushing and fissuring. According
to current estimates, the area of complete destruction in an
impact crater (zones a, b and partly c) is characterized by high
pressure (about 25 GPa).
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Rock and structure transformation, during the collision, may
be considered at several levels:

1. At the atomic/molecular level, the shock wave causes
atom compaction, or destruction of atomic or molecular bonds.
High temperature raise leads to dehydration of water-bearing
minerals, carbonate decomposition and moisture evaporation,

2. On the crystal lattice plane, fine mosaic cracking of crystal
structure and lattice rearrangement or complete destruction at
a higher or lower level,

3. At the mineral level, transformation evolves through
several successive stages: (a) propagation of the shock wave
(progressive shock metamorphism), (b) heat effect from the
impact melt source (pyrometamorphism) and its cooling
(crystallization, glass  formation, neocrystallization,
recrystallization, polymorphic transitions, etc.), and (c) during
the action of aqueous solutions that flow through the cooled
rock mass.

The processes, due to high temperature and pressure
generated within the short time of collision, lead to different
structural transformations and formation modes of the group of
crystal and glass phase: crystals under high pressure,
monomineral and polymineral impact glass, grassy
condensate, glassy products of pyrometamorphic melt and
glassy products of thermal decomposition. Glassy formations
or tektites are small, rounded, spherical or uniform-surface
bodies found in groups. Tektites have high silica (70%-80%),
aluminium oxide (11%-15%) and alkalis (Na20+K2O from
3.34% to 4.04%), and very low water contents (Rika,
Malyshevskaya, 1989).

Impact structure

Metohiyan depression in South Serbia is a large geotectonic
unit of complex structure. Major tectonic units in the region,
which control the depression, form a system of marginal faults,
a fault system of the River Klina and Cicavica overthrust
nappe.

The geological-structural map of this Serbian region clearly
shows its principal features:

1. Distinct bending of deep-seated structures in the
southern, western, northwestern and northern parts of
Metohiyan depression is manifested in sharp change of strike
directions from E-W to NW-SE to NE-SW to N-S (Figs. 1 and
2). Impact or a vestige of its edge may explain abrupt changes
in the strike direction, or almost circular pattern of the
structures. The western margin is formed by two faults: one,
extending from PeC to Decani, almost N-S, and the other,
bounding the basin on southwest, which strikes in NW-SE
direction from Dobro§ to Damnjan. The eastern border of the
Metohya basin is similarly curved. Morphology of the bent
structures and abrupt change in their strike directions on the
edge of Metohiyan depression may not be satisfactorily
explained neither by convergence of the Dinaric and Shar-
Pindus systems nor by plate rotation or gravitational sliding.
The only explanation is that it was produced by impact.

2. Another feature suggesting impact structure is a
recognizable circular depression, almost a thousand metres
deep, filled with Neogene sediments including thick coal
deposits, bounded by fractured and deformed rocks of "the
central Paleozoic and ophiolite belt" (Fig. 2). The base under



the depression fill (clastics) is the rock as those building up the
sides of the depression. Also, subsidence is manifested
(Draga$evi¢, 1974), and then thinner Earth's crust in the
structures, and a lower the common thermal gradient.

3. More evidence of the likely impact character of structures
is provided by some geophysical data, foremostly the
agreement of positive geomagnetic anomalies with the circular
structure (Vukasinovi¢, 2005).

4. A supportive evidence of the circular structure is the
distribution of Oligocene/Miocene intermediate igneous rocks,
which frequently bear large and locally Pb-Zn rich deposits (NE
of Metohiya depression, TrepCa, etc.).

The time when Metohiyan depression was formed is difficult
to determine. It probably occurred before the Upper
Cretaceous, after the Triassic (possibly also in the Paleogene).
Some references (Bogdanovi¢, 1976) associate the fold
deflections with the Mirdita peridotite massif. Could not a
meteorite impact cause synchronous deviations of folds and
formation of Orahovac peridotite? Answers to this and many
other questions may be searched in sediments of the
Metohiyan depression and rocks building up its edges. The
search must be multidisciplinary and comprehensive to include
geological-structural,  atomic-molecular,  crystallographic,
mineralogical, petrological, geochemical, geophysical studies.
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GEOLOGY, CHEMISTRY COMPOSITION AND PREPARED BENTONITE AND ACTIVATED
BENTONITE CLAY FROM DEPOSITS "PROPAST - DOBROVOLETS”, KARDJALI
APPLICABILITY IN DRILLING OPERATION
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ABSTRACT. This paper presents a review of geology, chemistry composition and prepared bentonite clay applicability for drilling operation (horizontal direction
drilling). Research focused on recommended and application of the bentonote clay from deposits Propast — Dobrovolets, Kardjali, Bulgaria for drilling mud prepared
and laboratory analyses API 13A (Spec. 13A) and OCMA Grade Bentonite. In laboratory research activators additives — soda ash and polymers for best bentonite
mud properties: yield of bentonite slurry, rheologycal properties and filtrate loss.

reonoruna, XMMU4eH CbCTAB U NPUNOXEHWUE HA BEHTOHUTOBWUTE MWHU OT HAXOQULLE “MPOMNACT -
AOBPOBOJIEL”, KbPIXANU 3A COHOAXHW LIENK

CmaHucnas Cmolikos, Munko XapusaHoe, Banepu 3namaHoe

MurHo-eeonoxku yHugepcumem “Ce. MeaH Puncku” 1700 Cogpusi; sstoykov@mgu.bg, mharizanov@mgu.bg

PE3IOME. B Hacrosiwarta cTatus ca pasrnefaHu reonorusta, XMMUYHWST CbCTaB M MPUNOXEHWETO Ha GEHTOHWTOBM [MMHM 33 COHA@XHW LenW, B YacTHOCT
XOPU30HTaNHO — HACOYEHO COHAMpaHe B rpaacku ycnosus. MscneaBaHeTo e dokycupaHo BbpXy OLieHKa MpUAOXMMOCTTa Ha BEHTOHUTOBUTE FMWHW OT Haxoauile
Mponact — [lo6poBonel, Kapmkanuicko, 3a COHOaXHM LieNy — NpUroTesiHe Ha NPOMUBHU TEYHOCTW W NabopaTopeH aHanua cbriacHo cTaHgapti APl 13A (Spec.
13A) n OCMA Grade Bentonite. B nabopaTopHu ycrnoBus e 13cneaBaHo v BIINSHUETO Ha aKTUBATOPM — KanLuMHUpaHa CoAa 1 NonuMepu 3a nogaobpsisaHe kayectsata
Ha GEHTOHUTOBUTE CyCNEH3NM: JOBUB Ha CYCMEH3Ns, PEONOTMYHN NapaMeTpy 1 hunTpaLMOHHN CBONCTBA.

Introduction these minerals could impact the industrial value of the deposit,
reducing or increasing its value depending on the application.

The term bentonite is used for commercially-mined sodium

montmorillonite (which is a form of smectite) that is used as an Bentonite is clay containing not less than 70% of
additive for drilling mud. Geologically, bentonite is a bed of ~ montmorillonite. ~ Montmorillonite  is  superfine  flaky
altered volcanic ash. One of the biggest deposits of this aluminosilicate, where due to lattice nestehiometrical cations
volcanic ash occurred over 60 million years ago in areas of exchange surplus negative charge appears and compensates
North America now known as the Blacks Hills of Wyoming and cation-exchange located in interlayer area. High waterproofing
South Dakota, and the Big Horn Mountains of Wyoming. is conditioned on this. In case of water tempering, water
Bentonite clay mined in Wyoming actually comes from this penetrates in interlayer area of montmorillonite, hydrates its
volcanically deposited bentonite bed. Bentonite clay mined in surface and cation-exchange, so that provides swelling of the
other areas of the world may be from other types of geological mineral. Bentonite forms firm viscous suspension with
deposits. Because of their small particle sizes, clays and clay thixotropic ~ properties  during  further ~ water  dilution.
minerals are analyzed with special techniques such as x-ray Montmorillonite has high cation-exchange and adsorption
diffraction, infrared absorption and electron microscopy. Cation properties.
Exchange Capacity (CEC), water adsorption and surface area
are some of the properties of clay minerals that are often Bentonite presents strong colloidal properties and its volume
determined in order to better characterize clay minerals as well increases several times when coming into contact with water,
as to minimize drilling problem. creating a gelatinous and viscous fluid. The special properties
of bentonite (hydration, swelling, water absorption, viscosity,
Bentonite is plastic clay generated frequently from the thixotropy) make it a valuable material for a wide range of uses
alteration of volcanic ash, consisting predominantly of clay and applications.
minerals, usually montmorillonite. Depending on the nature of
their genesis, bentonites contain a variety of accessory Owing to these properties bentonite has found wide
minerals in addition to montmorillonite. These minerals may application as viscous gelling agent and filtration diminishing
include quartz’ fe|d3par’ calcite and gypsum. The presence of agent in dl’llllng muds prOdUCtion for well dr|"|ng and bOI’ing.
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Geological setting

The Propast - Dobrovoletz bentonite deposit is discovered in
1960. Its operation starts in 1963. The bentonite form the
Propast - Dobrovoletz deposit is of hydrothermal - metasomatic
type. They are related to Oligocene volcanogenic -
sedimentary complex witch belongs to the first intermediate
pyroclastic horizon [2]. The deposit is located eastern of
Kurdjali town. The bentonite clays are formed in hydrothermal
alteration of volcanic tuffs. They alternate by not altered tuffs in
some areas in or around the deposit. The bentonite clays are
covered by the products of the second acid lava - pyroclastic
horizon. The clays are green, grey - greenish and yellow -
greenish. They contain apatite, bictite, plagioclase, etc [2]. The
main mineral is montmorilonite (Na - montmorilonite type). The
caolinite is in minor amounts.

Some applications of bentonite:

- Bentonite in civil engineering applications is traditionally used
as a thixotropic, support and lubricant agent in diaphragm walls
and foundations, in tunnelling, in horizontal directional drilling
(HDD) and pipe jacking. Bentonite, due to its viscosity and
plasticity, is also used in Portland cement and mortars.

- Drilling: Another conventional use of bentonite is as a mud
constituent for oil - and water - well drilling. Its role is mainly to
seal the borehole walls, to remove drill cuttings and to lubricate
the cutting head.

Bentonite has the best technical properties if montmorillonite
contains exchanged sodium cations. The deposits of natural
betonite are located in Kardjali region, Southern Bulgaria. In
Bulgaria the most well known are the deposits with 30—60%
montmorillonite  content, called bentonite by mistake.
Practically, all Bulgarian bentonite is calcium — magnesium.
Consumer properties of such bentonite, containing not less
than 70% of montmorillonite, after soda ash and polymers
activation might approach to natural-sodium bentonite.

Mined bentonite clay is activated with soda ash due to the
consumer needs. The main consumers for such bentonite are
ore mining and processing enterprises using bentonite as a
binding agent in iron ore pellets.

Soda ash and polymers activated bentonite clay fits with
special technical specifications and has the following quality
characteristics:

Technical specifications

- Montmorillonite content, not less 75 %
- Swelling index, not less 14 ml/g
- Moisture mass fraction, not more 21%

- Effective viscosity, not less 30 cP

For the purpose of increasing bentonite consumer properties,
as binding agent for iron ore pellets we work up and produce
bentopolymer compositions. They are considered to be soda
ash activated bentonite with special polymer content.

Horizontal-Directional Drilling (HDD) overview
Trenchless Technologies, known in the whole world as NO-

DIG, are the variant of performance the job of underground
building without opening-out ground. Trenchless Technology
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makes possible to perform more than 90% of job under ground
that excludes:

1. Necessity of restoration of pavement;

2. Service lines damage;

3. Congestion of main traffic arteries;

4. Breach of the habitual tempo of life;

5. Annihilation of green planting;

6. Demolition of beautification features;

7. Surface excavation, etc.

Trenchless Technologies are economically more profitable
(2.5-3 times) in comparison with the traditional method. The
explanation of it is the economy of means, that were spent on
the development of trenches, restoration of pavement, etc.
while using the open method of pipe laying. In addition,
Trenchless Technologies shorten the time of performance of
the work and reduce the number of staff, considerably raise the
level of works safety (absence of trenches and machinery on
the line of laying), and also they don’t harm the environment.

There are four traditional methods of trenchless pipe driving:
horizontal drilling; piercing; punching; pipe replacement 1, 3]

Horizontal-Directional Drilling (HDD) is a great alternative to

traditional trench technology and allows to us to simply pass
under both natural and artificial obstacles (rivers, dams, roads,
railway embankments) leaving them untouched [1, 5].
To conduct a simple comparison between the estimated costs
of HDD and the costs of the trench technology would be
misleading. It is true that during the building both costs and
work time are saved considerably, yet the main saving of this
method lies in future prospects. In a comparative analysis of
the two pipelines building's methods, it is easy to see the
superiority of the HDD-Technology.

There are three stages in the laying of a pipeline;
- Drilling of the pilot drill;
- A consecutive widening of the drill;
- A pipeline's tightening.

From CONVENTIONAL HDD PROCESS the three-stage
operation of HDD involves drilling a pilot hole, reaming and
pipe installation (see Fig. 1) [5]

The pilot hole is drilled via the projected trajectory. Using
provides the highest speed of drilling various types of pilot
bore. The hole is widened on a stage-by-stage process. The
diameter of the widened hole is by 20-25% more than
pipeline's diameter. The pipeline joint is fastened to the drilling
column and the reamer, and is pulled through the hole by the
drill rig.

At all the drilling stages drilling fluid is used. This purifies and
stabilizes the hole, minimizing the friction losses and cools off
the drilling tool. The basic component of the drilling fluid is the
fresh water, and bentonite, which is used for viscosity and
additives for special application.

Bentonite is an ecologically clean material, because of its
natural origin (clay). In addition to HDD-technology for drilling
fluids (mud), it used for the construction of ponds and dams,
tunneling and all.
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Figure 1
The HDD Process

Fig. 1. The three-stage operation of HDD process

Drilling fluid is used for a number of tasks in the HDD
process including [3, 4, 5):
- Cooling and lubricating the drill stem, mud motor and bit;
- Providing hydraulic power to the mud motor this in turn
converts hydraulic power to mechanical power;
- Carrying cuttings out of the bore hole;
- Stabilizing the bore hole during the drilling process;
- Sealing fractures in the formation.

Drilling fluid is usually a mixture of freshwater and bentonite.
Bentonite is naturally occurring clay that is extremely
hydrophilic (i. e., has high swelling characteristics). Certain
polymers may also be used that enhance the drilling fluid
benefits.

A drilling fluid design plan should be established before the
start of the project. This plan should also be modified, when
warranted, throughout the project to ensure the drilling fluid is
fulfilling its function.

The contractors’ drilling execution plan should identify the
equipment to be maintained onsite to check drilling fluid
properties. Alterations to the mix should be made, when
warranted, to stay within the proposed boundaries in the
drilling fluid management plan.

A mud handling system should be onsite to ensure drilling fluid
parameters are within the set standards.

Technical approach (materials and methods).
Test procedures and results

A laboratory experimental program has been undertaken to
develop a better quantitative understanding of the performance
of bentonite, activate soda ash and polymers bentonite clays
based drilling fluid for Horizontal-Directional Drilling (HDD).

The Department of Economics Geology, Geochemistry
laboratory and Drilling, Oil and Gas Production, laboratory
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Drilling fluids and cement slurry at the University of Mining and
Geology “St. Ivan Rilsky” — Sofia has development a series of
laboratory experiments to quantify bentonite from deposits
“Propast — Dobrovolets”, Kardjali district and drilling fluids
performance.

Specific and standard laboratory test and experiments
included standard APl RP 13A Sample: section 4
BENTONITE, section 5 NONTREAD BENTONITE and section
6 OCMA Grade Bentonite [6] and API RP 13B [7].

Bentonite clays mining at these deposits contain from 30% to
60% montmorillonite, with exchange interaction containing
calcium and magnesium cations. Moisture bentonite is
activated by soda ash, that means that calcium and
magnesium cations are replaced by sodium cations, and
activated with polymers. After that bentonite properties are
near to natural sodium bentonite properties.

Chemical composition of moisture bentonite clay are
presented in the following table 1.

Table 1
Chemical composition of representative samples (major
elements)

Sample
Chemical S;n;p_le S;rgp_le #5-
compound, Yellow Grav-Green trade mark
oxides wt. % ¢ y for drilling
granular granular muds
Si02 64.53 60.59 57
TiO2 0.69 0.82 n.a.
Al203 13.56 14.65 15
Fe20s 3.81 4.39 5
MnO 0.09 0.09 n.a
MgO 2.85 3.34 4
Ca0 6.47 5.07 6
Na20 0.24 0.68 3
K0 0.83 1.09 1
P20s 0.17 0.22 n.a.
S0s <0.03 <0.03 n.a
BaO 0.40 0.10 n.a
SrO 0.02 0.01 n.a
LOI 8.99 8.66 7

Bentonite powders #1, #3 and #5 follow the requirements of
specifications APl 13A and section 6 OCMA grate bentonite.
The suspension properties are shown in Table 2.

From table 2 can be seen that the bentonite clays and the
tested suspensions — sample # 3 (with a few exceptions) and #
5 have technological parameters according to the regulations
of the standard API RP 13A which indicates the high colloidals
and and adsorption properties. Sample # 1 doesn’t comply with
requirements and the standards for bentonite clays that are
aimed to be used for drilling.

Bentonite powders are produced from soda ash activated
bentonite clay and meet the requirements of the technical
standards - bentonite powders for the drilling muds. The
properties are presented in Table 3.



Table 2
Specifications suspension properties - Standard APl 13A
Specification for drilling fluids materials

Specifications suspension properties
Sample #
5-
bentonite
Standard -
Sample | for drilling
Requirements S AP.lf.1 3?\ S;n;p_le #3- mud
- Physical Fea ation Gray - ‘S&B
or drilling Yellow Green | Industrial
fluids granular . "
materials granular er;erals
old
“Bentonit”,
Kardjali/
Suspension
properties
viscomet | Minmum30 | 27 39 40
dial reading
at 600 r/min
Maximum
Filter Volume | 16.0 cm3/30 235 16.5 15.0
min
Yield
oint/plastic .
vFi)scosiFt)y ratio Maximum 6 4 4 5
- YP/IPV
Residue of Maximum
diameter mass
grater then fraction 2.5 85 6.5 23
0.075 mm wt. %
Maximum
. mass
Moisture fraction 13.0 215 15.3 10
wt. %
Table 3

Property of bentonite slurry sample

The main Property of bentonite slurry
specifications Unit Sagfle Sa#m?E)Ie Sa£15ple
Solution yield,

viscosity 20 cP. mt 122 151 18
Moisture mass
fraction % 22 15 10

The experience of industrial use bentonite on deposits a
“Propast — Dobrovolets”, enterprises in 2006 had shown that
bentonite produced by “S & B Industrial Minerals”, Kardjali of
the highest quality for drilling fluids production, due to the mud
yield, surpassing all the other bentonite products. High
colloidity and high ability to disperse in water, in combine with
domestic or import polymer reagents let to increase the quality
of drilling fluids, improve washover of horizontal directional
drilling boreholes; give 20-30 % reduction of polymer reagents
consumption.

We project and design in laboratory “Drilling fluids and
cement slurry” high quality bentonite suspension activated by
soda ash and special polymer additives for rapid development
of draw-in construction of underground communications by
horizontal ~ directional  drilling method. The quality
characteristics of bentonite suspension for drilling fluids
intended for horizontal directional drilling boreholes are

presented in the Table 4. All laboratory tests made and
included standard API RP 13B.

Design activated bentonite suspension (Sample #5 - 3%
bentonite for drilling mud; 0.1 soda ash Na2COs and 0.75% Na-
polymer) for drilling fluids used in directional drilling have high
technological properties:

- high reological properties of the suspension;

- low sand content;

- short time of dispersion;

- forms a tight, thin filter cake in unstable formations;

- mixes quickly;

- high yield of suspension;

- eliminates clay and shale swelling, bit balling and sticking
problems.

Table 4
Characteristics and properties of Bentonite suspension for
drilling mud’s
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Product concentration and specifications
suspension properties
Sample
Sample #5_
# 5a Sample | bentonite
3% #3- for
i 0 - drillin
Properties . bentonite Gray dg
Unit 0.1% Green “mu
N .CCO) Granular | “S&B
azv® | Non | Industrial
0.75% acivated | Minerals”
polymer Jold
“Bentonit”,
Kardjali/
Specific
gravity, SG KoL 1.035 1.05 1.04
Marsh SeclL 40 36 38
viscosity
Rheology - Dial
Viscometer | reading
Fann 35
SA dial
reading at
600 r/min 46 22 32
. 35 17 25
300 r/min
. 30 14 22
200 r/min
. 24 11 18
100 r/min
. 1 6 10
6 r/min 9 4 8
3 r/min
Filter
Volume
API cm3/30min 12.5 18 15.0
(100PSI @
20 'C)
Filter cake mm 1.0 2.5 15
Plastic
viscosity, cP 11 5 7
PV
Yield point, )
P Lb/100ft 24 12 18
Gel
. . Lb/100ft2 11/15 4/8 10/14
1min/10min
pH 9.0-10.0 | 8.59.0 | 9.5-10.0




Sand

contend <05

% vol. 2.0 <05

Free water
dreg after
24 hours

ml 0.1 2.5 1.0

Yield of

. 22
suspension

m3/t 15.1 18

The comparative analysis of the technological parameters of
the prepared drilling muds, particularly in the vyield of
suspensions, show that it's imperative to activate bentonite
clay with soda ash and with polymers if it's necessary.

Bentonite provides polymer-clay drilling fluids creating with
technical requirements for horizontal direction borehole
washover in sand-clay rocks that makes possible to receive
1.03-1.04 kg/L suspension density, 35-42 sec/L Marsh funnel
viscosity and pH=9.5-10.5 in normal drilling condition that
presents high bentonite colloidity and high dispersion ability in
water. For best results water acidity is needed to be regulated
with soda ash or ammonia soda to the 8.5-9.0 pH level.

Conclusion and final remarks

Taking in account performed laboratory tests we could
conclude:
- Bentonite powders Sample # 5 and granular Sample # 3
follow the requirements of specifications APl 13A OCMA grate
bentonite;

Recommended for publication by the Department of Geology and
Prospecting of Mineral Deposits, Faculty of Geology and Prospecting
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- In laboratory condition design and testing high quality
bentonite suspension activated by soda ash and special Na-
polymer additives for horizontal direction drilling;

- Bentonite powders for drilling fluids used in directional drilling
have high technological properties: high reological properties
of the suspension, low sand content, short time of dispersion
and high yield of bentonite slurry.
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ABSTRACT. The Breznik epithermal gold prospect is located in the western part of the Srednogorie zone of the Late Cretaceous Banat-Timok-Srednogorie belt and it
is hosted in hydrothermaly altered Late Crateceous volcanic and volcanoclastic rocks of andesitic, trachyandesitic and trachybasaltic composition. The Bardoto
prospect involves the central part of the ore occurrence and it is characterised by ore mineralisation typical for the Au epithermal deposits formed at low temperatures.
Mineralogical studies found ore minerals pyrite, arsenian pyrite (As content within 7-10 wt. %), chalcopyrite, galena, sphalerite, tennantite, tetrahedrite, native gold,
electrum, pyrrhotite, magnetite, hematite, marcasite, covellite, chalcocite, malachite, cerusite and others. paper discussed presence of trace elements in the main ore
minerals based on data from quantitative microprobe analyses and preliminary data from fluid inclusion studies.

MWHEPAJEH CbCTAB HA AU-ENUTEPMANHOTO PYAOMNPOABNIEHUE BPE3HUK-BBPOOTO
(NPEOABAPUTENHU OAHHK)

Cmanucnae Cmolikoe?, Cmpawumup Cmpawumupoe’, Po6epm Mopuu?, Jumumbp Jumumpos?3, Xueko Todopos
"MunHo-2eonoxku yHugepcumem “Ce. Mear Puncku’, Cogpus 1700; sstoykov@mgu.bg

2)KeHescku yHusepcumem, Xexesa 1205

3Euromax, Resources Ltd, Sofia, Bulgaria

PE3IOME. EnutepmanHOTO 3naTHO pyaonposieneHve BbpesHuk ce Hamupa B 3anagHata 4yacT Ha CpepHoropckata 3oHa OT AnyceHu- baHat — Tumok —
CpeHoropckust Mosic M € BMECTEHO B XWAPOTEPMANHO MPOMEHEHU TOPHOKPEAHU BYNKAHCKW W BYNKAHOKNACTUYHW CKanmu C aH4e3uToB, TpaxvaHAesuToB W
TpaxubasanToB cbCTaB. YyacTbk bbpaoTo 06xBalla LeHTpanHaTa YyacT Ha pyAonpOSBNIEHNETO 1 B HEFO Ce YCTaHOBSIBA PyAHA MUHEpanHa acoLuaums xapakTepHa
3a enuTepMarHuTe 3naTHW Haxoguwa, obpasyBaHu npu HUCKM TemnepaTtypu. Mpu MUHEpanoXkuUTe M3CnefBaHusi ca YCTAHOBEHW PYOHUTE MUHEpanu nupwT,
apceHcbabpKaLy NUpUT (CbC CbabpxaHue Ha As mexay 7 u 10 tern. %), Xankonupur, raneHur, caneput, TeHaHTUT, TETpaeApuT, CAMOPOAHO 3MaTo, eneKTpyM,
NUPOTUH, MarHeTUT, XeMaTuT, MapkasuT, KOBENWH, XankoauH, KynpuT, Manaxut, uepycu u gp. B pabotata ce pasrnexgar npucbCTBMETO HA €NEMEHTU-NPUMECH B
rMaBHUTE PYAHW MUHPanK Mo AaHHW OT KOMUYECTBEH PEHTIEHOCMEKTPAMNEH aHanu3 1 ce MpUBEXAT NONyyYeH NpenBapuTenHU JaHHW OT U3cneaBaHe Ha (nyuaHu
BKITKOYEHWSI B MUHepanuTe.

Introduction trachybasaltic composition, intruded by porphyry stocks and

dikes of gabbrodioritic composition belonging to the Western

The Bardoto prospect is a part of Breznik epithermal gold Sredongorie belt. Basement rocks in the Breznik area consist

occurrence, which is located in the Westem Srednogorie zone, ~ Of Precambrian gneiss and schists, Cambrian-Devonian mafic

near the town of Breznik, approximately 35 km west from volcanic rocks, Paleozoic granitic intrusions, Permian-Triassic

Sofia. The zone is within the frame of the Late Cretaceous clastic sedimentary rocks, and Jurassic-Cretaceous limestone,
Apuseni-Banat-Timok-Srednogorie belt, which is a major shale and sandstone.

copper anq gold meta!logenic prov ince in. the South-Eastem The hydrothermal alterations and data about the ore
Eu(;oApe. CT his .pLOV'nC? (;S chgracte}:[zid mainly bl)ll pc;rphyry;jC'u mineralization have been described by Velinov (1967), Velinov
and Au--u eplt.err.na eposits, whic are typ|ca.y c ustgre n and Kanazirski (1990) and Crummy et al. (2001) (Fig. 1). The
major mining districts, such as Bor-Madjanpek in Serbia and altered and mineralized area is EW-oriented and covers an
the Panagyurishte ore district in Bulgaria, separated from each area of approximately 2.5 by 1.5 km. The prospect is
other by segments, in which numerous ore OCCUITeNces are g ndjided into one northem and one southem mineralized

known, but no any large ore deposit are found fill now. area with distinct types of alteration and metal enrichments.

The northern part displays an advanced argillic alteration

Geological setting with small and shallow zones consisting of quartz, kaolinite and

alunite surrounded by an alteration halo with kaolinite and

The Breznik prospect is hosted by Late Cretaceous volcanic sericite. This part of the prospect shows local anomalies of Mo,
and volcanoclastic rocks of andesitic, trachyandesitic and Te and Au (locally over 2 git).
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Fig. 1. Schematic geological map of the region south of Breznik (after
Velinov, 1967) with additions.

1 - Tuff-marl complex; 2 - Agglomerates, pyroxene and pyroxene-
amphibole tuffs, epidote-chlorite facies, 3 - Uralite-epidote-chlorite
facies, 4 - actinolite-epidote-chlorite facies, 5 - Quartz-epidote-cericite
facies, 6 — Quartz-sericite facies, 7 - Alunite-quartz facies, 8 - Tertiery
sediments

Ore mineralogy

Data about the mineral composition of ores in the area are
very limited. Previous studies of ore minerals (Crummy et al.,
2001) mentioned an interval of 1 m thick in drill hole carried out
in the northern part of the prospect relatively rich of ore
minerals. The assamblage includes minerals such as enargite,
luzonite, tennantite, tetrahedrite, pyrite, chalcopyrite,
goldfieldite, arsenosulvanite, colusite, galena-claustalite, Au-Ag
tellurides, typical for the high sulphidation type of
mineralisations. In the same paper also are mentioned
presence of minerals like galena, sphalerite, bournonite,
arsenopyrite, marcasite, argentite and Co-Ni-Fe-S phases,
native gold and electrum, but no any additional data are
provided for their distribution and chemical composition.

The recent study is based on samples from the area Bardoto,
which is a part from the mineralised zone of Au-epithermal
occurrence Breznik. Followng ore minerals are determined in
the samples — pyrite, (also arsenian pyrite) chalcopyrite,
galena, sphalerite, tennantite, tetrahedrite, pyrrhotite, native
gold, electrum, magnetite, hematite, marcasite, ilmenite,
chalcocite, covellite, malachite, cuprite and cerusite.

Pyrite is the most often found ore mineral in the samples
studied. It forms mainly semi-euhedral, xenomorphic, euhedral
or rarely colloform rounded grains and aggregates within 20
pm up to 2 — 3 sm. Larger aggregates are usually slightly
fractured and cemented by gangue or later formed sulphide
minerals. On the basis of its textures and chemical composition
at least three varieties of pyrite could be distinguished. The first
one is related with the pre-ore hydrothermal alteration and it is
presented by fine disseminated grains of pyrite without any
trace elements over 0.0n wt. % in it. The second one
associates with other sulphide minerals which often corroded
or cut it (Plate C). In some of its relatively larger aggregates
are found fine grains (20-50 pm) with well-expressed
anisotropic features, grey-yellowish color and distinct lower
reflectivity compared with the normal pyrite. Quantitative
microprobe analyses established in this variety significant
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content of Cu and lower content of Ni (Table 1, an. # 1). The
most unusual is the third variety of pyrite forming rounded
colloform aggregates with zonal texture (Plate A, B and D).
Their central parts are set up by pyrite containing Cu and As
about 0.5 wt.% (Table 1, an# 2) and they are rimmed by
bends of pyrite with extremely high content of As and
significant contents of Cu and Sb (Table 1, an. ## 3, 4 and 5).
These bends are isotropic but they look distinctly darker
compared to the central parts of aggregates. Their color in
reflected light is creamy grayish with slight pink tarnish, the
reflectivity is lower compared to typical for pyrite (probably
about 45 — 48 %). The most outer part of the aggregates
comprises very fine crystals of marcasite.

The problem of isomorphic form of presence of As, Cu and
Sb in pyrite is one of the most discussed in literature about
chemistry of this mineral. The described findings with high As
content could be nominated as arsenian pyrite according
Chvileva et al. (1988) which mentioned that As content in this
variety could reach 14.5 % and Sb up to 2 %. Colloform
textures are very typical for it as it is in this case.

Low concentrations of As in pyrite as trace element are found
in numerous deposits in Bulgaria, especially in copper deposits
from the Srednogorie zone. Higher content of As (4.08 wt.%) is
reported for pyrite in the Sedmochislenitzi low-temperature
(teletermal) Pb-Zn-(Cu) deposit (Vratza ore region, Western
Stara Planina) by Shadlun et al. (1975). Petrunov (1994)
mentioned high content of As in pyrite from Chelopech Au-Cu
deposit from the Central Srednogorie zone.

Chalcopyrite associates with pyrite as irregular aggregates
cutting early formed pyrite (Plate C) or fine nests among large
pyrite aggregates (Plate E). Typical is the association of
chalcopyrite with tennatite (Plate F). In some cases tennatite
rims chalcopyrite (Plate C) and in the other marginal parts are
set up by chalcopyrite and it seams that tennantite replace it.
The most probable is that both minerals are formed in narrow
interval of mineralisation process and both relations between
them are available. Marginal part of chalcopyrite from upper
levels is replaced by secondary copper minerals such as
chalcocite and covellite. Fine chalcopyrite emulsion is rarely
found in larger sphalerite grains.

Quantitative microprobe analysis of chalcopyrite established
also significant a high content of As and low presence of Sb
(Table 1, an. # 6). Such high content of As is not typical for
chalcopyrite and additional analyses are obvious for precise
determination of chemical composition of this mineral.

Galena presents as fine isometric slightly rounded inclusions in
pyrite (Plate D) and as irregular shaped inclusions rarely in
chalcopyrite (Plate C). Inclusions found in pyrite do not contain
any trace elements while these found in chalcopyrite are
characterized by presence of Se and Ag (Table 1, an. # 7 and
8).

Due to the relatively minor size of analyzed grains, the
contents of Fe and part of Cu registered in them are probably a
result of influence of the chalciopyrite matrix. That is why
crystallochemical formulas are calculated taking into acount
the contamination of chalcopyrite and excluding Fe and
corresponding Cu from analyses.



Plate A. Pyrite (1) rimmed by As-pyrite containing (2) As between 7 - 10
wt.%, Il N, (Size of the observation field of all plates = 320 ym).

Plate C. Irregular inclusion of Se-bearing galena (1) in chalcopyrite (2)
crosscutting pyrite (3) aggregate. (4) - tennantite, Il N.

Plate E. A rim of tennnatite (1) around chalcopyrite (2) as fine nest
among larger pyrite aggregate (3). (4) - inclusion of slightly rounded
Cu-rich anisotropic pyrite in matrix of normal pyrite, Il N.
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Plate B. Atol-like textures of pyrite (1) aggregates rimmed by marcasite
and As-pyrite (2), I N.

Plate D. Inclusions of tetrahedrite (1) and galena (2) in pyrite (3) rimmed
by marcasite and As-pyrite (4), Il N.

Plate F. Tennantite (1) replacing central part of chalcopyrite (2)
aggregate. (3) — semi-euhedral pyrite grain, Il N.



Table 1

Results from quantitative microprobe analyses (Breznik, # 16276, drill hole 525, level — 169 m)

No | element Ag Ni Sb Fe Cu Zn Pb As Se Mn | S Total

wt.%)

mineral
1 pyrite 0.0 022 | 0.0 46.09 |05 |00 |0.0 0.0 00 |00 |53.00 | 9985
2 pyrite 0.0 00 |00 4588 | 067 |00 |0.0 045 |00 |00 |5251 |99.50
3 As-pyrite 0.0 016 | 292 |3953 197 |00 |00 892 |00 |00 |4691 | 10041
4 As-pyrite 0.0 00 [209 |3940 175 |00 |0.0 938 |00 |00 |46.44 | 99.05
5 As-pyrite 0.0 015 | 126 |[3940 (175 |00 |00 10.96 | 0.0 | 0.0 |46.14 | 99.06
6 chalcopyrite | 0.0 00 [020 |2649 |3628 |00 |0.0 419 |00 |00 |3200 | 99.15
7 galenat+Se 116 | 0.0 | 1.81 1.26 3.06 |018 | 7828 | 0.0 062 | 0.0 | 13.39 | 99.76
8 galena+Se 092 | 0.0 |062 |1.90 365 |00 |[77.72 |0.0 1.80 | 0.0 | 13.40 | 100.01
9 tennantite 030 [ 0.0 | 057 |59% 40.05 | 0.0 | 0.0 2369 | 0.0 |1.95 | 2759 | 100.09
10 | tennantite 088 [ 0.0 |075 |3.82 4086 | 0.0 | 0.0 2367 | 0.0 | 287 | 27.06 | 99.90
1 tennantite 076 | 0.0 |0.95 |49 41.02 | 00 |00 2251 | 00 | 257 | 2720 | 99.83
12 | tetrahedrite 2.04 | 0.0 | 20.81 | 2.67 37.23 | 6.00 | 0.0 814 (00 |00 | 2334 |100.23

Crystallochemical formulae:

(Feo.99Cuq.01Ni0.01)0.01S1.99
(Feo99Cuo.01)1.00(S1.98AS0.01)1.99
(Feo91Cuo.04)0.95(S1.97AS0.15500.03)2.05
(Feo91Cuq.04)0.95(S1.97AS0.16500.03)2.05
(Feo92Cu0.02)0.94(S1.85AS0.19500.01)2.05
Cu1.09F€0.90(S1.90AS0.11)2.01
(Pbo.gsCuo.11Sb0.03Ag0.03)1.03(S0.955€0.02)0.97
(Pbo.gsCuo.13Ag0.02S00.01)1.01(S0.945€0.05)0.95
(Cug.34Fe1.58Mno53Ag0.04)11.49(AS4.605D0.07)4.76S12.76
(Cug s2Fe1.02Mno.78Ag0.12)11.54(AS4.73Sb0.09)4.825 1263
(Cug eaFe1.32Mno.70Ago.10)11.75(AS4.48Sb0.12)1.60S 12,65
(Cug70Zn1 52F€0.79AG0.31)12.32(Sb2.83AS1.80)4.63512.05

1
2
3
4
5
6
7
8
9
1
1
1

0.
1.
2.

Sphalerite is also in minor quantity but relatively much often
found compared to galena. It forms fine xenomorphic nests in
association with the rest of sulphide minerals. It is observed
as well fine veinlets in fractures of pyrite aggregates. Some
of its grains are rimmed by tennantite. Chalcopyrite
dissemination in it is not typical although it is observed in
some cases. The size of its grains and aggregates usually is
below 1 mm.

Tennantite is often found in association mainly with
chalcopyrite (Plate C). It forms thin rims around it (Plate E) or
it replaces larger chalcopyrite aggregates (Plate F). Chemical
composition of tennantite studied by quantitative microprobe
analyses show constant presence of trace elements such as
Ag, Fe and Mn. A very low Sb content determines the phases
very close to the end-member of tennantite-tetrahedrite serie.
Relatively high Fe content nominate it as feroan tennantite
according classification offered by Chvileva et al. (1988)
where maximal iron content in tennantite established is
mentioned as 7 wt. %. Very high is also Mn content which
normally is typical one for tetrahedrite. It should be
mentioned that the most tennantite phases analyzed in
samples from deposits in the Central Srednogorie contain Zn,
an element which is not detected in this case. The silver
content is relatively low but taking into account the presence
of tennantite in ores it should be registered as potential
carrier of this element.

Tetrahedrite has a very rare distribution in samples studied. It
is found only as small rounded inclusions in pyrite (Plate D) in
association with galena. Their size is within 10 - 30 pm.
Analyzed grain is characterized by relatively high As content (up
to 8.17 wt.%, Table 1, an. # 12) so it could be concluded that the
most phases from tennantite-tetrahedrite serie found in this ore
occurrence are much more belonging to the As rich and
intermediate sector of the row. Zn content is high and the phase
could be nominated as Zn-rich tetrahedrite. Compared with
described above tennantite this phase has relatively higher Ag
content (up to 2 wt. %).

Pyrrhotite forms single slightly rounded inclusions with minor
size in larger pyrite aggregates. It is very rare in samples
studied.

Native gold is not observed in the samples studied but in
prospecting reports it is reported as presenting as fine inclusions
within 10 — 100 pm. Four microprobe analyses of gold inclusions
established native gold (Au 935 %) as well as electrum (Au 730
— 740%o).

Magnetite observed in the mineralization probably is a relict from
the accessory minerals of the host rock and it is also formed at
the beginning of the ore mineralization stage as fine grains in
quartz. Its distribution in samples is very rare.
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Hematite is a result of martitisation of magnetite during the
changes of oxi-reductional potential of the environment. It is
observed the most often as fine veinlets in the marginal parts
of magnetite grains. In some cases itergrowths with iimenite
also presents.

Secondary copper minerals (chalcocite, covellite, cuprite
and malachite) are formed as result of supergenic destruction
of chalcopyrite. Chalcocite and covellte are developed as fine
veinlets and rims along the periphery of chalcopyrite grains.
Malachite and cuprite are observed as fine veinlets in quartz.
All of them have rare distribution at the upper part of the
mineralised zone.

Cerusite has a very rare distribution as a rim around galena
grains.

Gangue minerals are presented mainly by quartz dveloped
in 4 generations. The first one is related to the pre-ore
metasomatic alterations and it associates with fine-grained
pyrite. The rest three generations form fine veinlets and veins
within several mm up to 15-20 cm. The most outern part is
formed by chalcedony-like quartz.

Other gangue minerals observed in the zone are calcite,
hydromica, chlorite, barite and gypsum.

The gold content in the analyzed samples from the Bardoto
prospect is a part of Breznik epithermal gold occurrence
varies from 1.99 to 12.17 ppm. The Au ones from 11.6 to
46.7 ppm, the Cu one from 231 to 231.

Table 2
Chemical composition of representative samples (trace
elements)

Elements

(in ppm) 1 2 3 4 5
As 1189 1832 2974 549 1251
Bi <10 <10 39 21 <10
Cd <10 24 22 <10 14
Co <10 <10 28 10 <10
Cr 50 35 48 65 71

Cu 647 231 1179 231 713
Mo <10 <10 <10 <10 <10

Ni 13 26 24 22 13
Pb 4926 1270 2278 | 1134 | 1387
Sb 16 259 40 41 143
Sn 79 <20 <20 <20 <20
Se <10 49 16 12 10
Te 12 <10 21 <10 17

Ag 224 46.7 44.6 13.7 11.6
Au 6.69 11.02 1217 | 199 | 7.18

Fluid inclusion studies

Fluid inclusion studies are provided on 4 samples and they
should be accepted as preliminary. The first sample icludes
quartz from breccia consisting of altered granodioritic

fragments in a zoned matrix with crustification containing
magmatic quartz in the intermost bands, surrounded by
intergroun fine-grained silica, chalcedony and euhedral quartz.
The intermost magmatic quartz has trapped coexisting
assamblages of vapour-rich and liquid rich inclusions. The
salinity of the liquid rich inclusions is within 20.7-26.6 wt. %
NaCl eqv. One of the liquid inclusion show salinity within 0.5-3.2
wt. % NaCl eqv. Homogenization temperature is high — about
4000 C for both types of inclusions. Coexsistance of these two
types suggests possibility of development of boiling events
during this stage of the process. The intermost magmatic quartz
is separated from the typical hydrothermal quartz by a zone of
fine grained silica, deposited as silica gel. Such textural
relationship is similar to the recognized for magmatic-
hydrothermal systems as it is described for instance in Refugio
district of the Maricunga belt (Chile) where it is interpreted as
being the result of a sudden pressure drop (Muntean and
Einaudi, 2000). The later formed hydrothermal quartz post-dating
the fine-grained silica gel event only contains single phase,
vapour rich inclusions with traces of CO2 as detected by Raman
spectroscopy occurring typically along growth zones. This
indicates that after the sudden pressure drop deposition of
hydrothermal ~ minerals  occurred in  vapour-dominated
environment.

Late stage fluids are recognized in paragenetically late
dolomite and Mn-rich carbonate in samples from drill cores from
northern and southern part of the prospected area. Inclusions
occur along well-defined growth zones and they have high liquid
to vapour rich ratio at room temperature. The inclusions have
homogenization temperature within 58—76°9 C with exception of
one inclusion that has salinity of 10 wt. % NaCl eqv. These
inclusions are interpreted as a late low temperature brune with
moderate salinity reflected a basinal brine or possibly
condenses-absorbed magmatic fluid in groundwater.

Conclusions

Data obtained show some differences in mineral composition
of ores reported by Crummy et al. (2001) for the northern part of
the area. Mineral association reported by mentioned above
authors is much more typical for high to intermediate
sulphidation type of copper-gold deposts. The absence of
enargite, luzonite, arsensulvanite, colusite and other minerals
usually found in the high sulphidation type here are not
observed. Arsenium presents in high quantity in arsenian pyrite,
which is one of the rare findings of this variety for the country. It
is registred also in chalcopyrite and As-rich members of
tennantite-tetrahedrite serie distinctly dominate in the samples
studied. From this point of view misevaluation should be
nominated as transitional type between intermediate to low
sulphidation type of Au epithermal deposits.

Evidences of boiling and relatively high temperatures of
homogenisation of inclusions found in quartz, which is probably
of magmatic origin, support the presumption of development of a
porphyry system in depth below the gold mineralization.
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MINERALOGICAL, PHYSICAL AND MECHANICAL PROPERTIES OF LIMESTONE ROCKS
IN MA’AN AREA, SOUTH JORDAN

Khalid Tarawneh, Salah Al-Thyabat,, Mohammad Al-Harahsheh

Al Hussein Bin Talal University, Faculty of Mining and Environmental Engineering,
P.O. Box 20, Ma’an, Jordan; khtarrawneh1@yahoo.com, ksalim@ahu.ed.jo

ABSTRACT. Jordan limestone has a broad distribution and occurs in several stratigraphic levels. It is used for construction of composite wall for aesthetic purposes,
as thin polished tiles (marble), floor tiles and monumental architecture or dry stonewalling that characterizes the countryside “of Jordan buildings.

The main goal of this study is to characterize the limestone rocks in Ma’an area in southern part of Jordan and to assess their suitability for building stone. For this
purpose a detailed geological, petrographic and physico-mechanical tests were carried out on some representative samples of this area aiming at establishing a
better understanding of the important properties of these rocks. It is shown that the controlling factor of the classification of Ma'an area limestone is the uniaxial
unconfined compressive stress.

Keywords: Jordan; petrographic; physico-mechanical; limestone; classification.

MWUHEPANOXKW N ®U3UKO-MEXAHWYHU CBOMCTBA HA BAPOBUKOBW CKAN OT PAOHA HA MA’AH, FOXXHA
WOPOAHUA

Xanud TapayHex, Canax An-Tuabam, M. An-Xapaxw

YHueepcumem "An XioceuH bux Tanan”, @akynmem HO MUHHO UHXEHEPCMBO U ona3gaHe Ha OKoflHama cpeda

P.O. Box 20, Ma’an, Jordan, khtarrawneh1@yahoo.com, ksalim@ahu.ed.jo

PE3IOME. BapoBuKkoBHTe CKani ca LUIMPOKO PaanpoCTPpaHeH B pasnudHy cTpaTurpadickyt XopusoHTH Ha Mopaanms. Te ce ManonasaT npu CTPOUTENCTBO Ha Crpau ¢
€CTETUYECKN U3LbPXKAHN CTEHM, KaKTO M 33 (OMHO MOMMPaHe Ha KePaMUYHW CTEHHM 1 MOJOBN MIOYKM, 33 apXUTEKTYPHU NAMETHULM UM 3a CyXo 0bnuLoBaHe Ha
BLHLUHITE CTEHM Ha 3aHATa, KOBTO € MHOTO XapakTepHo 3a crpaauTe B VopaaHus.

OcHoBHaTa 3a7aya Ha TOBa NpoyYBaHe e fa xapaKTepuanpa BapoBMKOBUTE Ckany oT obnactTa Ma’aH, IOxHa MopnaHms 1 aa onpeaeny TAXHaTa MonesHocT kato
CTpOUTENHa CypoBMHA. 3a Taau Lien Gsixa NPpOBELEHM [EeTalnHN reonoXK, NeTporpadckin 1 (U3NKo-MeXaHUYHI aHaNM3u Ha HSKOW NPeACTaBUTENHM Npoby OT Taau
obnacr, ¢ Len no-3aabnboyeHo 13siCHABaHE Ha OCHOBHITE KayecTBa Ha Teau ckamu. YCTaHoBeHO Ge, Ye KOHTPOHMST NapamMeTsp, Knacuduumpaly BapoBuKoBNTe
ckanu oT paiioHa Ha Ma'aH e eJHO0COBOTO, HEOrPaHNYEHO HATUCK-HATOBApBaHE.

Kniowosu aymu: Vopaarus, netporpachckir, hanko-MexaHniecki, BapoBIKOBM CKamu, Knacudukams.

Introduction Geological setting

The limestone package in the study area is located in the
upper part of the Umm Rijam Chert-Limestone Formation
(URC) which represents the uppermost unit of the Belga Group
as shown in Figure 1.

Limestone rocks, which are dominantly of limestone lithologies,
covering most of Jordan, are quarried from different horizons of
Upper Cretaceous and Tertiary.

These rocks are mainly used for building stone. It is The URC, which reach up to 50 m in thickness in Ma'an
estimated that Jordan annual production of building stones is area, is predominantly consisting of chalk, bedded chert and
about 10 million linear meters produced from more than 130 limestone (Figure. 2). A prominent package of 5-12 m thick
quarries. More than 3 million of this production is produced consisting of chalk and chalky limestone marks the basal part,
from Ma'an area. This indicates the importance of this area as whereas the middle part consists of chalk and chalky limestone
a main source of Jordanian building stone and the necessity to alternated with phosphatic limestone, thin chert beds with local
investigate the occurrences of these rocks in Ma'an area. limestone and chert concretions.

The main objective of this work is to characterize the The upper part of URC represents the economic part where
limestone rocks in Ma'an area in order to assess their building stones are mined by open quarrying. However, this
suitability for building stones. Therefore detailed geological, package composed of chalk and chalky limestone,
petrographic and physico-mechanical tests were carried out on predominantly nummulitic type (Tarawneh, 2004).

some selected limestone samples from this area. The term Ma'an stone refers to the upper part of the URC

due to the abundance of specific foraminifera known as
nummulitic limestone. The presence of Nummulites gizehensis
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in Ma’an and Gharandal areas suggests a middle Eocene age
and upper Eocene (Bender, 1974; Wetzel Morton, 1959). The
Tethys Ocean covered most of Europe, North Africa and SW

Asia including the study area during Eocene. Sub-aqueous
marine transgression drowned emergent highs and led to
deposition of such nummulitic limestone in the study area.

I Wadi As Sir Limestone ( Turonian)
B81 wadl Umm Ghudran (Conlacian-Santonian)
== Amman Silicified Limestone/
Al Hisa Phosphorite (Campanian)
EE Muwaqqar Chalk Marl (Maastrichtian-Palaeocene)
ESS Umm Rijam Chert-Limstone (Eocene)

[ Lake Sediments ( Late Ploistocene)
[ Pleistocene Gravels

Il Wadl Sediments (Quaternary)

/ Fault

"//// Main road

Fig. 1. Geological map of the study area (Tarawneh, 2004)

This facies is a precursor of the widespread regression on
the Arabian platform in the late Eocene (Bender, 1974). The
nummulitic grianstones were probably deposited in shallow
water (Powell, 1988).

Four beds of nummulitic limestone are recognized in the
study area as shown in Figure 2,. Their thickness is in the
range between 0.4-0.8 m. Due to the influence of geological
structures in the area, the basal bed shows lateral changes in
thickness (up to 0.8 m thick) (Tarawneh, 2004). The nummulitic
limestone has a broad distribution in Ma’an area and located at
different stratigraphic levels up to 25 m below the ground
surface.

Everywhere in the study area the exploited nummulitic
limestone is characterized by its purity and homogeneity. In
some cases the nummulitic limestone bed is influenced by
imperfections that include coloration due to the iron and
manganese solution. Sometimes this bed is characterized by
the presence of chert, silicification and cavities filled with weak
shelly materials (Moh'd, 1996).

The nummulitic limestone beds are alternated with thin beds
of reddish chalk rich in Thalassinoids burrows, which is very
specific particularly for beds of the upper part of the URC in the
study area.
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Fig. 2. Columnar lithological section of the Eocene rocks in the study area

Results and discussion

Mineralogical Study

Representative limestone samples were collected from four
locations ;(Jurdaneh (JRD), Ma,anSateh (MaS), Jabal Al
Juththa (JTH) and Al Jazeera (JZ) areas. The samples were
studied by using polarizing microscope type Leitz Laborlux 12
pols.

Visual inspection of these samples shows that the nummulitic
limestone is characterized by different degree of coloration. It
is mostly white to grayish white in Jabal Al Juththa, reddish to
reddish white in Ma’an Sateh, whereas in Al Jazeera area it is
mostly white color. The limestone rocks are classified as

biosparite according to Folk (1959; 1962) and packstone to
grainstone by Dunham (1962).

Generally, the limestone understudy is quite homogenous in
its internal texture and structure. The results of petrographic
studies indicate that fossils forms 50-80 % of the limestone.
These Fossils include large foraminifera, mostly Nummulites
with diameter up to 1 cm and show different chamber
arrangements. Discocyclina occurs with fussiform chambers
arrangements and some specimens have maximum diameter
that exceeds 2 mm. Planktonic foraminifera which represent
25-35% of the rock has a circular and ellipsoidal form with
diameter of up to 0.5 mm.

Most of the foraminifera test walls are composed of calcite
and show a variety of shapes and walls structures. The walls



are thick and have a radial fibrous structure, or pillars that
characterize the large types of foraminifera. The matrix
consists of micrite, sparite to microsparite with little blue-
stained ferrous calcite cement. Most of the studied samples
consist of unidentified fragmented bioclasts in a pink stained
microsparitic calcite.

Physical and Mechanical Study

The representative samples were tested and used to
investigate the physical and mechanical properties of the
limestone according to the Jordanian standards laboratory
tests. The results show that Ma’an limestone can be classified
into different categories according to uniaxial unconfined
compressive stress values (CS), water absorption percentage
(WA), surface abrasion (SA) , seismic velocity (SV) and
specific gravity (SG) as shown in Table 1 (American Society for
Testing and Materials, 1983).

Table 1
Results of the physico-mechanical properties of the studied
samples

Sample CS WA SV SA SG
No (N/mm2) % (m/s) (mm)
JTH1 58.74 246 | 550153 | 276 | 2.46
JTH2 54.79 2.78 | 522528 | 30.1 2.78
JTH3 49.54 264 | 5667.13 | 30.3 | 2.64
JTH4 44.08 259 | 4920.03 | 308 | 2.59
JZ1 50.67 266 | 5366.85 | 314 | 2.66
Jz2 79.41 266 | 572658 | 27.37 | 2.66
JZ3 62.32 2.61 5724.7 32.1 2.61
JRD1 49.99 254 | 425532 | 3319 | 2.54
JRD2 60.91 257 | 4909.88 | 31.78 | 2.57
MaS1 27.64 252 | 5049.5 34.1 2.52
MaS2 63.15 264 | 540125 | 3048 | 2.64
MaS3 59.96 262 | 52382 | 3145 | 262

However, the studied limestone is classified locally as
Juththa, Jazeera, Jardaneh and Ma’an Sateh building stones.

The results revealed that the controlling factor in the
classification process is the uniaxial unconfined compressive
stress test which is an expression of the ultimate compression
stress that can be sustained by the given specimen before
failure under unconfined condition. According to Ross and
Butlin (1989) the test should be implemented on the specimen
in a location perpendicular to the bedding plane. Fig. 3 shows
the effect of uniaxial unconfined compressive stress on Ma'an
limestone.
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Fig. 3. The effect of uniaxial unconfined compressive stress
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Different tests in this study indicate almost similar results for
different limestone types except the uniaxial unconfined test
distinguish between the studied limestone. So limestone in
class A descended to the rank of class B and class C (Tables 1
and 2). The results also revealed that all types of Ma'an
limestone have a very low water absorption less than 1.7%,
which fulfill the Jordanian standards.

The building limestone in the studied area is generally within
the category of class A as shown in Table 2. Generally, this
indicates that the water absorption is not the effective factor in
the classification of Ma’an limestone (Fig. 4). The results also
shown that abrasion resistance of Ma’an limestone in different
locations is not the effective factor implemented in the
classification of Ma’an limestone into different categories.
Abrasion resistance test can be used to determine the
suitability of limestone for durability aspects. Generally, the
more resistant to the metal disc abrasion is more durable
against mechanical abrasion in nature (American Society for
Testing and Materials. 1983, Brown, 1981, Malaga-Starzec,
2006).
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Fig. 4. Samples water absorption, %

Referring to the limits indicated in Table 2 and based on the
factor D value (Richardson, 1991), the stone durability can be
subdivided into five classes; a value less than 4 indicating the
best durability class A, 4 to 5 class B, 5to 7.5 class C, 7.5 to
12.5 class D, and over 12.5 the poorest class E. The results of
this study show that almost all the tested samples are within
the range of class A, whereas few of them match within class B
and C. Accordind to the classification by durability factor Moh'd
(2003) found that Ma'anSateh and Jazeera limestone in Ma'an
area are of class A.

Table 2
Classification of different types of building limestone
Class A Class B Class C
SA, mm <33 33-37 | 37-44
CS, Nimm? >55 28-55 | 1228
WA, % <3 342 |4275
SV, m/s 2500-6000 for limestone rocks

The grove length ranges between 27.37-34.1 mm (Table 1).
Therefore, the compatibility of the results is given by the factor
of water absorption percentage and the disc abrasion factor
(Fig. 5). The test of seismic velocity was compared with the



specific gravity of Ma'an limestone and no odd results have
been observed referring to the Jordanian standards. The
results of the 2 tests fall between 4255-5726 m/s 2.46-2.78 as
shown in Fig. 6 and 7.

Field evidences indicate that it is not difficult to recognize the
lateral variation within the same mineable limestone bed in
each quarry according to the Jordanian standard.

Traditionally, the customers and contractors working in the
construction sector recognize the type of building limestone
according to the production area (i.e. Jardaneh, Al Juththa,
Jazeera and Ma’anSateh limestone). The customers proclaim
for instance that Ma’anSateh limestone is of class A, whereas
Jardaneh limestone is known to be of less rank.
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On the contrary, the previous results obtained indicated the
presence of class A building limestone in many quarries of the
study area. Consequently, class B limestone is present in the
same manner. This means that, lateral and vertical changes in
the physical and mechanical properties of the mineable
limestone bed are present. Based on the results of this study, it
is clear that the local name of Ma’an limestone used by the
customers and contractors is not correct and not related to the
scientific classification of building stones.

To overcome this problem, the producer and customers
should refer to the scientific classification and engineering tests
in each location. The local names of limestone currently used
in Ma’an area should not be the only factor used to evaluate
the price of the limestone produced from Ma’an area. The price
of the limestone should be also reevaluated according to the
physical and mechanical properties in each location in the
area.

Conclusions

Based on the results obtained from the study, the following
conclusion could be drawn:

The mineable nummulitic limestone bed has a broad
distribution in the studied area and characterized by its purity
and homogeneity, despite the variations in color.

The economic nummulitic limestone bed shows lateral
changes in thickness (up to 0.8m).

The results of the petrographic studies indicate that the
limestone consists mostly of fossils, which form up to 80% of
the rock.

The controlling factor in the classification of limestone in
Ma’an area is the uniaxial unconfined compressive test. The
physical and mechanical properties of the limestone in the
study area vary laterally and vertically.

The price of building stones produced from the study area
should be comparable according to the Jordanian standard
classification. It can be argued that the scientific classification
of limestone with respect to the Jordanian standard is different
from the conventional classification known for commercial
purposes.
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MIDWAY-TYPE BENTHIC FORAMINIFERA FROM THE PALEOCENE OF THE COASTAL
PART OF EAST STARA PLANINA (ESATERN BULGARIA). FAMILY TEXTULARIIDAE
EHRENBERG, 1838 TO FAMILY STILOSTOMELLIDAE FINLAY, 1947

Boris Valchev

University of Mining and Geology “St. Ivan Rilski’, Sofia 1700; b_valchev@mgu.bg

ABSTRACT. Taxonomical descriptions of 15 species Midway-type benthic foraminifera are introduced in the article. The species belong to 11 genera (Textularia - 2
species, Dentalina - 1 species, Pyramidulina — 1 species, Bolivina — 1 species, Bulimina — 2 species, Globobulimina — 1 species, Praeglobobulimina - 1 species,
Fursenkoina — 1 species, Nodogenerina — 1 species, Orthomorphina — 1 species, Siphonodosaria — 3 species), 6 families, 6 superfamilies and 3 suborders. 13
species are first described in Bulgaria, 4 species are first found in Paleocene, and 1 species is first described from the Paleocene of Bulgaria.

The Loeblich & Tappan's (1988) classification is applied in the article.

Key words: taxonomy, “Midway-type” bethic foraminifera, Paleocene, East Stara Planina.

BEHTOCHWU ®OPAMUHU®EPK TUM “MIDWAY” OT MANEOLIEHCKATA CEPUSA B MPUMOPCKATA YACT HA U3TOYHA
CTAPA MNAHWHA (MI3TOYHA BBIITAPUA). CEMEMCTBO TEXTULARIIDAE EHRENBERG, 1838 10 CEMEUCTBO

STILOSTOMELLIDAE FINLAY, 1947
Bopuc Bbnyes

MurHo-eeonoxku yHusepcumem “Ce. MeaH Puncku”, Cogpust 1700; b_valchev@mgu.bg

PE3IOME. HacTosiwara ctatisi NpeacTaBs TakCOHOMWYHM onucaHust Ha 15 Bupa GeHTocHu copamuHucepn Tvn “Midway”. Te npuHagnexat Ha 11 poga
(Textularia — 2 Bapa, Dentalina — 1 Bug, Pyramidulina — 1 Bug Bolivina — 1 Bug, Bulimina - 2 Buga, Globobulimina — 1 Bug, Praeglobobulimina — 1 Bug, Fursenkoina
- 1 Bug, Nodogenerina — 1 Bup, Orthomorphina — 1 Bua, Siphonodosaria — 3 Buaa), 6 cemeitctea, 6 Hapcemeicta and 3 nogpaspefa. 13 Buaa ce onuceart 3a
napsv mbT B Bbnrapus, 4 ca HaMepeHu 3a MbpBUM MbT B NANEOLEHCKN CEAMMEHTH, @ 1 e yCTaHOBEH 3a MbpBM MbT B ckanuTe Ha lNaneoleHckaTa cepust B Bbarapus.

M3non3saHa e cuctematukata Ha Loeblich & Tappan (1988).

Kntoyosu dymu: TakcoHomus, GeHTOCHM dhopammuHmncbepu Tvn “Midway”, ManeoueHcka cepusi, MatoyHa CTapa nnaHuHa.

Introduction

The Paleocene of the Coastal part of East Stara Planina (East
Bulgaria) contains characteristic elements of three types of
benthic foraminiferal assemblages - flysh-type or A-type,
Midway-type and Velasco-type (Valchev, 2004a). The present
article is the first one from a series of three parts concerning the
taxonomy of the Midway-type assemblages from this part of the
country.

A sketch with the location of the studied sections and
outcrops was published by Valchev (2003). The
biostratigraphical framework of the Paleocene in the coastal part
of East Stara Planina was discussed in the same article. The
microphotographs were made in the Central Laboratory of
Mineralogy and Crystalography of the Bulgarian Academy of
Sciences by scanning electron microscope “Philips SEM-515"
(Uop =25 kV)

General remarks

“Midway-type” faunal assemblages (MF) are a middle to
outer shelf assemblages (50-200 m water depth) developed in
a shale-marl environment and characterized by various
representatives of the families Textulariidae, Nodosariidae,
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Vaginulinidae, Polymorphinidae, Alabaminidae, Heterolepidae.
The assemblages were named the “Midway-type” because
they have been described and illustrated repeatedly in the
rocks of the Midway Group (Gulf Coastal Plain) and equivalent
rocks in the Atlantic Coastal Plain of the USA and circum-
Caribbean and Antillean region (Cushman, 1951; Olson, 1960);
Berggren, 1972, 1974). They have been established in some
other loclities of the Tethyan region (e. g. Ukraine —
Vassilenko, 1950; Kaptarenko-Chernousova et al., 1963;
Krayeva, Zemetskij, 1969; Poland — Pozaryska, 1965;
Pozaryska, Szczechura, 1968; Caucasus — Subbotina, 1947,
1950; Sweden — Brotzen, 1948; the Netherlands - ten Dam,
1944; Australia — McGowran, 1965).

Taxonomical descriptions

The present article aims to introduce taxonomical
descriptions of 15 species small benthic foraminifera from the
Paleocene of the Coastal Part of East Stara Planina, East
Bulgaria. The species belong to 11 genera, 6 families, 6
superfamilies and 3 suborders. 13 species are first described
in Bulgaria, 4 species are first found in the Paleocene, and 1
species is first described from the Paleocene of Bulgaria.
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Several taxonomical descriptions (See Appendix) of Midway-
type benthics were given in previous Valchev's publications
(Valchev, 2000, 2001, 2002, 2004b, ¢, 20053, b).

The Loeblich & Tappan’s (1988) classification is applied in
the article.

Suborder TEXTULARIINA Delage and Herouard, 1896
Superfamily TEXTULARIACEA Ehrenberg, 1838
Family TEXTULARIIDAE Ehrenberg, 1838

Subfamily TEXTULARIINAE Ehrenberg, 1838

Genus Textularia Defrance, 1824

Type species. Textularia saggitula Defrance, in de Blainville,
1824 (original designation by monotypy).
Distribution. Paleocene - Holocene; cosmopoalitan.

? Textularia plummerae Lalicker, 1935
Plate I, Figures 1, 2

1937. Textularia plummerae Lalicker; Glaessner, S. 364.

1951. Textularia plummerae Lalicker; Cushman, p. 4, pl. 2, figs. 2, 3.
1960. Textularia cf. plummerae Lalicker; Geroch, p. 56, Tabl. 6, fig. 6.
1975. Textularia plummerae Lalicker; Braga et al., p. 91, T. 1, fig. 6.

Nomenclature. | have no data about the holotype.

Material. Byala Formation (199 specimens),
Formation (25 specimens).

Description. Test is elongated, coarsely agglutinated, biserial,
with tapered initial part; gradually broadening towards the
apertural end. Chambers are distinct, slightly inflated. Sutures
are depressed, slightly curved backwards. Periphery is
rounded. Aperture is basal.

Remarks. The species is morphologically similar to S.
navaroana Cushman, but differs from it by the lack of spiral
initial portion. When the initial part is broken both species are
indistinct.

Distribution. The species is known from the Paleocene of
Arkansas, Texas, Caucasus, the Alps, the Upper Paleocene of
France, the Eocene of Caucasus and the Alps. It was found in
the deep sea holes in the Labrador (Paleocene) and North Sea
(Lower Eocene).

Occurrence. Byala Formation: C-11 (247.50 m — P1c Zone),
C-12 (219.20 m — P1b Zone, 264.50 m — Lower Paleocene,
268.50-289.20 m — P1c Zone, 303.40 m — P1b Zone), C-21
(22.00-38.50 m — P1b Zone), C-23 (271.20 m — P1b Zone), C-
24 (40.00 m — P2 Zone, 74.25 m — P1b Zone), C-25 (22.50-
4040 m — P1b Zone), C-28 (513.00 m - P3 Zone), C-29
(364.40-365.90 m — P3 Zone, 383.20-420.60 m — P4 Zone,
440.30-476.30 m - P5 Zone), C-30 (83.90-86.30 m — P4 Zone,
99.50 m — P5 Zone), sections Byala 1 (NP3-5 Zone), Byala 2b
(NP1-3 Zone), Byala 2c¢ (NP1-2 Zone), Byala River and
Koundilaki Cheshme valleys (Paleocene); Emine Formation:
sections Emona (NP1 Zone) and Banya-Southwest
(Paleocene).

Emine

Textularia sp.
Plate I, Figure 3

Material. Byala Formation (1 specimen).

Description. Test is coarsely agglutinated, biserial, laterally
flattened, sharply broadening towards the apertural end. It is
composed of 4 couples of chambers, as the chambers from the
last one are strongly inflated.

Occurrence. C-25 (40.40 m - P1b Zone).
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Suborder LAGENINA Delage and Herouard, 1896
Superfamily NODOSARIACEA Ehrehberg, 1838
Family NODOSARIIDAE Ehrehberg, 1838
Subfamily NODOSARIINAE Ehrenberg, 1838
Genus Dentalina Riso, 1826

Type species. Nodosaria (les Dentalines) cuvieri d’Orbigny,
1826 (original designation by monotypy).
Distribution. Late Cretaceous - Holocene; cosmopolitan.

Dentalina longicostata (Cushman and Jarvis, 1934)
Plate I, Figure 8

1934. Chrysalogonium longicostatum Cushman and Jarvis, n. sp.;
Cushman, Jarvis, p. 74, pl. 10, fig. 12.

Chrysalogonium  longicostatum  Cushman
Bermudez, p. 151, pl. 10, fig. 3.

1957. Chrysalogonium longicostatum Cushman and Jarvis; Agyp, pl.
14, fig. 8.

Nomenclature. The holotype (Cushman Coll. No. 21 441) is
from the Lower Miocene of Trinidad (Cipero section).

Material. Byala Formation (21 specimens).

Description. Test is uniserial, elongated, slightly curved, and
tapered at both ends, with parallel sides. Chambers are
distinct, gradually increasing in size. Sutures are straight
depressed, horizontal. Surface is covered by fine longitudinal
ribs. Aperture is terminal, compound.

Remarks. The representatives of this species have been
usually referred to genus Chrysalogonium. According to
Loeblich, Tappan's (1988) classification it is characterized by
straight, elongated and smooth test, while the specimens
described and figured in the micropaleontological literature are
with slightly curved test covered by fine longitudinal ribs —
characteristic features of genus Dentalina. That is why in the
present article these specimens are referred to it.

Distribution. The species is known from the Oligocene of
Italy, Cuba, Trinidad, the Miocene of Italy, and Trinidad. It has
been also established in the deep sea holes in the Northwest
Atlantic (Eocene — Lower Miocene).

Occurrence. C-11 (191.60 m — P1¢ Zone), C-25 (40.40 m —
P1b Zone), C-29 (440.30 m — P5 Zone), sections Byala 1
(NP3 Zone), Byala 2b (NP3 Zone), Byala River Valley
(Paleocene).

1949. and Jarvis;

Genus Pyramidulina Fornasini, 1894

Type species. Pyramidulina eptagona Fornasini, 1894 =
Nautilus raphanus Linne, 1758 (original designation by
monotypy).

Distribution. Cretaceous - Holocene; cosmopolitan.

Pyramidulina tenuicostata (Cushman & Bermudez, 1936)
Plate I, Figure 4

1936. Chrysalogonium tenuicostatum Cushman & Bermudez, n. sp.;
Cushman, Bermudez, p. 27, pl. 5, figs. 3-5.

1949. Chrysalogonium tenuicostatum Cushman & Bermudez;
Bermudez, p. 151, pl. 10, fig. 2.

1957. Chrysalogonium tenuicostatum Cushman & Bermudez; Agyp,
pl. 14, fig. 10.

Nomenclature. The holotype (Cushman Coll. No. 23 094) is
from the Middle Eocene of Cuba.



Material. Byala Formation (33 specimens).

Description. Test is elongated, straight, tapered in the initial
part. Sides are parallel. Chambers gradually increasing in size.
Sutures are straight, horizontal, slightly depressed. Surface is
covered by coarse longitudinal ribs. Aperture is terminal,
compound.

Remarks. The representatives of this species have been
usually referred to genus Chrysalogonium, but the presence of
coarse longitudinal ribs made me refer them to genus
Pyramidulina. The species differs from D. longicostata
(Cushman and Jarvis) by its straight test and coarsely
ornamented surface.

Distribution. It is known from the Eocene of Alabama, Cuba,
the Upper Eocene, Oligocene and Miocene of ltaly, the
Oligocene of Cuba, and Trinidad. It was also established in the
deep sea holes in the Atlantic (Lower — Middle Eocene), Bay of
Biscay (Upper Eocene — Lower Oligocene).

Occurrence. C-23 (271.20 m — P1b Zone), C-24 (56.90 m —
P1c Zone), C-25 (P1b Zone), C-30 (107.90 m — P5 Zone),
sections Byala 1 (NP3-5 Zone), Byala 2c (NP1-2 Zone), Byala
River and Koundilaki Cheshme Valleys (Paleocene).

Suborder ROTALIINA Delage and Herouard, 1896
Superfamily BOLIVINACEA Glaessner, 1937
Family BOLIVINIDAE Glaessner, 1937

Genus Bolivina d'Orbigny, 1839

Type species. Bolivina plicata d'Orbigny, 1839 (subsequent
designation by Cushman, 1911);
Distribution. Late Cretaceous — Holocene; cosmopolitan.

Bolivina midwayensis Cushman, 1936
Plate I, Figure 5

1937. Bolivina midwayensis Cushman; Cushman, p. 45, pl. 6, figs. 11-
13.

1962. Loxostomum midwayensis (Cushman); Hillebrandt, S. 88, Taf. 6,
Fig. 18, 19.

1976. Bgo/ivina midwayensis Cushman; Aubert, Berggren, p. 420, pl. 4,
fig. 10.

1983. goriphostoma cf. midwayensis (Cushman), Tjalsma, Lohman, p.
12, pl. 2, figs. 7, 8.

Nomenclature. | have no data about the holotype. The
species was first described from the Paleocene of Texas.

Material. Byala Formation (47 specimens).

Description. Test is elongated, slightly tapered in the
apertural end, biserial. Chambers are low, broad. Sutures are
oblique, slightly depressed. Periphery is narrowly rounded.
Surface is smooth. Aperture is low, loop-shaped, basal.

Distribution. The species is known from the Paleocene of the
Tethys region. It was also established during the deep sea
drilling in the Atlantic (Paleocene).

Occurrence. Sections Byala 2b (NP3 Zone), Byala 2¢ (NP1
Zone).

Superfamily BULIMINACEA Jones, 1875
Family BULIMINIDAE Jones, 1875
Genus Bulimina d'Orbigny, 1826
Type species. Bulimina marginata d'Orbigny, 1826
(subsequent designation by Cushman, 1911);
Distribution. Paleocene - Holocene; cosmopoalitan.
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Bulimina midwayensis Cushman and Parker, 1936
Plate I, Figure 9

1936. Bulimina arkadelphiana Cushman and Parker var.
midwayensis Cushman and Parker, n. var.; Cushman and
Parker, p. 42, pl. 7, figs. 9, 10.

1962. Bulimina midwayensis Cushman and Parker; Hillebrandt, S.
76, Taf. 5, Fig. 19.

1976. Bulimina midwayensis Cushman and Parker; Aubert, Berggren,
p. 422, pl. 5, fig. 7.

1983. Bulimina midwayensis Cushman and Parker; Tjalsma,
Lohman, p. 6, pl. 3, fig. 1.

Nomenclature. The holotype (Cushman Coll. No. 23136) is
from the Eocene of Texas. (Midway Formation).

Material. Byala Formation (28 specimens).

Description. Test is triserial, tapered at the initial part,
bearing a basal spine. The last 3 chambers are inflated,
smooth, comprising 1/3 to 1/2 of test length. The previous
ones are covered by fine ribs. Sutures are depressed, curved.
Aperture is loop-shaped, with lip.

Distribution. The species is known from the Paleocene of
North America, Sweden, Denmark, Austria, Slovakia, Egypt,
Tunisia, and the Eocene of Texas. It was also established
during the deep-sea drilling in the Atlantic (Paleocene).

Occurrence. C-24 (40.00 m — P2 Zone), C-28 (16.00 m —
P2 Zone), C-29 (399.00-420.60 m — P4 Zone), C-30 (86.30 m
— P4 Zone, 99.50 m — P5 Zone), sections Byala 1 (NP4
Zone), Byala 2b (NP3 Zone), Byala 2c (NP2 Zone), Byala
River Valley (Paleocene).

Bulimina paleocenica Brotzen, 1948
Plate I, Figure 10

1948. Bulimina (Reussella) paleocenica n. sp.; Brotzen, p. 60, pl. 6,
figs. 5, 6.

1958. gulimina paleocenica Brotzen; Haynes, p. 74, pl. 16, fig. 17.

1965. Bulimina paleocenica Brotzen; Pozaryska, p. 98, pl. 15, fig. 4.

1969. Reussella paleocenica (Brotzen); Krayeva, Zemetskij, p. 149,

. 71, fig. 2.

1976.pBulimin% paleocenica Brotzen; Aubert, Berggren, p. 422, pl. 5,
fig. 8.

Nomenclature. The holotype (S. G. U. No. 138) is from the
Paleocene of Sweden. It was figured by Brotzen (1948, pl. 6,
fig. 6).

Material. Byala Formation (27 specimens).

Description. Test is elongated, tapered at the initial portion,
triangular in cross section, triserial. Edges are rounded, sides
are slightly depressed. Sutures are oblique, slightly
depressed. Aperture is basal, loop-shaped.

Distribution. The species is known from the Paleocene of
Sweden, Denmark, Poland, the Netherlands, Tunisia, Ukraine,
Georgia, Russian Plate, the Upper Paleocene of England.

Occurrence. C-21 (29.50-37.00 m — P1b Zone), C-23
(271.20 m — P1b Zone), C-24 (40.00 m — P2 Zone), C-28
(15.00 m — P2 Zone), C-30 (83.90-86.30 m — P4 Zone, 99.50
m — P5 Zone), sections Byala 1 (NP4 Zone), Byala 2b (NP2
Zone), Byala River Valley (Paleocene).

Genus Globobulimina Cushman, 1927
Type species. Globobulimina pacifica Cushman, 1927

(original designation).
Distribution. Paleocene — Holocene; cosmopolitan.



Globobulimina suteri (Cushman and Renz, 1946)
Plate I, Figure 11

1947. Bulimina (Desinobulimina) suteri Cushman and Renz; Cushman,
p. 14, pl. 4, fig. 16.

1962. Bulimina (Desinobulimina) suteri Cushman and Renz;
Hillebrandt, S. 81, Taf. 5, Fig. 32-34.

Nomenclature. | have no data about the holotype.

Material. Byala Formation (42 specimens), Emine Formation
(1 specimen).

Description. Test is oval in outline and round in cross section,
triserial. Chambers are inflated, sharply increasing in size. The
last row comprises up to 2/3 of the test length. Sutures are
indistinctive in the initial part, later they become slightly
depressed, curved. Surface is smooth, Aperture is low loop-
shaped.

Distribution. The species is known from the Maastrichtian, of
Trinidad, the Paleocene of Austria, Trinidad, Venezuela, the
Eocene of Trinidad.

Occurrence. Byala Formation: C-12 (169.70 m — Lower
Paleocene, 264.50 m — Lower Paleocene), C-24 (40.00 m — P2
Zone), C-25 (22.50-40.40 m — P1b Zone, 454.60 m — P2
Zone), C-29 (361.10 m — P3 Zone, 433.50-464.70 m — P5
Zone), C-30 (83.90 m — P4 Zone), sections Byala 1 (NP3-4
Zone), Byala 2b (NP3 Zone), Byala 2¢c (NP2 Zone), Byala River
and Koundilaki Cheshme Valleys (Paleocene); Emine
Formation: a sample from the geological mapping (Lower
Paleocene).

Genus Praeglobobulimina Hofker, 1951

Type species. Bulimina pyrula d'Orbigny var. spinescsens
Brady, 1884 (original designation);

Distribution. Late Paleocene - Holocene; cosmopolitan.

Remarks. The numerous finds of P. pyrula (d’Orbigny) in
Senonian and Lower Paleocene emend the genus’ range B
given by Loeblich, Tappan (1988).

Praeglobobulimina pyrula (d'Orbigny, 1846)
Plate I, Figure 6

1846. Bulimina pyrula d'Orbigny; d'Orbigny, p. 184, tab. 11, fig. 9, 10.

1846. Bulimina ovata d'Orbigny; d'Orbigny, p. 185, tab. 11, fig. 13, 14.

1846. Bulimina pupoides d'Orbigny; d'Orbigny, p. 185, tab. 11, fig. 11,
12,

1948. Bulimina aff. ovata d'Orbigny; Brotzen, p. 59, pl. 10, figs. 9, 10.

1957. Bulimina ovata d'Orbigny; Tzaneva, p. 14, pl. 2, fig. 2.

1959. Bulimina ovata d'Orbigny; Stancheva, p. 259, pl. 7, fig. 8.

1985. Bulimina pyrula d'Orbigny; Papp, Schmidt, p. 69, pl. 62, figs. 2-
10.

1992. Bulimina pyrula d'Orbigny; Darakchieva, Juranov, p. 24, pl. 4,
fig. 8.

1999. .graeglobobulimina pyrula (d'Orbigny); Darakchieva, p. 59.

Nomenclature. The lectotype (GBA Coll. No. 1981/03/314)
was pointed out by Papp, Schmidt (1985, pl. 62, fig. 9). The
species was first described from the Miocene of the Vienna
Basin.

Material. Byala Formation (24 specimens).

Remarks. The species was described as B. ovata d’'Orbigny
(Tzaneva, 1957) from the Eocene in NE Bulgaria and the
Miocene of NW Bulgaria (Stancheva, 1959). It was also
established in the Eocene of Bourgas District (Darakchieva,
Juranov, 1992). | accept the Papp, Schmidt’s (1985) revision
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according to which B. ovata d'Orbigny and B. pupoides
d’Orbigny are synonyms of B. pyrula d'Orbigny.

Distribution. The species is known from the Senonian of
Caucasus, the Paleocene of Sweden, Poland, the
Netherlands, Turkmenia, the Eocene of Hungary, France, the
USA, Belgium, Ukraine, Caucasus, Byelorussia, the
Netherlands, the Oligocene of Mexico, the Netherlands,
Hungary, the Upper Oligocene and Miocene of Dominican
Republic, the Miocene of the Vienna Basin, Hungary,
Germany, Florida, the Pliocene of Italy, recent sea sediments
in Italy and Philippines.

Occurrence. C-11 (191.60 m — P1c Zone), C-21 (7.50 m —
P1c Zone), C-23 (271.20 m — P1b Zone), C-29 (395.20—
399.20 m — P4 Zone, 440.30-475.30 m — P5 Zone), C-30
(83.90-86.30 m — P4 Zone, 99.50-107.90 m — P5 Zone),
sections Byala 1 (NP4 Zone), Byala 2b (NP1-3 Zone).

Superfamily FURSENKOINACEA Loeblich and Tappan, 1961
CewmeitctBo FURSENKOINIDAE Loeblich and Tappan, 1961
Pop Fursenkoina Loeblich and Tappan, 1961

Type species. Virgulina squamuosa dOrbigny, 1826
(original designation).

Distribution. Late Cretaceous — Holocene; cosmopolitan.

Fursenkoina sp.
Plate I, Figure 7

Material. Byala Formation (8 specimens).

Description. Test is narrow, elongated, laterally flattened,
biserial. Initial portion is twisted, with indistinctive sutures.
Sutures in the late portion are slightly depressed, oblique.
Surface is smooth. Aperture is low, elongated, slit-like.

Occurrence. C-30 (107.90 m — P5 Zone), section Byala 1
(NP5 Zone), Byala 2b (NP1-3 Zone).

Superfamily STILOSTOMELLACEA Finlay, 1947
Family STILOSTOMELLIDAE Finlay, 1947
Genus Nodogenerina Cushman, 1927

Type species. Nodogenerina bradyi Cushman, 1927
(original designation).
Distribution. Campanian — Holocene; cosmopolitan.

Nodogenerina emaciata (Reuss, 1851)
Plate |, Figure 12

1851. D. (Dentalina) emaciata m.; Reuss, S. 63, Taf. 3, Fig. 9.
1956. Dentalina emaciata Reuss; Hagn, S. 136, Taf. 12, Fig. 5.
1979. Stilostomella emaciata (Reuss); Sztrakos, pl. 19, fig. 14.

Nomenclature. Holotype is the specimen figured by Reuss
(1851, Taf. 3, Fig. 9). The species was first described from
the Oligocene of Germany.

Material. Byala Formation (7 specimens).

Description. Test is slim, elongated, uniserial, curved.
Chambers are elongated, gradually increasing in size. Initial
chamber bears a basal spine. Sutures are straight, horizontal,
flush in the initial portion, slightly depressed in the late one.
Surface is smooth. All available specimens are with broken
aperture.

Distribution. The species is known from the Paleogene of
Germany, the Oligocene of Hungary.



Occurrence. C-24 (74.25 m — P1b Zone), sections Byala 2b
(NP3-5 Zone), Byala 2¢ (NP1-2 Zone).

Genus Orthomorphina Stainforth, 1952

Type species. Nodogenerina havanensis Cushman and
Bermudez, 1937 (original designation).

Distribution. Eocene — Holocene; cosmopoalitan.

Remarks. The present find of representatives of the genus in
the Paleocene emend the stratigraphical range given by
Loeblich, Tappan (1988).

Orthomorphina rohri (Cushman and Stralnforth, 1945)
Plate I, Figure 13

1945. Nodogenerina rohri Cushman and Stralnforth, n. sp.; Cushman
and Stralnforth, p. 39, pl. 5, fig. 26;

1956. Orthomorphina rohri (Cushman and Stralnforth); Hagn, S. 144,
Taf. 13, Fig. 20;

1979. Orthomorphina rohri (Cushman and Stralnforth); Sztrakos, pl.
14, fig. 9;

1983. Od%omorphina rohri (Cushman and Stralnforth); Basov,
Krasheninnikov, p. 762, pl. 12, fig. 5.

Nomenclature. The holotype (Cushman Coll. No. 43618) is
from the Oligocene of Trinidad (Cipero formation, zone lIl,
sample Rz. 425).

Material. Byala Formation (2 specimens).

Description. Test is straight, uniserial, composed of
subspherical chambers with gradually increasing sizes.
Sutures are straight, horizontal, depressed. Surface is smooth.
Aperture is broken.

Distribution. The species is known from the Eocene of
Trinidad, North Alps, the Upper Eocene of Barbados, the
Lower Oligocene of Barbados, the Oligocene of Trinidad. It
was also found during the deep sea drilling in the Southeast
Atlantic (Middle Eocene — Oligocene) and Norwegian Sea
(Lower Eocene).

Occurrence. C-12 (303.40 m — P1b Zone), section Byala 2b
(NP3 Zone).

Genus Siphonodosaria A. Silvestri, 1924
Type species. Nodosaria abyssorum Brady, 1881
(subsequent designation by monotypy - Cushman, 1927);
Distribution. Eocene - Holocene; cosmopolitan.
Remarks. The numerous finds of representatives of the

genus in the Senonian and Paleocene emends the
stratigraphical range given by (Loeblich, Tappan, 1988).

Siphonodosaria adolphina (d'Orbigny, 1846)
Plate I, Figure 14

1846. Dentalina adolphina d'Orbigny; d’Orbigny, p. 51, tab. 2, fig. 18-
20;

1951. Dentalina adolphina d'Orbigny; Spasov, p. 100, pl. 1, fig. 11;

1926. Nodosaria cf. adolphina (d'Orbigny); Cushman, p. 597, pl. 18,
fig. 2;

1969. Nodosaria adolphina (d'Orbigny); Krayeva, Zemetskij, p. 41, pl.
14, fig. 6;

1985. Stilostomella adolphina (d’Orbigny); Papp, Schmidt, p. 31, pl.
14, figs. 8-11;

1992. Siphonodosaria adolphina (d'Orbigny); Darakchieva, Juranov,
p. 30, pl. 5, fig. 4.

Nomenclature. The lectotype (GBA Coll. No. 1981/03/58)
was pointed out by Papp, Schmidt (1985, pl. 14, fig. 9). The
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species was first described from the Badenian of the Vienna
Basin.

Material. Byala Formation (1 specimen).

Remarks. In Bulgaria the species was described from the
Miocene of Kula District (Spasov, 1951). It was also
established in the Eocene of Bourgas District (Darakchieva,
Juranov, 1992).

Distribution. 1t is known from the Upper Senonian of
Germany, the Paleocene of Texas (Midway Formation),
Mexico, Poland, the Eocene of Ukraine, Caucasus, Crimea,
Turkmenia, California, Venezuela, the Middle Eocene of
Dalmatian, the Oligocene of the Netherlands, Hungary, the
Miocene of the Vienna Basin, Bavaria.

Occurrence. C-30 (83.90 m — P4 Zone).

Siphonodosaria paleocenica (Cushman and Todd, 1946)
Plate I, Figure 15

1946. Ellipsonodosaria paleocenica Cushman and Todd, n. sp.;
Cushman and Todd, p. 61, pl. 10, fig. 26;

Ellipsonodosaria  paleocenica (Cushman and Todd);
Cushman, p. 46, pl. 13, figs. 3-5.

Nomenclature. The holotype (Cushman Coll. No. 46415) is
from the Paleocene of Little Rock (Arkansas, USA).

Material. Byala Formation (6 specimens).

Description. Test is slim, elongated, straight, uniserial,
slightly tapered in the initial portion, than slightly broadening.
It is composed of 11-14 spherical chambers with gradually
increasing sizes. Sutures are straight, horizontal, deep.
Surface is smooth. Aperture is terminal, round, located on a
short neck with lip.

Distribution. The species is known from the Paleocene of
Arkansas, Alabama, Texas, Mississippi, and Tennessee.

Occurrence. Section Byala 2b (NP3 Zone), Byala River
Valley (Paleocene).

1951.

Siphonodosaria sp.
Plate I, Figure 16

Material. Byala Formation (49 fragments).

Description. The investigated fragments are composed of
4-6 spherical equidimensional chambers separated by deep
sutures. In the last 2-3 chambers they turn into short necks.
Surface is smooth. Aperture is terminal, round, on a short
neck.

Occurrence. C-12 (194.10 m — P1c Zone), C-21 (22.00 m
— P1b Zone), C-23 (215.00 m — Lower Paleocene), C-24
(40.00 m - P2 Zone, 107.70 m — P1c Zone), C-29 (440.30 m
— P5 Zone), C-30 (86.30 m — P4 Zone, 107.90 m — P5 Zone),
sections Byala 1 (NP5 Zone), Byala 2b (NP3 Zone), Byala
River Valley (Paleocene).
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Appendix

List of the Midway-type taxa from the Paleocene of the Coastal Part of East Stara Planina published in previous articles

Dentalina acuta d'Orbigny

D. alternata (Jones)

Dentalinoides approximata (Reuss)
D. colei (Cushman&Dusenbery)

D. fallax (Franke)

Grigelis pyrula longicostata Cushman
Laevidentalina communis (d’Orbigny)
L. eocenica (Cushman)

L. glaessneri (ten Dam)

L. laticolis (Grzybowski)

L. megalopolitana (Reuss)

L. mucronata Neugeboren
Nodosaria aspera Reuss

N. concinna Reuss

N. ewaldi Reuss

N. guttifera (d'Orbigny)

N. (?) hispida (Soldani)

N. longiscata d'Orbigny

N. praegnans (Reuss)

N. radicula (Linne)

N. soluta Reuss

Pseudonodosaria caudigera (Schwager)
P. cylindracea (Reuss)

P. manifesta (Reuss)

P. parallela (Marson)

Pyramidulina latejugata (Guembel)
P. raphanistrum (Linne)

P. raphanus (Linne)

P. tutkowskii (Kaptarenko)
Frondicularia jarvisi Cushman
Frondicularia sp. 1

Frondicularia sp. 2

Plate |

Lenticulina clypeiformis (d’Orbigny)
L. degolyeri (Plummer)

L. disca (Brotzen)

L. inornata (d'Orbigny)

L. macrodisca (Reuss)

L. ovalis (Reuss)

L. pseudomamilligera (Plummer)
L. turbinata (Plummer)

L. vortex (Fichtel&Moll)

L. wilcoxensis (Cushman&Ponton)
Marginulinopsis jacksonensis
(Cushman&Applin)

Saracenaria arcuata (d'Orbigny)
S. hantkeni Cushman
Neoflabellina rugosa (d'Orbigny)
Astacolus cymboides (d'Orbigny)
A. gibbus (d'Orbigny)

A. gladius (Philippi)

Hemirobulina pediformis (Bornemann)
Marginulina apiculata Reuss

M. hamulus Chapman

M. hirsuta d'Orbigny

M. obliqua (d'Orbigny)

M. oblonga Kaptarenko

M. similis d'Orbigny

Marginulina sp.

Vaginulinopsis earlandi (Plummer)
V. longiformis (Plummer)

V. midwayana (Fox&Ross)

V. pedum (d'Orbigny)
Hyalinonetrion clavatum (d'Orbigny)
Lagena costata (Williamson)

L. sulcata (Walker&Jakob)

L. sulcata apiculata Cushman

Pygmaeoseistron hispidum (Reuss)
P. laevis (Montagu)

P. oxystomum Reuss

Reussoolina apiculata (Reuss)

R. emaciata (Reuss)

R. globosa (Montagu)

Favulina hexagona (Williamson)
Palliolatella crebra (Mathes)

P. orbignyana Seguenza

Globulina gibba d'Orbigny
Guttulina communis d’Orbigny

G. ipatovcevi Vassilenko

G. irregularis (d'Orbigny)

G. lidiae Vassilenko

Pyrulinoides cylindroides (Roemer)
Ramulina globulifera Brady
Glandulina laevigata d'Orbigny
Ellipsoglandulina chilostoma (Rzehak)
E. manifesta Franke

Ellipsoidina ellipsoides ellipsoides
Seguenza

E. ellipsoides oblonga Seguenza
Ellipsopolymorphina velascoensis
(Cushman)

Nodosarella hedbergi Cushman and Renz
N.cf. paleocenica Cushman and Todd
N. tuberosa (Giimbel)

Nodosarella sp.

Pleurostomella eocaena Giimbel

P. kugleri Cushman and Renz

P. paleocenica Cushman

P. subnodosa (Guppy)

1, 2. ? Textularia plummerae Lalicker, 1935. Byala Formation, Section Byala 2c, Lower Paleocene, NP2 Zone, Sample b2c-8; SEMx42.6

3. Textularia sp. Byala Formation, C-25, Lower Paleocene, 40.40 m, P1b Zone, Sample C-25-6; SEMx37.4

4. Pyramidulina tenuicostata (Cushman & Bermudez, 1936). Byala Formation, Koundilaki Cheshme Valley, Paleocene, Sample KY-1; SEMx65.5
5. Bolivina midwayensis Cushman, 1936. Byala Formation, Section Byala 2b, Lower Paleocene, NP1 Zone, Sample b2b-7; SEMx50.5
6. Praeglobobulimina pyrula (d'Orbigny, 1846). Byala Formation, C-29, Upper Paleocene, 440.30 m, P5 Zone, Sample C-29-11; SEMx63

7. Fursenkoina sp. Byala Formation, Section Byala 2b, Lower Paleocene, NP3 Zone, Sample b2b-14; SEMx75

8. Dentalina longicostata (Cushman & Jarvis, 1934). Byala Formation, Byala River Valley, Paleocene, Sample BP-6; SEMx48=6

9. Bulimina midwayensis Cushman & Parker, 1936. Byala Formation, C-29, Upper Paleocene, 399.20 m, P4 Zone, Sample C-29-8; SEMx63

10. Bulimina paleocenica Brotzen, 1948. Byala Formation, Section Byala 1, Lower Paleocene, NP3 Zone, Sample b1-12; SEMx71.5

11. Globobulimina suteri (Cushman & Renz, 1946). Byala Formation, Section Byala 2b, Lower Paleocene, Sample b2b-17; SEMx60

12. Nodogenerina emaciata (Reuss, 1851). Byala Formation, Section Byala 2b, Lower Paleocene, NP1 Zone, Sample b2b-8; SEMx48.6

13. Orthomorphina rohri (Cushman & Stainforth, 1945). Byala Formation, Section Byala 2b, Lower Paleocene, NP2 Zone, Sample B2b-13; SEMx81.5
14. Siphonodosaria adolphina (d'Orbigny, 1846). Byala Formation, C-30, Upper Paleocene, 83.90 m, P4 Zone, Sample C-30-6; SEMx48.6

15. Siphonodosaria paleocenica (Cushman & Todd, 1946). Byala Formation, Section Byala 2b, Lower Paleocene, NP3 Zone, Sample B2b-17;

SEMx63

16. Siphonodosaria sp. Byala Formation, Byala River Valley, Paleocene, Sample BP-7; SEMx63
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CPABHEHUE MEXOY OTPAXATEJTHUTE CNEKTPU HA TPAHUTHU
NONYYEHU C PA3NUYHA CNEKTPOMETPUYHA AMAPATYPA

JeHuuya bopucosa

LIN1IC3B- BAH, Cogpus 1113; dborisova@stil.bas.bg

PE3KOME. [l1cTaHLMOHHMTE 13CrnefBaHMs Ha Ckanu U MUHepanu HamupaTt BCe No-LUMPOKO NPUNOXEHME BbB Bpb3ka C akTyanHute paspaboTku Ha ESA (EBponeiicka
kocmuyecka areHums), NASA (HaumoranHa kocmudecka areHuynst Ha CALL) n UKU-PAH (MHcTuTyT 3a kocMuyecku uscneasakus — Pycka akafemust Ha HaykuTe), 3a
13yyaBaHe Ha MUHEPaNHUS M XMMUYEH CbCTaB Ha MOBbPXHOCTTa Ha Mapc v cbTHuka My ®oboc. 3a LenTa Ha HacTosilaTa pabota ca npoBefeHu nabopaTopHy
CMEKTPOMETPUYHN N3MEPBAHMS Ha rPaHUTMK OT TepuTopusiTa Ha Bbnrapus BbB BUAMMATA U Bnmskata WHpayepBeHa 06nacTu OT eneKTPOMarHUTHIUS CNEKTbp KaTo
ca M3non3BaHu cnefHuTe cnektpometpuyHu cuctemmn: SRM, 0.4-0.82 mukpometpa; SPS-1, 0,55-1,1 mukpomeTpa. V3bpaHu ca ABe AbMkWHN Ha BbiHaTa C Len
CpaBHEHWe Ha AaHHWUTE, MOMyYeHu C MoMoLyTa Ha pasnuyHuTe anapaTypu. CblUO Taka e ycTaHOBEHa 3aBUCUMOCTTAa MEXAy KOMMYECTBEHOTO ChAbpkaHue Ha
ckanoobpasyBalyuTe MUHEpanu Ha rpaHMTUTE M CTOMHOCTTA Ha CMeKTpanHus KeguuMeHT Ha oTpaxeHue npu nopbpaHu AbMKMHM Ha BbnHata. [lonyyeHute
pe3ynTaTv Noka3Bar, Ye Taau MeTofuka Moxe Aa Obae NpunoxeHa v 3a ApYrv ckanHu pasHOBUAHOCTH, NPEACTABEHM Ha TepuTopusiTa Ha bbnrapus.

CORRELATION BETWEEN GRANITE REFLECTANCE
SPECTRA OBTAINED BY DIFFERENT SOURCES
DENITSA BORISOVA

STIL-BAS, Sofia 1113; dborisova@stil.bas.bg

ABSTRACT. Remote sensing methods for studying of rocks and minerals are closely related to current EAS, NASA and SRI-RAS programs for mineral and chemical
composition research of Mars and Phobos surface. For the purpose of present paper ex-situ spectroscopy measurements of the granites from the territory of Bulgaria
in visible and near infrared (VNIR) range of the electromagnetic spectrum were performed using follows spectrometric systems: SRM, 0.4-0.82 micrometers; SPS-1,
0.55-1.1 micrometers. Two wavelengths were selected and were applied for the proper comparison between the data obtained by different sources. Dependence
between reflectance values at chosen wavelengths and the quantitative content of the rock-forming minerals was established. The achieved results proved that this
methodology could be extended for other rock types presented in the territory of Bulgaria.

BbBeaeHue Marepuanu n metoau

[UMCTaHUMOHHNTE W3CnedBaHUs Ha ckanu U MUHepanu ca OGekTi Ha NpOBEAEHUTE eKCNEPUMEHTAIHW U3CNeaBaHus ca
aKTyarHu B HacTOsLUMS MOMEHT BbB Bpb3ka C peauua 06wo 10 ckanHu obpaseLa OT rpynarta Ha rpaHuTa u puonuTa.
MEXOYHAapO4HW MNporpamMy 3a M3yyaBaHEe Ha CbCTaBa Ha [pynata ce cuuTta KaTo rnaBHa, 3allOTO PaHUTUTE ca Hal-
MOBBbPXHOCTTA Ha Mapc u cnbTHUKa My ®oboc. 3a uenTa Ha Pa3npOCTPAHEHUTE CKanu Mexay WHTPY3VUBHUTE MarMeHu
HacTosiwara pabota ca MPOBEAEHM  CMEKTPOMETPUYHM ckanu. Tyk ce BMHOYBAT KUCENM U YNTPAKUCENW CKann W no-
M3MEPBAHUS Ha TPaHUTL OT TepuTopusTa Ha Bbnrapusi BbB Manko CbC CpefeH XMMWYEH CbCTaB. [10BEYETO OT CKanHUTE
BuOMMaTa W bnuskata  MHpavepeeHa obrmactu  OT BMIOBE Ca CBETNM (MEBKOKPATHM) U CbAbPXaT CPEAHO OKOMO
enektpomariutHus cnektbp (EMC) kato ca u3nonasaHm 10% vuBeTHM muHeparm (MapuHos, 1989). CoLlo Taka obekT
cnektpomeTpuynm cuctemn SRM, 0.4-0.82 um n SPS-1, 0,55- Ha u3crefBaHe Ca OTAENHUTE OCHOBHM Ckanoobpasysaliy
1,1 um. Anapatypute ca paspabotenn B LJIC3B-BAH u ca MUHepanu, Kouto hopmupart rpaHuTuTe. Te ca n3mepeHn kato
W3MOM3BaHM MpU M3y4aBaHETO Ha pacTUTEnHa W mnouBeHa €0VHW4HY MacvBHY 00pa3Ly OT Kanues (henLnar, opToknas,
MOKpMBKA. 3a CPaBHEHWE Ha [aHHWTE, MOMyYeHu ¢ nomowlTa KBAPL W MYCKOBMT, YMMTO pasmepu ca CbobpaseHn w
Ha pasnuyHuTe anaparypw, ca V|36pa|-|y| [Be ObIMKMHM Ha CbBMECTMMK C MONEe3peHMeTo Ha Wu3nonseBaHara chcrema
BbNHaTa. 3a noaGpaHu AbITKMHA HA BbMHaTa € ycTaHoBeHa SRM. Jlvncata Ha eOuHWYHM TMPUPOAHM MMHEpanu Ot
3aBMCUMOCTTA MeXOy KONMUYECTBEHOTO CbIbpXaHWe Ha nnaruoknas, buoTuT an.WIGOJ'I C HYXHWTEe 3a nones3peHneTo
ckanoobpasyBalLMTe MUHEPanu Ha rpaHUTUTE U CTOMHOCTTa Ha CNEKTPOMETbPa pasMepn HarnoXu WsMNon3BaHeTo Ha
Ha CMIeKTpanHMs KOeuLMEHT Ha OTpaxeHue. lonyyenute MHOTOKaHarnHa criekTpometpudHa anapatypa SPS-1. C
pesynTaTM MokaseaT, Ye TasM MeToguMka Moxe fAa Obae romowyTa Ha Tasu anaparypa 6sixa 3MepeHu crekTpanHuTe
MpUIoXeHa 1 3a APYru CKarnHu pasHOBMAHOCTH, NPELCTaBEHM OTpaXaTenHn XapakTepuCTuku Ha BCUYKM  NpeacTaBeHn
Ha TepuTopusTa Ha anrapmg. MUHepanun KaTo BKMYEeHUA B U3cneaBaHUTe CKarHu 06pa3u,14,

KaKTo 1 BCekn obpasel].
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B Tabnuua 1 e npeacTaBeHO NPOLEHTHOTO ChAbpXaHWe Ha
OCHOBHWTE MWHEPanu, Kouto (opMUpaT CLOTBETHUS BUO

rpaHMTV, KaTo Cpen  uacnegsaHuTe ckanHu  obpasum

npeobnagaeat 06UKHOBEHUTE TPAHNTMY.

Tabnuya 1

ﬂpoueHmHo c1>6bp)KaHue Ha 0OCHO8HUMeE MUHeparu 8

uscnedsaHume epaHumu

HaumeHo-  mscToHa KFsp nnarvo- kBapy 6wmo- mycko- amdu-

BaHue B3eMaHe Knaau ™r  Bur  6on

[paHuT Poponu 50 35 15

Mopdou- c.MomuHa

pouaeH OaHsi 10 30 40 10 10

rpaHuT Xucap

Mopdou- C.KbH4eBO

pouaeH KasaH- 15 35 25 5 20

rpaHuT TTBLLKO

Oeycnto-  TaHario- 45 45 5 5

[EH rPaHuT  puLe

Mopcpupon- ¢.OmaH

JeH rpaHo-  Enxoso 10 50 10 5 25

AnopuT

[panut MnpwH 20 25 45 10

[panut MnpwH 40 40 20

[panut Kasah- 45 45 5 5
TTBLLKO

[panut MnpvH 30 20 40 10

[panut MnpwH - 45 45 5 5

BuayanHo onucanue Ha uamepBaHuTe 0b6pasuy
1. Munepanu (cpur. 1-4).

®ur. 3. Myckosut ®ur. 4. MukpoknmH

Oprtoknas (kanues dengwnar). MpaBobrbneH obpasey C
€CTECTBEHO JIeKO rpanaBa MaToBa MOBbpXHOCT. LIBeTwT e
“nenen ot po3u” ¢ e OTTEHBK OpaHXeBo.

KBapu. MHorobrbneH obpasel ¢ eCTeCcTBEHO rpanasa neko
3anpalleHa noBbpxHOCT 6e3 Gnscbk. Habniogaeat ce neku
npobnsacbLM OT MUHUNaMenku ksapy, LiBeTbT e mneyHobsno-
BexoBo-CuB.
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MyckoBuT. MHOrobrbneH obpasel C ecTecTBeHa MOMTM
rnagka MOBLPXHOCT C oOrnedaneH (nog onpefeneH brbn)
Onsicbk. LIBeTbT e BbakadsB ¢ Manku pukaneu NeTbHUA.

MwukpoknuH. MHorobrbrieH obpasel ¢ rpanaBa NoBbPXHOCT C
maToB bnsicbk. O6paselbT e ¢ Npecbnagagall bnegopeseaan
L|BAT.

2. CkanHu obpasuu (dur. 5-14).

Obpasel; N1. CpegHosbpHecT rpaHuT 0T  Pogonute.
MoBbpxHOCTTa e ecTecTBeHO rpanasa. LiBeTbT Ha
ckanoobpasyBaluuUTe MUHEpPaNK € KaKTo Crensa: nnaruoknasm
- 6bermm po ceeTnoposoBo-Oenu; keapL npo3apayeH
TbMHOCWBO-P030B; OMOTUT — YepeH bnecTsL,

O6pasey, N2. CpenHo3bpHECT nopdupouMaeH rpaHuT OT
Xucap. Mopdupute ca ot kanues dengwnar. MoBbpxHOCTTa
€ eCTecTBeHO rpanaBa. LiBeTbT Ha ckanoofpasysallute
MWHEpanu e KakTo criefga: kanues (enalnat - CBETNOCUBO-
pO30B, Nnaruoknasu - Genu, keapL, - Npo3payeH CBETIOCHB,
BUoTHT - YepeH BnecTsL, amnbon - YepHO3eneH.

®ur. 5. M'panHut ®ur. 6. MopdmponaeH rpaHut

Obpasey N3. CpenHosbpHecT nopdupougeH rpaHuT OT
KasaHnbLko. Mopdmpute ca oT nnarnoknasu. MoBbpxHoCTTa
€ ecTecTBeHO rpanaBsa. LIBeTbT Ha MuHepanute € KakTo
cnegga: kanves  chenawnar fneno  cBeTNOpo3os,
nnaruoknasu - 6enu o 3eneHukasobenu, kBapL — Npo3paveH
MHOrO CBETIIOCUB, BUOTUT — YepeH, amnbon — YepeH.

Obpasey N4. CpenHO3bpHECT [ABYCMIOAEH TPaHUT  OT
MaHartopuiwe. CraHpapTeH neTporpadcku  obpasey ¢
€CTECTBEHO rpanaBa NoBbPXHOCT. LIBETLT Ha MUHepanuTe e
KaKkTo crefga: nnaruoknasu — 6enu 4o CBETNOCMBM, KBapL, —
Nnpo3payeH CUBOPO30B, BUOTUT — YepeH BNecTsLL, MyCKOBUT —
GesuBeTeH briecTsLy.

®ur. 7. MopdmpongeH rpaHuT ®ur. 8. [iBycniopeH rpaHuT

O6pasey N5. [1pebHO3bpHECT nopduponaeH rpaHoOaMopnUT
oT Enxoscko. [MoBbpxHOCTTAa € €CTECTBEHO rpanaBa C
nopcupu OT Kanues cpenawnat. LIBeTbT Ha MuHepanuTe €
KakTO CcnedBa: KanveB (enawnat — Onefo XbNATOPO30B,
nnarvoknasu — 6enu, keapy, — CBETNocMB, BUOTUT — 4epeH
Bnecrauw, amdudon — yepeH.



Obpazey N6. CpegHosbpHecT rpaHuT  OT  [upuH.
lMoBbPXHOCTTA € HamnornoBuHa BAMbOHAaTa C OMasHsBaHe B
eOuHmus kpai. LIBeTbT Ha MUHepanuTe e KakTo criefga: kanves
thenpwnar — 6nefo CBETNOPO30B, Nnarkoknasu - 6enu, keapy,
— CMB Npo3payeH, B1oTuT — YepeH bnectsiy,

®ur. 9. NMopdmponaeH rpaHnT ®ur. 10. Mpanut

O6pasel; N7. [IpebHo- 40 CpeaHO3bPHECT rPaHUT OT MUPKH.
lMoBbpXHOCTTAa € NeKo rpanaea, NouTW rnagka. LiBeTsT Ha
MWHEpanuTe e KakTo crefga: nnaruoknasu — 6Genu go
CBETIIOCVBY, KBapL, — Npo3pa4yeH TbMHOCMBOPO30B, OMOTUT -
yepeH bnecra,.

Obpasey; N8. [pebHo- 0O CPeOHOSbPHECT rPaHUT OT
KasaHnbluko. [MoBbPXHOCTTa € neko rpanaea, nouTu rnagka.
LiBeTbT Ha MUHEpanUTE € KaKTo creaga: kanues denawnar —
CBET/IOPO30B, KBapL, — CBETNO- A0 TbMHOCMB, BUMOTUT — YepeH
Brnectaw, amunbon — cMBOYEPEH.

®ur. 11. FpanuTt

Obpasey N9. [peGHo- [0 CpemHO3bpHECT TpaHUT oT
kapuepa [paHnToBO. ECTECTBEHO rpanaBa MOBbPXHOCT.
LiBeTbT Ha MUHEpanUTE € KaKTO CriefjBa: kanves denawnar —
GnenoopaHXeBopo30B, Nnarnoknasm — 6enn 4o CBETNOCHBMY,
KBapL, — Npo3payeH cuB, BUOTUT — YepeH bnecTaL,

Obpasey N10. [pebHo- OO CpeaHO3bPHECT rpaHuT OT
'paHuTOBO. OBLPXHOCTTA € eCTECTBEHO rpanasa. LiBeTbT Ha
MWHepanuTe € KakTo criefsa: nnaruoknasw — 6enu, keapy —
CMB [0 TbMHOCMB, OMOTMT — YepeH GnecTsw, amdubon —
YepeH.

®ur. 13. MpaHuTt ®ur. 14. FpaHuT
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AnapatypeH Komnnekc

3a u3mepBaHe Ha OTpaXaTenHUTE CMEKTPU Ha CKanHuTe
obpasuu TrpaHWTM KaTo CMECEH Knac OT  OCHOBHWUTE
ckanoobpasyBally M MUHEpanu, KakTo M Ha OCHOBHWTE W
BTOPOCTENEHHUTE  MWHEpanmW Ca  W3Mon3BaH  CreaHuTe
anapatypHu cuctemm, paspabotenu B LIJIC3B-BAH:

Cuctema SRM 3a u3mepBaHe Ha cnekTpanHute KoeduumeHTy
Ha OTpaXeHWe B Ha3eMHu ycrnous, onucaHa B Kbhyesa, 1999:
1 — moHoxpomartop Joben-Yvon, mogen H-10; 2 — umndpos
paguomeTbp Tektronix, mogen J-16.

Cuctemata npuTexxaBa CNEAHUTE OCHOBHU TEXHUYECKN
XapaKTepuCTUKW: CcrekTpaneH obxBaT Ha MOHOXpomatopa -
300-820 nm; paboTeH cnekTpaneH guanasoH - 400-820nm;
Opoit 3MepBaTenHu KaHanu - 43; WMpKWHa Ha CnekTpamnHuTe
kaHanu 8 nm; chokycupaHa AucpakumoHHa peweTka ¢ 1800
nMHMM/MM; cnekTpaneH obxeaT Ha paguometbpa 374-1100
nm; MHAUKaLKs — LUndpoBa.

CnekTpoMeTpuyHa cucTemMa 3a AMCTAHUMOHHW M3crnepBaHus
SPS-1_(Unues, 2000a,6), B uninTo CbCTaB BNM3aT;
= ONTWUYEH Bb3EN;
= 0Onok Ha cotonpeobpasyBatens C Bb3en 3a
HEroBOTO ynpaBneHue;
= 6nok 3a LUupoBo npeobpasyBaHe W BU3yanu3aLms
Ha CreKTpanHuTe AaHHK;
= creuuanmanpaH KOMMKTBLP.

Mo-BaxHW napameTpn Ha cuctemata ca: 1 — MOHOXpomaTop
SPM-1 Uarl-Zeiss; 2 - ¢otonpeobpasysaten RL512S -
Reticon; 3 — apxuB Ha cnekTpanHaTta uHdopmauus 5.25” Mini-
Disk; 4 — uHtepdeiic RS-323.

CucTemata npuTexXaBa CnegHUTE OCHOBHW TEXHUYECKY
XapaKTepUCTUKM:

= paboTeH cnekTpaneH auanasoH - 360-1100 nm;

= ChekTpanHa pasgenurenHa cnocobHocT - 0.24 nm,
0.384 nm, 5.4 nm;

= [OMHamuyeH obxeaT Ha (poTonpeobpasysatens >
104;

"  BpeMe 3a CKaHUpaHe Ha eauH cnekTbp 50 ms;

= JuHamuyHa namer 44 kB.

ETanoHHa oTpassBalia NMOBLPXHOCT (€KpaH) CbC CregHuTe
XapaKTepPUCTUKM;
" nokpuTue - bapnes cyndar;
= koedmumeHT Ha oTpaxeHue — 98-99%;
"  HepaBHOMEPHOCT Ha CreKTpanHata oTpaxaTenHa
XapakTepucTika B paboTHus guanasoH — 1%;
" WHAMKATPUCA HA OTPaXeHue — OpTOTPOMHA.

VI3kycTBEH CBETNIMHEH W3TOMHWK — XanoreHHa namna c
mowgHocT 2000 W, cb3gaBalla paBHOMEpHa OCBETEHOCT B
pabOTHOTO MoMe Ha CNeKTPOMETpUPaAHE W OcUrypsiBaLla
HeobxouMaTa CBETIIMHHA €HEPrUs B CMEKTpariHUS AnanasoH
Ha n3mepBaHe.

MomBkeH ONTUYEH BM3LOP 32  KOHTPONMpaHe Ha
Pa3nonoXeHUeTo Ha M3cneaBaHnsa o0eKT B NONespeHneTo Ha
CMEKTPOMETBPA.



MexaHi4Ha KOHCTPYKUMS!, BKMOYBALla TPUHOMA M MexaHidHa
rraBa 3a YCTaHOBSABAHE M PerynupaHe Ha CnekTpoMeTbpa B
paboTHO NOMOXEHNE.

M3mepBaHusiTa Ha cnekTpanHuTe OTpaXaTenHu
XapaKTepUCTUKM Ha BCUYKM M3CNEABaHM 0DEKTW ca NMPOBEAEHN
B nabopatopHu ycnosus cke cuctemmte SRM (Mishev et al.,
1993) u SPS-1 (Mrwues, 2000), ycTaHOBEHU B Hagup CpsMO
MOBbPXHOCTTA Ha W3cnedBaHus 00ekT. OcBeTsIBAHETO Ha
u3crnenBaHns 0DeKT € OCbLUECTBEHO C U3KYCTBEH CBETIMHEH
W3TOYHWK — XanoreHHa namna kato ca cbbnogaBaHm
MOCTOSIHHM YCMOBWS HA OCBETEHOCT.

O6paboTka Ha nony4yeHUTe JaHHU
EdbekTBHOTO M3non3BaHe Ha [aHHUTE OT AMCTAHLMOHHUTE
W3cnedBaHWs Cce  CbobpassiBa  CbC  MHAMBMOyanHUTE
W3UCKBAHWUS Ha NOTpebMTENs KbM  CbAbPXaHWUETO U
Ka4yecTBOTO Ha NonyyaBaHata WHdopmauus. O6paboTkata u
WHTEprpeTaLmaTa Ha CheKTpanHuTe AaHHM ca oT 0COBeHo
3HayeHue 3a ePeKTMBHOCTTA. BaHu ca cneaHuTe MOMEHTU:
> BU Ha aHaNNU3MPaHWUTE CNEKTPaNHN JaHHM -
CBbP3aHO C NpeaBapuTenHara obpabotka u
MEeTOAMTE 3a aHanus;
KONNYeCTBO Ha CNeKTpanHuTe 1N CbNMbTCTBALLM AaHHN
- NPEACTaBUTENHOCT U ONTUMarneH o0eM;
npeagaputenHa obpaboTka Ha AaHHUTE;
13M0N3BaHN MaTeMaTYECKV METOAM 33 aHamnu3;
OLieHKa Ha TOYHOCTa Ha MOMYyYeHUTe PesynTary.

VVV V

MpepBapuTenHa 06paboTka Ha NONy4YeHUTe AaHHK
MpenBaputenHata o6paboTka Ha NOMyyYeHWTe  gaHHM

BKIMKOYBA Han-00LL0 CnegHuTe onepaLuu;

v KOpeKLMS Ha anapaTypHWTE LLYMOBE;

v\ pagvoMeTpuyHa KanubpoBka CpsIMO eTanoHeH
obexT;
NpOCTPaHCTBEHA NPUBPH3KA;
paf1aLmMoHHa KOpeKLMs (OTYMTaHe Ha
aTMOCepHUTE LLYMOBE);
npeobpa3syBaHe Ha AAHHUTE B HYXHWS BUL;
BbBEXAaHe Ha AOMbHUTENHN JaHHM OT HAa3eMHUTE
HabMoAEHNS 1 TOUYKOBW U3MEPBaHNS.

v
v
v
v

Mp1 M3BbPLIEHUTE B HAacToAWMA Tpya NabopaTopHu
CMEKTPOMETPUYHN ~ W3MepBaHMst He ca  HeobBXoauMu
pafMaLnoHHaTa KOPEKLMS M MPOCTPAHCTBEHaTa NPUBPB3KA Ha
AaHHMTe. KopekuusiTa Ha anapaTypHuTe LIyMOBE U
pafuMoMeTpuYHaTa KarnbpoBKa CrpsMO €TaroHHWS ekpaH ce
W3BbLPLLBAT MO BPEME Ha MPOBEXAaHUTE EeKCrepUMEHTasHN
13MepBaHus.

MonyyeHuTe MacwBM OT [fdaHHM ce npeobpasyBaT [o
CTOMHOCT Ha ChneKkTparnHus KoeuUMEHT Ha OTpaxeHue B
MPOLEHTWN MNM KaTo 4acT OT eguHuuata kato ce npunarar
HeobxoaumuTe 3a uenta dopmynu (1).

CnekTpanHuaT Koeh LMEHT Ha oTpaxeHe
r(i., Z ¢0 , @, 0) e dyHKUMA, KOATO XapaKTepuanpa
1

CTPYKTypaTa Ha OTpa3eHaTa OT NMOBLPXHOCTTA Ha MpUPOMHMS
0BekT paguauMs no gbmkuHa Ha BbnHata (A ) B
1

3aBNCUMOCT OT YCIoBUATA Ha OCBETABaHE (¢) 1N n3mepsaHe

(0).
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I/IsmepBava npu Mankn M3MEeHeHWsa Ha z  ocurypdaeat
o]

cnaba 3aBMCMMOCT Ha CMEKTPOMETPUYHWTE [aHHW  OT
3eHUTHNA Brbn Ha CrbHUeTo (Henderson et al., 1984) u
TOrasa, Npy BU3MpPaHe B Haaup, KOeULMEHTBT Ha OTpaxeHne
(kaTo 6e3pa3mepHa BENWYMHA UMK B NPOLIEHTH) Ce onpeaens

r(ﬁi)zﬂ
()

KbOETO L(}Li ) u L0 (/1i ) ca ApKOCTUTE CHOTBETHO Ha

(#=0)

(1)

n3cnensaHarta
NOBBPXHOCT.

XOPU3OHTanHa n €TanoHHa

JonbnHuTenHaTa uHgpopmaLus npeAcTaBnsea B KOHKPETHUS!
cryyait HabnioaeHWe W OnucaHWe Ha M3CNeaBaHuTe CKamnHu
o6pa3uy, KOETO BK/MIOYBA MPOLEHTHO CbAbpXaHWe Ha
CkanoobpasyBalluTe MMHEpanu W BM3yarHO ONUCaHWE Ha
MUHEPANUTe U rpaHuTuTe.

PesynTaTu U OUCKyCus

Ha dur. 15 ca npeactaBeHu CrnekTpanHuTe OTpaxaTerHu
XapaKTepUCTMKM  Ha  W3CMedBaHWTE [PaHUTW C  [ABETe
u3nonssaHu anapatypu, cboteeTHo SRM n SPS-1. Cnopeg
CTpyKTypaTa Ha netporpadpckus obpasel oTpaxaTenHute
CNEKTPU Ca C pa3nuyeH pacTep: eOpo3bpHECTUTE rpaHuTK ca
otbenssaHm  Ha  durypata € NAbTHA  NWHWS,
CPEOHO3bpHECTUTE  Ca  MOKa3aHM € MNYHKTUp U
ApeBHO3BbPHECTUTE Ca MapKMPaHM C TOHKU.

450 450

W
S
@w
=]
T

N
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™

a
T

reflectance, %
reflectance, %

04 05 06 07 08 W5 06 07 o8 09
wavelength, um wavelength, um

SRM SPS-1
®ur. 15. OTpaxaTenHy CNEKTPU Ha rPaHUTM C pa3nnyHa CTPYKTypa

10

3a  no-ACHO  pasrpaHMYaBaHe  Ha  TBMHO- W
CBETNIOOLBETEHUTE 00pasuyu ce noabupat ABe ObMKMHM Ha
Bb/THATE, KbAETO ce HabmnogaBa Hal-3HaunMa pasnuka B
ctoiHocTuTe. Crieq HanpaBeH aHanu3 Ha Mony4YeHUTE CNeKkTpu
(dur. 16) ca nopbpaHu yepseHaTta (R) u uHGpayepseHaTa
(NIR) obnacr ot cnektbpa kato R = 0.62 um u NIR = 0.76 um.
Ha cur. 17 B cnekTpanHaTta KoopauHaTHa cucTema OT e
ObmxuHv Ha BbnHuTe R-NIR ca npedcraBexn pesyntature ot
NPOBEAEHNTE M3MEPBaHWs C ABETE W3NON3BaHu anapartypy.
Habntopasa ce paanuuve B pes3yntatute npy W3NON3BaHETo
Ha [JBeTe anapaTypu, KOETO € MOBMNAHO OCHOBHO OT
Pa3CTOSHNETO MEXOy W3MepBaTENHWs yped W W3crenBaHus
obpasel, pa3nuyHo 3a gBara cnyyas. 3a SPS-1 ce odopmaTt
[BE Tpymu (KMbCTbpa) CMOpes CbIbPKaHWETO Ha MUHepany
(@ = > 50% TbMHM, © — > 50% cBeTim). Tasm mo-ronsma
YYBCTBUTENHOCT Ce [AbMKM Ha MO-BMCOKOTO CMEKTPArHO
paspelueHre Ha anapaTypata. B aBymepHata koopanHaTHata
cuctema R-NIR cTorMHOCTUTE Ha KoeduLMeHTa Ha OTpaXKeHue

11



Ha obpasuuTe OT rpaHMTM nonagat Ha Aobpe odopmeHa
NUHWSA, HapeyeHa 6a3oBa ckanHa NUHWA. AHAMOTUYHO Ha
(Elvidge, 1985; Borisova and Kancheva, 2003; Borisova, 2004;
Borisova and Kancheva, 2006), 6a3oBata nuHus e ycTaHoBeHa

ypes NuHeitHa perpecust ot Biuga Y = ax + b:
NIR =aR +bh

)

50

y =0,9441x + 3,3704

y =0,9515x + 3,1514
R*=0,961 r

R?=0,9824

20 25 30 35 40 45 50
0.62 um 0.62 um
SRM SPS-1
®ur. 17. FpaHUTK B CneKTpanHata KoopAMHaTHa cuctema
OT ABE AbIKMHM Ha BbRHUTEe R=0.62 pm 1 NIR=0.76 pm

15

15 20 25 30 35 40 45

45 45

y =0,0003x° - 0,0596x° + 3,523x - 37,734

R®=0,8979

40 40

35

reflectance at 0.76 m, %
reflectance at 0.76 mm, %

R?=0,7464

50

y =-0,0002x° + 0,0420° - 2,2086x + 64,575

20 40 60 80

content of salic minerals, %

SRM

100 20

40 60 80
content of salic minerals

SPS-1

100

®ur. 18. 3aBucumocT Ha oTpaxeHueto npu 0.76 um oT CbAbPKAHUETO Ha

CBeTNN MuUHepanu

50p sor KFsp
450 45} Q
KFsp
401 40t
St Q g5t
8 8
& 30F &30}
g -
sy Mu FoEls
20F 20F
15F 15t
10 014 0.‘5 OjG 0‘,7 0‘8 1%.5 0‘,6 0.‘7 0‘,8 0.‘9 1‘,0 1“1
wavelength, um wavelength, um
SRM SPS-1
®ur. 19. OtpakaTenHu CNeKTpU Ha W3cneaBaHUTe ckanooGpa3syBaiwym

MUHepanu, xapakTepHu 3a rpaHutute — kanves ¢gengwnat (KFsp), kBapy

(Q), myckoBuT (Mu)

Ha dur. 18 ca nokasaHu 3aBUCHMOCTUTE Ha CTOMHOCTTA Ha
CMEKTParnH1s KOeUUMEHT Ha OTpaxeHue Npu ObIDKMHA Ha
BbrHata 0.76 um OT CbAbpKaHWETO Ha CBETNOOLBETEHM
ckanoobpasyBally MUHEpanu B rpaHUTUTE CbOTBETHO 3a SRM
1 SPS-1. 3aBrCMMOCTTa Ce anpoKcuMmpa ¢ NOIMHOM OT TpeTa
cTeneH. HabniopaBa ce HapacTBaHe Ha CTOMHOCTTa Ha
CNEKTPAIHUAT KOEULMEHT Ha OTPAXKEHME C yBENMYaBaHe Ha
CbObPKaHMETO Ha  CBETMIOOLBETEHN  CkanoobpasysaLy
MUHepanu B rpaHuTHUTe obpasun. Ha dur. 19 ca nokasaHm
OTpaXaTeNHUTE CMEeKTPW Ha ckanoobpasyBalnte MuHepanm
Ha TpaHWTMTE BbB BML HAa MOHOMMHepanmHW obpasuu,

MpenopbyaHa 3a nybnukysaHe ot
Kategpa “MpunoxHa reogusnka’, Mo
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W3MepeHn C OBeTe m3nonasaHu anapatypy SRM u SPS-1.
OcBeH TOBa C SPS-1 ca npoBegeHu M3MepBaHMs Ha
MWUHEpanuTe, N3rpaxaally n3ydaBaHuTe ckanHu obpasum.

3aknioyeHue

MpoBsefeHuTe NabopaToOpHW CNEKTPOMETPUYHI U3MEpPBaHNS
Ha  rpaHUTM, TeXHUTe OCHOBHM W  BTOPOCTEMNEHHM
ckanoobpasyBally MWHepann uMat 3a Len fa cryxar kaTo
rognomaraLl 1 NoTBbPXKAABALL MaTepuan Npu aHanuaupaxe 1
pewndpnpate Ha UMcpoBN U30BpakeHus, MomyveHu mpu
aepo— W KOCMUYECKM 3acHeMaHus W npeobpasyBaHETO Ha
MUKCENUTE OT WM300PaXEHWETO B NUTONMOKKA EAMHULM Bb3
OCHOBa Ha TeXHWUTE CMeKTparHu xapakTepucTuku. MomydeHuTe
pesynTaTi nokaseaT, Ye Tasu MeTofuka Moxe Aa Obae
MpUroXeHa 1 3a [PYru ckanHy pasHOBUOHOCTY, NPEACTaBEHM
Ha TepuTopuATa Ha Bbnrapus, KoeTo e npepBuaeHo fa ce
HanpaBu B NpeacTosiyy paboTy.

BbnazodapHocmu. ABTOPBT U3Kka3ea GnarogapHOCT Ha . ac.
A-p banyw Banywes u gou. ard Mapraputa Tokvakyuesa 3a
NpesocTaBeHnTe CKanHu W MuHepanHu obpasuu, Kakto v 3a
0Ka3aHOTO CbAENCTBUE MNpU  HanmpaBeHUTe MocreaBaLyy
MWHEpanHM ¥ XUMWYHM aHanuan. HacToswarta pabota e
nognomorHara ¢puHaxcoso ot HCHW-MOH no gorosopu HU-
12/05, H3-1410/04 n MYH3-1502/05.
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TEOPETUYHU U CTEHOOBW U3CNEABAHUA 3A ONPEAENAHE KOEOULIMEHTA HA
XUOPABINYHO CBIMPOTUBINEHWUE NMPU ABUXEHWE HA T'A3 B MNOJIMETUINEHOBHU
TPbbU U3MON3BAHU 3A U3rPAXOAHE HA TA3OPAIMNPEQENUTENHU MPEXN

Mapmun M. Bosidxues, Munko X. Xapu3aHos

MurHo-eeonoxku yHusepcumem “Ce. UeaH Puncku’, 1700 Copus; martinb@mgu.bg, mharizanov@mgu.bg

PE3IOME. B HacTosiluata cTatus ce pasrnexaa aktyaneH npobrem, cBbp3aH C MpakTikaTta Npu NPOEKTUPaHETO Ha ra3opasnpenenuTentn Mpexu. [eiHocti
XapaKTepuaupalum ce C M3Non3BaHe Ha BUCOKWM TEXHOMOTMW U CbBPeMeHHM MaTepuanu. OcHoBHaTa Len e pa3paboTBaHe Ha MeTOAMKa 3a ONTUMU3UPaHe
NPOEKTUPAHETO Ha ra3onpoBOAW U ra3opasnpefenuTeNnHn MpeXu U3rpafieHn OT MONMMETUNEHoBU Tpbbu — Bucoka nmbTHocT (PE-HD). Hanpased e o63op Ha
W3MON3BaHNUTE B NapKTUKaTa XMAPABNMYHW MOAENM 3a ONUCaHWe ABUKEHMETO Ha ra3 B TpbGONPoBoAHH cucTemu. Pa3paboTeH e nabopaTtopeH CTeHA 3a onpeaensHe
koednLMeHTa Ha XWAPaBNNUYHO CLNPOTUBIEHWE NPW ABUKEHWE Ha ra3 B NONMETUNEHOBU TPbOW U3MON3BaHN 3a M3rpaxaaHe Ha rasopasnpefenuTenHu Mpexu y Hac.
Pa3spaboTeHa e KoHKpeTHa METOAMKa 3a U3creBaHe W ONpefensHe Ha XMapaBUYHUTE CbNPOTUBNEHNS NPW [BUKEHME HA TEXHUYECKM ra3 B Tpbou PE-HD Ha Gasa
0630p 1 aHanu3 Ha M3NON3BaHWTe B CBETOBHATA MpaKTUKa XMAPaBMMYHM MOLENW 33 ONUCaHWe ABWKEHUETO Ha ra3 B TPLOOMPOBOAHM CUCTEMM HUCKO HansraHe.
MscnefBaHn 1 OLEHEHW Ca pexuma Ha ABWKEHME Ha rasa Mpu KOHKPETHU YCMOBUS, uncroTo Ha Reynolds M koeduuueHTa Ha XMOpaBAMYHO TPUEHE Npu
€eKcnepuMeHTa 1 NpecMsiTaHus Ha 6a3a eMNUPUYHM 3aBUCUMOCTH.

THEORETICAL AND EXPERIMENTAL STUDY FOR DETERMINATION OF THE HYDRAYLIC FRICTION FACTOR IN CASE OF
GAS TRANSPORT IN PE — HD PIPELINE FOR GAS DISTRIBUTION SYSTEMS

Martin M. Boiajiev, Milko H. Harizanov

University of Mining and Geology “St. Ivan Rilski”, Sofia 1700; martinb@mgu.bg; mharizanov@mgu.bg

ABSTRACT. This paper presents a review of actual problem to application practice project and design of gas distribution systems. The paper will describe the
development of all generally equation and formulas that can be used as project and design pipeline system. The laboratory experimental apparatus of experimental
determination of pressure drop and friction loss in PE — HD pipe is development. The experimental part of this paper present the results of experiments run in a new
laboratory apparatus. The objectives of these experiment were to evaluate the pressure drop, hydraulic friction factor, Reynolds number and to analyses. The results
of flow test have sometimes appeared to be contradictory and difficult to explain in future study.

BbBegeHue - eKB/BANEHTHaTa rpanaBuHa Ha Tpbbute no
BbTPELLEH AMAMETBP € Mamnka U MPaKTUYECKN He Ce WU3MEHS!
MpakTukata  MpW  CbBPEMEHHOTO  MPOEKTUpaHe U BbB BPEMETO; 5
CTPOMTENCTBO  HA  rasopasnpedenuTenHn  Mpexn  ce - HWCcka cebecToiHoCT npw ekcnnoarauud, B YaCTHOCT
XapakTepuaupa C W3MOM3BaHe Ha BWCOKM TEXHOMOMM M v 3a ToBa Ye TPLOUTE He Ce NoBpexAaT OT Kopo3us U He e
CbBPEMEHHM MaTepuani. B nocnegHuTe rognhn y Hac, nopagm 0bxoauUMa enexTpoXMMUIHa 3aLLuTe;
CBOMTE NPEAMMCTBA 3a U3rpaxxaaHe Ha rasopasnpesenmuTenHu - MOBUMHOCT 11 BUCOKA NPOU3BOAUTENHOCT Ha rpynuTe
MpPEXW Ce W3NON3BaT OCHOBHO NOAUEMUNIEHO8U MpbbU MO U3rpaxaaHeTo Ha rasopasnpeaenMTenHTe Mpexu.
gucoka nmemHocm. Wsnonssa ce nonvetuned PE-HD 80 w
PE-HD 100 oTroBapsiLy Ha u3uckeaHusTa Ha cTaHaapt BAC- TexHomornyHMTe  pelueHnst  mpyu  MpoekTMpaHe  Ha
EN 12 007-2. TpbOONPOBOAHM CUCTEMM, B 4YaCTHOCT ra3oBM MpEXM CE
Gasnpar Ha XxudpasnuyHU U SKOCMHO — OehopmayuoHHU
MonueTtuneHosuTe pr60l‘IpOBOJ.'J,VI umat peauua npecMamanus U opasmepsasaHus. OcHoBHUTE n3cnegBaHusa no
NpeauMCTEa KaTo; XMOpaBNuKkaTa Ha [BWKEHWe Ha nyuan - TeyHocTU B
- [TbNTOBEYHOCT Ha excnroatauua (50 rognHn); TpbOonpoBoaM Cca npoBexgaHu B cpegata Ha 20 Bek.
- BMCOKA TEXHONMOTrMYHOCT MpW MOMaraHeTo UM 3a YcTaHoBeHuTe eMNUpUYHnUTE 3aKOHM 3a [BWXKEHWe Ha
rPaACKM rasopasnpenenuTeNH MPEX U YIn4HK TEeYHOCTUTEe Ca u3nonsBaHM W 3a MNpecmdATaHe Ha
KOMYHWKaLM nopagu ronsmata [gb/ikuHa Ha Oe3lleBHUTe XWApaBNMYHUTE CbNPOTUBNEHUSA NPU OBWKEHUE Ha ras, KaTto
y4acTbLy [0 400 NUHEHN MeTpY; YCTaHOBEHUTE 3aBMCUMOCTM Ca MOMYYEHU OT W3CHELBaHMS
- aBTOMATW3MPaHN TEXHOMOTMM 3a BUCOKO KA4YECTBEHM NPOBEfEHN 33 CTOMaHeH!, a3becToBM M LMMEHTOBU TpboU.
MychOBI CbEAUHEHNS! Ha TPHOUTE:; KbM HacTosWMAT MOMEHT Teau 3aKkoHM - MaTeMaTUyHu

mojgenu ca O6m0 npueTn n ca B OCHOBaTa Ha HOPMAaTUBHUTE
[OKYMEHTH 13non3BaHn npu MPOEKTUPaHETO Ha
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TpbOONPOBOAHM CUCTEMM, KAKTO 3@ CTOMaHeHM Taka U 3a
nonmeTUneHoBm Tpbbu. peLLkaTa, KOSTO MOXe Aa Ce JOonyCcHe
B cnyyas e fo 20-25 % [2, 3, 4, 7]. ToBa Hanara npeyuavpaHe
Ha W3Non3BaHUTe emnepuyHu ¢opmMynu 3a onpeaensHe Ha
koedhuLEHTa Ha XMAPaBNUYHO TPUEHE NPK ABUXEHME Ha ra3 3a
KOHKPETHWS MaTeTepuan — NonueTUneH BUMCOKa NMBbTHOCT [1,
2,4,7].

3a Tasn uen e HeobxoauMo pa3paboTBaHETO Ha CTeHg W
METO/MKA 33 EKCrIepUMEHTaNHO onpeaensHe XuapaBnuYHuTe
CbMPOTUBMEHUA NpWU [BIKEHWE Ha ra3 (Bb3fyX, asoT W
NpuUpodeH ras) B MOMMETUNEHOBM TPBLOM MPU  PasMUYHK
YCrioBUs - AMaMeTbp M AbMKMHA Ha Tpbbonposoga; BuA
W3MNON3BaH ra3; PeXuM Ha [BIKEHNE 1 ap.

B cbOTBETCTBME C MOCTABEHUTE Lenu e pa3paboTeH CTeHs,
3a TMpOBEXOaHe Ha eKCnepUMEeHTUTe U MeToguka 3a
onpefensiHe XUapaBNUYHUTE CHNPOTUBIEHUS (MHERHN) Npu
ABKEHWEe Ha ra3 (Bb3dyX, a30T W npupogeH ras) B
MONMETUNEHOBI TPBOM 3a razopasnpenenuTenHi MpexMy.

CreHpoBuTe u3crnenBaHus Ha XWAPABMMYHUTE
CbMNPOTUBNEHMA Ha NONUETUNEHOBKU Tp'b6|/| Ca M3BbPLUEHN Ha
2 eTana B y4yebHa naboparopus “Xudpaesnuka u mpaHcnopm
Ha Heghm u 2a3” koM kategpa “CoHgupaHe u fobus Ha HedpT
u ras” npn MunHo-Teonoxku Yaueepcutet “Ce. MBaH Punckun”
Codoms no JOTOBOP ITId Ne84/2006, HUCM, [4]:

| etan — PaspaboTBaHe Ha CTeHZ U meToauka 3a
onpegensiHe KoeduUMEHTa Ha XMAPABIMYHO CbNPOTUBIEHNE
B nepuoga aeryct — oktomspu 2006r.

Il eTan EkcnepumenTantn  nabopatopHu
u3MepBaHus ¥ 0bpaboTka Ha MOMyvyeHuTe pesynTaty,
BKMtouBalm Tect Tpbba or martepuan PE-HD PE-80 B
nepuoaa oktomspu — aekemapu 2006r.

EkcnepumenTanHata yact B [JOMOBOP NelTid 84/2006
“CTeHnoBN m3cnedBaHus 3a OnpeaensHe koeduumeHTa Ha
XMLPABNMYHO CbMNPOTUBIEHUE NPU ABWKEHWE HA ra3 (Bb3AyX,
a30T M NpuUpodeH ras) B MOMMETUNEHOBM TpbbM 3a
u3rpaxzaHe Ha rasopasnpefenuTentu Mpexn” e cebpsaHa ¢
W3MEpBaHe Ha PeXWMHUTEe napameTpu npu pabota Ha
TpbbonpoBog (BXOOQHO HansraHe, pasxod, Temneparypa,
HansraHus B ONpedeneHn TOYKM MO  Ob/KMHA Ha
TpbbonpoBoga M onpedensHe 3arybute (NMMHEMHM) Ha
HansraHe, koeuuMeHTa Ha XWAPABMNYHO CbMNPOTUBNEHME
(Tpuene), kputepus Ha Reynolds u pexxuma Ha gBkeHWe Ha
ra3 B nonveTuneHosm Tpbom (PE-HD).

TeopeTuyHa nocTaHOBKa

XUOpaBNUYHUTE  WM3YUCIIEHWS UM MPECMATaHUS  Ha
ra3onpoBOAM Ce U3BbpLUBAT Ha Ba3a 0bLLoNpUETH YpaBHEHNS
Ha Xuapaenukata Ha nyuguTe, B YacTHOCT rasoBaTta
AVHaMMKa, OCHOBaBALLM CE Ha (hyHKLMOHAMHA B3aMMOBpPb3Ka
MEXJY XMAPaBMNUYHUAT OUaMeTsbp, pasxoaa (aebuta) Ha ras u
naga Ha HansraHe B TPLOOMPOBOAM C M3BECTHA AbITKMHA,
KOHCTPYKLMS W u3nonasaH matepuan. OT ypaBHeHUsiTa Moxe
[a ce Onpefeny enaH napameTbp MO 3afafeHn WU3XOAHU
CTOHOCTW Ha OCTaHanuTe napameTpu.

OCHOBHMST BBLMPOC NMPW OpasMepsiBaHe W NPOEKTUpaHe Ha
rasonpoBOAM UM rasopasnpenenuTentu Mpexn ce siBsiBa
ONPEeLensHETO Ha KoehuyueHma Ha XudpasiudHo mpueHe,
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BMM3aLy B W3XOOHOTO YpaBHEHWE OMWCBALLO ABWKEHWETO Ha
rasa W onpeaensiy XwapaBnMYHaTa XapaKTepUCTUKa Ha
u3nonseaHute TpbvOM U TpbOONpoBOAHaTa cuctema. B
Ka4eCTBOTO Ha U3XOJEeH MOMEN 3a ONUCAHWNETO Ha ABMKEHUTO
Ha ra3 ce uanonssa obwonpuetuat mogen Ha Darcy-Waisbah
[1, 3, 4, 5, 6, 8] n HeroBuTe MogudmKaLum, ypaBHeHns (1) u

(2):
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2 _p2 \"

Q= C.T—b.D2'5. il
LpT,Z, 1

Py

2
2 o2 Q T
P1 — P2 = 1,62}\,d—g Po 'PO T_

0

LZ 2)

KbIeTO:

Q n Qo e 06eMHWAT AeBUT npu CTaHOAPTHU YCMOBWS,
[m3/24h];

C - koHcTaHTa, C = 0,0011493;
D, d - xugpaBauyHusT
TpbbonpoBoaa, [mm];

L — abmxuHaTa Ha Tpbonposoaa, [kmy;

P1 — HavanHoTo HansraHe, [kPal;

P2 — kpaiHoTo Hansraxe, [kPa];

Py, Po — cTaHgapTHOTO Hansraxe, [kPal;

T, To — cTaHpapTHaTa Temnepatypa, [°K];

Ta — cpegHata Temnepatypa, [°K];

A — KOEMLMEHTBT Ha XUOPABINYHO TPUEHE, [-];

P, Po — OTHOCUTENHATA MITLTHOCT Ha rasa, [-;

Za, Z - KOE(ULMEHTBT Ha CBPLXCBMBAEMOCT Ha rasa, [-].

(BbTpelleH) AvameTbp  Ha

3arybute Ha HansraHe B TpbOOMPOBOQ Ce ONpesensT B
3aBMCUMOCT OT pexuMa Ha [ABWKeHWe Ha nyuga no
OblKMHA Ha TpbOOnpoBoga, KOWTO Ce Xxapakrepusupa ¢
kputepusi (4ncnoTo) Ha Reynolds 3aBucely OT napameTpute
Ha rasa, XMapaBnNUYHUAT AMaMeTbp Ha TpbbaTa U ckopocTTa
Ha noToka:

Re

D.v.
P, (3)
i

KbaeTo:
D e xvppaBnuyHusT
TpbbonpoBoaa;

V/ - cpegHarta ckopocT Ha noToka gnywa B TpbbonpoBoaa;

M — AUHAMUYHUST BUCKO3UTET Ha (nynaa;

p — NITbTHOCTTA Ha nyuaa.

Pexuma Ha gBuxeHue ce aetuHupa KaTo jaMuHapeH, ako
kpuTtepuaT Ha Reynolds e no-mambk ot 2100. Pexuma e
mypbyneHmeH nNpu CNegHWUTE YCTaHOBEHW 30HU: 30Ha
Xudpasnuy4Ho ‘2nadku” mpbbu, 30Ha CMECEHO MPUEHE U 30Ha
ksadpamuyHo mpueHe, ako Reynolds e no-romam ot 4000.
Korato kputepuat Ha Reynolds e mexgy 2100 u 4000
rOBOPUM 32 NpexodeH pexum Ha apukerne [1, 3, 4, 5, 6].

(BbTpelleH)  auMameTbp  Ha

Mpn  XvOpaBNWYHUTE  W3YUCTIEHWS HA  MarucTparHu
rasonpoBOAM W ra3opasnpefenuTeNnHu Mpexu KoeguyueHma
Ha xudpaenu4Ho mpueHe (A unu f) € OCHOBHA BENWYMHA, KOSITO
NOANEXM Ha OnpefensHe B eKCnepuMeHTanHu ucneasaHus 1
A = f (Re, Ke/D) ce onpeaenst B 3aBMCMMOCT OT pexuma Ha
asmkeHne  (Kputepusat Ha Reynolds) u  oTHocuTenHata



rpanaBocT Ha Tprbonposoga (Ke/D) rpacmyHo no gnarpamara
Ha Moody, B u1siTo 0cHOBa Nexu ypasHeTueTo Ha Colebrook —
White unu no emnupuynm opmyni v 3asucumoctu [3, 6, 8].

CblLecTBYyBaT PasnuyHM NOLXOAM 1 (hPOPMM Ha aHaNUTUYHO
npeAcTaBsHe Ha 3asucuMocTTa A f (Re, Ke/D) u
onpegensHe Ha koeduLMeHTa Ha XUapaBNYHO TpueHe (A).

Mpu HanpaBaTa Ha nuTepaTypHusT 0630p WM aHanusa

OTHOCHO TO3M npobnem aBTOPCKAAT KOMEKTWUB npeanara
W3NON3BaHETO Ha CrNegHUTe aHanuTWYHU MOAXO4W Mpw
obpaboTka 1M aHanuMaMpaHe Ha  eKCnepuUMEHTamnHuTe
pesynTartu:
l. Mogxopa € OCHOBHO M3non3BaH B pyckama
npakmuka npu XmapasnuyHO Opa3MepsiBaHe Ha ra3onpoBoaM
W razopasnpegenuTenH Mpexu Npu npomuLineHa u 6utosa
rasucpukaums. basumpa ce Ha CTaHgapTW, OTpacnosu
HopManu,  (pyHOameHTanHW  HayYHW  TEOPETMYHU W
npakTudecku paspabotkm [1, 2, 3, 5].

3a onpegensHe kputepuaT Ha Reynolds (Re) ca
npeanoxenu 3asucumocty no . Hukonos 1 CHuM 2.04.08 -
87* npepnoxenu B [3, 5]

Mpn NamuHapeH pexuM Ha ABwxeHwe Ha rasa Re<2100,
KoehLMEHTA Ha XUOPABMMYHO TPUEHE 3aBMCU Camo OT
kputepus Ha Reynolds v ce onpeaens no copmynata Hagen-
Poiseuille:

s @)
Re
|-|pl/l npexogeH PEXUM Ha  OBWXeHWe Ha rasa
2100<Re<4000, koedmumeHTa Ha XWOPaBMMYHO TpUEHE ce
onpegena no copmynara Ha P. M. 3aiueHko:

A =000253/Re, (5)

Mpu TypbyneHTeH pexum Ha ABuxeHne Ha rasa Re>4000, B
CbOTBETCTBUE C MOCOYEHUTE TPU 30HU - 30HA XMIPABMMYHO
“rnagku” TpbOW, 30Ha CMECEHO TPUEHE M 30HA KBaAPaTUYHO
TPUEHe, XWAPABMNYHUTE CBMPOTMBNEHWS Ca Pa3fNyHW W
3aBMCAT OT T.H. TPaHWYHW CTOMHOCTM Ha KpuUTepus Ha
Reynolds 3a ycTaHOBsBaHe Ha CbOTBETHATa 30HA Ha
TYPOONEHTHUAT PeXmMM.

3a 30Ha xudpasnuyHo ‘2nadku” mpwbu, KOEPULMEHTBT Ha
XULPaBNMYHO TPUEHE 3aBMCM OCHOBHO OT KpUTEPMSI HA
Reynolds v ce onpegnena no dopmynara Ha Blasius:

03164

= Re0,25 !

(6)

3a 30Ha cmeceHo mpueHe, koetuLMeHTa Ha XUOPABINYHO
CbMPOTWBREHNE 3aBMCM OT KpuTepus Ha Reynolds wu
OTHOCWTENHaTa rpanaBoCcT MO BbTPELIEH AnWameTbp Ha
TpbbonpoBoaa.Onpeaens ce no opmynata Ha AnTwyn w
MPOU3BOAHU KOPENALMOHHN 3aBUCUMOCTH.

0,25
k=0,11.K—e+§ ,
d Re

3a 30Ha
XWOPABAMYHO

kgadpamuyHo —mpueHe,  KoetuuUMeHTa
CbMPOTVBIIEHNE  3ABUCM  OCHOBHO

Ha
oT
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OTHOCWTENHATa rpanaBoCT U Ce onpeaens no opmynara Ha
Shefrinsson:

025
A=01 1[K—ej :
D

Il. Mogxoda e OCHOBHO M3MOM3BaH B egponelickama
npakmuka npu X1apaBnuMYHO Opa3MepsiBaHE Ha ra3onpoBoaM
W rasopasnpefenuTeNnHM Mpexu 3a npomuneHa u Outosa
rasudukauns. basupa ce Ha craHgaptu AGA Technical
Report Ne 10 (1965), PSIG — Pipeline Simulation Interest
Group, “N .V. Nederlandse GasUnie” n dyHaameHTanHm
Hay4HM TEOPETUYHM M NpaKTUdecku paspaboTku [6, 7, 8].

3a onpegensHe kputepuat Ha Reynolds (Re) ca npeanoxenn
3asucumocTu no Schroeder, D u E. Shashi Menon 1 American
Gas Association (AGA) npeanoxeHu B

6, 8].

Mpn namuHapeH pEeXUM Ha [BWKEHWe Ha rasa,
KoeduLMeHTa Ha XWAPABMUYHO TPUEHE 3aBUCM Camo OT
kputepusi Ha Reynolds v ce onpegens no hopmynara Hagen-
Poiseuille:

(8)

, ©)

Mpu TypbyneHTeH pexum Ha [ABWKEHWE Ha rasa, B
CbOTBETCTBME C MOCOYEHUTE TPW 30HW - 30HA XMAPABINYHO
‘rnagkn’ Tpbbu, 30Ha CMECEeHO TpUeHe W 30Ha KBagpaTUYHO
TpUeHe, XWAPaBAMYHUTE CHMPOTUBMEHUS Ca PasfuYHN |
3aBMCAT OT T.H. TPaHW4YHW CTOMHOCTM Ha KpwuTepust Ha
Reynolds 3a ycTaHoBsBaHe Ha CbOTBETHATa 30HA Ha
TYPOYNEHTHUAT peXMM.

3a 30Ha xudpasnu4yHo ‘enadku’ mpwvbu koedUUMEHTa Ha
XVOPaBMMYHO TPUMEHE 3aBMCM OCHOBHO OT KpUTEPUS Ha
Reynolds v ce onpegens no 3akoHa 3a “smooth pipe law” Ha
von Karman u Prandtl:

Re \/x

2,51

Ny

3a 30Ha cMeceHo mpueHe, KoeuUMEHTa Ha XMAPABMNYHO
CbMPOTUBIEHNE 3aBMCM OT KpuTepuss Ha Reynolds u
OTHOCWTENHATa rpanaBoCcT MO BbTPELleH [AWameTbp Ha
Tpwbonposoga. Onpenens ce no copmynara Ha Colebrook —
White 1 npon3BogHM KOpEnaLMoHHN 3aBUCUMOCTM.

2logRe % )08 =2log , (10)

k

D 251
—=-2log| £=+ , )
N/ 37 Rer
3a 30Ha keadpamuyHO mpueHe, KoeduUMeHTa Ha
XVOPaBMMYHO  CBMPOTWBIEHME  3aBMCM  OCHOBHO  OT

OTHOCWTENHaTa rpanaBocCT U ce onpeaens no gopmynara Ha
Nikuradse.

D
2.log 7" +174 = ~2.log

k
/D
371

Vi



KbaeTo:

D wm d e xugpaBnuyHWAT (BbTPELLEH) AuaMeTbp Ha
TpbbonpoBoaa;

Re - kputepust Ha Reynolds;

Ke umu k — ekBMBaneHTHaTa rpanaBocT Ha TpbbaTta no
BbTPELLEH AMaMETHP;

A = KOEULMEHTBT Ha XMOPABINYHO TPUEHE.

lMpecMATaHETO Ha  eKcrepuMeHTanHaTta CTOMHOCT  Ha
koedhuLMeHTa Ha XPaBMMYHO CbNPOTUBNEHMUE (Aexc) HA Da3a
pesyntatute OT  eKCrepUMEHTanHuUTe  W3CneaBaHus  ce
W3BbpLBA M3NON3Baiki obLionpueTsT Mopen Ha Darcy-
Waisbah 3a onucaHueto Ha ABwxeHuTo Ha ras [1, 3, 6, 8].
M3nonssaHu ca 0CHOBHW 3aBuUcUMOCTH (1) 1 (2), KaTo CbLuuTe
ca pasBuTU W Cca nomyyeHn opMynu 3a opasmepsiBaHe W
XMOPaBMNMYHO  MpecMsTaHe  Ha  rasonposogn W
rasopasnpefenuTenHu Mpexm HUCKo Hansraxe [1, 4, 6, 8].

oL

P,—P, =16.10°p. 7 (13)

KbeTo:

Q e 0beMHuaT febut npu ctaHgapTHY yenosws, [m3/24h);

d - Xx1gpaBnNYHWAT (BbTPELLEH) AnaMeTbp Ha Tpbbonposoaa,
[mm];

L — obmxuHaTa Ha Tpbonposoaa, [m];

P1— HayanHoTo HansraHe, [kPa];

P2 — kpaitHoTO HansraHe, [kPa];

A — KOEPMLMEHTBT Ha XMOPaBINYHO TpUeEHe, [-];

p — OTHOCUTENHaTa NITbTHOCT Ha rasa, [-].

L V2

KbLeTo:

V e cpefHaTa CKOpOCT Ha [BWKEHWE Ha rasa no ObIkuHa Ha
Tpbbonposoaa, [m/s];

D - xugpaBnuyHWST
Tpbbonposoaa, [m];

L — gbmkuHaTa Ha Tpvbonposoga, [m];

P1 — HayanHoTo Hansraue, [kgfim?];

P2 — kpaitHoTo HansraHe, [kPaj;

A — KOEDULMEHT Ha XMOPABMNYHO TpUeHe, [-];
p — NITbTHOCTTA Ha rasa, [kg/m3]

(BbTPEWeEH)  AMameTbp  Ha

Mpegnoxenute copmymm (13) u (14) ca KopekTHM 3a
HecBMBaeMU riyuam, LBIKELLM Ce C MOCTOSHHA CKOPOCT Mpw
KOHCTaHTHa MITLTHOCT T.e. 3a ra3onpoBOAW M MPEXM HUCKO
HansraHe, KbAETO MNafja Ha HanfraHe e HeronsMm W
yaoeneteopssa ycnosneto: AP = (Pr- P2)/P1< 5% [1, 4, 7).
[peLukaTa Mpy NPECMATAHETO B criyyast e no-manka ot 1,5%.

WacnensanusTa [1, 7, 8] nokassart, 4e B NpUeTUTE MOAENN
3a OMWCaHWe Ha [BWKEHMETO Ha ra3 1 OnpegensHe Ha
XVOpaBnuyHaTa XapakTepUCTWKa Ha ras3onpoBoauTE W
ra3opasnpefenuTenHuTe Mpexn € LenecbobpasHo ga ce
HanpaBAT peaumua yTouHeHUs. KbM HAacTOSAWMAT MOMEHT UMa
J0CTa Mamnko MHGopMauuMss W [aHHM 33 MPOMMLLIIEHN W
eKCriepUMeHTarHN CTEHAO0BW M3CNEeABaHNs Npy ABIKEHME Ha
ra3 B MONMETMIEHOBM TpbOU [2]. KaTo eQMHCTBEH Bb3MOXKEH
33 peanu3aums y Hac HavaneH nogxof € NPoBEXAaHeTo Ha
CTEHOBM EKCMEepUMEHTH C Lien paspaboTBaHe MeToauka 3a
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onpegenaHe n npecmdataHe Ha XnapasliMyHUTE
CbMNpoTNBNEHNA, KoecbmumeHTa Ha XWApaBiN4HO TPUEHE W
pexuma Ha ABWKeHWEe Ha ra3 B NONNETUIIEHOBN pr6|/|.

Pasrnegaqu, npunoxexu u uscneasaHu npu obpaboTka Ha
eKCMepUMEHTaNHUTe pesynTat ca ChegHWUTE TEOPETUYHM
XMOPaBMWMYHM MOAENM 3a MpecMsTaHe Ha KoeduuueHTa Ha
XVOPABMNYHO TPUEHE (Ameop) MU TYpOYNEHTEH pexum Ha
[BVXEHME Ha rasa 3a yCTaHOBEHWTE 30HU: 30Ha XUOPaBIUYHO
‘enadku” mpbbu U 30Ha CMECEeHO mpueHe WMalM Hal -
ronsiMo Npu3HaHWe W NpakTUYecko NpunoxeHue. Ha To3u eTan
OT u3cneaBaHusTa ce npeHebpersaT rpaHUYHUTE CTOMHOCTY
Ha kpuTtepus Ha Reynolds 3a ycTaHoBsiBaHe Ha CbOTBETHATA
30Ha Ha TypOYNEHTHUSIT PEXMM MPU KOHKPETHUTE YCIIOBUS Ha
ekcnepumeHta. Ha 6aza  o6oblweHn pesyntatm  oT
npomMuwneHu wuscnegeanus [1, 2] Bbpxy pexumute Ha
OBWXEHME Ha ra3 B rasopasnpefenuTenHi Mpexu B rpagcki
YCnoBus  (rasonpoBOAM  HWCKO W CPedHO  HansraHe)
onpedeneHu npu: usgecmeH Auamemsp, pasdemeH debum,
npu npexodeH u mypbyneHmeH pexum Ha d8UXeHUE, U HO8U
CcmoMaHeHu mpbbu, aHanu3upaiku gaHHUTEe MOXe da ce
HanpaBu W3BOA, Ye ABWXKEHMETO Ha rasa B rasonpoBoau U
rasopasnpefenuTeNHU MPeXU — HUCKO U CPESHO HansraHe e
OCHOBHO Mpu TypOyNeHTEH PEXUM - 30Ha XUOPaBIUYHO
‘enadku” mpbbu CbOTBETHO 59 % NpU HUCKO HansraHe U 30Ha
cmeceHo mpueHe, cboTBeTHO 20 % npu HUCKO HansraHe u
86% npw cpeaHo Hansraxe.

3a oueHka Ha eKCnepUMeHTanHUTe CTOMHOCTM  Ha
koeduUMeHTa Ha  XWAPABAMYHO  CbMPOTUBMEHME MO
pesynTatuTe OT M3MEPBaHWATa Ca M3MNON3BaHW CrefHuTe
WN3BECTHU XMAPABUIYHN MOZENU:

1. O®opmynata Ha AnTwyn (7) e npeanoxeHa 3a
Opa3MepsiBaHe Ha ra3onpoBOAM W rasopasnpesenuTenHi
MPEXW Npu TYpOyNeHTEH peXUM Ha [ABMXKEHWE Ha rasa,
OCHOBHO B 30Hama Ha cMeceHo mpuere [1, 2, 3, 5, 7].

2. ®opmynata Ha Colebrook — White n npoussogHuTe
M KopenaumoHHu 3aBucumocTn (11) ca npeanoxeHn u
OnMCBaT ABWKEHMETO Ha rasa npu TypOyneHTEH pexum B
TpaH3UTHaTa 30Ha Mexay 30Ha Xudpasnu4yHo ‘2madku” mpubu
U 30Ha cMeceHo mpueHe [3, 6, 7, 8]

ExcnepumeHTanHa vact

CreHgosuTe n3crneaBaHms Ha XMApPaBNUYHUTE
CbMPOTUBMEHNS NPy [ABWKEHWE Ha ra3 Bb3OyX Ca
N3BbPLUEHN C pa3pabOTEH XOPU3OHTaneH CTEHAOB TeCT-
TpbOONpoBOA C NOCTOSHHO ceveHne [4]. EnemeHTtute Ha
CTeHda ca:

- AbIIKMHATA Ha TpvbonpoBsoaa € 4,5 m;

- mMatepuan mMonMeTUNeH BMCOKA MITbTHOCT CbC
CrefHuTe TEXHUYecCkM xapaktepuctuku: PE-80 (PEHD), @
32x3,0, SDR - 11, DVCW DG 8105 AS2199, DIN EN1555;

- npexoau NonueTuneH — ctomaxa @ 40x11/4;

- ChepuyHM KpaHoBe,;

- Mycu - mecunr 1 1/4"Vi;

- HANenm - mecuur 1 1/4™1 Vi;

- rbBKaBa Bpb3ka 3a rasoB pasxogomep - INOX
200/400-3/4",

- pasxooMep 3a npupogeH ras, mogen GGR Gas,
code 23343, #10583845, Q max= 6 [m¥/h], Q min= 0,04 [m3/h];



- OurutaneH gudepeHUmaneH MaHOMETBP 3a@ HICKO
HansraHe, wmogen Krom Schroder DMG S2510, id #
033521146, range: 1000mbar, temp. 0 - 40 °C;

- TepmomeTnbp, “U” 0bpaseH MaHOMETHP M 3amacHu
yacTm.

Ha courypa 1 e npeactaBeHa npuHUMMHATa TEXHONOMMYHa
CXeMa Ha eKCnepuMeHTanHaTa CTeHOoBa YCTaHOBKa W
NPOEKTUPaHNTE OTBOPH, 1 LyLiepn. CTeHaa e NpoeKTUpaH 3a
MakcumanHo paboTHo Hansirane 4 [bar] u Temnepatypa ot 0
°C no 50 °C.

Mopagu TexHuyecka HEBBb3MOXHOCT Aa 6bae W3mepeHa
peanHaTa rpanaBoCT Ha BbTpellHaTa MOBbPXHOCT Ha
13bpaHu1Te NONMeTUNEHOBM TPBOM — BMCOKA NITbTHOCT (Tprba
# 1 PE-80 (PEHD), @ 32x3,0), exBuBaneHTHaTa rpanaBocT Ha
Tpbbata (Ke) npu obpaboTkata Ha pesyntatute w
npecMsiTaHe  Ha  KoedMUMEHTAa  Ha  XUAPaBMNYHO
CbNpOTWBMEHNE € npueTa cbrnacHo [4, 5, 6]. MNpuetn ca
CNefHUTe  MPenopbuMTENHWA  MPOEKTHUM  CTOMHOCTM  Ha
€eKBMBarieHTHaTa rpanaBocT 3a NONMEeTUNEHOBM TPHOM BUCOKA
NITbTHOCT, kakTo cneaga K1= 0,0015; K2= 0,0020;
Ks=0,0090 cm.
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®ur. 1. 1 1a. NMpuHUMNHA TEXHOMOIMYHA CXeMa Ha eKcnepuMeHTanHata
CTeHAOBA YCTaHOBKa 3a onpefensiHe XWApaBNWYHaTa XapakTepucTuKa
Ha NONMeTNeHOBU TPBLOM — BUCOKA NTLTHOCT

B uetupn TOuKM no ObMkMHA Ha TpbbonmpoBoga ca
HanpaBeHW OTBOPW B CTeHaTa Ha TpbbaTta ¢ guameTtsp & 8
[mm], B KOMTO Ca MOHTUPAHMW LLLIEPU — HAMENK 33 CBbP3BaHe
Ha n3mepBaTenHaTa anapatypa 1 npubopuTte — guruTaneH u
“U” obpaseH MaHOMETpM, Ype3 TYMEHW LIMAHrOBE M
TepMoMmeTbp. [lpoekTupaHuTe M M3paboTeHn OTBOPU W
LyLlepn ca MpeAcTaBeHm Ha urypa 1a.

MbpBusAT 0TBOP — TouKa #1 e nokanuampaH Ha 1 [m] ot
HayanoTo Ha TpbbonpoBoga, Touka #2 Ha 2 [m], a Touka #3
Ha 1 [m] oT npexopHata. B kpas Ha TpbbonmpoBoga ca
MOHTMpaHM  00pas3LoB  TEPMOMETBP, MaHOMETbP W
pasxogomep 3a ras.

ITabopaTopHu ekcnepuMeHTanHu uscneaBaHua
ABTOPCKMAT KOMEKTWB € M3non3san cregHute nogxoau [1,

2, 3, 4, 7, 8, 9] npeactaeeHn B TeopeTMyHaTa 4act npu
u3crnegBaHusTa, obpaboTkata n aHanuaa Ha
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eKcrepuMeHTanH1Te pesynTtatu. Beudki ekcnepuMeHTanHuTe
pesyntatu ca npeactaseHn B JOTOBOP [TI® Ne84/2006,
HUCM [4]. ObpaboTkaTa Ha ekcnepuMeHTamnHUTe pesynTaTtu
ca M3BbPLLEHM MO crieaHaTa npoueaypa:

1. TecTBa ce CTeHAa 3a XEPMETMYHOCT, U3MEPBAT Ce
TemneparypaTa 1 HansraHeTo B nabopatopusiTa;
2. 3a BCeku eauH OT onuTHUTEe TectoBe (0OWo 7

TecTa) ce u3bupa BXOAHO HansraHe B gnanasona — (1,0-4,0)
cbe cTbnka 0,5 [kgflem?];

3. Mpu n3bpaHo BXOOHO HansraHe Ce YCTaHOBSBA
CTalLMoHapeH pexuM Ha ABWXEHME Ha rasa B TpbbonpoBoaa
3a ONpefdeneHo Bpeme, crief KoeTo Ce W3MepBa pasxofa
(nebuta) npu CTaHmapTHM YCMOBMS C  pa3xogoMmep 3a
MPUPOLIEH ras;

4, VamepBat ce HansraHusta B Toukn #1, 2 u 3 ¢
aurutaned  gudepeHuManeH  MaHOMeTbp, Npu  Beye
YCTAHOBEH CTaLMOHapeH PEeXuUM Ha JBWXEHWe Ha rasa, creq
KOETO Ce npecMsTaT 3arybute Ha HansraHe.

MpouenypaTta ce M3MbIHSABA 33 BCEKM €OMH OT OMUTHWTE
TectoBe (00W0 7 TecTa) npu M30paHO BXOQHO HansraHe
n3mepeH pasxop (nebwur).

3a HSKOM OT ONUTHUTE TECTOBE, HanAraHusTa B ToUku #1, 2 1
3 ca wuamepenn ¢ “U” obpaseH MaHOMeTbp — BOAa, 3a
npoBepka TOYHOCTA Ha OUMUTANHUST  MaHOMeTbp W
nomny4aBaHe Ha No-KOPEKTHM CTOMHOCTY Ha HansiraHusITa.
OnuTHUTE eKcnepuMeHTanHW pes3ynTaTi ca NpeacTaBeHu B
Tabnuua 1.

5. lMpecmsiTaT Cce CpepHWAT pasxod W cpepHaTta
CKOPOCT Ha rasa B TpbbonpoBoga 3a BCEKW efyH OT ONUTHUTE
TECTOBE;

6. Mpn
CKOpOCTTa) Ha

W3BECTHM CTOMHOCTM Ha Aaebuta  (Mnm
rasa, XwWapaBMUuHWAT —[OMaMeTbp Ha
TpbbonpoBoga W napameTpute Ha rasa  (MITbTHOCT,
OTHOCUTENHO  TErNo,  AWMHAMUYEH WKW KMHEMATUYeH
BMCKO3MTETM) Ce npecmsiTa KputepusaT Ha Reynolds no
3asucumoctu [3, 5, 6, 8J;
7. Onpegens ce onuTHaTa  (eKkcmepuMmeHTanHa)
CTOMHOCT Ha KoeuUMeHTa Ha XudpaenudyHo mpueHe Mo
metoaukm [1, 5, 7, 8] n copmynn (13) n (14). Yact or

eKkcnepumeHTanHuTe pesyntatm  [4] M npecmeTHaTWTe
CTOMHOCTM ca npeacTaBeHu B Tabnuua 2;
8. Onpegenss  ce TeopeTWdyHatTa  CTOMHOCT  Ha

koedmumeHTa Ha xudpasuyHo mpueHe No metoamku [1, 2, 3,
7, 8], Npu CbOTBETHMAT PEXWUM HA [ABWXKEHME Ha rasa W
npueTuTe KoeduUMeHTM Ha abcomioTHa EKBMBANEHTHA
rpanaBoCT Ha BbTPellHaTa MOBbPXHOCT Ha Tpvbata oT
cdopmynn (7), (10) m (11). Yact or ekcnepumeHTanHuTe
pesynTaTu [4] 1 npecMeTHaTUTE CTOMHOCTU Ca NPefCTaBeHu B
Tabnuua 2;

9. lMoctposiBaT ce rpadmkn Ha  yHKUMOHANHUTE
BPb3KM Ha 3aBMCUMOCTWTE KOE(WLMEHT Ha XWAPaBMWYHO
TpUeHe (TEOpeTMYEeH W EeKCTiepUMEHTasneH) OT pexuMa Ha
OBWXeHVe 1 exBuBaneHTHara rpanasocT: A = f (Re, Ke/D);

10. M3pbpwBa Ce OUEHKa M aHanM3  Ha
eKCMepyMEHTaNHUTE Pe3ynTaTh, KaTo Ce CpaBHsiBa CTEMeHTa
Ha CbBMajeHWe Mexay OnUTHWUTE  (eKCmepuUMeEHTarHN)
CTOMHOCTM Ha KoeduUMEHTA Ha Xulpas/uyHO MmpueHe W
TEOPETUYHUTE ~ 4Ype3  KOpEeNauuMoHeH  aHarmM3 1o
CpeLHOKBaApaTUYHIUTE OTKITOHEHMS.

EKCI'IepVIMeHTaJ'IHVI pesyntatu 3a onpedeneHnTe OCHOBHU
pa3xoaun (ﬂeGMTM) Ha ras npu yCTaHOBEH PEXUM Ha [BUXEHNE
32 BCEKM eauH OT ONUTHWUTE 7 TecTa U npecMeTHaTuTe cpeaHn



CTOMHOCTM Ha pa3xoda, Nada Ha HansraHe, CKopocTa Ha rasa
no ObMXMHA Ha TpbOONPOBOAA W M3MEpEHWUTe HansraHus B
TouKkM #1, 2 n 3, 1 onpegeneHuTe 3arybu Ha HansraHe npy
CbOTBETHUAT TECT-PEXUM B pasrnexgaH Yy4acTbK OT
TpbbonpoBoaa ca npeacraBequ B Tabnuua 1.

Tabnuya 1
Pe3ynmamu om ekcnepumermasnHume u3cnedgaHus

OnuTHa NocTaHoBKa Ha NabopaTopHUTe U3MepBaHus

Tpno6a # 1 Monuetunex Bucoka nbTHOCT PE-80 (PEHD), @ 32x3,0
BbTpelweH xuapaenuieH anameTsp d = 26 [mm]
lMpueT koednLmeHT Ha abcomnioTHa eKkBUBaNeHTHa rpanaBocT Ha
BbTPELUHATa NOBbPXHOCT Ha TpbbaTa 3a nonuemuneH 8Ucoka NITbMHOCM
K= 10,0020 [cm]
CraHpaptHu yenosust: TeT. =20 + 1 [°C] u Pet. = 101,325 + 0,1 [kPa]
Temnepatypa B naboparopusita Tnab. = 19,7 + 1[°C]
Hansrane B nabopatopusita Pnab. =962,4 + 0,2 [mbar]
PasctosiHue ot Touka #1 go Touka #2, L 12 =2 [m]
PasctosiHne ot Touka #2 po Touka #3, L 23=1[m]
PascTosiHue ot Touka #1 go Touka #3, L 13= 3 [m]

OnuTHM eKcnepuMMeHTanHu pes3ynrtatu

O6emeH cpepeH pa3xoa (aebuT) Ha ras npu
CTaHAapTHU ycnoBus [mé/min]
BxogHo | EkcnepumeHTanHo U3MepeHu HansiraHus B TOuKM #1,
Hans- 21 3; Pi[mbar]
rae, MNap Ha HansiraHe B pa3rnexaaH y4yacTbK OT
PBx TpB6ONp.; AP; [mbar]
CpepeH naa Ha HansiraHe 3a NMHeeH MeTbp; APcp

Ne [kPa]

Kputep

1A Ha
Reynold
kfem? | Qe | APs SSF\ZSEI APz | AP2s | AP1s
Menon
nAGA |
]

1. 1,0 0,066 0,015 3003 0,2 0,1 0,3
2. 1,5 0,083 0,025 3771 0,4 0,1 0,5
3. 2,0 0,100 0,030 4577 0,6 0,2 08
4. 25 0,118 0,035 5383 0,4 0,3 0,7
5. 3,0 0,133 0,045 6052 0,8 0,4 1,2
6. 35 0,145 0,055 6579 0,5 0,3 08
7. 4,0 0,163 0,070 7430 0,6 0,3 0,9
B Tabmuua 2 ca npeactaBeHu CTOMHOCTUTE  Ha

KoehMLMEHTA HA XWMAPABIMYHO CbNPOTUBIEHNE — TEOPETUYEH
W eKCrEepUMEHTaNEH, B 3aBMCUMOCT OT PeXxuMa Ha [BIKEHNE
Ha rasa (Kputepust Ha Reynolds) u npuetute 3HauyeHus Ha
koethMUMEHTa  Ha  eKBWBaNEHTHaTa  rpanaBocT  3a
NonMeTUEHoBM TPLOW BIUCOKA MITLTHOCT 3a €Ha OT CepumTe
ONUTU. 3HAYEHWETO W OLiEHKaTa Ha TEOPUTMYHATA CTOMHOCT Ha
koehMUMEHTA  HA  XUOPaBMMYHO  CbMPOTMBNEHWE €
onpegeneHa B CbOTBECTBUE NPEANOXEHNTE MOGENM W

copmynm (7), (11), (13), (14).

AHanu3 Ha pesyntatute

OueHsiBaHeTo  Ha  koedMUMEHTA Ha  XUOPABMMYHO
CbMNPOTVBIEHNE, OmpedeneH Ha 0asa eKcnepuMEHTanHW
U3CneaBaHns, Ce M3NOn3Ba 3a MPoBEpKa KO OT MOCOYEHUTE
TEOPETUYHU XMOPABUYHIM MOAENW M3MON3BaHM B NpakTuikaTa
[2, 4, 7, 8] e noaxogsLy 3a onucaHMe ABMXKEHMETO Ha ras no
TpbOONpOBOA U3rpafeH OT NONMUETUIIEHOBN TPBLOU.
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ChblUecTBYBaT Pa3nuyHM NOAX0AN M (OPMU Ha aHaNUTUYHO
npeacTaBsHe Ha 3aBuUCUMOCTTa A f (Re, Ke/D) u
onpegensHe Ha KoeghuyueHma Ha Xuodpassu4HO mMpueHe
(A).

B 3aBMCMMOCT OT NpecMeTHaTUTE CTOMHOCTY Ha KPUTEPUAT
Ha Reynolds, no metoauku [3, 4, 5, 8], ce ycTaHoBsABa ,4e 3a
YCNOBMATA Ha eKCrIepUMEHTa pexiMa Ha ABUXEHWE Ha rasa e
mypb6yrneHmeH, C U3KNio4YeHne Ha pexuma B TecT #1 KoiiTo e
npexodeH.

Hama CblieCcTBEHO pasnuuve Mexgy NpeanoxeHuTe
3asucumoctn [3, 5, 6, 8] 3a onpenensiHe kputepus Ha
Reynolds 3a rasonpoBoay BMCOKO HansiraHe N0 METOAWKM
npegnoxenu ot I'. Hukonos, CHuM 2.04.08 — 87* u Schroeder,
D. ®opmynara npeanoxeHa E. Shashi Menon n American Gas
Association (AGA) faBa no — HUCKM CTOMHOCTM Ha KpUTEpUS U
notebpxaasa u3soga [1, 2, 6, 8], ye e kKopekTHa 3a
W3NON3BaHe Npu Opa3MepsiBaHe Ha rasonpoBOAN W MPEXM
HUCKO HansraHe.

Kato ce B3emat npeasua Te3n pesynTatu, 3a onpepensiHe
Ha kpuTepust Ha Reynolds npu ycTaHoBsBaHe pexuma Ha
OBWXEeHWe Ha ra3 B rasonpoBsoan U MPEXU HUCKO HanaraHe
Moxe ga 6bae npenopbyaHa dopmyna (15) Ha E. Shashi
Menon n American Gas Association (AGA).

Re=05134.2 [ PQ | (15)
Tb l.,lD

KbaeTo:

Q e 0bemHuaT oebut npu ctaHgapTHK ycnoswus, [m3/24h];

D - xugpaBnuuHmaT  (BbTpElEH) AnameTbp  Ha

Tpbbonposoga, [mm];

Py — cTaHgapTHOTO Hansraxe, [kPaj;

To — cTaHgaptHaTa Temneparypa, [°K];

p — OTHOCUTENHaTa NITbTHOCT Ha rasa, [-];
M — ANHAMUYHKMAT BUCKo3UTET, [Poise].

3a no-geTannHo onpegensHe Ha pexuMa Ha OBWKEHWe Ha
rasa e Heobxo4uMo Aa ce YCTAHOBAT T.H. FPaHNYHN CTONHOCTM
Ha KpuTepus Ha Reynolds 3a onpegensHe Ha CbOTBETHaTa
30Ha Ha TYPOYNEHTHUST PEXKIM.

VanoxeHn ca HAKOMKO OCHOBHM W3BOLA, HanpaBeHW Ha
6asa pesynratute oT obpaboTkaTa Ha EeKCepUMEHTanHNUTe
JaHHW MO MOCOYEHWTE METOAMKM B MpouedypaTta Kakto
cnegea. B Tabnuua 2 ca npeacTaBeHM NpecMeTHaTUTe
TEOPETUYHUTE W EKCTIEPUMEHTANHM CPEedHM CTOMHOCTM Ha
koeduumMeHTa Ha XudpasniuyHO mpueHe 3a 3afjafeHuTe
yCrnoBusi Ha ekcrepumeHTa. [lokasaHu ca Ha durypa 2
(OYHKUMOHAMHMTE BPB3KW WMKOCTPUPALLM  3aBUCUMOCTTA -
KoedMLUMEHT Ha XWOPaBMWYHO TPUEHE OT pexuMa Ha
OBVXEHVe 1 MpueTaTa eKB/BaNeHTHa rpanaBocT.

BugHo e, ue M3non3BaHUTE TEOPETUYHU XMOPABIUYMHN
MOZEnu 3a yCroBMATA Ha EKCiepUMeHTa [aBaT efHaKsu
pes3ynTaTu 3a TEOPETUYHUAT KOE(ULIMEHT Ha XUOPaBIUYHO
mpueHe B rpaHuun A = 0,0353 - 0,0433 onpegeneH no
copmyna (7) n A =0,0330 - 0,0430 no chopmyna (11).

M3nonasaHute XWOpPaBIiM4HKM  MOAENnM OT  aBTOPCKUAT
KONEKTUB 3a YCroBUATa Ha €KCnepumeHTa dasaT CleaHuTe



pesynTaT 3a  eKCMepUMEHTaNHUAT  KoedULMEHT Ha
XUOPagnuUYHO mpueHe W3paseH CbC CpeaHUTe CTOMHOCTU B
rpanmum A = 0,004 - 0,009 no copmyna (13) m A = 0,006 —
0,014 no coopmyna (14).

Tabnuya 2

CpedHu cmouHocmu Ha meopumuyHuUme u
ekcnepumeHmanHu  cmolHocmu Ha  KoepuyueHma Ha
XUOPaBUIYHO CbNPOMUB/IEHUE

CpefiHi CTOMHOCTM Ha TEOPUTHYHMTE U
5 eKCrIepUMEHTaNHM CTOIMHOCTY Ha koedyLMeHTa Ha
Kputepwit | yynpasunuko conpotuenerine, Ha 6asa npeanoxuHuTe
Ha Y M3NON3BaHN XMAPABNMYHY MO
Reynolds A
Ne no E. Teop MO
Shashi A Teop MO opmynarta A ekcnep A ekcnep
Menon u ¢opmynarta Ha no no
AGA[] Ha AnTwyn Colebrook opmyna dopmyna
@) — White (14) (13)
(1)
1. 3003 0,0433 0,0430 0,012 0,009
2. 3777 0,0403 0,0400 0,012 0,008
3. 4577 0,0393 0,0380 0,014 0,009
4. 5383 0,0379 0,0370 0,009 0,007
5. 6052 0,0370 0,0350 0,012 0,008
6. 6579 0,0363 0,0340 0,007 0,005
7. 7430 0,0353 0,0330 0,006 0,004

3aBMCUMOCT Ha CPeHIUTE CTOMOCTM Ha KOeULMEHTUTE Ha
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= = = - Power (eKCriepuMeHT)
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Power (TeopeTinyHo)
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®ur. 2. 3aBUCUMOCTU Ha CpeAHNTE CTOMHOCTH Ha KoeduLMeHTa Ha
XUAPEBNUYHO TPUEHE (TEOPETUYHU M eKCIEPUMEHTANHM) OT pexuMa Ha
OBUXeHUe Ha rasa.

B Tasn Bpb3ka MpU CbMOCTaBsHE, OLEHKa M aHanu3 Ha
eKCrepUMEHTaNHUTE Pe3yNTaTy, U3NON3BaHNUTE XUOPABINYHM
MOAENM W  KOPENaUMOHHM  3aBUCMMOCTM Ce  OKasBaT
HEMoaxodsWyW 3a OnuCaHWe [BWKEHMWETO Ha ra3 B

Mpenopbyana 3a nybnukysaHe ot
Kategpa “CoHaumpaHe 1 gobus Ha HedT v ras”, Mo
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nonueTuneHoBun Tp'b6l/| npu 3afafgeHnuTe eKkcnepumeHTanHu
yCnoBua U ce HyXaadaT OT yTOYHEHME.

Heobxogumo e pa ce ytouHn yHkumsTta A = f (Re, Ke/D),
KaTo Ce YCTaHOBAT T.H. IPaHUYHK CTOHOCTM Ha KpUTEpUsi Ha
Reynolds 3a onpegensHe Ha CbOTBETHaTa 30Ha Ha
TYpOYNEHTHUAT PEXMM M EKBMBANEHTHATa rpanasocT 1 aa ce
NPeanoxu ¢opMmyna 3a W34ucnsiBaHe Ha KOe(WLEHTLT Ha
XWAPABMMYHO TPUEHE MPW YCIOBMATA Ha ABWKEHWE Ha ras B
MonmMeTUNeHoBM TpbOM 3a yCroBMSTA Ha eKCrepUMEHTa,
Onm3kM O NPOMULLNEHNTE Y HaC.

U3Boau n npenopbku

Bb3 oCHOBa Ha M3BbpLUEHATA Hay4YHOM3CHenoBaTENCKa
paboTa MoraT ga ObgaT HanpaBeHM CrefHWUTE M3BOAU U
NPEnopbKM:

- HanpaBeH e 0030p Ha W13MoMn3BaHUTE B CBETOBHATA NpakTuka
XVMOPABMMYHM MOAENM 3a OnucaHWe [BMKEHMETO Ha ras B
TpbOONPOBOAHM CUCTEMM NPY MPOEKTUPAHETO UM;

- paspaboteH € nabopaTopeH W3cnegoBaTenckM CTeHs,
no3BonsBaLL, OnpenensHeTo Ha XMApaBnMyHaTa
XapaKTepucTiKka Ha rasonpoBOAWM W MPEeXu, W3rpafeHu oT
MNOMMETUNEHOBM TPBOM — BUCOKA NITLTHOCT;

- paspaboTeHa € KOHKpETHa MeToaMka 3a W3crefpaHe W
OnNpefensHe Ha  XUAPaBMWYHWUTE  CbMPOTMBNEHMS  MpK
JBWKeHWe Ha TexHuJecku ras B Tpubu PE-HD.

ABTOPCKMAT KONEKTWB W3ka3ea GnarogapHocT Ha dupma

“Osepeas-mexHuka” - “Osepea3z WHk” AL, “Tasmek Bl w
dupma  “Tasmepm cucmemc” EOOQL, 3a 0Ka3aHOTO
CbAeiicTBMe, MatepuanHa UM TEXHWYecka nogkpena npw
pa3paboTBAaHETO Ha CTeHga M MPOBEXOAHETO  Ha
n3cnepBaHnsTa u aHanusuTe.
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PE3IOME. B foknaga e HanpaBeH aHanu3 Ha METOAUTE 3a OnpefensiHe PexuMa Ha ra3oBu 3anexu B HauanHus etan Ha paspabotka. Ha 6asaTta Ha pasrnefaHuTe

MeTOoAM € onpeaeneH pexuma Ha rasoBo Haxoaulle EbnrapeBo.

ANALYSIS OF THE METHODS FOR REGIME DETERMINING OF GAS FIELDS IN THE BEGINNING STAGE

Lubomir Gerov, Lachezar Georgiev

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; Igerov@mgu.bg; lucho_sdng1@yahoo.com

ABSTRACT. Analysis of the methods for regime determining of gas reservoir is maded in the paper. On the basis of these methods the regime of gas reservoir

Bulgarevo is determined.

l. YBop

OnpenensHeTo [eiCTBUTENHUS PEXVM Ha rasoBuUTe 3amexu
B HavyanHus nepuof Ha paspaGoTka e OT CblUECTBEHO
3HayeHWe NpU  MPOEKTMPAHETO,  aHanuaupaHeTo W
NpOrHo3upaHeTo Ha Gbaellata ekcrnnoarauys.

1. O6WwM cBeAEHUSA 3a PEXUMMTE Ha ra30BMTE" HaxoauLia
Moo pexuM Ha rasoBo Haxoguuie ce pasbupa nposBaTta Ha
BOMUHUPALLMST BUL NIACTOBA EHEPTUS OCUTYpsiBaLLa NPUTOKA
Ha ras KbM 3a00si Ha CoHOaXuTe.

Mpn ras3oBuTE Haxoguwa CblUeCTBYBaT [Ba OCHOBHM
pexuma Ha paboTa; rasoB M BogoHanopeH. [pu rasoBus
PeXUM  MPUTOKLT Ha ra3 KkbM 3abos Ha coHgaxuTte ce
OCbLUECTBSABA OT eHeprusTa Ha CBUTUA ra3. To3n pexuM 1va
[BE Pa3sHOBMOHOCTM:

®  enacTU4HOrasos:
e  raso-geopmMaLoHeH.

XapakrepHa OCOBEHOCT Ha enacTUYHOrasoBUs PEXMM €
MOCTOSIHCTBOTO Ha HadarHusT rasoHacuTeH obem npes Lenus
nepuoa Ha paspabotka. Toan pexum ce nposiBsiBa, korato
OTCbCTBA BOAOHOCHA CMCTEMA WMM TS MMa OrpaHudeH
noTeHLuan.

['a30-0ehOPMALMOHHUAT PEXMM Ce MposiBABa B ra3oBK
3anexu, NpUBbP3aHU KbM MITbTHU MyKHATUHHO-KABEPHO3HM
KOMEKTOpM, 3ansdraliy Ha ronsma ObnbounHa Wmn 3anexu,

sk
B HacTosiara cTaTus nog rasoBu Haxogua ce pasbupart u
rasokoHAEH3aTHI HaxoauLya.
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XapakTepusupal Cce C aHOManHO BWCOKO  MacToBO
HansraHe. B To3u crnyyait npu M3MEHeHWe Ha NIacToBOTO
HansraHe HavanHWaT rasoHacuTeH obem ce Hamansea Ap.
(Koporaes, I'epos, 3akupos, 1979).

[a30HacuTeHUaT obemM MOXe Aa Cce NPOMeEHs 1 B CMeACTBuE
Ha [pyru MpoLecu: oTnaraHe Ha rasoB KOHAEH3aT; copbuws
unn gecopbumsi Ha rasa, U3napeHue Ha ocTaTbyHaTa Boga U

Aap.

Mpu nposiBa Ha BOLOHAMOPEH pPEeXMM B Mpoueca Ha
pa3paboTka, B rasoBusi 3afeX NOCTbMBAT OMHULLHUTE WK
KOHTYpHUTe BOgW. ToBa BOOM KbM HamansiBaHe Ha
rasoHacuTeHns obem Ha 3anexa. lNputoka Ha ras3 kbm 3abost
Ha COHOAXWUTE Ce OCbLUECTBSBA OT EHEprusiTa Ha CBUTUS ras
W eHeprusTa Ha BHegpsiBawata ce Boja. B pesyntar Ha
NpeaBWKBAHETO Ha BOAATA, YacT OT ra3oBusi 3anex 1 vacT ot
COHOaXuTe Cce OBOAHsBaT. BogoHANOpHWAT pexum ce
XapaKTepuaupa C TPW OCHOBHM PasHOBMOHOCTM:

e eNacTMYHO-BOJOHAMOPEH;
e AKTMBHO-BOZOHAMNOPEH;
e  BbTPELIHO-BOLOHAMOPEH.

MposBaTa Ha edHa WK Apyra PasHOBWAHOCT 3aBMCH OT
MHOXeCTBO (hakTOpM NMO-BaXHUTE OT KOUTO Ca : KONEKTOPCKUTE
CBOWCTBA Ha 3anexa M BOJOHOCHATa CUCTEMA; TEMMbT Ha
paspaboTBaHe Ha 3anexa; PasnoNoXeHMETO Ha COHOaXWTe
BbpXy MMOLWTa Ha 3anexa, pasMepute Ha BOAOHOCHATa
CUCTEMA W HEMHUAT THM.
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Il. CbBpemMeHHa NpakTHKa 3a onpeaensHe
pexnmMa Ha ra3oBuTe 3anexm

CbBpEMEHOTO NPOEKTUPaHe Ha paspaboTkaTa Ha ra3oBuTe U
ocoBeHO  Ha  Tra3OKOHAEH3aTHUTE  3anexu  Hanara
ONpefensHeTo Ha Bb3MOXHWA pexuM aa Gbae HanpaBeHo
ollie B HayarnHus nepuoa Ha ekcnnoarauus. ToBa e CBbP3aHo
C MPUHUMNHATA pasnika B AMHaMUKaTa Ha M3MeHeHue Ha
NNacToBOTO HansraHe 1 PasnoNoXeHWeTO Ha COHAAKUTE MpU
rasoBus U BOAOHANOPHNS PEXAMM.

Pex1MbT Ha rasoBiuTe 3anexu Moxe fa 6bae NporHoaupax, a
cneq onpegeneH Nepuod OT Bpeme W NOTBbPAEH MO AaHHMU:

3a 06LUMSA CTPOEX Ha eaMHHATa XMOpPOANHAMUYHA
CHCTEMA a30B 3amNeX-BOAOHOCHA CUCTEM;

3a (MNTPALIMOHHUTE W KanaLMTEeTHW CBOICTBA Ha
Ta3u CUCTEMA;

332 W3MEHEHWeTO Ha NNacToBOTO HansraHe B
3anexa W BofJOHoCHaTa cucTema;

3a NpedBWKBaHe Ha NNacToBaTa BOAa B rasosarta
YacT Ha HaxoAWLETO W CBbp3aHOTO C TOBa
0BOJHSIBAHE Ha ra3oBUTe COHOAXM.

B HavanHus nepuop Ha paspaboTBaHe Te3W AaHHM ce
nony4asat TPyAHO 1 3a LenTa e HeobxoaMMo Aa ce npunara
Komniekc  oT  nabopaTopHW,  COHAAKHO-reoUanyHy,
CEM3MUYHM, XUOPOXUMWYHM W MPOMULLMEHN W3CTEABaHNS.
(PaccoxwH, JleontbeB, 1979). B npaktukata Hamwupart
NpUNOXeHWe cneaHuTe Metoay, 6a3upaluy ce Ha JaHHUTe OT
NOCOYEHNTE U3CTIeABaHS.

MeToabT Ha cnagaHe Ha NNAacTOBOTO HansAraHe e OCHOBHO
CPEACTBO 3a OLieHKa Ha peXxuMa Ha 3arnexa. 3a WU3nori3BaHeTo
Ha TO3W METOf € HeoBXOAMMO Aa Ca M3BECTHW: CbCTaBbT Ha
rasa UM  HEroBOTO  W3MeHeHWe npu  MpoMsiHa  Ha
TEpMOOapUYHUTE  YCIOBMS, HAYaHOTO MIacTOBO HansiraHe B
3anexa, iuHamukata Ha U3MeHeHWe Ha NnacToBOTO HarsraHe
B MpoLieca Ha eKcnioaTaums U CyMapHOTO KOMMYECTBO A06UT
ras KbM BCEKM MOMEHT Ha W3MepBaHE Ha TeKyLiOTO MyacToBO
HansraHe. Mo Te3n JaHHM ce NOCTPOsiBa 3aBUCMMOCTTa MeXay
NpUBEAEHOTO HansraHe( OTHOLIEHMETO Ha OCPEAHEHOTO Mo

obema Ha 3anexa nnactoso HanaraHe P 1 koeduumeHTa Ha

capbxcauaemoct Z[P], onpenenen npu Tosa Hansraxe) u
CYMapHOTO  [I0BMTO  KOMWYECTBO ra3 T.e  3aBUCUMOCT

p
—_=f .
76, ] Q)

Mpu rasoB pexum W HegeoOpMUPYEM KOMEKTOp Tasu
3aBMCUMOCT € NpaBofMHenHa. Korato pexumMbT He € rasoB
WM KOMEKTOPBT € AedpopMUpYeEM Ta3n 3aBUCUMOCT MOXE Aa
He Obde NnuHenmHa. ToBa ce [ObJKM Ha W3MEHEHMeTO Ha
ra3oHacuTeHWAT obem, B CMEACTBME Ha BHEApSBaHETO Ha
W3BBbHKOHTYPHU WM JOMHWLIHM BOAM B 3amnexa unu Ha
M3MeHeHneTo Ha obema Ha 3amexa npu AecopmupyeMu
konektopu (Kopotaes, [epos, 3akupos, 1979, AwmeTos,
BacHues, 1981, l'epos, 1987). CbLyeCTBEHO BMUSHME BbPXY
XapakTepa Ha 3aBMCMMOCTTa MpuW NposiBaTa Ha BOLOHAMOPEH
PEeXMM OKa3Ba M TEMMLT C KOWTO ce paspaboTsa 3anexa. Ha
ur. 1 ca nokasaHu  Bb3MOXHUTE  3aBMCUMOCTY
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ni

7] f(XQ).

NposiBaTa Ha NocoYeHUTE (haKTopH .

KOUTO Morat Ada Ce nonyyat npu

Pep,wua n3cnegBaHnA NokaseBat, 4Ye BCNeacTBuMe Ha
ONTUMANHOTO CbYeTaHWe Ha d)aKTOpI/ITe— KOJTEKTOPCKN
CBOVICTBA, TeMn Ha J001Ba Ha ras, €HepreTuyeH noTeHyman Ha

BOIOHOCHaTa CUCTEMA, € Bb3MOXHO, M MpW BOAOHAMOPEH
pexuM Aa ce nomyyn npasonuHenHa 3aBucumocT (3akupos,
1998). BrusHMe BbpXy XapakTepa Ha 3aBMCUMOCTTa
iz f(>Q) wmoxe pJa okaseaT U pasnuyHU
Z[P,,]

TEXHOMOTNYHN  (PaKTOPK: HEXEPMETUYHOCT Ha obcafHuTe
KOMOHW Ha COHAAXWTE M Npou3TUYalLa OT TOBa MUrpaLms Ha
rasa, HETOYHOCTW B OTYUTAHETO Ha JOOWTUTE KONWYECTBa ras,
HenpaBUMHO M3MepBaHe Ha MNNacToOBOTO HansraHe B
COHO@xXMTE 1 ap.

<
\ o
—
.
e
5
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% R ] / 2
1 ~ \/
1-razox pexanr; 2-razoro-med OPIIALHOHEN PeiHM ;

J-arDEH0 FomoHAMOpeH peHn G-B- EomomaropHH
PEHHMH

e

ni

®ur. 1. Bb3MOXHM 3aBUCUMOCTU

]=f(ZQ)

ni

OT ¢our.1. ce BuKaa, Ye B HaYanmHus nepuog Ha paspaboTka,
koraTo € JOBUTO CPaBHWTENHO MANKO KOMMYECTBO ras Moyt
BCUYKM 3aBMCUMOCTM UMaT NPaBOSIMHEEH XapaKTep.

Eto 3awo B (Ametos, bachues, 1981, 3akupos, 1998), e

P
roKa3aHo, Ye BUALT Ha 3aBucumocTta —2— =f(Z Q) He e
nn
[I0CTaThYeH MPU3HaK 3a ONpeensHe Ha PexumMa Ha 3anexa.

3a NO-TOYHOTO OnpefensHe Ha PeXUMa B HavanHus nepuog
Ha paspaboTka TpsbBa Aa Ce M3MOn3Ba [AOMbIHUTENHA
WHCOPMALMS, MONyyaBaHa OT CREOHUTE W3CTeABaHWs U
NPOMULLIIEHN HAOMIOAEHNS.

FeocpuanyHUTe M3cneaBaHUA Ca U3KMTIOUMTENHO BaXeH
M3TOYHMK Ha MHOPMALMS 33 Bb3MOXHUSI PEXMM Ha 3amnexa.
B cbBpemeHHaTa npakTvka Ce yTBbpXAaBa BCE MOBeYe
npurnaraHeTo Ha censmuyHu macneasanus (3-D u 4-D) upes
KOWUTO Ce Cb3[aBa reonoXKus MOAEN Ha 3anexa, a No-KbCHO
CE KOHTPONMMPA Ha4anHOTO W TEKYWOTO MOMOXKEHWE Ha



BOMOra3oBuMs kOHTaKT. ChlliecTBeHa MHOpMaLMs B npoLeca
Ha eKkcnnoatalus ce Mnory4aBa v OT COHAAKHO-TEODUINYHITE
uscnedsaHus. Ypes TAX ce [feTainuaupa CTpoexa Ha
NPOAYKTUBHUS XOPU3OHT M C& KOHTPONMpa U3MEHEHMETO Ha
BOJOHACUTEHOCTTA B OTAENHUTE YacTh Ha paspesa. Mo Toaun
HauWH Ce OLieHsIBa Bb3MOXHOTO ABWKEHME Ha BOAOrasoBus
KOHTaKT. 3a CbXaneHue, KOMNNEKChT OT Te3n U3cneaBaHus e
NPUNOXMM B MO-KbCHUTE Mepuoan Ha paspaboTka, Unu npu
aKTMBHa NPosiBA Ha BOLOHANOPHUAT PEXIM.

WHdopmaumsiTa oT NMEe30OMETPUYHNTE COHAAXM, NPOKapaHU
BbB BOAOHOCHATA YacT Ha MPOMYKTUBHUS XOPU3OHT € ChblLO
WKMIOUATENHO BaxHa 3a YTOYHSIBaHE Ha pexuma Ha
3anexure. T Noka3Ba peakLusTa Ha BOAOHOCHATa CUCTEMA B
npoLeca Ha pa3paboTka Ha rasosusi 3anex. CHKaBaHeTo Ha
HanaraHeTo B CUCTEMara OT MUE3OMETPUYHM COHAAXN €
CbLLUECTBEH NOka3aTen 3a HaBNW3aHe Ha BOJA B rasoBis
3anex. TpyaHoCTTa MpW W3NON3BaHETO Ha Te3n faHHW B
HayarnHWs Nepuod Ce CbCTOM B TOYHOCTTA Ha OnpegensHe
(M3MepBaHe) Ha W3MEHEHWETO Ha MNacToBOTO HansraHe B
MME30METPUYHNTE COHARKW, KAKTO W TAXHOTO TEXHUYECKO
CbCTOSHYE.

[oOmBbT Ha NnacToBa Bofa OT rasoBUTE COHAAXU € CbLUO
BaXEH MpU3HaK 3a nposiBaTa Ha BOAOHANOpeH pexum. He
BUHarn obaye, OBOAHABAHETO Ha €UH UK HAKOMKO COHAaxa
CBUOETENCTBYBA 3@ NMPOsiBa Ha BOAOHAMOPeH pexum. [pu
aHarusa Ha [aHHWTe 33 OBOAHSABAHE Ha COHAaXuTE e oT
CbLUECTBEHO 3HAYEHME CbCTOSAHUETO (XEPMETMYHOCTTa) Ha
eKCMNoaTaLMoHHUTE KONOHWM Ha coHpaxuTe. B HavanHute
nepnoaun Ha paspaboTka METOABT € C HEAOCTaTbYHA TOYHOCT
1 MOXe fia Cce 13nonsea caMmo B KOMBMHaLWS C [pYri METOAM.

YCTaHOBEHO €, Ye OBOAHSBAHETO Ha COHAAXWTE Cce
npefwecTsa OT PA3KO YBENWYABAHE CbAbPKAHMETO Ha
XJIOPHM WOHM W oblaTta MuHepanusauus B gobueaHata C
npupopHus ra3 Boga (PaccoxwH, JleontbeB, 1979). 3a
W3NONM3BaHe  Ha  [aHHMTE  OT  W3CNenBaHeTO  Ha
MWUHepanu3aumusTa Ha Jo6MBaHUTE BOAM WM TEXHWUS CbCTaB €
Heobxo4uMo B CamMOTO Havano Ha paspaboTka ga Obae
onpefeneH CbCTaBa Ha NMniactoBaTa BOfa BbB BOLOHOCHATA
30Ha, KaKTO 1 CbCTaBa Ha BOAMTE OT NO-BMCOKO UMK MO-HUCKO
3ansraly BOLOHOCHW XOPU3OHT!.

[laHHWUTe OT Tean 13cneaBaHNs HapeyeHn XMABPOXMMUYECKN
MeTOZ Mo3BOSABAT [a Ce OCbLIECTBSBA HE CaMO KauyeCTBEH,
HO 1 KONMYECTBEH KOHTPOI 3a HaBMi3aHe Ha NacToBa BoAa B
3anexa. B sanexa moxe Aa nocTunear “dyxan” BOAW OT Apyru
XOPW3OHTU MPW HanmMyMe Ha XWAPOLAVMHAMWYHA Bpb3ka Mexay
TAX B PE3YNTaT Ha HEKaueCTBEHA LIMMEHTaLS, HEXEPMETUYHN
0BcagHN KOMOHM WM TEKTOHCKO HapyLweHue. Mpu n3nonasaqe
Ha MeTofda, 6asupall ce Ha KOHTPONMpaHe KONMUYECTBOTO Ha
XJIOPHM WOHW CriegBa da Ce OTYMTa M BIWSIHMETO Ha
MPOBEEHNTE KUCENMHHM 00paboTKK, KOorato KONeKTopbT e
uarpafeH oT kapboHaTHM CKasu.

MpakTikaTa OT MpUraraHeTo Ha MOCOYEHUTE W3CneaBaHust
nokasea, 4Ye B HavyanHWs nepuog Ha  paspaboTka,
rnorly4aBaH1Te Ypes TsX [aHHW KaTo LANO ca HEOCTaTbYHM U
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He MO3BONABAT HamnpaBaTa Ha KaTeropu4Hn mM3BoAn OTHOCHO
pexuma Ha 3anexure. 3aroBa npeacraenaBa UHTEpeC onnta
OT NnpunaraHeTo UM B KOHKPETHU 3anexn, pa3pa60TBaHM npes
NPOABLIMKUTENHN Nepnoan OT Bpeme. B HacTodLlaTa cTatua e
HanpaBeH OnuUT 3a OLEHKa Ha npunaraHeTo Ha HAKOW OT Te3un
METOAM 3a yCnoBMATa Ha rasoBoTO Haxoaulie 5bnrapeao,

lll. Peayntatn u anuckycus
1. 06w cBeaeHMn 3a razoBo Haxoauie bbnrapeso

BbnrapeBckoTo ra3oBo Haxogulle e oTkputo npes 1961 r.
Hamupa ce B paitoHa Ha c. bbrnrapeso, Mexay KaeapHa 1 Hoc
Kanuakpa, B Hai-loroMstoyHata 4acT Ha npuMopcka
Hobpymka. [ObnbounHaTa Ha 3ansraHe Ha NpPOAYKTUBHUTE
otnoxeHns e 380-400m. bwrrapesckata CTpyKTypa € CUIHO
HapylleHa oT pasceau. AMNnMTyaaTa Ha pascegute Bapupa
ot 10 5o 140 m. MpoAYKTUBHUST GIOK € Hali-BMCOKO U3aMrHaT.
BoporasoBusiT KOHTaKT € npueT Ha abcontoTHa AbnbounHa
MUHYC 321 m. MMpOJYKTUBHWUAT XOPU3OHT € U3rpafeH OT YecTo
pemyBally Cce [uHeCTW, cnabocnoeHn, (PMHOSBbPHECTU
MACBYHWLM C HEMOCTOsHHA rnnHecTocT U aebenuHa (0,1-2,5
m) 1 pasnuyHO NECHKMMBM TMWUHU C ONUrOLEHCKa Bb3pacT.
lMopoBaTta BMECTMMOCT Ha Konektopa ce uameHs ot 19,7 go
31,8 %, a NnpoHMLaemMoCTTa, onpeneneHa oT M3creaBaHeTo Ha
spokata ot 10,2.10-5 m2 go 185,4.10-> m2. MpoHnuaemocTTa B
XOPU3OHTAIHO HanpaBfieHWe e 3HauuTenHo no-gobpa ot Tasm
BbB BEPTUKaNHO.CbCTaBbT Ha rasza OT HaXOAMLLETO e NokasaH
B Tabn. 1. bbrrapeBckusT 3anex e BbBEAEH B ekcnnoarauus
npe3 1966 r., kato o 2005 r. ce pa3paboTBa C OTHOCMTENHO
HWCKW TemnoBe Ha pa3paboTka. MHTeH3nBHaTa pa3paboTka Ha
3anexa 3anoysa MNpe3 MoCnegHUTE TrOAMHW, Korato ce
rasudmumpa rpag KaeapHa. B 1abn.2 ca papeHn 0606LeHu
[aHHW 33 U3MEHEHWETO Ha NacToBOTO HansraHe 1 CyMapHOTO
KOMWMYECTBO [OOWT ras OT HaxoaumweTo B % OT HavanHoTo
NNactoBO HansraHe W OT HavamnHuTe YTBbPLEHW 3anacu Ha
MSCTO.

Tabnuma 1
XUMWYEH CbCTaB Ha rasa
MOneKymnHa Py
komnoHeHT| wmaca, | obemHn % P. Tkp, K
MPa
kg/kmol
MeTaH 16,04 98,329 46 190,6
eTaH 30,07 0,203 49 3054
nponaH 44,09 0,003 4,2 369,8
n3o-OytaH | 58,12 0,003 3,6 408,1
H-OyTaH 58,12 0,001 38 4252
W- NEHTaH 72,15 0,001 34 460,4
H- NeHTaH 72,15 0,001 34 469,6
CO. 44,01 0,411 74 304,2
N2 28,01 1,049 34 126,1




Tabnuya 2
FoanHa PL 9 2.Q . %
VA

1961 100,00 0,00
1966 100,000 0,43
1967 98,930 0,96
1969 98,663 1,51

1970 98,128 2,09
1971 97,326 3,03
1978 93,583 6,24
2004 80,214 20,78
2005 77,540 23,59

2. [bpBOHavanHa xvMnoTesa 3a pexumMa Ha 3anexa

BbrrapeBckusT rasoB 3anex ce xapaktepusupa ¢ 6rokoB
ctpoex. OrpaHuyeHOCTTa My OT 3anag, M3TOK W CeBep,
00ycnoBeHa OT HanMYMeTO Ha TEKCTOHCKM HapyLleHWsi, AaBa
OCHOBaHWe fja ce npeanonara, Ye 3anexbT € u3onupax ( He ce
nogxpaHea oT HanopHu Boay), (MuHuesa P.1968). B nogkpena
Ha ToBa MNpeanonoXeHe e BUCOKaTa MUHepanu3auus Ha
nnacToBata OnuroleHcka Boga B congax K-11- 33,6-37,5
g/dm3, pokato MuHepanusauusTa Ha nnacToBata Boga OT
BaNaHXCKUS XOPWU3OHT € OKOMO 5 g/dms3, KOeTo e nmpu3Hak 3a
3aCTOEH PEXMM Ha ONMUroLeHCKUTe BOAM. 3a OTCLCTBUE Ha
XMAPOOMHAMWYHA Bpb3Ka Mexay OTAenHuTe Onokoee Mo
NMACLYHUKOBMSI XOPWU3OHT Ha OMNUroLieHa MOXe fJa Ce Cbau no
PasnMYHMTE MUE3OMETPUYHW HWBA Ha COHOaxuTe OT
OTAENHUTE TEKTOHCKW Briokose (0T +1,6 m go +21,3m ). He e
YCTAHOBEHO [BWKEHWEe Ha nmriacoBata BO4A B MECHKIMBUAT
XOPU3OHT Ha ONUrOLEeHa, KOeTo e MpeanocTaBka, ue
BOZOra30BUAT KOHTAKT € XOpWU3oHTaneH. B pesyntar Ha Tesu
FEONOXKM MPEANOCTaBKW € HanpaBeHO [JomyckaHe 3a
Bb3MOXEH ra3oB pPexuM Ha 3anexa. KoM 103U MOMEHT OT
BpeMe Ca OLeHeHu Ype3 obeMeH MeTog W 3anacuTe OT ra3 Ha
MSICTO, KOWTO B HacToswata crarus ca npuetu 3a 100 %.

3. TMoTtBbpxAaBaHe Ha XxMnoTe3aTa 3a ra3oB PEXWUM Ha
3anexa

MpeacTaBnsBa MHTEPEC Aa Ce OLEHN Kak Tasu XunoTesa ce
NOTBbPXAABa BbB BPEMETO. 3a LenTa no gaHHu oT Tabn. 3
KbM ONpedeneHn MOMEHTW OT BpeMe ca MOCTPOEHM

P
asucumoct —2— =f(¥Q) .
nn

Te ca nmokasaHn Ha dwmr.2, ur.3 u dur.d. lNonyyeHn ca
CbOTBETHO npu pobuea Ha 2,1%, 6,2% wm 23 % ot
YTBbPAEHUTE 3anacu OT ras Ha MsCTO.

OT dur. 2- ur.4 ce Buxaa, Ye ¥ TPUTE 3aBUCUMOCTM UMAT
MPpaBONMHEEH XapakTep, KOeTO Ce MoTBbpxdaBa OT
HanpaBeHws KopenawmoHeH aHanma. /3BepeHaTa

Kopenav#oHHa 3aBUCMMOCT Ha P.’f”

nn
ypaBHeHWe Ha npaBa C KoeuuUMeHT Ha kopenauus 0,9992.
lMonyyeHaTa OT ypaBHEHMETO OLIEHKA Ha 3amacuTe OT ras3 e
paBHa Ha 104,6 % oT yTBbpAeHnTE 3anacy Ha macto. OT dur.

=f(>Q) Ha ur. 4 e
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2 ce BUXOa, Ye ChllaTta oLeHka Moxe aa Gbae HanpaseHa,
olLie npy cymapeH A061B Ha ra3 paBeH Ha 6,2 % 0T HadanHuTe

sanaci. [paBOMMHEMHWAT —XapakTep Ha  3aBUCMMOCTTA
P

—_—f(XQ) Ha cur. 4. nokasea, Ye PEXAMBLT Ha
Z[P,]

HaxoawLeTo e rasoB. He ce HabriogaBa komneHcupaHe Ha
NracToBOTO HarsiraHe OT eBeHTyaneH MPUTOK Ha MnacToBa
BOAA MpU TekyluTe YCMOBMS Ha ekcrnoaTauus. Toea ce
noTBbpKAaBa OT (hakTa, Ye KbM HACTOSIMA MOMEHT,
pobvBaHaTa 3aefiHo C rasa BOA € HUCKO MUHEepanu3upaHa u
HsIMa ApYry Npu3HaLy 3a OBOAHSIBAHE Ha COHOAXUTE.
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®ur. 4. 3aBUCUMOCT Ha

no6uB Ha ras

V. U3Boaun

y = -0,9569x + 100,06
R®=0,9992
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=f(>Q) npn 23,59 % cymapen

OT HanpaBeHMst aHanW3 Ha MeToauTe 3a OnpedensHe
peXMMa Ha rasoBM Haxoaulia B HadyanmHUAT eTan Ha
pa3paboTka 4 M3BbpLIEHaTa OLleHKa Ha pexuMa Ha rasosus
3anex bbrrapeso Moxe Aa ce HanpaBaAT CNeaHUTe U3BOAM:

1. B HayanHws nepuog Ha paspaboTka € M3KMHUMTENHO
TPYAHO [a ce onpepeni AENCTBUTENHUS PEXUM Ha ra3oBus
3anex. 3a ToBa € HeoOXOAWMO MO [AaHHW TEeONOXKUA U
XMOPOOMHAMUYHMS MOAENM Ha 3anexa fa ce paspaboty
KOSITO  MeproanNyHoO
cnegea fga 6boe wmscnegBaHa. B Tasu Bpb3ka HapacTsa
U3KITIOYNTENHO ponsTa Ha 3-D cemsmuyHMTe M3crneaBaHus 3a
Cb3AaBaHe Ha a[leKBaTeH reoNioXK/N MoJen Ha 3anexa .

MpuopuTETHA XMNoTe3a 3a  pexuMa,

MpenopbyaHa 3a nybnukysaHe ot
Kategpa “CongupaHe u gobus Ha Hedpt v ras”, [Md

100
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2. lMpueTaTta No reonoXkh JaHHU XUMoTe3a 3a Bb3MOXeH
ra3oB PEXWM Ha rasoBws 3anex bbnrapeso ¢ yBepeHOCT MOXe
Ja Ce nOTBbpAM Npu cymapeH gobwB Ha 6,2 % ot
YTBbPAEHNUTE Ha MSCTO 3anacy.

3. Kbm HaCTOoALLMA MOMEHT, KOraTo OT 3anexa ca pobutn 24
% ot YTBbPAEHUTE 3anack, PeXUMbT Ha 3anexa npodbiiKkasa
[a e enacTh4yHO ras3os.

4. WHdopmaumaTa OT MOBELEHWETO Ha MUE3OMETPUYHUTE
COHOAXMW, KaKTO U OTCLCTBUETO Ha BUCOKA MUHEpanu3auuns B
pobuBaHaTa nnacToBa BoAa faBaT OCHOBaHWe [fa ce LOonyCHe,
Ye TO3M PEXWM LLe Ce 3anasu Aa kpas Ha paspaboTkaTta Ha
3anexa. [o-kaTeropuyHa oLeHka MOXe [a ce Hanpasu creg
npoeexgaHe Ha 3-D CeusMWYHM W COHOAKHO-re0U3NYHM
n3cneaBaHus.
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noaxon n ANrOPUTHLM 3A LIKGPOBO KOOUPAHE HA TEONIOXKA UHOOPMALIUA

CmedpaH [lumoecku

MurHo-eeonoxku yHugepcumem “Cs. MeaH Puncku”, Cogpus 1700; dimovski@mgu.bg

PE3IOME. KapTorpadickute reonoxku matepuani (MNOLWHO NPOSIBIEHWE HAa Pa3nuuyHu hopmauuu, Ha pasfnoMi W OPYrM enemMeHTW Ha reomnoXKUs CTPOex)
00WKHOBEHO NpednonaraT kogupaHe B GuHapeH BuA (HanpuUMep enemeHTapHa KrneTka OT kapTaTa 3a CbOTBeTHWUS Malab ce kogupa ¢ “1” koraTo KOHKpEeTHUSIT
npuU3HaKk ce NposiBsBa, a korato oTcheTBa — ¢ “0”). TO3W HauMH Ha KoAMpaHe Ha reonoxkata HGOPMALWs He NO3BOMSBA MbITHOLEHHO fa Ce M3CneaBaT CrOoXHUTE
NPOCTPaHCTBEHW BPB3KM MEXAY U3y4aBaHu reonoro-reotnanyH1 npusHaLm.

3a ocurypsiaHe Ha Bb3MOXHOCTY 3a peanuaunpaHe Ha U3YUCIUTENHW OnepaLiv C M3NoN3BaHe Ha kapTorpadicka reonoxka HGOpMaLus e ChbCTaBeHa KOMMIOTbPHA
nporpama 3a Y1CNeHo KoAupaHe Ha kapTtorpadickute npuaHauu. TS ce OCHOBaBa BbPXY Bb3MOXHOCTTA BCSika enemMeHTapHa KreTka oT kapTata fa ce AeduHupa ¢
KOHKPETHO Pa3CcTosHME Rmin CMIPSIMO KOHTAKTM Ha pa3npefenieHre Ha KOHKPETEH NpuaHak. Ako S e nnoLyTa, B KOSTO NPU3HAKbLT MPUCHCTBA, KONMYECTBEHATA OLEHKa
3a MOMOXEHWETO Ha eneMeHTapHaTa nnoLy CrpsAMO Pa3npoCTPAHEHNETO HA NpU3HaKa ce Onpenens Ype3 pascTosiHue “+ Ruin” OT HAW-6MM3KMS BLTPELLEH KOHTaKT
(enemeHTapHaTa kneTka ce pasnoniara B nowTa S) unu ypes pasctosiHue “- Rmin” OT Hait Bnn3knst BbHLLEH KOHTAKT (eneMeHTapHaTa kneTka ce pasnorara M3BbH
nnowra S). Mo To3n HaYWH cneq [ombnHUTENHA 06paboTka Ype3 ChCTaBeHUs NporpameH Moayn, GMHapHO KoaupaHaTa reonoxka WHopMaLys ce NpeacTaBs ypes
Habop OT pa3cTosHUs (YMcna), KOUTO Ce NpUemart 3a KONMYECTBEHA OLIEHKA ([BYMEPHA) Ha NOMOXEHWETO Ha KOHKPETHMSI FeONOXKN NpU3HaK.

APPROACH AND ALGORITHM FOR NUMERICAL CODING OF GEOLOGICAL INFORMATION
Stefan Dimovski
University of Mining and Geology “St. Ivan Rilski”, Sofia 1700; dimovski @mgu.bg

ABSTRACT. The cartographic geological data (surface spread of different formations, of faults, and of other elements of geological structure) are normally coded in a
binary mode (for example an elementary cell of the map is coded with “1” when the specific geological attribute is present and with “0” when it is absent). When the
geological information is coded in such a way it is not possible to analyze in detail the complex interrelations between the studied geological-geophysical
characteristics.

A computer program is developed for numerical coding of cartographic attributes. The program makes possible the application of computational operations over these
cartographic attributes. It is based on the possibility to define each elementary cell of the map by the precise distance Rmin towards the border of the area of surface
spread of the specific geological attribute. If S is the zone where the attribute is present then as a quantitative esteem for the pixel position in respect to the geological
attribute spread is accepted the distance “+ Rmin” towards the nearest interior border (the pixel is inside the zone S), or the distance “- Rmin” towards the nearest
external border (the pixel is outside the zone S). In such a way, after the application of the developed computer program, binary coded geological information is
represented in a numeric mode and one can obtain a quantitative assessment of the distribution (2-D) of the studied geological attribute.

BbBeaeHue AnropuTbM 3a YUCNEHO KOAUPaHe Ha

KapTorpachCcku npusHaum
KapTorpadckite reonoxku n gpyrv  marepuanu npeacrasst

MMOWHO MpOsiBNEHWE Ha pa3nnyHM npusHaum. Tosa ca MooxogbT UM pa3paboTeHMsT anropuTbM 3@  YMCHEHO

Hanpumep reonoxkv popMaLyn, pasnoM1 1 Apyrv enemeHT! KoOuWpaHe Ce OCHOBaBaT BbPXy Bb3MOXHOCTTA BCska

Ha reonoXKns CTpoex. Taka npedcTaBeHaTa MHGopMauus eneMeHTapHa kneTka OT kapTata fa ce fAeduHupa C

0OMKHOBEHO Mpegnonarat  KoavpaHe B GuHapeH Bug ONpefeneHo  pa3cTosHMe R CHpsMO  KOHTaKTa  Ha

(Hanpumep KbETO KOHKPETHUAT MpuHak ce MnposiBsBa pa3npoCTPaHEHWE HA KOHKPETEH ‘kapTorpadicki npuaHak’

€fleMeHTapHa Knetka OT KapTaTa 3a CbOTBETHUA MaUJ'a6 ce (“KapTOFpanCKVl CpaKTOp"), HanpuMep orpegeneHa reonoxka

kogupa ¢ “1”, a kbeto otcbetBa — ¢ “0%). Toan HaumH Ha opMaLys, KOSTO yyacTBa B FereHaTa Ha kaprata Kato

kogupaHe Ha KapTorpadckuTe npusHauM He no3BossiBa CaMOCTOSTENHA eAnHMLA.

MbIHOUEHHO Aa Ce M3crneaBaT COXHUTEe MPOCTPAHCTBEHM

BPB3KM MeX[y W3y4aBaHu Teornoro-reousnsHi 1 apyru lMbpBaTa CTbMKa KbM YMCNEHO KOAMPaHe Ha kapTorpadicku

npu3Haum. Mpu3HaUm e NpeLCTaBAHETO HA MMOLTA Ype3 CbBKYMHOCT OT
€NEMEHTapHN MIOWM (eNeMEeHTapHW KNETKW, MUKCenu) —

3a ocurypsBaHe Ha Bb3MOXHOCTM 3a peanusvpaHe Ha dur. 1.

W34MCTIUTENHM Onepauuy C M3Non3BaHe Ha kapTorpadcka

reonoxka u Apyra vHgopmaLus e LenecbobpasHo uucneHo 3a uenTa u3cregsaHaTa TEPUTOPUS CE MOKPWBA C MPEXa,

KopMpaHe Ha npusauwTe (daktopute). KosiTo ce cbeTon oT M x N Ha Gpoit enemeHTapHu oLy,
KbaeTo:
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M e 6posT Ha konoHuTe ( BposT nukcenw no octa X );
N e BposT Ha pegoseTe ( OposT nukcenm no octa Y ).

N

AY

AX

®ur. 1. NpumepHo npeacTaBsHe Ha U3cneABaHa TEPUTOPUS YPe3 Mpexa
oT Mx N Ha 6poi enemeHTapHU NnowWwm

Bcsika enemeHTapHa nnowy € ¢ egHa M Cblua NpoW3BoMHa
npaBobrbiHA (bopMa (WwupMHa AX W BUCOYMHA Ay) B
3aBMCUMOCT OT Malyaba Ha kapTaTa (nnaHwerta). Hanpumep,
ako ce uacneaa Teputopust (nnaHwert) ¢ pasmepn 36 x 32 km
11 3a enemMeHTapHa nnoLy ce npueme knetka ¢ pasmep 1x1 km,
Mpexarta e cbabpxa 1152 enemMeHTapHU KNETKW, KOUTO ce
pasnonarat B 36 pega ( Auckpetnsaums no Y ) u 32 KONoHu
(amckpetnsaums no X) — cur. 2.

B obxBaTa Ha nnaHLeTa ce pasnonara KOHKPETEH MpK3HaK
(OKOHTYPEH C NITbTHA NUHKA), KOMTO € 0BEKT Ha n3cneaBaHe (B
cryyas — 30Ha Ha MPONMMM3aLMs 1 NNoLHa XMApoTepManHa
npomsHa). [pu OGuHapHO KkogupaHe ce AudepeHumpar
eNleMEHTapHMTE MIOLLM, KOUTO Ce pa3snonaraT BbTpe B 06ekTa
(Hanpumep ¢ “1”) 1 enemeHTapHuTE MIOWM W3BBH ObekTa
(Hanpumep ¢ “0”) — cour. 3.

B paspaboTeHusi anropuTbM W CbCTaBEHaTa KOMMIOTbPHA
nporpaMa ce peanuaupa YMCneHo koaupaHe, koeTo ce 6asupa
BbPXY ONpedensiHe Ha MUHWUMANHOTO Pa3CTOsiHUE, Ha KOETo
OTCTOM BCEKM MUKCEN OT rpaHuLaTa Ha GUHApHO KoaMpaHus
00exT.

3a LienTa MecToNoNoXEHNETO Ha BCAKA enemMeHTapHa Mol
Ce OMMCBA OT HelHaTa ABOMKa koopawHatu (i, jo) — dour. 4,
KbaeTo:
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jp e KomoHaTa, B KOSTO € pasnoNoXeH NUKcena
(koopamHaTaTa no octa X );
jo € pepda, B KOWTO e pa3nonoXeH nukcena (koopanHaTarta
noocraY).
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®ur. 2. NMpumepHa uscnegsaHa nnow ot 1152 km2 ¢ npucbeTBue B Hesl
Ha 30Ha Ha MPONWUNM3aLMA W XuApoTepManHa NpPoMsiHa (OKOHTYpeHa ¢
NNbTHA MHKA).

MnowTa e NoKpuTa ¢ Mpexa oT NMKcenu ¢ pasmep Ax = Ay =1km
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®ur. 3. BuHapHO KoagMpaHe Ha NMUKCenuTe 3a NpUMepHaTa M3cneaBaHa
nnowy ¢ NPUCHLCTBME B Hesl Ha 30Ha Ha NPONUNU3aLMA U XUOPOTEPManHa
npoMsHa (OKOHTYpeHa C NbTHa NUHUSA)



CnepoBaTenHo jp W jp Ca Lenum Yncna, KOUTo UMaT CrepHuTe
Bb3MOXHU CTOMHOCTW: ip=1,2,3, ... M v jp = 1,2 3 .., N

N
Y 3
2
1
123 .................... M
> X

®ur. 4. Unoctpauma Ha npeAcTaBAHETO Ha NMUKCeNUTe 3a LenuTe Ha
YUCIIeHOTO KoAupaHe.

Kato nbpBa CTbnka Ha paspaboTeHMst  anropuTbM,
CbCTaBeHaTa nporpama onpeaessi MMHUManHUTE pascTosHHS,
Ha KOWUTO OTCTOST efHa OT Apyra BCWYKM Bb3MOXHM ABOIIKM
€NTeMEHTaPHM NIIOLLM.

Maxoxga ce 0T npegnoctaskata, 4Ye  MWHWUMANHOTO

pascTosiHue Mexay ABa nukcena (o, jo) v (i1, j1) e dyHKumS
Ha pa3nukaTa B TEXHUTE KOOpAUHATH:

m=Abs(i1—i0)
(1)
n=Abs(j1-jo)

3a pasnukata B KOOpAMHATMTE Ha BCEKM ABa nukcena (o, jo)
(i1, j1) caBb3MOXHU CrELHUTE CTOMHOCTM:

m=Abs(i1—io) — 01, ..., (M-1)

n=Abs(j1~jo) — 01, ..., (N-1)

3a JapeHa enemeHTapHa nioLy ¢ TekyLm KoopauHaTh (o, jo)
CbLUECTBYBAT TpU Bb3MOXHM PA3NONOXEHUs Ha MUKCEna ¢
KoopauHaTh (i1, j1) CNpsAMO KOWTO Ce Onpeaenst OTCTOSHUETO:

i0¢i1 n j0¢j1 (3)
foFiy n jo=jy 4)
fo=iy W jo#j4 (5)

3a BCEKM OT Te3n TpW Bb3MOXKHWU BapuaHTa NOAXOAbT KbM
onpeaensHe Ha PasCTOSAHUETO Mexay ABOAKaTa MUKCenu e
Pa3nuyeH.

B nbpeusa cnyvalt — BapuaHTa korato iy # iy U jo # ji
pa3CTOSIHUETO MEXOYy [BETe enemMeHTapHu nnowm ce
onpefens OT OTCedkaTa, CBbp3Balla LEHTbPa Ha TekyLius
nukcen ( fo, jo) ¢ GNM3kns BBN Ha Nukcena (i1, ji) — dur. 5

Rmm:Sqrt(r§+r§): r§+r§ (6)
rxzm.Ax—%z(m—O,S).Ax (7)
Ay 8
ry:n.Ay—7=(n—0,5).Ay (8)

Mpu onpegeneHa [JBoiika OT CTOMHOCTM 3@ m U N,
CbLlecTByBar veTupu Bb3MOXHW pasnonoxeHna Ha
enemeHTapHata nnow, ( i1 , j1 ), Kato pasCcTOSIHMETO [0
LieHTbpa Ha TekyLms nukeen (o, jo) € €AHO U ChLLO.

L-m 1, i,+m

[

Jitn

Ay

—_
\
T
[~
>
(]

i J

Jotn

®ur. 5. UniocTpaums Ha onpepensiHeTo Ha Pa3cTOAHMETO Rmin (YMcneH
Kof) 3a ABOIAKA NNKCENW, 3a KOUTO i g F iy U jo#j4

B cnyuas korato i o # i1 U j o =j 1 Pa3CTOAHNETO MEXIy
JBETe erieMeHTapHW oWy ce Onpegens OT OTcedkara,
CBbP3BaLla LieHTbpa Ha Tekywms nukcen (io, jo) CbC cpeaata
Ha bnnskara cTpaHa Ha nukcena (it , j1) — dowr. 6:
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Rmin =T (9)
r, =m.Ax—%:(m—0,5).Ax (10)
ia—m ia L, tm

Ay

AX

®ur. 6. UniocTpaums Ha onpepensiHETOo Ha PasCTOSAAHNETO Rmin (YMCnEH
KoA) 3a ABOWKA NUKCENU, 3a KOUTO i ¢ Fiq U jo= j,

CtoHocTTa 32 n B TO3K cnyyait € n = 0 KaTo Npu BCska
orfpefeneHa CTOMHOCT 33 M CblUECTBYBAT [BE Bb3MOXHM
Pa3MoNoXeHUs Ha enemeHTapHata nnow, (i, fi), KaTo
pa3CTOSHUETO A0 LieHTbPa Ha Tekylums nukcen (i, jo) € eAHO 1
ChbLLO.

lMpu BapuaHTa Korato ig= i1 W jo #j 1 Pa3CTOSHNETO
MeXay [BETE eneMeHTapHW MIOLM OTHOBO Ce ompefenst ot
oTCeykaTa, CBbp3Balla LEHTbpa Ha Tekywms nukcen (io, fo)
CbC cpedarta Ha brmskara cTpaHa Ha nukcena (i, j1) — dowr. 7

(1)

R min =ry

ryzn.Ay—%z(n—O,S).Ay (12)

CroifiHocTTa 3@ m B T03W cryyan € m = 0 kaTo npu BCska
onpegeneHa CTOMHOCT 3@ N CblUeCTByBaT ABE Bb3MOXHM
PasnonoXeHWsl Ha enemeHTapHata nnow, (i1, Ji), KaTo
Pa3CTOSIHMETO A0 LIEHTBbPA Ha TekyLwmus nukeen (io, jo) € eqHo 1
ChbLLO.
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®ur. 7. UnlocTpauus Ha onpefensiHeTo Ha Pa3CTOSAHMETO Rmin (YMCNEH
Kog) 3a ABOIKA NNKCENM, 3a KOUTO ig= iq U jo#j,

KomnioTbpHa nporpama 3a peanuaupaHe Ha
pa3paboTeHnsa anropuTLM 3a YUCNEHO KogupaHe

MpUnoXeHWeTo Ha pa3paboTeHUst anropuTbM 3a YMCIIEHO
KogupaHe Ha KapTorpacdickvu MpusHauM ce peanusupa upe3
cneuuanHo pa3paboTeHa KOMMITbpHA Mporpama, KosTo
cbabpxa Tpu 6a30BK Mogyna.

[Mepsusm modyn Ha nporpamarta u3ducnsiea no popmynm
(6), (10) n (12) MMHUMaNHWUTE pa3CcTOSHUS Rmin , HA KOMTO
OTCTOAT €eOHa OT [Jpyra BCUMYKA  Bb3MOXHM  [BOWKM
enemeHTapHu nnowm. ToBa ce NpaBu 3a BCUYKM HapeaeHu
[BOVIKM (M, n) C n3knoueHne Ha aeoiikata (0, 0).

Bmopusim modyn Ha nporpamara copTupa HapeaeHuTe
Tpoiku (m, n, Rmin) no HapacTBaHe Ha Rmin.

Hanpuwmep, ako gageHata Mpexa, NoKpuBalla TeputopusiTa
Ha u3cneaBaHe, ce CbCTOM OT 5 x 4 Ha Opoii enemeHTapHu
nnowwm (M = 5, N = 4) , kaTo BCeKM NUKCen e C eaHa W cblua
npaBobrbiHa hopma (wupuHa Ax =1 u BuUCOYMHA Ay = 2) -
our. 8, To copTMpaHnTe HapedeHuTe TPoukL (M, n, Rmin) no
HapacTBaHe Ha Rmin vmaT BuA, NpeAcTaseH B Tabnuuara,
npunoxeHa koM durypa 8.

Tpemusim Modyn Ha nporpamara onpegenst MUHUMasHOTO
pa3cTosiH1e, Ha KOETO OTCTOM BCEKW MUKCEN OT rpaHuuaTa Ha
OMHapHO KoaMpaHaTa 30Ha.

Pasrnexga ce BCAka eneMeHTapHa nnow, OT Mpexarta.
Onpegens ce pascTosHUeTo, CbOTBETHO “+Rmin* unn “—Rmin®
[0 Han-bmm3kus nUKCen, KoaupaH pasHOMMEHHO CrpsMO



aHanuaupaHus. 3HakbT 3a Rmin e “+
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aKo TeKkylaTa
€fIeMeHTapHa nnow, e B obxBaTa Ha 30HaTa Ha 6|/|HapH0
KOAMpaHUs reonoXKW NpusHak. PecnekTuBHO, TO3M 3HaK € “—*

A N— \ A
N

I
>
<

DJ\

_\."

aKo aHanu3nMpaHuAT nukcen € W3BbH obxBata Ha 6I/IHapHO
KOOMpaHuA reonoxku npusHak — Cbl/lr. 9.

R min
0.50000
1.00000
1.11803
1.50000
1.80278
2.50000
2.69258
3.00000
3.04138
3.35410
3.50000
3.64005
3.90512
4.60977
5.00000
5.02494
5.22015
5.59017
6.10328
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®ur. 8. MpumepHo nnocTpUpaHe Ha BTOpMs MOAYN Ha CbCTaBeHaTa nporpama — 3a Mpexa ot 5 x 4 Ha 6poii enemeHTaphu nnowm (M =5, N=4) n Bcekun
nuKcen ¢ NpaBobrbiHa (opma ( wupuHa Ax =1 u BucounHa Ay = 2 ). MpunoxeHa e Tabnuua Ha copTUpaHUTe No HapacTBaHe Ha Rmin HapeaeHu

TPOJKY OT cTOiHOCTM (M, n, Rmin )
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®ur. 9. UntocTpupaHe Ha onpefensiHeTo Ha pa3cTosHMATa “+Rmin“ n “~Rmin“ 3a ABe TeKyLyU eneMeHTapH1 Niowy — CbOTBETHO BbTPELHA U BbHIUHA
cnpsimo GMHapHO koaupaHaTa u3cneABaHa nnoLy ¢ NPUCHLCTBME B HEAl HA 30Ha Ha NPONMNM3aLMA U XuapoTepmanHa npomsHa (dwr. 3)

MpunoxeHneto Ha  paspaBoTeHus

anropuTbHM

n

CbCTaBeHaTa nporpamMa MoraT fda Ce WmocTpupat oT
pesynTatute, MOMyY4eHM 3a MMaHLIeTa CbC 30HA Ha
NpoNunK3aLMs 1 NMoLLHa XmapoTepManHa npomsaHa (dur. 2),
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kogupaH OuHapHo (cpur. 3). Kaptata c pesynratute OT
YMCNEHOTO KoaupaHe e npeactaBeHa Ha cur. 10. MaxogHute
JaHHM CbabpkaT MHOPMAaLMS, NOArOTBEHA 3a peanusupaHe
Ha pa3HOBapPKAHTHU M3YUCTIMTENHI OnepaLuy.
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®ur. 10. Kapta c pe3ynTatute oT YNCNIEHOTO KOAUPaHe Ha NNaHIWeTa CbC
30Ha Ha MPOMWNM3auMA W NAOWHA XuApoTepManHa npomsiHa (dur. 2),
KoavpaH 6uHapHo (cpur. 3)

Monyyennte pesyntatn pobpe ce 00BLP3BaT C peanHoTo
pasnpoCTpaHeHune Ha YICNEHO KoaypaHata 3oHa — dour. 11.
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®ur. 11. UniocTpupaHe Ha CHLOTBETCTBMETO MeXAy pesyntatute OT
YUCNEHOTO KogupaHe Ha nnaHweTa (cour. 10) U 30HaTa Ha NponuUnM3aums
1 NNoLHa XuapoTepManHa npomsHa (dur. 2)
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3aknioyeHune

MpeacTaBsiHETO Ha TeONOXKUTE U HSKOW ApYrM BUOOBE
JaHHW e TMaBHO BbB BUO Ha Pa3NU4YHM MO CbObpXKaHue U
ochopmnienmre kapTu. TpamuUMOHHUTE KapTV ca eduH OT Hail-
pobpuTe HauMHM ca npedaBaHe W MOfyyaBaHe  Ha
UHopmauus. EAHOBPEMEHHO C TOBA KapTuTe He MoraT Aa ce
W3Non3BaT AMPEKTHO 3a pasnuyeH Bup obpabotka K
KOMMIOTbPEH aHanu3. ToBa M3uckBa Te fa GbaaT npeacTaBsHu
B MoguduumpaH Bua, YymobeH 3a peanuavpaHe Ha
Pa3HOBapPUaAHTHI U3YMCTIMTENHY ONepaLin.

Pa3paboTeH € anroputbM W e CbCTaBeHa KOMMIOTbpHA

nporpaMa 3a YMCTIEHO KofupaHe Ha  kapTorpadicka
MHOpMaLWs, KOSTO Ce  pa3rmexaa Kato  KOMMIEKCHO
MpefcTaBaHe Ha Pa3nUYHK NpUsHaLIW.

3a LenuTe Ha KoAMpaHETO M3crnefBaHaTa Teputopus ce
nokpMea C MpaBObIb/IHA Mpexa, KOATO npencTaBnsea
MHOXECTBO OT e[HaKBW ENeMEeHTapHW NIoWW (eneMeHTapHu
KNeTKM, NuKcenm).

MpunoxeHnsT nogxof KbM paspaboTeHust anroputbm K
CbCTaBeHaTa KOMMITbpHA Nporpama 3a YMCINEHO KoaMpaHe ce
OCHOBaBaT BbpXy Bb3MOXHOCTTa BCSKA ENlEMEHTapHa KreTka
OT kapTaTa fa ce JeduHMpa C OMpefeneHo pascTosHue
“+Rmin“ unm “—Rmin* CNpsMO rpaHMLMTE Ha PasnpoCTpaHeHne
Ha KOHKPETEH “kapTorpadckn npusHak’.

CbCcTaBeHaTa KOMMIOTbPHA Nporpama Cbabpka Tpu 6a3osu
mogyna. [TbpBMAT MOAyn Ha nporpamata W34ucnsiBa
MWUHUMarHWTE PascTosiHUg Rmin, Ha KOUTO OTCTOSIT efHa OT
Apyra BCWYKA Bb3MOXHM [BOWKM E€NEMEHTApHU MIIOLM,
BTOPWAT MOZYN COpTUPAa HapegeHute Tpouku (m, n, Rmin)
no HapactBaHe Ha Rmin, a TpeTMsT Mogyn onpegens
MWUHUMArHOTO Pa3CTOsHIE, HA KOETO OTCTOM BCEKM MUKCEN OT
rpaHuuaTa Ha GMHapHO kogMpaHaTta 3oHa.

LlenecbobpasHo e cbCTaBeHaTa KOMMIOTbPHA nporpama aa
Ce BKMOYBA KbM BCAKa CUCTEMa, MpedHasHayeHa 3a
n3cnepBaHe Ha NPOCTPAHCTBEHWUTE BPBL3KM MEXAY U3y4aBaHu
reornoro-reothn3nyYHN 1 apyry NpusHaLu.
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MbPBU FPABUMETPUYHWN U3CNEABAHWUA B PAUOHA HA BBIITAPCKATA
AHTAPKTUYECKA BA3A HA O-B JINBUHICTOH

H. Kpbcmes?, 1. Cmaepes’, P. Paduyes’, B. Cmanyee?, [. Jumoe?, [j. opdaHosa’, B. [ypes?

"MuHHo-2eonoxku yHugepcumem “Ca. Mear Puncku”, Cogpus 1700

2Murneexc 00

3Coqputicku yHugepcumem “Ce. Kn. Oxpudcku”, @usudecku ghakyimem
4Cocputicku yHueepcumem “Ca. Kn. Oxpudcku”, eonozo-eeoepagpcku hakynmem

PE3IOME. B u3nbnHeHue Ha nporpamata 3a U3cnefBaHe Ha AbnbOYMHHNS TeOnOXKM CTPOEX Ha 0-B JIMBMHICTOH C reotu3nyHU METOAN Ce M3BbpLUMXA MbPBM
rpaBUTaLMOHHN U3MepBaHus no Bpeme Ha XIV-Ta AHTapkTudecka ekcneguums, 2005 — 2006 r. MoctpoeHa Ge onopHa rpaBMMETpUYHA Mpexa, ChCTOsLLa ce OT
BasoBa rpaBumeTpuyHa Touka npu Bbnrapckata AHTapkTuuyecka basa (BAB) v Tpu oTaaneyeHn onmopHu Touku. Ha Tasu ocHoBa Ce M3BBPLUM M3MepBaHe Ha ABa
rpaBMMeTPUYHN npocuna mMexay Bpbx Kpymos kambk M BAB, u Hap nnytoHa Xecnepupec. OBpaboTkata Ha faHHUTe paskpu nposiBata Ha Byre aHomanum c
amnnutyfa go 5 mGal Ha TepeH oT 1 km2 npu aenuBenauum Hag 200 m. CbafageHaTa onopHa Mpexa, HanpaBeHaTa PeKorHOCLMPOBKa U MpUACOUTUST ONuT B
TEXHUKaTa Ha M3MepBaHe Npu TPYAHU TEPEHHW W KIMMAaTUYHW YCroBMS Cb3aasaT MPeAnocTaBku 3a npeanpuemMaHe Ha CrneaBally CTHMKU B rpaBUMETPUYHOTO
n3creaBsaHe Ha paroHa.

FIRST GRAVIMETRIC INVESTIGATIONS IN THE AREA OF THE BULGARIAN ANTARCTIC BASE AT LIVINGSTON ISLAND
N. Krastev?, P. Stavrev!, R. Radichev’, V. Stanchevs, D. Dimov#, D. Jordanova3, V. Gourev?

"University of Mining and Geology “St. Ivan Rilski”, Sofia 1700

2Milvex Ltd., Sofia

3Sofia University “St. KI. Ohridski’, Faculty of Physics

4Sofia University “St. KI. Ohridski”, Faculty of Geology and Geography

ABSTRACT. Gravity measurements in the area of the Bulgarian Antarctic Base (BAB) at Livingston Island were first implemented during the XIVth Antarctic
Expedition 2005 — 2006. They are part of the program for geophysical exploration of the Island. The Base gravimetric grid was established first. It includes the Base
Gravimetric Station near the BAB and three distant supporting stations around. Then, on this base two gravimetric profiles were measured: between the pick of
Kroumov Kamak and BAB, and along the outcrop of the Hesperides pluton. The results obtained after a data processing show the existence of Bouguer anomalies of
intensity up to 5 mGal in an area of 1 km2 on a terrain of height differences up to 200 m. The created Base gravimetric grid, the accomplished profile test
measurements and the experience from the gravity data acquisition in the specific terrain and climate situation create preconditions for the next steps in the gravity
investigation of the area.

BbBegeHue 3adaum reothn3nYHMTE METOAM KAaTo AMCTaHLMOHHM MO CBOS
XapakTep M03BONsBaT YCTaHO-BSIBaHe, MpoOCreasBaHe U
Fe0thn3nYHMTE M3CrEeBaHNs ca OCHOBHA CbCTaBHA YacT Ha AbNBOUMHHO  XapakTepuaupaHe Ha TeonoXku CTPYKTYpH,
Hay4yHUTE nporpamMi 3a OMo3HaBaHe Ha AHTapkTuka. Te HEAOCTBIMHA WK TPYAHO AOCTBIHM 3@ M3y4aBaHe C npeknTe
obxBallaT n3yyaBaHe MPOSIBUTE Ha (U3MYHMTE MONeTa Ha reonoxkn MeTopu B aHTapkTudeckute ycnosus. OcseH
3emMsTa  KaTO  [PaBUTALMOHHOTO, rEOMarHWTHOTO,  reo- MPOCTPAHCTBEHM U MOPCPONOXKNA  XapaK-TepUCTUKM
€NEKTPUYHOTO 1 Fe0TEPMMYHOTO MoMe, Ha CEM3MUYHOCTTa Ha reopusiiHUTE AaHHN ChAbPXaT MH(OPMaLKs 3a Bb3pacT U
3emMsiTa U Ha ecTecTBeHaTa PafMOaKTMBHOCT, KaKTO M Ha 3a Mpouecu 3acerHanu usydyasaHute OGEKTM B TreONOXKO
(u3MYHUTEe CBOWCTBA Ha cpedata W (PUBMKO-XUMUYHUTE Bpeme, 3a reoMHamukaTa Ha 3cnefiBaHuTe patoHu 1 ap.
npouecy npoTWYal BbB BOfHATA, Bb3AylHATa, MOHO-
cbepHaTa, MarHuTocepHaTa M OKONO3EMHaTa reoctepw. B paiioHa Ha Bwnrapckata AnTapktuyeckata basa “Ce.
PesynTaTute OT  reodMauuHuTe  M3cnedBaHus  [Aasat Knumert Oxpuacku” (BAB) o 2004 r. ca nposesxgaHi rnasHO
He3amMeHUMa MHAOPMaLIMS KaKTO 3a reodnanyHUTe heHOMEHM MarHuTHU Mpoy4BaTenHM CHUMKU. [TbpBu ca u3mepsaHusTa
Taka M 3a pellaBaHeTO Ha MHOXECTBO reonoXKW 3aauM, 3a nposeaeHn ot [. iumos npes 1996-1997 r. Ha nonyocTpos
TbPCeHe 1 NPOY4BaHe Ha MUHEPAITHIA 1 €HEpryiiHN CyPOBUHM, Xbpa (Dimov et al., 1997). Ha egHa no-manka nnot, Ho ¢
3a OTKpMBaHe Ha ekoobekTn npoBexaaHe  Ha NorbCTeHa MpexXa TOYKM € HanpaBeHa 1 CHUMKa B y4acTbKa Ha
EKOMOHUTOPUHT, 33 OLEHKA Ha OMACHOCTATE OT MPUPOAHY negHuk “Mopcku mbe” (Oumos 1 ap., 1997). OnutsT ot Teaun
BencTBAs, 3a LEMUTe Ha HaBMrauusiTa, 3a u3cregsaHe Ha u3MepBaHus e u3nonsyaH no-kbcHo npes 2002 r. 3a
APXEOMNOXKN 1 Apyru 00ekT. o OTHOLLIEHME Ha reonoXKUTE M3BbPLUBAHETO Ha ﬂ,eTaVlﬂHa MarHuTHa CHUMKa oT H. KprTeB
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u [1. IumoB B paitoHa OKONO PaskpUTUETO Ha UHTPY3UBHO TANO
¢ rabpo-a1opnToB A0 KBApL-AMOPUTOB CbCTaB, M3BECTHO KaTo
nnyToH Xecnepupec (Kpwcte v ap., 2005). Mpes 2005 r. B
paiioHa Ha bAB 6sixa NpoBefeHu MbPBM MOLHM U3MepBaHus
Ha BepTMKanHus mMarHuTeH rpagueHT(Krastev et al., 2005). B
CblUMs  paltoH €  U3BBbPLIEHO U ENEKTPOMArHUTHO
npodunupaHe 3a ycTaHoBsBaHe AebenuHaTta Ha nepeHarta
nokpueka no efHa nuHusg mexay BAB u Bpbx KpymoB kambK.
CeunamonornyHu HabnogeHus, U3cneaBaHe Ha BbIHU-LyHaMu
W Ha CbBPEMEHHW reodMHaMUYHU SIBMEHUS Ca HanpaBeHu OT
b. PaHrenos ¢ mbpeata Gbnrapcka Ce30HHa CeM3MOoNornyHa
CTaHuus B paiioHa (PaHrenos, 2002).

AHanuabT Ha npoBeaeHuTE reodmsnyHu pabotu okono BAB
[OKa3Ba HECbMHEHO €e(EKTMBHOCTTa Ha reoduanyHuTe
MeToau U HeobXxoaumocTTa OT MpOoAb/iKaBaHETo MM 3a no-
00XBaTHO W [eTainHO NpoyyBaHe Ha panoHa. B Tasu Hacoka
ca W npeanpueTute CTbMNKA OT aBTOPCKMS KOMEKTWB 3a
BbBEXJaHe Ha rPaBMMETPUYHMS MeTOL B MpakTukaTta Ha
Hay4HWTe u3crefBaHus B paiioHa. 3a uenta be cb3gapeHa
OMOpHa  TpaBMMETPUYHA  Mpexa W W3MEepeHn [apa
rpaBUMETPUYHM Npoduna 3a nonyyaBaHe Ha CBEEHUs OT-
HOCHO XapakTepa Ha rpaBUTaLMOHHOTO Mone B patoHa U 3a
0CcOBEHOCTUTE Ha MEeTOAMKATa W TEXHWKATA Ha U3MepBaHUSTa
B @HTAPKTUYECKM YCMOBMS.

OnopHa rpaBMMeTpPUYHA Mpexa B paioHa Ha
BAB

3a u3BbpWBAHETO Ha OTHOCUTEMHW  rPaBUTALMOHHM
namepBaHus B panoHa Ha BAB 0e passuta OnopHa
rpaBMMETpUYHa Mpexa, CbCTosla Ce OT [Ba TPUbIbIHM
nonuroHa ¢ obla cTpaHa, BCUYKO 4 rpaBUMETPUYHM TOYKM.
lMaBHaTa 6a3oBa rpaBMmMeTpuyHa Touka BI'T e ycTaHoBeHa
Onu3o go crpagute Ha BAB. B Hes 3anousaT 4 3aBbpLUBaAT
OHEBHUTE PaBUMETPUYHU pelicoBe. [TOMOLLHUTE  OMOpPHY
Toukn ca OT-1 Kpymo kambk, OT-2 Esepoto u OT-3
lMpUCTaHULLETO, Pa3NoNOXeH KaKkTo yka3Ba HauMEHO-BaHUETO
um (dur. 1). Touka ¢ onpepeneHa abconioTHa CTOAHOCT Ha
cunata Ha TexecTta Oe 3acHeta Ha Gpera Ha 3anuBa Canu
pokc (SRA) cbC cbaenctaueTo Ha konern ot KcnaHckata
AnTapktyecka basa “Xyad Kapnoc I”. Bcska ctpaHa ot
MONUroHUTE Ha OnopHaTa Mpexa Oe u3mMepeHa B TpU LuKbNa,
a Bpb3kaTa C oTAaneveHata abCconTHa ToYka B ABa LMKbNa
nopaau Bb3HWUKHaNUTE TPYAHOCTW B TpaHcnopta no mope. Ho
CpaBHUTENHO KPaTKoTO BpeMe OT 1 yac Ha LuKbN No3Borv fa
Cce 0TYeTe JOCTaTb4yHO TOYHO YaCOBUAT XOA Ha rpaBUMETBLPA.
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®ur. 1. Cxema Ha onopHata rpaBumeTpuyHa Mpexa BI'T-0T1-0T2-0T3 u npocmnute (O) BAB-BI' T-KpymoB kambk 1 (X) no paskpuTneTo Ha nnyToHa
Xecnepugec. W3onuHUM Ha MHTEPNONMPaHM BUCOYMHM HA TePeHa MO KOTUTE Ha U3MepBaTeNHUTE TOUKU

B pesynTtar Ha M3BbPLIEHUTE W3MEPBaHWS C rPaBUMETHP
HY-KE e ycraHoBeHa OTHOCMTENHaTa CTOMHOCT Ha
WHTEH3UTETA Ha curmata Ha TexecTTa B abconoTHata v B
onopHute ToukW cnpsamo BIT. [lonyyeHn ca crnegHute
CTOMHOCTM:
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OT-1: - 41.39 mGal; OT-2: - 2.20 mGal;

OT-3: +3.72 mGal; SRA: + 1.34 mGal,
CbC CpedHa KBagpaTWyHa Tpewka creg u3paBHsBaHe Ha
HapacTBaHusiTa No cTpaHuTe Ha nonuronute +0.24 mGal.
OnopHaTa mMpexa NoCNyXxu 3a NpocrneasiBaHe Ha 4acoBuUs X0z,



Ha TrpaBMMeTbpa B
U3MepPBaTENHN TOYKK.

oThaneyeHn ot  BAB  peposu

WU3mepBaHe M oOpaboTka Ha rpaBUMETPUYHUTE
npodunu

W3mepeHn ca ABa PEKOrHOCLMPOBBLYHW npodmna. Mbpeuat
3anoysa oT Opera Ha mopeTo, npes BAB n BI'T go OT-1
KpymoB kambk ¢ gbmkuHa 1350 m (cour. 1 u 2). MpodunsT
uma 30 nsmepaartenHu Touku npesd 50 m. JluHusaTa Ha BTOpUS
npocun BbpBM NpUBNM3NTENHO MO GUNOTO Ha pasKpUTUSA
nnyToH Xecnepuaec 1 uMa gbmkuHa 400 m ¢ 9 usmepsatenHm
TouKM npe3 30 go 50 m (doumr. 1 u 3).

OpraHusauusTa Ha pabota W KIMMaTU4HUTE YCroBUS Npu
BAB Hanoxuxa usmepeaHusTa a ce npoBeaar B KbCy JHEBHU
peicoBe ¢ OMOpHK M3MepBaHus npes HTepsan 4o 90 MUHYTH.
BbB BCAka TOuka Ce M3BbpLUBAXa Hag TpU HE3aBMCUMM
“3MepBaHus [0 YCTAHOBSIBAHE Ha MOCNEAOBATENHN OTYETH C
pasnuka B rpaHUUMTE Ha efHa CTOTHa OT [JereHWeTo.
[HEBHUAT peic BKIOYBALLE NOBTOPHU KOHTPOMHU U3MEPBaHUS
B pefoBuTe TOYKW Ha npodunute. OBmaT Bpoit NOBTOPHM
usmepeaHus e 93 Ha 39 penoBuM TOYKW, WK CpegHo 2.5
MOBTOPEHWS Ha rpaBUMETPUYHA TOuKa, Npu Hopma cpeaHo 0.1
MOBTOPeHWs. Taka npu TpyaHUTe ycrosust Ha AHTapkTuka 6e
OCUrypeHa no-ronsiMa HagexaHOCT Ha AaHHuTe.

ToyHOCTTa Ha M3MepBaHMATa, OLeHeHa no cpefHata
kBagpaTuyHa rpewka e +0.25 mGal, kKoeTo CbOTBETCTBA Ha
CpefHOMALLabHN W3MEpBAHWA MPW  HA3EMHW CHUMKA B
HOPMarHM YCMOBUS C U3MOM3BaHWS rPaBUMETHP.

XOpW30HTaNHUTE KOOPAMHATW Ha BCSKa TOYKa OT OnopHaTa
Mpexa W oT ABaTa npoduna ca onpegeneHn nocpescTsom
GPS — mogen “eTrex Vista C, GARMIN” ¢ gonyctuma rpeLuka
[0 MbpBUTE METpU. M3mepBaHusTa 3a KOTUTe Ha ToukuTe Bsxa
M3BbPLUEHN nocpeacTBoM Teogonut mogen DEHLTA 010 u
enekTpoHeH [Janekomep AEM 1200 cbc craHgapT Ha
rpewukara He no-ronam ot +0.05 m.

Pesyntatute 3a KOOpAMHATUTE Ha U3MEPBATENHUTE TOYKN U
W3MEpEHUTE HapacTBaHUS Ha WHTEH3UTETa Ha curnata Ha
TeXecTTa no Agata npoduna ca gageHun rpacnyHo Ha dur. 1,
2 1 3. AHOManHuTe CTOMHOCTW Ha MOMETO Ca W3YUCIABAHM
oTHocHo BI'T. [lageHn ca OTHOCMTENHUTE CTOMHOCTW Ha
aHomanuute B ceobogeH Bbagyx Agr 1 B peaykumust byre Ags
Npu CTaHgapTHaTa NITbTHOCT Ha MEXAMHHUA cnoit 2.67 g/cm3.
ABCONIOTHUTE CTOAHOCTM Ha aHoManuuTe Ce OTnMYaBaT C
KOHCTaHTa OT NoKas3aHWTe 3a Mankata ObMKuHa Ha npoduna.
Kopekuws 3a perneg B byre aHomanuute He e BbBexaaHa
nopagW OrpaHuYeHuTe Bb3MOXHOCTM 3a MOM3BaHe Ha
noapobHu Tonorpadpcku faHHU. Ho 3a CpaBHUTENHO KbeuTe
NpOochunK Tasn Kopekums uma Brinakn CTONHOCTY 3a OTAENHUTE
TOYKM.
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®ur. 2. MpaBumeTtpuyeH npodun (0) BAB-BI'T-OT1 KpyMoB kaMbk € KpUBMTE Ha M3MEPEHUTE HapacTBaHWA Ha rPaBUTALMOHHUA UHTEH3NTET Ag 1 Ha
n3uncnenute byre aHomanum AgB v aHomanuu B cBo6oaeH Bb3ayx AgF

MNbTHOCT Ha CKanHuTe pa3HOBMAHOCTU

3a MHTEPNpeTaundaTa Ha TrpaBUMETPUYHUTE [OaHHU €
Heobxoaumo fa ce pa3noniara C KOHKpETHUTE 3a pa17|0Ha Ha

BAB cTolHOCTM Ha MITbTHOCTTa Ha ckanuTe. OnpeaensHeTo Ha
NITBbTHOCTTA € M3BbpWEHO Ha 211 ckanmHW obpaseua c
nomowiTa Ha geHcutomeTbpa Ha CamcoHoB (CtaspeB 1 ap.,
2007). AHanM3bT Ha MOMyYyeHWTe pesynraTM Mokassa
CNeHOTO.
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CenyMeHTHUTe CKanu MMaT Hal-HWUCKa MITBTHOCT — MeEXay
2.57 glem3® n 2.73 g/cm3, cpegHo 2.63 g/cm3. Hai-nmbTHU OT
TAX ca anesponuTuTte. [laikute ca ¢ NTbTHOCT OT 2.58 g/cm3
po 2.80 glcm3, cpegHo 2.68 glcm3. EcbyauBHuTE CKamm
nokaseaT Mno-BuUCOKa MITbTHOCT — OT 2.73 g/cm3 o 2.86 g/cmd,
cpegHo 2.78 g/cm3. [uoputute ca ¢ WMPOK AManasoH Ha
NTbTHOCTTa — OT 2.62 g/cm?3 o 2.91 g/cms, cpegHo ot 2.72
g/cm? 3a rpaHoguopuTuTe o 2.83 g/cm3 3a pasHoobpasHuTe
avoputi. flefoBeTe KakTO € M3BECTHO umaT nimbTHocT 0.92
g/ems,

HabensisaHata nnbTHOCTHA AudepeHunaumns e aobpa
npeanocTaBka 3a eDeKTUBHO NMpunaraHe Ha rpaBUMETPUYHNS
METO4 MpU M3yyaBaHe AbNOOYUHHWUTE XapaKTEPUCTUKW Ha
mMarMaToreHHuTe obpasyBaHWs W KapTupaHe Ha pa3noMHuUTe
HapyLeHus B paioHa Ha BAB.

AHanu3 Ha rpaBUMETPUYHUTE I'IpOd)VIﬂVI

MbpBuAT rpaBuMeTpuyeH npocun ¢ nocoka C3-tOU ot
sarmea npes BAB u BIT kbm Bpbx KpymoB kambk e
npefcTaBeH Ha curypa 2. [laaeHn ca KpUBUTE Ha U3MEPEHUTE
[EACTBATENHN pa3nUKM B WHTEH3UTETA Ha cunmata Ha
TexecTta Ag mexay peaosuTe TOMKM Ha npocdmna u BIT,
M34YNCIIEHNTE OTHOCUTENHM CTOMHOCTM Ha aHoMmanuuTe B
ceobogeH Bb3gyx Agr u B peaykuns byre Ags cnpsamo BIT.
PenebT € OTYeTEH MO KOTUTE Ha pedoBUTE  TOYKW.
/3meHeHuATa Ha ycTaHoBeHUTE pa3nukn Ag no npodmna
CbOTBETCTBAT HAa OYaKBaHUTE CrOpPen M3MEHEHUsTa Ha
BMCOYMHUTE Ha TepeHa. AHoManusaTa B cBoboAeH Bbagyx Agr
cregM nouTM nmapanenHo pereda C OTKIOHEHUS CaMo B
cpegHata 4acT Ha npodwuna, KbAeTo KOpeHHUTE ckanu ca
MOKPUTM OT NELEH Croi.

Amnnutygata Ha byre aHomanusaTa no npodmna goctura 5
mGal kato Hamansea B HOWM nocoka ¢ oTganeyaBaHe OT
3anvBea. AHoOManusTa Ma BUAA Ha rpaBUTALMOHEH NPEX0A OT
HUBOTO Ha BI'T KbM MO-HUCKOTO HMBO OKOMO KpyMOB KaMbK.
Mpu Toukata ¢ abecumca 400 m Moxe pga ce oOdvakea
cybBepTMKaneH KOHTAKT Ha CKanHM CMOEBE C pasnuyHa
NITLTHOCT, NPUYMHEH OT Pa3foM ¢ nponagaHe okorno 50 m B
t0KHa MOCOKa 3ambJIHEH OT NlefoBe U cHsr. Ho 3a no-yBepeHa
WHTEpNpeTaUMs Ha Ta3W aHomanus e Heobxogumo fda ce
HanpaBW M3MepBaHe MO HSIKOMKO MmapanenHn npodwuna wunm
MNOLWHa CHUMKA B paiioHa.

BtopuaTr npodmn e nokasaH Ha Auarpamara Ha cur. 3.
lMoBeeHNeTo Ha W3MepeHUTe OTHOCUTENHU CTOMHOCTU Ag K
Ha aHomarusTa B cBobogeH Bb3gyx Agr Ce cbrmacysa C
OvYaKkBaHMATa 3a TO3M pened Ha npodunHata NMHWA no
AbIDKMHATA Ha MAyTOHMYHOTO TAno. byre aHomanusta Ags
Hag MIyTOHa NoKa3Ba MOHWKEHW CTOMHOCTU ¢ okorno 3 mGal B
foronsToyHaTa 4act Ha 6unoto. Tosn chakt moxe ga ce
Tb/IKyBa KaTto MposiBa Ha MO-Manko MiTbTHW CKalmHWM Macu B
Tasn Mocoka MnM ¢ HamansiBaHe Ha BEPTUKAmNHMS pa3mep Ha
MAYTOHUYHUTE CKanwW, BEPOSITHO FPaHOLMOPUTH C MOBMLLEHM
MarHWTHM CBOWCTBA. HO TakoBa NpeanonoxeHue creaga ga ce
MOTBBLPAM C AaHHW OT MOWHA rpaBUMETPUYHA CHUMKa C
Kopekuus 3a pened.

3aKIOYEHNETO OT HaNpaBeHUs! aHanu3 €, Ye U3BbPLUEHUTE
13MepBaHWs [aBaT AOCTOBEPHA WMHGOpMalns 3a XapakTepa
Ha TpaBWTALMOHHOTO mnone B pailoHa. Te oTpassBaT ¢

yKkasaHata TOYHOCT  JEUCTBMTENHOTO  MOBEAeHWe  Ha
rpaBUTALMOHHWA  WUHTEH3UTET. lM3umcneHuTe aHomanuu B
cBoDOOAEH Bb3ayX MOKa3BaT O4YaKkBaHWTE W3MEHEHUs! B Npasa
kopenauus ¢ peneda. AHomanuute byre umat [OCTaTbYHO
BMCOKM aMNAMTYaW 3a [fa paskpusT ocobeHocTuTe B
pasnpeferneHneTo  Ha  NNbTHOCTHUTE  HEegHOPOLHOCTU
CBbp3aHU C reornoXkuTe CTPYKTYpu B paitoHa Ha BAB. Taka
rpaBUMETPUYHUTE  M3CMeBaHUs MoraT fJa ce nonseat
YCMELHO 3a LienuTe Ha reonoXkuTe NpoyyBaHns ¢ npoBexaa-
HEeTO Ha NPOCUMHW M Pa3LLIMPEHMN MIOLHIN CHUMKM B paskpuTm
1 NOKPUTM OT N1e0Be paloHn Ha AHTapKTHKa.
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®ur. 3. M'paBumetpuyeH npodun (0) BAB-BI'T-OT1 KpymoB Kambk C
KPUBUTE Ha MW3MepeHMTe HapacTBaHWS Ha WHTeH3uTeTa Ag U Ha

u3uucnenute Byre aHomanum AgB ¥ aHomanum B cBo6oAeH Bb3ayX AgF.

MeToauyeH onuUT OT rpaBUMETPUYHUTE M3cnen-
BaHWA B panoHa Ha BAB

M3BbplueHnTe noeeve oT 200 M3mepBaTenHW OEACTBUS B
TOYKMTE Ha ornopHaTa Mpexa u npodunute B paitoHa Ha bAB
JaBaT Bb3MOXHOCT [Ja Ce M3BNeYe METOOWYEH OnuT 3a
ObaeLuuTe rpaBUMETPUYHM NPOYYBaHMS Ha paroHa.

KoTuTe Ha M3MepBaTENHUTE TOUKW PA3MONIOKEHN BbPXY CHSAT
3abenexnMo ce MEHST Mopaau HEMpeKbCHATOTO TomeHe Ha
CHera Npe3 aHTapKTUYECKOTO NATO W OT CHEroBanexuTe.
CollectByBa M edeKTbT Ha MOCTOSHHO MOTbBaHe Ha
3arpsTUTe OT CBETIIMHATAa TbMHM KOMyeTa B CHera. Toea
Hamara rpaBMMETpUYHUTE PaboT [a BbPBAT CKOPO crep
reofesuyHata TpacupoBka W HuBenauws. [loBTOpHUTE
KOHTPOIHUTE M3MEPBaHWs OT CblWs U 0COBEHO OT MpPedHM
peiicoBe MoraT fda Ce M3BbpLUBAaT CaMO B 3anasunm
MONOXEHNETO CY TOUKM.



TpaHCnopTbT Ha rpaBUMETbPA C MOTOPHA LLeiHA UMK nelwa
Npeau3BuUKBa YyBCTBUTENHI Pa3N KK B YacoBHs Xof Ha ypea.
MpenopbyBa Ce W3MOM3BAHETO HA eduH BWA TPaHCMOpT B
AaneH rpaBuMeTPUYEH peiic.

|-|pl/l U3MepBaHMATa Ha CHEXHa W nefeHa MnoKpuBkKa ce
n3nuTBaT TPYAHOCTU C XOPWU3OHTUPAHETO Ha rpaBMMeETbPa.
Ako TOM ce mocTaBst BbpXy NIOCKa NoAnoXka ce nony4vasa
TONEHe Ha npecoBaHMA CHArN C 6bp30 n3nusaHe OT
HarnaceHOTo XOPWU3OHTANHO MONOXeHKe. Heobxogumo e
M3NON3BaHETO Ha HNUCKM TPUKPaKK NOANOXKN.

Mo BpemMe Ha uW3MepBaHWdTa Ce MosIBABA TPYAHOCT,
CBbp3aHa CbC CBETNIMHHWA KOHTPACT, KOWUTO NpW YecTuTe
CMEHW OT B3MpaHe B TbMHWS OKYNsp Ha rpaBMMeTbpa
nocrnegBaHo OT ocrenuTenHarta 6enota Ha OKOMHOCTTa Mpw
CHeMaHe Ha OT4eTa, Bb3[encTBa CUMHO W MPUYKHSIBA yMopa
cnepn 2-3 yaca paborta. M3non3gaHeTo Ha 3alnTHU TbMHM
OumMna He pellaBa 3a[j0BONMUTENHO Npobnema, npenopbyBa ce
“3MepBaHETO Npu 061ayHo Bpeme.

B egHa Touka ce Hanara cHemaHeTo Ha 4, 5 u noseye
He3aBUCUMMW OTYeTa, [OKATO Ce MoMy4u cTabuneH pesynrar.
ToBa yfmbrkaBa BPEMETO Ha M3MepBaHe [0 AECET MUHYTH,
KOETO 3aeQHO C YCMOXHEHWs TPaHCMOPT BOAM AO CHWWKEHA
MPOV3BOAMTENHOCT HA rPaBUMETPUYHITE PaboTH.

Cnep npuKnioYBaHe Ha [JHEBHUS peiic rpaBUMETBLPLT Aa ce
0CTaBAa U3BbLH ,qo6pe oTonnsaBaHW NOMELLEeHNA, HO B 3aKpUTO
npegsepue B nogxogaw, cba. lMpeayu Hayanoto Ha penca
rPaBUMETBPBT [a Ce W3BakKLa Ha OTKPUTO 3a TeMnepupaHe
okono 30 mwH. [MbpBMyHaTa obpaboTka Ha [faHHUTE W
OLeHKaTa 3a KauyecTBOTO crega [fa Ce  M3BbpLUBA
HEeNoOCPeACTBEHO Cried AHEBHWA peiic. [MpenopbunTenHo e
W3NONM3BAHETO  HA  LUMPOKOAMANA3OHHM  TEpPMOCTaTHM
rpasumeTpu. HeobxoamMmo e [OCTaTb4yHO TOYHO M 0BXBATHO
TOMOrpaghCko OCUrypsiBaHe Ha CHUMKUTE 33 W34WCNsBaHe Ha
rPaBUMETPUY-HUTE aHOManuM C BbBEXOAHE Ha KOPEKLMM 3a

pened.

B 3aknioyeHMe MoOXe fAa Ce HanpaBu W3BOABLT, ue
rpaBMMETpPUYHMTE paboTM  M3MCKBAT BHUMATenHa npea-
BapuTenHa NoAroTOBKa 3@ BCEKW eNEMEHT 0T U3MepBaTenHuTe
JencTBus 1 oT 0bpaboTkaTa Ha AaHHUTE.

MpenopbyaHa 3a nybnukysaHe ot
Katenpa “MpunoxHa reodouanka’, Mo
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BnazodapHocmu. W3NbrHEHWETO Ha M3CNeaoBaTeNcKUTe
pabotu 6e nognomorHato ot HC “Hayunu nscnepsanus’ npu
MOH no pgorosop H3-1318/03. BEbnrapckusiT aHTapKTU4ecKm
WHCTUTYT C Herous aupektop npod. A-p Xp. lumnupes
OCUrypu y4acTueTo Ha reocpuanka H. KpbCTeB B excnieguumnTe
1o BAB.
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WU3CNEOBAHUA BLPXY CNELIUOUKATA B PA3NPEAENEHUETO HA KOEOULIMEHTA
HA KOPENALWUA NPU CbMNOCTABAHE HA TEO®U3NYHU MOJETA

Padu Paduyes, CmechaH Jumoscku

MurHo-eeonoxku yHugepcumem “Ce. UeaH Purncku’, 1700 Cogpus
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PE3IOME. 3a konu4ecTBeHa OLieHKa Ha B3aMMOOTHOLLEHWUATa MEXY U3CrefBaHn reomanyHy noneTa ce M3BbPLUBA NMOLLHA Kopenauus. Peanuavpakm ca ronsm
06eM u3criefBaHUs BbPXY CUHTETUYHM MOAENM 3a W3SICHSIBaHE Crieuudukata Ha HSKOM ENEeMEHTV Ha pasnpefeneHveTo Ha koeduuueHTa Ha kopenaups.
HanpaBeHuTe 13BOAM HaMbHO Ce MOTBbPXABAT OT Pe3ynTaTuTe BbpXy TECTOBE 3@ peanHu KapTu.

BriusivmeTo Ha 6asoBaTta nroly Ha kopenauus ce 0TpassiBa BbpXy AManasoHa, B KOWTO ce pasnonara koeduuyeHTa Ha kopenauus u Bbpxy 6post Ha o6ocobeHute
NAOLLY CbC 3HAYUM KOEULIMEHT Ha KopenaLus.

OTHOCUTENHO NOKaNHUTE aHoManuu CrpsiMoO NPO3opeLia Ha KopenaLus npy CbMOCTaBUMO OTMECTBAHE Ce W3SIBABAT C OTpULLATENeH KOe(ULIMEHT, kaTo HeraTBHaTa
KopenaLvoHHa aHoManus ce pasnonara B LigHTpanHaTa 4acT CnpsiMo OTMECTBAHETO, T.€. MEXAY enuLEHTPUTE Ha aHOManuUTe 3a iBeTe KapTu, KOUTO Ce Kopenupar.
ToBa e HambITHO 3aKOHOMEPHO KaTo CE OTYUTA, Ye MEXAY EMULIEHTPUTE HA aHOMarnuuTe pasnpeaeneHeTo Ha rpaveHTa e pasHomoCOYHO.

A STUDY OVER THE SPECIFICS IN THE DISTRIBUTION OF THE CORRELATION COEFFICIENT BETWEEN GEOPHYSICAL
FIELDS

Radi Radichev, Stefan Dimovski

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia

radirad@mgu.bg, dimovski@mgu.bg

ABSTRACT. The coefficient of surface correlation can be calculated in order to obtain quantitative assessment for the interrelation between studied geophysical
fields. A big number of numerical tests over synthetic models were performed for determining the specifics in some elements of the correlation coefficient distribution.
The obtained conclusions were verified by the results acquired from tests over real field geophysical data.

The size of the window applied for the surface correlation has influence on the range of correlation coefficient values as well as on the number of zones characterized
by high correlation coefficient values.

If two relatively local in respect to the size of the applied window anomalies are slightly shifted towards each other then a well-distinguished zone with negative
correlation coefficient values is present. This negative correlation anomaly is situated between the epicenters of the two studied geophysical field anomalies. This is
due to the fact that in this region the gradient vectors of the analyzed geophysical fields have different directions.

BbBeaeHue 0Tpa3eHU B pasrpedenieHneTo Ha M3crieasaHuTe npuaHaLm
©[HOMOCOYHO MMM Pa3HOMOCOYHO, @ CbLO W B pasnuyHa
PasnpeaeneHneTo Ha reodusuyHMTE MoneTa Cbabpxa crened. Toea  onpedens  LenecbobpasHoctTa  OT
WHGopMaLMs 3a  reonoro-reodmanyHaTa  cneuuduka Ha peanuavpaHeTo Ha nnolyHa kopenauws ¢ u3bpaHo HuBO Ha
uacnedpaHata Teputopus. [pu ToBa o0COBEHOCTUTE Ha AeTainuaauus (Oumoscku v ap., 2006). MnowHata kopenatus
FEONOXKMA CTPOEXK CE U3ABABAT KOCBEHO BLPXY BCAKO MOMe B ce peanuaupa 3a usbpata 6asosa nnowy AX x AY km, Koeto
3aBMCUMOCT OT HeroBaTa Bpb3Ka C KOHKpPETEH (n3nyeH MpW AMCKPETU3aLMA Ha MnaHlweTa mo mpexa m x n km,
napameTbp.  TeOpeTMdeH M MPaKTMYECKM  MHTEpec CbOTBETCTBA Ha Kopernauua no AX  AY Touki (CTOMHOCTY).
npeacTaBsnsaBa M3CNeBaHeTo Ha B3aMMOBpPbL3KaTa Mexay m n
pasnpedeneHueTo Ha reoduaMuHMTE MoneTa 3a  Boska MpemecTeaHeTo Ha 6GasoBaTa nrow| no MnaHweTa cTasa C
KOHKpETHa Teputopusi. CbMOCTABAHETO Ha reoduU3nyHUTE onpeaeneHa Crurika, kpatHa Ha AUCKPETU3aLMUATa, CbOTBETHO
rnoneta W TsXHaTta KOMMMEKCHa OLEHKa AOMpUHacaT 3a mo- k' kmnoX u pkmnoY.
UANOCTHO 1  €OHO3HAYHO W3BMMYAHE Ha  MoresHata
MHAOPMALIS, KORTO T ChLPXAT 32 FEONIOKKIS CTPOEXK. AHannabT Ha pesynTaTuTe, MonyyaBaHi Npu KopernauuaTa,
nokassa 406p0 CbOTBETCTBME MPU OLIEHKATA HA TEHOAEHLMNTE
OT rMemHa Touka Ha MaTemaTiveckata cTaTAcTMKa W Ha W3MEHEHWe Ha rpaveHTUTe Ha CbMOCTABAHUTE MOMeTa,
TeopusiTa  Ha  BEPOSITHOCTUTE  OCHOBHUST  KONMYECTBEH kato ce HabriopaBaT HAKOM CMeLucMIHY - 0cobeHocTM.
KWTepWii 33 B3aUMOBPb3KATA  MeXay  MaCrienBaHu TAXHOTO OTYMTaHE € HEeOBXOAMMO 3a NPABMIHOTO METOANYHO
reo(u3n4HN noneTa Mnu [pyru MpusHalM e kopenauvaTa HACOHBAHE Ha aHanusa u UHTepNpeTayuATa.

Mexay Tax. Ob6ukHoBEeHO B 0bXBaTa Ha M3cnegsaHu MoLwmn
CbLLeCTByBa MHoroo6paame OT reOnoXKn enemMeHTn, KonTo ca
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W3cneaBaHus BbpXy pasnpeaeneHUeTo Ha
koeduuMeHTa Ha NNOLWHA Kopenauus

N3BbpLueHm ca ronsam 06em 1acneaBaHist BbPXy CUHTETUYHM
MOZIENK 3a U3AICHABaHe CreuudukaTa Ha HAKOWM enemMeHTU Ha
pasnpeaeneHneTo Ha KoeduUMeHTa Ha NMoLWHa Kopenauus.
HanpaBeHuTe 13BoAM HaMbMHO Ce MOTBbpKOABaT OT
pesynTaTuTe BbpXY TECTOBE 3a peanHu kapTu.

OCHOBHOTO BHUMaHWe MpW U3CMEABaHUATA € OPUEHTUPAHO
KbM OLIEHKa Ha BNUAHWETO Ha:
- pasmepuTe Ha 6asoBaTa NnoLL;
- cneuuduKkata Ha pasnpedeneHne Ha koeduumeHta Ha
KopenaL|us npy Bb3MOXHO NMOLLHO OTMECTBAHe Ha aHoMarnm,

OTpaseHn B [BETe aHanuM3uMpaHu noneta W eaHO3HaYHO
npmebp3aHM KbM €OuH U Cbll CMYTUTEN; OTMECTBaHETO
B/HarM [pJonpuHaca 3a pPasHONOCOYHO pasnpefeneHue Ha
rpagueHTa 3a CbNOCTaBeHUTE npu3Haun B obxBaTa Ha
OTHOCUTESTHO AETaNNHK y4actbLn.

Hsikon OT OCHOBHMTE pe3ynTaTi MoraT Aa Ce UMoCTpupar Ha
0asaTta Ha NMOWHOTO pasnpedeneHne Ha KoeduuueHTa Ha
Kopenauust Npu CbOCTaBAHETO Ha KapTW Ha pa3npeneneHue
Ha reomarHuTHoTO none B CeBeposanagHa bunrapust (cur. 1).

ToBa none ce xapaktepusupa ¢ A06pe 13paseHn aHoMarnHu
nposABneHns.

20
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®ur. 1. Cxema Ha pasnpeaeneHue Ha reoMmarHUTHOTO nose 3a TepUTOpUATa Ha CeBepo3ana.qHa Bbnrapus

B LueHTpanHaTa 4acT Ha u3cnefpaHaTta TepuTopusi ce
oTAens MHoro Jobpe ocopmMeHa NMO3MTMBHA aHOManws, KOSITO
uva opuentaums UHOWN-3C3 n nHtenHautet okono 130 nT. Ot
M3TOYHATa YaCT Ha TasuM aHOManus Ha CeBep C MOYTH
MepuauoHanHa OpueHTauust ce OTAens BTopa JMHelHa
aHoOManms.

B Hal-u3TOuHaTa 4acT Ha TepwuTopusATa Ce W3sBsBa
3anagHus  knoH Ha [lomoBckata MarHuTHa — aHomanus.
3anagHo ot Kosnogyn Hammpa nposiBNEHNs tokHaTa YacT Ha
MarHuTHa aHomanusi, KosTo uma uHTeHauTeT okono 100 nT u
0CTaBa OTBOPEHA Ha CEBEP KbM TEPUTOPUSITA Ha PyMbHMS.

Tpu UM3TErNEHU HeraTWBHM aHOManuu ce pasnonarar B
HOxHoMManiickaTa npeagnnatgopmeHa obnact u MpeabankaHa
— OT 3anaf Ha W3TOK TOBa Ca aHOManuuWTe B paiioHa Ha
benocnatHckoTo 1 [IbNrogenckoTo NOHMKEHWe, B paroHa Ha
JIyKOBUTCKOTO MOHWXEHWe M B paiioHa Ha [lallanHeHcko-
CTpaxaHckoTo NOHWKeHue. B torosanagHata 4acT Ha
TepuTopuATa, B palioHa Ha 3anagHus bankaH, ce Habnopasa
pobpe wn3paseHa MO3aeyHa CTPyKTypa Ha reOMarHWTHOTO
none.
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BrnnsiHneTo Ha pasmepute Ha GasoBata nnow gobpe ce
untocTpupa ot nnowHara kopenauus Mexay
pasnpefenieHneT0 Ha  aHaNUTUYHUTE MPOObIKEHNS Ha
EOMarHMTHOTO MONe Ha pa3fniyHa BUCOYMHA B TOPHOTO
MonynpoCTPaHCTBO.

AHaNUTUYHUTE NPOABIKEHUS B FOPHOTO MOMYNPOCTPAHCTBO
ca peanuanpaHu cbe cTbrka 1 km. KoeuumeHTbT Ha nnowHa
Kopenauwsi, KakTo W cregBa [a Ce O4akBa, € Hali-BMCOK 3a
KapTuTe C pasnuka B HMBata 1 km, nNpu KOWTO CTeneHTa Ha
pasnuuMe e OTHOCUTENHO Manka. [lpw yBennyaBaHe Ha
AvanasoHa Mexay HuBaTa Ha MpeHacsHe KoeUUMEHTHT Ha
NMoWHa Kopenaums 3akOHOMEepHO HamarnsiBa.

lMpakTyeckn WHTEPEC MPEACTaBnsiBa  KONMMYECTBEHWSAT
aHanu3 Ha MNroWHOTO pasnpedeneHne Ha KoeduumeHTa Ha
Kopenauus B 3aBMCMMOCT OT Mpo3opela Ha Kopenauus
(pasmepa Ha Gasosata nnowl). BrnsHueTo Ha TO3M hakTop
pobpe ce wnwcTpupa OT  MOMyYeHUTE pe3ynTat npw
nnolHaTa  Kopenmauus  Mexgy  pasnpedeneHueTo  Ha
QHaNUTUYHUTE MPOOBLIDKEHUS] Ha TEOMarHUTHOTO Mnone B
FOPHOTO NOJYNPOCTPAHCTBO Ha BUCOYMHA 4 km 1 5 km (cpur. 2
n Tabnuua 1).
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®ur. 2. Cxemu Ha pasnpepeneHue Ha KoeduuueHTa Ha nnowHa
Kopenauus Mexay aHanuTU4HUTEe NPOABLIIKEHUS Ha FeOMarHUTHOTO none
B CeBepo3anagHa Bbnrapus B ropHOTO NONYNPOCTPAHCTBO Ha BUCOYMHA
4 n 5 km npu GasoBa nnow (mpo3opeu Ha Kopenauus) ¢ pasmep
cboTBeTHO 3 x 3 km (a); 7 x 7 km (6); 11 x 11 km (B) 1 15 x 15 km (r).

M3yepTaHa e M30NMHUATA 33 KOEMLMEHT Ha Kopenaums r =+ 0,995

AHanM3bT Ha MOMy4YeHUTe pe3ynTaT nokasea, e
KOEhULIMEHTLT Ha Kopenauunst € NONOXMUTENEH W AMana3oHbT,
B KOWTO Ce pasnonara Hamarsiea npu yeenuvasaHe pasmepa
Ha 6asoBata nnowy. EgHOBpeMeHHO ¢ koeduLmeHTa Hamarsiea
n BposAT Ha 06ocobeHNTe aHOMaHKW y4acTbLm - okanuaupar
Ce CaMo aHOMaruu, CbU3MEPUMU UNK No-Tonemm oT BasoBaTa
nnow, (Mpo3opela) Ha Kopenauusi. Tesu 3aKOHOMEPHOCTM
MHoro fobpe ce WmloCTpupaT OT [aHHWTE, MPEACTaBeHu B
Tabnuua 1 v cxemuTe, WUNKCTPUPaHK Ha dur. 2.

[uanasoHbT, B KOWTO Cce pasnonara MOMOXUTENHUAT
koebMLMEHT Ha Kopenaumsi MocrnenoBaTenHo Hamansea npu
npemMuHaBaHe OT Npo3opew ¢ paamep 3x3 km KbM Npo3opew ¢
pasmep 15x15 km, OposT Ha aHOManuuTe, OKOHTYPEHU C
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nsonuuna r = +0,995 Hamansea, a nnowTa Ha KOHKPETHWUTE
060cobeHn aHoManuu HapacTaa.

Tabnuua 1

[uana3oH Ha u3MeHeHue Ha KoeguuyueHma Ha nIouwHa
Kopenayusi  Mexoy  aHanumuyHume  npodBb/TKEHUs  Ha
2e0MagHUMHOMO nosie 8 20pPHOMO NoJyNPOCMPaHCmeo Ha
gucoyuHa 4 u 5 km e 3asucumocm om pasmepume Ha
6azosama nnouy
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OcHoBHMTE W3BOAM MOraT fa Ce umlcTpupat C
pesyntatute, MOMyYeHW NpW  M3BbpLIEHaTa  MMOWHA
Kopenauusi  Mexgy — aHanuTWYHOTO  MPOAbITKEHWE  Ha
reoMarHUTHOTO Mofe Ha BUCOYMHAa 5 km 1 CblioTO none,
OTMECTEHO OT M3TOK Ha 3anaf Ha pa3ctosHue 6 km (cur. 3).

[leTannHo e n3cneaBaHo BNWSHWETO HA Bb3MOXHO MIIOLHO
OTMECTBaHe Ha aHOManuW, OTPa3eHW B [BETe aHanMaupaHu
noneta U egHO3HAYHO MNPUBbP3aHM KbM eaWH W Cbly
cMyTUTEn.

M3nonseaHa e 6a3oBa nnowy 3a kopenauus 7x7 km (6post
Ha TOUKMTE 3a U3YMCIABaHE Ha KoeMLMEHTa Ha Kopenauus e
cboTBETHO 49). 3abensasar ce crneaHnTe 0C06EHOCTM:

- OcHoBHaTa 4acT OT TepuUTopusTa Ce Xapaktepusupa C
KoeMLMEHT Ha NMOLLYHa Kopenauus = +1.

- OTHOCUTENHO NOKaNHUTE aHOManuW cnpsiMo Npo3opeLa Ha
Kopenauusi Mpu CbMNOCTaBUMO OTMECTBAHE Ce W3SBSBAT C
oTpuLaTeneH KoeWUMEHT B LEHTpanHUs y4acTbk Ha
OCHOBHaTa  Mo3uTMBHA  aHomanus.  OTpuuaTtenHata
KopenauuWoHHa 30Ha Ce pasnonara B LEHTpanHata 4act
CnpsIMO  OTMECTBaHETO, T.e. MeXay enuueHTpuTe Ha
aHoManuuTe 3a ABETE KapTh, KOUTO Ce CbMOCTaBsAT. Tasu
0COBEHOCT € HambfHO 3aKOHOMepHa KaTo Ce OT4WTa, Ye
MeXOy EnuUeHTPUTE Ha aHOManuuUTe pasnpedeneHneTo Ha
rpafMeHTa € Pa3HoMmoCcoYHO. TS eAHO3HAYHO Ce OTKPOsiBa 3a
BCMYKM aHOManuu u [obpe ce MmiocTpupa OT aHOManuuTe,
Habntogasanu B paroHa Ha Kosnoayn (dowr. 4) u B paioHa Ha
Benete (ur. 5).

PesynTaTtiute OT METOAMYHUTE U3CNEaBaHNS 1 YCTaHOBEHIUTE
3aKOHOMEPHOCTY Ca OCHOBHA MPeanocTaBKka npyu onpefensHe
Ha nofxoza KbM:

- n3Bop Ha ONTUMAaneH npo3opel, 3a M3YUCTIUTEmNHUTE
onepauuy;

- MHTeprpeTaLys Ha NONyYeHUTe KapTX Ha pa3snpeneneHue Ha
koeduLMEHTa Ha NOLLHa Kopenauus.
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®ur. 3. PasnpegeneHne Ha KoedMUMEHTA Ha NMOWHA KOpenaLuus Mexay aHanuTUYHOTO MPOABLIKEHUE HA FeOMarHUTHOTO Mosie Ha BUCOYMHA 5 km u
CbLYOTO None OTMeCTeHO OT U3TOK Ha 3anap Ha 6 km. MocoyeHn ca aHomanuuTe B paitoHuTe Ha Koanoayi u Benewe, aHanuaupatu Ha dour. 4 u dur. 5.

60 S0 40 30 20 0 0 0 20 30 40 At 60 50 40 30 .20 -0 o 100 20 30 40 AT

our. 4 . Pasnpepenenne Ha aHaNnMTMYHOTO NPOALIKEHUE HAa FEOMArHUTHOTO Mone Ha BUCOYMHA 5 km 3a no3uTMBHA aHOManus 3anagHo ot Kosnopyii u
HeraTMBHa — U3TouHo oT Koanopyii (a), pasnpeaeneHne Ha aHOManuuTe NPu OTMECTBaHe Ha NOMETO OT M3TOK Ha 3anap Ha 6 km (6) u pa3npepeneHue Ha
KoedhMLMEHTa Ha KOpenaums Mexay ABeTe noneTa (B)

0 5 10 15 20km
20 25 30 35 40 45 50 55 60 65 70 75 60 85 80 o7 20 25 30 35 40 45 S0 55 B0 65 TO 75 80 B5 80 AT

a 3]

®ur. 5. PasnpegeneHne Ha aHanNMTUYHOTO NMPOABLIKEHME HAa reOMarHUTHOTO none Ha BUcouuHa 5 km 3a nosuTuBHa aHomanua okono BeneHe (a),
pa3snpepeneHue Ha aHOManuuUTe NpuU OTMECTBaHe Ha MONIETO OT M3TOK Ha 3anaf Ha 6 km (6) v pasnpegeneHve Ha KoedhMLMEHTa Ha KOpenauus Mexay
nBeTe nonera (B)
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MﬂlOCTpaLIVIFI Ha nony4yeHUTe METOAUYHUN
pe3ynTtaTtu OT NnolHaTa Kopenauua Ha
reoOMarHuTHOTO "

TOMJIMHHOTO Nose B CeBeposana.qHa B'bnrapml

MonyyeHute  pes3ynTaTy  OT  uM3cnedBaHusTa  Ha
pasnpefeneHneTo Ha koeduLmMeHTa Ha NoLLHa kopenauus 3a
n3bpaHu MOAENW HamupaT efHO3HaYHO MPOsIBEHUE Mpu
KOMMreKkcHaTa OLeHKa Ha reousnyHUTe noneta v Apyru
npusHauu. ToBa MOXe [fa Ce WnOCTpupa OT NnowHaTa
Kopenauusi Mexay reoMarHUTHOTO None M pasnpeseneHneTo
Ha TemnepatypaTa Ha AbnbousHa 500 m B paiioHa Ha
Kosnogy# ( bur.6).

Bbpxy pasnpegeneHreTo Ha reoMarHuTHOTO Mofe B panoHa
Ha Ko3anopyi ce pasnonara MHOro fobpe u3siBeHa No3uTMBHA
aHomanus (ur.6a). Tasu aHomanus ¢ uHTeHsuTeT okorno 100
nT u opueHTauus HOKOW-CC3 e otBopeHa Ha ceBep KbM
TeputopusiTa Ha PymbHMS. MakcuManHusT rpagueHT Ha
reoMarHuTHOTO nore, koiTo 06ocobsiBa aHomanusTa e okono
7-8 nT/ km.

PasnpeneneHneto Ha Temnepatypata B paiioHa Ha
Kosnoayi Ha gbn6odnHa 500 m npu ycpeaHsiBaHe ¢ npo3opel
400 m2 e npegcTasBeHo Ha ¢ur. 66 (Dobrev et al., 2004). B
paioHa Ha Kosnogyit ce pasnonara aHoOManus ¢ UHTEH3UTET
okono 10-12 °C. Ta e cnabo wusTerneHa C MOYTH
MepuaMoHarnHa opueHTaumus u ce obocobssa ¢ MakcumaneH
rpagueHT Ha uaMeHeHue Ha Temnepatypata okono 0,3 °C/km.

PasnpepneneHneTo Ha koeduUMeHTa Ha NrowHa kopenauus
mexay asete noneta ¢ nposopey 11 x 11 km ce npeacrass
Ha c¢ur. 68. C obwmpHa pobpe odopmeHa MO3MTMBHA
aHomManus ce OTAEeNs eQHOBPEMEHHOTO MpUCHCTBUME B
n3cneaBaHaTa TEPUTOPUS Ha MONMOXMUTENHW aHOManuMu 3a
ABeTe CbNOCTaBAHM noneta. B LeHTbpa Ha Tasu no3uTuBHA
aHoOManusi ce pasnonara 30Ha C oTpuLaTeneH koeuuMeHT Ha
Kopenauusi, octa Ha KOSITO € B cpefaTta Mexgy ocuTe Ha
aHoManuuTe 3a [BeTe  KapTW, KOMTO Ce CbNOCTaBsT.
MNOLHOTO  pa3nonioXeHMe Ha Tasu 30Ha OrpaHnyaBa
y4yacTbka, B KOWTO pasnpeaeneHneTo Ha rpagneHTa B obxeata
Ha NPOCTPaHCTBEHO OTMECTEHUTE aHOMarnin e PasHOMOCOYHO
— 33 reOMarHuTHOTO MOMeE rPafMeHTbT HapacTea OT 3anag Ha
u3tok (chur. 6a), a 3a pasnpeneneHMeTo Ha Temneparypara
rpagueHTLT HamarnsiBa B CbliaTa Mocoka - OT 3anaj Ha WU3TOoK
(Gpur. 66). MonyyexuTe pesynTati ca B MbIIHO CbOTBETCTBUE C
13BOAMTE OT METOAMYHUTE U3CHELBAHMS.

BnusHmeTo Ha m3nonseaHus Mposopey 3a  MrowHa
Kopenauus ce wnocTpupa OT MNpeacTtaBeHuTe Ha dur. 7
CXeMM Ha pasnpedeneHve Ha koeduuueHTa Ha nrowHa
Kopenauus 3a panoHa Ha Kosnogyw npu u3nonssaHe Ha
6asosa nnowy 4 km2 (cour. 7a), 36 km2 (cpur. 76), 100 km2 (cpur.
78) 1 196 km2 (chur. 7r).

AHanm3bT Ha MNpeAcTaBeHUTe CXeMu MOTBbpPXAaBa M
KOHKpeTM3Mpa pesynTatute OT METOAWYHWTE W3CMEABaHUS.
Bbpxy cxemata ¢ Han-mambk nposopel, — 4 km2 (cpur. 7a)
JOMUHMPA BUCOK MOMOXUTENEH KOE(WLMEHT Ha Kopenauws,
KOMTO onpegens CbOTBETCTBNETO MEXOY aHOManus, 0Tpa3eHa
BbpXy [EOMAarHUTHOTO MOMe U  pasnpedeneHneTo  Ha
Temnepatypata Ha [gbnboumHa 500 m. Ha Tosm coH B
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LieHTpanHata 4acT Ha nmowTa ce OoTgens y4acTbK C
oTpuLaTeneH KoedUUMEHT Ha Kopenauus, KOWTO oTpassiea
OTMECTBAHETO Ha EMULIEHTPUTE Ha CbNOCTABSHUTE aHOMAnNMU.
OcBeH TO3W OCHOBEH y4aCTbK BbpXy CxemaTta ce 00ocobseat
W HSIKOIKO NTOKamHN NPOSIBNEHIUs ¢ KoeULMEHT Ha Kopenaums
r < +0.5, kaTo MWUHAManHUAT WM 06XBaT 3aKOHOMEPHO
CbOTBETCTBYBA Ha M3NON3BaHNs NPO30peL.

Mpu yBenuyaBaHe Ha pasmepa Ha 6asoBaTa nnoLL 3a KosITO
Ce peanuaupat W34MCIUTENHUTE OnepaLum, NocnenoBaTeNnHo
ce MmocTura Mo-XOMOreHHa W3fiBa Ha  pasnpefeneHneTo Ha
BUCOKWSI  MONMOXWTENEH KOE(HUUMEHT Ha  Kopernauus u
0bocobsiBaHe Ha 30HaTa C OTpuLaTENeH KoedLMEHT, KOSTO

MHOUUUPa  NPOCTPaHCTBEHOTO  OTMECTBaHe Ha  ABeTe
CbnNoCTaBAHW aHOManuu.
100 T
50T
50nT
2507 a
| 50T
-125nT
-150nT
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I7°C
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®ur. 6. PasnpeneneHue Ha: reoMarHuTHOTO none (a); TemnepaTypara Ha
abnbounHa 500 m npu ocpegHsBaHe ¢ nposopey 400 m?2 (6) u
KoeduLMeHTa Ha NNoLHa Kopenauus Mexay ABeTe noneta (B)
W34yepTaHn ca: nonoxuTenHata aHoManuMs Ha KoeduuMeHTa Ha
Kopenauus (nbTHa NUHUA) U 06XBaTa Ha OTpULATENHNA KOeULMUEHT Ha
Kopenaums (TOYKOB MyHKTUP)



®ur. 7. Cxemu Ha pasnpefeneHue Ha koedMLIMEHTa Ha NNOLLHA Kopenauus 3a paitloHa Ha Koanoayi Mexay reoMarHUTHOTO None M pasnpeaeneHneTo Ha
Temneparypara Ha Abn6o4uHa 500 m npu usnon3saxe Ha 6azoBa nnow, 4 km2 (a), 36 km2 (6) , 100 km2(B) u 196 km? (r).
W3yepTaHu ca o6xBaTa Ha NO3NTMBHATA aHOMAnus (NTbTHA NMHUSA) U M30NUHMATA C KoeULMEHT Ha kopenauus r =-0,5 (MyHKTUpaHa NnUHUA)

3aknioyeHune

N3BbpLueHm ca ronsm obem 13cneaBaHnst BbPXy CUHTETUYHM
MOJENN 3a W3sCHSIBAHE creumdmkaTa Ha pasnpeseneHneTo
Ha KoedpuUMeHTa Ha nnowHa kopenauws. HanpaeeHuTe
W3BOAM HaMbfHO Ce MOTBbpXAaBaT OT pesynraTute BbpXy
TECTOBE 3a peasnHu KapTu.

1. Tlpu yBermyaBaHe pas3mepa Ha 6asoBata nnowy
(NposopeLia Ha kopenauws): HamansBa AuanasoHbT, B KOWTO
ce pasnonara KoedULMEHTLT Ha kKopenauws; Hamansiea bposTt
Ha 0bocobeHnTe nnowy.

2. OTHOCUTENHO NOKaNHWUTE aHOManuu CnpsMo Npo3opeLa
Ha Kopenauwsi npu MMOLHO OTMECTBaHe CE M3SBSBAT C
oTpuuaTeneH koedWLMEHT, KaTo HeraTWBHaTa KOpenaumoHHa
aHoManus ce pasnormara B LEHTpanHata 4acT  Chpsimo
OTMECTBAHETO, T.e. MEXAY ENULEHTPUTE Ha aHOManuuTe 3a
ABeTe KapTh, KOWTO Ce kKopenupat. ToBa e HambfHO
3aKOHOMEPHO KaTo Ce OT4YMTa, Ye MEXAy ENnuULEHTPUTE Ha

aHoManuute pa3npeneneHneTo Ha rpagueHTa e
Pa3HOMOCOYHO. KOHCTaTI/IpaHaTa 3aKOHOMEPHOCT  Hanara
BCAKa JiOKanHa  OTpuuatenHa aHomanna Aa 6boe

aHanmaupaHa CbBMECTHO C U3XOAHWUTE AaHHW 1 U3MON3BaHNUTE
napameTpy Ha NioLHaTa kopenauus.

[MpenopbyaHa 3a nybnukyBsaHe ot
Kategpa “MpunoxHa reocpusmuka’, MM
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MUIPALMOHHU XAPAKTEPUCTUKW HA TBBPOUA OTNAOQBK (MENENUHATA),
OTAENAH NPU EKCNNOATALUATA HA TELl

Hukonaii T. CmosiHos

MurHo-eeonoxku yHugepcumem “Ce. MeaH Puncku”, Cogpus 1700; nts@mgu.bg

PE3KOME. MocpencTaom nabopaTopHU MHAMKATOPHW OMKUTM B KOJIOHM € HanpaBeHa OLieHKa Ha MUTPaLMOHHUTE XapakTePUCTUKI Ha TBBPANUS 0TNaAbK (NenenuHaTa),
OTAEeNsH npu ekcnnoataumusita Ha TELL. ViscnegsaHusita ca HanpaBeHu ¢ MaTepuan oT nnowjaakata Ha Muncootsan Nel Ha obext TEL| “Mapuuya ustok 2”. Kato
WHAMKaTOPW Ca U3NOM3BaHK XMOPUAHK, CyNdaTHU, HAaTPUEBH W KanueBsu ioHW. MUrpaLMoHHUTe XapakTepUCTUKW Ha NenennHaTa ca onpeaenenu ¢ paspaboTeHaTa ot
aBTopa komMnioTbpHa nporpama LTT1DPI. MonyyeHuTe pe3yntat MoraT Aa ce M3N0N3BaT He Camo 3a OLeHKa Ha Bb3MOXHOTO 3aMbpCABaHE Ha NOLNOBbLPXHOCTHOTO
npOCTpaHCTBO B paroHa Ha TEL “Mapuua u3tok 2°. Te umaT yHuBepcarneH XapakTep W e yMecTHO Aa Ce nonseaT MpW MOAENupaHe Ha ycnosusTta 3a
pasnpocTpaHeHe Ha 3aMbpCUTENUTE U B APYIY MHAYCTPUANHN PaitoHK, KbAETO B rOpHaTa YacT Ha pa3pesa ca YCTaHOBEHW Hacunu OT nenenmuHa.

MASS-TRANSPORT PARAMETERS OF THE ASH RELEASED FROM COAL BURNING AT A THERMOELECTRIC POWER
PLANT

Nikolay T. Stoyanov

University of Mining and Geology “St. Ivan Rilski”, Sofia 1700; nts@mgu.bg

ABSTRACT. Laboratory tracer experiments are performed in order to estimate the mass-transport parameters of the ash released from coal buming at a
thermoelectric power plant (TPP). Solid waste products from coal burning at the “Maritsa east 2" TPP are used in the performed study. Chloride, sulphate, sodium and
potassium ions are applied as tracers. The mass-transport parameters of the ash are determined by the application of the computer program LTT1DPI developed by
the author. The obtained results can be used not only for the estimation of a possible contamination of the subsurface area in the region of the “Maritsa east 2" TPP.
They have universal character and it is appropriate to apply them in the course of mass-transport modeling when the conditions of pollutants spread are estimated in
other industrial regions where ash depositions are present in the near-surface part of the section.

BbBeaeHue ap. Tean MHTErpanHu xapakTepucTuku Hai-obLo oTpasssar
(OU3MKO-XMMUYHUTE ~ MpOLeCH,  KOMTO  CbMpOBOXAAT
OTﬂ,eﬂeHVlﬂT npu ekcnnoarauusTa Ha TELl TBbPA OTNagbK pa3npoCcTpaHeHNEeTo Ha 3aMbpCcUTenuTe. Te ot efdHa CTpaHa
(nenenuHa) ce fdenoHupa nof copmaTta Ha crypooTsarni, AeTepMUHMpaT 3abaBsHETO Ha (poHTa Ha 3ambpcsBaHe
3aemalj TBbpPAE TrONeMW MO Mol TepuUTopuu. Tean cnpsamMo ﬂ,eVlCTBMTeﬂHaTa CKOpPOCT Ha (bMJ‘ITpaLWIOHHVIFI MOTOK, a
TEXHOTEHHM  obpasyBaHusi  popMupaT  CbBPEMEHHMS OT fApyra — HamaneHueto Ha  KOHUEHTpauuure Ha
NaHawadT B ronemMute WHAYCTpUanHn paitoHn. Taka Tyk Te 3aMbPCUTENINTE MO NOCOKA Ha NOTOKa.
u3rpaxgar  Hall-ropHWTE YacTW Ha  MOAMOBBLPXHOCTHOTO
MPOCTPaHCTBO M B XWAPOrEONOXKKM acnekT Mmorat ga ce B cnewynanusipaHata nutepatypa morat Aa ce Hamepsit
pasrnexnar  kaTo 4YacT OT 30HaTa Ha  aepauus OaHHW 33 MUrpauMOHHN XapakTepUCTUKW Ha OCHOBHUTE
(HeBogoOHOCUTEHATa 30Ha). Hepsgko Bbpxy nenenvHara ce NUTOMOXKM ~ PA3HOBUAHOCTM  (YaKbiW, MACBUM, MUHM 1
HacvnBat M Apyrv OTMagbyHKU MaTepuani, KOUTo Ca NpoayKTy npexoauTe Mexnay TAX, Kakro U 3a CKaJlHn MacuiBK C pasniniHa
OT Pasn1yH1 NMPOMULLIIEHN NPOU3BOACTBA, CTPOUTENCTBOTO W HanykaHoCT M OKapCTEHOCT) MO OTHOLWEHWE Ha padnnyHy
MUHHaTa [eitHocT. OTOENsHUTE OT TAX KOHBEHLMOHAMHM KOHBEHUMOHanHN 3ambpeutenu (Garabedian, Gelhar and
sambpeutenu (Cl, SO, NOs, Na, K, Ca, Mg, Fe, Mn, Texku Celia, 1988; Gelhar et al., 1992; Harpaz, 1965; Papadopulos
MeTanu u ﬂp) npeMuHaBaT B  NOAMOBbPXHOCTHOTOTO and Larson, 1978 u ,El,p) [locoyeHuTe Tam CTOMHOCTU ca
MPOCTPAHCTBO C MHUMNTpUpaWmTe B ObN6GOYMHA BaneXHu npubnuauTenHu 1 He Morat fa obxBaHar  LUMPOKOTO
BOAN. MHoroobpasue Ha nmpupogHaTa cpefa. Te € Bb3MOXHO Aa
©bAat nonseaHu rnaBHO NpK M3TOTBAHETO Ha NPeABapPUTENHN
3a no-TouHa oLeHKa Ha 0bXBaTa M CTeneHTa Ha Bb3MOXHOTO OLIHKN MMM KOTaTO Ce NPaBAT MPOrHO3N 3a Bb3MOXHOTO
3aMbpCsiBaHe Ha MOANOBbPXHOCTHOTO MPOCTPAHCTBO B TOBA 3ambpcABaHe B perdoHaneH nnaH. [lpu  no-AeTannHoTo
YMCMIO M Ha NOL3EMHUTE BOAM, KaKTO W 33 MPOrHO3MpaHe Ha npoy4ysaHe Ha ycnosusTa 3a PasnpoCTpaHeHWe  Ha
Bb3MOXHOTO pasBUTME Ha TO3M MPOLEC € MHOT0 BaXHO 3ambpcuTenuTe B rpaHuLMTE Ha BCEKM KOHKpeTeH OOexT,
poOpoTO  MO3HABaHE  HAa  OCHOBHUTE  MWrPaLMOHHM obave, OMPenensHETo Ha MUTPaLMOHHITE XapaKTEpUCTUKY &
XapaKTepucTWKM Ha cpefjata — akTMBHA MOPECTOCT N, BBNPOC C NPUOPUTETHO 3HA4EHWe.

COp6LWIOHHa NOPECTOCT Ns U HaabXHa AUCNEPCUBHOCT oL U
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CblLeBpeEMEHHO, B NUTepaTypHUTe W3TOYHWLM nunceat
JaHHW 33 MUIPaUMOHHWUTE  XapaKTepucTUKW  Ha
AHTPOMOreHHUTe NNAcToBe — CTPOUTENHU HACUMK, HacunuLia
OT CTEPUNHM N BedHN Ha NOMNE3H KOMMOHEHTI CKanu Kpaii
MWHHO-0OOMBHUTE 00€EKTH, crypooTBanuTe kpaih TEL| u T.H.
ETo 3awo, pesynratute OT NPOBEJEHUTE B PaMKUTE Ha TO3M
NPOEKT W3CMedBaHus 3a ONMpedensHe Ha MUrpaLyoHHUTE
XapaKTepucTWK1 Ha npobu oT crypooTsana kpait TELL “Mapuua
u3TOK 2" ca 0CODEHO aKTyanmHW W WMaT He CaMO JIOKarHo
3HaveHve.

OOwa xapakTepucTuKa Ha uscneaBaHus 06eKT

O6ekT Ha nscneaaHe e Crypootean Ne 1 Ha TEL] “Mapuua
u3Tok 2”. Toi € pasnonoXeH Ha tor OT LieHTpanaTa v 3aema
yacT OT ponuHata Ha p.OBuyapuua. Kbm MOMeHTa Ha
npoyyBaHeTO e HaarpageH Ao kota 162. B Hamutata
nenenuHa ca wW3rpageHn Tpu YyTaeuHu 0OaceitHu, KouTo
nocnegoBaTenHo Ce HaMWBaT, OCyLLaBaT U 13rpebear.

EctectBeHaTa Mopcponorus Ha TepeHa e 13LAno NpoMeHeHa
OT HacunaHata MWHHa Maca OT OTKpMBKaTa Ha pPyAHWK
“TposiHOBO ceBep” W OT HaMMBAHETO Ha CryponenennHa ot
TEL “Mapuua ustok 2". [lo koTata Ha HamuBaHe TEPEHbLT e
paBHWHEH. TyK B pe3yntar OT XWAPOTPaHCMOPTMPAHETO Ha
nenenuHaTa, KakTo M OT NagHanuTe Banexu ca opMupaHu
MankM No NMOW, W MHOrO NAuTKM Bodoemn. HOxHO oT
nnowjagkara, ca usrpafeHn MUHHK Hacunm go kotu 170 —200.

3a onpegensHe Ha 3bpPHOMETPUYHMS CbCTAB U (OU3MKO-
MeXaHW4YHUTE XapaKTEPUCTUKM Ha nenennHaTa B NabopaTopHu
ycnosus ca uscneasanu 10 npobu. Pesyntatute nokasear, ye
HacunaHuAT (HaMUTUAT) Ha CrypooTBana Marepuan e
xomoreHeH. OcpefHeHN AaHHM 3a 3bPHOMETPUYHUS CbCTaB W
(DU3NYHUTE XapaKTEPUCTUKM Ha MenenuHaTa ca npeacTaBeH
B Tabnuua 1.

Tabnuua 1
3bpHOMEMpPUYEH CbCMAaB U (hU3UYHU XapakmepucmuKu Ha
ceyponenenuHama

Opakums

§ HaveHoBaHme [uameTbp, C'b,El'bE)KaHVIe,
3 mm %
2 Efrop >1.0 04
°§’ Macui 1.00-0.50 1.2
% CpeneH 0.50-0.25 8.4
2 JpebeH 0.25-0.10 23.0
§ Mpax Egvp 0.10-0.01 58.0
™ CureH 0.010-0.005 5.0
MnHa <0.005 4.0
| BraxHoct, % 88.0
- =| ObemHa nmbTHOCT, glem? 1.32
z 2| Cneynchnyna nTbTHOCT, glem® 2.36
g | MmbTHOCT Ha ckeneTa, g/cm3 0.60
§ MNopucrocT, - 0.70
= KoednupmeHT Ha ountpaums, m/d 0.30

lonamoto CbbpXXaHWE Ha NpaxoBa KOMMOHEHTA € NpUinHa
3a OTHOCUTEITHO HCKaTa BOAOMNPONYCKIMBOCT Ha nenernuHara.
C'bU.leBpeMeHHO, 3Ha4YNTEITHOTO MNPUCHLCTBUE HA NpPaxoBn WU
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FMWHECT YacTuun onpedend W BUCOKaTa 3adbpXalla
CNOCcOBHOCT Ha cpenara.

MeTOpMKa Ha U3crnenBaHeETO
OnuTHa nocTaHOBKa

NabopaTopHUTe  WHAMKATOPHM OMUTW  OOMKHOBEHO Cce
NpoBexaaT BbB (PUNTPALMOHHM KONMOHU. 3aToBa YeCTo 3a TAX
Ce M3Mon3ea TEPMUHBLT “OnuTM B KomoHu”. logpobHocTy,
OTHOCHO HeobxoauMoTo 0bopyaBaHe, cxeMaTa 1 TeXHUKaTa Ha
W3MbIHEHWETO Ha Te3n ONUTKW, MoraT Aa Ce HaMepsT B ronsm
Opoit nuTepatypHi u3TOuHMUM — Bepurud (1977), MeHueB
Bernukos (1979), Bouesep u ap. (1979), MnbboB u NeHye
(1986) v ap.

HakpaTko, onuTuTE B KONMOHM CE WM3BbPLUBAT B CreAHaTa
nocnepoBaTenHocT. B konoHaTta ce Brpaxga martepuan ot
n3cnenBaHaTa pasHOBMOHOCT, Cried KOETO Ce BOofoHaculia
KaTo BOfaTa ce nogasa OTHoNy Harope. B xoaa Ha onuta ot
€0MHWS Kpal Ha KoroHaTta ¢ nocTosiHHa ckopoct v (o1 0.1 o
1.0 m/d) ce HarHeTABa (Hal-4e€CTO  NOCPEACTBOM
nepucTanTuyHa nomna) uucta Boga. Bogata ce dwmntpupa
npe3 BrpadeHWs Matepuan M usTMya OT ApYrus Kpail Ha
konoHaTa. Cnepn cTabunuampaHeTo Ha dunTpauusta 3anoysa
HarHeTABAHETO Ha BOAa, B KOSTO e Pa3TBOPeH W3crefBaHus
WHOMKATOp (3aMbpCUTEN) C HayanHa KOHLEHTpauus Co.
MpeoBaputenHo e onpegeneHa UM HeroBata  (hoHOBa
KOHLEHTpauus B uuctata Boga cs. Cned nogaBaHeTo Ha
WHOMKATOPA CE CNean M3MEHEHMETO Ha KOHLEHTpauusTa My
Ha u3xoga Ha konoHata c(t). OnuTbT npogbmkaBa Ao
CTabunMaNpaHeTo  Ha  W3XOOHWTE  KOHLEHTpauuW  Ha
WHOMKaTopa. Bb3MOXHO € NofaBaHETO Ha MHOMKaTopa fa He
ObAe HenpekbCcHATO, @ CaMO 33 KpaeH WHTepBan OT Bpeme
(amnyncHo wunu  naketHo). Tosu nogxog, obave, He e
npenopbuMTeneH, Tbil KaTo MPU HEr0 ONpedensHeTo Ha
MUrpaLMoHHUTE NapamMeTpy e OCTa NO-HETOUHO.

MaeHTUhMKkaumoHeH metoz

ChbluecTByBaT Pa3nnyHM UOEHTU(UKALMOHHM MeToan 3a
onpefensiHe Ha MUrPaLMOHHUTE XapaKTePUCTUKIA NO AaHHN OT
WHOWMKATOPHUTE ONUTM B KONMOHW. Te Ce OCHOBaBaT Ha
aHaNUTUYHY, YUCTIEHW WNM MOMyaHaNMTUYHW pELUeHUs Ha
BUdEpeHLManHUTe  ypaBHEHWs, ONMCBalW mpoueca Ha
MUrpauys. Cnopeg HauMHa Ha obpabortka
WOEHTU(MKALMOHHUTE METOM Ce OTAENsAT B ABE OCHOBHM
rpynu. B mbpeata rpyna nonagaTt TesW, KOWTO M3nonasat
XapaKTepHU TOYKM OT anpokcumMpallata AaHHUTE OT onuTa
kpuBa — Fried (1975), MenyeB n Benukos (1979), Mbnbbos
(1983), MupoHeHko u PymbiHuH (1986) m gp. Kem BTOpaTa
rpyna ce npuuucnsiBaT MeTOOMTE, OCHOBaBalM Ce Ha
CPaBHEHMETO Ha EKCTIEPUMEHTANHUTE AaHHW CbC Cepusi OT
TEOPETUYHM KpuBKM. CpaBHEHMETO Ce M3BBPLLBA UIK PBYHO, C
W3MOMN3BaHETO Ha eTanoHHU KPUBM, MIW aBTOMATWYHO, Ype3
pasnuyHu Matematudecku anroputMin — [brmsbos (1979),
Ibmb0oB 1 MNenyes (1984, 1986), JykHep v Wectakos (1986),
Sauti 1 Kinzelbach (1988) n gp.

[laHHuTE OT MpoBEEeHUTE MHOMKATOPHM ONUTU C NEenenuHa
ot TEL "Mapuua ustok 2 ca 0bpaboTeHu ¢ KomMoTbpHaTA
nporpama LTT1DPI (CtosHos, 2003). B anroputbma Ha



nporpamara e 13norn3saHo aHanuUTUYHO PELLEHNE Ha YaCcTHOTO
OU(DEPEHLMANHO  ypaBHEHWE,  ONUCBALO  EOHOMEPHOTO
[BWXEHWe Ha 3aMbpcUTEnuTE B NopecTa cpefa. PelueHuneto e
NONYy4eHO NpW [OMYCKaHEeTo, Ye B XOfa Ha eKcrepumeHTa
NoJaBaHeTO Ha MHAMKATOpa € HerpekbcHato, a Herosarta
BXOJHa KOHLIEHTpaLus € NOCTOSHHA BENWYMHa. To e 13BeseHo
ot Kinzelbach (1986) sbB Buaa:

y*tv
* X_i
c X - X n
c(t) = "Lexp| —— | exp| =2 lerfc S_ |+
2 20, 20, 4o, tv
Ng
. X+ ! v
n
+expl =L |erfc S (1)
20C|_ 4(x|_tV
Ns
KbAeTo:
A . TS 2)
\%
c(t) — KOHLEHTpaumMs Ha M3xoda Ha KonoHaTa B MOMEHT t oT
Hayanoto Ha onuta, ML3; co — HavanHa (BxogHa)

KOHUeHTpauus, ML-3; X — gbmkuHa Ha KomoHata, L; v —
ckopocT Ha ¢untpaums (no Darcy), LT-; ns — copbumoHHa
nopectoct, 6e3 AMMeHcs; o — HaambXHa AWUCMEPCUBHOCT,
L.; y — koedhuumeHT Ha enumuHupane, T-'; t — Bpeme, T.

Heobxogumo € fa ce HanpaBu NOSICHEHMETO, Ye aKo
3aMbPCUTENUTE Ca HecopBMpyeMN 1 Ce ABMKAT CbC CKOPOCTTa
Ha (PUNTPALMOHHWS NOTOK, TO COpOLMOHHATa MOPeCToCT Ns e
paBHa Ha aKTWBHATa NOPECTOCT Ha cpefaTta no. Mexay Tean
[BE XapaKTepuCTUKM U No-00WMs M YecTo W3non3BaH
napameTbp ¢haktop Ha 3abassiHe Ry CbLLeCcTBYBa Bpb3KaTa:

Ng = NoR; (3)

3a Hecopbupyemnte 3ambpeuterm Rf = 1, a 3a
copbupyemmte — Ry > 1.

MmnnemeHTupanusat B LTT1DPI npeHTudmKkaumoHeH MeToq
Ce OCHOBaBa Ha HaMb/IHO ABTOMATM3MPAHO CPaBHSIBaHE Ha
eKCTiepUMEHTarNHNTE JaHHW CbC CEPUS OT TEOPETUYHU KpUBM,
MOMyYeHN C MOMOLLTa Ha ypaBHeHue (1). TeopeTuyHUTE KpuBM
Ce noryyaeaT 4Ype3 BapupaHe Ha TbPCEHUTE mapameTpu No,
Nns, oL U y. 3a HamupaHe Ha TOYHUTE MM CTOMHOCTW €
U3non3BaHa ONTUMW3ALMOHHAaTa npouedypa Levenberg-
Marquardt, ¢ KoATO ce TbpC MUHUMYMA B pasNUKUTE Mexay
TEOPETUYHUTE  KpUBM M HabniogeHusTa OT  onuTa.
Mpouenypata e nogpobHO onucaHa B creumanuavpaHara
nutepatypa — Marquardt (1961), Brown 1 Dennis (1972) u gp.

Heobxogumute BXOAHW fdaHHM 3a nporpama LTT1DPI ca:
AbIDKMHA Ha npobata X [m]; ckopocT Ha duntpaums v [m/d];
thoHOBa KOHLeHTpauus cs [g/l]; Ha4anHa koHUeHTpauws co [g/l];
TEKCTOB (halin C faHHM 3a KoHueHTpaumsita ¢i = f(ti) [g/l],
KbOeTo ti e BpemMeTo OT Hayaroto Ha onuTa [fO i-TOTO
u3mepsaHe [min].

OnucaHune Ha nabopaTOPHUTE MUrPaLIMOHHM
uscnepsaHus. Pesyntatu

3a onpegensHe Ha copbuuoHHaTa mopectocT (ns) W
HagnbXHaTa  AMCMEepCUBHOCT (o) Ha  MenmenuHara,
JenoHupara ot TEL| “Mapuuya u3Tok 2’, ca npoBedeHu ABa
WHOMKATOPHM ONMWTa MO OnucaHaTa no-rope cxema. Kato
WHOMKATOpPU MpU  OMnpefeneHusiTa ca W3MonaBaHu  CUIHO
noaBuxHUTe (Hecopbupyemn 4o MHoro cnabo copbupyemm)
XNopuaHNM M cyndaTHM MoHW W cnabo NOLBMKHUTE (CUIHO
copbupyemm) HaTpuesw u kanuesn ioHn — Cl-, SO42, Na* n K*.

WacnegsaHute npobu OT nemenuHata ca  B3eTM OT
Wn3rpageHus NpoyyBaTeNeH COHAAX B TANOTO Ha CrypooTBana.
Mpoba Ne 1 e B3eTa oT gbnboumHa 1.0-1.5 m, a npoba Ne 2 —
oT wHTepBana 4.0-4.5 m. lMpu nogroToBkata Ha W3XOLHWA
WHOMKATOPEH pasTBOp € M3nonaBaHa [ecTunvpaHa Bofa, B
KOSTO € pa3TBOPEHO OnpedeneHn KONMYecTBa HaTpueB
cyndpar (Na:SO4) u kanues xnopug (KCl). BxogHute
KOHUeHTpauum co Ha ClI, SOsz, Na* u K* ca nocoyeHu B
Tabnuua 2. B cblata Tabnuua ca NpeacTaBeHu M faHHW 3a
FEOMETPUYHNTE  XapPaKTEPUCTUKW Ha BrpageHute npobu
(obmKMHa Ha NpobuTe W paguycuTe Ha KOMOHMUTE), CKOPOCTUTE
Ha UNTpaLus v 1 POHOBUTE KOHLIEHTPALMK Ca.

Tabnuua 2
[laHHu 3a ycnogusma 3a nposexdaHe Ha onumume
Mpoba Ne ITPOBA Ne 1 MPOBA Ne 2
Konona Ne kornoHa 1 KonoHa 2
[bnxuHa Ha 0.12 0.12
npobara x, m
Papnyc Ha 0.008 0.008
KornoHatar, m
CkopocT Ha
cunTpauus v, m/d 0132 0141
WHoukaTop
(sambponTen) co, g/l | cs, gl | cogll | cs gl
Cl- 9.528 | 0.00 | 9.856 | 0.00
S04 10.190 | 0.00 | 10.459 | 0.00
Na* 4695 | 0.00 | 4826 | 0.00
K+ 10485 | 0.00 | 10.862 | 0.00

B xoga Ha BCeku OnUT Npe3 pasnuyHin BPeMEBU MHTEPBANM
ca B3emaHuW BogHu mpobu B obem or okono 1-3 cms.
OU3NYHUTE W XUOPOXUMUYHUTE XapaKTEpPUCTUKM Ha B3eTUTe
npobu ca onpegeneHyn enekTPOMETPUYHO (3a TemnepaTtypata
N cneundmyHaTa enekTponpoBOAUMOCT), TUTPOMETPUYHO (3a
koHueHTpauuuTte Ha Cl- n SO42) u ¢ nomowTa Ha nnasmeH
cnektpomeTsp ICP (3a koHueHTpauuuTe Ha Na* u K*).

3a naeHTUdMLMpaHe Ha MUIPALMOHHITE XapaKTEPUCTMKN Ha
n3cnegBaHuTe  npobuM  MOMyyeHUTe  eKCrepUMEHTasHM
3aBMCMMOCTH, OMMCBALLM N3MEHEHMETO Ha KOHLEHTpaLmMnTe Ha
Cl, SO42, Na* 1 K* BbB BpemeTo c(t), ca MHTEpNpeTUpaHm ¢
nporpama LTT1DPl. Ha d¢wr. 1-8 onuthute paHHM ca
WnKCTpUpaHu ¢ pombyeta. Ha coblumte Qurypu ¢ nibTHa
NWHUS ca NpefcTaBeHn W nomnyyeHute ¢ nporpama LTT1DPI
NOEHTUMKALMOHHM (aNPOKCUMMPALLY) KPUBM.

Msuncnennte 3a Bcaka npoba M CNpsSIMO  CbOTBETHUS
MHOMKATOP CTOAHOCTM Ha Ns U Ha o ca AaaeHu B Tabnuua 3.
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Tabnuua 3
Pesynmamu om uHmepnpemayusima Ha onumHume 0aHHU

Mpoba Ne Mpoba Ne 1 Mpoba Ne 2
KonoHa Ne KoroHa 1 KornoHa 2
Vikpniarop ns,- | a,m | ns,- | a,m
(3ambpcuTen) ' ’ ’ ’
Cl 092 | 0.002 | 0.86 | 0.001
SO 1.07 | 0.003 | 1.03 | 0.002
Na* 134 | 0.004 | 1.26 | 0.003
K+ 145 | 0.006 | 1.32 | 0.004

ObcbxaaHe Ha pesynTaTute

MoeHTdukaLumoHHMTE KpuBK [OBpe OnucBaT faHHUTe OT
nabopaTopHUTE ONUTW. 3a MUrpaLMoHHWUTE NapameTpu ce
nonyyasaT [oOpu W noruyHM pesynTath. ToBa ce OTHAacs
0cob€eHO 3a CTOMHOCTUTE Ha COpbLMOHHATa MOpecTocT ns,
KOUTO HapacTeaTt OT No-edpuTe KbM I'IO-ApeﬁHVITe marepuaniu.
CTOMHOCTMTE Ha HaambXHaTa AMCMEPCUMBHOCT He crepsat
nopobHa 3aBMCMMOCT, HO O B MHOTO MO-TONsIMA CTEMEH Ce
B/IUSie OT TOYHOCTTA MPK ONPEAENAHETO Ha KOHLeHTpaLuuTe.
Mo mpuHUMN o Ce onpedens 4OCTa TPygHO upe3 ApebHo
MaLabHM MHOMKATOPHU OMKTK, OCOBEHO OT EKCTIEPUMEHTH,
npoBexaaHn B TabopaTopHn yCnoBws.

MpenctaBenute B Tabmuua 3 AaHHM 32 MUIPaLMOHHMTE
XapaKTepUCTUKW Ha nenenvHata ot [uncooTBan Ne 1 Ha obekT
TEL, “Mapuua u3tok 2" faBaT OCHOBaHME Aa C€ Hampasu
CefHUs KOMEHTaPp:

O [lenenuHata npuTexasa ronsma cnocobHOCT Aa 3agbpxa
BewecrBo.  CopbuuoHHaTa  nopectocT ns  3a
Hecopbupyemnte M MHoro cnabo  copbupyemute
aHuoHoreHHn uHaukatopu (Cl u SOs2) e no-Bucoka ot
obLiaTta NopecTocT n Ha u3cneaBaHuTe Npobu M MHOro
Mo-BUCOKA OT THAXHOTO IPaBWTALMOHHO BOAOOTAABAHE.
[okato cpegHata cToHOCT Ha n e okono 0.70, To
eKCriepuMEHTarnHO MoMnyyeHnTe CTONHOCTM 3a Ns Bapupart
B ananasoHa ot 0.86 go 1.07. INpu ToBa 3a copbLUMoHHaTa
MOpecToCT 3a Hal-nogswkHUTE 3ambpeutenm (Cl) moxe
Ja Cce npueme efHa cpegHa cronHoct ns = 0.89, a 3a no-
cnabo noaswxHUTe 3ambpceutenn S04 — ns = 1.05.
OueBMgHO MenenMHaTa € B CbCTOSIHME YaCTMYHO fa
3agbpka MEXaHW4YHO U WHEPTHUTE  (MpaKTU4Yecku
HeB3aWMOAeNcTBalLmMTEe C TBbphata (asa) XnopuaHu W
cyndatHu inoHu. ETo 3alLo, e HeyMeCTHO B Tesun ycrosus
Cl- ga ce w3non3eBa kaTo eTarnoH 3a onpegensHe Ha
aKTWBHaTa NOPeCTOCT Ha cpeaara.

KatuoHoreHHute mHgukatopn (Na* u K*) ce copbupar ot
unTpaumoHHaTa cpefa, He3aBUCMMO OT CbCTaBa U
CTENeHTa Ha HeWHata [AWCMEPCHOCT, M Murpupar no-
6aBHo ot AHWNOHOreHHUTE WHOMKATOPN.
EkcnepumeHTanHuTe pesyntaTu nokassat, Ye cpegHaTta
copbumoHHa mopecTtocT Ha nenenuHata 3a Na* e ns =
1.30, a 3a K* — ns = 1.38. CriegoBatenHo poOHTLT Ha
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WHTEH3WBHOTO 3aMbpCsiBaHe, KOWTO Ce Mapkupa Ot
rnoBeeHNeTo Ha crnabo NOABWXHUTE 3aMbpCUTENM, B
crnydyas le ce ABMXM ¢ okono 1.5 mbTu mo-GaBHO OT
(OPOHTLT, [eTepMuHMpall, MakcuManHus obxeaT  Ha
Bb3MOXHOTO 3aMbpCsBaHe.

I'IonyquMTe CTOMHOCTUTE 3a HaambXHata
ANCNEepPCMBHOCT o Npu ABata onuTta U He3aBUCUMO OT
M3non3BaHna MHAMKATOP Ca AOCTa HUCKM — OT nopsadbka
Ha HAKOIKO MUNnMeTpa. ToBa HaVI-BepOFITHO € CBbp3aHo
C Mankusa MaLLla6 Ha MUrpalMoHHWUTE N3cneaBaHnA.

3aknioyeHue

lMonyyeHnTe CTOMHOCTU 3a MUTPALMOHHINTE XapaKTepUCTUKN
morar Aa Cce W3non3eaT He camo 3a OLeHKa W MporHosa 3a
pasMepuTe W CTeneHTa Ha Bb3MOXKHOTO 3aMbpcsiBaHe Ha
NOANOBbPXHOCTHOTO MPOCTPAHCTBO B paiioHa Ha uncooTsan
1 Ha TEL “Mapuua ustok 2°. C u3BecTeH peseps Te umat
YHMBEpCarneH Xapaktep W € YMEeCTHO fa ce nonssar npu
MOJEeNMpaHe Ha ycroBusiTa 3a  pasnpocTpaHeHue Ha
3amMbpcuTENWTE B 30HaTa Ha aepauMs M B Apyru
WHAYCTPUarHN paroHu, KbAETO B ropHaTa YacT Ha paspesa ca
yCTaHOBEeHM Hacunu OT nenenuHa. Columte 6uxa OBunn
MOME3HN W MpU pellaBaHe Ha MO-LUMPOK KPbr EKOMOrnyHM
3aa4v Npy PasnuyHU N BUA 3aMbPCABAHMS.
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ASPECTS OF TECHNICAL PROGRESSES IN ROMANIAN PETROLEUM INDUSTRY IN
THE INTER-WAR PERIOD: DRILLING

Gheorghe Calcan

Petroleum-Gas University, Ploiegti, Romania; calcan@xnet.ro

ABSTRACT. Petroleum has had an important role in the Romanian history and economy. Simultaneously with the quantity evolution of Romanian petroleum industry
there had been registered also favorable quality results in different segments of these important economic branches. For example, in the drilling field the productivity
recorded notable raises, the price of the drilled meter diminished between 1926 and 1936 with approximately 87% and the price of the extracted carload diminished in
the same period with approximately 91%. The most important progresses in drilling were registered in the period of the economic crisis in 1929-1933. There were
introduced the system of drilling by turns, the method of the unique column of tubage, the drilling was on direct lines, without deviations, the drilling speed of the well
was increased, the use of the electric energy began, the amount of cement used for the realization of a well was decreased with 85-92% etc. Between the innovators
who had an important role in the realization of this renewal we should mention a remarked person like the engineer Andrei Dragunalescu. The Romanian drilling was
at the highest points of the world technology, sometimes realizing innovations which were borrowed to the american technology .

ACMEKTWU HA TEXHUYECKWA NPOrPEC B PYMBHCKATA NETPOINHA MHAYCTPUA B NEPUOJA MEXOY BOWHUTE:
COHOUPAHE

leopee KankaH

YHugepcumem no Hegpm u 2a3, Mnoew, PymbHus; calcan@xnet.ro

PE3IOME. HehtbT € urpan BaxHa ponsi B pyMbHCKaTa UCTOPUSt U MKOHOMMKA. EQHOBPEMEHHO C konnyecTBeHaTa eBOMIOLMS HA PyMbHCKaTa HedhTeHa MHAYCTPUS ce
otbens3sat 1 6naronpusiTHU KaYeCTBEHM pe3ynTaTi B pasnuyHi CErMEHTW Ha TO31 BaXeH NPOMMULLIEH KNOH. Hanpumep, npu coHaupaHeTo ce otbenssa sHaunTeneH
obem 1 LieHaTa Ha MeTbp coHaax mexay 1926 n 1936 r. ce Hamanu npubnuautenHo ¢ 87%, a LieHaTa Ha 13BaaeH ToBapeH 06em — okono 91%. Haii-3HaunTenHuaT
Hanpegbk B COHAMPAHETO Ce perucTpupa B nepuopa Ha MkoHomuueckaTta kpusa 1929-1933 r. B coHaupaHeTo Ce BbBeXAaT peauua HOBOBbBefeHWs. Mexay
HOBATOPUTE, KOUTO UMaT BaxXHa Pons Mpyu peanusauus Ha Te3n obHOBsIBaHMS TpsibBa Aa ce cnomeHe 3abenexuTeneH YoBek kato WHX. AHApeit [lparyHanecky.
PymbHckoTo coHaupaHe Gelwe cpef BoAeluTe B CBETOBHaTa TEXHOMOTWS, Cb3AaBalikv MOHsSKOra MHOBALWM, KOWTO ca Ounu Bb3npueT OT amepukaHckata
TEXHONOrsl.

Petroleum has represented one of the most important natural T. Mehedinteanu from Ploiesti, with Austrian equipment. The
resources of Romania.! Being certificate from the Antiquity, it petroleum Industry has developed incessantly. In 1857
accompanied the economical and social life of the Romanian Romania’s petroleum production has been of 225 t. towards
community during Medieval Age and Modern Age. Since the the end of the nineteenth century it has grown spectacularly,
half of the 19t century, the petroleum exploration has worn the reaching 258 000 t. up to the outbreak of the First World War
industrial cloth. The year 1857 marks a triple world premiere the maximum production has been reached to 1 885 619 ¢, in
for Romanian petroleum industry: the first petroleum 1913. After the war, in 1925, the level of production during the
production, the first refinery and Bucharest the first town ever pre-war period has been exceeded (2 316 504 t). The
to be illuminated with petroleum, all registered on international production has continued to increase constantly, reaching

level.2 The refinery of 1957 has set up by the brothers M. and 8784 000 t in 1936, quantity which represented maximum of
the inter-war period.

1 See Gh. Ivanus, | Stefanescu, St. N. Stirimin, St. N. Stirimiu,

St. Tr. Mocuta, M.P. Coloja, The history of Romanian O, Agir It is very important the fact that petroleum production
Press, Bucharest, 2004; Gheorghe Buzatu, A History of developed not just from the point of view of the quantity but
Romanian Oil, Bucharest 1998; Constantin M. Boncu, also from the point of view of quality. In the next pages, we are
Contributions to the History of Romanian Oil, Academic Press, going to treat in a conceive manner the evolution of an
Bucharest , 1971. important part of the Romanian petroleum industrial activity
2 Gheorghe Buzatu, A History of Romanian Oil, |, Mica Valahie during the inter-war period: the oil well drilling.

Publishing House, Bucharest, 2004, 36-37; Gh. Ivanus, | . . o
Stefanescu, St. N. Stirimin, St. Tr. Mocuta, M.P. Coloja, quoted Our most important sources of documentation was  speciality
work, 66-77; Marian Rizea, Eugenia Rizea, Petrol. dezvoltare press of the time, especially the Petroleum Monitor, information
si (in)securitate, Editura Asociatiei “Societetea Inginerilor de taken from the petroleum societies, and found out in the
Petrol si Gaze”, Bucuresti, 2007, 43-45. National Archives, and in the Romanian special literature.
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Concerning the oil well drilling of the inter-war period we can
assert an interesting evolution. Immediately, after the end of
the First World War, the Petroleum Monitor considered that the
problem of digging of new wells was an important problem of
the renewal of the petroleum industry. 3 The activity evolution
can be expressed by the following table.

Year Number of drilled meters
1922 38.527
1925 204.402
1928 240.000
1931 139.190
1932 208.369
1933 253.209
1934 376.950
1935 312.500
1936 329.000
1937 394.000
1938 288.000
1939 256.000

We can remark that the maximum number of drilled metres
was registered in 1937: 394000. Comparing to 1921, when the
number of drilled meters was 55857, the rise was more than
700 %.

Concerning the efficiency of the drilling activity we can have
an image looking at then next tables which gives a report upon
the evolution of a report tone on drilled meter.

Year The report tone on drilled meters
1922 15.3
1925 1.3
1928 17.7
1931 47.8
1932 35.3
1933 29.3
1934 212
1935 26.9
1936 26.5
1937 18.1
1938 23.00
1939 24.00

The highest efficiency of the report tone drilled meter, was
registered in 1931, during the economical crisis when 47,8
tones on triled meter were obtained. This fact has two
explanations: during the crisis the number of the drilled meters
diminished and the biggest decrease took place in 1931 on
the one side and on the other side in the same period there
were some rich oil land in a process of exploitation. We can
consider, as a whole, that the efficiency of the drilling activity
was a good one. It was even superior of the international one.

As an example, we are going to give a tables in which we are
going to present the dynamics of this report between 1932-
1936, comparing Romania with U.R.S.S. in order to case a

3 Movement of Oil. General Situation, Moniteur du petrole
roumain, (M.P.R.) 9, 1 May 1920, 253.

4 Gheorghe Calcan, Romanian Petroleum Industry in the inter-
war period, Tehnica, Publishing House Bucharest, 1997, 138.

5 Ibidem.

6 See M.P.R, 17, 1937, 1318.
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dynamic following of the table, the presentation is realized by
number rounding.

Year Romania URSS
Efficienty t/drilled Efficienty t/drilled

meters meters

1932 35 29

1933 29 26

1934 21 19

1935 27 17

1936 27 13

It can be seen that in Romania the number of tones on drilled
meter was highest between 1932-1936 than in U.R.S.S, even
with 2 to 14 tones.

If we are trying to compare the rise petroleum production and
that of the drilled meter the report is favourable to the drilling
activity. This thing is being illustrated in the next table 7, taking
for example 1931,

Year Petroleum production Total number of
total number drilled linear meters
1931 100 100
1932 110 150
1933 111 182
1934 127 271
1935 126 225
1936 131 236
1937 107 183
1938 99 207
1939 94 184

The analysis of this table is showing the fact that in the 4t
decade of the past century the drilled rise percentage was
constantly superior to that of the petroleum production rise. In
1932 a number of 33 enterprises realised a drilling activity.
‘Astra Romana” Society, “Steaua Romana’, “Concordia”,
“Unirea’, “Romano-Americana” and “Creditul Minier”, all of
them drilled more than 10000 meters.

Concerning the drilling technique there happened a lot of
important evolutions. In 1924 “Steaua Romaneasca” Society,
practices through galleries. The process was practically the
same as that of coal mines. A well is digged through the oil
field and then through galleries there happened a process of
capturing the oil. The process was an efficient one. Currently
speaking, through drilling it was managed to put out about 20%
of the petroleum deposit. Through the galleries method it
happened the drilling of about 60% of the petroleum deposit.
This process was used on the fields of Buzau Department, at
Saratu *** . The depth of the digged well was of 141 meters.
The society had as main objective for the next year to
introduce this process in the Prahova Department, in Campina.
The petroleum gazette was estimating that such a process was
proper for other oil field of the country, such for example
Bustenari.

Abroad, this method was used also in Alsace8. Even if this
method didn't have a great spreading and didn’t become an

7 The activity on sites of anonym societies in 1936, M.P.R, 13,
1 july 1940, 709-721.
8 Gas Exploration through hollows, M.P.R, 10, 1929, 856.



usual method, it had a very important role in the field of the
petroleum industry efficiency.

After all statistics, the period of 1927-1933 was important
because there were registered many qualitative
transformations in the field of drilling. The great economical
crisis of 1929-1933 influenced this processes. In 1929, The
Petroleum Industry Association of Romania addressed to the
Industry Minister a memorial which asked for the approval of
the drilling system named Rotary used in U.S.A. this system
used a simplified system, being accompanied by similar
operations conceming cementing. This system brought
important savings of materials and contributed to a efficiency
rise through the price reduction of drilling® - There is a
fragment, of this memorial:

Minister,

American petroleum industry, after great progresses, which
realised during the last years in the field of drilling art, reached
to diminish to much the drilling price and indirectly the
petroleum production cost.

This thing was realised by drilling more and more with the
Rotary system, by using a very tubage program simple
accompanied by casing cementing but also it developed
because of mine authorities participation. The Romanian
Petroleum industry is in the situation that if it doesn’t get the
same technical progresses as U.S.A, and if it doesn't reach an
oil production price as that of U.S.S, it won't be able to
maintain its place on the international market. [...]

What we are asking by this memorial is to allowed to work in
the same way as in U.S.A....". After three years approximately
99% of the total drilled meters, were obtained through this
method®.

In 1931, the engineer A. Dragulanescu, the director of
“Steaua Romana” Society presented during the “Engineers and
Technicians Associations of the Mine Industry Congress” a
method of using unique tubage column in the well field! .
Dragulanescu’s innovations: drilling on right hole, without
deviations reductions of the column number etc. concurred to
the same economical saving of 50% drilled linear meters 2,

We have obtained important successes in the derrick drilling
speed. Around 1932/1933 the oil societies were reporting an
average of 30-80 straight meters digged per day. Derricks of
1800 meters depth were dug within 2 months. When we
managed to dig derricks in a record time (21 days, for
example) even the American magazines mentioned that. The
record in the drilling field has been attained by the Unirea
Society which dug 395 meters in 22 hours with an average
speed of 17.90 m/hour. Usually, the derricks deep of 800-1000

9 Simplifying Drilling Programs; M.P.R, 10, 1929, 856.

0 Here there is a table in which we can analyse the
percentage of used methods in Romanian industry in 1931,
number of wells and drelled meters in various systems in 1931.
" E. Fischer ,Applying electrical character in Romania between
1931-1932, M.P.R, 15, 1 august 1933, 861-864.

12 Reduction of Cost Drilling, M.P.R, 1, 1 January 1930, 55-56.
See Gh. Ivanus, |.Stefanescu, St. N., Stirimin, St. Tr. Mocuta,
M.P. Coloja, quoted work, 251.

185

meters were dug in 2 months. Each year hundreds of derricks
were dug (in 1926, 671 were dug). The deepest derrick was
dug in 1932 by the Romanian Star Society, with a depth of
2434 meters. In 1936 the deepest productive derrick in USA
had 2936 meters. In 1932, the number of the employees in the
oil sites consisted of 250 engineers, 626 clerks, 581 workover
team leaders, 4342 roughnecks, 3669 mechanics and qualified
workers, 4636 day-laborers and watchmen, with a total of
13904 people™.

Among the progresses of the Romanian oil industry in the
inter-war period we must highlight the extension f the electric
power. At the International Oil Congress from London in 1933,
2 representants of the Romanian oil industry presented the
method of the electric sampling which was used to determine
the nature of the strata which had to be dug. In 1932 electric
power was used for 22.5% of the total drilling process to be
executed™.

We couldn't neglect the application of those innovations
which led to the diminution of the cement quantities. In 1936,
using the tubing system initiated by the engineer A.
Dragulanescu, we managed to use only 30-60 kg of cement
when tubing a derrick, compared to 380 kg in 1926. This cheap
tubing method began to be used in USA as well's.

In 1926-1936, the efficiency of the oil extracting is proved by
the diminution by 87% of the costs for each drilled meter and
by 91% of the oil barrel extracted'®. The next table!” illustrates
that phenomenon:

Year | The cost on drilled | The cost on oil barrel
linear meters in lei extracted in lei

1925 17.800 13.100

1927 15.400 12.300

1928 13.400 5.800

1929 10.400 5.850

13 Record de viteza in Romania cu forajul rotativ, M.P.R. 13, 1
july 1933, 762; Solutiuni in chestia transporturilor , M.P.R, 7, 1
april 1926, 601-902; Technical Processies realized in well
drilling at high depth, Societatea Steaua Romana, MPR, 13,
july 1933, 762, E.Fischer, Technical Industrial Cronique of
World Petroleum, in 1936, MPR, 1, 1937, 13-22; Rezultatele
actiunii de foraj in Romania. Productia perimetrelor statului
cuvenite pe anul 1932, MPR, 6, 15 march 1933, 267-285;
Extractia titeiului si actiunile de foraj pe santiere in cursul
anului 1932, MPR, 7, 1 april 1933, 327-343.

14 E. Fischer, Aplicarea carotajului electric roman in anii 1931-
1932, MPR, 15, 1st august 1932, 861-864; Energia electrica
pentru forajul rotativ in Romania, MPR, 14, 15 july 1933, 772-
773.

15 A. Dragulanescu, Romanian Petroleum Industry in front of
the crisis, MPR, 8, 1937, 587-589, Modificari in cimentarea
coloanelor de tubaj cerute de Asociatia Industriasilor de petrol,
MPR. 15, 1937, 1227.

16 Gh. Calcan, quoted work, 141.

17 Romanian Petroleum Industry in front of the crisis, MPR, 8,
1937, 587-589. An apropriate report can be also observed in
the next work: Gh. Ivanus, I. Stefanescu, St. N. Stirimin, St. Tr
Mocuta, M.P. Coloja, quoted work, 251.



1930 7.700 4.250
1931 7.000 2.000
1932 4.900 1.320
1933 4.600 1.300
1934 3.800 1.270
1935 3.100 1.060
1936 2.300 1.080

A special regulation without any precise terms regarding the
drilling process: a derrick should be placed at least 30 meters
from the border of the estate of a society located in between
derricks and which had offices whose minimum distance was
of 60 meters in the regions without eruptions and of 1000
meters in the places with eruptions’e.

The progress made by the Romanian drilling field made that
this branch of activity of the Romanian oil industry be situated
at the highest technical level. The Romanian drilling has been
compared to the one in USA, which was used as inspiration
sometimes and from which it took interesting solutions that
imposed themselves internationally, inspiring the American
technique. The Romanian specialists appreciated that the
explanations to this situation should include the numerous
trainings that the Romanian technicians underwent out of the
country and in Venezuela.

“The Romanian sites became the meeting place of many
specialists from various countries who wished to become
familiar with this job™9. Concerning the Romanian petroleum
industry, we should also mention the First Interational
Congress of Drilling which took place in Bucharest in 192520, In
1940, George Macovei, a very important geologist. Sustained a
discourse at The Romanian Academy dedicated to many
technicians, specialists and workers who contributed to the

8 An incipient of mine police, MPR, 6, 15 March 1926, 569-
571.

9Gh. Ivanus, |. Stefanescu, St. N. Stirimin, St. Tr Mocuta, M.P.
Coloja, quoted work, 255.

20 E, Ficher, World Industrial Progresses...
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development of the Romanian industry: “The most important
role of the Romanian technician was established during the
economical crisis period of 1930.”

On one hand there was a catastrophical crisis of international
petroleum prices and on the other hand, there was very difficult
to drill at a high depth and even there was a danger to loose
some deposit. Without a fast solution and with a critical
moment of the petroleum industry there was found only one
solution: to reduce the cost price. And again the Romanian
technician found out the proper way to escape the crisis
applying in the technical field of drilling the unique column
system. In this way a low cost was achieved and also a reduce
waste of material and time. From this point of view the
Romanian industry was an example for this other countries
because they adopted the Romanian technique, all
explorations becoming profitable™!.

Romanian drilling is considered to have had a progressive
evolution of all proceedings: the petroleum processing, the
petroleum use?2, and the innovation.

By its production and its geographical position Romania had
a special place in the petroleum map of the world but
especially of Europe. In the same time petroleum had been an
important element of the modern society during the interwar
period.

Recommended for publication by the Department of Drilling and
Production of Oil and Gas, Faculty of Geology and Prospecting

21 G, Macovei, La contribution roumanie a la connaissance du
petrole, MPR., 15, 1st august 1940, 841-845.

2 See Gheorghe Calcan, Aspects of Romanian Petroleum
Industry in the Inter—-War Period. — Annual of University of
Mining and Geology "St. Ivan Rilski”, Sofia, part IV,
Humanitarian and Economics Sciences, 2005, 37-41.
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ABSTRACT. Black shale fraction of copper ore from the Lubin deposit, Poland, was leached in percolation columns initially by means of sulphuric acid and then by
means of mixed culture of mesophilic, acidophilic, chemolithotrophic bacteria. The fraction contained 6.64 % copper, 3.05 % sulphur, 315 g/t silver, 10.94 % organic
carbon and 22.5 % carbonates. Leach solutions containing ferric ions, sulphuric acid, dissolved oxygen and bacteria were used to irrigate the ore at rates between 40-
120 I/ton. 24 hours. 80.2 % of the copper was leached within 150 days in this way. Copper was recovered from the pregnant solutions by means of cementation with
metallic iron and cement copper concentrates containing about 82 % copper were obtained in this way. After the acidic leaching, the ore fraction was washed with
water and was subjected to thiosulphate leaching to soluble silver. 51.6 % of this metal was leached within 30 days. The silver was recovered from the pregnant
solutions by means of cementation with metallic zinc.

BAKTEPUANHO U3NYTBAHE HA MEOHW PYAW, CbABbPXALLM YEPHW LUUCTU
CmosH H. I'pydes, Mpena U. Cnacosa, MapuHa B. Hukonosa, lnamex C. eopzues
MurHo-eeonoxku yHugepcumem “Ce. Mean Puncku”, Cogpus 1700; groudev@mgu.bg

PE3IOME. ®pakuus YepHu WUCTM OT MedHa pyaa oT Haxopuwie MiobuH, Monwa, 6e nanyxeHa B NepKonaLMOHHW KOMOHW MbpBOHAYanHO MOCPEACTBOM CSpHa
KuCenuHa 1 nocne nocpeacTBOM CMeCeHa KynTypa Ha Me30hUnHW, aunaouiHM XeMOnNUTOTPOdHY BakTepun. Opakumsta chabpxalle 6.64 % meq, 3.05 % cspa,
315 r/7 cpebpo, 10.94 % opraHuyeH Bbrnepog W 22.5 % kapboHaTu. M3nyreain pastBopW, ChAabpkaluM epu-oHN, CSpHa KUCENWHA, PasTBOPEH KMCHOPOA U
Gaktepuu, Gsixa M3Non3BaHN fa opocsiBaT pyaata cbe ckopocTh mexay 40-120 n/t. 24 yaca. 80.2% ot MeaTa 6e uanyxeHa 3a 150 gHM no To3n HaumH. MeaTa Gelwe
“3BneyeHa oT MpOAYKUMOHHUTE pa3TBOPW MOCPEACTBOM LiMMEHTaLWst C enemeHTapHo xens3o (Fe®) u no Toav HauuH Gsixa nomyyeHu LUMEHTaLMOHHU MeaHM
KOHLIeHTpaTH, ChAbpXaluy okono 82 % mep. Cnep uanyrsaHeTo B kucena cpeaa pyaHata dpakuyms 6e npomuTa ¢ Boaa v 6e noanoxeHa Ha u3nyreaxe ¢ Tvocyndar,
3a fja ce pa3stBopu cpebpoto. 51.6 % ot To3u meTan 6sixa uanyxenu 3a 30 aHn. CpebpoTo be 13BNeYeHO OT NPOAYKLMOHHUTE PasTBOPU MOCPELCTBOM LIMMEHTaLMS C
enemMeHTapeH LinHK (Zno).

Introduction solvent extraction and electrowining, leaching of silver from the

washed ore by means of thiosulphate, and recovery of silver

The black shale ore in the Lubin deposit, Poland, is an from the pregnant solutions by means of cementation with
important source of some valuable metals, mainly copper and metallic zinc (Zne).

silver. At present, this ore is processed in commercial scale by
flotation, as a result of which concentrate containing these
metals is produced. However, the mineralogical composition Materials and methods
and structure of this ore cause some problems to this way of

treatment and this is the reason for studies on the possibility to The sample of the run-of-mine Lubin ore used in this study
process the ore by means of technological methods of different contained 1.01% copper, 82 git silver, 1.19% sulphur, 1.2%
type. A special attention with this respect is paid to different organic carbon and 22.5% carbonates. Chalcocite was the
hydrometallurgical methods, including such based on the main copper-bearing mineral in the ore but bornite,
action of microorganisms. Experiments for bioleaching of chalcopyrite, thenantite and covellite were also well present.
copper from the run-of-mine Lubin ore, from different Copper oxide minerals and pyrite were present in low
mineralogical fractions of this ore, as well as from products and quantities. The copper sulphides formed accretions with the
wastes from its processing have been carried out under host rock and were encapsulated in it. The sample had pH of
laboratory conditions using both chemolithotrophic and 7.98 and was characterized by a highly positive net
heterotrophic microorganisms (Sklodowska et al., 1996; neutralization potential (+406 kg CaCOslt).
Sadowski et al., 2003; Farbiszewska-Kiczma et al., 2004;
Groudev et al., 2006). Eight kg of the ore crushed to minus 8.0 mm were put into a
plastic vessel to form a small heap (~ 30 ¢cm long, 12 cm wide
The present paper contains data about experiments on the and 12 cm high). Data about the particle size of the ore are
different technological stages of a flowsheet connected with shown in Table 9. An aeration system consisting of several
the processing of the run-of-mine Lubin ore: bioleaching of perforated plastic tubes was constructed in the vessel before
copper by means of acidophilic chemolithotrophic bacteria, adding the ore. The ore was supplied to the vessel in a way

recovery of copper from the pregnant solutions by means of
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that after the heap construction the aeration system was
located inside the ore mass.

The ore was initially pretreated with sulphuric acid to
decompose the carbonates and liberate the sulphide minerals
from the carbonate matrix as well as to facilitate the adjustment
of the ore pH to the levels suitable for the growth and activity of
the acidophilic chemolithotrophic bacteria able to oxidize
sulphide minerals. During the acidic pretreatment the
carbonate content of the ore was decreased from the initial
22.5% to 1.7% and as a result of this the net neutralization
potential of the ore was decreased from highly positive to very
close to the neutral point (+2 kg CaCOs/t). The acid
consumption during the pretreatment amounted to 408 kg
sulphuric acid/t ore. Approximately 18% of the copper was
solubilized during the pretreatment within 48 hours. The
carbonate and oxidizable mobility fractions were the main
sources of the copper solubilized. Chalcocite was the only
sulphide mineral solubilized efficiently during the pretreatment.

The acid pretreated ore was inoculated with a mixed culture
of acidophilic chemolithotrophic bacteria (At. ferrooxidans, At.
thiooxidans and L. ferrooxidans) preliminary adapted to the
ore. 200 ml of active late-log-phase microbial culture
containing about 109 cells/ml grown on this ore was used as
inoculum and was distributed evenly within the heap by means
of diluted sulphuric acid solution with pH of 1.5 and containing
Fe?* ions (2 g/l) as well as ammonium and phosphate ions.
The water content of the heap was adjusted to about 70-80 %
from the maximum water retention capacity of the ore. Water-
saturated air was injected through the aeration system to the
ore by means of a small compressor to maintain the content of
dissolved oxygen in the pore solution at levels higher than 5
mg/l. The wetted heap was maintain under such conditions for
a period of 10 days during which most bacteria attached to the
ore particles and started to oxidize the sulphide minerals. At
the end of this period the ore was densely populated by
bacteria, the redox potential of the pore solution was increased
to about 570 mV and some copper and iron were solubilized
from the ore.

Then the irrigation of the ore was started by diluted sulphuric
acid solutions with a pH of about 1.7-1.8. The irrigation rate
was in the range of 40-80 I/t ore per 24 h. The leach solutions
were distributed evenly on the ore surface by means of
perforated plastic tubules located on it. The aeration of the ore
was continued and the content of ammonium and phosphate
ions was maintained at 50 and 25 mgl/l respectively, by means
of periodic additions of these ions to the leach solutions.

Two different methods to recover copper from the pregnant
heap effluents were used: cementation with metallic iron (Fe?)
and solvent extraction + electrowining.

The cementation process was carried out in glass vessels
containing 200 g of iron shavings each. The copper-bearing
solutions containing between 0.5-1.5 g/l copper ions were
added at rates allowing residence times between 1-3 hours.
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The solvent extraction of copper from the pregnant heap
effluents was carried out by means of the reagent LIX 984N
(10 volume percent in a kerosene diluent). The solvent
extraction circuit consisted of two extraction stages and one
stripping stage. The organic phase (reagent) and the aqueous
phase (pregnant copper-bearing solution) were mixed at a 1:1
ratio. Mixing time of 3 minutes was needed to obtain loaded
organic (approximately 80 % of the maximum loading capacity
of the reagent). The loaded organic was separated from the
aqueous phase and was subjected to stripping by means of
strong solution of sulphuric acid. The copper transfer in the
electrolytic cell was between 5-7 g/l copper. The final pregnant
electrolyte was treated in the electrowinning cell in which the
anodes were made of lead, and the cathodes were made of
copper. Current density applied in the cell was between 200-
230 amperes/m2. The spent electrolyte contained about 30 g/l
copper and 180-185 g/l sulphuric acid and was recycled to the
stripping stage.

After the acidic copper leaching the heap was washed with
water to remove the residual acidity and was subjected to
alkaline leaching by means of solutions containing thiosulphate
ions (added as ammonium thiosulphate) — 0.1 mol/l, copper
ions (added as copper sulphate) — 0.005 mol/l, sulphite ions —
0.01 mol/l and ammonia to maintain the pH of these solutions
in the range of 10.0-10.5.

The leach solutions were pumped to the top surface of the
heap at a rate of 200 l/ton ore per 24 h. The solutions
percolated through the ore mass and dissolved silver. The
pregnant heap effluents were treated by means of cementation
with metallic zinc to precipitate the dissolved silver. The
depleted solutions from the cementation unit were collected in
a regeneration vessel where make up water and reagents were
added to the desired level. The leach solutions adjusted in this
way were then recycled to the heap.

Measurement of ion concentrations in solutions was carried
out by means of induced coupled plasma spectrometry. The
isolation, identification and enumeration of microorganisms
were carried out by methods described elsewhere (Groudev,
1990; Karavaiko et. al., 1988).

Results and discussion

The leaching of copper by the above-mentioned system was
very efficient and 68% of the copper were solubilized within
150 days (Fig. 1). This amount, together with the 18% of
copper solubilized during the acidic pretreatment of the ore,
resulted in a final copper extraction of 86.4%. The
concentration of copper in the pregnant heap effluents was
usually between 0.5 and 1.0 g/l. Iron was solubilized together
with copper during the leaching. Bacteria were able to maintain
most of the iron in the ferric state and the redox potential of the
pregnant solutions was usually higher 550 mV.
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Fig. 1. Leaching of copper from the R-O-M Lubin ore

In some cases the concentration of iron in these solutions
was low (less than 0.3-0.4 g/l). In these cases the heap was
irrigated with leach solutions containing 1.5-2.0 g/l Fe3* ions
generated in bioreactor as a result of the bacterial oxidation of
Fe?* to Fe3 ions by means of immobilized Fe?*-oxidizing
chemolithotrophic ~ bacteria  (At.  ferrooxidans and L.
ferrooxidans). Non-ferrous metals, mainly zinc and nickel, were
also solubilized during the leaching but due to their low
contents in the ore this solubilization is not of an economic
interest. Lead was not solubilized but bacteria oxidized a
portion of galena to the insoluble lead sulphate. Silver was also
not solubilized. Its content in the ore after the acidic leaching
was increased to 99 g/l due to the solubilization of other
components (Table 1)

Table 1
Data about the chemical composition of the R-O-M Lubin or at
different stages of treatment

The recovery of copper during the cementation exceeded
98%, and the content of copper in the cement concentrate was
about 81-82%.

The cementation was connected with increase in the
concentration of iron in the barren solutions (usually by 20-40
%). Most of the iron in these solutions was in the ferrous state
due to the reaction between the Fe3* ions in the pregnant
effluents and the metallic iron. This resulted in decrease of the
redox potential of the barren solutions to values lower than 350
mV. The pH of the barren solutions was increased to values
higher than 2.0 due to the reaction between the sulphuric acid
present in the pregnant solution and the metallic iron. For
these reasons it was necessary to treat the barren solutions
from the cementation in a way to turn them into efficient leach
solutions. This was connected with increase of the
concentration of Fe3* ions and redox potential by mixing the
barren solutions with solutions from the bioreactor for oxidation
of Fe?* to Fe¥* ions. The solutions from the bioreactor were
characterized by high redox potential (> 550 — 600 mV), low pH
(< 1.9) and high content of bacteria (usually between 1.108-
3.108 cells/ml). In some cases diluted sulphuric acid solutions
were added to compensate the water losses due to
evaporation, to decrease pH to values between 1.7-1.8 and to
decrease the total concentration of dissolved iron.

The consumptions of metallic iron during cementation
amounted to about 2.0 — 2.2 g Fe°/g copper.

Copper with purity higher than 99.5% was produced in the
electrolytic cell.

The leaching of silver from the ore after the acidic leaching
was not very efficient. 51.2% of this precious metal was
leached within 30 days (Fig. 2).

Component, Before After acidic After
% treatment  pretreatment  bioleaching

Copper 1.01 0.82 0.14
Total sulphur 1.19 1.37 0.25
Sulphide 0.93 0.91 0.16
sulphur

C organic 1.2 1.5 1.4

C inorganic 10.2 0.37 0.08
Silver, git 82 96 99

The efficient leaching of the ore was connected with the
suitable conditions created for the chemolithotrophic bacteria in
the heap. The number of these bacteria in the heap was higher
than 109 cells/g ore and that in the pregnant heap effluents
varied between 108109 cells/ml. In most samples tested
during the leaching L. ferrooxidans was the prevalent
microorganisms and this was due to its ability to grow well
under very acidic conditions (at pH < 1.8). However, At.
ferrooxidans was also well present and this was connected
with its ability to oxidize, apart from Fe?* ions, also the copper
sulphide minerals.
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Fig. 2. Leaching of silver from the R-O-M Lubin ore by means of
thiosulphate after its acidic leaching of copper

The degree of silver extraction from the pregnant solutions
by means of cementation with Zn® was higher than 95%. The
product from the cementation unit was silver concentrate,
which contained also copper and zinc as valuable components.
This concentrate can be processed by the well-known
conventional methods for recovering pure silver.



The consumption of reagent during the leaching and
cementation of silver amounted to 5.3 kg ammonium
thiosulphate, 0.5 kg copper sulphate and 0.14 kg metallic zinc
per ton of ore.

Similar extraction of silver was obtained by two other
leaching methods: cyanidation and treatment by solutions
containing hydrochloric acid and sodium chloride.

The final conclusion from this study is that the run-of-mine
Lubin ore is suitable for recovering copper by means of acidic
bioleaching with chemolithotrophic bacteria. However, the
extraction of silver by means of different methods is not
acceptable from an economic point of view. A more realistic
approach involving the biotechnology as a component of the
processing flow sheet is the bioleaching of flotation
concentrate obtained from the same ore for copper
solubilization and then chemical leaching of the solid residue
for silver solubilization.
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BIOLOGICAL AND CHEMICAL LEACHING OF NON-FERROUS AND PRECIOUS METALS
FROM ELECTRONIC SCRAP
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ABSTRACT. A sample of mixed electronic scrap from different sources was milled to a particle size less than 100 microns and was subjected to leaching by means of
different leach solutions in reactors with mechanical stirring. The best results were achieved when the scrap was initially leached be means of acidified ferric sulphate
solutions to solubilize the non-ferrous metals (mainly copper, zinc, and nickel). These solutions were generated as a result of the oxidation of ferrous ions in bioreactor
with immobilized chemolithotrophic bacteria. Metal extractions over 98 % were achieved within 120 hours of leaching by means of such solutions. The dissolved
metals can be recovered by means of solvent extraction/electrowinning or by means of precipitation as the relevant sulphides. The solid residue after the acidic
leaching was washed out by water and was subjected to alkaline thiosulphate leaching to solubilize gold and silver. 98.1 % of the gold and 97.4 % of the silver were
solubilized within 72 hours. The pregnant solution after leaching was treated by means of cementation with powdered metallic zinc to precipitate these precious
metals as mixed gold-silver concentrate.

BMONOrMYHO U XUMWUYHO U3NYTBAHE HA LLBETHU U BINAFOPOOHW METANW OT ENEKTPOHEH CKPAI
CmosH H. I'pydes, Mpena U. Cnacosa, MapuHa B. Hukonoea, lnamer C. Meopeues u Anamonu L. AHeenos
MurHo-eeonoxku yHugepcumem ,Cs. MeaH Puncku”, Cogpus 1700

PE3IOME. lMpoba oT cMeceH eneKTPOHEH ckpan OT pa3nuyHu u3ToyHuum 6e cmnsiH Ao pasmep Ha yacTuuute noa 100 mukpoHa u Ge noanoxeHa Ha u3nyreaHe
MOCPEACTBOM Pa3nuyHi M3Nyreally pa3TBOPY B peakTopu C MexaHWyHo pasbbpkBaHe. Hail-gobpute pesyntatu Gsxa nocturHaTv korato ckpansT 6e oTHavano
U3MyXeH MOCPEACTBOM MOAKUCENEHU pasTBOpU Ha depocyndart, 3a f[a ce pa3TBOPAT LBETHUTE MeTanW (TMaBHO Mef, LMHK W Huken). Teau pasteopu Osxa
reHepupaHu B peaynTaT Ha okuUCrieHne Ha hepoiioHu B Gropeaktop ¢ MMobunuanpanu xemonutoTpodHi Gaktepun. MocpencTeom TakuBa pasteopy 3a 120 yaca
u3anyreaHe 6e nocTuUrHaTo U3Bnu4aHe Ha metanuTe Hap 98 %. PasTBopeHuTe MeTany morat Aa 6baaT U3BNEYEHN NOCPEACTBOM EKCTPAKLMS C OPraHYHU peareHTy v
€NeKTponn3a unu NoCPELCTBOM yTasiBaHe KaTo CbOTBETHUTE Cynduan. TBbPANST OCTaTbK Cred U3NyrBaHeTo B kucena cpesa be npomuT ¢ Boaa 1 Be noanoxeH Ha
ankanHo uanyreaHe ¢ TuocyndaT, 3a Aa Ce pa3TBopsT 3natoto M cpebpoto. 98.1 % ot 3natoto M 97.4 % oT cpebpoto Bsxa pasTBOpeHM 3a 72 yvaca.
lMpopyKumoHHUTe pa3TBOpM crief uanyreaHeTo 6sixa obpaboTteHn nocpeacTBOM LIMHKOB npax (Zn?), 3a Aa ce yTasT BnaropogHuTe MeTanu Kato CMeceH 3naTHo-
cpebbpeH KoHLeHTpar.

Introduction Some data about the possibilities to extract non-ferrous and
precious metals from a mixed electronic scrap, originated from
different sources, by means of a combined biological and

An essential tendency of the present-day mineral industry is X ) L
! y P y m nausTy ! chemical leaching are present in this paper.

the development of methods and technologies for recycling the
valuable components present in tailings from mining, mineral
processing, metallurgy and different secondary industries.
Some of these technologies such as bioleaching of non-ferrous Materials and methods
metals (mainly copper) from dumps consisting of mining
wastes are largely applied in commercial scale (Rossi, 1990).
Technologies for utilization of smelting, converter and
electronic furnace slag, pyritic cinders, coal ashes, etc are also
available. Some of these technologies are based on the ability
of  different  microorganisms,  mainly  acidophilic
chemolithotrophic bacteria, to leach metals present in these
tailings (Genchev and Groudev, 1981, 1982; Briand et al.,
1991; Krebs et al., 1999; Macedo et al., 2001; Matlakovska et
Sklodowska, 2001).

The sample of electronic scrap used in this study originated
from different sources such as computers, printers and copy-
machines. The lacquer covering the metal layers in the
individual pieces of scrap was removed by means of chemical
treatment. Then the individual pieces were mixed and crushed
to a particle size less than 100 microns. The crushed mixture
was homogenized and an average sample was used in the
experimental work. Data about the chemical composition of
this sample are shown in Table 1, and data about its essential
acid-base properties are shown in Table 2.
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Table 1
Chemical composition of the electronic scrap used in this study

Element Content, glkg

Cu 20.3

Zn 1.7

Ni 0.37

Pb 1.7

Fe 7.3

Al 5.9

Ca 284

Si 9.9

S 1.0

Au 0.132

Ag 0.482

Table 2
Acid-base properties of the electronic scrap

Parameters Values
pH (in H20) 7.7
Sulphur, % 0.10
Sulphide sulphur, % <0.01
Alkaline oxides, % 4.1
Net neutralization potential, kg 73

CaCOstt

The finely ground material was subjected to leaching in
reactors with mechanical stirring. Leach solutions with different
composition were used in these experiments:

- Acidified ferric sulphate solutions generated as a result
of the prior bacterial oxidation of ferrous ions to the
ferric state by means of pure cultures of the iron-
oxidizing acidophilic chemolithotrophs Acidithiobacillus
ferrooxidans and Leptospirillum ferrooxidans as well as
by mixed cultures of these bacteria. These solutions
contained different concentrations of Fe3* ions (in the
range from 1 - 15 g/l) and of living bacterial cells;

- Acidified ferric sulphate solutions with the same
concentrations of Fe3* ions but without bacteria;

- Nutrient medium 9K (Silverman and Lundgren, 1959)
with 9 g/l Fe2* (as ferrous sulphate) inoculated by the
above-mentioned bacterial cultures;

- Nutrient medium K (with the same composition as the
nutrient medium 9K) but without its own energy source,
i.e. without Fe? ions. The reactor containing this
nutrient medium and ground electronic scrap was
inoculated with the above-mentioned bacterial cultures
at the start of the leaching experiment;

- Nutrient medium K supplemented by S° (10 g/l) and
inoculated with sulphur-oxidizing chemolithotrophs At.
ferrooxidans and At. thiooxidans;

- Sterile nutrient medium K (without bacteria);

- Water solutions of sulphuric acid in different
concentrations (from 2-10 g/l).

The leaching was carried out at 20% pulp density and 37°C.
pH was maintained at different values (from 1.7-2.5) by
addition of sulphuric acid. The progress of the leaching was
followed by analysis of liquid samples for dissolved metals,
including ferrous, ferric and total iron species, as well as for
pH, Eh, and number of chemolithotrophic bacteria.

After the end of the acidic leaching the solid residues were
washed several times with distilled water to about neutral pH
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and then were treated with an alkaline solution to solubilized
gold and silver. This solution contained microbial protein
hydrolysate — 1.0 g/, thiosulphate ions (added as ammonium
thiosulphate) — 0.1 mol/l, copper ions (added as copper
sulphate) — 0.005molll, sulphite ions - 0.01 mol/l, and
ammonia to maintain the pH during leaching in the range of
10.0-10.5. The protein hydrolysate was a mixture consisting of
protein hydrolysates from biomass of three different microbial
species. The hydrolysates contained different gold-complexing
amino acids and were mixed together in suitable proportions.

The leaching of precious metals from the solid residues was
carried out in reactor with mechanical stirring at 20% pulp
density and 37 °C. The pregnant solutions containing the
dissolved gold and silver were treated by cementation with
powdered metallic zinc to precipitate these metals as mixed
gold-silver concentrates.

Elemental analysis of the liquid samples was carried out by
means of atomic adsorption spectrophotometry and induced
coupled plasma spectrophotometry. Elemental analysis of the
solid samples was carried out by digestion and measurement
of the ion concentrations in solution by the above-mentioned
methods.

The isolation, identificaion and enumeration of
microorganisms were carried out by methods described
elsewhere (Karavaiko et al., 1988; Groudev, 1990).

Results and discussion

The results obtained from the acidic leaching of the
electronic scrap revealed that the ferric ions were the main
agent connected with the solubilization of the non-ferrous
metals. The growth of the iron-oxidizing bacteria At
ferrooxidans and L. ferrooxidans in suspensions initially
containing only electronic scrap as energy source depended
on the generation of ferrous ions from the scrap as a result of
the chemical solubilization of metallic iron (Fe% by the
sulphuric acid present in the leach solution (Table 3).The
generation of these ions initially proceeded at a low rate due to
the low acidity of the leach solution and the low efficiency of
the molecular oxygen as oxidizing agent towards the metallic
iron. However, the generation rate steadily increased in the
course of time due to bacterial oxidation of ferrous ions to the
ferric state. The ferric ions efficiently oxidized the non-ferrous
metals and iron present in the scrap in their zero-valent forms
and turned them into the relevant soluble ions. The iron-
oxidizing bacteria were not able to oxidize directly the zero-
valent forms of metals and only regenerated the real oxidizing
agent, i.e. the ferric ions. Due to the highly positive net
neutralization potential of the electronic scrap, the bacterial
activity was possible only in the cases when sulphuric acid was
added from outside to maintain the pH of the leach
suspensions within the acidic range suitable for these bacteria
(approximately between 1.5 and 3.5). Some of these bacteria
(At. ferrooxidans and At. ferrooxidans) oxidized the elemental
sulphur added to the leach suspension to sulphuric acid but the
acidity increased in this way only slightly improved the
extraction of metals.



Table 3

Leaching of non-ferrous metals from the electronic scrap by

means of bacteria growing in the presence of the scrap
Microorganisms  Metals solubilized within 120 hours, %

and energy Cu Zn Ni
source

At. ferrooxidans
grown on:
-scrap + Fe2 40.1 52.9 59.0
-scrap + SO 4.1 6.4 7.7
-only scrap 21 3.7 4.4
L. ferrooxidans
grown on:
-scrap + Fe2 42.0 54.1 58.7
-only scrap 2.3 3.9 4.6
At. ferrooxidans
grown on:
-scrap + SO 4.8 8.0 9.5
-only scrap 1.7 3.2 4.1
Mixed cultures
grown on:
-scrap + Fe2 46.4 60.4 68.4
-scrap + SO 5.9 10.0 12.0
-only scrap 3.7 6.8 8.4

Better results were obtained in experiments in which the
leach suspensions contained Fe2* ions added from outside (as
ferrous sulphate) (Table 4).

Table 4

Leaching of non-ferrous metals from the electronic scrap by
means of bacteria growing in leach suspensions containing
Fe2+ added from outside in different concentrations.

Microorganisms  and Metals solubilized within 120
Fe2 hours, %

Cu n Ni
At. ferrooxidans + Fe2+
0 g/l Fe2 2.1 3.7 44
3 g/l Fez 24.4 35.0 42.2
9 g/l Fe2 40.1 52.9 59.0
15 g/l Fe2+ 52.1 66.2 721
L. ferrooxidans + Fe2+
0 g/l Fe2 2.3 3.9 4.6
3 g/l Fez 253 36.1 44.0
9 g/l Fe2 42.0 541 58.7
15 g/l Fezt 51.9 65.3 72.5
Mixed culture + Fe2*
0 g/l Fez 3.7 6.8 8.4
3 g/l Fez 28.0 419 49.1
9 g/l Fez 46.4 60.4 68.4
15 g/l Fe?t 59.1 75.2 82.4

In these cases the iron-oxidizing bacteria generated ferric
ions, which then oxidized the zero-valent metals to the relevant
soluble ions. The efficiency of solubilization of non-ferrous
metals in these systems depended on the concentration of
Fe2* ions added from outside. The mixed bacterial cultures
showed higher leaching ability than the pure cultures of the
iron-oxidizing species At. ferrooxidans and L. ferrooxidans.
This was connected with the higher ferrous-oxidizing ability of
these mixed cultures. They contained At. ferrooxidans and L.
ferrooxidans as the prevalent species and very small quantities
of At. thiooxidans and some heterotrophs (mainly such related
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to the genus Acidiphilium). The ratio between At. ferrooxidans
and L. ferrooxidans depended on the pH of the system. At pH
higher than 2.1 At ferrooxidans was the prevalent
microorganisms but at pH lower than 2.0 L. ferrooxidans was
present at higher densities.

The highest extractions of non-ferrous metals were achieved
in experiments in which the leach solutions contained Fe3* ions
in sufficient concentrations (Table 5) obtained as a result of the
prior bacterial oxidation of Fe2* to Fe3* ions in the bioreactor
using immobilized biomass of the iron-oxidizing bacteria At.
ferrooxidans and L. ferrooxidans. These leach solutions
contained also significant quantities of living bacteria of the
species mentioned above (from approximately 4.107 cells/ml in
solutions with 1 g/l Fe3* ions to about 6.108 cell/ml in solutions
containing 15 g/l Fe3* ions). The role of bacteria in these short-
term leaching experiments (with a duration of 120 hours) was
not so essential because the solubilization of non-ferrous
metals at the higher Fe3* concentrations proceeded at high
rates. However, in experiments of a long duration the role of
bacteria to regenerate the Fe3* ions was essential.

Table 5
Leaching of non-ferrous metals from the electronic scrap by
means of ferric sulphate solutions generated as a result of the
prior bacterial oxidation of Fe2* to Fe3* ions
Leach solution Metals solubilized within 120 hours,
%

Cu Zn Ni

Fe3+ (15 g/l) +

At. ferrooxidans 97.0 97.4 98.1
Fe3+ (15 g/l) +

L. ferrooxidans 97.2 98.1 99.0
Fe3+ (15 g/l) +

mixed culture 98.9 99.2 99.7
Fe3+ (9 g/l) +

At. ferrooxidans 95.2 95.0 96.1
Fe3+ (9 g/l) +

L. ferrooxidans 95.0 94.1 97.0
Fe3+ (9 g/l) +

mixed culture 96.4 97.0 98.4
Fe3+ (3 g/l) +

At. ferrooxidans 714 84.2 914
Fe3+ (3 g/l) +

L. ferrooxidans 70.0 86.0 93.8
Fe3t (3 g/l) +

mixed culture 71.2 88.2 93.8

The chemical leaching of non-ferrous metals by means of
sterile ferric sulphate solutions was also efficient and resulted
in similar extractions of non-ferrous metals. However, the
leaching by means of sulphuric acid was not efficient at the
temperatures maintained during the experiments (37 °C). On
the other side, it is well known that the zero-valent forms at that
non-ferrous metals are efficiently oxidized and solubilized
under aerobic conditions and high temperatures (>80 °C) in
leach solutions consisting of concentrated sulphuric acid.

The dissolved non-ferrous metals can be recovered from the
pregnant solutions by means of solvent extraction and
electrowining as well as by means of precipitation as the
relevant sulphides.



The leaching of precious metals from the residues by means
of the alkaline solutions containing thiosulphate and amino
acids as complexing agents for these metals was also efficient
(Fig. 1). 98.1% of the gold and 97.4% of the silver were
solubilized within 72 hours.

The degree of extraction of the dissolved metals from the
pregnant solutions by cementation with Zn® was higher than
98%. The products from the cementation unit were mixed gold-
silver concentrates which contained also copper and zinc as
valuable components. These non-ferrous metals can be
solubilized by leaching with sulphuric acid at high temperatures
in the presence of oxygen. Then the concentrates can be
processed by the conventional procedure for obtaining pure
gold and silver.

The consumption of reagents during the leaching and
cementation amounted to 9.1 g ammonium thiosulphate,
0.35 g protein hydrolysate and 0.14 g metallic zinc per kg of
ore.
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Fig. 1. Leaching of precious metals from the electronic scrap

The above mentioned results indicate that the combined
biological and chemical leaching of non-ferrous and precious
metals from electronic scrap can be regarded as an efficient
method for extraction of these valuable components.
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KpaTtka nctopuyecka cnpaeka

Mpe3 mecey mapt 2006 r. ce HaBbplmxa 55 roguHn ot
Cb3AaBaHeTo Ha kateapa ,leonorus u naneontonorus ” (KI)
npn MuHHo-reonoxkust yueepeutet ,Ce. Mean Puncku” (MIY)
— Cocusi. 13BbpBAH € ObITbr, TPYAEH W CIIOXEH MbT W TOBA
KpaTko M3MOXeHVe Mma 3a Lien Aa nocoyn OCHOBHWUTE eTanu
Ha pasBuTWe, [NaBHUTE TBOPYECKU HANpPaBeHUs W
BOCTUKEHMS.

OdmumanHoTo cbagaBaHe, 0POpPMSHE U YTBbPXAABaHE Ha
kategpata WMa npegucTopusi, MpsKO CBbp3aHa  CbC
Cb3aaBaHeTo W odopmsHeTo Ha MIY kato Bucwe y4ebHo
3aBegeHue (BY3). Bve Buciueto TexHuyecko yumnuwe (BTY),
OCHOBaHO npe3 1942 r. e npeaBMOEHO Cb3AaBaHETO KbM
MawwnHHMA  bakynTeT Ha OTZen N0 MMHHO WHXEHEPCTBO,
KOWTO N0  pedguua  OpraHW3aLMOHHK,  TEXHUYECKM,
MKOHOMWYECKN U KagpoBu npobremu e Cb3gageH Mo-KbCHO,
cred NpUKOYBaHETO Ha BrtopaTa cBeToBHa BOWHA. B To3m
CNeABOEHEH NEpWOL 3a Bb3CTaHOBSABAHETO Ha Bbrrapus u
pa3BUTWETO Ha XMBOTA, KynTypaTta, MHAYCTpUsTa, TpaHcnopTa
M CEeNicKoTO  CTOMAHCTBO Ca  OWnmnM  HyXHM  MHOrO
BWCOKOMOATOTBEHYW, pasHoobpasHu cneunanucTn. BTY ce
paswwupsiea M TpaHcdopmupa npe3 1945 r. B [bpxaBHa
nonnTexHuka. Toraea, a W creg Toea Ha Bbrrapusa ca Gunu
HYXHW 3HAUUTENHW EHEPTMAHU M3TOYHULM W pasHOObpasHm
MWHEpasHW CypOBUHM (MOME3HN uakonaemu). 3a KpaTko Bpeme
Ca YCTAHOBEHW 3HAYWTENHNW NEPCMEKTVBHA nNfowM 3a
PasnMYHM MUHEpanHW CypoBWHM, MpoBexaa ce u [obws, a
Hykgata OT TeonosW, MWHHU WHXeHepu, oboratutenu,
MapKLlaigepy 1 Apyrv Ccneumannucty ¢ Buclwe obpa3oBaHue
HapactBa curnHo. [lo To3u MOMEHT B bbhrapus Takuea
cneyyanucTi He ca nogroTesHu. B Codmiicknsa yHuBepcuTeT
,CB. KnumeHt Oxpuackn” oo ToraBa uMma kategpa Mo
,reonorvs”, Ho cTygeHTM ca obydyaBaHn MO CheuManHocTTa
Ecmecmeena ucmopus, a no cneuuanHocTTa reoioeusi — ot
1947 r. AKageMU4HUAT CbBET Ha [bpxaBHaTa MonUTEXHMKA
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B3eMa peLLeHue npe3 yyebHata 1947/48 r. 3a cb3aaBaHETO Ha
otaen no ,MWHHO WHXEHEPCTBO U MHXKEHEepHa reonorus’ 3a
noaroToBka Ha MWHHWU MHXEHEepPH, oboratutenu u MHXEeHep-
reonosu. Toau oTaen kbM MaluHHUS (hakynTeT e Cb3nageH ¢
yka3 Ne 9806 ot 31.05.1950 r. Ha Mpesnanyma Ha HapogHoTo
cbbpaHve u 3anoyBa fa fgeicTea npe3 yyebHara 1950/51 r. ¢
pbkoBoguTen npod). CtedhaH bowes. Ot yuebHaTa 1951/52 .
€ B paMKuTe Ha HOBOCBb3ZageHus XMMUKO-TEXHOMOrNYeH
cakynteT, kbgeto npod. Cr. boweB e  AekaH.
CreunanuanpaHuTe Kategpy KbM TO31 OTAEN B TOBA YNCIIO M
KITl, ca cb3napeHn M OKOHYATENHO YTBBPAEHW CbC 3anoBef
Ne 958 ot 09.03.1951 r. Ha KomuTeTa 3a Hayka, M3KYCTBO U
kynTypa. PbkoBoguten Ha kategpara e npod. Ct. Bowes.
Mpe3 1953 r. ¢ yka3 Ne 231 ot 10.06.1953 . Ha Mpe3uguyma
Ha HapogHoTo cbbpaHue [IbpxaBHa nNONUTEXHWKA €
pa3opMupoBaHa M ca Cb3gafdeHu YeTUpU CamoCTOSTENHM
BUCLIM y4ebHM 3aBegeHus — MHcTUTYyTM. OTToraBa MuHHO-
FEONOXKUAT MHCTUTYT Ce pasBMBa M YTBbpkOaBa Kato
camoctosTeneH BY3, npeumeHyBaH e BbB Bucw MuHHO-
FEONnoXKM WMHCTUTYT npe3 1965 r. u TpaHcdopmupaH B
yHuBepcuteT npes 1995 r. [lpu cb3gaBaHeTto My B
leonoronpoyuyBatenHus  akynter  ca  ¢opMupaHu
cneynanHocTute: [€omoeuss U npoy4YgaHe Ha  NOMe3Hu
uskonaemu, WHxeHepHa eeonoeuss U xudpoeeornoaus,
leogusuyHu memodu Ha npoyyeaHe W TexHuka Ha
npoy4gaHemo. Te Ce Oka3axa ¥ yTBbpanxa BbB BPEMETO KaTo
HaMbIHO YAaYHM M NPaBUITHN.

B ucTopnyeckn acnekT, NpenofaBaHETO Ha reornoXku W
reoMopchONoXKA AUCUMMIMHK € 3anoyHano B CTpouTenHus
oTAen Ha BTY oue npu HerosoTo cbagasaHe npes 1942 r., a
cref ToBa M B pamkuTe Ha [bpxaBHaTta nonuTexHuka. To e
npoBexgaHo B kategpa ,[TbTua W XenesHuun’, Kbaeto
Bacun ApHaynoB e [AOLEHT no reornorus u netporpagus
(1942-1946) n yeTe nekumu No neTporpacms, HO ymupa npes
1946 r. Ct. bowwes e acucteHT ot 1942 1., a o-p Exm BoHueB
KaTO XOHOPYBaH JOLEHT € YeTan Nekuun no reonorus (1942-
1944). Creg kpas Ha Btoparta ceeToBHa BoWHa (1945 1.) ce



paslmpsBa OpoAT Ha NpenofaBaHUTE TeONOKKW AUCLIMNIMHM
Ha CTPOUTENHWTE  WHXEHepW, a CbOTBETHO W Ha
npenojasaTtenckus CbeTaB. TyK NOCTbNBAT Ha paboTa HoBM
cneypanmcti reonosu. lNpes yuebHata 1946/47 r. nekummTe
no netporpadus Bogu aou. MNeopru K. l'eoprues. PrvkoBoauten
ot 1947 r. e pou. Ct. bowes. AHgpen Annwwesckn o1 1947 go
1949r. e JOLEHT No pyaHW Haxopuwa. MocTbneat Ha paboTa
kato acucteHTn AHactac [emupes (1945 r.), Papocnas
Xpuctos (1946 r.), Bonko TpowaHos (1947 r.), Teopru K.
leoprveB (1949 r.). Peguua oT Tesn cneumanucTn
pa3paboTBaT v 3aLMTaBaT AOKTOPCKM (kaHAMOaTCku) pabotu u
no-kbCHO paboTAT B  pasnuuHu  kategpn ot MIY.
[TbpBOHAYanHUAT OCHOBEH NpenodaBaTenckn CbCTaB Ha
kaTegpute oT 'eonoronpoyysatenHuaT cakyntet npu MY ce
thopmupa B uHTepsana ot 1950 go 1960 .

OCHOBHU HanpaBneHus B y4yebHaTa AENHOCT M
CTPYKTypa Ha KaTegparta

KI'Tl e B pamkuTe Ha 'eonoronpoyysaTenHus gakynreT npu
MTY. Cnep HAKOM NPOMEHW B Ha3BaHUATA U Cb3OaBaHETO Ha
HOBW CMeLManHoCcTy, cera CTyaeHTM ce obyyasat no cregHuTe
cneumanHocT:  [eonoeus Ha MuUHepanHume  pecypcu,
Xulpozeonoeuss U UHXeHepHa  eeonoeus,  [lpunoxHa
eeogpusuka, CoHdupaHe u obus Ha Heghm U 2a3, Ekonoaus u
onasgaHe  Ha  okonHama  cpeda,  [eonoeus U
2eouHgopmamuka. MocnepHata cneyuanHoct e kbM Kl v e
cb3naaeHa npes 2003 r. OcHoBHaTa reonoxka noarotToBka Ha
CTYQeHTUTE, a CbLIO Taka Ha Creuuanu3aHTn U JOKTOPaHTH
(acnupaHTM) OT Tesn crneuwanHocTM W Ha CTygeHTuTe OT
cneupanHocTute 0T MuHHO-TexHOMOrMYHMA M MuHHO-
€NeKTPOMEXaHMYHMA  (haKynTeT, € OCbluecTBABaHa OT
npenogaBaTenckus KONekTvB Ha kategpara.

YyebHaTa AeNHOCT e OCHOBHA AEWHOCT U CbCTaBsHETO, U
pa3paboTBaHETO Ha y4ebHUTE NMaHOBE M NpOrpamMu, TAXHOTO
peanuaupaHe 4pe3 NeKUMOoHHUTe Kypcoee M paboTtata Cbe
CTyOeHTUTe B 3anuTe, nabopatopunte 1 Ha TepeHa (yuebHute
MpaKTKKKM), PbKOBOACTBOTO Ha KypcoBuTe paboTi, NpOeKTH u
OMNAOMHM  paboTi, M3rOTBAHETO Ha Y4eOHWUM W y4ebHu
nomarana 3a ynpaxHeHWst U y4ebHW NpakTUKW ca OCHOBHM
3agauun npu obyyeHneto. OCHOBHUTE TEONMOXKA AUCLMMINHW,
npenogaBaHn OT MpenogaBaTenckus KONEeKTUB Ha katedpata
ca: obwa reonorva (npod. a-p P. Xpucros, gou. a-p Il
bakanos, gou. o-p K. Kpbcres), naneoHtonorus (npod. b.
Crpawmmupos, gou. A-p A. CuHboBCKM), cTpaTurpadms (ou.
a-p M. Baues, pgou. a-p [. CHbOBCKM), CTOPUYHA reomnorus
(npodp. Crt. Bowes, npod. A-p M. Beprunosa, gou. g-p M.
Baues, pou. A-p A. CwHbOBCKM), CTPYKTypHa reonorus u
reoTekToHuka (mpod. A-p Ct. 3admpos, gou. 4-p M. AHTOHOB),
reomopdoriornss M KBaTepHepHa reomorws (npod. a-p P.
Xpucros, gou. a-p M. Bakanos, npod. arH X. CnupugoHoB),
nonesa reornorvst (reonoxko kaptupane) (npod. a-p Cr.
3admpos, gou. M. Moes, gou. a-p B. Xenes), chauynaneH un
naneoreorpadcku aHamm3 (gou. A-p M. Baues), ceanmeHTHM
reokomnnekcm oT bwnrapus (gou. A-p M. Baues) wu
pervoHanHa reonorus (reonorvs Ha benrapus) (mpod. a-p Cr.
3adwmpos, gou. M. Moes, mouy. a-p B. Xenes), a npes
HaCTOSLLMS BEK OLLE: reonoxka KoMMoTbpHa rpaduka (gou. a-
p [. CuHb0oBCKM), reorpadicku MHGOPMALMOHHN cucTemu (Bou.
a-p K. Tlonos), kommioTbpHa 06paboTka Ha reonoxka
uHopmauws (ac. Ct. Haues).
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KpaTki KypcoBe no reonorust 1 CMECEHM KYPCOBE OT HSKOW
OT Tean [UCUMNAMHM Cce MpenojaBaT Ha  peauua
cneynanHoctn ot [eonoronpoyysatenHus,  MuHHo-
TEXHOMOMMYHMA M MUHHOENEKTPOMEXaHUYeH (hakynTeT, KakTo
1 Ha oby4yaBaHUTE CneyuanHocTy B konexa B rp. Kepmkanw.
lMpenogaBaTten OT kaTegpaTa B3emaT yyacThe UM B
NPOBEXAAHETO Ha CreLManuavupaHi KypcoBe 3a MoBuLLIABaHe
W  OCbBpPEMEHsIBAHe MOATOTOBKATA Ha  CheuManucTy,
3aBbPLUNNKW NPEaM FOANHU.

HoB MomeHT OT pa3BuTHeTO Ha yyebHaTa pabota npu KITl,
a Cblo W 3a gpyrute kategpu ot MIY, e cBbp3aH Cbe
Cb3[ABAaHETO W peanuaMpaHeTo Ha O0Oy4eHMeTO Ha Tpu
cteneHu: Oakanaspu, Maructpu u goktopn ot 2003 r.
CbcTaBeHu, 06CbXgaHu 1 NpueTn ca HoBM y4ebHW NnaHoBe 1
nporpamu, M B TOBA HamnpaBneHWe KbM KaTegpara €
paspaboTeHa M BbBeEHa HOBaTa MarucTbpcka nporpama no
PezuoHanHa 2eonoeus W HoBaTa cneuuanHoct [eonoeusi u
2eouHghopmamuka ¢ npodecnoHanHa Keanudukaums 2eonoe-
uHgpopmamuk. Tyk OCHOBHaTa Len Ha oDyyeHueTo e
CTyOeHTUTe [a NpuaoOUST 3HaHWS W yMeHWs 3a paboTta no
WMpoK npodun B obrnacTtTa Ha reomnorusita, MUHepanHuTe
CYPOBWHU W OKONMHATa cpefa B cbyeTaHue ¢ fobpa esnkosa
MOArOTOBKA W HAOEXOHW Mo3HaHMs B obnactta Ha
CbBpEMeHHUTEe WMH(OPMALMOHHM TexHomoruM 3a cbbupane,
0bpaboTka, CbCTaBsHE, CbXpPaHEHWE M CUCTEMATU3MPAHE Ha
reonoxka MHgopMauus 1 NPUNOKEHNETO 3a MHAPOPMALMOHHO
OCUrypsiBaHe Ha BCAKAKbB BUL FEONOXKN AEMHOCTH, HayyYHWUTe
n3crneaBaHust B 0bracTTa Ha reonoXKuTe Hayku U OLeHKa, 1
OnasBaHe Ha OKOMHaTa cpeda, CbIMacHo  TEONOoXKKUTE
NPEeAnoCTaBkY 1 JAAEHOCTU, U CbBPEMEHHUTE U3UCKBAHWS.

BbB Bpb3ka C yyebHaTa W HayyHOM3CregoBaTtesnckata
[ENHOCT KbM KaTeapaTa ca Cb3dadeHu U PyHKUMOHMpaT ABe
cneyvanuavpaHu  nabopatopun:  MUKPOMANEOoHTONOXKa
nabopatopuss 1 nabopatopus no cauuaneH aHanus. B
y4yebHuTE 3anu ca NOCTaBEHW W U3NON3BaHN npu 0by4YeHNETO
Masnku cneyuanmavpani y4ebru compku. B yuebrute 3aHaTus
ca M3MON3BaHW OWHOKYMAPHW Nynu, MUKPOCKonM, Yy4ebHm
FEONOXKN KapTh 1 pa3pesu, KOCMUYECKU U aepOoOTOCHUMKN 1
apyrn Heobxogumu Mmatepuanu, a cera GPS npuemHuup,
OUrMUTanHW  Kamepy,  KOMMITPW W CcreyuanuanpaHi
WHopMaLmoHHK cuctemu. [penopasaHuTe AMCUMNNNMHU Ce
oHarnegsiear ¢ gobpe paspaboteHu rpaduyHn Matepumanu,
HOBW TEOMOXKW, TEKTOHCKM, reoMOpPOroXKM KapTh W ap.
Nekywmute 1 ynpaxHeHnsTa ca Gunm nognomaraHn oT cepum ot
y4ebHu COMPKM, OMAno3MTMBYK, KMHOMALLMHM 33 Y4ebHM W
cneynanuanpaqy unmu, a npes HacTosALLMS BeK e Cb3aaaeHa
W MynTUMeauiiHa 3ana, 0bopyABaHa Ha CbBPEMEHHO HWBO. B
Kpas Ha MuHanmMA BeK KbM Kategpata € Cb3gadeHa M
naboparopua no MNC, a no-kbcHo npe3 2003 r. u yyebHa

nabopatopns  mo  reouHdopmatuka, obopydBaHa  CbC
CbBpEMEHHA KOMMIOTbPHA TEXHWKA W  CheuvannavpaH
cogpryenp.

CreuvanuanpaHnte WM HEMPEKbCHATO  HapacTBalm

reonoxkm coupku ca obeamHenn n npes 1959 r. e cb3gageH
recnoxXku My3eit no ,['eonorus U NanecHTonorus” ¢ Konekumm
OT MMWHEpanu W CKamu, KakTo W TakvBa MO MarneoHTOnorus,
UCTOpUYHA reonorus, reonorkst Ha bbnrapus. MoHacTosLWweM
(hOHOBLT Ha Tean Mmy3seinHn cOupku e Hag 9000 eksemnnspa.
lMpn HEroBoTO MbpPBOHAYaNHO Cb3daBaHe npes 50-Te roauHu
ca u3non3sanu coupku ot Fepmanus, Pycus (torasa CCCP) un
Bbnrapusi, Kakto W peguua nuuHu coupku u gapenus. [lo-
KbCHO Ca Cb34afeHu M CheunanuavupaHn naneoHTONOXKN 1
rEonoXKN COMpKW, JapeHn OT MpenojaBaTeny oOT kateapara,



reofiosn M NaneocHTonoaw, W rpaxgaHn ot bwbnrapus u
uykbuHa. B kpas Ha 80-Te roguHM Ha MWHaNMS Bek
cneyyanmanpanuTe coMpkn ca NogpeseHn B HOBO NOMELLEHWe
U topugnyeckn e odopmeH eonoxku mysed npu MuHHO-
reoNioXKUS YHUBEpCUTET ¢ ABa oTaena: Munepanoeus u
nempoepacusi, [eonoeusi u naneoHmornoeust ¢ 0bpasun ot
BCUYKN KOHTUHEHTU.

MogroteeHn 1 u3gagequ ca Hag 30 6post y4ebHn nocobus —
y4ebHMLM, NPaKTUYECKM PLKOBOACTBA 33 YNpPaXHEHUs W
TepeHHa pabota. MHOro T TIX CbC CbOTBETHUTE NOAODOPEHMS
W [JOMbIIHEHWS Ca  MpeusgaBaHW  HekomkokpaTHo. B
nocnegHUTe roguHK ce paspaboteat M y4ebHW nocobus 3a
€NeKTPOHHO 00yyeHMe W Ce BbBEXAAT CbBPEMEHHN
MH(OPMALMOHHN CUCTEMMN.

3a npoBexnaHeTo Ha y4ebHUTE NPaKTUKM MO OUCLMMIMHN,
npenogaeaHu B KaTeapaTa, e Cb3fadeH 1 0bopyaBaH yuebeH
nonuroH B ¢. Jotnbpog.

AxapemunyeH cbetaB. OT Cb3gaBaHeTo Ha kateapara npes
yyebHata 1950/51 . npenopaBaTenckusT CbCTaB Ha
kaTegpata Ce € MNPOMEHsn U pasBuBasn, CbobpasHo
pa3sBUTUETO Ha y4ebHaTa AeHOCT U cbobpa3sHo fercTBawuTe
M YCLBLPLUEHCTBAHM BbLB BpeMeTo Y4ebHM nnaHoBe W
nporpamMu, KakTo U Hay4YHUTE AOCTUXEHNATa B reonoruara.

PwvkoBogutenu Ha KITl ca 6unn nocnenoatenHo: npod.
Cr. bowes (1951-1972), npoc. b. Crpawummupos (1972-1985),
npod. a-p M. Beprunosa (1985- 1990), gou. a-p M. AHToHOB
(1990-1999) v pou. a-p . CuHbosckm (o1 1999 fo cera).

AKkageMMYHMAT CbCTaB Ha KaTedpata npes OTAenHuTe
eTanu e bun cnegHuAT:
kpasT Ha 50-Te roguHn — npodp. Ct. bowes, gou. 4-p
P. Xpucrtos, pou. b. Ctpawwumupos, gou. a-p Ct. 3admpos,
acucteHTu: Me. Bytos, M. Beprunosa u M. Moes.
kpasT Ha 70-Te roguHu — npodp. b. Crpalummupos,
npod. a-p P. Xpucros, npod. a-p Ct. 3acmpos, gou. a-p M.
Beprunoea, gou. M. Moes n acuctentn a-p M. Baues, M.
AnToHos, . Bakanos, K. Kpbctes 1 g-p V. Mansikos.
kpast Ha 90-Te roguHn — gou. A-p M. Baues, gou. a-
p M. AutoHoB, pou. a-p K. Kpbetes, gou. a-p B. XKenes, gou.
a-p L. CvHboBckn n acucteHtu g-p . AngaHnuiicku, g-p T.
WnueBa, a-p [. AHToHoBa, A-p K. LWunkosa u C. CeBaaHoB.
kpasT Ha 2006 r. — gou. a-p K. Kpweres, gou. a-p B.
XKenes, pouy. ap L CwHboBckw u acucteHtn g-p I.
AnpaHnuiickn, o-p L. AwxtoHoBa, Aa-p K. Llunkosa, C.
CespaHoB, g-p b. Benues, Cr. Haues u E. Wnwesa;
XOHOpYBaHW npenogasatenu npod). arH X. CnnpuaoHos, gou.
a-p M. bakanos, gou. a-p M. Baues v gou. a-p M. AHTOHOB.

Mpe3 pasrnexmaHnsa nepuog B kategpaTa ca pabotunm 5
npodpecopu, 7 OOLEHTH, BPOAT Ha acucTeHTUTE e Bun okono
5-6 Ayww, kato Te BMHArW ca BHAcsAMN HOBW NOAOOpeHus B
npakTuyeckute 3aHaTus. OT uneHoBeTe Ha kategpata 12
JyWy npuTexasaT HaydHaTa cTeneH ,JOKTOp” kato Tpuma ca
nonyynnu Tasu cTened npegn pa noctunar B MIY, a
ocTaHanuTe s npugobuear Tyk.

OpraHusauMoHHa AeWHOCT. YreHoBeTe Ha KaTefpeHus
KOMeKTB B efHa WM [Jpyra CTeneH ca yyacteanu B
PBKOBOLACTBOTO Ha (pakynTeTa u yHuBepeuTeTa. ApbK npumep
B ToBa OTHOweHWe e npod. Ct. Bowes, KOWTO KaTo
PBKOBOAWUTEN Ha KaTedpata e yyacTBas aKTMBHO B HEMHOTO
Cb3[aBaHe, Pa3BMTUE W YKpenBaHe. TBbpAe CbLIECTBEHN Ca 1
HeroBuTe MPUHOCK 3a Cb3AABAHETO W YTBbPXKAABAHETO Ha
MI'Y kato BY3. Toi e paboTun aKTMBHO 3a Cb3[aBaHETO U
YTBbPKOABAHETO Ha aKageMuWdyeH CTUm UM Tpaguuyum B
y4yebHaTa, HayyHoM3cregosaTenckara U aAMUHUCTpaTUBHATa
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JeiHocT — 6un e pektop (1959-1962), 3am.pektop (1954-
1959), nekaH Ha M (1953-1954). Mpody. b. CTpawmmmpos —
3aMeCTHUK pekTop (191962-1963), nekaH Ha TP (1959-1962,
1972-1977), 3amecTHuk aekaH Ha TP (191958-1959). Mpod.
P. XpuctoB — 3amecTHuK gekaH Ha ITI® (1966-68). Hou. M.
Moee — pekaH Ha [TI® (1979-1982). Oou. K. Kpbcres -
3amMecTHMK paekaH (1991-1993). [Oou. [. CwuHboBCKM -
3amMecTHUK pekaH Ha T (1995-1999). fou. M. Baues -
pbkosuauten LIHWM ,feoxumus” (1984-1989).

Haquouscne.qOBaTencKa AENHOCT

Mpodhecopute, OOLEHTUTE, aCUCTEHTUTE W  Hay4HWTE
CbTPYAHMLUM OT kaTegpa ,leonorus 1 naneoHTonorus”
npogbixaBaT W paswuvpsBaT Tpaguuuute B Gbnrapckarta
reonorMs NpuM  KOETO MPOBEXAAHUTE Hay4YHW TeonoXKM
Wn3crnegBaHus Mo HanpaBneHUst CbBNafaly C BOAEHUTE OT TsX
OCHOBHM Yy4ebHW aucumnnmHu. HayuHouscneposaternckata
JEMHOCT e MpoBeXxhaHa B HanpaBneHusTa: naneoHTonoms
cTpaTurpacusi, pervoHanHa reoniorust U CTPYKTypHa reonorus,
KBaTepHepHa reonorus 1 reoMopgonorus.

ManeoHmonoausi u cmpamuzpacpus. Pegnua uscnensaHus
B NaneocHTONOXKOTO M CTpaTUrpadickoTo HanpaBneHve ca
MOCBETEHN Ha M3y4yaBaHETO Ha (opPaMUHUEPH, HaHO U
auaTtomenHa nopa, 6usansuum, ratponogu, ocuHU pubn,
Go3aitHnkoBa chayHa, nucronagHa cocunHa cnopa v gpyru.
OB6Lwo Te3n uscneaBaHus ca UManu 3a 3agada U3SCHSBAHETO
Ha TakcoHomus, Buoctpaturpacus u naneoekonorus. lNpod.
B. CTpawnMmpoB e u3yyaBan akTUBHO HEOTEHCKM Bpaxuonoan
W OuBanmBMM W OCHOBHaTa YacT OT [JaHHUTE ca
cuctematmampaHu M 0606LeHn CbBMECTHO CbC CT.H.C. E.
KotomaxmeBa B crnielpaneH Tom oT nopeguuara @ocunume Ha
bwnzapus, Tom 7 — Kpumokaskascku mun mopmox (1960). Mo-
KbCHO MPOAb/KABA Te3u W3CMEeABaHUA U M3yyaBaiku K
chopamMuHUdepu, U OTONMTK, JONPUHACS 3a U3SICHABAHETO Ha
cTpaturpacusta Ha HEOreHCKUTe MOCnenoBaTenHoCTM OT
CesepHa Bbnrapus. lMpod. M. Beprunosa e u3scnegsana
KpeaHu, a cnep ToBa W Kpcku GenemHuTH kato paspabotea 1
30HanHa nogsnba B napanen ¢ HanuyHa TakaBa Mo amOHUTML.
[aHHuTe ca oTpaseHn B nopeguuata Qocunume Ha
bwneapus, Tom 4-a - JonHa kpeda. benemHumudu (1970). C.

[bxypaHoB m3yyaBa naneoreHckn dopamuHucgepn  OT
CeBepom3ToyHa Bwvnrapus, npoabIkaBa Tesu
nscnedBaHuaTa, HO Hanycka MIY npes 1989 r. [lpu

n3cnegBaHe Ha naneoreHckuTe ceguMeHTW oT [lagexkus
BaceitH, n3pbplueHo ot M. Baues ca ycTaHOBEHM 3a MbpBu
MbT opamuHucepm, kouTo ca onpegenenu ot C. [xypaHos u
€ A0Ka3aHo 3a MbPBYW MbT HANMYNETO Ha CPESHOEOLEHCKM U Ce
YTOUHSBAT ~ [aHHUTE 32  PasnonoXeHuTe  Hag  TAX
KbcHoeoLeHckn ceaumenTh. [. CMHBOBCKM M3yyaBa 3a MbpBu
MbT B bBbArapus  KbCHOKpegHW HaHogocMAM W npu
nscnegBaHusTa ca obxBaHaTy KbCHOKPEAHN
nocnegosatenHocti ot CU, C3 v KO Bbnrapus v e cb3gaaeHa
HagexaHa 6asa 3a TaxHaTa kopenauus. T. nvesa uscnegga
KbCHOKPEOHW 1 JaHckn exuHugn ot CesepHa Bwbrrapus u
otgens buoctpaturpadicku 30HM No TsX, HO cneg Toea (2003
r.) Hanmycka kategpara. b. BwbnuyeB u3yyaBa maneoreHckm
copamunndpepn ot CU Bbnrapust, a cera M KbCHOKPeaHM
Takmea ot C bBobarapus. H. MouypoBa kaTo acnupaHt
n3cneaBa KbCHOKpeoHn Opaxuonoam ot CeBepHa bbnrapus,
XapakTepuanpa MWKPOCTPYKTypaTa MM W M3MEHEHWsTa npw
€BOITIOLMOHHOTO Pa3BuTHE.



PervoHanHu ctpaturpadickit M3cneaBaHus ca MpoBexaaHN
OT pemMua YneHoBe Ha KaTedpata B OMpenesieHn Moy W
paitloHn. B no-HOBO Bpeme Cneg CbCTaBAHETO Ha
MexayHapogHus 1 Bbnrapckus  ctparturpadickm  Kogekc,
cTpaTurpadckuTe U3CneaBaHms, UMar no-KOHKPETEH XapaKkTep
B NMTOCTPaATUrpacdcko M LMKNOCTPaTUrpadicko HanpaseHue.
M. BaueB npoBexna CHUCTEMHU KOMMMEKCHU FIUTONOXKA,
FeHeTMYHM (cbaumarnHu) W cTpaTturpadcku uscnegBaHus w
npoBeXga NMTOCTpaTUrpadicko M LMKIOCTpaTUrpadcko
pasuneHsiBaHe M Kopenauus Ha CeguMeHTUTe OT peguua
ManeoreHckn W HeoreHcku rpabeHoBu Oaceitnn o1 1O
Bbrrapus, npuBexpa HoeM GuocTpaturadpckm AaHHM Mo
YCTaHOBEHM OT HEero  pasHoobpas3HW  ManeoHTOMNOXKN
mMaTepuani, OonpedeneHn OT W3TbKHATU HawM W Yyxau
CneyyanmcT Npu KOeTo Ca YCTaHOBEHW M HOBW BMAOBE 3a
Bbrrapus u 3a Haykata. M. BaueB e OCHOBOMOMNOXHWUK Ha
JMaTOMenHWst aHanu3 B Bbnrapus cbC CbBMECTHUTE CH
paboTn CbC cneuuannctT no AuatoMerHaTta dnopa OT
MockoBckust AbpkaBeH YHuBepcuTeT. To e u3yyasan U
naneoreHckute BynkaHuT 0T 3anaghute W LleHTpanHuTte
Poponn u ussicHaBa TsxHaTa crTpaTurpadcka nosuumst U
pas4neHeHoCT, TeXHUTe neTporpadickyr, METPOXUMUYHW K
reHEeTUYHN 0CODEHOCTH, @ CbLLO Taka M Ha acouuvpalyumTe ¢
TAX nNu3onuToBM Tydn. M3yyaBan e M cBnaumwata B
MecteHckus rpabeH. . AiigaHnninckm NpoBexaa KOMMIEKCHU
NUTONOXKM W TEHETUYHU (baumanHW) uscredsaHus Ha
JONHOTpUackUTe CeauMeHTH OT paioHa Ha 3anagHa Ctapa
nnaHuHa fopaspaboTBa U YTOYHsIBA LyKnocTpaTurpadvsita u
KopenauusiTa Ha Tasu MOCNeJoBaTENHOCT, MPEACTaBEHU B
OTAEMHM, YECTO OTAANEYEHM MITOLLM.

PeauoHanHo-2eonoxku  uscnedgaHus.  Tyk  monagat
npeobnagaealata Yact OT paHHuTE nybnukauum Ha peguua
uneHoee Ha kKaregpata (Ct. bowes, Ct. 3adwmpos, P.
XpucTos, b. CTpalMmmpoB), a CbLLO M Ha TEXHW KONEKTUBHM
paboTh, B KOWTO Ce pasrnexaTr U YTOYHSBAT NO-KOHKPETHM
cTpaturpadpckm  BBMPOCK, HYKHW 3@ pasrnexgaHe Ha
reonoXKkus CTpoexa Ha pasniyHu paionn. Ct. boles m3yyasa
reonoXkns CTPoeX Ha ydyactbum oT LleHTpanHa Crapa
nnaHMHa n CpepHoropueto, a B CbBMecTHa pabota ¢ M.
Baues wuscnegpaiikm 1 obaobliaBaikm  gaHHMTE  3a
KbCHOKpeaHUTe nuwky cegumeHtTn ot CpegHoropueTto M
MatouHa Crapa nnaHuHa, 0T6ena3BaT murpaumsTa Ha
rmwkata cegMMeHTauMs OT HOr Ha CeBep Npe3 KbcHata
kpega W paHHua naneoueH. Ct. 3admpoB fgonpuHacs 3a
W3SICHABAHETO HA TEONOXKWA CTPOEX, a CblWo Taka M
MPMBBP3AHOCTTA Ha  HanMYHUTE MUHEparHW CypoBMHU 3a
peguua panoHu B Bbrrapus KakTo n Ha B3aMMOOTHOLLEHMSATA
1 CTpOEXa Ha HsIKOW TeKTOHCKM eanHuum. M. Moes e pabotun
CbBMECTHO C JpYr YNeHOBE Ha KaTtefpaTa 3a W3fACHsBaHe
reonoXkus CTpoexX paioHn ot CpeaHoropueto M M3touHa
Crapa nnaHuHa 1 NpoBexXga CamOCTOATENHO M3crenBaHus B
panoHa Ha nnaHuHata 'ono 6bpao u Pagomupckoto none. B
OTHOCUTENHO MO-KbCHUTE KONEKTMBHM paboTyh Ha urneHoBe Ha
kaTegpata MO-ACHO Ce OTKPOsBAaT  CheynanuaupaHuTe
u3cregBaHns U iCHW ODOCHOBKW, UM pe3ynTatute OT Tesu
paboTh Ca BMCOKO OLIEHSIBaHM OT MO-KbCHW M3CregoBaTen;
npumepHo paboTute otHocHO LleHTpanHoto CpegHoropue w
MatouHa Crapa nnaHuHa. B. Xenes npoBexaa KOMMMEKCHU
uacrnegBaHna Ha Butowa u cnocobcTBa 3a U3ACHABaHETO Ha
cTpaturpapckuTe  B3aWMOOTHOWIEHMS ~ HAa  KpeaHwTe
CEOVMEHTHM M BYMNKAHCKW CKanu, W NOCNenoBaTeNHoCTUTE OT
Butowkuns nnyToH. [. CuHBOBCKM CbBMECTHO ¢ M. AHTOHOB U
CbaBTOPW MPUBEXOA MHOrO HOBM [JaHHW 3a CTpoexa W
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pasBMTMETO Ha Yenonelukus paiioH u WatoyHa Crapa
nnaHuHa. [poBexpan e reonoxko kaptupaHe B Kyba u
WHTEPNPETUPA AaHHN OT FEONOXKKNS CTPOEX.

K. LwvnkoBa w3y4aBa CTpykTypute U pAedopmauumMte Ha
MeTamopcuTUTE OT paioHa Ha Puna nnaHuHa. CT. Haves ¢
KOnekTuB paboTu OTHOCHO 0OpaboTka Ha reonoXK1TE AaHHN 1
CbCTaBSHETO Ha reonoxXKM KapTu.

P. XpucTOB NpoBeaa U3CneaBaHus Ha reonoXKIUs CTPOEX,
peYHMTE Tepacy M reomopdornorssiTa Ha peguua nnowm ot
Bbrrapus kaTo KOHKPETHUTE MpUHOCKM ca cneundmynn. 1.
bakanoe camMoCTOSTENHO M B CbaBTOPCTBO € W3y4yaBan U
pasuieHsiBan HEOreHck NocnenoBaTeNnHOCTM OT GaceiHn ot
O3 Bbrrapus 1 xapaktepuaupa nurocTpaturpadicki eQuHALIMA
W eguHuLM, OrpaHuYeHn OT Hecbrmacus. Mo [oroBopHa
TemMaTuka e npoBexzgan paboTu 3a TbPCEHETO Ha Pa3CUMHO
3MaTO CPef HEOreHCKM W KBATEPHEPHM CefyMEHTH, KaTo ca
U3siCHsIBaHM 0OCTaHOBKWUTE, OnaronpusTHM 3a HEroBOTO
HaTpynBaHe. MapanenHo ¢ ToBa K. KpbcteB e uacneggan
MopdororusTa 1 reoxXumMmUsiTa Ha To3u TUN 3naTo OT PasinyHu
HaxoguLwa.

B kpas Ha MWHanmMs W HaA4yanmoTO Ha HacTOSLWWS BeK,
KOMEKTVB OT KaTeApaTa ¢ pbkooguten B. Xenes paspabotea
npoekT 3a eonoxkume peHomeHu 6 bbneapus. Cb3nageH e
PErMCTbLP M KajacTbp HA  TEONOXKATE  (PEHOMEHMU,
paspaboTeHa € oOpurMHaNHa MeToaMka 3a OUeHKa Ha
reonoxknte (PEHOMEHN, NPEANOXeH e W HaLMOoHaNeH reonapk
JCKbPCKA  MpOMoM”, a [JaHHUTE W MPeanoxeHusta ca
nybBnnKyBaHmW y Hac 1 B YyxbuHa. YneHoBe Ha kaTegparta ypes
koHcopumyma [eokomnnekc” OO[ - Codwms, ydyacteat B
reonoxkute paboTu N0 CbCTaBAHETO Ha eonioXka kapma Ha
bwneapusi 8 M 1; 50 000.

CmpykmypHa 2eonoeus. Cneumanuanpanmi nacneasaxms no
CTPYKTYpHa 1 pervoHanHa reomnorus ce nposexaar npes 70-Te
n 80-Te roguMHu OT Mnagu cneumanuctu oT Kartegpata. M.
AHTOHOB paboTy B HaNpaBneHNeTOo Ha CTPYKTypHaTa reomnorus
Ha Etpomonckus gan Ha Crtapa nnaHwHa, a no KbCHO B
KonmekTMBHW  paboTW  m3cnedea  cTpaturpadckute  u
CTPYKTYPHWTE €OMHULM OT pasnuyHM panoHu ot Crapa
nnanmHa u CpepHoropueto. [locnegHute My pabotn ce
OTHAacAT [0 CTPYKTypHaTa reonorus Ha naneosomnckute
KOMMIEKM 1M B3aWMOOTHOLIEHMATA  MEXOY BUCOKO U
HUCKOMeTaMopdHuTe Komnneken oT Bbarapus. W. Mansikos
npoBexda METPONOXKM W CTPYKTYPHW M3CMedBaHus  Ha
cnabomeTamopcho3npaHn U TEKTOHCKM MPOMEHEHU KOMMEKCH
ot 03 bbnrapus.

Obuwwsar Opon Ha nybnukauwuTe Ha uneHoBETE Ha
kaTeaparta e Hag 400 6pos.

CTypeHTCcKa Hay4Hou3cneaoBartesnicka aenHocT. [pes 70
n 80-Te roguHu koraTo ca paspaboTBaHM  peguua
Hay4YHOW3CMEeROBATENCKA JOrOBOPW Mnu MpoekTu B paboTaTta
ca yyacTBanmM aKkTWBHO U CTYAEHTW. Ha CTYZEHTCKM HayuHu
KoHdbepeHumn CTygeHTn, paboTewy KoM kaTegpata ca
KnacupaHu Ha nbpeute mecta. Npe3 2000-Ta roguMHa KbM
kaTegpaTta e OCHOBaHa CTyfeHTCka rpyna Ha AMepuKkaHckaTta
acounauus Ha netponHuTe reonosu (AAPG), kosTo nposexzaa
CPeLLy C HaLM W YyXXaM CIeLManuCTi, TEPEHHN 13crnesBaHus,
CEMUHapu 1 0BMeH Ha MHGOpPMaLWs C aHaNoMYHK Tpyn OT
apyrv cTpanu. pynata e 6una Ham-aktueHa npes3 2002 1. n e
nonyyuna Harpaga oT acoumaumsta, paboTn akTMBHO 1 cera, a
paspaboTeHa Tema OT CTYAEHT € Hai-BUCOKO OLieHeHa nmpes
2006 .



MexayHapoaHa AeMHOCT

MpeobnagaBaliata yacT OT UNeHOBETe Ha kKaTedpaTa
OTHOCHO Yy4yebHaTa W HaydyHou3cnegoBaTenckara OevHoCT
cucTeMHO ca OOMeHsnM onuT M ca nonssanmn  yuebHu
nporpamy, y4ebHW nocobws, ONMT WU MeToaMKa Ha
npenogaBaHeTo W  M3crneABaHWsTa npu  Cb3daBaHeTo,
KOMMIIEKTOBAHETO W Pa3BUTWUETO Ha kaTedpata. 3HauuTenHa
yact oT y4ebHuUTe COMPKM NO NaneoHToNors U NPELU BCUUKO
no WCTOpWUYHA reonorus ca fapeHu oT yuebHM 3aBefeHus OT
BuBwna CCCP — MockoBCKuiA reonoro-passeoyHbIi MHCTUTYT
(MTPU) no-kbcHO e yHuBepcuTeT. Beuuku npenogasaten,
nocrenunn B kategpata go 1990 r. ca 6unu  Ha
cneuvanusaums npu  npodecopy W QOLEHTM OT  TO3W
yHuBepcuTeT U B MocCKOBCKMS ObpxaBeH yHuBepcuteT. M.
Baues e paspaboTun M 3awuTUn JOKTOpPCKA (KaHampaTtcka)
pabota B MoCKOBCKWS AbpXaBeH YHMBEPCUTET, a CbLIO W
nocTrpagaumoHHa cneumanuaaums. HayyHouscnegoarencku
NpoekT ca pa3paboTBaHW CbBMECTHO OT MpenojasaTeny u
Hay4Hu cbTpyaHuLM o MIPU u MIY — Codous. FocTu Ha KT
ca 6unm npodecopu u poueHt or MIPWU,  Mockosckus
ObPKaBEH YHUBEPCUTET, KOUTO Ca M3HACANMW NEKUMN U npeg
ctygeHTn. OBMeHsH € onuT 1 MHPOPMALUS U C YHUBEPCUTETH
0T cTpaHu ot U3TouHa EBpona — Yexws, Cnosakus, epmaHus
(buewa TOP), Ywrapus, Copbus, PymbHus u [bpums.
UneHoBe Ha KaTegpaTa ca B3€NW yyacTve C JOKnagn W Ha
KoHrpecu Ha Kapnato-bankaHckaTta reonoxka acouyuauus, Ha
MexmyHapogHU reonoXKk1 KOHrpecu u no paspaboTBaHETO Ha
MexayHapoaHM reornoxK1 NPOeKTy.

Cnep roguHute Ha 3actoit npe3 90-Te roguHm KI'T1 passuea
OTHOBa aKTWBHA Hay4YHoW3CregoBaTencka u yyebHa genHocT,
KaTo Ca OCbLUECTBEHM Cheusanu3aumm B MPECTUXHM
yHMBEpPCUTETW OT CTpaHM oT 3anagHa Eepona
lpandoceanackus  yHueepcuteT B [epmanus,  JTumoxkums
yHuBepcuTeT BbB PpaHums, Katonuyeckus yHWBEpCUTET B
JlboBeH, benrus, Kapnosckusi yHuBepcutet B Yexusi, Xepuog-
Bar B EguHbypr, Wotnangus. YneHoBe Ha kaTegpata ca
B3€NW y4acTue OTHOBO U B KOHrpecu Ha Kapnato-6ankaHckata
reonoxka acounaums, Ha MexayHapogHW reonoXKN KOHrpecu
1 paspaboTBaHeTO Ha MexayHapooHU reonoXk/ NpoekTn —
eouH no nporpamata TEMIMYC, wuact OT npoekt no
nporpamata ®AP, eauH no HanpaeneHueto IGCP v npoektn ¢
MEXIYHapOAHO y4acTue no nuHusta Ha MOH.

Mpes 2002 r. KITl e Owna poOMakMH Ha Kypc Ha
MexayHapogHaTa CeguMEHTONOXKa acoupaLms, peanuanpat
B CbTPTygHMYECTBO C YHuBepcuteTa BbB  Opubypr,
Weenyapua n Wwvnepwan  Kommgx - JloHOOH,
Benukobputarus.

UneHoBe Ha kaTedpata ca paboTunn B peguua CTpaHw:
Armxup, Kyba, Moxronus, Mpyaus, Apmenns n Knbp. Hakon ca
KOHCYNTaHTU M/MNM y4acTHULM B MPOEKTU Ha YyXOEeCTpaHHM
thupmu, pabotely B Bunrapus v vyxbuHa.
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06006LWweHne

MamuHanute 55 roguHu OT Cb3gaBaHETO Ha kKaTtegpa
‘Teonorus  n  naneoHTornorns” npu  MUHHO-TEONOXKUAT
yHuBepcuteT “CB. VBaH Puncku” B Codusi, Mapkupar eamH
CPaBHWUTENHO AbITbr U TPYAEH MbT Ha Cb3faBaHe, pasBUTHE |
pocTkeHns. Mbpeuat eTan obxsatyaly 50 u 60-Te roguHu Ha
MWHanMs BeK e eTan Ha Cb3faBaHe, M3rpaxdaHe W
YTBbpXKAABaHe Ha kaTegpata W Ha Bb3NUTaHWLMTE Ha TO3W
yHuBepcuTeT. [poBeXAaHWTe HayyHW WM3CMedBaHMst  OT
YNeHOBETE Ha KaTedpaTa [OMPUHACAT 3@ W3SCHSBAHETO Ha
rEONOXKNS CTPOEX Ha YacTu OT peauua paiioHu B TOBa YMCNO
W C ornes Ha MUHepanHuTe CypoBMHW. TO3u nogxog npu
rEeoNnoXKNTE U3CNeBaHWs TOraBa € LUMPOKO Bb3MPUET W
peanuaupaH B Usina bbnrapus.

Bropust etan obxeawa 70-te n 80-Te roguHu n ce
XapakTepusupa CbC 3acinBaHe Ha cneuuanusauusta npu
MOATOTBAHETO Ha CTYAEHTUTE W NPOBEXAAHETO OT KOMEKTUBM
OT Pa3sHOPOAHM CMeuManucTM Ha KOMMMEKCHU TeONoXKKN
ncnegBaHMs  no  peguua  Joroeopu  (mMpoektw) ¢
NPOU3BOACTBEHM OpraH13aLuu, a CbLio M N0 MEeXayHapoaHM
npoekTn. CbLUeCTBEHO 3HAYEHWE MMa W YKPENBaHETO Ha
HayuHonscnegosatenckus cektop npu MY wn Ha LHWN
. eoxummns”. Pesyntatute OT u3cnegBaHusiTa JONpUHacaT 3a
WU3SICHSIBAHETO Ha peauua YepTi M 0COBEHOCTU OT reonoXKust
CTPOEX Ha 3HAYUTENHW MIOLLM U BaXKHWU PalioHM B re0NIoxKKO
NPaKTUYECKO 3HAYeHMe OTHOCHO MWHEpanHW CypOBMHW B
AbnboyrHa, W NPOBEXOAHETO Ha KOopenauust U CpaBHUTENEH
aHanu3 C palioHM OT CbCEHW M MO-0TAaneveHn crpaHn. B
kaTedpaTa aKTMBHO PabOTAT HSAKOMKO MMagy CrneLuanucTy,
KOUTO MPOBEXAAT CUCTEMHU CheLManu3vpaHi M3cneaBaHus,
pa3paboTBaT U 3aluMTaBaT JOKTOPCKK paboTw.

3a TpeTuAT eTan e xapaKkTepHo, Ye cref NPOAbMKUTENHMS
3aCTOM M HeopraHusupaHus npexog npe3 90-Te rogwHwm,
yyebHaTa UM HayyHOM3CregoBaTenckata OEWHOCT cera ce
peopraHmavpa  CbfNaCHO  CbBPEMEHHWTE  M3WUCKBAHMS.
OOyyeHneTo Ha CTyOeHTUTE Ce W3BbPLUBA MO TPUCTENEHHa
cuctema: OGakanaepu, maructpu u goktopu, npu KTl e
cb3gageHa HOBa crneumanHocT [eonoeus u
2eouHpopmamuka. PaspaboTBaT ce NpoekT UHaHCUpaHu
N0 pasnWyHW HanpasneHus, pa3paboTeH e KagacTbp Ha
npupogHute  ¢eHomeHn B bBbrrapus, otgeneH  u
XapaKTepuaupaH e reonapk ,/Ickbpcku nponom”, pabotu ce u
Nno W3rotTBsHETO Ha [eonoxka kapma Ha bbreapus B
M 1: 50 000.

Heronemuat npenogasatenckuat konektms Ha KITI cbe
cBosTa yyebHOMpenogaBsaTencka W Hay4yHouacnegoBaTencka
paboTa JonpuHacs 3a HapacTBaHeTO aBToputeTa Ha MY 1 Ha
Gbnrapckata reonoxka obLHoCT.
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INTRODUCING CALCRETES - FROM MICROMORPHOLOGY TO BASIN ANALYSIS

George Ajdanlijsky

University of Mining and Geology “St. Ivan Rilski”, Sofia 1700

BBBEXIOAHE HA KANKPETUTE - OT MMKPOMOP®OJIOr 1Sl 10 BACENHOB AHANU3

leopeu AiidaHnulicku

MurHo-eeonoxku yHugepcumem “Ce. MeaH Puncku”, Cogpus 1700

At the mid of November 2006 in the frame of the Socrates
(Erasmus) Program the University of Mining and Geology “St.
Ivan Rilski”, Sofia, Bulgaria, was visited by Prof. Dr. Ana Ma
Alonso Zarza from the Facultad de Ciencias Geoldgicas, Uni-
versidad Complutense de Madrid. During her visit Prof. Alonso-
Zarza gave a presentation entitled “Calcretes in the geological
record: applications for environmental analyses”. The com-
pletely full auditorium in the Department of Geology and Pale-
ontology was demonstrative for the interest of the event. Pro-
fessors and students from the geological faculties of universi-
ties of Sofia with specialists from the Geological Institute of the
Bulgarian Academy of Sciences and many professionals at-
tended the presentation.

The talk was directed to the Bulgarian geological com-
munity in order to discuss the modern definition and classifica-
tion of the calcretes and their application for stratigraphy and
paleoenvironmental studies. Calcretes are terrestrial car-
bonates that result mainly from the displacive and/or replacive
introduction of carbonate into soil, rock or sediments. Their
formation is controlled by so many factors that their correct
study, plus that of the features they contain, offers invaluable
data on ancient terrestrial palaeoenvironments. In recent
years, interest in them has increased notably, not only because
their importance in paleoenvironmental and paleoclimatological
studies, but also because of the special interest to reach a
general model for sequence stratigraphy in terrestrial basins,
where the calcretes must be necessarily included.

The presentation was based on many case-studies from
Spain, such as the Triassic of the Iberian Ranges, the Tertiary
of the Madrid Basin and Quaternary deposits from SE Spain
and the Canary Islands. Along the presentation the following
aspects were discussed:

- Definition of calcretes and discussion on the differ-
ences between pedogenic and groundwater
calcretes. In pedogenic calcretes, precipitation of
carbonate takes places mostly in the vadose zone
above the water table, and within a previous host

201

rock or sediment. In groundwater calcretes, the pre-
cipitation of carbonate also occurs within a previous
host rock and around the groundwater table.

- Mineralogy: calcretes versus dolocretes.

- Source of carbonate and calcium considering the
“per-ascensum” versus “per-descensum” model.

- Calcretes as paleosol profiles, focusing on the mac-
romorphological stages and its applications to under-
stand rates of formation and their relationship with
the rates of sedimentation and erosion. Examples
from alluvial fans were discussed.

- Micromorphology: different biogenic and not-biogenic
features were shown. The importance of SEM to de-
tect the origin of the carbonate was discussed.
Moreover a special interest was put to consider the
role of roots in the precipitation of carbonate.

- The controls on calcrete-soil formation: climate, par-
ent material, vegetation and time-relief were exhaust-
ively analyzed through the study of several examples
of ancient and recent calcretes deposits.

- At basin scale, the arrangement of these carbonates
in the overall infill of the basin has been used for
stratigraphic analysis, either because they (especial-
ly calcretes) may be indicators of sequence bounda-
ries or because their characteristics reflect different
accommodation rates during basin infill.

The main conclusions were:

- Three main factors control the formation of these
carbonates: the position of the water table, the host
rock, and the period of subaerial exposure.

- These terrestrial carbonates are widely distributed on
floodplains and the distal areas of alluvial basins and
should be used for reconstruction of the fluvial archi-
tecture.

- Their presence and characteristics can be used as
indicators of aggradation, subsidence or accommo-
dation rates, and therefore as indicators of different
tectonic regimes.



Ana Maria Alonso-Zarza graduated in 1985 in Universidad
Complutense of Madrid. Since then she started her PhD on the
sedimentology and petrology of terrestrial deposits of the Ter-
tiary of the Madrid Basin. She finished the PhD in 1989. She
worked as a postdoctoral student till 1991, when she started
teaching Sedimentary Petrology for geologist and engineering
geologists. She also teaches a postgraduate courses on pale-
osols and also “Petrophysics and weathering of building
stones” to graduate students. Her actual permanent position as
Professor Titular was obtained in 1993. Her research and
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publications, till 2005, focused on the analysis of the physical,
chemical and biological processes that operate in terrestrial
environments, focusing on palaeosols and palustrine deposits,
in order to reconstruct ancient terrestrial landscapes. Her
studies have centered mostly on the Triassic, Tertiary and
Quaternary deposits of Spain. She has also worked in pale-
osols from Antarctica, Cayman Islands and China. In 2005 she
started to work on caves as Natural Monuments and how the
study of diagenetic processes in caves can help to preserve
them or to minimize the impact of visits.
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OoueHT poktop Munopap flenyeB BaueB HaBbpLum 70 rognHu

Assoc. Prof. Dr. Milorad Vatsev at the age of 70

[oueHTt A-p Munopag Baues
e pogeH Ha 03.08.1937 .
CpegHoTto cu obpasoBaHue
3aBbpluea npes 1955 r. B 18-10
COY “Kupun u Metoguir” B
Codms. Bucwe obpasoBaHue
nonyyaea B MWHHO-TE0NOXKM
yHusepeuteT (MIY) npes 1960 r.
Kato  “WHXeHep-reonor  no
reonorus WU npoyysaHe Ha
nonesHn wuskonaemn”. Pabotu
KaTo eHTycuasupaH npupogo-
uscnenosaten B CO(pMMCKaTa reonoro-npoyysatenHa bpuraga
u e reonor Ha obekt (1960-1964 r.) npu nmpoyyBaHeTo Ha
AHTUMOHOBOTO Haxogwiie “PubHOBO” U pynonposiBNeHusTa B
3anapgHute Pogonu, HO AaHHuTe ca cnabo nybnukyeaHn. Kato
HavanHuk Ha otpsag (1964-1966 r.) npoBexaa reonoro-
KapTUpOBayYHM M Tbpcely pabot BbB BpavaHckus pyneH
paloH W panoHa Ha KpauweTo M nocTaBs Havanoto Ha
cuctemMHa 06paboTka Ha reonoXKUTE U FTEOXUMUYHUTE LaHHM
3a BpauaHckus paioH.

Mpe3 mecey tonm 1966 r. NocTbnBa KaTo acUCTEHT MO
cTpaturpadms kbm kategpa “Teonorus v naneoHTonorus” npu
MTY. YTBbpAaeH € kaTo caplu acucteHT npes 1969 r., a npes
1972 1. e rnaBeH acucTeHT. Pa3paboTBa AncepTauMoHeEH Tpya
Ha Tema ‘TlaneoreHbT M HEOreHbT OT lOXKHAaTa YacT Ha
MecTeHckusi rpabeH — cTpaturpadvs, IMTONOTMS U YCnoBus
Ha ceguMMeHTaumus”, KkoaTo 3awwTaBa npes 1979 r. B
MockoBCKMSt  ObpXaBeH YHMBEpCUTET UM WUMa TyK U
nocrpagauunoHHa cneunanusauus. [JoueHT no ctpaturpadms e
npe3 1984 r. Bogn y4ebHM 3aHATUS KaTO acUCTEHT W JOLEHT
no Crpaturpacus, McropuuHa reonorusi, cOOpeH Kypc mno
Crpaturpacus, MCTOPUYHA FEONOTMS U PETUOHANHA reonorvs
Ha bvnrapus n GauyuaneH aHanus. Ha maructepcko HUBO — No
daunaneH w naneoreorpadpckm aHanu3, U CeaMMEHTHH
reokomnnekcu ot burrapus. Jlekumute My ce cnywar ¢
WHTEpPEC OT CTydeHTWTE, 3aWoTo CbabpkaT borarta
CbBpeMeHHa MHAopMaLWs 1 cucTemaTuampani 06obLeHns n
W3BOOW, M Ca CbMpOBOXZAHM OT CUCTEMHO NOAPEAEHM
HarnegHu mMatepuani — gWano3vTUBM, CbBPEMEHHW KapTu W
mogenn. B cvastopctBo ¢ 1. bakanos npes 1976 r. e
M3rOTBEHO W OTneyaTaHo yyebHo mocobue “PbkoBOACTBO 3a
ynpaxHeHnsTa no obwa reonorms’, B  KOETO €
CMCTEMATU3NPaAH W U3NOXeH BoraT hakTnieckn matepuan w
METOAMYHM NOLXOAM U TO € LUMPOKO M3MOM3BaHO W ThPCEHO.
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HayyHonscrnegoBatenckara My AEMHOCT € HacoyeHa KbM
M3y4yaBaHETO Ha MNamneoreHCKUTe CEAEMEHTHWM W BYMKAHCKM
KOMMNEKCU W HEOTEHCKUTE CEeaMMEHTHW NOCNeaoBaTeNHOCTM
oT rpabeHoB Tvn ceaumeHTHU Gaceitn ot O3 Bbrrapus,
PoponckusT paitoH n CpegHoropckata 3oHa. B Herou paboTu,
kouTo ca 75 6p., Ca xapakTepuaupaHu U BbBEAEHN CbrMacHo

CbBpEMEHHUTE WN3NCKBAHMS oKono 100 6p.
nuTocTpaturpadpckn  eauHULM. 3a TAXHOTO AaTupaHe ca
NpuBEAEHN  3HauMTeneH obemM  HOBM  MarneoHTOMOXKM

MaTtepuanu, yCTaHOBEeHU OT Hero (chocunHa dhropa, MUKPO K
MakpodpayHa, ocunHn pubu u bosaitHukuea payHa) U
onpege-neHu OT U3TbKHATKU cneurannucTy ot Bbnrapus, Pycus
N ®paHuns Npu KOETO Ca YCTAHOBEHW W HOBM BWAOBE 33
bbnrapus 1 3a Haykarta.

Mpu pa3paboTBaHeTO Ha cTpaTurpadmsTa Ha KOHKPETHUTE
NaneoreHCkn N HeoreHckn rpabeHoBM CeauMEHTHU BaceiHu u
TAXHaTa kopenauws e noaxoxgaHo W paboTeHo CbrnacHo
CbBPEMEHHUTE JOCTVXEHWS U u3ncksanus. OTaeneHnte nnTo-
cTpaTurpadpcku eguHuLM 0BXBallaT CXO4HW MO JIUTOMOXKKN
CbCTaB W reHe3nC CkanHu nocrefoBaTenHocTy, NaBaLy Kato
XapaKTepeH enemeHT oT GacemHOBM U pervioHanHu LuKnM Ha
cedyMeHTauus 1 Mapkupaly nocneaoBaTeNnHn eTanu Ha
pasBuTue. Boanpuetusar KOMMIEKCEH  MUTONOXKM,
cTpaTurpadCcku, reHeTUYEeH 1 UCTOPUKO-TEONOKKA METOLNYEH
nogxod, €  npegonpegenun  HyxHata 6asa  3a
cTpaTurpapckoTo  M3yyaBaHe M KopermauusTa  Ha
CedMMeHTHUTe  MOCMEAOBaTeNHOCTM  OT  OTAeneHuTe
cepumeHTHM 6GacenHn. [lpu ToBa ca pasrpaHMyaBaHu W
XapakTepuaupaHu CbLi0 Taka W PEruoHanHu LWKIM  Ha
CedMMEHTaLMs, W3ACHSBaHW Ca BPB3KUTE MM C PErMOHarHW
cbbuts 1 rnobanHuTe LWKNM Ha WM3MEHEHWE HMBOTO Ha
CeeToBHus okeaH. M. BaleB CbC CbBMECTHUTE Cu paboTh Cbe
cneynanucTt no  AguatomedHa cnopa ot - Mockosckus
YHUBEPCUTET € OCHOBOMOMOXHWK Ha AMATOMENHWAT aHanu3
npu cTpaturpadckuTe 1 NaneoekonoXKATe PEKOHCTPYKLMK B
Bwrrapus. Kato ppkoBoguTen Ha 6bnrapckara rpyna y4acrsa
aKTMBHO B m3criegBaHusiTa no mexgyHapogHus IGCP npoekt
Ne 329 HeorensT 0T [Mapatetuca” u npu MexaypervoHanHuTe
KOpenauum € akueHTUpan BbpXy M3ACHABAHETO rpaHuuuTe Ha
PErVOHaNHUTE LIMKINTE Ha CEAMMEHTaLMS, UHONBUAYaNHUTE 1
0bLMTe YepTy Ha TE3N LMKIN U BPEMEBUTE BPBL3KN C LIMKIATE
Ha CeOWUMEHTaUMs OT KpYMHUTE HEOTEHCKM CEeAUMEHTHU
Bacennu ot KOU EBpona.



OT cicTeMHW M3cneaBaHus, nposexaaHn oT M. Balues, ca
obXBaHaTM M ManeoreHckuTe BYMKAHUTM OT 3anafgHute U
LleHTpanHute Pofonu 1 ce U3AcHABa TAXHaTa cTpaTurpadcka
Mo3NLKs U Pa3uNeHeHOCT, XapaKTepuampar ce TeXHUTe NeTpo-
rpadiCkn, METPOXUMUYHW, TEHETUYHM U TeoaMHaMUYHU
0COOEHOCT M Ha CBbp3aHUTE C TAX TyhU W aKpeLMOHHO-
nanunuesu Tycu, pasrnexaaHu ca B Lgna kato cneludmyHa
KbCHOEOLEH-POHHOOMMUIOLIEHCKa AaLuT-proaaLuToBa
acouyaums.

I'Ip|/| n3cneasaHuAaTa Ha CBnaduwarta ot MecTeHckus
rpa6eH Ce W3ACHBaT 0CODEHOCTUTE UM W npuBbP3aHOCTTa UM
KbM NPOCTPAHCTBEHOTO NONIOXEHWe Ha pPasnuU4yHUTE TUNOBU
CKanu U TAXHaTa TeKTOHCKa HapyLIEeHOCT.

PbkoBogun e u e yyactsan B npoektn ot MOH, KomuteTa
no reonorus u ICO ,Pegku meTann”. PbkoBogun e HayyHaTa

Kamedpa ,eonoeusi u naneoHmonoaus”
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JEMHOCT Ha CTydeHTM W e Oun  KOHCYnTaHT  npu
pa3paboTBaHETO Ha reonoXkara YacT Ha peauua AWUMNOMHU
paboT.

Hou. a-p Munopan BaleB ydyacTa akTMBHO B HayyHUTe
KOH(bepPeHLMN Y Hac, M3HACAN € [OKNaau npep 4reHoBe Ha
MoCKOBCKOTO [PYXECTBO Ha M3NuUTaTenu Ha npupogata —
ceKuus celMmeHTHa netporpadus B MockBa, yyacTean e B
KoHrpecu Ha Kapnaro-BankaHckata reonoxka acoLuawms.

Mpe3 1984-1989 r. e pvkoBoguten Ha LHWN ,Meoxumus’”,
kaTo TOraBa € peopraHu3MpaHa CbIMacHo CbBPEMEHHUTE
WN3MCKBaHMS, MPEMECTEHa € B HOBO MoMelLieHue, cHabaeHa e ¢
HOBa amapaTypa W yKpernBsa OpraHu3aLuoOHHO U B METOAMYEH
acnex.
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In Memoriam

Mpod. ard Toma b. [o6pes

Ha 20.12.2006 r. ce HaBbpLuMxa 85 roauHu ot
POXAEHMETO Ha M3TbKHATUSA Y4eH,
u3cnepoBaTen u neaaror.

PogeH Ha 20 pekemep 1921 r. B . KoBayeBuua
(Bnaroesrpaacko). MounHan Ha 27 torm 2004 r. 3aebplumn
CBepasnoBCkMs MWHEH MHCTUTYT — reodmanydeH dhakymnrer.
Acuctent (1953), npenogaeaten (1958), moueHt (1960),
npodecop (1969) B MuHHo-reonoxkus yHmeepcutet “Ce. MBaH
Punckw”.

Hayuynn cTenenn poktop (1958), mokTop Ha reomnoro-
MUHepanornyeckute Hayku (1973), OKTOP XOHOpMUC kay3a Ha
MwuHHo-reonoxkus yHusepcutet “Ca. MBaH Punckn” (2003 1.).

HayyHn wHTepecu: CeusMU4HM MeToau B reodusmkara,
MOAXOL M MeTOAW 3a MHTEPNpeTauus Ha CeM3MUYHM AaHHU,
ABbNOOYMHHO CEM3MMYHO paNoHMpPaHe, KOMMeKCMpaHe Ha
reouU3nN4HUTE M3CNEABaHNS 3@ peLlaBaHe Ha CTPYKTYPHW K
npoy4BaTENHM 3afaun, PU3NKO-reoNoKKO MOLENMPaHE.

Nexumonum kypcose: CenamonpoyyBaHe, Komnnekcupaxe Ha
reousmyHMTe  Metogm Ha  mpoyysaHe, OCHOBM Ha
reogusukara.

PbkoBogHM AanbxHocT B MIY: pbkoBOAMTEN KaTeapa
“MpunoxHa reoduanka” (1969-1989), 3ameCTHUK-pEKTOP
(1966-1968), pektop (1976-1980).

Ton e egnH OT ocHoBaTennTe Ha MWHHO-TeONOXKMS
yHuBepcuteT npes 1953 r. Kato pektop Ha MIY npod. T.
[oBpeB wma ronsm NpuHOC 3a YTBbPKOABAHETO HA HaLMS
YHUBEPCUTET B HaLMOHaNEH LIEHTbP 3a NOLArOTOBKA Ha Kaapu C
BuCILEe 00pasoBaHMe UM Hay4yHW W3credBaHus B obnactra Ha
reonorusTa 1 MUHHOTO JENO.
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Hve, HeroBute KOMerM BWCOKO LIEHUM MpUHOCA My B
obnactTa Ha reodmaukata v reonorusita. Mpod. [Jobpes Ge ot
TOBa  NOKONEHWe  reouanuy, KOMTO  MNaMeHHO W
LieneycTpeMeHo paboTuxa 3a pasBUTUETO W YTBbPKAABAHETO
Ha npunoxHata reogmsnka KaTo egHo OT  BogewwTe
HanpaBneHnss B  CbBPEMEHUTE  TEOMOXKA U MUHHM
u3cneaBaHus. HeroBute TBOpYECKW MOCTWXKEHUS B Cdepata
Ha pervoHanHaTta W KOMMreKcHaTa reoguanka, CensMmmiHuTe
MeTOAN W WHXEHepHaTa reodn3vka 3acaraT OCHOBHUTE
npobnemu B T€31 06nacTn 1 ce ABABAT CbLIECTBEH NPUHOC B
reoduanyHaTa Hayka ¥ npakTuka.

HeroBute cTygeHTW, Komerute My He LWe 3abpasAar
TBOPYECKMAT My EHTYCMa3bM OTAAZeH W3UsANO B nonsa Ha
xopara.

Mpodh. T. [JobpeB e ocTaHe B HallaTta nameT CbC CBETNNSA
Ccv1 1 He3abpasum 00pa3 Ha y4eH, npenogaBaTen v HOBex.

[bnbok noknoH npeg ceetnara My namer !

Kamedpa "lpunox+a eeogpusuka”, 1@
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In Memoriam

Mpod. NMobeH B. Aumutpos

Ha 16.08.2007 r. ce HaBbpLMxa 95 roauHu ot
POXAEHMETO Ha M3THbKHATUSA Y4eH,
u3cnepoBaTen u neaaror.

PogeH Ha 16 aeryct 1912 r. B rp. CrivBeH. MounHan Ha 17
centemapu 1992 .

3aBbpwun  Codmirckns  yHusepcuteT  "CB.  KnumeHt
Oxpuacku", cneumanHoct ®usuka npes 1934 r. Pabotn Ham-
Hanpen B MeTeopororusTa, a npe3 1941 r. nocrbnea B
OCHOBaHaTa Toraea [eodmanyna cnyxba koM [Qupekuusta Ha
npupoaHuTe oratcTea, no-kbeHo KomuTeT no reonorus. Tom e
€O0MH OT mbpeuTe reoduanum pabotunm B obnactra Ha
MPUIMOXHUTE re0N3NYHN 13CNeaBaHNs y Hac 3a LenuTe Ha
reonoXkute npoyyBaHus Ha Bbnrapus. MoBeye oT pecet
TOOVHM y4acTBa B PbKOBOACTBOTO M W3BbPLIBAHETO HA
MbPBUTE CUCTEMHW TPABUMETPUYHW CHWMKM Ha CTpaHaTa B
mawabu 1:500 000 u 1:100 000, kakTO M B pervoHanHuTe
reoMarHUTHM cHuMkK. Mpes 1957 r. Toit e n3bpaH 3a JOLEHT B
HOBOOCHOBaHaTa kategpa no [eodmsnyHn MeToau Ha
npoyysaHe npu BuCIMS MUHHO-TEONOXKA WHCTUTYT, cera
yHuBepcuteT, a oT 1970 r. e npochecop B cblyaTa kateapa,
cera [punoxHa reodmavika. MeHcnoHupan ce npes 1977 .

HayyHu nHTepecu: rpaBUTaLMOHHU METOAM B reodu3nkaTa,
MarHUTHA  MeTogM B TeoduankaTa, WHTepnpeTauns Ha
TPaBUTALMOHHM M MarHWTHW — aHoManuW; aHanMs W
TpaHcdopMaLms Ha MOTeHUManHUTe NoneTa; npunaraHe Ha
reou3nYHUTE METOOW 3a peluaBaHe Ha reoNioXKM 3ajauu.
3abenexuTenHn ca HeroBuTe TpyLoOBe BbPXY TEKTOHMKATa Ha
CeBepouaToyHa Bbnrapus B cBeTNMHATA Ha FPaBUMETPUYHNTE
MpOYyYBaHMS, KaKTO W MO CbLUECTBYBAHETO Ha CONHM Tena C
TEXHUTE ObAOOYMHHM XapaKTEepUCTWKM, MOBEOEHWNETO Ha
BYJIkaHoreHHUTe 06pasyBaHus B Byprackata aenpecus, u ap.
3HauMTenHO MACTO B HAyyHUTE My M3Cre[BaHus 3aemat
TEOPETUKO-METOANYHITE  BBMPOCM MO  ThIKyBaHETO Ha
[aHHWTE 3@ MOTEeHUManHuTe moneTa: pasgenuTenHuTe
Bb3MOXHOCTY M M3YMCTISIBAHETO Ha BUCLLMTE MPOW3BOLAHM Ha
TPaBUTALMOHHMS U MarHuTeH MOTEeHUMan, peluaBaHeTo Ha
obpaTHUTE 334a4M C aHanUTUYHW NPOMbLITKEHWS, U3MOr3BaHe
Ha CBOWCTBOTO Nnoaobue, 1 ap.

TNekuuoHHK Kypcose: IpasunpoyyBaHe, MarHuTonpoyysaHe.
CbagaTen Ha MbpBUTE Mporpamu W aBTOp Ha MbpBUTE
y4eGHULY Y HaC MO Te3W ANCLMMIVHM.
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PvkoBogHu gmbxHocT B MIY: PbkoBoguten kategpa
MpunoxHa reocomanka, 1957-1969 .

Mpodh. J1. Qumutpos Ge yBaxaBaH W 0bBWuaH OT KOMErn u
CTYEHTW neparor M u3cnegosaten. Herosute kayecTBa Ha
epyampaH nektop UM WHTepeceH cbbecedHuK, Heroeata
KOMMETEHTHOCT M HaXxO4UMBOCT B PELLABAHETO Ha HayyHUTE
npobriemn, KakTo UM XyOOXECTBEHUTE My MpOU3BEAEHMS
OCTaBAT B HallaTa nameT Hesabpasuma crega.

[bn6ok noknoH npeg ceetnata My namet!

Kamedpa "lpunox+a eeopusuka”, M@



